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ABSTRACT

Two greenhouse experinments were conducted. The first
experiment was to test the effectiveness of various organic
materials in restoring the productivity of degraded sandy
soils from Danbatta (Kano State) and Mai aduwa (Katsina
St at e) - The amendments used were cow dung, poul try
dr oppi ngs, rice straw and sawdust.These were used either
alone or with fertilizer and in addition to control
wi t hout amendment were laid out in a random sed conplete
bl ock design with three replications. The test crop used
was mai ze which was planted after a four week incubation
peri od- Pl ant height and girth were neasured at weekly
intervals from 10 days after emergence while dry matter
yield of | eaves, stems and roots were taken after
harvesti ng- The concentrations of macro and micronutrients

in the plant parts were also deterni ned

A second cropping was immediately carried out after
harvesting and rem xing of the soil- Parameters observed in
the first cropping were also nmonitored during the second

croppi ng.

In the second experinment, the effectiveness of ash as a
nutrient source in inmproving crop growh was eval uated
A soil collected from a field at the research farmof the
Institute for Agricultural Research, Samaru was used

in this st udy. The ash obt ai ned by bur ni ng crop
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residue in a drum was used at the rate of 0, . 1000,
2000, 3000 and 4000 kg/ ha. This was applied either alone

or with N fertilizer at the rate of 0, 120, 240ppm or with

complete nutrient solution(CNS)- Mai ze was used as the
test crop and the parameters nmeasured included plant height
and girth at weekly intervals, dry matter yields of
| eaves, stem and roots and t he nutrient el ement

concentrations in the three plant parts.

Poultry droppings, cow dung and rice straw all inproved
crop performance as reflected in plant height, girth and
dry matter yields while sawdust depressed all three
parameters. Fertilizer addition conplemented the effects

of these amendments. Poultry droppings, cow dung and rice
straw i ncreased concentrations of pl ant nutrients while
sawdust decreased these. Poultry droppings proved best
in restoring the productivity of these soils followed by

cow dung then rice straw. Crop performance was generally

better on Miaduwa than Danbatta soil and also generally
better in t he second t han the first croppl ngs.
I ncreasing |evels of ash inproved the growth of maize

crop nmore so with the addition of N
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CHAFTER ORNE
INTRODUCT IO

The so0il has been and will continue to be the main
medium for the production of food by man. Although it
is possible to grow crops in hydroponics or obtain
foodstuff such as proteins by single cell cultures, the
biotechnology requires a lot of capital and can be justified
only in special cases. It is therefore important to manage
the soil in such a way as to minimise its exhaustion and/or
degradation in order to keep 1t permanently productive.
Shields (1974) regarded spil degradation as being

SyYynonymous with so0il misuse or mismanagement.

Soil degradation implies a deterioration in productive
capacity and has been defined as the decline in soil quality
caused through its use by bumans. This includes physical,
biological and chemical deterioration. Decline in structural
condition, adverse changes in salinity, acidity or
alkalinity and the effect of toxic chemical pollutants or
excessive inundation are all aspects of soil degradation

(UNEP, 1982) .

The nutrient resources and physical properties dictate
the fertility status of a soil to a great extent. Compared
with soils of the temperate region (Cooke, 1967) and so0ils
from the forest zone of West Africa (Nye and Greenland,

1960), savanna soils are generally low in native fertility.



They are low in essential nutrient elements and are
characterised by low organic matter levels. This situation
is further aggravated by the COommon practices af
overgrazing and bush burning. Even where nutrient resources
abound in the soil, their efficient utilisation depends on
the suitability of the soil as a rooting medium. This 1is
determined by the physical properties of the soil.
Unfortunately, savanna soils poOsSsess poor physical
properties. The soils are predominantly sandy in
texture, poorly structured, high in bulk density and
have low water holding capacity. Reclamation and or
conservation measures must therefore be employed to
restore and manage the organic matter and physical
properties in order to maintain production and guard
against soil degradation. A common way of achieving this
is through the use of organic materials. Organic
matter enhances soil fertility through increased nutrient
supplies, greater cation exchange capacity or base capacity
and improved physical conditions. Infact it is generally
conceded that organic materials must be added to the soil
frequently in order to maintain a reasonable level of
organic matter and attendant desirable tilth (Marshall,

1962) .

Crop residue management is a very important aspect of
soil conservation and management. Many farmers use the

resulting crop residue as fuel, building materials or animal



feed, therefore, depriving the soil of at least part of what
it has given to the crops. Others return a little to the
s0il through incorporation or bwning of the crop residue.
Burning of crop residue forms part of seedbed preparation in
traditional farming systems. But itse effect on B0l l
productivity and crop performance has not been adeguately
studied (IITA, 1982). For long, crop residue burning has
been considered a deleterious practice. Some of the major
fears are centered around volatilisation of N during burning
and increased vulnerablity of the spil to erosion {(Hooker
et al., 1982). However, some beneficial effects are also
derived by burning. Riederberk et al. (1980) reported that
burning facilitates easier straw management and seedbed
preparation, rids the land of diseased plants and reduce

weed population.

Although most of the C, N and § are valatilised, the
exchangeable cations are retained 1in the ash after crop
residue burning. These are water soluble, therefore
immediately available. This fact raises the possibility of
using ash as a fertilizer for subsequent plant
development (Daubenmire, 1968). Aside from its being a
reservoir of nutrients, the ash also raises pH of the soil
due to the abundance of alkaline earth metals In it. Such pH
elevation may alter nutrient availability directly or by
changing the microbial activites and wmineralisation rates

(Raison, 1976) and can be taken advantage of to reduce cost



incurred in the purchase of liming materalis. With burning of
crop  residues beipg a common practice in this part of the
country, and the fact that its effect on crop performance
has not been adequately studied, {t becomes necessary to

gvaluate such effects.
The objectives of the studies carried out here are

1. To determine whether the productivity of a degraded
s0il could be improved using various organic wastes
and chemical fertilizers and to determine the

relative effectiveness of the  materials, énd

2. To determine the effectiveness of agh as a source of
nutrients for laproving maize dry matter production

and ite mineral nutrition.
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LITERATURE REVIEW

2.1, Types and causes of soil degradation

Soil degradation could be in the form of physical,
biological and chemical deterioration. These include,decline
in structural conditions, erosion, adverse changes in
salinity or alkalinity and the effects of toxic chemical
pollutants or excessive inundation (UNEP,1982). According to

Aubert (1974) forms of degradation include decreased
structural stability, compaction of topsoil, soil crusting,
decreased permeability and porosity, inundation of subsoil
and 1in Feralscls, the development of Fe concretions or
ironstones. Leaching of clay from topsoll and a relative
coarsening of the texture are still other forms of

degradation.

Aubert (1974) reported that modification of certain
factors in the ecosystem particularly vegetation can result
in changes 1in soil characteristics which constitute a
virtual degradation since productivity of the soil is
reduced. Kovda (1974) listed such factors as ©shifting
cultivation, deforestation and nomadic husbandry (i.e.
overgrazing) as causes of soil degadation due to the
inherent mismanagement of land associated with these

practices.



Aubert 1974) also reported tillage as one of the causes
of soil degradation. According to Kovda ((1974), soil
deterioration in cultivated areas arises from oxidation of
organic matter. Okigbo (1985) cited continuous use of
inorganic fertilizere in soils of poor physical structure
and nutrient retention characteristics as another cause of
s0il degradation through increased acidity which adversely
affect crop growth. He also opined that exclusion of certain
soil amendments when they are needed may encourage soil
degradation. A typical example is excluding liming when the
soll should actually be limed. This leads to Al toxicity
which constitutes a form of degradation. Waterlogging has
alep been named as a cause of degradation (Dielman, 1974) .
Rice production requires flooding and waterlogging during
part of the growing season but when it 1s replaced by

another crop, such soils may be considered as degraded.

Whitney et al. (1950) identified land levelling as a
cause of soil degradation. Some land levelling operations
tend to leave a field devoid of part or all of the soil
surface, the result being similar to that produced by
erosion. Such exposed subsoils are usually low in fertility
and produce poor crops (Gardner, 1941; Whitney et EE"
1948). Burnet and Fisher (1956) also found that because of
pulverisation and packing, land levelling affects physical
properties of the socil because the organic matter and

majority of the wmicroorganisms that are present in the
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surface horizon are removed thus reducing sbil  fertlity,
Mb g (i9gs) cited topsoil removal an a Cauvge of
degradation in the form of ipcreased silt content and
decreased clay contenf;. rapid iﬁcreaﬁe in ﬁcil bulk
density and reduced water holding capacities. According to
Kovda (1974), of the unmillion kmg daatroyed'and’degraQQd
land the world uver;l. soil erdéinh,.' desertification,
galinisation and whbanlsation ©an be named as the main
causes. Glayne (1974} reported water and wind as e}emants
H3¥ most  importance in =108 degrmdatioﬂ *tﬁfuughk soil
érusinn. He also named temperature as a factor next in
importance. Temperature Exqrts. its effect by way of
éncnuraging faster breakdown of urganié'matter. Recvcling of
J}ndustrial wastes can also lead to scil degradation. This
iis mainly through the addition of heavy metals, pesticides,

taxic elements, soluble salts and toxic gasses to the soil

(Didericksen, 1974).

2.2. The effect of s0il degradation on crop yield

e e e e e e e e e e e e i e e e i e e e e oy e e e e i i e R ity o b e b it b e e

Aubert (1974) suggested some criterlia for assessing the
amount of degradation that bhas taken place. These include
aBssessing the organic matter content, pH and base
saturation, changes in snil_ prnfi{e characteristics,
.Eumpactinn and wmicrobial activity, Okganic matter losces
modl fy the physical characteriastics of the soil causing
rompaction, surface crusting and decreased cation exchange

capacity and water permeabilty (Aubert, 1974), He alsoc



commented on the loss of fertility which can be a function
of denitrification or leaching, increased acidity, chemical
fixation of nutrients into forms unavailable to plants.
These changes in soil properties are bound to result in poor
crop performance and reduced yields. Hamblin and Davies
{1977) while studying structural conditions, reported that
loss of organic matter associated with intensive cultivation
of the so0il has led to much weaker structure which may be
causing yield decline through a direct influence on root

growth.

Greenland (1981) stated that while the more spectacular
problems of erosion, desertification and salinisation are
making some areas unusable for crop production, the less
gpectacul ar problems of structural deterioration and organic
matter loss frequently reduce yield to well below the real
potential. Nicou and Chopart (1979) have shown how root
gowth is restricted by compaction. Compaction of the subseil
is the most common degradation in the aeolian fine sandy and

€ilty spils of the drier tropics such as the West African

savanna (Greenland, 1981).

In the temperate regions, reports have indicated that
s0il degradation through topsoil removal resulted in severe

yield reductions (Van Viets et al., 1976; Miller, 19763

Langdale et al., 1979). However, extent of yield

reductions depends on the rainfall distribution

{Engelstad et al., 1961). 1In the tropics, Lal (1976)



reported 2%% reduction in  maize yield follaowing remaval. nf
2.5 cm soil. The decline in yvield was attributed to loss
of organic matter content of the soil and severe reduction
1n the available water holding caparcity (LLa},1974 Y. Lal
(1987) attributed the reduced vielde generally associated
with erosion +to 1losse of rooting depth, degradation of
@01l strqctqrelgnd _qg?rient imbalance. Mbagwu (1981) also
rébartaﬁ“aﬁﬂecrEane in malze grain yield by"81% &t Onne, S%

At IThenne and 32% at Illora due to removal of 5 ¢m soil.
'In Camerocon, Rehm (1978) also reported a SO%drop in malre
yield with removal of 2.5 om topmoll) while 7.3 cm removal
resdilted in complete unproductivity of the expossd subsoil,
'Ehl '(198;) rgpgrted;,;ncreasad compaction and decreased
clay ‘fraction and water intake following accelerated
erosion. Ohi and Asiegbu (1980) alsps observed lower water
retension capacity on severely eroded soils in southern
Nigeria. Ritchey and Fox (1974) noted a reduction in
avallable water bholding capacity of Puerte Rican subsoll

which led +to decline 4n productivity,

2.%. Restoration of degraded goils

o ——— - e —

‘Breenland - {1977) Buggeateq “that there 15 need to
"recognise specific problem areag and take remedial measures
if the degradation is reversible. If on the other hand, 1t
iz not reversible, then the management methods shoqld-be
changed. Soil degradation by erosion is often non-reversible

particularly where a fertile topsoil is veplaced by a



-10-

compact subsoil as in many areas of the humid tropics

(Greenland, 1981).

Charreau and Nicou (1971) summarised some work which
showed that deep cultivation is essential *to correct
degradation through compaction and that with simultaneous
incorporation of & green manure, the porosity and
transmission pores can be maintained. As an alternative to
structural manipulation to improve aeration, Baver and
Farnsworth (1940) suggested the use of peroxides which could

be added to the soll to release oxygen.

According to Sanchez (1980), the need to raise pH in
soils where acidity 1s the problem i met by 1lime
application. But this solution is only practicable where
lime is cheaply available suggesting that elsewhere, other
measures have to be employed. Breenland (19735) put forward
the use of cultivation in combination with growth of trees
to recycle nutrients as one measure. Djokoto and
Stephens (1961) reported that the acidification of soils
resulting from continuous cultivation was reduced by the
application of farmyard manure. Jones and Wild (1979
attributed this to the large base content of manure. Olsen
gt al. (1970) also reported an increase in soil pH resulting
from manure addition. This alteration in pH may be a
mechanism by which manure can change the availability of

soil nutrients (Barnes et al., 1968) .,



According to Whitney et al. (1950) one of the wmajor
factors 1limiting the growth of crops in most degraded soils
1s nutritional in character. They concluded that such solls
would be rapidly brought back to near normal production
levels with either manuwre and or cheaical fertilizers.
Organic wmatter in addition to supplying nutrients also
brings about increased water holding capacity.
Fertilizer supplies nutrients to the soi ] which
encourages greater crop growth thereby ensuring greater

turnover of organic material to the soil. Due to its

favourable effect on such soil properties as aggregation

and aggregate stability, (Mazurak et al., 196%)
suggested that manure combined with N o K

fertilization may be a satisfactory reclamation measure for
exposed subsoil. Aina and Egolum (1980) also made similar
suggestion. Mbagwu(1981) showed that depending on the
inherent fertility status of the soil and the extent of soil
removal, N & P fertilizer combined in the correct proportion
can effectively restore the productivity of desurfaced soil.
According to Lal (1987), the adverse effects of erosion on
crop yields can be mostly ‘compensated for by additional
inpute of macronutrients and micronutrients depending on
the degree of degradation. But Batchelder and Jones (1972)
reported that although applied fertilizer might improve the
productivity of exposed subscil, application of plant
nutrtents alone does not adequately compensate for the low

productivity of many degraded soils. Djokoto and Stephens
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{1961) also suggested that from the point of view of general
improvement of soil productivity, mineral fertilizer could
not substitute manures completely because of the effect of
manures on soil physical properties. This observation has
been reported by many other investigators (RBiswas and

Khosla, 1971).

There appears to be a general favourable effect of
manure on soil properties. Wallingford et al. (1975)
commented on the positive effect of manure on soil
_permeability, water holding capacity, aeration and
imicrnnutrient content. According to Tiarks et al. (1974),
organic carbon content of the soill increased markedly after
two vyears of manure application with the increase being
linear with increasing amount of manure. Olsen et al. (1970)
reported an increase in organic N, available P and
exchangeable K, Ca and Mg contents on addition of organic
manure especially at high rates. Terman et al. (1948) also
indicated that manure addition doubled the K concentration
in the soil solution. Iron, In and Mn concentrations were
also increased after manure additions {(Hensler et al.,
1970; Wallingford et al., 1979%). Jones and Wild (1973)
stated that manuwre 1is an {mportant source of cations
while Bache and Heathcote {1969) reported increased
levels of exchangeable cations from use of manure on
savanna soil. Lombin and Abdullahi (1977) provided

evidence that manure can be used to maintain the
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productivity of savanna solls under continuous cropping.

2.4 Formation and nutrient content of ash

——— e e . e —— T P S St S — T i ot

Raison (1979) referred to ash as the material that is
deposited following burning of vegetation or 1ts residue.
Ash is also got from homes where firewood is used as
domestic fuel. This type is often applied to the backyard
gardens. Variable amounts of ash are deposited on the soil
after burning. This depends on the weight and of the

fuel and 1its degree of combustion (Raison and McGarity,

1980) .

The nutrient content of ash depends on the composition
of the material and the condition under which the material
was burnt. A 1lot of studies have been carried out on the
composition of plant ash (Christensen, 19733 Cromer, 1967)
Grier, 1975; Miller et al. 1958). Unfortunately however,
some of the ashes analysed were obtained by ashing
in a muffle furnace (Jordan, 196%; Lloyd, '19273). This |is
likely to result in an ash with higher mineral elements
than would be obtained during field burns (Raispn, 1979).
High amounts of P, Mg, K and Ca are 'released by burning
forest and shrub vegetation (Nye, 19993 Nye and Greenland,
1964) . When ash is added to the soil, it supplies from 46 to
595 kg K/ha and 3I7 to 1128 kg Ca’/ha (Poyle, 1973)

‘repoﬁttd contribution from ash ‘'of 19500 to 3000kg Ca/ha, 180

as a result of ash addition. Nye and Greenland (1964) also
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kg Mg/ha and from &00 to 800 kg K/ha. ﬂsﬁ residuss are
uwsually dominated by carbonates of alkaline and alkali earth
matals {Daubﬁqmire, 1948y Hateh, 19603 Patersen, 19?0). Theay
  53§n :antain: variahle amounts of silica, heavy metals
sesquioxides and phosphate (Viro,1974); and small amounts of
organic and inorganic N (Christensen, 1??§i_Peterseq?ﬁ;??0)f
Mineral N content of ash i generally low (Allen, 13443
Wehrman and Johannes, 1943). Therefore, return of available

N to the soll is very little (Rafison, 1979,

suebert (19773) analysed some ash samples and found that

they contain 70, 14, &and 45 kg of N, P 0 and K O/ha
s

2 5 2

respectively, 240 kg/ha of dolomitic lime and substantial
amouwnts of Mn, Fe, Cu and In. This indicates that not

all N ia lost in the process of burning (Sanchez, 1974).

2.0 Effect of ash on zome so0il properties

i — L o S s B et Al it S

Increases in soil pH and available nutrients are common
after burning. These are attributed to the deposition of ash
(Ahlgren, 19603 Miller et al., 19553 Nye and Greenland,
1964y Smith, 1970). Ash initlally affects the properties of
upper soil layers and snil/ash interface but by leaching of
soluble components or with incorporation, the lower depths

Tglsn become affected (Grier, 1??5}. The.composition of ash

and the huffering capacity of the soil largely determine the

increases in spil pH and availlable nutrients (Tryon, 1948),

Nye and Greenland (1964) reported that the pH of top S



cm layer increased from 5.2 to 8.1 right after burning but
decreased to 7.0 two years later. Seurbert (1975) also found
a pH increase of from 4.0 to 4.9 in the top soil of an
Alfisol. In forest situations, the pH rise may be up to 3
units or more (Uggla, 1957). Such pH increases can affect
the availability of so0il nutrients to plants (Moore and
Adetunji, 19663 Laura and Idnani, 1974). It may also lead to
an increase in effective CEC. For example, Sapchez (1976)
reported that the effective CEC of a Peruvian Ultisol
increased from 2.9 to 3.4 meq/100g soil during the first few
months after burning. This was attributed to pH increase due
to burning. Additions of partly ashed residues increased
levels of total C and N in the soill (Christensen, 1973 Nye
and Greenland, 1964). The amount of nutrients released by
burning forest is by far greater than that released from
savanna grasslands (Nye, 1959). In surface soils, such high
levels of available nutrients may persist for a ‘time after
additions of ash (Allen et al., 19693 Moore and Adetunji,

1966) .

Raison (1979) attributed some of the benefits derived
by plants to the stimulatory effect of ash on activities of
microorganisms. Such effects may be in the form of increased
rates of nputrient cycling (Broadfoot and Pierce, 1939
Kucera and Ehrenriech, 1962) or increased N fixation
(Jorgensen and Wells, 1973). Although many workers (Firsora,

196%; Fowels and Stephensen, 1934) claim increased



nitrification by ash, only small increases in nitrification
have been recorded after additions of ash to soils
(Griffith, 19463 Verona and Ciriotti,193%). Jorgensen (197X)
opined that ash may change soil microbial activities by
altering pH, a&adding organic microbial substrates or by

improving availability of nutrients.

Although alkaline solutions tend to affect
snlubilisation of soil organic matter, no increase 1in
availability of soil organic matter due to microorganisms
has been reported (Dormaar, 1971; De Serra and Schitzer,
1972). When 'highly acid tropical solls were treated with
ash, a temporary increase in microbial nusbers was observed
{Dommergues, 19523 Corbett, 1934). This was attributed to a

JAemporary increase in soll pH and availability of nutrients
""(Léudul'out and  Dubois, 1951). However, in another study,
Duggeli (1938) did not obtain any increase in bacterial

number after addition of ash to the soil.

2.6 Effect of ash on plant arowth and vield
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Earlier workers {(Hilgard, 19143 Young and Gollege,
1938) speculated on increase 1n plant growth due to addition
of ash. Addition of ash was found to increase the growth of
gsucalyptus seedlings by 235 - 31 percent (Loneragan and
Loneragan, 19&64; Pryor, 1960). Pre-heating the soil to 150
C has been found to give a positive response to ash in some

cases (Loneragan and Loneragan, 19464). However, no such
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response was observed in other cases (Pryor, 19560). Other
workers (Cromer, 1970; OGriffith, 1941) also reported
increased plant growth due to addition of ash but the effect

was not universal (Llyod, 1973; Sampson, 1984).

Different workers have reported varying resulte of the
effect of burning on yield. Lends (1962) reported that <rop
residue burning had no effect on average wheat yield.
Shipley and Riegier (1977) also reported that burning did
not affect vield. Wagner (1976) therefore concluded that
shurtiing of crop residues probably did not a¥fect vyields.
Dormaar et al. (1979) on the other hand, concluded that long
term wheat yields ‘tended ‘to be greater when straw was  not
burnt. They therefore suggested that burning of crop
residues on a long term basis should be discouraged. On
the other hand, Rains (196) at Shika, showaed that
vields of  subsequent sorghum were greatly increased vhen
green manure was burnt instead of ploughing 1in, Vine
£1953) obtained similar results at JTbhadan. Heathcoate

(1970) also obtained significantly higher vyields of

sorghum, cotton and maize after burning than
incorporating residue. Wheat yields increased by
residue burning but ‘greatly decreased thereafter

(Massee et al., 1966). In all cases, increased yield due
to burning of crop residue was attributed to greater
availability - of plant nutrients and probably mor e

favourable soil pH. - B0



CHAFTER THREE

MATERIALS aArD METHODS

Two greenhouse experiments were carried out at the
Institute for Agricultural Research Ahmadu Bello

o 7/ o 7/
University, Zaria (Latitude 11 11 N and Longitude 7 38 E )

®.2 Location

The soil samples used for the experiments were collected
from three locations namely Dambatta 1in Kano Btate,
Maiaduwa in Katsina State and Samaru in Kaduna State. The
s0il samples from the first two locations were used for the

first euperiment while the sample from Samaru was used for

the second experiment.

3.2.1 Damhatta__

Dambatta is 1located in the Sudan Savanna vegetation
o 7/ Q 7/
zone and falls on latitude 12 17 N and longitude 8 31 E

(Keay, 195%9). It has a mean annual rainfall of about
625-7%0mm confined within June to September with an average
of 110-120 rainy days (Kowal and Knabe, 1972). According to
D"Hoore (1964) the soils are classified as brown and
reddish brown soils or lithosols and are formed Ffrom
precambrian basement complex (Klinkenberg and Higgins,

1968) .
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As far back as 1985, it was observed that some part of
the land at the Dambatta farm centre had not been able to
support even weed growth let aloneg a successful crop for so

many years. Since there was no comprebensive history of the

““land with regard to agro-—chemicals used, it was amsumed that

this problem was due to exhaustion., "The problem wasg to such
an extent that mere addition of mineral fertilizers (N,FP &K)
alone was not effective. This prompted the setting up of
experiments using cow dung and mineral fertilizgrﬁ a8 s0il
amendments. These have shown promising resuitn. | |

EL2.2 Maladuwa

Maiaduwa is also located in the Sudan Savanna

0 i
vegetation zone ¥alling on Tatitude 17 12 o and
' O s ' .

Jongitude 8 18 E (¥Keay, 1999). The mean annual ratnfall is
about 500-625 mm confined within June to Septeaber with an
average of 0-100 rainy days (Kowal and’ Knabe, 1972). The
soiles are clagslified oas brown #nd reddish brown or

ITithosol (D Hoore, 1964) and are - formed from 'lower

tretaceous parent material 1K1{nkenberg and Higgine, 1948) .

L

“Bame farme under the theo Kaduna Btate Agricultursd
Devel opment project including that at Majaduwa were

approaching a similar situation to that at the Dambatta farm

‘centre. This was algo attributed to soil exhaustion. Fleld

trials using cow dung and fertilizers were also set up here

with encouraging results.'%"f'
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3.2.3 Samaru

Samaru is located in the northern GBGuinea Savanna
vegetation zone. The area has a wean annual rainfall of
about 10%0mm confined to a single S-month rainy season from
May to BSeptember (Kowal and Knabe, 1972) .
According to D’Hoore (19564), the soils are classified as
leached ferrugenous and are formed on drift -material
overlying basement complex {(Klinkenberg and

Higgine ,19&4B).

3.3 Soil sampling and preparation

From each of the three locations, surface (0-135cm)
samples were collected. The samples were air dried by
spreading them on trays in the greenhouse. After drying,
the clods, especially in the Samaru soil samples, were
broken using pestle and wmortar and then sieved using
2mm sieve. Bubsamples from each location were removed
and stored 1in polythene bags for routine chemical and

physical analyses. The rest were used for the experiments.

x.4 Experiment 1.

%.4.1 Amendments used and their preparation

Four organic materials were used as amendments. These

were
1. Cow dung(CD)

2. Poultry droppings(FPD)



‘. Rice straw(RS)
4, Sawdust (SD)

Each of the materials was separately air dried on
trays, ground using pestle and mortar and sieved through
?.75mm sieve.The materials were stored for use after taking

subsamples for chemical analysis.

2.4.2 Sources and amounts of nutrients applied

_— e e =

1. 200ppm N as NH NO
4

2. 100ppm P as KH PO .2H D
2 4 2

. 100ppm K as kKH PO .2H Q

A

2. % 3
4, SOppm Mg as MgSO .7H
3 2
S. Sppm In as InSO .7H O
4
6. Sppm Cu as CuS0O .SH D
4
7. Sppm Fe as FeS0O .7H O
4
8. 0.25ppm B as H Bo
= 3
9. 0.05ppm Mo as (NH ) Mo O .4H O
4 & 7 24 2

N

N

N

Z.4.3 Treatments and treatment combinations
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Treatments in this experiment included two soils
Maiaduwa (M) and Dambatta(D), two fertilizer treataments, no
fertilizer (Fo) and with fertilizer tFl; and fouwr organic
materials, CD, PD, RS and SD plus a control without
amendment (C). These gave twenty treatment combinations

thus: -



1. MCDFO et s weRRST DODFO

2. MmPDFO ¢ 7 12, DPDFO
3. MREFO ;3ﬁ' ;_ﬁ "“f”' “*TE$” DREFO
s msoro 14, * DSDFO >
5. MCcFO o - _ m DOFD
6. MPDFL e . 1s. DPDFI
7. MEDF1 B L
8. MRSF{ © . s 18. DRSFI
9. MBDF1 - e ge. pepFl

10. MCF1 - okt o 20. DCFL

The twenty treatment combinstione were allocated randomly
within a-block and were replicated three times. The design
of the experiment was therefore a randomised complete block

design.

B
X.4.% Application of amendments and fertilizer

Fi&e hilograms of soil was weighed into each pot. Three
hundred grams each of prepared amendment was weighed out and
appliegd to the approprigte “puyn. Th;s ?anDF rqprg-eqteq
a rate of &%. The ameﬁdmeﬁt“uas"thnrauﬂhrv m&ﬁ!ﬂ=ﬂ!th'fhé
| golls. Fertilizers wele applied 1In solbution into appropriate
pots. All pots 'HEFE'inEUbatEd“'dt.?;giﬁ cap;c?ty for four

I . . N

" weeks to allow for decomposition,

e L b T

“‘vat the end of the four-week incubation period, eight



seeds of maize (Var.TIPR )were planted per pot. These were
thinned to S stands per pot five days after emergence. All
pots were kept at field capacity  throughout the period of

experiment by wetting with deionised water.

‘3.4.% Observations taken during experiment

Beginning from ten days after emergence , weekly

observations were taken on 11—

1. Plant height
2. Plant girth.

Flant height was measuwred from the soil sur face
to ‘the whorl using a ruler. Plant girth was wmeasuored lt*
middle of the stalk of the plants by encircling the stalk
with a thread and then transfering the thread on te a ruler

to find the value in centimetres.

3.4.6 Harvesting

After 7 weeks of growth in the lw_‘mlhciu“. the plants
pere harvested. Each pot was harvested by cotting the
plants just above the soil surface. Each plant was
separated into leaves, stems and roots. The harvests wang
washed thoroughly in distilled watern and put into labelled
envelopes and dried for 2 days 4in@n @ plectric oven set- at

o

63 C. The dry weights were taken at the end of the twp

days. The roots were harvested by emptying the contents of



‘gach pot on a polythene wheet and carefully resoving “the
roots. The harvested roots were aleo treated in the =ame
manner as the stems antd leaves. The drisd  =mamples were then
ground 1in a stainless steel Thomas Willy mill in readinasg
Hfor themical analymis: After harvesting the first crop, the
sall  was remixred, wetted to fleld capaclty and cropped a
aecond time just Yike the first cropping. Plant hetght wag
similarly measured while girth was measured only at 38 days
after emgrgence. At the end of “the second coropping,
harveeting was carried out ag was dope _Pjtﬁ the first

L

cropping. eyl T
3.3 Experiment 2. _
¥.5.1. Preparation of ash

Dried crop residuss of rice were collected and burnt
it a ‘steel drua. The resulting ash 'wes collected agy

':"are*ullv ‘wtored for u:é"lh 'tﬁbw-anperiment. Bubsamples ware

taken for chemical analyses.’ 70 L T vo

[

3;5.2. Treatments and treatment cosbinations

v _ . — -
'¥;?-ﬁ?ﬁé;ﬁrkatments“ﬁnciqdud“four “tartrient levelw Oppmtﬂﬁ).ﬁ
T OrORERINL Y., M 200pewm (N2 -and - onve compl ete "MF!‘E‘I’N‘. - '_ﬁiﬂt‘*m '
(CNS) and five amh levels, OtﬁO), 10004A1), 20001(A2),
PJOVO(AZ), and A000(A4) kg ha. The - 'CNS has the sage
$snurces and amounts of -qutrienﬁs an ?1V?ﬂ ;q Seh, 2 fpr
pxpafimant one bot for N vilvich was aﬁp@!éﬂ”iﬁ”ﬂ?ﬁppﬁ,
&1trbgen Was nuppl%eq an Nﬂnyﬂ .rmm:

AR R A LS BV S
-".7_‘1" . R ™ 'I".#'- R e e . ...I
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‘From these, twenty treatment coabinations were obtained

thus: ., NOAO 11. N2AO
2. NOA1 12 NZA1

X. NOAZ2 13 N2AZ

A. NOAX 14.  N2AZ

. NOA4 ¥ 15, N2A4
6. N1AO 16. CNSBAO

7. NiAl 17. CNSA1L
8. N1A2 8. CNSA2
?. NIAX 19. CNSAZ
10. N1A4 20. CNSA4

The twenty treatment combinations were  randomly
pallocated within a block in "a randomised complete block
"#esign (RED) and replicated three times giving 60

experimental units.

T.9.%. fApplication of ash and fertilizer

Five Kg of soil was weighed into each pot. Ash at 1000,
2000, 3000 and AJ000kg/ha was separately welighed into
appropriate pots and thoroughly mixed uiﬁ? ;he soil. The
fertilizers were applied 1in solution ta appropriate pots.
All pots were then watered to field capacity with deionized
water.

3.5%.4. PFlanting

Each pot was planted to 8 seeds of malze
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(Var .TZPR). Five days after emerqgence, the plants were
thinned down to five stands per pot. All pots were
wetted with deionized water to keep moisture at

field capacity throughout the period of the experiment.

3.5.5% Observations taken during experiment

Starting from ten days after emergence, waekly
observations on plant height and girth were taken as carried

out in experiment 1.

3.3.6 Hacvesting

After seven weeks of growth 1in the greenhouse, the
plants were harvested. The procedure for harvesting followed

“the same pattern as in experiment 1,

3.5.7 Soil analysis

The soil samples were analysed for:-
(1) pH in water (1:2 soil: water) uging a Beckmann zeromatic

pH meter.
{2) Available P by the Bray No.l method

43) Exchangeable cations extracted with neutral TN 'NH GAC
golution. *
(4) Particle size distribution by the Boyoucous hydrometer
method
(5) Organic carbon by Walkley and Black method and

(6) Cation exchange capacity ‘by ammonium saturation wethod.



petails of the analytical procedure are as described by
Jun {1979),

- X.8.8. Flant, ash and amendments analyses

—_ — - C T P

“The leaves and stems from thﬂ first auparinant ware
'{édmbfhéd and analysed ag Ttpe” ﬂhﬁie the ‘roote were anal yoeed
separately. In the case of the second experisent, the three
' ?l?nt par?g~' ptgm;, :!eavés-manﬂ= 'rnuts"”#ere —*analymeq
.-.‘;ép.arai.t'ai'#'. Thase samples “dlong with the ash and the
:1brgandt regidines aned- *alwamandments R e ﬁnnlvnaﬂ o Fowr- iy,
"

P, K, Ca, ™My, Zn, Cu. Fe and Mn using procedures

ﬂékcflbea by Jun (197%). 7 hL

- . .Calcium,. Mg, Fe, Mﬁ,-Zn and Cu from hntﬁ the soil and
the plant sampies were determinad with ‘the ?tmh:‘ sbsorbtign
spectrophotoneter while K was detarnip@d by £l ame
J;rhotdmetry. Phosphorong WG determined with a
" spectrophotometer set at 880um. Nitrogen was detereined

psing eicro Kijeldahl’s gsteam dlistillation method,

5

3.6 Statistical analyses .

All the data collected were subjected to analysjs of
yariance (ANDYVAY using the ‘GENQTRT'PHBKnﬂE for ﬁtattstitnl

analysis on the Institute for " Agricultural Research

Fgmputer. L ﬂ?; 5"--&ﬁ'pj}?g__:u£ _ 112 - o

r:”

'.’: Tk
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CHAFTER FOur

RESUL. TS

4.1. Physico-chemical properties of the soils used
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Some of the physical and chemical properties of the
soils used for the studies are shown in Table 1. The
results show that these soils are dominated by sand sized
particles. Clay contents are low, with Dambatta, Maiaduwa
and Samaru spils having 5.0, 6.8 and 14.5% respectively.
Although the Samaru soil portrayed a clay content rather too
high for a typical savanna soil, Maiaduwa and Dambatta soils
had values within the range for savanna soils which,
according to Jones and Wild (1975) is between & to 8%. The
soils have near neutral pH and 1low organic carbon, total N

and available P contents.

Cation exchange capacities were low, being 0.85, 1.5
and 4.1 wmeq/100g for Dambatta, Maiaduwa and Samaru
soils respectively. Jones and Wild(197%) reported that
savanna soils have CEC lese than S meq/100g soil. These low

levels of CEC are not suwprising considering the low
organic matter contents of the soils. A number of workers
(Fauck, 1963; Nye, 19633 and Martins, 1970) have
pointed out the importance of organic matter to the
exchange capacity of savanna soils. Fauck et al. (1969
reported a drop from 6.6 to Z.75 meq/100g during six years
of cultivation which was attributed to rapid decline in

organic matter.



Table
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Sand, (%)
Silt, (%)
Clay, (%)
pPH,1:2,H ©

2
Organic C, (%)
Total N, (%)
Available P (ppm)
CEC, {(meq/100q)

Exchangeable Cations

(Meq/100g soil)
Ca

Mg

Na

K
Micronutrients (ppm)

Fe

Mn

Cu

—— e o e s e i . o o e e e e
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1. Some physico-chemical properties of the soils used

6.0

0.15
0.01
0.94

0.85

0.11

0.08

0.10

o5
11

0.5

Location
__--;:;;;;;a Samaru
83 79
10,2 6.3
6.8 14.5
6.1 S.7
Q.50 1.08
0.01 0.02
1.05 2.6
1.3 4.1
0.52 2.531
0,22 1.10
0,07 0.04
0,13 0.26
70 124
18 z4
0.8 1.6
0.73

2.75

——— e e



- Typical of savanna reglon soils, the three soils
exﬁibited Iow e¥changeable cations and wmicronutrient
contents. With such Iow fertility, addition of elither
chemical and/ or organic fertilizer 1is expected to increase

fertility and snhance greater crop performance.

in Table 2 are shown the nutrient contents of the
amendments used. A perusal of the same will reveal that
pouvltry droppings (FD) has the highest cqntgnt of_N. Fo K,
Ca Mg, Ma, Fe, Mn, In, and Cu, follnwed..by cow dung {CD)
then rice gtraw (RS} and lastly sawdust (SD). Organic
carban contents showed a reverse trend thereby giving PR the
lowest CiN and CiF ratips (2,02 and 0.5%9 respectvely) and D

the highest (129.47 and 207.3 respectively).

The nutrient cmnfénfs of the ash used for the second
axperiment are also shown in  Table 2. The ash had C and N
contents of 1.07 and 0.068% respectively, P content of
11000ppm  and Ca, K, Mg, Na, Fe, Mn Cu and ZIn contents of
33000, BOO, 3400, 1400, 272, 28, 12%, and 63 ppM
respectively. The C:N ratio was 17.83 while the CtF ratio

was 0.97.

4.2, Effect of organic amendments and fertilizer on maize

performante

4.2.1. PBlant_height _ :
The effects of organic amendments with and without

-fertilizer on plant helght during the first and second
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Table 2:
Nutrient Cow ;;;;
(CD)
Total N, (%) 0.34
Available P, 4373
(ppm)
Organic C, (%) 1.39
C:N Ratio 4.09
C:P Ratio 3.17
Ca {ppm) 12500
Mg {(ppm) 3550
K {(ppm) 15800
Na {(ppm) 1800
Fe (ppm) S50
M (ppm) 800
Cu (ppm) 25
In i{ppm) 127

-X1-

Nutrient contents of amendments used

Amendments
R;;; straw Pnult;;’ S;;;;;;*--;;;
(RS) droppings (FD) (SD) HIA)
0.31 0.59 0.0b6 0. 06
3256 20230 375 11000
5.98 .19 7.78 1.07
19.29 2.02 127.67 17.83
18.40 0.59 207.67 0.97
8500 SX000 450 34000
2600 6250 1350 3400
17400 HE600 2400 IBOO
1200 4700 160 1400
369 775 245 272
76 310 5 28
10 30 10 125
55 150 50 &5

e e e e —— e o o ot e o e e e et o e e S o Tt T o —



croppings are shown in Tables 3 and 4 and Figures 1 and 2,
For bpth spils and at both cropping periods, plant height
was not significantly affected by either amendments or
fertilizer at 10 and 17 days atter emergence (DAEY., Blight
differences were however observed. The @aean analysilg
{(Tahle @) also showed similar results. Values were however
aenerally higher for anmnended soil tnmpareq.tp the controle.
At 24, X1 and 38 DAE, plant heights were significantly
aftected by the treatments during both croppings. Similar

results were obtained after the mean data analysis.

All amendments significantly increased plant height
with the exception of SD which significanily depressed it,
Addition of fertilizer also significantly increased plant
helght. Amendments X fertilizer X so0il and amendments X

fertilizer interactions were alsp signlficant.

huing the first cropping, soils aﬁehded.with PO with
or without fertilizer proved best giving significantly
taller plants than the rest of the treatments. This was
closely followsd bBy CD then RB. Sawdust either alone or
with fertilizer gave significantly shorter plants than the
controls. During the second cropping however, the RS gave
the tallest plant followed by CDh and then PO, Sawdust
without fertilizer as in the first cropping depressed plant

Cheight significantly but with fertilizer addition, plant

vo helight wag  significantly increased. The  maan data

analysis (Table 35) showed that the amendments improved plant



Table 3: Effect of organic amendments with and without

fertilizer on plant height (ist cropping)
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No Fertilizer

C

£D
CD
RS
sSD

Fertilizer added

C

D
CD
RS
SD

No Fertilizer

C

FD
cD
RS
SD

Fertilizer added

C

FD
CD
RS
SD

LSD 0.05

— i s . . . . S S o S T o 2 S T — o T o T S —— —— T ——— T— —— ————

DAE
10 17 24
Maiaduwa
6.07 8.47 13.30
8.56 12.70 20,17
7.90 11.26 18.13
7. 37 2.83 B i
7.07 .10 11.53
7. 23 10,33 16.37
9.07 15.67 22.93
8.60 12.70 21.27
7.67 11.5% 19.63
7.40 11.03 13.07
Dambatta

B.37 7.0 12.26
ToF7 10.63 19.03
7.13 10.10 1755
&6.60 Q.27 16.33
6.47 B8.5&6 10.13
6.67 .70 15.73
8. 60 $2.70 22.10
7.77 11.67 20.70
6.93 11.27 18.57
6. 67 ?.67 12.27
Nn.s. Nn.s 0,16

16.%0
2X.10
21.17
20.57
1X.57

19.60
26.07
24 .23
22.63
15.13

15.20
22.07
20.37
19.13
12.10

18.77
23.07
23.23
21.867
14.57
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Table 4: Effect of organic amendments with and without
fertilizer on plant height (2nd cropping)

—_—

Treatment = = ————————e- DRE e e
10 17 24 31
Mai aduwvea
No Fertilizer
C 10.17 15.23 19.93 21.87
FD 1X%.10 22.10 24.33 30.97
cD 13,50 21.63 23.67 29.43
RS 1X:73 21.60 25.93 X1.73%
SD .33 .50 10.73 11.77
Fertilizer added
B> 12.67 17.16 23.50 30.83
FD b 58 19.93 22.60 30.37
cD 16.67 25.4% 27.27 32.03
RE& 16.00 25.90 2733 34.93
sD e S o 4 26.23 28.17 36.40
Dambatta
No Fertilizer
e 10.07 15.10 19.10 20.97
FD 12.90 18.67 22.957 24.87
cD 15.90 22.60 23,33 24.93
RS 10,43 17.37 24,93 36.07
sD 8.97 .20 10.80 11.83
Fertilizer added
C 13.73 16.17 22,73 25.4%
FD E2.27 16.43 19.50 23.17
cD 17.97 295.317 26.37 28.77
RS 16.23 23.23 27.00 =8.23
sD 15.27 23.40 27.43 8. 20
LSD 0.05 n.s n.s 1.37 1.64




Plant Height (cm)
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Fig. 1 Effect of organic and inarganic ammendments an
plant height 38 days after emergence (Cropping I)



Plant Height (cm)
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Fig. 2! Effect of organic and inorganic amendnents on
plant height I8 days after emergence (Cropping II)
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Table S: Effect of organic amendments with and without
fertilizer on plant height and girth (mean)

—— o ——— — ———— —— —— — ——— ————— T — T —— f——, f—— —— =" S — — — ———— —— —— —— — e, et S, e S

Flant Height (cm) Girth
————————————————————————————————————— (Cm)
DAE
Treatamnt z = = mr e s e e - ———— - - ot
10 17 24 31 38 38DAE

—————— . — . . S ————————

Mai aduuwa
No Fertilizer

C 8.12 11.85 16. 16 18.63 20.468 1.92
FD 10.83 17.40 22.23 28.03 31.80 2.90
Cp 10.70 16.45 20.90 25.80 32.18 2.57
RS 10.355 15.72 21.90 26.15 32.82 2.41
SD g8.02 .30 11.1% 12.79 13.86 1.39

Fertilizer added

C 10.20 13.25 19.89 24.80 29.20 2.39
PD 10.32 16.80 22.77 29.22 IZ.0% 3.26

CD 12.62 19.07 24.27 28.13 34,55 3.22
RS 11.83 18.72 23.48 28.79 34.72 2.96
sD  12.58 18.62 19.63 23.79 29.10 2.37

Dambatta
No Fertilizer

C 7-72 11.05 15.70 18.53 19.23 1.57
FD 10.33 14,65 20.80 23.17 27.30 2.64
Cb 11.52 16.35 20,33 22.65 28.20 2.53
RS 8.52 13.32 20.63 27.60 31.08 2.32
sD 7.72 8.88 10.49 11.92 13.12 1.33%

Fertilizer added

( .95 17.45 19.73 23.32 27.57 2.06
FD 10.13 14.57 20.88 24.435 27.93 3.03
Ch 12.87 16.42 23.22 26.10 33.62 2.98
RS 11.58 17.25 22.79 29.95 z4.2% 2.80
S 10.99 16.53 19.23 22.38 25.58 2.04
LSD 0.05 NS N.S 0.69 0.82 1.45 0.10

¥ Second Cropping.



height in the decreasing order RS > CD > PP with 8D
depressing plant height whether applied alone or combined
with fertilizer. At both croppings and with all amendments,
with and without fertilizers, plants were generally taller
on  Maiaduwa than on Dambatta soils. Amendments and
fertilizers therefore appear to be more effective on the
former than on the latter soil., This may be as a result of
the differences in the initial fertility levels of the soils
(Table 1). Plant heights at comparable days after emergence
for corresponding treatments were significantly higher in

the second cropping compared to the first cropping.

The results of the plant heights taken at 38 DAE for
the two croppings appear in Figures 1 and 2. As earlier
mentioned, all amendments improved plant height relative to
the control with the exception of SD which depressed it.
During the first cropping, on Maiaduwa soil, FD CD and RS
without fertilizer increased plant height relative to the
control by 54, 44 and 40% respectively, while 8D depressed
plant height by 35%Z in relation to the control. With
addition of fertilizer to the amendments, the increases in
height were by 26, 19 and 11% for FD, CD and RS respectively

in relation to the control with fertilizer.

puring the second cropping on Maiaduwa soil, plant
height increased by 49, 48 and 59% respectively with PD, CD
and RS additions. The decrease in height with addition of

SD alone was by as much as 46%. In this cropping, where
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fertilizer was added to the amendments, CD, RS, and 8D
increased pPlant height compared to the control with
fertilizer by 14, 20 and 18% respectively. Similar results
were observed with Dambatta soil at both cropping but

percentage increases or decreases were generally greater on

Maiaduwa than on Dambatta soils.

4.2.2. Plant girth

The effects of organic amendments with and without
fertilizer on plant girth during the two croppings are shown
in Table 6. Flant girth during the second cropping was
taken only once at 38 DAE (Table &). As with plant
height results, plant girth was not significantly affected
by the amendments or fertilizer at 10 and 17 DAE, but
slight increases in girth due to addition of amendments
and or fertilizer were evident. At 24 and 31 DAE during
the Ffirst cropping, treatments resulted in significant
increases in girth compared to the contrel. Fertilizer also
significantly affected plant girth. The interaction between
amendment and fertilizer and also that of amendment x
fertilizer % spil were significant. The mean data analysis

(Table 5) also exhibited similar results.

While all other amendments with or without fertilizer
increased plant girth significantly, sawdust al one
reduced girth compared to the control. These observations

were true for both croppings and for the mean data
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Table &6: Effect of organic amendments with and without
fertilizer on plant girth (1st and 2nd croppings)

e s o e e — — o —

Flant Girthicm)

DAE

o

First Cropping

——— ————— ——— —— i S . - —— - T ——— S ——— T — S — ———— i —— —— — — — — T~ . — ————— W S~ -~

No Fertilizer

C

FD
cD
RS
SD

Q.85
i.18
1.03
1.01
1.00

Fertilizer added

Cc

FD
CcD
RS
sD

No Fertilizer
C
PD
CD
RS
sD

0.94
1.28
2:32
1.06
1.06

0.90
1.14
1.02
0.99
0.91

Fertilizer added

C

FD
Cbh
RS
sD

LSD 0.05

0.96
1.25
1.20
1.11
0.95

1.29
1.38
1.54
1.26
1.19

1.27
1.37
1.30
1.24
1.28

Maiaduuwa

1.45
1.74
1.66
1.63
1.30

1.50
1.77
1.73
1.71
1.45

Dambatta

1.30
1.73
1.60
1.37
1.30

1.50
1.80
1.70
1.65
1.46

Second
Cropping
=1 za I8 DAE
1.51 1.54 2.23
1.89 2.56 3.23
1.79 2.20 3«10
1.64 1.88 2.93
1.41 1.47 1.30
1.68 1.70 2.93
2.20 3. 40 .73
1:92 2.81 Z.60
.77 2:18 .10
1.52 1.61 2.53
1.49 1.51 1.60
1.86 2.46 .14
1.75 2.0% .03
1.67 1.80 2.83
1.42 1.45 1.20
1.68 1.72 2.40
2.13 3.09 3.41
1.87 2.75 3.20
1.75 2.20 2.95
1.31 1.52 2:.12
Q.04 Q.06 0.19

———— ————— ————— S~ — S ————-—— T T — — W W S S S T S S S i o U — — S = —" " —f— — - — —



analysis (Table 5). Whether used alone or with fertilizer
during both croppings, amendments improved plant girth in
the order PD > CD > RS. Similar order was observed
with the mean data. Thie indicates that irrespective of
cropping period, PD was the best in terms of plant girth
improvement followed by CD then RS with SD having a
depressive effect on plant girth. Corresponding
treatments showed greater girths on Maiaduwa soil than
Dambatta. Flant girths were also obhserved to be
significantly greater for corresponding treatments during

the second cropping as compared to the first.

4.2.3. Dry matter yield

The effect of organic amendments and fertilizer on the
dry matter vyields of leaves, stems and roots at both
cropping periods are shown in Tables 7 and 8. Significant
differences were shown with addition of amendments and /or
fertilizer. Interactions of amendment » fertilizer x soil
were significant for leaves and stem only in the first
cropping and for roots only during the second cropping.
Mean data analysis (Table 9) showed that dry matter yields
of the three plant parts were significantly affected by the
amendments with or without fertilizer. The interaction
effect of amendment » fertilizer x soil was also significant

(Table 9).
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Tables7 Effect of amendments with and without fertilizer
on dry matter yield (ist cropping)

e e e e o e ot e S e e e e e e e e s —— e e

R ——

Mai acduwvea

No Fertilizer

C 1.52 .44 Q.64
FD 65.13 1.81 1.14
CD 4.20 1.49 0.82
RS 2.16 1.33 0.39
SD 1.42 0.39 0.45

Fertilizer added

C 3.13 Q.99 0.97
FD 8.74 2.41 1.78
CcD &.07 1.89 1.59
RS 3.597 1.55 0.76
SsD 1.75 0.60 0.53

Dambatta
No Fertilizer

C 1.20 0.37 0.60
FD 5.45 1.37 0.96
CD 3.67 1.15 Q.76
RS 1.73 1.07 0.51
sD 1.12 Q.30 0.36

Fertilizer added

c 2.35 0.92 0.93
FD 7.29 2.18 1.56
cD .45 3,52 1.36
RS 3.07 1.26 0.70
SD 1.47 0.49 0.4%

LSD 0.035 0.20 0.10 N.Se
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Table: 8 Effect of amendments with and without fertilizer
on dry matter yield (2nd cropping)

Treatment Dry Matter Yield (DMY) (g/pot)

No Fertilizer

Cc 6.24 2.34 2.32
FD 12.62 S5.23 .79
CcD 11.35 4.71 S.50
RS 10.45 4.36 5.08
sD 1.76 0.42 1.94

Fertilizer added

C 9.78 4,321 4,67
FD 16.14 7.05 8.68B
cD 15.59 6.67 8.07
RS 14.36 65.43 b6.76
SD 9. 30 .30 4,07
Dambattaa
No Fertilizer
s 2.22 0.94 2.15
FD 12.19 4.83 e T
cD 10.40 4,30 4.32
RS 10.37 .65 .37
SD 0.96 0,33 1.76
Fertilizer added
o 8.49 4.19 4.07
FD 16.01 6,33 6.03
cD 14.55 - P S.92
RS 14.49 4,40 5.42
sD &.90 2.2} z.69

LSD 0,03 Nn.s N.S. 0.87
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Table 9. Effect of organic amendments with and without fertilizer

on dry

S S ——

matter yield (me2an)

Dry Matter Yield

{DMY)

(g/pot)

——

——— — i —— —— ——— o — T o, T o . o W . o e o T T, e T . o o, e S S, S

e o e T e S, B . B e o e S B e o e o e e e R o ot T o . B o o i s, o e o

No Fertilizer

C

FD
cD
RS
sSD

Fertilizer added

C

FD
CcD
RS
sh

No Fertilizer

C

D
cD
RS
SD

Fertilizer added

C

PD
CD
RS
SD

LSD 0.05

Maiaduwa

.88
9.38
7.78
6.31
1.959

6.46
12.44
10.83

8.97

S.53

Dambatta

1.71
8.82
7.04
6.05
1.04

5.42
11.65
10.00
8.78
4.19

1.3%9
3.53
.10
2.85
0.41

2.65
4.73
4.28
4.00
1.95

Q.66
3.10
2.73
2.36
0,32

1.48
3.47
3.16
2.84
1.20

2.82
S5.28
4.83
3:.76
2.25

2.50
3.83
3.65
I.16
2«11

————— —— i ———— o — i T —— —— —— o S T . o . o P T S e o o S S T . T, B T o i o S B, . 8
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Results of dry matter yields followed the same trend as
those of plant height and girth. At both croppng periods,
all the three plant parts were significantly higher in
amended soils than the control except those amended with SD
which showed sgnificantly lower vyields than the control.
Fertilizer addition resulted in significant increases in dry
matter yields and also significantly complemented the effect
of amendments as evidenced by the increased vyields where

fertilizer was added to the amendment.

Generally, soils amended with FPD with or without
fertilizer gave the highest dry matter yields. Thie was
followed by €D and then RS. This was true at both croppings
and for both soils. Although similar results were obtained
for both soils, DMY on Maladuwa soil was consistently higher
than on Dambatta. Generally, significantly higher vields
were observed in the second cropping for corresponding

treatments.

4.3%. Effect of organic amendments with and without

o o o ——— —— —— —— T ————— i —— T ——————— . —— — ———

e e o e e o e ot o i o ot o o o o o o e e e T ot o

4.3.1. Maize tops

The nutrient concentrations of the maize tops (leaves +

stems) as influenced by the organic amendments with and
without fertilizer at both cropping periode are shown in
Tables 10 and 11. The results generally reflect the

nutrient status of the organic materials. For both soils



Table 10 3 Effect of
fertilize
{l1st crop
Nutrie
Treatesent ———me—e
N P
No Fertilizer
£ 1.12 0.07
FD Jids .32
CcD 2.83 0,26
RS 2.28 0.24
SD 0.72 0.06

Fertilizer added

C 2.17 0.28
FD X.61 0.42
cD .26 0.31
RS 2.45 0.2
SD 1.35 0.13
Mo Fertilizer
C Q.76 0,05
FD 2.98 0,29
cD 2.91 0.22
RS 1.99 0.20
sSD 0.38 0.0Z
Fertilizer added
5 1.96 0.26
FD Z. 89 0.38
cD 2.91 0.26
RS 2.33 0,24
sD 1.87 0.09
LSD 0.05 ©0.07 nes

-8 &—

organic amendments with and without
r on nutrient element Concentration of Shoot

ping)

nt element concentration
K Ca Mg Fe Mn in Cu
e: W TTmmm———— e PRR e
Mai adiuavea
1.56 0.10 0.16 172 =7 L& 7
Z2.81 0.21 0,42 625 155 125 15
2.34 0.19 Q.32 505 137 102 13
1.86 0,16 Q.20 447 92 Q9 12
1.39 0.07 0,09 127 53 63 &6
2.80 0.21 . s, 3 502 110 123 17
F.22 0,35 0,352 ™3 175 145 23
2,92 0.29 0.41 645 S 125 22
2.21 0,22 0.32 S01 102 121 20
1.63 0.12 0.33 167 73X 72 8
Dambatta
1.15 0.11 0.12 100 41 47 4
Z2.61 0.25 0, 30 a=2 116 120 10
2.00 0,23 0.20 428 75 116 9
1.3 0,21 0.13 3867 61 80 7
1.20 ©.08 .08 &0 41 49 >
2.93 0.29 0.23 s | 8 102 12
2.96 0,42 0.43 6£88 132 124 17
2.79 0.39 0,30 571 Q7 10= 18
1.92 0.30 0.21 422 77 101 p §-
1.52 0.14 0.10 4 61 Sé6 S
0.0 ns 0.01 b.65 [.59 21.76 1.06

S S S s S Y S S S S e S S S S s S S S S s S i s Sl S S - S S S S S S-S W S S S ——




Table 11: Effect of organic amendments with and without
fertilizer on nutrient element concentration of shoot

T S S P -t S il S o . B L e S ——

i i et i e el kS ——

Mail aduwa

No Fertilizer

C 1.74 0,135 1.25 0.17 0.21 164 70 78 13
FD 3.33 0.30 3.39 0.456 0.51 o991 178 138 26
cD 3.43 0.26 E.51 0.44 0.47 S8% 174 133 24
RS 3.41 0.21 3.50 0.44 0.46 582 172 131 23
SD 0.72 0.08 1.41 0.10 0.09 133 o3 b6 7

Fertilizer added

C 3.32 0.21 2.81 0,39 0.42 S77 170 127 22
FD 4.19 0.47 3.74 0.49 0.54 616 187 149 30
CD 4.05 0.36 3.71 0.45 0.50 611 187 147 29
RS X.97 0.36 3.68 0.45 0,52 599 181 140 28
sD F.31 0.21 2.35 0.37 Q.37 5962 155 123 18

Dambatta

No Fertilizer

- 1.90 0.3 1.59 0.19 0.18 178 59 &7 9
FD X.22 0.32 3.18 0.38B Q.40 581 153 126 21
cD B:17 0,28 Jiib Q.33 0,35 8573 152 123 21
RS .16 0,22 3I.12 0.31 0,32 571 150 121 18
sSD 0.60 0,06 1.10 0,07 0.07 126 4= 56 3
Fertilizer added
C X.21 0.19 2.81 0.348 Q.39 571 154 123 21
FD .70 0.40 3[I.Z4 0.39 0.43 601 163 138 27
D .64 0.38 IT.32 0.38 0.42 591 161 135 26
RS Z.61 0,37 3I.28 0.36 0,42 S72 139 130 23
=1 .05 0.16 2.54 0.28 0,31 S66 151 116 17

LSD .05 ©0.10 0.04 0.03 0.01 0.01 2.26 2.25 2.19 1.

_——
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and at both the first and second croppings, the
concentration of nutrient elements were significantly higher
with addition of FD, CD and RS than the control with or
without fertilizer. Addition of D to these soils
significantly reduced the concentration of all the nutrient
elements in the tops in relation to the control especially
where no Ffertilizer was applied., Similar results were
observed with the mean data analysis (Table 12).
Generally, the addition of fertilizer significantly
complemented the effect of the organic materials in both
spile. Nutrient concentration in maize tops after the
second cropping were generally higher than the values
obtained after the first (Tables 10 and 11). This is a
as a result of mare‘nutrients made available by further

mineralisation during the second cropping.

84,3.2 Maize Roots

Tables 13 and 14 show the nutrient concentrations of maize
roote as influenced by amendments with or without fertilizer
during the first and second croppings. The amendments
significantly affected concentrations of all nutrients at
both cropping periods. Fertilizer additions also brought
about significant differences in nputrient concentrations.
During both croppings, interaction of amendment X fertilizer

and also that of amendment X fertilizer X soil were all



Tablel2: Effect of organic amendments with and without fertilizer
on nutrient element concentration of shoot (mean)

Nutrient element concentration

e e Tt e e o e

Maiaduwa
No Fertilizer

C 1.31 0.09 1.56 0.17 0.17 190 58 b6 8
FD 3.32 0.29 3.16 0.41 0.45 &0Z 164 129 19
cD 3.13 0.27 2.93 0.39 0.39 544 145 118 18
RS 2,90 0,26 2.72 0.36 0.35 520 135 115 17
SD 0.72 0.06 1.40 0.10 0.09 132 54 &3 7

Fertilizer added

C 2.66 0.22 2.81 0.38 0.35 530 127 114 17
FD J.65 0.37 3Z.66 0.50 0.47 665 172 136 23
CcD 3.47 0.37 3.32 0.46 0.45 630 160 130 20
RS 3.32 0.32 2.94 0.45 0.43 555 145 126 18
sD 2.55 0.25 2.70 0.33 0.30 353 121 106 16

Dambatta
No Fertilizer

C 1.26 0.10 1.20 0.20 0.12 174 56 63 7
FD Z.07 0.27 2.86 0.29 0.33 S62 133 112 15
CcD 2.85 0.25 2.58 0.28 0.26 S00 114 102 14
RS 2.61 0.22 2.36 ©0.28 0,25 474 107 100 12
sD 0.59 0.05 1.15 0.08 0.07 129 42 a3 b’

Fertilizer added

C 2.64 0.25 2.45 0.32 0.30 480 126 113 15
FD 3.32 0.28 .02 0.3B 0.37 627 142 121 21
cD 3.28 0.31 2.75 0.35 0.36 587 129 120 19
RS 2.97 0.31 2.60 0.35 0.32 S07 120 118 17
sD 2.38 0.23 2.43 0.26 0.23 335 108 93 13

LSD 0.05 0,04 0,01 0©0.02 0,01 0,01 3.9 2.12 1.93 0.78

——————— — ) ———— — . —— T ————————



Table 13 : Effect of organic amendments with and without

root (ist cropping)
Nutrient element concentration
Treatment = - o A e U e i i e
8— P K Ca Mg Fe Mn in Cu
e e e B ppm -
Mai aduwa
No Fertilizer
c 1.39 0.05 0.81 0.20 0.08 77 S52 36 7
FD 3.10 0.30 1.15 0.42 0.31 425 131 95 17
CcD 2.60 0,25 1.07 0,39 0.20 305 105 71 15
RS 2,30 0,23 0,91 0.33 Q.11 247 82 &8 14
SD 1.48 0.04 0.70 0,15 Q.05 56 41 33 8
Fertilizer added
C 2.60 0.26 1.50 0.41 0.17 301 96 93 19
FD 3.66 0.38 1.87 0.69 0.40 487 157 115 25
cD 3.20 0.29 1.68 0.58 Q.32 445 123 S 24
RS 2.56 0.26 1.30 0.445 0.21 301 102 92 21
sD 1.89 0.10 0.81 0.25 0,09 77 71 4i 10
Dambatta
No Fertilizer
C 1.32 0,03 0.65 0.14 0,07 57 47 29 4
FD 2.90 0.26 0.96 0.30 0.20 361 103 76 12
cD 2.16 0.19 0.90 0.27 0.12 232 83 53 10
RS 1.93 0.18 0.71 0.21 0,07 174 &6 47 9
SD 1.22 0.02 0.59 0.09 Q.04 33 36 28 3
Fertilizer Added
C 2.10 0.33 1.34 0.35 0.14 241 78 79 16
PD 3.19 0.33 1.89 0.52 0.31 483 127 95 20
CcD 2.76 ©0.24 1.43 0.42 0.23 372 132 76 19
RS 2.32 0.22 1.15 0.36 0.12 235 97 74 17
sD 1.86 0.07 0,70 0.21 0.07 55 &1 31 &
LSD 0.05 0.07 NS 0.03 NS 0,01 21 S.12 2.99 1.1

fertilizer on nutrient element concentration of

_..—..._._..___.—-_.-._..-_..-.-_.--—.——-...—_.--—_-.-—-———-.—.-—_.__._———_—_——.-—



Table 14:

Treatment -

-51-

Effect of organic amendments with and without

fertilizer on nutrient element concentration of
root

(2nd cropping)

——

.

Nutrient element concentration

—— e e ——

e ——— —

e ———

—————————————— T — T ————— T T S —— ——— — T — T ————— ———— T - ————— "

No Fertilizer

£

FD
cD
RS
sDh

1.51
3.02
2.91
2.87
0.68

Fertilizer added

C

FD
cD
RS
sD

No Fertil

C

FD
CcD
RS
sD

Ferilizer added

FD
cDh
RS
sD

LDs 0.05 0.02

2.81
3.70
3.594
.48
2.80

izer

1.34
3.22
2.71
2.64
0.50

2,73
3.41
3.32
.30
2.44

d K Ca Mg Fe
........_:{. _________
Mai aduivea
Q.26 0.71 0.36 0,16 95
0.36 1.23 0.66 0,31 393
0.33 1.22 0.46 0,27 387
0.3F1 1.20 0,62 0,26 382
0.12 0.32 0,17 0.07 62
0.28 0.88 0.59 Q.23 378
0.50 1.29 0,69 0,34 415
0.49 1.24 0.67 0,33 409
0.42 0.96 0,65 0.31% 98
0.24 0.42 0.39 0.22 370
Damb atta

0.18 1.00 0,21 0.12 82
0.33 1.03 0.48 Q.40 372
0.29 1.02 0.48 0.22 371
0.28 1.01 0.45 Q0,20 362
0.09 0.54 0.12 0.06 =51
0.38 0.88 0.495 0.20 X71
0.47 1.10 0,56 0,28 390
0.46 1.02 0.33 0.27 385
0.41 1.01 0.50 0,25 375
0.22 0.79 0.39 0.18 39
.01 0,01 0,01 0,01 2,95

51
147
142
141

36

140
157
157
151
124

40
135
1X4
130

28

131
148
147
142
123

1.66

In Cu
PPMm ——=
43 13
108 29
103 27
102 26
36 10
97 25
119 33
117 32
101 31
93 23
37 12
24 29
93 23
@1 22
27 7
1 24
103 29
100 28
3 27
85 20
1.62 1.04
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significant for all nutrients but the second order
interaction was not <ignificant Iin the case of F and Ca
during the first cropping (Table 13). The mean data
showed that amendments, fertilizer and their interaction
effect significantly iIncreased the. cnnﬁentratinn .u{ mll

rnutrient elements.

For both sails and at both cropping periods, .additinn
of £FD, €D and RS wmither alone or with fertilizer
significantly increased nutrient concentrations .nf all
nutrients compared to the control. However, concentration of
nutriant glements in the roots were significantly higher for
Mzt aduwa than Dombatts spils. Addition of fertilizer
generally significantly complemented the pffects of the
added organic materials. RNutrient concentrations 1in the
ruats: gere generally nigher after the second cropping

compared to the first {Tables 13 and 14).

Nutrient element concentrations were generally higher
in the shoot than in the root with the esception of Ca and

Cu whose concentrations were higher in the root.

4.4, Effect of ash with and without fertilizer on maize

4.4.1. FPlant height
The influence pf ash with and without fertilizer on
plant height at various days after emergence are shown in

. Table t& and Flowe . At 10 and 17DAE, Plant height was



Table 1%5: Effect of organic amendments with and without

fertilizer on nutrient element concentration of
root (mean)

—————— ———— S —————— ——— _——

—— e — —_—— - —_

Nutrient element concentration

e e — —

Maiaduwa
No Fertilizer

C 1.45 0.12 0.67 0.21 0.10 79 46 36 10
FD J.06 0.32 1.18 0.353 0.29 406 136 99 22
CcD 2.73 0.28 1.14 0.951 0.23 343 123 87 21
RS 2.66 0.29 1.07 0.49 0.21 320 115 80 20
sD 1.08 0.08 0.61 0.16 0.06 S50 41 4 8

Fertilizer added

Cc 2.61 0.3F 1.20 0.45 .21 325 1 88 21
FD X.37 0.39 1.49 0.65 0.33 433 149 106 28
cD 3.23 0.38 1.42 0,63 0.31 429 139 100 26
RS 3.13 0.26 1.27 0.357 0.28 355 130 98 24
sSD 2.60 0.25 1.01 0.38 0.18 236 105 71 19

Dambatta

No Fertilizer

C 1.413 ©.13 0.54 0©0.25 O.11 70 43 36 2
FD 2.77 0.27 0.99 0.39 0,20 366 120 as 19
CD 2.4% 0.24 0Q.93 0.36 0.16 297 110 72 18
RS 2.56 0.25 0.86 0.34 0.15 273 101 70 17
sD 0.84 0.05 0.50 0.11 0,05 46 32 28 6

Fertilizer added

C 2.398 0.27 1.02 0.37 .18 301 110 76 19
D .04 0.35 1.27 0.46 0.25 421 129 89 24
CcD 2.87 0.33 1.27 0.45 0.23 381 125 a3 22
RS 2.81 0.28 1.23 0.44 Q.20 310 121 80 20
sD 2.45 0,25 0.B86 0.33 0.16 215 101 61 16

LSD ©0.05 0,04 0.01 0,02 0.01 0.01 10.6 1.53 1.70 0.7&6

— . S . ., e T T T T ———— ————_ — — —— ———— ——— - ——
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Table 16. Mean plant height of maize as affected by ash

with and without fertilizer

Flant Height i{cm)

——— o . . — f—— —

———— — o — —— e

Treatment DAE
10 17 24
NO
Control A0 .01 10.99 14.27
Al 10.55 13.88 16.54
A2 12,558 14.28 17.72
A3 13. 27 15.28 20.88
A4 13.87 17.30 21.44
N1
A .45 13.61 14,89
Al 13.61 16.72 21.03
A2 12.44 18.22 25.08
Al 12.72 19,27 26.67
A4S 13.87 22.11 28. 66
N2
A0 Q.72 12.78 13.27
Al 10,55 15.13 18.44
2 12.05 16.38 21.39
AS 12.33 17.27 23.05
Ad 13.79 18.05 24,50
CNS
AO 13.11 16.33 25.11
Al 13.62 17:'55 25.39
A2 14,39 17.92 25.61
AZ 13.89 18.39 26.82
Ad 15.27 19.33 26.06

LSD 0.05 NS NS 2.30

153.14
18. 39
19.27
21.05
23.72

16.17
24 .22
25.47
31.10
33.11

13.83
24.83%
26.51
32.11
34.73

51.55
33.05
3Z.83
25.05
34.39

o o S e o o S i S T T ——— — ———— T o o . S, . S S e e e T T . S



Plant Height (cm)

o1 iy LSD (5X)

NO Nl NZ
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not significantly affected Ly the addition of ash or
fertilizer. Interactions of the two  were also not
signlificant. At 24, X1 a&and 38 DAE, significant increases
ware obtained when ash was added. Fertilizer also increased
plant height significantly and the interaction of ash X

fertilizer war significant.

At 38 DAE, where no fertilizer was added (No), ash
additione at 1000, Z000, 23000 and 4000 kg/ha increased plant
height relative to the control by 17, 29, 39 and 6&1%
respectively. AL 120 ppm M (N1) and at the four levels of
ash, increases in plant hedght in relation to the controld
were by 81, 104, 115 and 130K respectively. While at 240 ppm
N N2} the increases were by 98, 121, 129 and 19574 for the
four ash levels respectively. When complete nutrient
salution (CNS) was added., increases as regards the four ash
levels in relation to the control were by 1, 2, 13 and

11% respectively.

No significant differences in plant height Wer &
ohserved between 0, 120 and 2409ppm N fertilizer additions
whiere no ash (AD) was applied,but completes nutrient solution
addi tion alone gignificantly increased plant height.
Aithough ash alone gave significant increases in  plant
height compared to the control, the increase was more
pronounced when ash was supplemented with fertilizer N
Flant height significantly increased with increasing rates

of akh. At comparable levels of a&ash, complete nutrient



solution (CNS) gave the tallest plants followed by 240 ppm

(N2, then 120 ppm (N1}, Flant heights were lowest
where nt M was applied.

4,4.2. Flant girth

Table 17 shows the effect of ash with  and without
fertilizer on plant girth., At 10 DAE, ash or fertilizer
alone did not result in significant differences in plant
girth. The interaction of ash X fertilizer was also not
gignificant. At 17, 24,351 and 38 DRE, addition of ash or
fertilizer and their interactions gave significant increases

in plant girth compared to the controls.

Without the addition of ash (RO}, application of N
alone did npot produce significant whanges in the plant
girth. However, addition of complete nutrient solution (CN8)
alone resulted in significant increase in plant girth
over controls without ash. Increasing levels of axsh
gitgnificantly increased girth. At comparable ash levels,
plant girthe were greater with additions of NG

followed by those receiving N2 then Ni.

4.4.%. Dry matter vield

The effect of ash and Fertilizer application on dry
matter vield of leaves, stems and roots are shown in Figures
4, % and & respectively. At all fertilizer levels, addition
of ash significantly increased the dry matter vield of all

the three plant parts. Without the addition of ash, dry
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Table 17:

Mean girth as affected by ash with or without

fertilizer

Control AD
Al
A2
A
A4

N1
AO
Al
A2
AZ
4

N2
A0
Al
AZ
AS
)

CNS
AD

Al
A2
AS

1.31
1.37
1.43
1.55
1.62

1.26
1.4Z
1.47
1.60
1.65

1.32
1.34
1.45
1.50
1.65

1.39
1.44
1.51
1.58
1.62

1.35
1.41
1.53
1.73
1.84

1.30
1.4%9
1.73
1.83
1.89

1.3535
1.50
1.61
1.81
1.91

1.37
1.43
1.59
1.74
1.88

1.32
1.50
1.89
2.44
2.19

1.38
1.56
1.70
2.21
2.20

2.03
2.20
2.31
2.36
2.44

1.47
1.57
1.66
1.88
2.05

1.56
2.33
2.73
2.80
3.06

3.17
.34
.42
Z.44

3.099

1.5%
1.86
1.91
2.06
2.20

1.72
2.74
2.76
2.81
2.94

1.67
2.47
2.86
3.17
3.50

.22
3.46
Z.501
3.39

3.56



matter vields of the parts decreased with increasing levels
ot N fertilisation but increased significantly where
complete nutrient =olution {(CHE) was applied. Addition of
fertilizer alone increased dry matiter yields significantly.
Ash X fertilizer interaction was alsn significant.
Increasing levels of ash alzso gave significantly higher
dry matter vyields of the plant perts. At cosparable ash
levels, dry matter vields of all the three parts were
lowest where no fertfilizer (No) was applied and were

highest with addition of complete nulrient sociution (CMS).

4.5. The effect of ash with and without fertilizer on

rmuatrient elemnent concentration of maize

Y b TS A Al A il Al 4 e i By Bl Bl sk Ak b skl ki bl bkl bkl b, b ke, e s s Ll sy srHiY S Pk el S b o

The effect of ash with and without fertilizer on
nutrient concentrations of leaves, stems and roots are shown
in Tablez 18, 19 and 20 respectively. Similar trends were
shown by the three plant parte. At all levels of
fertilizer, addition of ash significantly increased the
concentrations of N, P, K, and Ca. Concentratons of these
flements increased significantly with idncreasing levels of
gEh . These nutrient concentrations wetr e similarly
eignificantly increased with increasing levels of N

fertilizer. Treatments that received UNB had the highest

concentration of nutrients in all the threg plant parts
while those that did not receive N fertilizer (No) had
the least. Magnesium concentration was significantly

reduced by the ash and fertilizer treatment. This was



Table 18:

Mutrient element concentration

of leaves as
affected by ash with and without fertilizer

NO
Control
Al
AZ
A=
4

N1

Al
AL
AL
A4

N2
AD
Al
AZ
AZ
A

CNS
A0
At
Az
AL
A4

LSD 0.05

0.85
0.90
1.310
1.20
1.28

.83
1.60
1.79
2.00
2.27

0.81
1.72
2.09
2.37
2.77

Z.66
2.78
3. 10
3.43
3.89

0,05

0.19
0.25
Q.34
0,38
0.42

0.18
0.28
0.40
0.43
0.47

0.18
0.0
Q.42
0.44
Q.47

0,02

0.%4
0. 30
0.28
0.26
0,23

0.34
0,31
0,29
0.27
Q.25

0,36
0,33
0.29
0,26
0.21

0,39
0.34

0.31
0.23
0.25

K Ca
'z _____________
1.83 0.10
2,30 0.24
2.98 G.,32
D27 Vb
J.63 0.50
1.90 Q.11
2.80 0.28
2.96 0,37
3.17 0.44
3.5 0.354
2.57 0,10
307 0.35
.50 T.4)
I.62 0.54
T.84 0.62
.31 0O.30
Z.594 0,34
.75 0.48
T.95% 0.36
4.21 0.74

0.12 0,02

210

218
220
221

160
165
168
172
176

165
168
170
175
181

3T
3T

1792
180
183

280
285
287
2935
295

290
293
296
300
205

295
297
298
04
310

06
310
315
317
320

155
160
163
165
170

152
158

162
163

169

161
162
165
167
170

4=
46
47
50

a2

42
47
48
51
52

44
45

48

53
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Nutrient element concentration of stems as

affected by ash with and without fertilizer
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Table 19:
Mutrient
Treatment
™ P K
NO
Control 0.7&6 0.24 1.40
Al Q.85 0.50 1,50
AZ 0.96 0.28 1.70
Az 1.13 0.30 1.81
(a7 1.18 0.30 1.90
N1
A0 0.80 0.18 1.60
Al 1.39 0.30 2.07
AZ 1.9 0.32 2.20
As 1.67 0,38 2.60
A4 1.90 Q.41 2.91
N2
AD Q.69 0.11 2.30
Al 1.5 0.31 2.81
AZ 1.69 0.36 ZF.10
ax 2.1% 0.40 3I.38
A4 2.40 0.43 Z.52
CNS
AD 2.21 0.42 3.17
Al 2.63 0,46 3.29
Al 2.77 0.32 3.45
AZx .00 0.56 3.56
A4 2.89 0.63 Z.72
LSDh Q.05 0.22 0.01 0.04

Q.10
0,23
0,32
0,39
Q.49

>
=49

0.26
0,30
0.42
0.51
0.69

0.27
0.24
0.24
0,22
0,20

0.30
0.27
0.25
0.2

0,21

0.34
0.32
Q.30
0.27
0.26

72
75
76
79
82

71
73
77
78

83

73
Tr
79
82
85

ns

103
1086
1046
107
115

105
107
108
110

115

110
115
117
118
121

73
79
81
8%

85

70
75
7
83

a3
85
87
a7

23
26
28
2

35

21
36
29
0

R S

30
32
34
4
6
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Table 20: Nutrient element concentration of roots as
affected by ash with and without fertilizer

R D R . (e e e e e e i o e e e o e e i 0 o e s o i
N P K Ca Mg Fe M In Cu
————————————— fm e ——— —————— R ————————

NO

Control O0.82 0.15 0.61 0.10 0.14 510 150 F0 50
Al Q.90 0,20 0.96 0,13 0.13 9195 152 93 O3
AZ 1.09 0.25 1.10 0.15 D: 32 523 153 97 OS5
(4% 1.18 0.28 1.21 0.17 0.12 529 155 98 57
Aa 1.28 0.32 1.32 0.19 0.10 535 157 100 62
M1
AD 0.80 0.20 0.80 0.10 0,20 S00 155 % 52
Al 1.47 0.26 1.09 0,18 0.17 517 157 95 954
Az 1.70 0.31 1.2% 0.24 0.8 nlg 159 8 S6
AZ 1.20 0,35 1.33 0.30 0.13 e 162 100 S8
Al 2.19 0.38 1.74 0.3X7 0.11 534 165 105 &4
N2
A 0.80 0.18 0.79 0.10 0,21 505 153 0 S50
a1 1.70 0.28 1.19 0.21 0.19 816 158 PS5 56
AZ 1.87 0.32 1.28 0.29 0,17 521 160 9 57
AZ 2.30 0,37 1.0 0,35 Q.15 525 165 104 59
A4 2.68 0.38 1.6% 0.40 D.13 o b 167 106 65
CHNS
AO 2.60 0.39 1.186 ©0.27 0.22 520 160 e T
Al 2.75% 0.41 1.21 0.33 0.21 =32 163 100 57
A2 3.06 0.45 1.42 0.37 0,18 529 165 104 57
= X.Z7 0.52 1.60 0.43 0.16 534 167 106 62
A4 3.70 0.57 1.82 0.46 0.1% 537 170 110 &5

LSD 0,05 0,04 0,02 0,0F 0,01 0,01 ne ne ne ns



significantly reduced with increasing levels,

Neither ash nor fertilizer had any significant effect
on Fe, Mn, In and Cu concentrations in all  three plant
parts. There werg, however, slight increases in their
concentration az a result of increasing levels of ash and
fertilizer. Generally, fertilizer significantly complemented
the effect of ash ag shown by the significantly increased

concentrations of N, F, K and Ca where fertilizer was added.

The concentration of the macronutrient plements were
generally highest in the leaves and lowest in the roots.
Manganese and Zn concentrations were highest in the leaves
but lowest in the stems. Copper and Fe concentrations were
highest in the roots. Iron concentration was lowest in  the

stem whille Cu concentration was least in the leaves.
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G.l. Effect of arganic amendments with and without

fertilizer on crop performance

v s e a1 e S L A1 bk o g R i n e bl PR VAL PUTR VR i ey . ey vy Sk

fimendments either alone or with fertilizer did pot

produce significant differences in plant height and girth
at 10 and 17 DAE during both the first and second crappings.
This indicates that amendments did not influence early crop
devel opment probably because the nutrients had ndt yet been
releagsed from the amendments. Mbhagwu (19835 reported that
germination and early crop develppment were not influenced
by amendments. As from 24 DAE, plant height and girth were
significantly different with addition of amendments either
alone or with fertilirer showing that the amendments had
influence on later plant development probably a8 a result of
releasze of nutrients by mineralisation, Mhagwu (1985)
reported similsar observations. Aina and Egolum  (1980)  on
the other hand, reported no significant increase in plant

height on treated top soll 48 dayvs after planting.

Poultry droppings, CD and RS generally imﬁrnved plant
height and girth while SD depressed  both paraseters,
Organic materials are generally koown to  ieprove soil
physical and chemical properties. Wallingford et al. C197E)

reported an  the pRsitive effect of manure on soil



permeability, water holding capacity, soil aeration and

miCronutrient content of solils. Masen et al. {1970
reported an increase in organic N, available F Arsd

exchangeable K, Ca angd Mg due to the addition of arganic
material. The significant increase in crop  growth (plant
height and girth} may have resulted from the improvement in
snil properties in one o more of the above wkways when
amentmients were applied. Poultry dropgpings gave the tallest
plants with biggest girthe, followed iy CD then RS. This
may be due to the differences in  the amounts of nutriente
contained in the amendments (Table 2. Sawdust depressed
plant height relative toc the control. Its high CN ratio
(127.67) might have encowraged N immobilisation and  thus
its whavailability. dAccording to Parr and Papendick {31976)
residues with high C:N rgtio (3O and abovel) are usually
associated with slow decomposition rate and the N from the
straw is quickly assimilated and immobil ised by
microorganisms. Addition of available nutrients suech as N,F,
and S can accelerate the decomposition of organic substrates
in the secil (Btotsky and Norman, 1961} . However, addition of
fertilizer to saw dust resulted in significantly decreased
plant height and girth as compared toc control with
fertilizer probably as & result of immeobilization of
the nutrients supplied in the fertilizer hy the

microorganisms in the process of deconposition.

The generally taller plants with bigger girths observed



31 Maiaduwa 8011 compared to Dambatta for comparable
treatments may be due to initial fertility levelz of the
tw solls (Table 1). Generally, plants were significantly
taller and had bigger girths during the second cropping
compared to the first. Thiz may be as a result of
subspquent mineralizsation of the amendments. Thise trend
therefore suggests the vlesirability of incubating
organic materials for m fairly long time if most of the

benefite are to he derived during a Qrowing season.

The significant differences observed in dry matter

vieitds of the three plant parts were in agreement with the

findings of Aina and Egolum (1980). They reported increased
dry matter yield with the atdition of cattle feedlot manure
and attributed this to the differential plant growth and
morphology such as stem thickness oF givith., Similar resulis
were reporied by Mbagwu V1985). These yield differences mnay
have resulted Ffrom the differences in plant growth and
development. Sawdust on  the other hand, resulted in
decreaz=ed dry matter yields of all the three plant parts.

Az earlier explained, this may be due to its high CiN ratio.

Comparable treatments gave higher dry matter yields on
Mai aduiwa  compared to Dambatta soile. This may again, he due
to differences in the initial fertility levels of the two
zoile. The dry matter yiglde after the second cropping were
generally higher than those obtained from the first cropping

probably because of  the grester availability of nutrients
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which resulted in better crop performance,

S.2. Effect of amendments with and without fertilizer on

nutrient element concentration of maize

-

The nutrient concentrations of the shoot and root for
both the first and second croppings significantly increased
as a result of the addition of amendmente.This may be due to
the nutrients released by the organic residue on
decomposgition. Cheng(1987) reported that the addition of
orgsnic amendments increased M, P, ¥, Ca and Mg contents of
growing medium and  therefore thelr uptabe by plants. Aina
and Egolum {1780} reported increases in N, F and (4
concentrations in the shoot and roots of plantse due to bath

manuwring angd fertilization.

Mhere fertilizer was added in addition to the
amendments. nutrient concentrations were higher than when
only amendments were applied. This may be a8 a  result of
the accelerated decomposition of the organic material due to
fertilizer addition and alse as a result of the nutrients
added by the fertilizer. Stolzy and Norsan (1961) eported
that addition of available nutrients can accelerate the

gecomposition of organic substrates in soil.

Foultry dropping, CD and RS resulted in increases in
the nutrient concentrations with PDXCDHRE. This agrees with

the order 1in which the amendments varied in their fpuirient
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contents. The differencez in nputrient concentration may
therpdfore be a&as a result of wvariation in the amount of
nutrients csupplied by the respective materials. As earlier
stated, the very high C:NM and Ci:F ratiog of 8D might
have been responsible +for the reduction it brought
about in the nutrient concentration of the plant

parts.

2.3 Effect of ash with and without fertilizer on maize
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The =significant increase in plant height a&and girth
where ash was added as compared tp the controle indicate the
effectiveness af ash in enhancing Crop  performance.
Loneragan and Loneragan (1944) veported {ncreases in  the
growth of eucalyptus sesdlings by 25 - &1 percent due to
addition of agh., Cromer (1270) also reported similar

findings.

Increasese in 20il pH and available nutrients are common
after bwning crop residues. Smith (1970 and Nye and
Greenland  (1254) attributed thisg to the deposition of ash.
Some of the benefits derived by plants are attributable to
the stimulatory effects o f ash 'ty activities of
miicroorganisms {(Raisoan, 1979y, The Increased plant growth
due to ash addition may bave occcurred dus to one or more of

the abpve reasons. FPlant performance became more dramatic



with the application of N fertilicser. Thie may be expected
especially ,ss a lot of mineral N is lost on burning of
plant residues. Allen (1964}, WHehrmann and Johannes {(1926%)

reported ash to be generally low in mineral N content.

The better plant performance with increasing levels of
ash  might have been as & result of greater avallability of
nutrients from the ash  itself or from increased pH dug  to

its addition.

The fact that complete nutrient solution resulted in the
hest performance of the crop compared to 2480ppm and 120ppm N
indicates its superiority over the two probably bgacuse it

alsp supplied other nutrients in addition to M.

The idincreased dry matter vyielde of the three plant
parts due to additiaon of ash was a&lsc reported by others
(Dkoro, 1981 and  Biederberhk @t al.,1980). This increasse may
have ooccured &% & result of the effect of ash in  increasing
s0il pH and or available nutrients or due to its stisulatory
effects on activities of microorgani sms, Gkora(l19al)
reported a significant increase in dry matier vield of maizre
on addition of 1126 and 2282 kg ash/ha applied esither by
broadeast o mixing. Hiederberk gt al. (19800 also reported

increased wheat vield due to burning of residues in the

field amd attributed this to an incresase in NH -N, ang
4

hicarbonate extractable P released as ash during burning.



SeB. Effect of ash with and without fertilizer on nutrient
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element concentration of maize

Nutrient contents followed similar trends with plant
growth and dry matter vields. Addition of ash gave
significantly higher N, F, K and Ca contents in the leaves,
stems and roots. Okoro (198%1) did not observe Aary
significant effect of ash addition on concentrations of M,
Fe Ky Mn oand In in the plants. Ash addition significantly
reduced concentration of Mg in all three plant parts. Okoro
{1981} reported similar cbservations for La and Mg. The
depressive effect of ash on Mg concentration could be as a
result of high K content of the ash which might have
depressed Mg uptake. Dewit et al. (1963 reported on the
depressive effect of o oo {La and Mg in monocots.
Concentration of Fe, Mn, in and Cu were not significantly
affected by ash addition. This may be as a result of the
low micronutrient content of the ash itself. Raison (1979)
comrented on the low micronutrient content of ash. Nutrient
concentrations were qgenefrally higher with addition Gf
fertilizer than with ash alone. Where CNS  was added, the
differences in nutrient content among ash levels although
significant, were neot as  spectacular as in other ca5@;
prohably because most of the demands of the plants were

already satisfied with the nutrients supplied by 1t.

Nutrient concentration was highest in the leaves with




the exception of Fe and Cu which were highest in the roots.
The occurrence of such high levels of nutrients in the roots

could be as a result of their accumulation.
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Two greenhouse experiments were carried ouwt daring the
gtudies., In  the first experiment, the effects of organic
materials in restoring  the productivity of degraded soils
were investigated. Sandy solils  from Mataduwa and Dambatta
weare uwsed. The organic materials used were poultry droppings
cow dung, rice straw and sawdust. These were elther used
alone o combined with chemical fertilizer. The twenty
traeatment combinations were randpmly arvranged in hlocke and
replicated three times. After application of anedments,
the snil was ingubated at field capacity for fow weeks to
allow for decomposition before planting the test crop

(maize).

Flant heights and girths were measured at weekly
intervals beginning from 10 DAE. Crops were harvested atter
seven weeks of growth. The dry matter wields of leaves,
stems  and roots were taken after drying the samples for 2
daye at 683 C. The dried samples ware ground in a mill  and
the tops and roots Were anal yeed for macro—- and

micro-nutrients.

A second cropping was done after harvesting the firet

crop and remixing of the soil. A1l treatments were the same

evcept that ne organic amendsents were added. Similar



i T oy

pbservations were taken during the second Cropping.

In the second experiment, the effectiveness of crop
residue ash  as  a nubtrient source and in  isproving crop
growth was tested. The soil used in this study was from
Samaru. The ash obtained by burning crop residues in a drum
was  applied at 1000, ZO00, 000 and 4000 kgs/ha. This was
applied gither alone or in combination with N fertilizer

at  the rateg of 0, 120, 240ppm and then a complete nutrient

solution (CNS). Malze was used as the test crop.

Filant height and girth were measured at meakly
interval starting from 10 DRE. At 38 DAE, after tasking the
last readings, plants were harvested and separated into
leaves, stems and roots and the dry matter vields were
gdetermined . The camples were milled and analysed for N, &,

e Eay, Mg. Fe, Mn Cu and In.
Fraom the study, the Ffollowing findings were mnaded

1. The fouwr amendmentsz used contained nutrients in the
order PDHEDIRSHED.

2. Three of the asendments PD, CD and RE improved cocrop
parformance as measured by increased plant neight, Qirth
and dry matter yield. Crop performance was best enhanced by

0 followed by €D then RS.

3. Fertilizer addition cnmplemanted the effects of these

amendments.

4, Saw dust when used alone depressed corop  performance



o & J

but when fertilizer was added, it slightly increased crop
growth compared to the untreated control but reduced it

compared to the control with fertilizer.

5. Nutrient concentrations in the =shoot and root were
generally higher with FD, CD and RS but were decreased with
5D addition,.

6. Greater crop performance was observed on Maiaduws soil
compar ed to Dambatta for corresponding treatments,
7. Crop performance was genegrally petter during the second
crapping for comparable treatments.

8. Genarally the addition nof ash significantly improved crop
performance, which increased with increasing levels of ash.
The addition of fertilizer further complemented ash effact.
W,  Ash mignificantly increased N, F, K and Ga contents in

the leaves, stems and roots, decreased Mg content and had no

gignificant effect on concentrations of Fe, M, In and Cu.

From the Fforegoling, the following conclusions can
be drawn:
1. The soils used for the study were poor In sutrient
elemente and therefore nepded anmelioration with external

spurces of nutrientas,

—~

2. Three of the arganic materiales, rpamely: poultry
droppings.cow dung and rice straw can be used to improve the
productivity of these degraded soils while the fourth,
sawduet may nat be guite suitable. The addition of

fertilizer to the asmendments iz recommnended because
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of its complementary effect on the amendments.

F. Qince effectiveness of +the amendsents was greater in
the secongd cropping: it may be desirable to incorporate
these into the soll for & much longer periecd than four

weeks for proper decomposttion.

Y. fAsh has been found to be a good source of nutrients and
that ite effect can be complemented by the addition of N

fertilizer.

The organic materials poultry droppings, cow dung and
rice straw are effective in correcting degradation but the
availability of ernpugbh guantities may be a major constraint.
Nopnetheless, the little that can be procured should be
retwned Lte the soil to guard against soil degradation and
improve 20il structure. However, where materials with high
C:N ratic such as straw are to he used, they should be
apgpl ied well  in advance of planting to allow for

decomposition.

Crop residue ash i¢ effective as a nutrient source.With
the rising cost of Ffertilizers, ash couwld provide a ready
supplement to supply plant nutrients. However, the limiting
factor in the use of ash may be the necessity of having to
suipply N through some octher source because of the low N
content of the azh and also the difficulty of abtaining
enough amounts. Added to this 18 the danger of making the

sil alkaline when too mach is used because pf its effect in



raising soil pH. This can bring about micronutrient

deficiencies.

The conclusions from these studies have to be taken
with caution because they are based on greenhouse
experiments and may not necessarily be the case in the
field. Therefore, further studies using varying levels
especially for the organic amendments may be necessary both

in the greenhouse and under field conditions.
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