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ABSTRACT

Field studies were conducted over a two-year period (1993 to
1994) on an Utisol at Samaru (I1°1'N, 7°38 E) to evaluate the
effect of phosphate rocks and organic waste on nmaize growth and
nutrition. In 1993, the treatnents consisted of factorial
conbi nations of three sources of phosphorus (single superphosphate,
Sokot o phosphate rock and Togo phosphate rock), three rates of
phosphorus (0, 30 and 60kg P,0s/ha) , and three types of organic
anmendnents (100% cowdung, 50% cowdung + 50% nmi ze cob waste, and
100% mai ze cob waste) applied at 5t/ ha. The treatnent conbi nations
were laid out in a split-plot design and cropped to maize. |In 1994
the sane plots were re-cropped to naize to test the residual effect
of the treatnents applied in 1993.

Mai ze performance was better wth the application of
phosphorus and oryani ¢ amendnment irrespective of the source. The
30kg P,0s/ha rate appears to be the optinum when inorganic
phosphorus was applied with the organi c amendnents. |In both years
agronom c effectiveness of the P sources was in the order single
super phosphat e > Togo phosphate rock > Sokot o phosphate rock. The
agronom c effectiveness of the phosphate rocks relative to single
super phosphate was higher in the second year, indicating the high
resi dual value of phosphate rocks.

Pl ant concentration of P and Ca were higher at higher P rates
in both years. In 1993, P and Ca contents of the index | eaves were
significantly higher with single superphosphate than with the
phosphat e rocks which were statistically at par. However, in 1994
the differences in plant content of P and Ca between single
super phosphate and Togo phosphate rock were not significant.

In both years, significantly higher P concentration was
observed in the index | eaves with the application of 100% nai ze cob
waste than with 100% cowdung or 50% cowdung + 50% mai ze cob wast e.

It was concl uded that the application of organic waste reduced
the inorganic phosphate fertilizer requirenent of the crop.
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CIHAPTER ONE

INTRODUCTION

Population pressure coupled with the nising energy costs and worldwide
inflation has taxed heavily the ability of farmers to meet human food requirements.
In sub-Saharan Alfrica, the per capita food production has actually declined in the
last few decades (Bradv, 1984), ‘The proper management of soils therelore becomes
more crucial in meeting human food requirement as population pressure increases.

Phosphorus dehereney s a major sorl factor that hmits food production in the
humid and semi-and tropies where most of the soil phosphorus is in forms that are
unavailable {o plants (Sanchez, 1976). The parent matenals of most Nigerian soils
arce poor in apatite-bearing rocks. thereflore the soils developed from them are low
in native phosphorus (Anonymous, 1989). Udo and Ogunwale (1977) determined the
total, organic and various inorganic forms ol phosphorus in six Nigerian soil profiles
and found the total P content to be fow in most samples. They found a large fraction
of the inorganie phosphorus in non-extractable or residual lorm especially in soils
from the savanna zone. The high percentage ol oceluded and residual I and the low
level of active I” indicate a high degree of weathering and low I status of these soils,
According to Sanchez (1976). when soluble sources of this clement are supphed to
the soils in the form ol fertihizers. their phosphorus as often rendered "hxed” or
unavailable even under the most deal field conditions,

The Nigenan povernment spends milhon of dollars in loreign exchanpe
annually to import single superphosphate and other phosphorus tertihizer matenals,
and Later subsidhises them to the Larmers. Due o the diastie fall i the valoe of the

Natra within the last few vears and the vsually low resourees of the Nigenan farmers,



the local sourcing of cheaper 1P lertthzer matenals has become imperative, Nigera
has phosphate rock deposits which could be usclul for dircet appheation as ground
phosphate roek or partially acidulated material and may supply phosphorus at lower
unit pnice than the single superphosphate.

The direet application of phosphate rock 1o soils as a souree ol ferilizer
phosphorus is a practice that has been emploved in Furope and TUSA with varving
degrees of popularity over the vears. Numerous experiments have been conducted
during the past hundred years to determine the most tavourable soil and cropping
conditions lor s use (Khasawnch and Doll. 1978). Cedam soil properties
significantly affect the avalability of 1P from phosphate rock. These include soil
moisture, free CaCo,, humus, biological activity and the soil I status (Bai-fan er al.,
1990: Welte, 1978: Khasawnch and Doll, 1978). According (o Welte (1978). the soils
with high hvdrogen 1on potential. such as acid homie and acid mineral soils,
represent favourable prerequisite for an acid treatment of phosphate rock by nature.
Further, gh Co, pressure resulting from the respiration of micro-organisms and
roots aceclerates the solubihization of phosphate rock cven on soils with neutral
reaction. However. in tropical savanna soil of Nigeria having very low organic matier
content and therefore low microbial activity, the rate ol solubilization of apphied
phosphate rock is often very low (1L.ombin, 1979 Uvovhisere and T.ombin, 1990).

The combimed application ol phosplate ock with orpame waste can
appreciably improve the solubihization ol 17 from the phosphate rock through the
clfect of organie matier i anereasing biologieal actwitv. production ol humice and
fulvie acids which attack the phosphate rock. and the chelating efieet of humus

(Tkerra er al.. 1994). In addition. the application of oreanie waste adds orpanie P to



the soil thereby reduces the inorganie P fertihzer requirement and cost of 1

ferilization. Omotoso (1971) found sharp vield inereases with iaorganmc phosphate

application only whon the soil organic I’ content was low in cacao plantations.

In this studv. two types ol organie amendments. cowdunge and ground maize

cob, were indwidnally and jointly apphicd to the plots treated separatelv with sinple

superphosphate, Sokoto phosphate rock and Togo phosphate rock. The mtormation

generated from this study would lead 1o cutting down on the cost of P lertihzation

and therelore mercase the prohit margin ol farmer.

(<)

(d)

[he specttie obpeetives of thes study were:

lo evaluate the ellect ol phosphate rock and orpanie waste on the growth
and yield of maze (Zea mavs ):

Todentify the optimum rate of I from the vanous sources that mects the
requirement of the test erop:

To evaluate the residual effeet of the various 1" sources: and

To compare the performance ol phosphate  rocks with that of single

superphosphate.



CHAPTER TWO
REVIEW OF LFTERATURYE

2.1 Phosphorus Stafos of Nigerian
Savanna Soils
Rescearch works by Iinwezor and Moore (19606a). Adepetu (1970) and
Adepetu and Corey (1975) showed that the total phosphorus content in South-
western Nigerian soils are lower in the savanna grasstands than in the rainforest.
Cioldworthy and Heatheote (1963) and LEnwezor and Moore (19661) reported the

total I content of surlace Savanna soils to vary from 80 to 150 meg/kg. In 334 topsoil

samples {rom the Savanna, Jones and Wild (1975) reported total P content to range
between 13 o 630 mp/ky with a mean of L3 mpfky. These low values of 1 suppest
widespread P deficiency in the region. The total P content seem (o be influenced by
parent rock, vegetation and cropping history. Uzu ef al. (1975) reporied higher total
P for soils on basemeni complex than soils on sedimentary materials.

Organic phosphorus accounts for fess than hall of the fotal I* in Nigerian
savanna soils. Goldsworthy and Heatheote (1963) reporied 36% ol the 1otal P in 54
savanna soils (o be in orpganic form, Fawezor and Moore (1966) recorded 25% for
4 soils, while Ipinmidum (1972) found 399 for 12 selected savanna soils. ‘This low
levels of organic I is expeeted in view of the low level of organic malter in the soils
of this region,

‘Fhe magnitude of oceurrence of vartons inorpanic I fractions in Niperian soils
[ollow the order: Oceluded-1? > Tron-? > Aluminim- > Caleium-1" (Baies and

Baker, 1960: linwezor and Moore. 1966a. The chemieal stage of weathering



determines the morganic I lorm present in a soil. 'The proportion of iron-bonded
P increases with weathering whercas that of Caleium-bonded 1P deercases under
stmilar conditions. According o Lindsay and Viek (1977) the transtormation ol one
form of phosphate mnto another s mainly controlled by pll. Kamprath (1973)
reported that the activity of e and Al inereases with soil acidity and the relatively
soluble Ca-bonded phosphates are converied into less soluble Fe and Al phosphates.
Most of the soil inorganic I in Nigerian soils are found associated with I'e and Al
minerals. Adepetu and Corey (1975) reported that most of the mineralized-1 as well
as any added I (fertilizer) was converted o Te-l” and AP, Also Udo and Uzu

(1972) showed that over 80% of the added I’ was recovered as e-1” and Al-P.

2.2 Reactions of Added Phosphate in Soils

When phosphatic fertilizers are apphied to the soil and are dissolved by soil
water, reactions occur among the phosphate. soil constituents and the non-
phosphatic fertilizer compounds which remove P from the soil solution phase and
render the phosphate less soluble (Sample er al. 19800 Brady, 1981). This
phenomenon s ealled phosphorus fixation or retention. Phosphorus could  be
retained by hvdrous oxides ol Feo AL Mo, and by AL e and Mn ons:
aluminosilicates: soil earbonates: and soil organic matier.

Hvdrous oxides of Al and Fe retain large amounts of phosphate from the soil
solution. According 1o Wild (1950), these compounds account for much of the P
retention by acid soils. The quantity of phosphate fixed by hvdrous oxides of Al and
Fe in acid soil quite exceeds that due o precipitation by soluble Feo Al and Mn

cations. In savanna soils most ol the 1”7 added to the soil 1s absorbed to Al imitially,



although some e linkages are lormed especially where the soil is acidie (1abin,
1970). '

Hnwezor and Moore (1966b) found I? adsorplion (o be refated to clay content
in {our savanna soil profiles. ‘This was also demonstrated by Udo and Uzu (1972).
who showed that in some soils [rom castem and western Nigerian, sorplion was
positively and significantly correlated with the clay content and exchangeable 1'e and
Al, and negatively and significantly with plk.

In caleareous soils, the added phosphate is precipitated by Ca and Mg as
relatively insoluble compounds (Sanchez, 1976: Sample e al.. 1980),

There is evidence that organice matter can fix added phosphorus in the soil by
forming complexes in association with cations such as Ie'', Al'" and Ca®' (Wild,
1950; Wier and Soper, 1963; Tinga, 1973: Holford and Mattingly. 1975). 1Towever
most ol the reactions ol added phosphates with organic matter in the soil resulls in
higher I concentration in the soil solution. Additions of organic matter. particularly

to calearcous soils. reportedly inerease phosphate sofubility with time more than

single addifions of inorganic phosphate (Y Connor ef of.. 1986: Meck ef al . 1979
Abbot and 'Fucker, 1973). Some breakdown products of organic matier have been
found Lo reduce P retention 1n soils. Andrew (19853 found I? sorption {o be strongly

inhibited by organic actd.
2.3 Mineralogy of Phosphate Rock

Phosphate rock or phosphorite s essentindly a trade name covering a wide
variely of rock types havmg diverse mineralopical composiion and  texture
(McCleflan, 1978),

Phosphate bearing minerals occur in all peolopic seflings - sedimentary.

6



metamorphie and igneous deposits. According to Khasawnch and Doll (1978) the
sedimentary deposits are cconomically the most important of the three: with nearly
85% ol the phosphale rock mined worldwide coming from such deposits. According
to them. the physical and chemical charactenstics ol igncous and metamorphic rocks
render them quite unreactive and nearly nert for direet application. They are
coarscly erystalline substances and do not possess infemal surlaces. On the other
hand, sedimentary phosphate rocks are microerystalline in nature. and consist of
fairlv open loosely consolidated ageregates of microcrystals in the form of laminac.
pallets, oolites, nudules and skeletal shell fragments with relatively large specitie
surface arca (Melellan, 1978: Khasawnch and Doll. 1978).

McClellan and Gremithon (1980) classified the phosphate rocks according to
their mincralogical composition into three tvpes. In order ol inercasing cconomic
importance, they are Fe-Al phosphates. Ca-l'e-Al phosphates and Ca-phosphates.
The most common minerals in the first elass are wavellite [AlL (PO,)(OF), ST11OY.
variscite (AIPO, 211,0). and strengite (Fel?O, 211L,0O). Feonomically  significant
deposits are found in Sencgal. Liberia, and Brazil (Khasawnceh and Doll, 1078;
MecClellan, 1978).

The seeond class compnses of an intermediate group ol ores of widely varving
composition. 'The principal munerals are crandallite {CaARPO (O HLOT and
millisite {{(Na, K) CaAlL(PO (O, 3TLOJ(MeClellan, 1978y

The third class also known as apatific mimerals are distinguished by their
common crystal structure which is exemplified by fluorapatite {Ca, (PO, 1),
Apatites exhibit a rather wide range of chenncal composition, which eauses 2
corresponding wide range i properfies. and which s atiributed (o extensive

isomorphous substitution in the apatitie ervstal athice (Khasawneh and Doll. 1978).



Apatitic rocks are characterized by a high degree of isomorphous substitution
in the basie fluorapatite structure, with true stowhiometrie fluorapatite being
exceptionally vare (Lehr, 1967 MceClellan and Lehr, 1969). They reported partial
substitution of nearly all the ionic components in the fluorapatite structure: Ca’' is
mostly substituted for by Mg®" and Na', and to a lesser extent by ', Mo, K" and
I'e. The phosphate tetrahedra are replaced mostly by carbonates and to a lesser
extent by sulphate and silicates. The 1° jon is replaced by OH and 1.

2.4 Factors Affecting Agronomic Efficiency
of Phosphate Rock

According to Davies (1970) and Welie (1978). the value of phosphate rock
for direct application is influenced by a number of factors - those concerned with the
material itsell (sources of rock). fineness of grinding: and those related to the land
on which it is applied. 1.e. soil tvpe. soil reaction, tree CaCo,, phosphate status of the

soil. humus, bological activity, soil moisture and the crops to be grown.

24.1 Soil factors

2.5.1.1 Sail reaction

The agronomie cllectiveness ol phosphate rock s higher on acid than on
neutral or alkaline soils (Peaslec er al. 1962: Vnsminger ¢ al . 1967). Over the vears,
soil acidity has been considered the single most important lactor responsible for
enhanced availability of phosphorus from phosphate rock matenals,

Soils with high IT'-potential, such as acid humic and acid mincral soils,
represent favourable prerequisite for an actd treatment ol phosphate rock by nature
(Welte, 1978), In co-ordinated expenments between 104 and 1956 10 United

8



Kingdom, Cooke (1978) reported Gafsa phosphate rock to be nearly as effective as
superphosphate for swedes and turnips grown on soils with pIT values below 6.5,

Ascording 10 Khasawneh and 13oll (1978) francolite-type apatites are quite
unstable at low pli levels, and they release phosphorus 1o react with Al and Fe in
the soil matrix and form Al and e compounds which are more stable than apaliles
at .lowcr pH levels.

Crreenhouse experiments by Lillis ef af (1935) showed thatl Liming decreased
the avatlability ol phosphorus from phosphale rock materials. When phosphale rock
was applicd one monih prior {o liming to plT 7. oats prowth was betier and I uplake
was higher than when the order was reversed (Ellis ef af, 1955). Peaslee ef af. (1962)
also found that the availabilily of P in phosphate rock to sorghum grown on 19 soils
decrcased drastically with inereasing soil pll. reaching nearty zero for soils with pil

higher than 6.5.

2.4.1.2 Soil caleium

Sails affinity for Ca promotes the dissolution of phosphate rock because it
provides a sink for the Ca that is released by the conpruous dissolution of apaltile
(Khasawnch and Doil, 1978). Graham (1955) and Howe and Grraham {(1957) showed
that the bonding energies lor Ca o elay suspensions and in cation exchange resins
were important (actors in phosphate rock dissolution,

Work by Khasawnch and Lingelstad (1975) on the effcet of pil in submerged
rice soils proved that a soil's alfinily for Ca s a signilicant factor which enhances
phosphatc rock dissolution and the availabality o i°s 1" to plants. According to Welle
(1978). on soils where the soil solution is rich in Ca-ions or [ree CaCO,y prevails,
phosphate rock does not react very elfectively, The high Ca-potential reduces the

9



solubility. especially when €O, partial pressure s low as s olten the case in

cultivated fields,
24.1.3 Soil phosphorus

Similar to Ca, the level of P an the soil as expressed by the activity of
phosphates. plays a role in the dissolution ol phosphate rock. According to
Khasawnch and Doll (1978), the soil matnx should provide a positive gradient in the
electrochemical potential of both Ca’' and phosphates 1o ensure the congruous
dissolution of phosphate rock. The practical imphieation ol this 15 that moderately
fertile soils with relatively high soil solution concentration of P can denve little or
no benehit from additions of phosphate rock.

The value of phosphate roek as an elfeetive I fertilizer is imated 1o sonls tha
are severely or moderately deficient in 1.1t has hittle or no value in soils of medium

to high P status (Khasawnch and Doll, 1978: Bai-fan e al.. 1990).

2.4.1.4 Soil biological activity

According to Welte (1978). the mgher the iofogieal activity in soils of neutral
or alkaline reaction and the more the content of convertible orsame matter, the
preater the probability that phosphate rock will show the same effectiveness as the
highly soluble phosphate. This phenomenon mav be explamed by the verv imtensive
metabolic processes in the soil as well as in the roots which result in the high
production of carbon dioxide. organie acids, and chelates and the conversion of

phosphorus from nuncral into orgamce forms,



Many mycorrhizal fungal specics when present enhance the plant uptake of
I’ from phosphate rock. Dicldrichs (1991) and Fivazi and Weir (1989) found P
uptake and vield ol maize to be significantly enhanced when phosphate rock was

applied 1o soils treated with different species of myeorrhizal fungi.

2.4.2 Plant factors

Fixperiments have conlirmed differences among crops in their ability to derive
I’ and Ca from phosphate rock. MeClean (1956) reported that phosphate rock was
not very effective for oats and lueerme but proved better for buckwheat. Fdwards
(1956) found that brassica crops responded well 1o phosphate rock. while potatoes
did not. Cooke and Widdowson (1959) showed that swedes were quite responsive to
I” erass onlv moderatelv. and potatoes poorly so. Bottni ( 1958) stated that phosphate
rock was better for legumes than cercals. Robertson and Hutton (1958) put several
crops in order of their clficiencies of utilization ol phosphate rock. They reported
maize 1o utihize phosphate rock 8290 as eflective as superphosphate while peanuts,
sorghum and oats were 88%. 649 and B0% as clieetive respectively.

Difference among crops must be related to their demand patterns for both
Ca and PLoand 1o how these demand patterns alter the composition of the soil
solution at the root-soil interface (Khasawneh and Doll. 1978). Cooke (1956)
postulated that crops with well-developed fibrous roots are best sited to utilize P
from phosphate rock. Ditferent crops species have diflerent rooting habits. which are
largely genctically determined. but can be sigmiticantly altered by subsotl plL subsoil
compactness, drainage. and pathological agents. Myeorrhizal associations are vet

another aspeet of how the extensity of root ramification into the soil can be altered
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in such a way as to avail the root svstem of a larger probability of contacting or
being physically close to phosphate rock particles so that it can derive more of its P
from phosphate rock (Khasawneh and Copeland. 1973: Newman and Andrews. 1973:

Khasawneh and Doll. 1978).

243 Phosphate rock factors

2.4.3.1 Reactivity of phasphate rock

Phosphate rock deposits differ in physical texture: mineral forms in which the
I” oceurs and the nature and abundance ol impunties. In studies of more than 300
rock samples [rom a colleetion of about SO0 samples worldwide. Tennessee Valley
Authority (TVA) scientists have found no two samples identieal in physical and
mincralogical properties (Young and Davies, 1970). These differences account for
why some phosphate rocks produce good response when applied direetly to soil while
others do not. According to Young and Davies (1970). the extent to which the basie
mineral has been altered by substitution of other chemieal elements in its structure
determines the efficiency of the phosphate rock as a dircet fertilizer. Ores which
contain apatite minceral with a high degree of chemical substitution arc sulficiently
soluble to supply phosphorus to some crops. Davies (1970) reported an imerease
phosphate rock reactivity with mercased cathonate content and a4 decrease
reactivity with inercased fluorine content. In pot tests with pime seedlimgs, nee and
maize, Young and Davies (1970) reported rocks with the preatest substitution 1o be
almost equal to superphosphate in supplving phosphoras 1o these crops on some

soils.



2.4.3.2 Fineness of grinding

Due to the extremely low solubility of phosphate rock. it reacts with acid
components of soil to release I only in the immediate vieinity of the rock particles
(Khasawnch and Doll. 1978). Conscquently. the greater the degree of contact
between phosphate rock and soil, the better is erop utilization of I” in phosphate
rock. According 1o Davies (1970). Khasawnch and Doll (1978), and Bai-fan er al.
(1990). rock phosphate should be ground so that 80-90% will pass through a 100-
mesh sieve. They found phosphate rock elfectiveness (o decline with inereasing
particle size for matenals coarser than 100-mesh size. whereas for sizes less than 100-

mesh the particle size effect was virtnally non-existent.

2.5 Residual Elfeet of Phosphate Rock

Phosphate rock has been shown to persist in some soils for at least 40 vears
(Khasawnch and Doll, 1978). Therefore the residual effeets of phosphate rock are
of considerable practical interest.

Fngelstad er al. (1974) evaluated the residual eflects of various rates of both
superphosphate and several sourees ol phosphate rock apphed 1o rice by growing a
sceond erop of rice without added P They concluded that the general superionty of
superphosphate (fresh and residualy over all sourees ol phosphate rock persisted
through the second cropping. However. the restdual effeets of most phosphate rocks
were substantial. MeClean (1956). alter two crops following single dressine. lound
that rock phosphate was very nearly as good as superphosphate. Almeida and
Balbino (1960) worked with wheat grown i a ferrallitic sorl of pll 5.00 10 the irst
vear superphosphate was superior (o rock phosphate but in the second vear an

13



increased vield was obtained from rock phosphate but not from superphosphate.
Jackson and Burton (1960) found that after four vears the residual value from rock
phosphate was greater than that from superphosphate,

From experimental studies carnied out (Khasawnch and Doll. 1978 Davies,
1970; Jackson and Burton, 1960), it appears that the residual effeets of soluble P
fertilizers are greater than those from phosphate rock in the first 3 to 4 vears after
application when equal amounts of 1" are applicd.

2.6 The Effect of Manuring on Plant Availability
of Phasphorus from Inompanic Sourees

It has often been suggested that decomposing organic matter exerts a solvent
action on inorganic phosphate fertilizers and as a result increases their availability
to plants (Rogers ef al.. 1953). Copeland and Merkle (1942) and Gerretson (1948)
observed that organic matter increased the availability of rock phosphate added to
the soil as fedilizer. Similar results were reported by Williams ef af. (1963) and
Widdowson and Penny (1968). Tkerra er al. (1994) reported that when phosphatic
tertilizers were added (o soils after pre-mixing with farmyard manure, the availability
ol phosphorus to plants was markedly better than when these matenials were apphied
separately. Shanf and Chaudlhry (1966) reported 30 to A0% higher available T by
pre-mixing 22 mg/kg I’ as concentrated superphosphate and 44 metne tones per
heetare of farmyard manure, P Rarons and Olsen (1979) observed higher soluble P
when manure and inorganie I were mixed than when added separately.

The cffeet of organie matter in making phosphorus from inorganic sources
available 1s related to the action of micro-organisms in decomposing orpanic matter
and producing organic acids which solubtlize phosphorus from inorganic sources and

14



also form stable complex molecules with iron and aluminium which are responsible

{or phosphorus retention in acid soils (Dean and Rubins, 1947: Struthers and Sicling,

[t ang til-Baminl and Otsen, 1079,



CHAPTER THREE
MATERIALS AND METHODS

3.1 location

The field trial was carried oul on the Institute for Agricultural Research
(IAR) farm located in Samara (latitude 1171 'N and longitude 7°38°E). The arca has
a mean annual rainfall of about 1050mm strelching {(rom May Lo Seplember (Kowal
and Knabc, 1972). The soit was classilicd as oxic haplustult following Soil Taxonomy
System (USDA Soil Survey Stall, 1975y, and s lomed on delt maternial ovedaving

basement complex (Klinkenberg and Higgins, 1968).
3.2 First Cropping (1993)
3.2.1 Design and treatment

The treatments compnised of three sources ol phosphorus at three rates with
three sources of organic matier at St/ha (air dry) to aid solubthization of the added
phosphalc.

The phosphorus sources were: single superphosphiate (SS1). "Togo phosphate
rock (TPR) and Sokoto phosphate rock (SPR) applied at the rates of 0030 and 60
ke, 2,00 jha. ‘The organiec manure sources comprised ol 1009% cowdung, (CD). 506
cowdung + 50% ground maize cob waste (C1YMC), and 100%: ground maize cob
waste (M) The maize cob waste was ground fo pass (lnoupl a 40 mesh sieve. All
(he organic ameadments were applicd (o the sold four weeks belore planting o allow
decomposition. T'he phosphate rocks were in the raw unacidulated {form. ground lo

pass through a 100-mesh sieve.
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There were twenty-seven (actonal combinations of the treatments and one
absolule control allocaied in split-plot design and replicated three times with organic
amendment as the main factor and phosphorus source and rate as sublactors, "The

plots were eropped o maize (Zea mays 1.).
3.2.2 Sources mxl amounts of fertilizers used

Urea was vniformly apphiced to the plots al the rate of [20kg N/ha in two split-
doses, one al planting and the other six weeks later. Munate ol polash was applicd
al planting at the rate of 30 kg K,O/ha. Phosphorus application was according to

realment requirement.

3.23 Records and agronomic measurements

Beginning from four weeks affer planting (WAP, plant height was measared
[ortnightly using a stafl rod. Days to 50% silking were recorded lor cach plot and
index leaves were sampled at this period lor laboratory analysis. After harvest the
following obscrvations were Laken:
(a)  Cob leagth
(h)  Cob diamcter (middle of the cob)
(¢)  Number of grains per cob
(d)  Grain yield per hectare
(¢y  1000-grain weight
()  Kernel bulk density
(g)  Stover yield per hectare

Redative agronomie elliciency (RALD ol the phosplate rocks was ealenlated
using the formula of Reinhorn ef af. (1978) as follows:
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YR Yc
Yo

x 100

where YR, Ys and Ye are vields obtained with phosphate rock. superphosphate and

the control respectively.

3.2.4 Laboratory analysis

3.2.4.1 Soil sampling and preparation

Composite surface (0-15c¢m) samples were taken from the entire ficld belore
allocating the treatments and from each each plot after the harvest. The sotl samples
were air-dried on trays in the greenhouse. Alter diving, the clods were broken using
pestle and mortar and the ground soil sieved through Zmm-mesh sieve. ‘The sieved

samples were stored in polvthene bags for routine physical and chemical analysis.

3.24.2 Soil analysis

Particle-size analysis was carried out by the hydrometer method (Day. 1965).
Soil pH was determined in 1:2.5 soil: water suspension with a glass eleetrode pll-
meter. Organie carbon was determined by the wet oxidation method of Walkley
Black as deseribed by Alhison (1965). Fxchangeable acidity was determined by
shaking the soil with IN KO and fitrating with 05N NaOh  (Juo, 1979).
Fxchangeable bases were displaced with IN NIELOAe bulfered at pll 7.0. Potassium
and sodium in the extract were determined by lame photometry while €a and Mg
were determined by atomie absorption spectrophotometry. Flleetive eation exchanpe
capacity was calculated by the summation ol exchangeable bases and exchange
aciditv. Available phosphorus was determined by the Bray-I method. Total N was
determined by macro-Kjeldahl procedure desertbed by Bremner (1065).
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Copper, manganese, zince and iron were extracted with 0.1 N HCI and

determined on the atomic absorption spectrophotometer.

3.2.4.3 Plant tissue analysis

A 0.5 sample of plant matenal was weighed into 125ml erfenmeyer flask and
digested with an acid mixture of 4.0ml perchlorte acid. 32.5mi nitrie acid and 1ml
sulphuric acid. Potassium in the diluted digest was determined by fame photometry,

while Ca, Mg, Fe, Mn, Zn and Cu were determined by atomic absorption
speeirophotometry. Phosphorus digest was determined  calorimelrically by the
vanadomolybdate method (Juo. 19793 Nitrogen in plant tissue was determined by

the micro-Kjeldahl method outlined by Bremner (1965).

33 Seconit Croapping (1994)

The plots were cropped again in the 1994 scason to test the residual elfeets
of the treatments applied during the previous year. Nitrogen and polassium
fertilizers were applied to the plots as in the first cropping scason. Soil and plant

tissue sampling. preparation and analysis were as in the first year.

34 Statistical Analysis

All the data collected were subjected to analysis ol vartance (ANOVA)Y using

the GENSTAT V (1980) package lor statistical analysis,
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CHAPTER FOUR

RESULTS

4.1 Physical and Chemical Properties of the
Soil and Organie Materials Used

Table 1 shows the physical and chemical properties  of the soil from the
experimental site at the commencement of experiment. The soil was dominated by
sand separate. Tt s shghtly acidie. and low i orgame carbon, total mitrogen and
available phosphorus, The effective cation exchange capactty (FCTCY was also low,
being 3.51 emol/kg soil. This low level of FCEC may be due to the low organie
matier content of the soil and the dominance of sand-size particles. Tvpical of
savanna soils, the exchangeable bases and micronutrient contents of this soil were
low.

The pereentage base saturation on FCEC was 90.09 indicating that the
exchange complex of this soils is saturated with cations, The exchangeable Ca/Mg
ratio was 4.75 which docs not execed the entical value of 5.0 (THorvath and Todd,
1968). The exchangeable Mg/K ratio was £.57. this 1s lower than the entical Mg/K
ratio of 2.0 to 2.5 suggested by Pratt ef al. (1957) as suech, there seems fo be some
shight imbalance between exchangeable Mg and K i this soil.

Nutrient element concentration of the organie materials used for the trial are
shown in Table 2. Cowdung has lngh concentrations of No My K. e Mo Caand
/Zn while maize cob has higher coneentrations ol €L Ca, and . The nutrient levels
in the maize cob are comparable (o the levels reporied by Rierea ed al. (1991) and

Omojola (1993),
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Table 12 Some physico-chemeal properties of the sotl nsed.

Parameters
Sand (gkg")
Silt (gkg')
Clay (gkg')
Texture

pll 1:2.5 wivl1,0

Organic carbon gkg '

Total N gkg'

("N ratio

Bray-1 I’ (mgkg ")

ECEC (emol/kg ')
I'xchangeable Ca (cmol/ke ')
xchangeable Mg (cmol/kp ')
ixchangeable Na (emol/ke ')
I'xchangeable K (emol/kp ')
Base saturation ()

C'a/Mg ratio
Mg/k ratio
e (mgke ")
Mn (mgkg ')
Cu (mgkg ")
Zn (mpke ')

21

Valucs
720.0
120.0
160.0

Sandy loam
5.2
0.0

{1, 30

0.0

.00
4.75
10.57
S0.0
(5.0
110
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Table 2: Nutrient contents of organie materials used.

Nutrient Cowdung Maize coh
Total N gkg' 38.0 10.6
Total P gkg' 3.8 9.0
Carbon gkg' 209.7 796.0
C/N ratio 5.52 75.09
C/P ratio 55.55 88.44
Ca gkg' 9.60 20.0
Mg gkg' 4.20 0.50
K gkg' 12.90 6.0
Na gkg' 0.4 0.30
Mn (mgkg ') 380 250
Cu (mgkg") 38 10
Zn (mgke ") 105 86
I'e (mgkg")

2850

1000
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4.2 Effect of Phosphorus Source and Organic
Amendment on Maize Performance

4.2.1 Plant height

In both 1993 and 1994, single superphosphate produced significantly taller
plants than the Togo phosphate rock and Sokoto phosphate rock at all periods of
growth (Table 3). The differences in plant height between TPR and SPR were not

statistically significant during both years. All the three P sources produced

significantly taller plants than the control.

Analysis of the combined data for 1993 and 1994 also revealed the same trend
(Table 4). Relative agronomic efficiencies (RAL) of the phosphate rocks on plant
height at various intervals of growth are shown in Table 5. Relative agronomic
efficiency of 45.07 1o 60.84% was observed with TPR in 1993, this improved to
between 76.35 and 83.92% in 1994, For SPR. RAE ranged Irom 39.10 to 53.85% in
1993 and 71.90 to 80.35% in 1994, The higher RAL observed in the second year
reflects the high residual value of phosphate rocks in the soil.

The effect of rate of phosphorus on plant height was not significant in 1993
(Table 6). however, in 1994 significantly taller plants were observed at higher P rates
as from 6 WAP. Combined data analysis for the two years showed inereased plant
height at higher rates of I application, although differences in plant height between
30 kg P,0gha and 60kg P,O/ha were not significant (Table 7).

Flfeet of the interaction between P osource and rate on plant height was
significant at all stages of growth in the first year and up to 10 WAP in the second

vear {(Figures 1 to  6). Single superphosphate at 30 and at 60kg P,O/ha produced

taller plants.
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Table 3: The effect of source of phosphorus on plant height.

~ Plant _hcighl (em)

Treatment 4WAP 6WAP SWAP 10WAP 12WAP 14WAP
1993
Control 17.8 13.8 80.8 116.9 144.3 145.7
SSpP 24.9 58.4 134.6 174.1 186.2 188.2
TRP 21.0 44.2 109.6 151.7 168.2 170.7
SRP 20.7 42.2 108.0 147.7 162.3 166.0
L.SD (0.05) 1.86 5.10 8.45 11.60 755 7.59
1904
Control 14.3 25.7 39.4 53.1 73.9 76.7
SSP 28.0 55.3 87.6 120.0 128.1 128.6
TRP 26.3 48.3 76.4 104.6 118.1 118.9
SPR 25.3 47.5 T4.1 101.2 1168 [18.4
L.SD (0.05) .11 2.76 3.89 5.37 5.19 4.86

Table 4: The effect of source of phosphorus on plant height (pooled over years).

Plant height (em)

Treatment dWAP OWAP EWADP  1TOWAP  12WAP  [4WAP
Control 16.1 28.8 60.1 85.00 100.1 1.2
sSSP 26.45 56.9 1L 147.1 157.2 158.5
TRP 3.7 46.3 93.0 128.2 143.2 144.8
SRP 23.0 44.9 01.1 124.5 139.2 143.1
L.SD (0.05) 2.17 5.81 0.27 12.86 .13 8.84
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Table 5: Relative agronomic cfficiency of phosphate rocks on height at various
intervals.

1993 1994
WAP TRP SPR TRP SPR
4 45.07 40.85 83.02 80.29
6 46.62 39.10 76.35 73.65
5 51.67 50.56 76.76 71.99
10 60,84 53.85 76.98 71.9%0
12 57.04 42.96 81.55 79.15
14 58.55 47.54 81.31 80.35

Table 6: ffeet of rate of phosphorus application on plant height

Plant height (em)

keP,Oy/ha AWAP  GWAP  8WAP 10WAP 12WAP  [4WAP
1993

0 21.4 457 1102 1519 1600 171.7

30 22.5 48.0 120.0 159.8 172.2 174.1

o0 22.8 1.2 122.0 161.5 175.5 197.2

1.SD (0.05) NS NS NS NS NS NS
1994

0 25.6 48.1 750 1023 1157 17.1

30 26.8 50.2 8.4 1090 1199 120.7

60 27.3 52,9 8.4 1144 1274 128.1

LSD (0.05) NS 6.31 826 1125 1152 10,84

Table 7: Effeet of rate phosphate application on plant height (pooled over vears).

Plant height (em)

Treatment 4WAP OWAP EWAP  1OWAP  1ZWAP  14WAP

0 23.5 46.9 02.6 127.1 142.4 144.4
30 24.7 49.1 09.8 134.4 140.1 147.4
o0 25.0 52.0 102.7 138.2 151.4 153.7
LSD (0.05) 1.25 3.36 5.36 7.43 5.27 5.10
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The effect of organic amendment on plant height is shown in Table 8.
Application of organic amendment significantly improved plant height over the
control. In 1993 the trend in plant height among the organic amendments was in the
order cowdung (CD) > cowdung/maize cob waste (CIY/M(C) > maize cob waste
(MC) at all stages of growth. The exact reverse of this trend was observed in 1994,
Results of the mean data analysis for the two vears (Table 9) showed no signilicant
plant height differences among the organic amendments.

The effeets of the interaction between source of P and organic amendments

and between organie amendment and rate of P on plant height were not significant

in both years.
4.2.2 Cob length and diameter

In both the years, cob length produced by TRP and SPR were comparable,
while those produced by SSP were significantly longer (Tables 10 and 11). All the
three P sources produced significantly longer cobs than the control. Combined data
analysis for the two years also reflected the same patiern (Table 12).

The effect of rate of P application on cob length was significant in 1993, In
1994 differences in cob length between 30 and 60kg P,O/ha were not significant,
however both rates produced sipnificantly longer cobs than Okg, P,O0/ha (‘Table 13).
Mecan data analysis for the two years showed 60kg 1”,00/ha producing significantly
longer cobs than Okg P,Og/ha (‘Table 14). Interaction between P souree and rate was
found to be significant in 1993 (Table 15) but not in 1994, Combined data analysis

for the two years also showed signilicant interaction between P source and rate,
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Table 8: The cffeet of organic amendment on plant height.

Plant height (em)

Treatment 4WAP OWADP SWAP  10WAP  12WAP 14WAP
1993
& 17.83 31.8 80.8 1169 144.3 145.7
CD 23.09 53.1 130.5 176.0 181.4 188.4
CDH/MC 21.50 46.8 114.7 154.4 168.6 170.7
MC 22.01 44.9 106.9 143.2 166.8 166.0
LSD (0.05) NS 1.03 4.47 7.02 7.47 8.77
1994
C 14.27 25.67 39.40 53.1 73.9 76.7
D 25.53 16.29 71.55 06.8 116.6 116.8
CD/MC 27.90 49.44 78.81 108.8 119.2 120.8
MC 26.22 55.41 R7.77 120.2 127.2 128.3
.44 (.38 8.88 8.38

1.8 (0.05)

5.32

B.585

Table 9: Lffect of organic

amendment on plant height (pooled over years).

Plant height (em)

Treatment A4WAP O6WAP SWAP  1OWAP  12ZWAP  14WAP
C 16.05 28,74 60,10 85.00 109.10 111.20
CD 24.31 49.70 101.03 136.40 149.00 152.60
CH/MC 24.70 48.12 96.76 131.60 143.9) 145.75
MC 24.12 50.16 97.34 131.70 147.00 147.15
1.SD (0.05) 0.62 2.66 6.40 5.97 5.06 5.96
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The application of organic amendments produced longer cobs than the
control in both years (Tables 16 and 17). In 1993 differences in cob length among
the organic amendments were not significant. However, in 1994 significantly longer
cobs were produced by MC followed by CID/MC. Mean data analysis for the two
years showed no significant differences in cob length among the organic amendments
(Table 18).

Liffeets of the interaction between P source and organie amendments on cob

length were not significant in both the years.

Sources of phosphorus did not sigmhicantly atfeet cob diameter i 1994,
however in 1994 SSP produced significantly wider cobs than TPR and SPR which
had comparable effect (Tables 10 and 11). Effeet of rate of P application on cob
diameter was not significant in both years. No interaction cffeets were observed
between P source and rate on cob diameter,

The application ol organic amendment improved the cob diameter over the
control in both years (Tables 16 and 17). Differences in cob diameter among the
organic amendments were however not signilicant in 1993, In 1994 MC produced
significantly wider cobs than C1. Combined data analysis for the two vears showed
no significant differences in cob diameter among the organic amendments. Fileet of
the interaction between I souree and organie amendment was not significant in both

years.

4.2.3 Kernel bulk density and kernel number per cob

The effect of P source on kemel bulk density is shown in ‘Tables 10 and 11,

In both years, kernels with significantly greater bulk density were obtamned with SSI;
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the effects of TPR and S;’R on kernel bulk density were comparable. All the (he
three P sources produced significantly greater kernel bulk density aver the control(C)
in both years, The same (read was observed when the combined data for the two
years were analysed (Table 12). 'The effect of rate of P apphication on kcmcll bulk
density did not manifest in the ﬁrsf year (Table 13), however greater kemel buik
density was observed at higher P rates in 1994, Combined data analysis showed P
rate having no cfleet on kemel bulk density (Tabie 14).

"The application of organic amendment increased the kernel bulk density over
the control in both years (Tables 16 and 17),

In 1993 differences in kernel bulk density among the organic amendments
were not significant, however, in 1994 MC produced significantly higher kernel bulk
density over CI (‘Tables 16 and 17). Analysis of the mean data for the two years also
revealed maize cob waste producing significantly higher kernel bulk density than
cowdung (Table 18). Effecl of
the interaction between P source and organic amendment on kernel bulk density was
not significant in both years.

Diffcerences in kernel number per cob did not manifest among the P sources
in 1993, but in 1994 SSI* produced signilicantly more kemels per cob than TPR
which had comparable effect (Tables 10 and 11). In both the years all the three P
sources produced signilicantly more kernels per cob over the confrol (). 'The same
pattern as in the second year was observed with the combined data {or the two years

(Fable 12).
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The various P rates did not produce significant differences in kernel number
per cob, however, the number was gencerally higher at higher P rates. Application ol
organic amendment significantly increased the kernel number per cob over the
control {Tables 16 and 17). Differences in kernel number per cob among the organic

amendments were significant only in 1994,
4.2.4 Days (o 50% silking and 1000-grain welght

The influence of P source on days to 50% silking is shown in Tables 10 and
1. Differences did not appear in the first year, however, in the second year plants
treated with SSP silked significantly carlier than those treated with TPR and SPR
which had comparable clfecl. In both years days (o 50% silking was significantly
carlicr with the sources than with the control. Analysis of the mean data showed
crops that received SSP silking significantly carlier than those treated with 'TPR and
SPR (Fable 12). Tables 13 and 14 show the eflcet of rate of I* application on days
to 50% silking. Phosphorus rate did not significantly influcnee days (o 50% silking
in the first year. Results for the sccond year and mean for the two years showed
60kg P,Ogha silking significantly carlier than 30 and Okg P,O/ha which were
sl:lllislically at par.

Days (o 50% silking was significantly carlier with the application of organie
amendments in both years (Pables 16 and 17). In 1993 plants treated with D) sitked
carlier than those treated with CD/MC or MC, bt in 1994 those treated with MC
silked significantly carlier. Combined dala anatysis for the two years also showed
plants treated with maize cob waste sitking significantly carlier than those treated

with cowdung/maize cob waste and cowdung ('able 18).
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Interaction effect of P source and organic amendment on days to 50% silking
was not significant in both years,

In both years 1000-grain weight was greater in plants treated with SSP than
in those treated with TPR and SPR (Tables 10 and 11). All the sources produced
greater 1000-grain weights than the control. ‘The same pattern was observed with the
combined data for the two years (‘Table 12).

Effect of P rate on 1000-grain weight did not manifest in the first year (Table

13). Results for the second year and mean for the two years (Table 14) revealed
greater 1000-grain weight at higher P rates.

Differences in 1000-grain weight among the 3 organic amendments were not
significant in both 1993 and 1994 (‘Tables 16 and 17). However, greater 1000-grain

weights were observed over the control with ail the three organiec amendments.

4.2.5 Grain and stover yield

The effect of P source on grain yield per heetare is shown in Tables 10 and
11. Higher prain yields were obtained with SSI” than with 'TPR and SPR in both
years. The difference in grain yvield between 'TPR and SPR was not significant, but
generally TPR produced higher vields than SPR. In 1993 RAE on gramn vield was
73.57% for TPR and 66.45% lor SPR. this values increased to 75.66% and 71.10%
respeetively in 1994, In both years all the sources performed significantly better than
C. The same trend was observed with the mean data for the two years (Table 12).
Fffeet of rate of P application on gramn yicld was not sipmificant in the first year,
however in the second year grain viclds inereased with increasing rate of P

application although the difference between 60kg I’,0/ha and 30kg PP,O0/ha were not



'Fable 19: Effect of the interaclion between phosphorus source and rale on grain

yicld.
- e oo
Treatment 1993 1994 Mcan
S$8Px0 3588 2370 2979
S5Px30 4242 3390 IR
SSI’x60 4596 3025 4261
TPRx0 3463 2246 2855
TPRx30 3384 2928 3156
TPRx6D 3320 3045 3183
SIPRx0 3216 2139 2678
SPRx30 3641 2695 3168
SPRx60 3282 3109 3196

1.5 (0.05) 754.8 575.65 485.9




statistically significant (Table 13). Combined data for the two years also showed the
same pattern as in the second year (Table 14). Interaction between P source and rate
significantly affected grain yield in 1993 with SSP at 60 and 30kg P,O4ha giving
significantly higher yields (Table 19). This interaction was however not significant in
1994, Significant interaction between P souree and rate was also observed when the
combined data for the two years were analysed.,

Tables 16 and 17 show the effeet of organic amendment on grain vield. In
1993 differences in grain yield did not manifest among the organic amendments, but
in 1994 maize cob waste produced significantly higher grain yield than cowdung.
Combined data for the two years showed no significant grainyield differences among
the organic amendments (Table 18). In both years higher vields over the control
were observed with the amendments. Effeet of interaction between organic
amendment and P source on grain vields was not significant in both years.

Due to logistic reasons stover yield were not recorded in 1993, In 1994, all the
P sources produced higher stover yields over the control (Table 11). Significantly
higher stover yields were produced by SSP over TPR and SPR which had
comparable effect. Effect of P rate on stover vield for 1994 is shown in Table 16.
Differences in yield between 0 and 30kg P,0/ha and between 30 and 60kg P,Oy/ha
were not significant. Significant stover yield differences were however observed

between 60 and Okg P,0O4/ha.

4.3 EKffect of Phosphorus Source and Organic Amendment
on Nutrient Content of Index Leaves

Tables 20 and 21 show the effect of P source on nutrient element content of

index leaves at 50% silking, The various phosphorus sources gave generally higher
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nutricnt contents over control except in the case ol Zn and Cu in 1993 and Fe in
1994 where the control gave slightly higher cunlénls.

In 1993, higher plant conlents of P and e were recorded with 8SP, and
higher K content with SPR, The 3 P sources have comparable effeet on the
concentrations of other nutrient elements in the index leaves.

in 1994, SSP and '1T°R produced comparabic concentrations of I and Ca in
the index leaves which were significantly higher than the concentrations produced by
SPR. Higher concentrations ol Zn were recorded with SPR and SSP. Combined
analysis of 1993 and 1994 data showed e coneentration (o be higher in the absolute
control plots.

Influence of rate of P applicalion on nutrient contents of index leaves is
shown in Table 22. Generally higher nutnent contents were observed al 60 and 30kg
?,0y/Mha than Okg P,O4/ha in both the years. Although concentration of 7 in the index
lcaves was observed to be higher at higher rates in 1993, the difference was not
significani. However, in 199, significantly ligher concentrations of P were recorded
with increasing rates of P application. 'The same frend sufficed when the combined
data for 1993 and 1994 were analysed (Table 25). Zine concentrations were
significantly higher at 30kg 2,04 than at 0 or 60kg 1,05 in both years,

Liffeel of interaction between P souree and raie on nutrient contents ol index
leaves i8 shown in Tabies 23 and 24. In 1993 higher P and Ca contents were
observed in the index leaves when SSP at 60 and 30kg P,O4/ha were applicd. In 1994,
SSP and TRI? at 60kg 1,00/ha produced significantly higher concentrations of P in
the index Leaves, while 'TPR at 30 and 60kg ,04ha gave higher Ca coneentrations.

Analysis of the combined data for the two years showed S8 a1 60 and 30ky P,O/ha
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nutrient contents over control cxeept in the case of Zn and Cu in 1993 and I'e in
1994 where the control gave stightly higher c.uul.cn (s.

In 1993, higher plani contents of P and Fe were recorded with 8SP, and
higher K content with SPR. The 3 P sources have comparable effeet on the
concentrations of other nutrient elements in the index leaves,

In 1994. SSP and TFR produced comparable concentrations of P and Ca in
the index Teaves which were signi licantly higher than the concentrations produced by
SPR. Higher concentrations of Zin were recorded with SPR and SSI’. Combined
analysis ol 1993 and (994 data showed e concentration to be higher in the absolute
conltro} plots.

Influence of rate of I application on nutrient contents of index leaves is
shown in Table 22. Giencrally higher nutrient contents were observed at 60 and 30kg
P,04ha than Okg P,0,/ha in both the years. Although concentration of P in the index
leaves was observed to be higher at higher raics in 1993, the difference was not
significant. TTowever, in 1994, signilicantly higher concentrations of P were recorded
with increasing rates of P application. The same trend su fficed when the combined
data for 1993 and 1994 were analysed {Fable 25). Zinc concentrations werc
significantly higher at 30kg P,0, than at 0 or 60kg P,Os in hoth years.

Liffeel ol interaction between I source and rale on nutrient contents of index
leaves is shown in Tables 23 and 24, In 1903 higher PP and Ca contents were
observed in the index leaves when SSI? at 60 and 30kg 1, O4/ha were applied. In 1094,
SSP and TRP at 60kg 1",Oy/ha produced sighificantly higher concentrations of P in
the index leaves, while TPR at 30 and (kg P,0/ha gave higher Ca concentrations.

Analysis of the combined data for the two years showed 888 at 60 and 30kg 17,0,/ha
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giving significantly higher I concentrations in the index leaves, while S81° at 60 and
3ﬁkg P,04/ha gave higher Ca contents (Table 26).

Iffect of organic amendment on the nutrient conlent of the index leaves is
shown in Table 27. In both ycars nuirient content was higher with the application of
organic amendment except in the case of Cu and Zn in 1993 and e in 1994 where
higher content was rcecorded with the control. In both years higher 1 and Ca
contents were observed with maize cob waste while cowdung/maize cob wasle gave
higher N content. The samc trend was recorded when the combined data for the two
years were analysed (able 30).

Tables 28 and 29 show the elfect of the inleraction between P source and
organic amendment on the nutricnt concentrations of index leaves at 50% silking.
Interaction between maize cob wasle and S81° gave higher concenirations of P and
Ca in the index leaves in both years. Analysis of the combined daia for the two years
also showed MC x SSP giving higher contents of P and Ca, closely followed by MC
x TPR (lable 31).

44 EKfeet of Phosphorus Source and Organic Amendment
on some Soil Chemical Properties

'I'aiwlcs 32 and 33 show the elfeet of P source and organic amendment on
some soil chemical propertics at harvest. The application of organic amendment had
a depressing cffect on pIlin 1993, In both 1993 and (994, sipnificantly more organic
carbon was recorded in plots (reated with maize cob waste. In 1993, levels of Bray-1
P. exchangeable bases and BCEC were signilicantly higher in plois that received
cowdung. However, in 1994 the differences were not significant, Generally higher
levels of exchangeable bases, BCEC and Bray-1 I were recorded over the control
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when 1P was applied irrespective of the source. Higher levels of Bray-1 P were
recorded at higher P rates in both years ((Table 34). Levels of available micronuirient
were highest at 3kg ,0/ha in  the first year. Lflect of P rate on available

micronutricnts was not significant in the sccond year,

4.5 Correlation Studies

The mairix of coefficient of correlation between some plant performance
paramcters and the nutrient contents of index leaves are given in T'ables 35 and 36,
All performance parameters except days o silking correlated positively and very
significanily with P, N, K, Mg and Mn contents of index leaves in 1993, Days to 50%
stlking was negatively correlated with plant content of N, P, K, Mg, I'ec and Mn (r
= 0.536"*) (r = 0.372%), (r = -0336**), (r = 0.322*%*), (r = 309**y and (r = -
(0.2006%) respectively.

In 1994 highly significant negative correlations were observed between Fe
concentration of index feaves and all plant performance parameters except days (o
silking (Tablc 36). Significant corrclations were obscrved  between  all - the
perlormance parameters and N, P, Ca. and Mn contents of the index 1c:lwcs,

‘Table 37 shows the matrix ol cocfficient of correlation between soif chemical
propertics al harvest and P, Ca, and Fe contents of index leaves at 50% silking,
Correlations between soil plT and P content of Teaves was found 1o be negative and
significant in both 1993 and 1994 (r = -0331"%) and (r = -0.203%) respectively.
Corrclation between soil Bray-1 PP and P conlent of index leaves was (r = 0.377%%)
m 1993 and (r = -0.701"%) in 1994, while corrclations between organie carbon

content of soil and plant content of PP were (r = -0L.627*%) and (v = -0.409**) in
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1993 and 1994 respectively. There were strong correlations between PP coneentration
of leaves and exchangeable Ca, I concentfrations and HCTC, and between e

.

coneentration of leaves and ECHC in both the years,
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CHAPTER FIVE
DISCUSSION

5.1 Elfect of Phosphorus Source and Organic
Amendment on Plant Performance

In both the years. plant performance was better in plots treated with P. this
response to P application is expecled in view of the low available P status of the
experimental plot soil (Table 1). During both the years. maize performance with
single superphosphale was better than with Togo and Sokoto phosphate rock with
respeet 1o all the parameters measured. The performance of the phosphate rocks
relative to single superphosphate was, however, better in the second year as rellected
by their higher relative agronomic efficiencies on plant height and grain yield. This
result 1s supported by the carlier observations of Engelstel efal. (1974) and Lombin
(1979). They observed superior performance of soluble phosphate fertilizers over
phosphate rocks in the first two years of application. They reporied the relafive
agronomie efficiencies ol phosphate rocks (o mercase in the sceond year.

Though not statistically significant, maize performance was generally better
with Togo than with Sokoto phosphale rock. This result contradicts the carlier
observation of Sobulo e al. (1992) who reported supenor crop performance with
Sokoto than with Togo phosphate rocks.

Cob diameter, grain vield per heetare and kernel number per ear. though not
significant, were generally higher with inercasing 1 rates. The cffeet of rate of P
appheation on plant height. 1000-grain weight. kernel bulk density and days to silking

started manifesting only in the second vear, and the difference between 30 and 60kg



P,04/ha with respeet Lo these parameters was not significant. “This indicates that
though the initial P leveif in the soil was low, moderate levels of 17 application is
sufficient 1o stimulate good growth. Such low requirements of P as illustrated by this
result has been attributed to low sorplion capacity of most Savanna soils (Mokwunye,
1977, Batiano ef al,, 19806).

CGirain yicld values obtained with all (hree P sources at all rates are higher
than the values obtained by Amapu ef o (1994; 1995) in a similar trial on the same
soil bul without the application of organic matenal (Appendix 1). This therefore
indicated that the application ol inorganic I’ together with organic amendments
produced superior plant performance than the lone application of inorganic P. This
is supported by the finding of lkerra et al. (1994) who reported higher grain yield
values when inorganic P was applied logether with organic malerials.

In the first year, interaction between phosphate source and rate influenced
plant height significantly during the {irst 10 weeks aller planting; with S8 al 60 and
30kg P,Oyha being superior. This interaction was not observed in the second year.
This may be due to the initial unavailability of P {rom phosphate rock sources in the
first 10 weeks aller planting the fist year erop. 'The decomposition of added orpanie
materials with time and their ability to enhance the dissolution of phosphate rocks
and 1o minimise subsequent fixation of the released 1I” could have caused the non-
significant P source x [ rate interaction in 1994, [kerra of of. (1994) i’mmd the
decomposition of farmyard manure o signilicantly improve the dissotution of P.Irom
phosphate rocks.

With all the three P sources plant performance was generally beiter in the

first year, Tombin (1979) and Sobulo of al. (1992) also found crop pcrforpjm‘ig% o
PR L 'l
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be better in the year of P application. According to Kang and Osiname (1979) and
Uyovbisere and [ ombin (1990), although the residual lectility of low I sorption soils
may be high, the maize crop always benefits from freshly applied phosphate. Another
factor that migbl have contributed to the lower crop performance in the second year
was the erratic rainfall patlcrn experienced in 1994 (Appendices 2 and 3).

‘The magnilude of crop performance in terms of plant heights were in the
order CD > CD/MC > MC in 1993 at all periods of growth, and this was reversed
lo MC > CIY/MC > CD in 1994, 'The superior performance of cowdung in the first
year could be due to its lower C:N ratio (Table 2} and (aster rate of decomposition
and to the influence of the decomposition produets on soil physical and chemical
properties. According o Parr and Papendick (1978). residucs with (N ratios below
30 arc usually associated with fast decomposition rate, Olsen ef al, (1970) reported
on the positive elfeet of osganic matter decomposition on soil permeability, water
holding capacity, soil acration, micronutrient contents, exchangeable bases and

available phosphorus.

The generally superior plant performance in heipht and other parameters
observed with maize cob waste in the second year could in pari be atinbuted to the
higher I content ol maize cob waste (Table 2) and its subscquent release on
decomposition with time and to the influence of the decomposition pfoducls in
solubilizing phosphates {rom inorganie source.

Stover yields in Lhe second year were betler with cowdung/maize cob waste,
probably duc to its greater ability to make N available to the plants at all periods of
growlh because of its content ol both fast decomposing and slow decomposition

organic malerials.
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5.2 Effect of Phosphate Source and Organic Amendment
on Nutrient Content of Index Leaves

With all the three P sources, plant contents of N, I, K and Ca was generally
higher at higher rates of P fertilization but differences between 30 and 60kg P,O0/ha
were nol statistically significant. The increase in Ca content could be due to the
higher exchangeable Ca contained in the P sources (Appendix 1) and to the
application of organic waste. Chien er al. (1987) and lkerra el al. (1994) have
reported higher soil exchangeable caleium with higher rates of PP [ertilization and the
application of farmyard manure.

In 1994, dilferences between the effects of SSP and 'TPR on the I and Ca
concentrations of index leaves were not significant. This was a result of the
dissolution of TPR and the subscquent release of P and Ca. Phosphorus and Ca
contents were signilicantly lower with SPR. This 15 in contrast with the carlier
observation of Sobulo ef af. (1992) who reporied Sokoto phosphate rock to be more
soluble than Togo phosphate rock on soils from Uyo and Onne,

Mean lor the two years showed e and Zin concentrations of index leaves to
be higher in the control plots, This could be due 1o the low soil P fevel in the control
plots. Badanur and Venkata (1973) reported decrease in available Zn when P was
applied to acid soils. Mandal and Haldar (1980) found that applied P decercased
DTPA-extractable Fe and Fnom the soils,

Significantly higher I uptake was recorded with maize cob waste than with
cowdung/maize cob waste or cowdung alone. Interaction between SSIP and maize cob
waste gave the highest P uptake in both the years. This 1s atinbutable to the higher

P content of maize cob waste. White and Ayoub (1983) studied the effeet of
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decomposition of plant residues with varying C:P ratios on P availability to plants
and concluded Lhat residues with C:IY ratios less than 123 signilicantly increased I?
availability cven on high P-containing soils.

Nitrogen concentrations in the index leaves were higher with cowdung/maize
cob waste and !with maize cob waste. This could be duce to the ability of maize cob
to absorb applied urca and only release the N slowly thereby preventing its icaching.
Omojola (1993) observed that maize cob ground to pass through a 40-mesh sicve
provided goad absorption for urca. forming a gel-like mixture with the soil and
slowly releasing N fo plants mostly by microbial activity. He found maize
performance and N uplake aller two greenhouse croppings lo be better with the
urea/maize cob mixture than with urea alone.

Plant conients of N, P, K, Mg and Mn were gencerally higher with the
application of organic amendments. This may be due (o the nutrients released by the
organic residues on decomposition. Aina and Vgolum (1980) and Cheng (1987)
reported mmercased plant uptake of N, P, K, and Mg with the application of organic

amendment,

533 Effect of P Source and Organic Amendment on
some Soil Chemical Properties at Harvest

Soil pH decreased with the application of organic amendment in 1993, and
with cropping. The release of orpanic acids on decomposition of added urg:mic
malter could have a depressing elfeet on soil pll. Uyovbisere and TLombin (1990)
reporled a decerease i soil plT with cropping in a ihree year phosphatie fertitizer

trial in Samaru.
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993, available soil micronutrient were higher at 30kg P,0/ha. This level.
therefore, appears to be the optimum, at higher P levels micronutrient availability
was reduced. Antagonistic effeet of P on Fe, Cu and 7Zn availability have been
reported by many researchers (Mandal and Tlaldar, 1980; Badanur and Venkata,
1973).

The eventual decomposition ol added organic matter with time and
subsequent release of more micronutnient into the soil solution may be responsible
for the disappearance of the cffeet of PP rate on available soil micronutrient contents
in the second year,

Higher levels of soil organic carbon content recorded in soils treated with
maize cob waste was due 1o the higher organie earbon content of the material.

54 Correlation Between some Soil Properties, Plant
Nutrient Content and Plant Performance

Bray-1 P and soil organic carbon content were very significantly correlated
with I” content of index Ieaves in both years. However, the correlation with organice
carbon was higher in the first year while correlation with Bray-1 I was higher in the
second vear. 'This was probably beeause a greater part of the 1” taken up by the plant
in the first year was in the organie lorm. but with the decomposition ol organice
matter and the mineralization of organie 1" more P> was absorbed in the inorganie
form. According to Brady (1981) plants can absorb some lorms ol organie
phosphorus, mainly phytin and phytin denvatives.

Another reason for the strong correlation between soil organie carbon content
and P concentration n plant could be the effeet of soil organic matter in dissolution
ol phosphate rocks and in reducing phosphate sorption in the soil.
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Strong correlations observed in both years between cxchangcahlc.(_?a and P
uplake is duc to the release of Ca into the soil solution with the dissolution of P
from phosphate rock as ecarlicr mentioned. Negative corrclations were observed
between P uptake and soil pll in both yoars. This was duc to the effect of acidity on
phosphale rock dissolution. Many researchers have reported on the positive elfect
of decrcasing soil pl1 on phosphate rock dissolution (Peaslec ef al.. 1962: Linsminger
et al., 1967; Bai-Fan ¢f al., 1990).

Negative correlations were seen beiween P ocontent of index leaves and
available T'e in the soil in both years. and between Ve content of leaves and grain
yicld in the sceond year. "This could be aliribufed fo the antagonistic interaction
between P and Fe availability to plants as earlier mentioned.

Grrain yicld and other yield parameters were strongly correlated with Mg
content of index leaves in the first year. This was due to the slight Mg/k imbalance
in the trial soil at the commencement of the experiment (Table 1). Corey (1973)
reported that Mg/k imbalance in soil could cause yield depression due to induced Mg
deficiency. During the scecond year corrclations between Mg uptake and grain yicld
and other yicld.oznnpnnenls were nol significant, probably due 1o the elleet of the

decomposition of added organic matter in correcting the Ma/k imbalance.
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CHAPTER SIX

SUMMARY AND CONCLUSION

Phosphorus deficiency is a major soil [actor limiting food production in the
northern guinea Savanna, and the successful production of high nutrient requiring
crops such as maize is only possible with P fertilization. Due to the high cost of
soluble phosphate fertilizers, cheaper sources of P must be sourced locally in view
of the very low resources of Nigerian peasant farmers who produce most of the food
crops consumed in this country.

A field trial was inifiated to evaluate the effeet of the direet application of
ground phosphate rocks from Sokoto and Togo on the growth and yield of maize
and to compare their performances against single superphosphate. In the (irst year,
Sokoto phosphate rock. Togo phosphate rock and single superphosphate were
applied at 0, 30 and 60kg 1", O/ha with cither cowdung, maize cob or maize cob +
cowdung mixture at the rate of St/ha to md dissolution of the added phosphates, The
treatments were laid out in a split-plot design and replicated three times, with
organic amendment as the main factor and P source and rates as subfactors. Urea
and muriate of potash were uniformly applied to the plots at the rates of 120kg N/ha
and 30 K,O/Mha respectively based on soil test values. In the second vear residual
clleet of the P applied the previous year was tested. Only wrea and muriate of potash
were added to the plots at 120kg N/ha and 30 K,O/ha respectively.

I'rom the study the following observations were made:

L Maize performance as measured by grain yiceld. plant height, cob length and

diameter, days to silking. kernel number per cob, kemel bulk density and
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stover yicld was gencrally better with the application of phosphate sources
and organic amendments in both years relative (o control.

Agronomie efficiencies of the two phosphate rocks relative to single
superphosphate improved in the second year. ‘The efficiency of Togo
phosphate rock was superior (o that of Sokoto phosphate rock in both years,
Single superphosphate was sigmficantly superior to 'lTogo and St.akoto
phosphate rocks in ’tcmls of maize performance. Togo phosphate rock was
however slightly supenor 1o Sokolo phosphate rock o all the maize
performance parameters measured in both years.

Phosphaic rates of 30 and 00kg P,Ojha gencrally produced better
performance than Okg Ogha. The difference between 30 and kg 1,0/ha in
terms of maize performance was generally not significant in both years,
Phosphate uplake was generally betler with maize cob waste than with
cowdung/maize cob waste mixture or cowdung.

I'rom the foregoing, the lollowing conclusions can be drawn:

The two phosphate rocks released sufficient amounis of P to influence maize
yieldys and [ uplake, though not (o the same extent ay stngle superphosphate.
Application of organic amendmenis improved ' uptake and maize
performance.

Maize performance and P uptake with ‘l'ogo phosphate rock was generally
supertor than with Sokoto phosphaic rock.

With the application of orpanic amendments, only small levels of inorganic
I application is required lor maize growth in this soil. Phosphorus rate ol

30kg ?,0yha appears to he optimum,
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5. Relative elfectiveness of the phosphate rocks was betier in the second year
than the first year due to residual effect.
6. Maize performance was generally better in year of P application.

Further field studies are required to evaluate how various other organic waste
materials that abound in our environment could be used to complement inorganic
P applied to the soil and reduce the rate of application of inorganie P fertilizer. This
will go a long way in increasing the prolit margin of the resource-poor peasant

farmers who constitute the man food crop producers in this country.
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Appendix 1: Chemical constitution ol phosphate rocks from Sokoto and Togo

(Source: Adegoke ef al. (1994).

Constitutents (%) Sokoto rock Togo rock
PO, 36.25 36.60
S0, 3.44 3.25
Fe,0, 1.30 1.20
ALO, .50 2.10
B 3.84 3.61
CaCO) 52.30 52.20

Appendix 2: Effect of source and rate of phosphorus on maize grain vield (Source:

Amapu ef al. (1994, 1995).

rate (kg P,04ha)

0 30 60 Sk

Source * 1.5D
1993
sSSP 2347b 3177a 3058a 87.33 o
TPR 2347b 2489a 2584a 220.70 NS
SPR 2347b 2773a 2892a 100.77 .
1994
SSP 9%67¢ 1671b 2069b 130.9 -
TPR 967b 1657ab 2144a 242.9 *
SPR 967b 1567ab 19292 26.1 "
SSP = Single superphosphate
TPR = Togo phosphate rock
SPR = Sokoto phosphate rock
e = Significant at 1% level
* —

Significant at 5% level.
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Appendix 3: Record of 1993 daily rainfall (in mm) observed at Samaru.

Date Apnl May June July Aug. Sept. Oet.
) 18.8 10.2 14.9
2 20.6 3.3

3 22.3

1 35 25.4 3.2 53.2
5 204 2.2
06 12,7
7 0.5 13.2 TR

8 17.7 1.9
9

10 13.5 16.8
11

12 0.1 12.3 33.2
13

14

15 13.1

16 7.1

17 3.1 63.3 6.9
18 51 37.7 16.5
19 15.6

20 12 32.1 1.1 8.4
21 1.0 75.0 19.7

22 25.1

23 2.7 3.0 34.6 21.2

24 12,5 1.2 12.1 2.3
25 1.2 22.2 50.0

26 4.7 12.8
27 19.8 8.5 6.3

28

20 2.8 28.1 8.2

30 % 16.6 1.6 11.2

31 17.7 31.2

Total 8.3 113.6 | 1558 | 269.9 300.0 181.8 0.0

Source: Department of Meteorological Services, I.A.R., Samaru, Zaria.
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Appendix 4:

Record of 1994 daily rainfall (in mm) observed at Samaru.

Source: Department of Meteorological Services, I.A.R.,

20

Date April May June July Aug. Sept. Oet,
! 34.0

2 2.7 1.0 1.5 14.2
3 135 1.8 7.3
4 1.7 0.4 7%
5 18.6 0.8

6 10.8 8.6 2.2

7 26.2 9.4 2.6

8 27.7 10.8

9 31.2 3.0 2.1
10 13.1 0.5
11 1.2

12 1.5 10.0 7.5 )
13 6.4 21.8

14 12.3 5.0

15 37.8 30.8 20.8
16 11.9 7.6

17 10.6 4.8 22.7 3.6

18 20.6 2.2 12.7 13,7
19 K 3.1

20 434 14.6

21 14 33.5 5.0

22 12.2

23 4.1 30.0 5.6
24 6.8 18.5 3.0 1.0

25 2.0 0.3
26 2.8 6.4 39.6 1.1 2.2

27 53.5

28 49.7 2.8 2.1

29 1.3

30 27.0 37

31 (1.4

Total 20.4 120.1 231.9 169.2 215.9 8.5 6.2

Samaru, Zaria.




