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Abstract

Saw dustis an organic material thatis abundantligeria but which is yetto be utlized for solil
improvement purposes particularly in the tree amdtiultural nursery potting mixtures where
organic matter addition has been described as sjonanon. A greenhouse experiment was
conducted in lwo, Nigeria b examine the effecamiended and composted saw dust on the
growth of Gmelina arborea tree species, a valudldpical hardwood. Raw saw dust (RS) was
combined with partially burnt (charred) saw dusiS(R partially rotted cow dung (CD) and saw
dust ash (SA) at ratio 1:1:1:05 (w/w) and inculzafer O, 7, 14, 21 and 42 days. The plants
were grown for twelve weeks in top soil (0 — 30cailected from an Oxisol in the University
research farm. The organic materials were appliedra equivalent rate of 5t Ha The results
indicated that the tree species responded posjtitel the organic material amendment.
Irrespective of composting period, growth rate,dhéj stem diameter, leaf production and dry
matter yield increased over the control in all tieeents having organic material additon. The
higher the composting period of the amended saw dues more beneficial its effect on plant
growth. The result was comparable to tat of eitti®15-15 NPK mineral fertlizer or cow
dung.
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Introduction

One of the key factors that determine growth rai l@omass production of trees in plantations
is the quality of the seedlings produced in thesaty (Fagbenro 2001b). The quality of planting
stock in turn depends on the nature and comporfepbting mixture used in the nursery for
their production. According to Wilde (1958), a trearsery soil should have at least 2% of
organic matter and appreciable quantity of plantients. But Nigerian foresters are not always
lucky to have nursery site or soil with the desi@dount of organic matter and nutrients
required for the production of heakhy and vigorqulanting stock (Fagbenret al2000).

Mineral fertilizers are not usually used to raiseetseedlings in the nursery in Nigeria. Apart
from the economic cost, nursery seedlings of mamimmeight produced by application of
mineral fertilizers have been reported to have sleat tissue, unbalanced top-root ratio and
unsatisfactory properties which lower their ability survive on cut-over lands (Fagbenro and
Olunuga, 1989). Besides, Wangari and Sanford (188 observed that mineral fertilizers can
only supply the specific nutrients they contanthe soil, but cannot provide the additional
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effects of organic matter for prevention of erosioum-off, nutrients leaching, improvement of
cation exchange capacity (CEC) and the water hgldapacity of the soil. This is why Olagunju
and E kwebelam (1985) described organic matter @srgponent that cannot be done without in
horticultural or tree potting mixtures.

Horticulturists, gardeners and tree nursery mamsagawe traditionally utilized animal manures
such as poultry droppings, cow dung or horse danignprove the quality of the nursery potting
mixtures. But there are other organic materials &na more abundant in the country and which
can be processed to improve their effectivene ssgenic soil conditioners or fertilizer. One of
such organic materials is saw dust (Fagbestral 2000). Saw dust is a by-product of saw-
miling. Titiloye (1982) reported that the counsgw mills produced about 333,500k saw
dust in 1981. This number must have been doubledoby But in spite of its abundance, saw
dust is at present regarded as an environmentaliacaeptable commodity that &
indiscriminately being burnt in virtually all sawilia that are scattered all over the country. The
burning of the saw dust is undoubtedly contribusignificantly to global warming and climate
change through the release of greenhouse gasess{GEpecially C@ nto the atmosphere.

Fortunately, review of literature has indicatedttbaw dust can be used for productive purposes
especially as a soil conditioner. It however ne¢alsbe pre-treated, amended, processed,
composted, pyrolysed or otherwise treated to erghaitx effectiveness as a soil organic
conditioner without having to wait for months fais imicrobial degradation (Arends and
Donkeslootshouq 1985; Stephenson 1987; Fagbetniad 2000). This is because of its high
lignin content and wide CN ratio (Carbon-nitrogeatio) which can cause nitrogen
immobilization if applied directly to soil withoytre -treatment. The present study was conducted
to investigate the effect of amendment and compgsoihn the effectiveness of saw dust as an
organic fertilizer. The test plant &melina arboreatree species, a valuable exotic hardwood.
This investigation is one of the series of stud@%now the most effective and cost-effective
ways of processing saw dust for crop production.

M aterials and M ethods

Bulk surface soil (0— 30cm) was collected fromuanfertilized agricultural farm formerly grown

to maize and cowpea during last years plnting@edrom Bowen University teaching and
research farm. The soil is grouped as Oxisol (Ardad Tarenier 1972; FAO/UNESCO 1977). It

was air-dried, ground and sieved through 2-mm si€eene physical and chemical properties of
the soil were determined and are presented n Thable
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Table 1 Someproperties of soil (0-30cm) sample usedfor the greenhouse experiment

Properties Value
Texture

Sand (%) 86
Sitt (%) 8
Clay (%) 6

pH (HO) 6.2
Total N (%) 0.032
Organic C (%) 1.17
Av. P (mg/kg) -----------=---—---—  80.81
Ca (cmolkg) -----------mm-memmemmea- 6,96
Mg (cmolkg) -------—----m----——--—  0.98
Kg (cmolkg) -------------mm-memme—- 0.21
Na (cmolkg) --—--—---—-----—m-—--— 0.35
Mn (mg/kg) — --------mememmeme-- 331,92
Fe(mgkg) - 47.14
Cu (mgkg)  ---=--=-=-mm-mmomme 056
Zn (mgkg) - 675

Viable seeds ofsmelina arboreawere procured and were pre-treated by soaking thewold
water for 48 hours and germinated in a germinabior containing a mixture of topsoil and sand
(11, wiw).

Raw saw dust (RS), partially burnt (charred) sawtd®S) and saw dust ash (SA) were collected
from a local sawmill while a partially rotted cowunlg (CD) was obtained from an abattor
within Iwo municipality. The four organic materialerere combined at ratio 1:1:1:0.5
(RS:PS:CD:SA,w/w on dry basis). The materials wagstened to 50% water holding capacity
(WHC) and mixed thoroughly ona polythene sheet.efoual weight of the mixture was put in a
black polythene bag covered with a white transpamalythene sheet having 4 holes for gas
exchange andthen incubated aerobically at roonpégature away from dust for 0, 7, 14, 21 and
42 days. At each due day, sample was air-dried?®hours and then oven-dried at°G5for 48
hours. Some properties of the organic materialsaareadicated in Table 2.
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Table 2: Some propertiesof organic materias used for the greenhouse experiment

Organic pH C N P K Mg Ca Na Mn Fe uC Zn
Type (HO) | « % > <« Mmglg—— —
Raw saw

dust (SD) | 7.3 194 0.038 0.05 029 0.10 061 10.10 19.04 207.18 0.52 9.32

0 — day 10.0 (180 0137 0.08 1.65 159 847 56.21 493.12 10,000.02 21.93 103.9
7 — day 9.8 176 0.148 0.08 1.61 1.06 7.90 5442 583.08 8,800.17 19.26 98.61
14 —day | 9.9 172 018 0.08 151 1.05 18.63 47.73 427.11 7,480.24 1833 9264
21 —day |88 171 0210 0.10 1.54 1.06 19.47 46.20 424.09 6,570.09 17.76 89.41
42 — day 7.1 10.7 0.257 0.09 1.66 1.21 10.56 54.41 566.14 7,979.14 2195 84.34

Four grams of each organic material was added tps2i, an equivalent rate of 5 t-havhile
the NPK inorganic fertilizer (15:15:15) was appliatithe rate of 12.9kgNHawhich was the
equivalent of %N contained in the amended saw dast posted for 42 days (Table 2). Each
treatment was thoroughly mixed wih the soil and jmua black 4-litre plastic pot having four
draining holes at the bottom. The holes were lighglugged with non-absorbent cotton wool to
prevent loss of soil and nutrients. The mixturghe polypot was then moistened with deionised
water to 50% water holding capacity and left fodads to equilibrate.

Gmelina arboreaseedlings of similar height were transplanted-é&aZ stage into the polypots at
one per pot. Apart from the control, there wereh¢igeatments altogether, namely organic
material incubated for zero day (0-day), 7 dayddy), 14 days (14-day), 21 days (21-day) and
42 days (42-day), raw saw dust (SD), cow dung (@BRJ inorganic NPK fertilizer (IN). The
pots were kft on the greenhouse benches usingormanmlimbers to determine their respective
positions. Watering was done as necessary. T héstdal design adopted was a completely
randomized one, while the treatments were replitateee times.

At fortnight intervals, seedling height was measuwith a ruler from the soil surface to the
seedling tip while the stem diameter was measurdél & micrometer at the crown line to the
nearest mm. The leaf count was also recorded fgnthi. At the end of 12 weeks, the
experiment was terminated. The fresh shoot (kafetm) and root were weighed and then oven-
dried separately at YO until constant weight was obtained. Total dry teatveight was then
determined.

Particle size analysis of the <2mm soil sample wlatermined by the improved Bouyocous
hydrometer method (Bouyocous 1962) while all cherhianalyses were done using routine
procedures (IITA 1982).

Monthly increase in heaight, stem diameter and lgedwth rates of @&elina arboreawas
determined by finding the difference between par@mmeasurement at the beginning of each
month and measurement at the end of the month.
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Analysis of variance was conducted and last sigpit differences at the 5% level of
probability estimated to test for significance ebults.

Results and Discussion

The effectsof all treatmentson growth rate
Data on monthly increase in seedling height, stéamdter and leaf growth rates as affected by

various treatments are presented in Table 3.

Table 3: Monthly increase in height (cm), stem diameter (mm) and number of leaf growth
rates of Gmelina arborea seedlings as affected by raw saw dust amended

composted saw dust, cow dung and inorganic NPK fertilizer.

Treatment 1 Month 2 M onths 3 Months
H eight Stem | No of | Height Stem No of |Height Stem No of
Diameter| Leaf Diameter| Leaf Diameter Leaf
Control 2.4 0.9 £ 2.4 1.0 2b 1.5 0.7 2b
0 — day 4.8¢ 1.2 4@ | 54 1.7 3% 3.8 1.0 3%
7 — day 4.8c 1.2 g2 6.48b 1.28bc 3 4.8 0.9 42
14 —day |5.3c |1.B i) 6.3 1.3 3 5.3 1.07b 42
21 —day |5.5P 1.5 F |51° 1.9 3% 4070 1.0% 3%
42 —day | 6.3 1.8 F |62 1.8 42 5.18b 1.2 42
SD 4.4¢ 1.0 K2 5.4pc 0.8 2b 4.60 0.8¢ 2b
CD 4.3¢ 1.0% @ | 6.08c 1.5 42 5.08b 1.0% 3%
IN 4.% 1.0b 4 5.8k 160 3 4.7 0.6¢ 3@

Footnote: In this and other tables, values in one coumnoicddby the same letter are
not significantly different at R0.05

The result indicated thaBmelina arboreaseedlings responded positively to soil amendment.
Seedling height growth rates were rapid during fifst month and increased thereafter. Height
growth rates of seedlings in all treatments havimganic materials and inorganic fertilizer were
statistically higher than the control. Generallye tlonger the com posting period of amended saw
dust, the higher its effectiveness on seedling tieggowth rate. Throughout the 3-month growth
period, seedlings in the treatment that receiveddd® composted saw dust were tallest when
compared to other treatments. However, there wassignificant difference between height
growth rates of seedlings in treatments amendeth W4, 21 and 42-day composted saw dust
during the first month of growth. Similar trend wabserved for stem diameter growth rate and
number of leaves produced. However, increase imstiiameter growth and leaf production
during the first month did not differ significantyymong all treatme nts with the exce ption of the
control that was significantly inferior in stem wlieter to other treatments.

The peak of seedling growth rate in height and stiameter appeared to be at the end of 2
months of growth except for the seedling heightwgtorate in the control that was slightly

reduced during the second month. The trend for inlgrincrease in number of leaf was not so
apparent. Increase in the number of t keaf produog the seedling during the second and third
months was statistically similar in all treatmentsowever, the control and raw saw dust
treatment produce seedling that had significartgsIimonthly increase in number of leaf when
compared to 42-day compost treatment (second moatt 14-day and 42-day compost

treatments (thrd month).
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The initial higher growth rate of seedlings in thentrol is probably due to the flux of nutrients
akeady present in the soil which was later depleds a result of plant growth and hence the
observed reduction in plant height growth during second month. This finding is similar to the
one reported by Aluko (1982) and Fagbenro and Agbq@993). The positive response of
Gmelina arboreaseedlings to fertilization confirms the fact thalt plants, whether arable
orforest crop, require adequate supply of essentiuiients to grow optimally. Several workers
have reported similar result (Nwoboshi 1973; Aluk882;, Fagbenrcet al 1999; Fagbenro
2001b). The increased seedling growth rate in r@ktments amended wih organic materialk
throughout the 3-month growing period is probabigicative of the continuing mineralization of
the added organic materials which possibly resuitethcrease in nutrients and other low and
high molecular weight organic compounds which stiemed plnt growth (Fagbenro and
Agboola 1993). According to Flaig (1975), the effeaf physiologically active substances,
including humic acid (HA) which is believed to beepent in the composted organic material, i
to improve plant yield if one or several growthtfars are in deficit or in excess. The reduced
rates of seedling growth in all treatments durirfgg t3rd month of growth might not be
unconnected with reduced mineralization of addeghoic materials with consequent reduction
in plant nutrients which resulted in reduced plgrnwth. The fast depletion of nutrients in the
raw and amended saw dust treatments could alsotthibuded to the inherent low level of
nutrients in saw dust which actually is limitings tises agriculturally.

The effectsof all treatmentson plant terminal parameters

Data on the effect of various treatments on heigtem diameter, leaf production, total dry
matter and root/shoot ratio of 12-week @nelina arboreaseedlings are presented in Tables 4
and 5.

Table 4: Effect of amended composted saw dust, cow dungandinorganic NPK (fertilizer) on height
(om) and stem diameter (mm) growth of 12-week dd Gmdinaarborea seedlings

Treatment Height Stem Diameter
Control 10.3 4.3

0 — day 17.¢ 4, pbe

7 — day 17.2 4.6¢

14 — day 17.2 4, pbe

21 — day 16.8 5.1

42 — day 20.3 5.8

SD 16.3 4.6°

CD 16.6 4,7p0c

IN 17.¢ 4.4c

Table 5. Effect of amended composted saw dust, cow dung and inorganic NPK fertilizer on number
of leaf, total dry matter production androat/shoot ratio of 12-week dd Gmdinaarborea seedlings

Treatment No of Leaf Total dry matter yield (g) Root/Shoot Ratio
Control 17 3.0 0.5
0 — day 18° 2.9 0.5
7 — day 17 3.1® 0.4
14 — day 19 3.4 0.8
21 — day 200 3.0 0.3
42 — day 23 3.7 0.4
SD 17 2.8 0.3
CD 17 2.9 0.8
IN 17 2.7° 0.2
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All treatments that received amended composted st produced seedlings that were
statistically taller than those grown in the cohtfbable 4). However, addition of amended saw
dust composted for 0, 7, 14, 21 and 42 days didresult in significant difference in height
growth. Although, all treatments that had amendemijgosted saw dust produced seedlings that
had greater stem diameter than that in the contred, differences were not statistically
significant except for the seedlings in the treatmthat received 21-day and 42-day composts.
Similar trend was observed for total dry matterlgie here seedlings produced in all treatments
that received amended composted saw dust were tatstgally different from the control
(Table 4). As for the number of kaves producedyas only the seedling grown in the 42-day
compost treatment that produced leaves that wgmfgiantly more than those in the control and
in other compost treatments. Seedling root/shotd generally decreased from the control to the
42-day compost treatment although the differencesrewot significant.

In all cases, seedling grown in the treatment tlemeived 42-day compost was superior in

height, stem diameter, number of leaf and total drgtter to those produced in the other

treatments having 0, 7, 14 and 21-day compostaughpin most cases, not significantly. Tables

4 and 5 also show that seedling in the 42-day catggbamended saw dust treatment was
statistically better in all the plant parametersigidered than those produced either in treatment
that had norganic NPK fertiizer, cow dung or raaw dust.

Addition of composted amended saw dust increased [aoduction suggesting that saw dust
can be effectively processed to increase its eiffeaess as a soil conditioner and organic
fertilizer. The result obtained is similar to thinding of Fagbenro and others (2000) who
reported positive effect of chemically treated @mdhposted saw dust on plant growth. Length of
composting period was found to be very critical tike processing of saw dust as a solil
conditioner for plant growth. The longest compagtiperiod of 42 days employed in this study
was probably not the optimum as composting peréotded to improve the effectiveness of the
amended saw dust. This is suggesting that furtheestigation is required in this area. The
enhanced effective ness of amended saw dust wittheof composting period is probably due to
the continuous humification of saw dust over timaieh effectively reduced its carbon content,
leading to increase in other plants nutrients. Tibigprobably the case when the analytical data
presented in Table 2 for each amended saw dust cstag for different periods of time are

considered.

Equal production of root and shoot is a desirabtepprty in nursery tree seedlings. Such
balanced seedlings are believed to withstand driolgiiter than the unbaknced ones when
planted out in the field (Wildet al1972). Application of amended composted organitemalk
however resulted in the production of unbaland&ohelina seedlings. The lower than unit
root/'shoot ratio, which decreased with compostiagiqd, implies that the kength of composting
period encouraged greater production of shootagttpense of root. This is probably due to the
effect of relatively high N content in the soil andthe applied composted amended saw dust
when compared to their P content. Tauseaal(1953) and Tisdale and Nelson (1975) reported
that root/shoaot ratio is inversely proportionalNoconcentration supply in soil. Phosphorus &
known to encourage plant root growth (Aluko 1982).

Data recorded in this study also showed that efffct omposted amended saw dust on plant
growth was comparable to that of either inorganieK\fertilizer or cow dung. In fact, amended
saw dust composted for 42 days appeared to be muperboth of them. The superiority of 42-
day composted amended saw dust over the inorgaRK Nertilizer was probably due to the
presence of nutrients other than N, P and K inadmmposted amended saw dust which were not
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present in inorganic NPK fertilizer. Wangari andngad (1984) have observed that mineral
fertilizers can only supply the specific nutrietbey contain to the soil, but cannot provide the
additional effects of organic matter for preventiafi erosion, run-off, nutrient leaching,
improvement of cation exchange capacity (CEC) axdwater holding capacty of the soil apart
from the nutrients it contained. This is why Olaguand Ekwebelam (1985) described organic
matter as an indispensable component of horticaltwr tree potting mixtures.

Conclusion

Optimum composting period for the amended saw dgstd in this study was inconclusive.
Nevertheless, the data presented in this investigathowed a trend that co-composting a high
quality organic material such as cow dung with shwgt which is a low quality organic material,
can enhance the effectiveness of the latter asrganic soil amendment. There is however the
need for further study on the optimum compostingiogk and optimal application rate for the
composted amended saw dust using different sadistypnd tree species.
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