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AbStraCt vl TS
A glasshouse pot expenment was carrzed outat SUA Jarm, Morogoro. Tanzania to investigate the effect
of Minjingu phosphate rock (MPR) and farmyard marure (FYM) applied to an Oxic Haplustults on
Bray I-P and the response of maize (Zea mays (L.) variety staha) to the applied MPR and FYM ina
factorial experiment in a completely randomized block design. MFR was applied at the rates of
0.50,100 and 150mg P kg’ soil and FYM at the rates of 0.7.3,13 and 30g kg soil. The MPR and FYM
were thoroughly mixed with 4.5 kg of 4mm sieved soil sample portions in 5-litre capacity plastic pots and
incubated at 75% field capacity moisture content for 28 days before sowing four maize-seeds and
thinned to two plants one week affiér germination. The whole plant portions above the soil level in the
pots were harvested- at the age of 6 weeks for dry matter vields.and P content determinations. The
highest MPR and FYM combination increased the amounts of Bray — 1-P by 268%. and maize dry
matter yzelds by 91%. compared to the control The above increases were attributed.to the dissolution of
the MPR and. the decomposition and mineralization'of the FYM hence releasingP and reducing the
P-retentzon capacity of the soil and zmpmvement soil physical. chemical and biological soil condmon.s
by the applzed FYM - . oo
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elther in the form of 1norgamc fertilizers. ma-

wmrroduction. . . -
o ‘nures or crop residues. However. most of the

The majority of the’ soﬂs in ‘the humld troplcs
are highly weathered. leached ac1dlc and
their cla\ fractions dominated by 1:1 cla\ miner-
als and hvdrous oxides of Al and Fe. These soils
are deficiént in most of the major essential plant
nutrients, phosphorus inclusive (Landon. 1991).
The low available phosphorus contents in these
soils could either be due fo mherentlv deﬁc1ent P
contents in the soils’ parent matenals orP occur-
ring in forms that are not easﬂy available to
plants. In order to sustain plant growth and devel-
opment in such soils, phosphorus has to be applled

*C orrespondmg author ‘J\I

phosphorus added to such soils is conv erted into
“forms not" easily avallable to plants. To attam
adequate levels of available P for plants sub-
stantlal amounts of phosphate have to be applied
'$0 s 1o saturate the phosphate retention sites of
the soils such that some of the applied phosphate
remams lablle in the soils. )

It has been suggested that use of phosphate
‘rock could be a Vlable “and cheap alternative
source of phosphate for the highly weathered
“and acid soﬂs with high phosphate retention ca-
pac1t1es (Burresh er al., 1997). Most phosphate

Tanzania .J. Agnc Sc. (2003)V ol 6 No 1, 39. 44

. Manuscnpt accepted on the 26" of July, 2004,



40 M.J.K Kitua and Mrema, J.P.

rocks (PR).are insoluble in water hence the Pin:
PR is not 1mmed1ately avallable o plants How-
ever, the solubility-of’ phosphate rock s enhanced
when applied to highly weathered and acid soils: ~

The enhanced solubility of PR is attributed to the
presence of protons and sinks for phosphate and
the calcium released-during the PR dissolution
process (Robmson and Syers. 1991: Robinson el
al., 1992). The ¢ongruent dissolution reaction of -
fluoro-apatite .could be expressed by-the chemical
reaction equation (Rajan-ef al., 1996).

Cam (P04)6F7+12H20 oCat + H:PO.'+0H"

In ‘acid soils, the- concentration of protons is
hrgh while the concentrationis of” phosphate and’ -
ca1c1um ions are very low, hence the available
sinks for 0H, H:PO’vand- Ca‘ respectlvelw In
acid soils, ‘dissolution of phosphate rock'is further:

enhanced by mcreased time of contact between ’

chemical composmon of the phosphate rock
(Khasawneh and Doll. 1978: McClellan'and",
Gremillion,.1980). .

+~It.has;further béen- reported that use of. phos=-

i\‘ wl'* KH

phate rock together with inanures‘and other:ors:
ganic soil amendments in acid soils enhanced the,

dissolution of phosphate rocks (Panda, 1990:
Tkera et al., 1994). However. positive and nega-
tive interactions between phosphate rock, organic

soil amendmerits and soil With respect: to. phos-" -
phate rock dissolution have been reported (Chien

et al., 1990). The enhanced dissolution of phos-
. phate rocks when applied together with manures
was attributed to the release of simple orgamc ac-
ids during the decomposmon and m1nerahzat1on
of the manures, thus releasing protons which en-
hanced the dlssolutlon of phosphate rock. Further.
.the tendenc\ for the fomratlon of comple\ com-
pounds between humic compounds and calcium
creates a smk for the Ca released durmg the dis-
solution of PR (Ra]an et a/ .1996), further en-
hancmg the. drssolutlon of the phosphate rock
The mam ob_]ectl\e of the current stud\ was to
1nvest1gate ‘the effects of vanous combmatrons of
MPR and. F YM on the dlSSOluthl’l and decompo-
s1t1on of MPR and FYM respectnel\ and the re-
sponse of maue to the MPR FYM treatment ap-
plicd io an Oxic Haplustults ina glasshouse pot
experiment. The specific oblectlves wére to studx
the influence of the MPR-FYM treatments on the

N

LR

-amounts-of Bray-I-P, vields of maize and phos-
phorus contents in the maize plants o

.'( ~t

Materlals’.an'd, methods~ .

A glasshouse pot experiment study was con-
ducted at the Sokoine Umversm of Agnculture
(SUA) Morogoro.Tanzania. to evaluate
Minjingu PK as a source 6f phosphate for maize

. (Zea mavys L var staha) plants when applied.in

combination with kraal manure (FYM) to a
highly weathered acid soil. A composite-soil
sample for the pot experiment was collected

- from the SUA farm. Twenty soil'samples fromn

an‘area covering about 2.5 ha were collécted ran-

*-domly.at a depth of 0-30cm and composited.

.. The composited soil was airdried and ground to
pass through a 4mm sieve, A siall portion
(ZOOg) of the: 4mm sieved composite soil sample

R and -used for the- detenmnat1on of the sorl s phvs-
~wical and chemical properties whlle the rest of the
_soil was.used for the glasshouse pot expenment'

The soil used in this study was classified as an

-;_,Oxrc Haplustults (Kaava et al., 1994) equrvalent

to Dvstnc NltOSOlS (FAO UNESCO. 1988). .

" . The FYM was collected from a cattle kraal at
Sangasanga village, Morogoro. The FYM was
air dried ground and sieved using a 2mm. sieve.

- TheiMinjingu:phosphate-was obtained: froii

‘Minjingu. Arusha: Tanzania:"~

The soil pH was measured in a’soil water
suspension (1:2.5 soil:water) based on the proce-
dure of Dewis and Freitas (1970) while the cat-
ion excllange capacity was. determ1ned by-the

. neutral amm1n1um acetate saturat1on method

(Thomas., 1982) T The quantltles “of

7 exchangerable Ca. Mg K and Nai ions.in the am-
. moniim acetate f1ltrate were measured bV
“atomic absorptlon spectrophotometn (Thomas

982) Or;,amc carbon was determ1ned by the
“et oxldatlon method of Walkey and Black

) (Nelson and Sommers 1982) Total rutrogen“as
. determ1ned bv ‘the micro- K|eldah1 dlg,es-
_‘t1on dlstlllat1on ‘method (Bremner and
: Muhane\

1982) Plant. ava11able P was. ex-
{racted by the Brax [-P- procedure (Bra\ and
Kurtz. 1945) and the P in thé extract deférmined

-+ bv ¢ proc¢edure of Murphy and Rilev (1962) as

modified by Waranabc and Olsen (1963). The
particle sizc analysis was determincd by the
Bouy oucous hyvdrometer mcthod (Day. 1965).



The chemical composition of the Minjingu phos-
phate rock was analy sed at IFDC Mauscles
Shoals, Alabama. “USA by X- ray fluorescence
Total analysis of the kraal’ manure (FYM) in-
cluded total organic carbon, N P Ca and K were
determlned usmg the procedures of Okalebo etal

(1993).

]“

-

Glasshouse pot experrment o
Five litre plast1c buckets with- dramage holes at

the bottom :were used for the expenment Forty.

eight, 4.5 kg s01l sample portions of the 4mm
sieved comp(_)s1t_e soil were weighed:into the five
litre capacity plastic buckets and mixed thor-
oughly with the weighed amoamounts of MPR
and FYM. in three replicates of the MRP-FYM
combrnanns -A.4% factorial combmatlon in aran-
domized complete block design was used with
rates of 0, 50. 100, and 150 mg Pkg ™' soil (equiva-
lent to 0. 100, 200 and 300kg Pha' as MPR) and
0,7.5 15.and 30g FYMkg"' soil (equivalent to -0,
15, 30 and 60 tons FYM. ha'). The
soil-MPR-FYM treatments were incubated for one
month at 75% field capacity moisture content (us-

ing distilled H:0). After the incubation period.

four maize seeds were sown in each pot and
thinned to two plants per pot one week after ger—
mination. N1trogen fertilizer equivalent to
100kgNha™" as (NHa)vSOa was added to each pot
two weeks after germmatlon Soil sampling from
the potted soil was done twice. first 1mmedlatelv
after the incubation (before planting) and the sec-

ond, seven weeks from the planting (immediately
after harvesting). Whole plant samples above the
soil levels in the pots were harvested seven weeks
from planting for dry matter determination and P
in the maize'plants. The % P.conténts in-the .
maize plant samples were determined following .
the procedure of Okalebo etal (1993).

Results and dlSCUSSlOl‘l

Soil proper_tles ;

Some of the physical and chemical properties
of the Oxic Haplustults (Dystric-Nitosols) are_pre-
sented in Table 1. From the data in Table 1. the
Oxic Haplustults could be taken to be highly
weathered and leached based on the.low CEC, low
Percentage base saturation and the low soil pH.
According to Landon (1991) the Oxic-Haplustults
would be rated as of low fertility status with re-

1. by
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spect to. the low amount of Bray - [-P. total ni-
trogen. and exchangeable bases namely, Ca, Mg
and K _To optimize on crop productlon in this
“icase malze the deﬁc1ent hutrients have to be ap-

plled to the soil in the form of fertilizers or ma-
j nures to meet the crop requlrements '

Table 1: Som'e phvsrco-chemlcal properties of the
0x1c Haplustults

3

Parameter Value
" pH in water (1:2:5) 5.0
Organic carbon (%) 1.7
Organic matter (%) 3.0
CEC (Cmol () kg™) 12.5
Exchangeable bases (Cmol kg -1 soil)
Na’ 0.45
K~ 0.94
Ca™ 4.0
Mg” 2.0
Total N%o 0.07
(Bray -1-P (mg Pkg™ soil) 3.55
Particle size distribution,
Sand (%) 65.8
Coarse silt (%) 20 -7
Fine Silt (%) 2.2
Clay (%) 30.0
Sand Clay Loam

Textural Class

Properties of the manure

- "Some roperties of the FYM are presented in
‘Table 2. The FYM contained low amounts of to-
“tal'N. P-and Ca. The low amounts of total N,P
and Cain the FYM could be due to their low
“contenis in the feeds given to the, animals. The
FYM (kraal manure) was collected from an open
kraal (boma) mth no concrete floor hence the
FYM ‘was a nuxture of soil, cow dung and mini-
“‘mal amounts or urine. The FYM used in the
studv was rated as of low qualm

Table 2: Some chemical properties of the farmvard
manure (FYM) .

’ Constituent ' Value |
‘Total Organic Carbon (%) 20.20
“Total Nitrogen (%6) 0.98

Total Phosphorus"t%) ) 0.18
Total Calcium (%) 3.54

N Tota! Potassium (%0) 4.70
.ceH (in-Hz0) 8.50
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Chemical composrtlon of the Minji _|mgu ol rates had 1o slgmﬂcant ‘effect on the amounts of
phosphate rock ' : Bray- 1-P. and this could be attrrbuted to the
The chemical constltutlon of the Mmjmgu "low content of P in the FYM loss of the released
phosphate rock is presented in Table 3. The con- .. P through plant uptake fixation of the phosphate
tents of P and Ca in the - MPR were. hrgh hence the released from the FYM by the soil c01101ds The
MPR could be rated as a potentrally good fertilizer dlfferences in amounts of Bray- 1 -P'in Table 4
matenal based on t_he Pkand Ca contents.. and Table 5 confirm the gradual release of P
N " from MPR and FYM through the processes of
Table 3: Chemical composmon of the Mlnjlngu dissolution and decomposltlon (mmerall/atron)

phosphate* s respectively .-Further. the’positive influence of
. - - ..MPR x FYM- interaction on the amouiit of Bray
Major Consﬁnfent % Content (Weight basis) ~ 1 extractable P could be attnbuted to the suste-
P10 o , - 2900 " nance of the P and Ca-sinks in the soil through
Cal - 417 formation of complexes between the simple or-
Al203 o 12 _ " ganic compounds and phosphate and Ca ions re-
Fea0s \ ‘ 04" leased during the decomposition and dissolution
M;0 . 32 . -of the FYM and MPR, respectn elv (Chren
0 P LN S R
K20 ' -0.8 ot ;. S _
F KX o A .
S .01, ,‘ "I'Table 4: Effect of 28 days of i mcu batmg sorl Mm]lngu
Si02 ' - 9.4 T “Yock phosphate and fannyard manure together on Brav
CO: AR % B SRR ¥ extractable P s : :

- . . —_
Pt .y

* Analysed at IFDC, Muscle Shoals. Alahama US_A. .
© FYM- rates \/lmungu Phosphate rock rales (mg P kg )

Effect of incubating + MPR + FYM 0“ gkg soil” 0. o s 0 " 100.0 150.0 -~ Margirial
Bray-I-P ‘ vl . mears -
The effect of one month period of 1ncubat10n T '. - Bray 1.p. {mgpkg' soll

(equilibration) of the soil. MPR"and FYM together "6 353 Asogh s 90ef, 3 gsc 5 78
on Bray-1-P is presented in.Table 4. Boththe “55 ~ T 5" o SOfg " 46.30de’ 8:53¢ 620
FYM and MPR when apphed slnglv orincombi- ~ 150 4.80gh  5.60efg 6.90d  10.67h 699 ~
natron srgnrfrcantlw (P=0.05) increased the 300 - sddfg 6.800d 8 1l6c” 1303 I° 832u -

amount of Bray-1-P. The more pronounced in- <Margiral “4.55 567" 631" 11026 682"
crease in Bray —1-P. for the MPR x FYM combi- - means e S
nation. could be attributed to the P released from - CV6i51° T L
the d]ssolutlon of MPR and decomposnlon of the "Means within the same column l:o”(‘)Wé'd b’\‘ the same
FYM Decompos]tlon of FYM may haye en- " letter are not'significantly’ different’at P<0.05 accord-
hanced dissolution of the MPR by the orgamc ac- ingto the New Dunca" s New. Range Testi /

ids produced durmg its decomposrtlon The above : I3

results conform to those reported by (Ikera) ef al. Table : Effect Mmjmgu ‘phosphate rock -.farm-
(1994). The amounts of P released based on'the ~ yard manure on soil Bray -1-Pat maize plant’s har-
amounts of MPR and FYM- mixed with ‘the soil in ~ Vesting time (11 weeks of contact) e

the posts suggest that the dissolution of the MPR — : 1 - _
and the decomposition™ rates of the FYM are slow FYM-rates _Minjingu Phosphate rock rates (mg P-Kg")
and gradual, hence extended reactlon (contact) ~.gkg " soil” .0.0° l ?505‘, 1000 . 150.0 1 Marginal

time between the MPR-FYM- s011 is essentral for - o /\ ...+ imgang

the release of P from MPR. = .+ .| =t P B Bmy lp(mgpkg sml) SRR
The amotints of Bray - 1- extractablé phos- . 0o - v 433, * g™ fgase € 0 45“”7000.

phate at hanestlng time. th_at_lS 11 weeks of con- IS 4 53, » 6 50gh -9:52¢ 2 .11.20bc - 794 1.

tact between MPR-FYM in the soil are presented 15 . -4 4540 6.00h.0:9:60e. 1 12.00by _18 04" .

in Table 5. The effect of FYM alone at different 300 .. ,7465¢, 7.21g s110.23de 15002t 927
. . Margmal e R

v/ N < PP WP Y SRPT SR I

means . 4510 = 612 7945 1 12167 8.06
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Means. wnhm the same column tollowed bv the same

letter are not srgmﬁcantly dnfferent at‘ P/O 05 accordmg ,

to the New Duncan s New. Multrple Range l'est
Maize dry.matter ylelds, o o

The maize drv matter yields-at~tl1e various
rates of MPR. FYM and MPR x FYM are pre-
sented in Tablé'6. - The treatménts significantly in-
creased the diy matter yields of the:maize. The
positive response by the ‘maizé plants to*the"MPR.
FYM and MPR x FYM treatments could be attrib-

uted to the elévated avarlablllty of phosphorus ac- »

cruing froin the¢' P contalned in the MPR and
FYM. Thé P containeéd in thé FYM‘and MPR ‘was
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Table Effect of MPR and FYM comblnatlons on
the % P contents in the maize: plants

|

. Phosphorous rate as MPR (mgPkg- | soil) Mar-

FYM rate ’
(ngM kg ginal Means’ R
soil) ‘ o s
I S e e, ey %P Contents. , N
L0017 021 0.22 L 023 ..020
L7570 T 018 020023 0 024 0.21
150 020 024 027 7 028 024
' 300 021 025 0.28 029 025
Marginal v Lo i
means  0.19 0.23 0.25 02 -
Conclusions

released during the dissolution of the MPR and

decomposition, of the FYM (Table 4 and Table 5).

Table 6:- Effet of MPR and FYM com blnatlons on
the dry matter yields of maize .

i

FYM rate’ Phosphale rates (mg Pkg-1 soil) as MPR
[T R “f

(gkg-'soil) ~0.0 =+ +'50.0 : .100.0 150.0- Marginal
c . means
" yields g/pot
0.0 2259 3330k 35.15h 37.041 3202
7.5 ._24 39 - 37.431 39.25ih 42:92(g 36.00
15.0 2891 39.64ih 43.41fg 46.60ni 39.64
30 3312k 42.19fg" 47.21nl "50.50nh 43.0
Marginal ' c Tt acedv
Means * '..:27.26 4120 .+ 44.29 .

3814 &

Means w1th1n the same column tollwed b\ same letter

are not signifi cantly d1fferent at P/() ()5accord1ng to the
New Duncans s New Multlple Range Test '
Maize phosphorus contents o :

The response of the maize plants to the MPR
and MPR x FYM in terms of phosphorous accu-
mulation in the maize plants (% P content ) are
presented in Table 7. The MPR and FYM when
applied alone and when the two .were combined
did not significantly influence the % P contents in
the maize plants. The data'in Table 7 conform
with the data in Table 4 and Table 5 where the
Bray — I - P in the potted soils were deficient to
marginal according to the categorization of plant
available phosphorus by Landon (1991). The
maize plants were, therefore. not sufficiently sup-
plied with phosphorus. hence the sub-optimal P
Contents in the maize plants:

It could, therefore. be concluded 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 of Bray-I-P. at 11
weeks of MPR-FYM-soil contact compared 04
_-weeks of the same conﬁrms the gradual drssolu-
tlon of MPR. Combmed apphcatlon of MPR and
FYM enhanced MRP drssolutron and decompo-
.sition of FYM hence P release The s1gmﬁcant
» Increase in the maize drv matter v1elds were at-
‘tributed to increased av arlabrlm P among other
factors : -

-----
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