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Abstract: Acid infertility factors limit crop growth and yield as well as soil productivity in highly weathered soils
of humid and sub-humid regions of the world due to deficiency of essential nutrient elements. Plants can
be exposed to wide range of stress factors like toxicity of aluminium and manganese, low pH, limited
availability of nutrients (phosphorus, calcium, magnesium, molybdenum and zinc). The genetic potentials
of improved cultivars (selected and bred to adapt to acid soils as a strategy to ameliorate these conditions)
could further he enhanced by optimum nutrition. This contribution explored the effectiveness of other 'tools’
for improving the efficiency of use of native and applied nutrients in the face of increasing fertilizer costs
(arising from price subsidy removal in most developing and underdeveloped nations of the world) and the
general environmental contamination and/or pollution hazards. In the final analysis, liming as well as the
use of vesicular arbuscular mycorrhiza (VAM) fungi and chemical growth substances were particularly

highlighted.
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Introduction

Prior to the advent of shifting cultivation system of
farming, tropical and sub-tropical soils could guarantee
sustainable production of important arableffield and
permanentftree crops (maize, Zea mays; cowpea, Vigna
unguiculata, soybean, Glycine max; cassava, Manihot
species; yams, Dioscorea species; cacao, Theobroma
cacac;, oil palm, Efaeis guineenensis, rubber, Hevea
brasilensis; and lots more) without external input of
nutrients. Currently, however, there is problem of
widespread nutrient deficiency, which limits crop uptake,
growth and yield due to fixation of nutrients in soils. Most
of the plant essential nutrients, especially phosphorus
(P) and potassium (K) occur in complex forms in the soil
and substantial proportions may be transformed into
fixed states, making them relatively unavailable for
plants to absorb. More so, most of the soils are acid
(pH=5.5) in nature; having high aluminium (Al}, iron (Fe)
and manganese (Mn) ions levels that readily fix nutrient
elements in the soils. Soil acidity is common in all
regions where precipitation is high enough (about 1500
mm or more) to leach appreciable amounts of
exchangeable bases from the surface of the soil
(Conyers, 1986). A review of the literature (Oluwatoyinbo
et al, 2005) showed that acid soils cover about 17
million hectares of land (representing about 18% of total
land area) in Nigeria. The Ultisols and Oxisols,
particularly have problems associated with Al toxicity, low
nutrient status, nutrient imbalance and multiple nutrient
deficiencies (Sanchez ef al., 1997).

Acid infertility factors limit crop growth and yield as well
as soil productivity in highly weathered soils of humid
and sub-humid regions of the world due to deficiency of
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essential nutrient elements (Akinrinde et al., 2005). The
challenge has been to develop sustainable agricultural
systems that will reverse the soil acid infertility and
consequently boost crop preduction in such areas.
According to Akinrinde and Okeleye (2005), crops have
become so expensive to produce that nutrient
deficiencies should not be allowed to limit their yields.
However, this goal is far from reality. The use of
fertilizers (e.g. phosphates) is beyond the reach of
peasant farmers due to procurement difficulties,
especially in both under-developed and developing
countries of the world. This necessitates research to
investigate scientific technigues that can be used to
improve nutrient supply to crop. To make fixed nutrient
ions available in soil for absorption by plants’ roots, the
soil could be limed and/or inoculated with vesicular
abuscular mycorrizal (VAM) fungi. Chemical growth
regulators could also be used to improve the uptake of
nutrients and, hence the productivity of the crop. The
association between VAM and plants may either be
direct or indirect, and are especially believed to be
effective in soils with low nutrient (particularly P)
availability. The objective set-up for this report was to
explicitly explore the causes and implications of soil
acidity as well as highlight the effectiveness of the
available options for improved activation of fixed soil
nutrients in the quest to ensure their availability to crops
and guarantee sustainable agricultural development.

Soil acidity, causes and implications: Acid soils have
been identified in about 30% of the world’s ice-free land
area (Haynes and Mokolobate, 2001), occurring in the
northern cold temperate belt and the southern tropical
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belt (Von Uexkull and Mutert, 1995). Agriculture is
practiced as semi-subsistence farming in the latter belt,
where unlike before, increasing population pressures
no longer permit reasonable fallow periods, but forces
farmers to manage soil ferlity in order to maintain
productivity (Myers and De Pauw, 1995). Economic and
logistic reasons make it difficult for the resource poor
farmers to apply high rates of fertilizer P and / or lime.
This situation calls for the development of other
practicable alternatives. A number of workers have
shown that the addition of green manures and animal
wastes to acid soils can reduce Al toxicity and increase
crop yields (Berek et al., 1995; Hue, 1992; Haynes and
Mokolobate, 2001). Incorporation of organic residues
can increase P uptake and crop growth on P deficient
soils (Hue ef al, 1994). Roots of some crop species
(including V. unguiculata) have also been reported to
have the capability of developing certain adaptation

mechanisms  (exudation of exudates, protons,
bicarbonates, ecto-enzymes, or association with
micorrhiza or cluster root formation) in acid soil

conditions in order to solubilize sparingly soluble P
forms (Neumann and Martinoia, 2002; Obigbesan et af.,
2002).

In recent times, industrial pollution, resulting in leaching
with acid rainfall, and nitrification following applications
of nitrogenous fertilizers have further aggravated
acidification problem and caused it to be of more
concern (Haynes and Mokolobate, 2001). Deficiencies of
nutrients (such as P, Ca and Mg) coupled with the
presence of phyto-toxic substances (like soluble Al and
Mn) are responsible for fertility limitation of acid soils.
According to Abruna-Rodriguez ef af. (1982) poor growth
in acid soils could be related directly to Al saturation (the
percentage of effective CEC occupied by exchangeable
Al). The element is 15% of the earth’s crust and together
with silicon makes up the lattices of primary and
secondary clay minerals. It is, therefore, of great
significance in soils though its solubility is quite low in
neutral and alkaline soils on which it has no effect on
plant growth. In acid soils, Al toxicity limits plant growth
due to series of chemical factors and interactions such
as the toxicities of H, Al and Mn {caused by increased
concentration of each of these elements), deficiencies of
Mg, Ca and K {(due to decreases in macro nutrient cation
concentration), deficiencies of P and Mo (due to
decreasing solubility) as well as general nutrient
deficiencies, drought stress and increased nutrient
leaching that causes root growth inhibition and
impairment of water and nutrient uptake (Marschner,
1991).

The low P status of highly weathered acid soils is also
worrisome as large amounts of fertilizer P need to be
applied in order to raise the available P to an adequate
level (Sanchez and Uehara, 1980). This is because such
soils contain large quantities of Al and Fe hydrous
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oxides that have the ability to adsorb P onto their
surfaces and much of the added P is fixed' instead of
being made available for crop use. The general nutrient
deficiency, drought stress and increased nutrient
leaching cause root growth inhibition as well as impair
water and nutrient uptake. The toxicity of Al is among the
most widespread ion-toxicity problems or stress
conditions in plants and is the major limitation to crop
performance on acid soils prevalent in tropical climates.
As such, in combination with general nutrient
(particularly P and Ca) use efficiency, Al tolerance is a
fundamental trait for plants to fit into sustainable
systems of crop production on acid soils (Foy et al,
1974; Baligar and Fageria, 1997). The use of this
integrated approach of combining the use of acid
tolerant genotypes with the optimization of nutrient
cycling in soil is a focal point for the improvement of food
production in humid tropical Africa and the sub-humid
Brazilian savannah cerrado (Sanchez, 1997). The
restriction of plant growth by excess soluble Al in acid
soils may arise from either the direct inhibition of nutrient
uptake or disturbance of root cell functions (Kochian,
1995). The tolerance to high Al concentrations by
indigenous plants of acid soils can be due to the
mechanisms of Al exclusion from root cells and/or
intrinsic tolerance to the element (Cuenca et af., 1990).
Aluminium accumulator plants are mostly woody plants
in tropical acid soils (Haridsan, 1982; Osaki et af., 1995;
Geoghegan and Sprent, 1996) and can contain more
than 1,000 mg Al kg™ dry matter.

Soil nutrient availability: Cheng ef a/. (1999) indicated
that up to 98 % of P and K might be unavailable for crop
use, resulting in low yield of crops. The amount of a
specific fertilizer material required to raise soil nutrient
level by one unit depends on the scil group and is
determined largely by the exchange capacity (cation
exchange capacity, CEC for cations and anion sorption
capacity, ASC for anions) and the soil bulk density. Thus,
for P, the higher the scil P retention the more the amount
of fertilizer P that would be required to increase the
available (Bray-1) P by one unit. This is, of course, the
reason why higher capital P inputs are required during
the developmental phase on an acid soil, relative to say,
a soil of almost neutral reaction.

Phosphorus: The total P contents of most Alfisols and
Ultisols are known to be low (ranging from 68 to 788 mg
kg”) (Bates and Baker, 1960; Enwezor and Moore, 1966;
Udo and Uzu, 1972; Udo and Dambo, 1979). On the
whole, Ultisols contain more total P (about 430 mg kg™
than Alfisols with average content of 189 mg kg'. The
higher values for the Ultisols may be due to the higher
contributions from organic matter, which is higher in
Ultisols than in Alfisols.

The generally low total-P in these soils may be attributed
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to the low amounts contained in parent materials from
which they have been formed. The total P amounts in
Alfisols and Ultisols are low compared with the high
values found in Entisols, Oxisols and Inceptisols formed
on alluvium basalt and shale (Ibedu, 1982).

Total P gives indication of total reserve of the nutrient in
the soil but it is a poor indicator of the availability level
since most of the P may be fixed. The soil P status is
therefore more readily assessed from the relative
abundance of the different forms. The soil P is found in
two major forms, the organic and inorganic forms.

The organic fraction is important in the tropics as it
readily mineralizes to release available P for the plant. In
contrast, inorganic P forms may be fixed and made
unavailable to plants. In hydromophic soils where
decomposition rate of organic matter is low, organic P
may also not be considered significant in contributing to
P availability.

The organic P is related to organic carbon and total P in
Alfisols and Ultisols {(Udo and Dambo, 1979), indicating
the contribution of organic P to total P content in these
soils. Tisdale and Nelson (1956) also showed that
almost in all cases, the organic P/Organic C ratio is less
than 200, a situation that would lead to mineralization of
organic P and eventual release of available P in organic
matter.

The chemistry of organic P in the soil is rather complex.
The relative abundance of the various forms depends on
such factor as pH, activities of ions like Al, Fe and Mn,
and the presence of sesquioxide, calcium
carbonate and the degree of weathering of the soils.
Inorganic P may exist in soil as discrete minerals like
fluorapatities or as hydrophophates such as dufrenite,
wavellite, strengnite and variscite. It may also cccur as
oxides of Fe and Al, which readily adsorb P from soil
solution, especially in acid soils.

The nature of P compounds in the soil determines the
relative abundance of aluminium bound P (A1-P),
calcium — bound P (Ca), Iron — bound P (Fe-P) and
occluded P (OCC-P). The first three are regarded as
active P as they are the main sources of the readily
available P. The OCC-P is P occluded within the oxides
of Fe and A1 that is largely unavailable to plants. The
Ultisols have higher percentages of active P and lower
amounts of occluded P than Alfisols. This is an
indication that Ultisols have a higher fraction of total P in
the available form than the Alfisols. This is attributable to
the fact that higher acidity of Ullisols favours the
formation of Al —P relative to Fe-P. The Al-P has been
found to be more available than Fe-P for upland crops in
acid soils (Smith, 1965) since Al-P has the lower rate of
crystallization than Fe-P (Juo and Ellis, 1968). Thus, in
the final analysis, the Ultisols have more available P
than Alfisols.

Estimation of available phosphorus: Attempts have
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been made to evaluate critical P-levels in soils based on
different soil testing methods. Results indicted that for
both greenhouse and field experiments, critical levels
are approximately the same for Alfisols and Ultisols;
being between 10 and 17 mg kg with an average of
about 12 mg kg™ (Udo and Uzu, 1972).

In general, most virgin Ultisols have values above the
critical range while majority of Alfisols have values below
it, arising from the higher amounts of active organic P in
the former then in the latter.

Forms of potassium ions in soil: There are four pools of
K in soils — They are soil solution K, exchangeable K,
fixed or non-exchangeable K and K within the lattice of
some primary minerals.

The amount of each fraction varies, depending on
cropping history, as well as chemical fertilizer or organic
manure application.

According to Golakiya et al. (2001) soluble-K content of
some calcerous soils in India ranges between 0.03 and
0.21cmol kg soil, whereas exchangeable K varies from
0.03 to 2.00 and non-exchangeable or fixed K varies
from Q.32 to 21.7. Warren and Johnston (1962) found for
a particular soil type that for soils with exchangeable K
above 170 mg kg ™', about 15% of the exchangeable K is
water — soluble.

Potassium ions released from the exchangeable and
non-exchangeable pools replenish the ones that might
have been either removed by plant uptake or leached
into the subsoil. The release of K from both pools to the
soil solution, can take place concurrently. The most
important thing, however, is for the K in the soil solution
to be replenished so as to meet the crop demand. When
there is surplus K in the soil solution (especially
following the addition of fertilizer) the element is
transferred to the exchangeable and non-exchangeable
fractions through exchange and fixation processes.
Johnston and Mitchell {1974), observed that K from the
non — exchangeable pool was twice the amount taken
from the exchangeable fraction, suggesting that there
was an equilibrium between the K in the exchangeable
and non exchangeable pools. Nevertheless, it was
proposed that the ratio of K released from these two
fractions might differ based on the type of clay minerals
and their degree of weathering. It is also possible that K
in the non — exchangeable pool is of importance for
crops (e.qg. potato) with restricted root systems. The
smaller the root density, the higher should be the
concentration of K in the soil solution to sustain a
particular K uptake rate (Johnston and Krauss, 1998).
Cheng Mingfang ef al. (1999) estimated the rate of K to
be 5 to 9 mg K kg' scil per minute from the
exchangeable fraction and only 0.1 to 0.5 mg K kg™’ sail
per minute from the non — exchangeable fraction in soils
from North China. Thus, the more the plant depends on
K released from the non — exchangeable fraction the
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lower would be the yield assuming that only small
amounts of K are in this form. The K concentration in the
soil solution also depends very much on the K
saturation of the exchange complex and on the nature of
the clay minerals {(Mutscher, 1995).

Effect of liming acid soils: Liming is an ancient
agricultural practice for rehabilitating acid soils. It
continues to be accepted as an essential step to
effective agricultural production in several areas of the
humid tropics. The overall effects of lime on soils
include among others, increased soil pH, Ca and Mg
saturation, neutralization of toxic concentrations of
aluminium, increase in pH dependent CEC resulting in
absorption and hydrolysis of Ca® (Mg, increase in P
availability and improved nutrient uptake by plants
(Nicholaides et al, 1983; Oguntoyinbo ef al, 19986).
Kamprath and Foy (1971) reported that liming effect on
P availability of highly weathered soils varied from
favourable to detrimental. Liming to pH 7, however,
drastically reduced P uptake from acid, aluminous
Latosols. Neutralization of exchangeable Al reduced by
50% the P fertilizer required for optimum growth on North
Carolina soils. However, liming had an effect on P
uptake when initial pH was 5.8. Very little response was
obtained from 80 ppm P for Oxisol in Natal, until liming
neutralized exchangeable Al. Similar result was obtained
with an Oxisol from Colombia (Amasiri and Olsen,
1973).

In an incubation study, Lelei et a/., (2000) reported that
there was significant difference between lime, TSP, urea
and control. In descending order, N mineralization was
as follows: lime > control > TSP > urea. Likewise, P
mineralization followed the order: TSP >control > lime >
urea. They concluded that liming and P application
enhanced soil N and P mineralization, respectively while
urea retarded both.

Lime application was reported to induce significant
difference in nodule dry weight and grain yield with small
response obtained from shoot dry matter production
compared to control in soil with pH of 3.7 (IITA, 1978).
This was attributed to the ameliorating effect of lime on
the soil.

Labios et al (1995) while testing varying levels of
inorganic fertilizer in combination with or without organic
fertilizer, reported no significant difference in grain yield
due to fertilizer levels for 3 cropping seasons. However,
there was significant difference on yield due to varietal
effects for the first and second year. He concluded that
an alternative to full application of inorganic fertilizer
would be to combine half the recommended fertilizer
rate plus organic fertilizer, since same yield is obtained
with less fertilizer input. He stated that this combination
could sustain the nutrient required by the maize plant.
This would translate to higher output from low fertilizer
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input and also, the soil quality will be improved with
increase in soil microbial activity.

Liming in combination with other materials: Wambeke
(1992) reported the inefficiency in liming alone to obtain
plant response in nutrient deficient soils. In a liming
experiment, Morrison ef al (1989) reported double
control yield of 1000 kg ha' maize for soils with high
organic matter and lime while plots with fertilizer plus
lime treatment, had 3-4 times yield of lime plus organic
matter plots.

Friensen et al. (1982) found that lime applications at low
rates were required to sustain yield. Lime application at
the rate of 0.5t ha" powdered Ca (OH), was reported to
maintain near maximum maize yield for two years after
lime application while lime applied at the rate of 2 t ha
Ca (OH), could sustain yield for over five years. Leaching
loses of Ca in lime treated plots after 3 years of lime
application were attributed to the presence of acidifying
N fertilizer as most of the Ca migrated with NO;and CI-
anhions, but no pH change was reported Wambeke
(1992).

For several crops, liming results in some chemical
changes in the soil such as, increase in pH effective
cation exchange capacity (ECEC), and exchangeable
Ca, decrease in toxic elements for example Al* and Mn**
and changes in the proportion of basic cations in CEC
sites. Available results on the effect of liming on soil
physical attributes are controversial.

Vesicular arbuscular mycorrhizal (VAM) fungi and
supply of nutrients to crops: For more than two
decades now, investigations have increasingly revealed
the role of symbionts like VAM fungi. Besides being
noted for guaranteeing the availability of plant nutrients
(especially phosphates) in soil and subsequent plant
roots’ absorption of the nutrients (Sieverding, 1981), they
are also known in the biological control of root
pathogens, and the improvement of drought tolerance of
plants (Osinubi ef al., 1992) and increasing crop yield
(Taiwo and Adegbite, 2001).

Mycorrhiza is a term used to denote the unique structure
formed by the interaction of the roots of higher plants
and the fungal mycelium (Tate, 1995). The vesicular-
Arbuscular mycorrhiza (VAM) is formed by certain fungal
species of the family endogonaceae identifiable by their
characteristic spores and structures formed on the
external hyphae, which can initiate mycorrhiza
associations (VWerner, 1992). Mycorrhiza is found
throughout the world, and is known to be beneficial to
plants. They commonly associate with almost all plant
species of agricultural importance. VAM are of the
highest spread, and occur on more plant species than
any other mycorrhiza (Werner, 1992).
Vesicular arbuscular mycorrhizal (VAM)
enhances the uptake of nutrients

infection
(especially
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phosphorus) by crops (Osinubi et a/., 1992; Atayese and
Laisu, 2001). However, Harley and smith (1983)
reported that P uptake still depends on the soil
phosphorus content.

Smith (1965) compared the increase in plant growth that
was due to phosphate and cation uptake in mycorrihizal
and non-mycrrhizal clover (Triphium subternaeum) and
observed improved growth in plants with VAM but with
low P supply. The roots of VAM treated plants were able
to exploit a greater volume of soil resulting in the release
of a greater amount of phosphate into the soil solution.
Mycorrhiza can, therefore be taken as ensuring nutrient
uptake from the available nutrient pool. Smith (1965)
concluded that mycorrhiza fungi directly increased the
rate of phosphate uptake by roots over a range of soil
phosphorus level, even when mycorrhiza growth has
seized.

Significant higher nitrogen concentrations have also
been reported in mycorrhiza inoculated plants than in
non-mycrrhizal plant, suggesting that VAM hyphae can
use N forms that are less available to non- mycorrhizal
plants (Taiwo and Adegbite, 2001). Mycorrhizal infection
may also increase the rate of nodulation and N-fixation
by rhizobium in leguminous plants (Akobsen and
Jensen, 1992).

Vesicular arbuscular mychorrhiza (VAM) fungi are also
believed to be capable of increasing the uptake of
other nutrients, except K (Harley and Smith, 1983).
Benthtenfalray and Franson (1989 observed that
inoculating apple plants with VAM fungi was able to
correct Zn deficiency. On the other hand, Arines ef al.
(1990) observed that VAM inoculation depressed the
uptake of Mn by red clover plant roots, thereby reducing
the likelihood of Mn toxicity. This may be attributed to
enhanced-P nutrition of the mycorrhiza-inoculated
plants. VAM infection has alsc been shown to improve
water relations to Faidberbia albida seedling (Osinubi
et al., 1992) and weed cover (Atayese and Laisu, 2001).
Increased biomass production by VAM inoculated-plants
has also been reported (Mosses and Hayman, 1977;
Taiwo and Adegbite, 2001). They obtained highly
significant correlation hetween dry matter production and
percent mean infection of mycorrhizal plants relative to
non-mycorrhizal plants.

Role of chemical growth substances in crop
production. The need for efficient use of fertilizer
nutrients by crops has also necessitated studying the
relationship between plants' hormonal regulation and
absorption of nutrients for growth and yield. Such
studies could assist in developing new fertilizer types for
the various major essential nutrient elements. Kim ef al
(2003) reported a significant vield increase of tuber
crops due to gibberellic acid, megiquant chloride and
trinexapac  ethyl applications.  Ancymidol and
chlormequat also increased rice grain yield while plant
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height was reduced at half-life but not at maturity
(Akinrinde, 2006). Growth promoting diazotrophs were
similarly noted to enhance growth and development of
crops by transferring fixed N or by improving uptake of
nutrients through nodulation or hormone linked
phenomena in inoculated plants (Biswas et af., 2000).
The naturally occurring organic substances, which are
usually produced in glands, effective at low
concentrations and which may be active at sites far from
their origin are referred to as ‘hormones’ while the term
‘growth regulator' include all naturally occurring and
synthetically produced substances that may be used to
increase or decrease plant growth and development
(Janick, 1979). Plant growth retardants (often called
gibberellins) control shoot growth by in the production of
gibberellins that are responsible for cell elongation of
and leaves (Barrett ef a/., 2004)

Growth hormones participate in both genetic and
environmental control of growth and differentiation
(Wareing and Phillips, 1970). The pattern of distribution
of growth hormones in the plant is controlled by the
intercation of environment and genetic factors (Wareing
and Phillips, 1970). They may be either growth inhibitors
or promoters, depending on the site of action as well as
their concentrations. The auxins, cytokinins, gibberellins,
abscisic acid and ethylene are known. Auxins are the
growth hormones produced in virtually, all higher plants,
especially in the meristematic tissues of stem and root
apices, young developing leaves, flowers and fruits
(Wareing and Phillips, 1970). The highest rate of auxin
biosynthesis is in the shoot apical region. Auxin is
transported downward, causing a concentration gradient
in various plant parts. Janick (1979) found that the
concentration of auxins correlated with the inhibition and
stimulation of growth as well as differentiation of organs
and tissues.

Auxins are known to influence growth of plants in various
ways such as cell enlargement and elongation,

phototropism, geotropism, apical dominance,
abscission of plant pars, flower initiation and
development, root initiation, fruit set and growth, tuber
and bulb formation, and seed germination.

Commercially synthesized auxins are used to initiate
adventitious roots from cuttings. Indole-butyric acid,
indole-proprionic acid and naphthalene acetic acid are
examples of synthetic auxins applied to the bases of
stem cuttings to stimulate the initiation of adventitious
roots (Hartman ef af., 1981).

Another synthetic auxin, (2, 4-dichlorophenoxyacetic acid,
2, 4-D), is commonly used as a selective herbicide
against broadleaf weeds. Some auxins are also used to
increase fruit set. The use of 4-chloro-phencxyacetic
acid to increase blossom and fruit set in tomatoes has
also been successful. Auxins are also commonly used
in tissue culture procedures to initiate rooting in explants
or callus {(Hartman ef af., 1981).
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Gibberellins are a group of naturally occurring plant
hormones causing cell enlargement and division, which
leads to stem internode’s elongation. They have a dwarf
reversing response, allowing certain dwarf cultivars to
grow to normal height. They affect many developmental
processes, particularly those controlled by temperature
and light like seed and plant dormancy, germination,
seed stalk and fruit development (Janick, 1979).
Gibberellins are used commercially to increase fruit size
of some seedless grape varieties. They are applied at
fruit set or shortly thereafter. They also promote male
flower initiation in cucumbers when pollen is wanted for
hybrid seed production and may overcome the cold
requirement for flowering of some perennial plants
(Hartman ef af., 1981).

Hartman ef al (1981) also found out that Cytokinins
primarily promote cell division but they also influence
cell enlargement, tissue differentiation, dormancy,
phases of flowering and fruiting and retardation of leaf
senescence (Hartman ef af, 1981).

Cytokinins and auxins may interactively affect tissue
differentiation. A high auxin cytokinin ratio stimulates root
development, whereas very low ratios stimulate bud
development and their equal concentrations results in
undifferentiated tissue or callus (Janick, 1979).
Cytokinins are not commonly used in agriculture; but
commonly used in tissue culture to induce shoot
development (Hartman et a/., 1981).

Ethylene is a gas that diffuses readily throughout the
plant. It is produced in meristematic tissues, ripening
fruits, senescing flowers and fruits and germinating
seeds. The cuticular coating of the plant tends to prevent
losses from the plant (Hartman ef a/., 1981).

Synthetic  ethylene-releasing compounds such as
ethephon have several valuable commercial
applications. Ethephon is used to ripen bananas,
pineapples, melons and tomatoes, and when applied
as a pre-harvest spray, it promotes uniform ripening of
apples, cherries and pineapple. It is used to increase
the production of female flowers on cucumbers, which
develop fruits and increase yields. High concentrations
of ethylene may be harmful to plants, inducing leaf
abscission and hastening senescence of flowers and
fruits (Hartman ef a/, 1981).

Abscisic acid interacts with other hormones in the plant,
counteracting their growth-promoting effects. It inhibits
rather than stimulates plant growth. Abscisic acid
promotes dormancy in seeds and is involved in leaf and
fruit abscision. The abscisic acid content of leaves
increases following water stress, where it induces
closure of the stomata (Hartman ef af, 1981). Abscisic
acid is expensive to synthesize and no commercial
applications are as yet in use.

Generally, greenhouse growers and nhurserymen
commonly use growth retardants in managing plant
growth. Many synthetic compounds are available to
dwarf plants, increase branching and manage flowering
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to produce compact flowering plants in a timely manner.
Use of growth retardants is specific by species and
desired result.

The effects of the interaction between the essential
nutrients (indigenous to soil or applied by fertilizers) and
hormones have also been enumerated (Hartman ef af,
1981). The nutrients can influence the functioning of
hormones and vice versa. For example, calcium has a
positive influence while N has a negative influence on
plant hormones. Similarly, hormones can speed up
plant's metabolism and cause chemical fertilizers to be
efficiently used, implying that less fertilizer would be
needed when hormones are adequately supplied. Given
appropriate combinations of nutrients and hormones,
growth and vyield of crops influence would be much
better. Hormone treatment of seed and plants, therefore
is perhaps even more important than hybrid seed
development. The full genetic potential of existing seed
is achieved and yields are vastly improved. It is important
to note that the cutting down of macro nutrients, as
presently being used, will result in savings that offset the
expense incurred in  hormone ftreatment and
micronutrient supply. Improved yields will more than
compensate for the expense and efforts expended.
Micro nutrients and hormeones are naturally occurring
elements and compounds. Thus, the use of these
elements and compounds are environmentally safe and
highly desirable. It is important to note that hormone use
in plants is not similar to indiscriminate use of
hormones in Poultry Production. The hormones
suggested for use with plants are only those that would
be normally produced by the plant itself.

Conclusion: In the face of increasing fertilizer costs, finite
resources as well as environmental contamination
and/or pollution hazards, the use-efficiency of applied
nutrients should be improved. Possibilities for the
improvement include liming of acid soils, use of
vesicular arbuscular mycorrhiza (VAM) fungi and use of
chemical growth substances. The mechanism for the
activation of fixed nutrients (particularly P and K) by
mycorrhiza fungi needs to be further dissected. Crop
response to the interaction effect of lime and fertilizers in
acid soils and the relationship between crop uptake of
the various essential nutrients and the natural {internal)
or synthesized (external) plant hormones should also be
evaluated.
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