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ABSTRACT

A study was conducted to assess the chemical gieperf palm kernel cake (PKC)/saw dust (SD) corspansd its
effects on maize (Zea mays) growth in Acid sanddyof Nigeria. Six treatments with ratios of PKC/S&{1:4),
B(1:1), C(2:1), D(4:1), E(8:1) and control (soil by, were applied to maize plant in a pot experitreamd laid out
in a completely randomized design with four reflimas. Results of chemical analysis of compostswatand eight
weeks of compositing show that organic carbon amtients, calcium (Ca), magnesium (Mg), zinc (4ron (Fe)
and total nitrogen (N) levels were higher at eigigeks than at four weeks while potassium (K) ande@els were
drastically reduced at the same period, indicatthg need to determine optimum composting periodrdier to
avoid nutrient losses. Ratio of composting also éfielct on nutrient content of compost; the gre#tteramount of
PKC the higher the level of nutrients except phosph (P) and Ca. Maize plant height and stem gattlsix weeks
after germination were significantly different £0.05) and were found in the order of compostE>B>C > A
> control for plant height and compost E > D > CB>> A > control for maize girth.

Keywords. Palm kernel cake, sawdust, chemical compositiod, sand soil, maize growth, Nigeria.

INTRODUCTION

The tropical soils are characterized by low pHictaexchange capacity, organic matter, percent sasgation and
low nutrient holding capacity [1], which are impeamt criteria for retention, absorption and effeetuse of nutrients
by crops. Under such prevailing soil conditionsgitidn of inorganic fertilizers are subject to nant losses even
when they are properly incorporated into the dddwever, there are also problems in the acquisibbohemical
fertilizers which are sometimes unavailable andffondable at critical periods [2]. When availabiecontains in
most cases a maximum of three major nutrients (AhdPK) out of the seventeen essential plant misireeded for
normal growth and yield of crops. Parmer [3] statldt the restoration and rehabilitation of degdadeils to
optimum productive level can be enhanced by usimipus off-farm sources of organic and agricultwalstes.
Agboola and Omueti [1] also reported that organigterials enhance soil organic matter and help tontaia
favourable biological and physical environmentsrfoot development and storage of plant nutrients.

In recent times, various methods have been usedrteert organic wastes into quality organic feztlis for crop
production in various parts of the world. Two oftbumethods are composting (biological process tittounhich
organic materials are broken down by micro-orgasistn humus end product called compost [4] and
vermicomposting which involves the use of spec@izvorms such asisenia fetida(Tiger worm),Eisenia Andrei
(Red tiger) and.umbriucus rubellugDung worm) to decompose organic matter [5] taegiastings. These products
possess the ability to improve soil structure, éase water holding capacity and check erosion;nétdoigen and
various micronutrients to the soil, slow the retead plant nutrients, provide an energy sourcesfil micro-
organisms and enhance cation exchange capacibyvefiertility tropical soils.
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Many composts have been prepared from poultry neaand sawdust; and sorted refuse and poultry maiane

[6], yard trimmings [7], solid domestic wastes [Blimary timber processing residues [9], food realcand sawdust
[10] and municipal solid wastes [11]. Palm kernake, the by-product after extraction of oil, is maily used for

the production of animal feeds. However, in most pasouth eastern Nigeria the cake is sometinges as fuel
for cooking and some are found thrown away arounuéds (especially where the oil is extracted magypalhd in

oil mills. This necessitated this study which wasnvestigate the chemical properties of palm kiecage/sawdust
composts and their effects on the height and sigimaf maize.

MATERIALSAND METHODS

Environment of Study Area
The process of composting and testing of effectsoofiposts on maize plant growth were carried oliyio which
is located at latitudes 5.08nd 5.10N and longitudes 7.5@nd 8.0CE.

Climate of the Area

The climate of Uyo is typical of humid forest eagilcal zone, marked by excess of rainfall over etapspiration
for more than six months of the year (April — Oaob The monsoon air mass blowing over the Atlantean
sweeps through this zone resulting in heavy anraiafall of 2000 — 4000mm in the wet season. Thefall has
two peaks in July and September with a relativebisture stressed period in August. The maritim@ital air
mass is felt throughout the area in the dry mofittvember — March). The wind is dusty and dry, Ity in little
humidity and less air cloud cover in some days. wahmean relative humidity and mean monthly airgerture
of 79% and 2%C are recorded for the area [12].

Geology, Soil and Land Use

Uyo is located on the undulating Northern coaslainpparent materials overlying the Tertiary cobptain sands
geological formation, usually referred to as ‘Asiahds’ [13, 14]. Although the lithology of the atisauniform, the
soil characteristics however vary. The soils ardl weained, moderately low to medium in moistureldiog
capacity, slightly to strongly acidic in reactidow in organic matter content and in fertility stat The land use
practice centres around the cultivation of arabbgs such as maize, cassava, fluted pumpkin, uplaedcocoyam,
and melon in rotational and short bush fallow syste

Experimental and Composting Process

Analysis of palm kernel cake (PKC) and sawdust (8®aled a carbon to nitrogen (C/N) ratio of 24ntl 53:1,
and these ratios were used for deciding the qyanitiPKC and SD used in composting. Five compashganixed
were (PKC/SD); A(1:4) 40kg of PKC and 160kg of SBJ1:1) 100kg of each PKC and SD, C (2:1) 133.2kg o
PKC and 66.8kg of SD, D(4:1) 160kg of PKC and 40k&D and E (8:1) 177.6kg of PKC and 22.4kg of 88ing

dry mass basis. These mixtures were kept in laogethylene bags in an open space and the heagsosgered
with black polyethylene. Turning of compost heapd aprinkling of water were carried out at four slayterval for
the first 4 weeks and once a week for the next fwaeks and once for the remaining two weeks. Compos
temperatures were measured and recorded befordwraaty by placing a thermometer underneath thepmsting
pile.

Pot Experiment

The composts produced were tested for the growthAeaf may<the test crop). Exhausted loamy soil from the
University of Uyo Commercial Farm was taken anddLplaced in each polyethylene bag, 20 grams of csinpas
mixed with the soil in each bag before planting.

The bag were perforated for aeration. Five maieelsavere planted per bag and later thinned to teat per bag
two weeks after germination. Spacing of the bags va x 1m. Six treatments were applied: contral £0]1:4), B

(1:1), C (2:1), D (4:1), E (8:1) and replicated faimes. Weeding around and inside the bags wae dwmually.
Plant height and stem girth were measured forththidor six weeks.

Laboratory Studies

Composts samples were collected at four and eiglekss of composting for chemical analysis. The samplere
ground using agate mortar and pestle and thendsi®vebtain particles <2mm and stored in airtighmtainer for
the determination of some chemical properties & tompost. The properties were determined accorting
accepted methods [15]; for pH (pH meter with glalextrode), electrical conductivity (EC) (conduitiivbridge),
organic C (dichromate wet oxidation), total N (Kjahl distillation), phosphorus (P) (ammonium fla&), Ca, Mg,
K (ammonium ethanoate extraction). Iron, Mn, Zn &dwere measured on Atomic absorption spectrometier
(model 939).
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Statistical Analysis
Data collected were subjected to analysis of vagafANOVA), and means that showed significant défees
were separated using the Least Significant Diffeegi.SD) at 5% probability level.

RESULTSAND DISCUSSION

Chemical Properties of Composts at Four Weeks of Composting

The chemical composition of various compost treatsiat four weeks of composting is presented inefah. The
pH of compost was slightly acidic (6.2 — 6.8) ih thle compost ratios while electrical conductivitglues (total
dissolved solids) ranged from 1.012d$im compost E to 1.681dShin compost A. Organic carbon and total
nitrogen levels were high with values ranging fr@8i..8 in compost E to 357.2gkdn compost B for organic
carbon and 21.0 in compost B to 28.0¢lkg compost E for total N. Organic carbon contentémposts A, C and D
were not statistically different (B 0.05) from each other. Similarly, organic carbaa &otal N levels in composts
A and C were not statistically different{®.05) from each other likewise composts D and Beims of total N.
Phosphorus content in the compost was very high walues ranging from 2001.5 to 2461.3migk&hosphorus
content in compost E was statistically differerdnfr P levels in other composts ratios while P cotraéions in
composts B, C and D were not different from eadteostatistically. The mobility of total N and Pthe  compost
studied and in terms of abundance were in the wiler> D = A > C > B for total N and C > E > A >€B for P.

Concentrations of Ca (1021:1-1384.0mdkend Mg (547.0-561.8mgKy in the various composts at 4 weeks of
composting were many times higher than its criticalues (4 & 0.5gkd) in the soils of southeastern Nigeria.
Potassium content of the various compost ratios exremely high with the highest concentration @mposts E
(11500mgkd) and A (1100mgkd), D (9000mgkd) and C (6500mgky. Such high concentration may have come
from palm kernel cake in the compost. The ordaatmfndance of Ca, Mg and K in the compost were A>RC> D
>E,A>D=E=CGBandA=C>D=B>E.

The ratio of compost has significant effect on maatrient contents in prepared compost. For exanipleompost
E (8:1) with the highest ratio of PKC to SD, theacentration of total N, P, Ca and K were highesimpost A was
highest in Ca and K; compost B, in organic carbaeh g while composts C and D had Ca for composhtatal
N for compost D as highest nutrient levels, respebt (Table 1a).

The carbon to nitrogen ratio (C/N), the degree e€ay of organic residues, in the compost rangerh f8oin
compost E (8:1) to 17 in compost B (1:1). Thes@saare below 20, indicating N contents of greaitan about

2.5% (25gkg) according to Stevenson and Cole [16] and this leagt to increase in mineral N levels through net
mineralization.

Tablela: Chemical Composition of the Different Compost Treatments at 4 weeks of Composting

Compost treatment  pH EC Org.C TotalN P Ca Mg K NC/
(dsim) (gkg) (gkg') €—————mgkg' —

A(1:4) 6.7b 1.68la 283.2b 26.6b 2001.5¢c 138 3d 004ab 1ibc

B (1:1) 6.7b 1.102c 357.2a 21.0c 2158b 1021.1c 8&61.10500b 17a

C(2:1) 6.8a 1.226b 286.0b 25.9b 2357.1b  1376.0a9.965 6500c 11b

D (4:1) 6.5c 1.015c 2755b 27.0a 2184.4b  1299.9b7.08% 9000b 10c

E (8:1) 6.2d 1.012c 231.8c 28.0a 2461.3a 1376.0a4.865 11500a  8d

EC- electrical conductivity, org.c — organic carhdfotal N-total nitrogen, C/N — carbon to nitrogeatio
Figures followed by the same letter in the samaroal are not significantly different £0.05)

Table1b: Chemical Composition of the Different Compost Treatments at 8 weeks of Composting

Compost treatment pH EC Org.C TotalN P Ca Mg K NC/
(dS/m) (gkg) (gkg') <————mgkg' —

A (1:4) 7.1b 1.740c  334.0b 29.1b 2203.0c 1812a 41541435a 1ibc

B (1:1) 6.8c 1.348d 398.2a 22.0d 2201.0d 1432c d0341335b 18a

C(2:1) 6.1d 1.890b 326.6c 28.0c 2441.2a 1580b HO571403a 12b

D (4:1) 7.4a 1.990a 346.6b 29.6ab 2211.0d 1360d 8408 1365b 12b

E (8:1) 6.9bc 1.998a 284.4d 30.0a 2331.9b 1002e 8HO06 1811lc 9c

EC- electrical conductivity, org.c — organic carhdrotal N-total nitrogen, C/N — carbon to nitrogeatio
Figures followed by the same letter in the samaroolare not significantly different §0.05)

- 1257 -
Scholars Research Library



G. S. Effionget al Arch. Appl. Sci. Res., 2012, 4 (3):1255-1260

Chemical Properties of Compost at Eight Weeks of Composting

Some properties of various compost ratios at evgitks of composting are presented in Table 1b. gHheof
compost ranged from 6.1 in compost C to 7.4 in aoshD, indicating slightly acid reaction in comp@stB, and E
and slightly alkaline reaction in composts A and rBspectively. Electrical conductivity values wdrigh with
values ranging from 1.348dShin compost B to 1.998dShin compost E, indicating that the total solubléssa
released increased as the period of compostingases. Similar observation was made with percerntageases
for organic C (11-26%), total N (5-10%), Ca (5-40&8hd Mg (89-> 138%) (Table 2). This observationeagrwith
the report of Brady and Weil [17] that finished quost is generally more concentrated in nutrieras tthe initial
combination of raw materials used. However, K lewels observed to drastically reduce in tHe vBeek of

composting in all the compost ratios, with peragatuction ranging from 5-87%. This reduction mayéeheesulted
from temporary K fixation by organic matter.

The pH level in compost C decreased by > 10% thahgtreaction still remained slightly acidic whilee reaction
of composts A and D became slightly alkaline. Tlenplete mineralization of organic residue increaseder
soluble salts resulted in 4 — 97% increase in Btattconductivity of compost. P level had a sligitrease from 1
in compost D to 10% in compost A while in compostFEcontent decreased by > 5% probably due to ko
immobilization into their cells or decompositionogucts of organic matter such as humic matter [IBg low to
moderate increase in total N content from thetat8" week of composting could have resulted from thenaioal
reaction of ammonia with organic matter and favdusg the near alkaline reaction of the cured cormpidse C/N

ratio of cured compost {Bweek of composting) ranged from 9 — 18 and diddiffer from that of the % week (8-
17) of composting.

Table2: Percentage Changein Some Plant Nutrients as Affected by Period of Composting

Compost treatment Nutrient

pH EC Org.C TN P Ca Mg K
A(1:4) 6 4 18 9 10 31 109 -87
B (1:1) 1 22 11 5 2 40 138 -87
C(2:1) -10 54 13 8 4 15 9 -78
D (4:1) 14 96 26 10 1 5 9 -5
E (8:1) 11 97 23 7 -5 -27 93 -84

EC- electrical conductivity, org.c — organic carhdrfN-total nitrogen, C/N — carbon to nitrogen ratio

Micronutrient Contents of Various Compost Ratios at 4™ and 8" Weeks of Composting

Compost C had the highest Mn concentration at fhevdek of composting (323.2mgkgand its value was
statistically different (R0.05) from all other compost ratios (Table 3a). ddmtent in composts B, D and E were
not statistically different from each other whilengpost A had the least value of Mn. The concemtnatf Zn
ranged from 10.8mgKkgin compost A to 19.5mgkbin compost C while Fe content was very high amdjeal from
615.6mgkd' in compost E to 837mgKgin compost D. Meanwhile the content of Fe in costd® did not differ

from that of compost C but differed from those ofriposts A and C statistically £F0.05). Copper concentration
was high too (20.6 — 36.8mgky

Table 3b shows the contents of Mn, Zn, Fe and Cvaiious compost ratios at thé& &eek of composting. Mn
content in composts A, D and E increased by ovebb&nd 42%, respectively, while a decrease of bteand 6%
Mn content was recorded for composts B and C (TabjeZn and Fe concentrations increased consibjefiamn >

60 — 120% for Zn and > 100 — 240% for Fe (TablesaBb 3c). The content of Cu was low at tievéeek of
composting, with values ranging from 1.93 — 3.70gigkthat is > 88 — 94% reduction in value. Reports in
literatures indicate that organic acids, polysaddes and fulvic acids can attract cations {¢drom edges of
mineral structures and chelate or bind them inadlstorganomineral complexes [17], which could pigi be
responsible for the low Cu content in cured conmgost

Table3a: Micronutrient Content of Various Compost Ratios at 4 weeks of Composting

Compost treatment  Mn Zn Fe Cu
mgkg™

A (1:4) 184.5¢c 10.87d 783.0b 20.6d

B (1:1) 226.5b 13.11b 675.0c 29.4b

C(2:1) 323.2a 19.50a 669.6c 36.8a

D (4:1) 220.0b 12.62c 837.0a 26.2c

E (8:1) 262.2b 13.00b 615.6d 25.2c

Figures followed by the same letter in the samaroolare not significantly different §0.05)
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Table3b: Micronutrient Content of Various Compost Ratios at 8 weeks of Composting

Compost treatment  Mn Zn Fe Cu
mgkg* ————p

A (1:4) 311.3b 20.45¢c 1630.0c 3.70a

B (1:1) 200.0d 21.08c 2295.0a 1.93c

C(2:1) 301.4c 36.83a 1995.0a 2.12b

D (4:1) 341.5b 21.04c 1820.0b 3.00a

E (8:1) 373.5a 28.60b 1235.0d 2.62b

Figures followed by the same letter in the samaroal are not significantly different £0.05)

Effects of Compost on M aize Growth
Application of various compost treatments on maiaat (six weeks after germination) showed that jgosh E was

most effective with plant height significantly high(P<0.05) than those treated with composts A, B, C Bnd
giving the effect in the following order of compsdt > D > B > C > A > control. Similar observatiamas also
made for stem girth.

Table 3c: Percentage changein Micronutrient Content as Affected by Period of composting

Compost treatment Mn  Zn Fe Cu

A 1L:4) 69 83 108 -82
B (1:1) 12 61 240 -93
C(2:1) 7 89 197 -94
D (4:1) 55 67 117 -89
E (8:1) 42 120 101 -90

Figures followed by the same letter in the samaroal are not significantly different £0.05)
CONCLUSION

Cured compost contains substantial amounts of prauro-nutrients such as total N, available P, g,and K,
and also enriched with micro-nutrients (Mn, Zn, €e), indicating that when added to soil of lowenént fertility,
will have restorative effect such as increase ih aganic matter, conservation of soil and wated aeduce the
need for inorganic fertilizers. Concentrations bftae essential plant nutrients in the compostsewsgher than
their critical levels in soils of southeastern Nigemaking it possible to save a large quantitinofganic fertilizer.

Farmers should be encouraged to use composts wittenate addition of inorganic fertilizer for stargffect to
make the soil more productive.
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