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ABSTRACT

Four nursery media comprising a soil-based (SB) medium and three rice hull-based (RHB) media, formulated on a volume basis were
used to grow seeds of shea butter tree (Vitellaria paradoxa) obtained from three sources: Makurdi, Jalingo and Kano, in Nigeria. The
specific media were topsoil: poultry manure: river sand (1: 2: 3); rice hull: poultry manure: river sand (1: 2: 3); rice hull: poultry manure:
river sand (1: 3: 2) and rice hull: poultry manure: river sand (2: 3: 1). Factorial combinations of the four media and three accessions were
laid out in a completely randomised design (CRD) replicated three times. Analysis of variance results indicated significant effect of
accession on leaf area and all dry matter traits except shoot dry matter content. Growth media also exerted significant influence on all
seedling growth and dry matter attributes except plant height and number of leaves. Interaction between accession and growth media
significantly influenced all the traits measured. It was evident that across all accessions, the growth medium 1: 2: 3 (RHB), gave better
values of seedling growth, dry matter yield and distribution of Vitellaria seedlings while results from the control medium were, in most

cases, inferior. Generally, dry matter partitioned to the roots varied between 58.3 and 80.0%.

Keywords: accession, growth media, growth performance, dry matter, shea seedlings

INTRODUCTION

Perhaps, one of the most useful woody perennials on the
African savanna landscape is the shea butter tree, Vitellaria
paradoxa, also widely known by its synonym Butyrosper-
mum parkii. The seed of its fruit, known as shea nut, is an
important item in international trade. In recent times, major
importing countries have been named as Belgium, Denmark,
Japan, the Netherlands, Sweden and the United Kingdom
(Umali and Nikiema 2002). In the importing countries, the
fat extract of the nut, called shea butter, is used for choco-
late and cosmetic production (Boffa ef al. 1996).

In the 19 African shea nut producer countries led by
Nigeria (355,000 t/year), Mali (85,000 t/year) and Burkina
Faso (70,000 t/year) in that order (Umali and Nikiema
2002), the fat is used as cooking oil, lamp illuminant and in
the production of soap, candle and pomade (Vickery and
Vickery 1969; Awoleye 1995). It is also useful in the treat-
ment of cough and inflammations (Badifu 1989). Tella
(1979) established that the fat could be more effective
against nasal congestion than conventional nasal drops. The
leaves, barks and roots are used in the treatment of various
human and livestock ailments (ICRAF 2000). The widely
consumed fruit pulp, has excellent nutritional properties
with carbohydrate, protein and fat having values of 29.3-
45.3, 2.6-7.0 and 0.7-1.7% respectively, of dry pulp weight
(Ugese et al. 2008a).

Based on its usefulness, the tree has already been iden-
tified by farmers for domestication (Leakey 1999). In Nige-
ria, as elsewhere, V. paradoxa is threatened by deforestation
(Okafor 1985) and the yearly savanna bush fires (Boffa et al.
1996). In addition to these, charcoal burning, overgrazing
and unfavourable land tenure are potent threats to the con-
tinued dominance of the shea tree on the African savanna
landscape (Carette et al. 2009; Buyinza et al. 2011). This
gives additional impetus to efforts towards its full domes-
tication.

However, emergence of seedlings is slow (Joker 2000),
taking up to 45-99 days (Ugese et al. 2005), as well as their
growth (Jackson 1968). According to Baiyeri (2003) seed-
ling emergence speed and growth can be enhanced by use
of a suitable growth medium. Generally, of all nursery fac-
tors determining seedling quality, growth medium have
been identified as the most critical (Baiyeri and Mbah 2006).
In Vitellaria paradoxa, there is no report of the use of more
standard growth media for seedling production apart from
the conventional topsoil whose use as a growth medium has
been severely criticised (Sahin e al. 2005; Baiyeri and
Mbah 2006). This work was therefore undertaken to assess
the suitability of various media composted from readily
available substrates for production of high quality seedlings
of V. paradoxa.

MATERIALS AND METHODS

Four nursery growth media were composted from topsoil, rice hull,
poultry manure and river sand. The base materials were composted
on volume basis in various ratios:

Medium 1. topsoil: poultry manure: river sand = 1: 2: 3;

Medium 2. rice hull: poultry manure: river sand = 1: 2: 3;

Medium 3. rice hull: poultry manure: river sand = 1: 3: 2;

Medium 4. rice hull: poultry manure: river sand = 2: 3: 1.

The first medium was soil-based (SB) and was considered as
the control while the rest were rice hull-based (RHB).

The composted media were left for three weeks before seeds
were planted. Similarly, samples of the media were taken for anal-
ysis of physico-chemical properties at the Soil Science Laboratory
of the University of Nigeria, Nsukka, prior to planting.

The media were filled into 7-L plastic containers perforated at
their bases. Seeds of shea butter tree obtained from fresh fallen
fruits collected from three locations: Makurdi, Jalingo and Kano,
were planted on the 30" July 2007. Makurdi is in the Southern
Guinea Savanna, Jalingo is in the Northern Guinea Savanna while
Kano falls within the Sudan Savanna of Nigeria. More detailed
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Table 1 Pysico-chemical properties of growth media used for shea seed-
ling evaluation at Makurdi, Nigeria, in 2007.

Table 2 The main effects of accession and growth media on growth of
Vitellaria seedlings grown at Makurdi, Nigeria.

Properties 1:2:3 1:2:3 1:3:2 2:3:1
SB RHB RHB RHB

Physical
Total sand (%) 97 90 91 91
Silt (%) 7 5 3 3
Clay (%) 6 6 6 6
WHC (%) 20.0 20.8 11.3 58.5
Bulk density (g/cm®) 1.18 0.84 0.80 0.43
Porosity (%) 55.0 68.0 69.2 83.6

Chemical
Organic carbon (%) 1.36 341 5.55 11.68
Organic matter (%) 235 5.87 9.57 20.14
Total nitrogen (%) 0.17 0.24 0.20 0.36
Phosphorus 70.7 68.7 71.6 95.5
Sodium (meq/100 g) 0.39 0.39 0.48 0.87
Potassium (meq/100 g) 0.62 0.86 0.91 1.91
Calcium (meq/100 g) 4.0 4.0 3.6 34
Magnesium (meq/100 g) 0.6 2.6 3.09 8.6
CEC (%) 8.0 8.8 9.6 20.0
pH: H,O 7.2 6.9 6.8 6.7
CaCl, 6.8 6.3 6.4 6.2

geographic information about these sites has been given in another
report (Ugese et al. 2010). Each seed source had 18 seeds sown
per medium with each container having two seeds. Mean seed
weights were 11.3 g (Makurdi), 18.7 g (Jalingo) and 12.9 g (Kano).
Factorial combinations of seed source and growth media were
arranged in completely randomized design (CRD) and replicated
three times.

Seedlings were watered from time to time to provide adequate
moisture for satisfactory growth. Seedling growth attributes,
namely plant height, leaf number, stem girth and leaf area were
measured nine months after planting when the seedlings were
adjudged to have attained a reasonable level of growth. Afterwards,
seedlings were carefully removed from the growth media and
shoot length and root length measured with a ruler. Shoot length
was measured as the distance between the tip of the stem and the
point where the true root attaches to the false radicle which occurs
below ground level. The seedlings were subsequently divided into
leaves, shoot and root and their fresh weight measured. Samples
were oven dried at 70°C to a constant weight. Dry matter content
of leaves (DMCL), shoot (DMCS) and root (DMCR) were esti-
mated as the ratio of oven dry weight to that of fresh weight mul-
tiplied by 100. Dry matter partitioned to the leaves (DMDR), shoot
(DMDS), and root (DMDR) were calculated as the ratio of the dry
weight of the particular plant part to that of the whole plant, ex-
pressed as a percentage. Leaf area was calculated based on the
model developed by Ugese et al. (2008b):

LA=4.41+1.14xLW

where LA = leaf area and LW = the product of linear dimensions
of the length and width at the broadest part of the leaf.

Data collected were subjected to analysis of variance by
means of GENSTAT Discovery edition 3, Release 7.2DE (GEN-
STAT 2007). Where significant F-test was found, mean separation
was effected using Fisher’s least significant difference (F-LSD)
procedure at the 5% level of probability.

RESULTS

The proportion of the base materials no doubt had some
noticeable effect on the physico-chemical properties of the
growth media (Table 1). Thus, the soil based medium (1: 2:
3) had the highest percentage of sand and silt. Its bulk den-
sity was also expectedly higher. Conversely, medium 2: 3: 1
(RHB) had lowest values for bulk density but recorded
comparatively higher porosity and water holding capacity.
The latter medium also had higher values for most of the
chemical attributes namely, organic carbon, organic matter,
phosphorus, magnesium and cation exchange capacity
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Accession  Shoot Plant No. of  Leaf Stem Root
length  height leaves area girth length
(cm) (cm) (em?) (cm) (cm)
Makurdi 13.1 7.8 4.7 22.9 0.30 66.8
Jalingo 13.1 8.3 3.9 33.3 0.31 93.1
Kano 14.2 8.4 3.7 27.4 0.33 88.0
LSD (osy NS NS NS 43 NS 6.6
Growth media
1:2:3 SB 12.2 7.1 3.7 20.8 0.26 72.6
1:2:3RHB 13.1 7.7 3.8 35.8 0.35 93.1
1:3:2RHB 15.0 9.4 3.9 29.5 0.34 71.7
2:3:1 RHB 13.6 8.5 5.1 25.3 0.31 93.4
LSD (os5y 1.7 1.1 NS 4.9 0.03 7.6

NS — No significant difference

(CEC). Values of pH were higher for the medium 1: 2: 3
(SB) and lowest for medium 2: 3: 1 (RHB).

Main effect of accession and growth media on
seedling growth and dry matter attributes

Accession exerted significant influence on seedling growth
of shea butter tree seedlings (Table 2). Seedlings of the
Jalingo accession had larger leaf areas and longer roots (P <
0.05) although the latter was not significantly different from
that of Kano seedlings.

With respect to growth media, the seedling characters of
leaf area, stem girth and root length were favoured by
medium 1: 2: 3 RHB while medium 1: 3: 2 RHB appeared
to favour shoot length and plant height (as well as girth).
Medium 2: 3: 1 RHB exerted more favourable impact on
plant height and root length.

Main effect of the factors on dry matter yield and
distribution pattern is shown in Table 3. Seedlings of
Makurdi origin had comparatively higher total dry matter
content as well as dry matter content of leaves and roots. Its
dry matter distribution to the leaves was also higher. The
Jalingo provenance had higher total plant dry weight and
higher dry matter distribution to the roots. Its total dry mat-
ter content was comparable to that of Makurdi. Kano seed-
lings had comparatively higher amount of their photosyn-
thates partitioned to the leaves and shoots.

Interaction effect of accession and growth media
on growth and dry matter attributes

Interaction between accession and growth media exerted
significant effect on seedling growth and dry matter attrib-
utes (Tables 4, 5). Seedling growth of the Makurdi acces-
sion was more vigorous under medium 1: 2: 3 RHB. Simi-
larly, with the Kano seed source, medium 1: 2: 3 RHB sup-
ported better seedling growth.

It was clearly evident that dry matter production and
distribution pattern was remarkably affected by the inter-
action between treatment factors (Table 5). Total plant dry
weight of seedlings of Makurdi and Jalingo origins was
better under medium 1: 2: 3 RHB, while those of Kano
were so under medium 1: 3: 2 RHB. The shoot dry matter
content of the Makurdi seedlings was significantly lower
with medium 2: 3: 1 RHB, compared to the rest. Similar
profile was recorded with dry matter content of root in
which case the soil based medium was also a culprit. With
medium 1: 2: 3 RHB, more dry matter was partitioned to
the leaves than the stem for all accessions except the Kano
accession where dry matter allocation to both parts of the
plants was equal.

It was remarkable that medium 1: 2: 3 RHB influenced
more dry matter partitioning of Makurdi seedlings to the
leaves and less to the roots. Media 1: 2: 3 SB and 1: 2: 3
RHB, influenced comparatively higher dry matter distribu-
tion to the leaves than the remaining two media. The later
media also had higher photosynthates partitioned to the
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Table 3 The main effect of accession and growth media on dry matter yield and distribution of Vifellaria seedlings grown at Makurdi, Nigeria.

Accession TDW® TDMC DMCL DMCS DMCR DMDL DMDS DMDR
(2) (%) (%) (%) (%) (%) (%) (%)

Makurdi 3.6 42.3 48.2 42.2 423 15.6 13.5 70.5
Jalingo 52 40.6 42.0 42.1 40.0 11.4 9.3 77.9
Kano 42 37.5 41.6 40.2 36.3 15.8 15.6 67.9
LSD (.05 0.4 1.9 3.8 NS 1.8 1.0 0.9 1.5

Growth media
1.2:3SB 3.7 39.2 50.8 41.4 36.3 12.0 12.9 72.7
1:2:3 RHB 49 43.6 45.8 45.8 44.0 18.0 11.9 69.6
1:3:2 RHB 5,1 42.1 43.9 39.9 42.7 13.4 12.5 73.5
2:3:1 RHB 3.6 35.5 352 38.9 35.1 13.7 14.0 72.6
LSD (.05 0.4 2.2 4.4 1.8 2.1 1.1 1.0 1.7

"TDW = total plant dry weight; TDMC = total dry matter content; DMCL = dry matter content of leaves; DMCS = dry matter content of stem; DMCR = dry matter content of
root; DMDL = dry matter distribution to leaves; DMDS = dry matter distribution to stem; DMDR = dry matter distribution to the roots.

Table 4 Interaction effect of accession and media on growth of Vitellaria seedlings grown at Makurdi, Nigeria.

Accession Growth medium Shoot length Plant height No. of leaves Leaf area Stem girth Root length
(cm) (cm) (cm?) (cm) (cm)
Makurdi 1:2:3SB 11.6 6.5 5.0 17.1 0.26 64.5
1: 2: 3RHB 14.0 7.9 5.8 31.3 0.36 61.5
1:3:2 RHB 14.1 8.8 3.8 21.7 0.29 62.3
2:3:1 RHB 12.8 8.1 42 21.3 0.31 79.1
Jalingo 1:2:3SB 12.0 6.2 2.8 25.4 0.25 75.2
1:2: 3 RHB 14.2 8.0 3.7 40.7 0.33 96.7
1:3: 2 RHB 13.0 9.5 53 353 0.34 93.7
2:3:1RHB 13.2 9.3 4.0 31.7 0.32 107.0
Kano 1:2:3SB 12.9 8.6 33 19.8 0.28 78.1
1:2: 3 RHB 14.0 7.0 5.8 35.4 0.35 121.0
1:3: 2 RHB 14.1 10.0 3.8 31.5 0.40 59.0
2:3:1RHB 12.8 8.0 42 22.8 0.30 94.0
LSD (9.05) 3.1 2.0 3.0 8.5 0.06 13.1

Table 5 Interaction effect of accession and growth media on dry matter yield and distribution pattern of Vitellaria seedlings grown at Makurdi, Nigeria.

Accession Growth medium TDW* TDMC DMCL DMCS DMCR DMDL DMDS DMDR
(g (%) (%) (%) (%) (%) (%) (%)
Makurdi 1:2:3SB 3.1 39.8 52.4 443 37.8 11.9 14.0 74.0
1:2: 3 RHB 5.0 46.0 48.3 42.1 48.9 26.9 13.4 58.3
1:3:2 RHB 3.9 45.0 50.0 45.7 44.9 11.8 11.8 76.3
2:3:1RHB 2.5 37.8 42.1 36.7 37.4 11.9 14.9 73.2
Jalingo 1:2:3SB 44 41.1 51.9 39.7 37.8 15.7 9.1 75.5
1:2: 3 RHB 6.8 43.5 44.6 51.0 42.6 14.3 9.4 76.4
1:3:2 RHB 4.7 41.7 43.4 40.6 41.8 9.6 9.6 80.0
2:3:1 RHB 5.0 36.0 28.3 37.3 37.7 11.5 9.4 78.8
Kano 1:2:3SB 3.6 36.6 48.4 40.1 33.2 15.5 15.6 68.6
1:2: 3 RHB 3.1 41.3 44 .4 44 4 40.4 129 12.9 74.1
1:3:2 RHB 6.7 39.2 38.2 33.5 41.3 19.0 16.4 64.2
2:3:1 RHB 34 32.7 353 42.8 30.1 17.6 17.6 64.7
LSD (.05 0.8 3.8 7.6 6.8 3.6 1.9 1.8 3.0

‘TDW = total plant dry weight; TDMC = total dry matter content; DMCL = dry matter content of leaves; DMCS = dry matter content of stem; DMCR = dry matter content of
root; DMDL = dry matter distribution to leaves; DMDS = dry matter distribution to stem; DMDR = dry matter distribution to the roots.

roots.

With the Kano accession, dry matter content of leaves
was significantly less with media 1: 2: 3 RHB and 1: 3: 2
RHB, that of shoot was inferior with medium 1: 3: 2 RHB
which together with 1: 2: 3 RHB recorded higher dry matter
content of the root. Medium 1: 3: 2 RHB also influenced
more dry matter distribution to the leaves compared to the
rest of the media. Under this accession comparatively more
dry matter went to the root (74.1%).

It was generally observed that across all accessions and
growth media, dry matter partitioning to the roots was
higher, ranging between 58.3 and 80%. Proportion of dry
matter allocated to the leaves and shoots varied slightly
depending on the particular accession and growth medium.
Also, for most seedling and dry matter traits, the control
medium gave inferior results.

DISCUSSION

Differences in physico-chemical properties of growth media
could be ascribed to the media components (Wilson et al

2001; Baiyeri and Mbah 2006; Campos Mota et al. 2009).
Thus the soil based medium had the highest bulk density
and lowest total porosity. Among the chemical attributes, its
values for organic carbon, organic matter and total nitrogen
were also lower. Conversely, due to the higher proportion of
rice hull and the lower ratio of river sand, medium 2: 3: 1
RHB had the least bulk density and highest water holding
capacity and total porosity. The relative composition of the
medium also resulted to its more impressive chemical pro-
perties. On a general note, the properties of the media seem
to be in general agreement with those of Baiyeri and Mbah
(2006).

The observed greater performance of medium 1: 2: 3
RHB in terms of seedling growth and dry matter attribute
corroborates the findings of Baiyeri and Mbah (2006) in the
case of African breadfruit, Treculia africana. They attrib-
uted it to the more favourable pH of the medium (6.9)
which was also obtained in this study. It is worthy of note
that in Vitellaria, shoot length is longer than plant height
(Ugese et al. 2008c). This is due to the species’ cryptogeal
germination pattern which buries part of the shoot under-
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ground (Jackson 1968).

In contrast to what obtains in other tree species (Baiyeri
2003), Vitellaria normally partitions a greater amount of its
photosynthates to the roots, an attitude that could be linked
with its concern for survival in the harsh savanna environ-
ment. However, the effort by medium 1:2:3 RHB to par-
tition more photosynthates to the leaves than the stem holds
brilliant promise for seedling growth. This is because, this
has the tendency of accelerating leaf area expansion and
thereby seedling growth due to better light interception and
ultimately higher levels of photosynthesis (Brown 1984).

It was curious that the medium (2: 3: 1 RHB) with
lower bulk density, higher water holding capacity and total
porosity and which was more nutritionally endowed did not
enhance the best seedling growth and dry matter yield.
Some of the above mentioned physical properties were
credited with enhancing performance of African bread fruit
(Baiyeri and Mbah 2006) and nutmeg (Abirami et al. 2010)
seedlings, though in the latter enhanced nutrient levels of
medium were also implicated. In Coffea canephora, topsoil
+ sawdust growth medium that was amended with NPK
compound fertilizer could not register better seedling
growth than one in which the two components were com-
bined in an equal ratio (Adeyemi and Daniel 2006)

It is a fact that good growth media are characterized by
some common physical attributes which influence water
and air availability to the growing plant (Eberhard et al.
2008) and thereby facilitate better seedling emergence and
growth (Abirami et al. 2010). However, it can be deduced
from the foregoing that certain peculiar characteristics of
some plant species could modify plant response to media
generally adjudged to be good. Thus it could be that adapta-
tion of Vitellaria to the savanna ecology makes the species
less responsive to a growth medium with high water hol-
ding capacity which ordinarily is a quality criterion of a
good medium. Such a medium may approximate to the
natural condition of water logging which is known to ham-
per shea seedling growth (ICRAF 2000). Thus even though
the medium had more nutrients content, it could not per-
form better than the others. This underscores the importance
of physical attributes of a growth medium in determining its
ultimate suitability. According to Jenkins and Jarrel (1989),
such physical attributes includes bulk density, total and air
filled porosities, water retention and hydraulic conductivity.
They also mention pH and CEC as critical chemical proper-
ties.

In conclusion, this study has established the superior
performance of medium 1:2:3 RHB in seedling growth and
dry matter attributes. It was however evident that seedling
response to growth media could be dependent on the adap-
tive behaviour of the species in question.

REFERENCES

Abirami K, Rema J, Mathew PA, Srinivasan V, Hamza S (2010) Response
of nutmeg seeds to different nursery media. Indian Journal of Horticulture 67,
584-586

Adeyemi EA, Daniel MA (2006) Effect of amended growth media on the pro-
duction of Coffea canephora seedlings in the nursery. Available online:
www.asic-cafe.org/htm

Awoleye F (1995) Effects of seed sources on the growth of seedlings of Vitel-
laria paradoxum in the Southern Guinea Savanna of Nigeria. Nigerian Jour-
nal of Botany 8, 65-69

Badifu GIO (1989) Lipid composition of the Nigerian Butyrospermum para-

59

doxum Kernel. Journal of Food Composition and Analysis 2, 238-244

Baiyeri KP (2003) Evaluation of nursery media for seedling emergence and
early seedling growth of two tropical tree species. Moor Journal of Agricul-
tural Research 4, 60-65

Baiyeri KP (2005) Response of Musa species to macro-propagation. 11: The
effects of genotype, initiation and Weaning media on sucker growth and qual-
ity in the nursery. African Journal of Biotechnology 4, 229-234

Baiyeri KP, Mbah BN (2006) Effects of soilless and soil based nursery media
on seedling emergence, growth and response to water stress of African bread-
fruit (Treculia africana Decne). African Journal of Biotechnology 5, 1405-
1410

Boffa JM, Yameogo G, Nikiema P, Taonda JB (1996) What future for the shea
tree? Agroforestry Today 8, 5-9

Brown RH (1984) Growth of the green plants. In: Tesar MB (Ed) Physiological
Basis of Crop Growth and Development, American Society of Agronomy-
Crop Science Society of America, Madison, Wisconsin, pp 153-174

Buyinza J, Okullo JBL, Alum W, Waiswa D, Obua J (2011) Threats to on-
farm conservation of Vitellaria paradoxa (Shea butter) tree Nakasongola dis-
trict, Central Uganda. Available online: www.worldagroforestry.org

Campo Mota L, Van Meeteren U, Blok C (2009) Comparison of physical pro-
perties of vermicompost from paper mill sludge and green compost as substi-
tutes for peat-based potting media. Acta Horticulturae 819, 227-234

Carette C, Malotaux M, Van Leeuwen M, Tolkamp M (2009) Shea nut and
butter in Ghana: Opportunities and constraints for local processing. Report of
a Research by the Resilience Foundation and Wageningen University, the
Netherlands, 88 pp

Eberhard J, McHugh AD, Poulter R (2008) Comparison of physical proper-
ties of new and degraded nursery growing media. National Centre for Engi-
neering in Agriculture (NCEA), University of Southern Queensland Nursery,
Media Comparison Research Draft Final Report, 5 pp

ICRAF (2000) International Centre for Research in Agroforestry. Agroforestree
Database 2000. Available online: www.worldagroforestry.org

Jackson G (1968) Notes on West African Vegetation — III: the seedling mor-
phology of Butyrospermum paradoxum. Journal of West African Science
Association 13, 215-222

Jenkins JR, Jarrel WM (1989) Predicting physical and chemical properties of
container mixtures. HortScience 24, 292-295

Joker D (2000) Vitellaria paradoxa Gaertn. F. Danida Forest Seed Centre, Seed
Leaflet No. 50, December, 2000, 4 pp

Leakey RRB (1999) Potential for novel food products from agroforestry trees:
A review. Food Chemistry 66, 1-14

Okafor JC (1985) Indigenous fruits production and utilization in Nigeria. Nat-
ional Workshop on Fruit Production in Nigeria, FACU, Ibadan

Sahin U, Ors S, Ercisli S, Anapali O, Estiken A (2005) Effect of pumice am-
mendment on physical soil properties and strawberry plant growth. Journal
of Central European Agriculture 6, 361-366

Tella A (1979) Preliminary studies on nasal decongestant activity from the seed
of the shea butter tree, Butyrospermum parkii. British Journal of Clinical
Pharmacology 7, 495-497

Ugese FD, Baiyeri KP, Mbah BN (2008a) Nutritional composition of shea
(Vitellaria paradoxa) fruit pulp across its major distribution zones in Nigeria.
Fruits 63, 163-169

Ugese FD, Baiyeri KP, Mbah BN (2008b) Leaf area determination of shea but-
ter tree (Vitellaria paradoxa C. F. Gaertn.). International Agrophysics 22,
167-170

Ugese FD, Baiyeri KP, Mbah BN (2008c) Effect of seed source and watering
intervals on growth and dry matter yield of shea butter tree (Vitellaria para-
doxa Gaertn F.) seedlings. Bio-Research 6, 303-307

Ugese FD, Baiyeri KP, Mbah BN (2010) Agroecological variation in the fruits
and nuts of shea butter tree (Vitellaria paradoxa C. F. Gaertn.) in Nigeria.
Agroforestry Systems 79, 201-211

Ugese FD, Ojo AA, Bello LL (2005) Effect of presowing treatment and nut
orientation on emergence and seedling growth of seeds of shea butter tree
(Vitellaria paradoxa). Nigerian Journal of Botany 18, 294-304

Umali BE, Nikiema A (2002) Vitellaria paradoxa C. F. Gaertn. In: Oyen LPA,
Lemmens RHM (Eds) Record from Protabase. PROTA, Wageningen, the
Netherlands, CD-ROM (unpaginated)

Vickery ML, Vickery B (1969) Plant Products of Tropical Afirica. Macmillan
Press Ltd., London, 116 pp



