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ABSTRACT

Boron deficiency is the nost wde-spread mcronutrient
fertility problenms in the Northern Nigerian savanna. Recent report
has indicated response of cotton and sone |egunmes to boron.
Application of boron fertilizer with NPK increases the vegetative
growt h and yield and al so nodifies the fruit of tomatoes. However,
there is dearth of information on the B needs of tomato and soils
supporting the growh of the crop in Northern N geria savanna where
about 70% of tomato consuned in Nigeria is produced.

This study established the B requirenent of tomato through
systematic | aboratory, greenhouse and field experinents. In the
| aboratory and greenhouse experinents, the B supplying power of
thirty soils and ability of five extractants (Hotwater, 0.01M
CaCl,, 0. INHC1l, double acid and norgan solution) to predict the
avai lability of B to tomato plants were evaluated, and critical
levels in soils and plant established. The field trials which were
conducted at Samaru and Kadawa during the 1992/93 and 1993/94 dry
seasons and 1993 and 1994 rainy (wet) seasons tested the response
of tomato to six levels of B (0, 1, 2, 3, 4 and 5 kg B ha"* for dry
seasons and 0, 0.5, 1.0, 1.5, 2.0 and 2.5 kg B ha-! for rainy

seasons) applied in the form of Borax.

Results obtained fromthe |aboratory indicated that, total B
varied from6-130 nmg kg"!, while available B varied from0.04 - 0.58
my kg-!. There were correlation anong the soil properties, while
the soil Btest correlated with sone soil properties. Results also

i ndi cated that various conbination of soil properties such as pH
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and O C influenced the availability of B in the soils.

Results of the B adsorption and desorption studies reveal ed
that the val ues of adsorption maxi rum (b) (0.030-0.0725 ug g-}) were
| ow which can render the soil B susceptible to |eaching | osses.
Also twenty nine out of the thirty soils best fit in Langmnuir
equati on. The B adsorption of the soils was found to be

irreversible.

Results obtained from the greenhouse indicated response of
sone soils to B fertilizer. Although the uptake of B by tomato in
the thirty soils was not correlated with the anount of B extracted
chemcally, relative yield correlated with the anmounts of B
extracted by hot water.

The critical B level in the soil and plant were established,
the values being 0.13 an 1.06 ng kg-! B. respectiely.

Results from the field studies indicated that there was
response to B application in the field. Most of the paraneters
determ ned were positively affected by B application. The highest
fruit yield recorded during the dry season was 46 ton ha'' in
1993/ 94 whi ch gave an increase of 148% over the control. Wile the
hi ghest fruit yield recorded for the rainy season was 28 tons ha"?!
gave an increase of 165% above the control. Also fruit conponents
total soluble solids, ascorbic acid, titratable acids, pH and
reducing sugars were nodified by recording significant increase
over the controls. However, the highest B rates in both seasons
were toxic to the tomato plants. Boron rates of 2.0 to 3.0 kg ha"’
and 0.5 to 1.5 kg ha"' appeared to be optinmum for tomato plants
under irrigation and rainfed conditions respectively in the savanna

agr o- ecol ogy.
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CHAPTER 1

1.0 . INTRODUCTION

The Nigerian savanna soils are generally characterised by low
organic matter content, low CEC and low inherent fertility (Lombin
1981), which has often been responsible for low crop yields.
Therefore the use of fertilizers is mandatory, for a successful
arable agriculture in the Nigerian savanna.

The pressure of population on land makes it imperative further
to increase the ocutput per hectare and this has been done by making
use of imﬁroved and high yielding crop varieties and the
application of inorganic fertilizers. The practice of continuous
cultivation and the application of fertilizers containing only the
esgential macronutrients (NPK) have led to the depletion of some
micronutrients not supplied in the fertilizers. Findings from
literature have confirmed the deficiency of some of these
micronutrients; Molybdenum (Heathcote and Stockinger, 1970,
Heathcote, 1973b), Boron, (Heathcote 1973a; Heathcote and Smithson,
1974, Anande-kur, 1976 and Lombin 1985a).

According to Heathcote (1973b), Heathcote and Smithson (1974),
B deficiency appears to be the most widely observed deficiency
especially in farmers field in the North-western Nigeria. Lombin
(1983a and 1983b) reported that Cu, Zn and Mn do not appear to pose
immediate threat to agriculture in the savanna, but low levels of
Mo and B are bound to limit crop yields. Anande-kur (1976), and

Lombin (1985a) reported the levels of available B in the savanna
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soils to be in the range of 0.14-0.25 mg/kg which is suboptimum for
the growth 6f B sensitive crops.

Most of the ;esearch work on B in Northern Nigeria have been
concentrated on cotton; Faulkner et al, 1970; Smithson 1972;
Heathcote, 1973a; Heathcote and Smithson 1974 and Lombin 1985a).
In most of these studies, good response of cotton to B was
established. Balasubramanian et al (1980) found that groundnut and
cotton responded to a mixture of trace elements (B, Cu, Mo and Zn)
applied as foliar spray at Mokwa and attributed this to the B
components of the mixture.

virtuaily, no work has been done with regards to optimum level
of B for tomato in the savanna soils of Nigeria.

Boron is essential for the growth of tomato. It increases the
number of flowers and fruits. Boron improves the flavour of tomato
fruit, increases the vitamin C content and also gives a better
keeping quality. So far, there is limited information on the B
supplying power of savanna soils and tomato response to soil
applied B in the area.

Considering the importance of tomato in the daily diet, and
the role of B in the mineral nutrition of tomato, this study was
undertaken with the following objectives:-

s 1 To assess the status of different forms of boron in soils of

Northern Nigeria and develcp suitable extractant for the

predictions of plant available boron to tomato under

greenhouse conditions;

2. Te investigate the boron adsorption and desorption



characteristics of the soils;
To determine optimum boron rate for tomato in field trials and
assess the effect of B on some biochemical prcperty of the

tomato fruit.



CHAPTER 2

2.0 : LITERATURE REVIEW

Boron is one of the most important essential micronutrients
required for the normal growth of most plants. the essentiality of
boron for the growth of higher plants was conclusively demonstrated
by Sommer and Lipman (1%26) and Scmmer (1927).

Certli et gl (1975) asserted that B 1is unique among the
essential mineral nutrients because it is the only element that is
normally present in soil solution as a non-ionized molecule over
the pH range suitable for plant growth. According to this report,

plant roots absorb B most efficiently in the form of Boric acid.

2.3 OCCURRENCE OF BORON
2.1.1 Occurrence in Rocks and Minerals

The amount of B in rocks depends on the type of rock, Fleet
(1965) found that the highest average amount of B in soil forming
rocks is found in sedimentary rocks especially those of marine
origin. Among the sedimentary rocks, shales have the highest B
concentration of up to 100 mgkg' with B present mainly in clay
minerals.

Maurice (1966} reported that acid igneous rocks contain
considerably lower B concentration which ranges from 5-15 mgkg’'.
This is also in agreement with the findings of Konrad (1972) who
reported that B may be greater in granitic igneous rocks than in

basalts and that, micas, show the highest concentration of B among
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the minerals of igneous rocks. The parent rocks in Nigeria consist
mainly of older granite and sandstone which contain low to very low
amounts of B.

B is found in rocks in many different minerals. Over 80
bearing minerals are known to be present in the earthcrust
{(Neumocdruk and Karalova, 1970). Among these, Tourmaline is the
most important.

Tourmaline which contains about 3-4% B is present in soils
formed from acid rocks and metamorphosed sediments. B can
substitute for tetrahedrally co-ordinated Si in some minerals.
Norrish (1975) found that much of the B in rocks and soils is
dispersed in the silicate minerals, in this way the element is made
available only after long periods of weatherings.

Tourmaline is a very resistant mineral which cannot be
dissolved even in hydrofluoric acid. It also remains unchanged
during rock forming process. It is therefore useless as a B source
for plants. Fertilizer experiments by Berger and Truog (1940) with
well ground Tourmaline showed that this mineral is of little
relevance in plant nutrition.

A better source of B is associated with impurities in many
common minerals. Bowen (1877) found that most of the B in soil

that is available to plants is derived from sediments or plant

material .

2.2 BORON STATUS OF SOILS

Boron in soils can be classified into two namely: -



Total and
available forms.
From the nutritional point of view, B could be divided into
four fractions: (1) Totally unavailable B (chiefly tourmaline) (2)
unavailable B impurities (in feldspars and quartz) (3) Temporarily
available B (in micas, 1illite, sesquioxides and undecomposed
organic matter) (4) Available B, usually regarded as equivalent to
hot water soluble B (Berger and Truog 1939).
Temporarily unavailable B could be released, if there is an
increase in microbiological activity and a steady production of
acid extractants from roots, but available B may sometimes become

unavailable because of drought (Bowen, 1977 and Gupta, 1979).

2.2.1 Total Boron

The distribution pattern of total B in soils is inconsistent
due to factors such as organic matter content, soil texture and
soil mineral composition of the area. In humid regions, the
largest fraction of B in soils is associated with tourmaline, but
in regions of low rainfall, soluble and adsorbed borates may
account for a large fraction of total soil B.

The B content of soils in arid and semi-arid climates is in
general higher than in humid climatic zones (Kanwar and Shan Singh
1961) . Soils in high rainfall areas are often deficient in B.
This is because of the non-ionic nature of B once it has been
released from soil minerals, it can be leached from the soil fairly

rapidly.
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Berger and Pratct (1263) had reported that the ctetal
concentratiocn of % in most soils varies between 2-200 mgkg', and
frequently ranges from 7-80 mgkg'. He alsc reported that, the
amount of total B in soils depends largely on the so0il parent
materials.

Gupta {1968) worked on a number of scils from Eastern Canada
and found that total B ranged from 45-124 mgkg', whereas hot water
soluble B ranged from 0.38-4.67 mgkg'. This indicated that only a
small fraction of total B cccured in an available form. Generally,
less than 5% of total soil B is available to plants.

Aubert and Pinta (1971) got a range of 250-270 wmgkg' for
Israel secils. In Poland, a range of 5-73 mgkg' B was reported for
various scil types in USSR (Aubert and Pinta 1977).

The B content in soils is known to be dependent on the content
of the element in the parent material and upon the type of
weathering this material has undergone. This is confirmed by
Wheatstone gt al (1942) who on a very extensive study of soils in
the United States of America got a range of 8 to 98 mgkg'. He also
found that so0ils derived from alluvial limestone, shale, and
glacial drift te be high in B content while those formed from
igneous rocks, unconsolidated materials were found to be low in
boron.

In South-Western Nigeria, Banjoko ef al (1981) €found that
parent rock was the most important factor in determining both the
total and available {hot water soluble) B in Nigerian soils. In

their study, they got the range of total B content of surface scils
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to be 25.2 to 31.2 mgkg' for soils derived from sandstones compound
while a range of 96 to 61.2 mgkg' was obtained for scils derived
from basement compléx rocks.

In Northern Nigeria, Anande-kur (1976) reported values of 8.3
to 38.7 mgkg' total B for few samples of some Nigerian savanna
soils. Daudu (1989) get a range of 37.9-44.5 mgkg' B in some
savanna soils developed from loess. Similarly, Kparmwang (1993)
worked with basaltic scils in Northern guinea savanna soils of
Nigeria, and obtained a range of 19 to 160 mgkg' B.

It would be observed that from the various studies considered,
that the amount of total B in soils is erratic and it depends on

the type of content of the soil parent material.

2.2.2 Available Boron

Available or extractable soil B is that fraction of the total
boron content that is accessible to plant roots. A variety of
extractants have been used to estimate the available B status of
soils. The values obtained have varied widely depending on the
extractant used.

Most attempt have been based on extractantion with boiling
water although the values are frequently described as hot water
soluble boron. Care should be taken in interpreting and comparing
values without reference to the actual extraction procedure used;
particularly the time of extraction as major variation in
determined levels can be expected as a result of minor differences

in procedure.
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Available B as determined by Berger and Truog method accounts
for a very small fraction of total soil B, and values normally lie
between 0.1 and 3.0 mgkg’. Gupta (1968) got hot water soluble B
(HWS-B) to range from 0.38 to 4.67 mgk'. In another study,
Podlesak (1990) reported a range of 0.13 to 0.26 mgkg' B. Aubert
and Pinta (1971) studied Russia soils and got a range of 1 to 2
mgkg' B.

In South Western Nigeria, Chude and Obigbesan (1984) worked
on 30 soil samples and obtained values ranging from 0.40 to 1.60
mgkg' HWS-B. Banjoko et al (1981) got a range of HWS-B to be
between 0.03 and 0.21 mgkg' for soils derived from sandstone, while
a range of 0.23 to 0.81 mgkg' was obtained for soils from basement
complex.

Egbe and Omotosho (1972) also reported low available B content
in surface soil samples from cocoa belt soils of Western Nigeria
ranging from 0.01 to 0.44 ppm HWS-B. This 1is considered
insufficient to satisfy the B needs of the early maturing and high
yielding Amazon variety of cocca. Similarly, Chude and Obigbesan
(1982) analysed 21 surface soils samples in Western Nigerian, and
got a range between 0.19 and 0.46 mgkg' HWS-B.

Ojeniyi et al (1981) got a range of 0.4 to 0.57 mgkg' HWS-B in
a K-B fertilizer trial carried out in South Western Nigeria.

In Northern Nigeria, Anande-kur (1976) worked on 30 soil
samples and got values ranging from 0.14 to 0.25 mgkg' HWS-B. Also
in the same part of the country, Lombin (1985b) worked on 30

representative cultivated scils and obtained the following values;
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0.18 to 0.36 mgkg' HWSB; 0.19-0.44 mgkg' NaOAc extractable B, and
0.22 to 1.27 mgkg' double acid extractable B.

Daudu (1989) also got a range of 0.06 to 0.17 mgkg' HWS-B and

0.10 to 0.34 mgkg' NaOAc extractable B, for surface soils he worked

with, Kparmwang who worked on the basaltic soils of Northern

guinea savanna, obtained a range of 0.44 to 1.5 mgkg' HWS-B.

2.3 ff vail i

The availability of B for plant uptake depends upon its form
and retention in the soil. Anande-kur (1976) reported that the
factors which affect the availability of B in savanna soils are
physicochemical processes such as sclubility of B containing
minerals, adsorption, desorption and precipitation reaction,
biochemical reactions and leaching. Alsc Lombin (1985b) found that
pPH, organic matter, and exchangeable calcium and potassium, affect
the availability of B in soils. Other factors such as, soil pH,
soil moisture content, liming and soil texture may also affect

availability of soil B.

2.3.1 Soil pH

Soil pH also determines the form of B in soil. At pH less
than 7, (4.5-6) boric acid molecules predominate in solution owing
to the low ionisation constant for boric acid, (K = 5 x 10"}, while
B (OH), ions predominate at pH 7.

Peterson and Newman (1876), Gupta (1972, 1977) reported a

negative correlation between B uptake by plants and soil pH at pH
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values greater than 6.5.

B availability to plant decreases very rapidly at high pH
values, but the retationship between soil pH and the plant B values
does not show any consistent trend at lower pH values.

Martens (1968) reported that of all the variables determined,
only soil pH was related significantly by simple correlation to B
uptake. Also Lombin (198%b) worked with 30 soils out of which 21
were acidic soils, and reported that soil pH was significantly
correlated with biochemically extractable soil B and B removed by
plants, whereas Gupta (1968) did not obtain any consistent
relationship between hot water soluble B and pH in 108 soil samples
from Eastern Canada having pH ranging from 4.5-6.5.

Scoil pH also affects B availability indirectly through its
effect on B adsorption and descorpticon. Hingston (1964} found that
the amount of B adsorbed by 3 types of clays increased with an

increase in soil pH up to a maximum adsoxrption at pH 9.2.

2.3.2 Texture

Soil texture plays an important role in determining B
avallabilicty. B adsorption was greater in medium black c¢lay than
in dune sand and was intermediate in sandy loamy soil (Gupta 1980} .
Generally coarse textured soils usually contain less available B
than fine textured scils. A level of 0.3 ppm hot water soluble B
was suggested as a useful critical value in coarse-textured soils
compared with 0.5 ppm B, in fine textured soils. Also Tisdale et

al (1985) have reported that fine textured soils reguire more B
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than do coarse-textured soils to produce similar concentrations of
B in plants. Thig can be explained by the fact that the clay or
organic matter associated with fine textured soils tends to hold

large amount of B rather tightly such that it is not easily

available.

2.3.3 Liming

As with other micronutrients liming reduces the availability
of B in soils. This poorer availability may be ascribed toc the
increased adsorption of borate to soil particles. Liming strongly
acid scils frequently induces B deficiency on plants because of (1)
increase B fixation by the clay fraction of scils at reactions
above neutrality (2) reduced absorption or translocation or both of
B by the plant and (3) increased B requirements due to higher
levels of Ca in plants grown on limed scils (Fox, 1968).

Tanaka (1967) reported that B uptake by radish (Raphanus

gsativus L.) was reduced when calcium content of the medium was
increased,
2.3.4 Leaching

Excessive B movement within the scil profile will result in
leaching losses. Leaching losses are influenced principally by the
amount of percolating water and by the physical and chemical
properties of the soil. Under high leaching conditions, Quellete
(1963) found that B is easily removed from soils and podzelic soils

in particular are low in B. B is fairly readily leached through
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coarse textured soils, whereas on clayey soils movement is likely
to be severely restricted. Gupta (1968) reported that the movement

of B is less rapid in fine textured and alkaline soils.

2.3.5 Moisture Content

During low moisture conditions in the soil, available B may
hbecome unavailable. This is because low soil moisture impairs
transport of B to adsorping root surfaces. Gupta (1971) reported
that lack of soil moisture reduces the mobility of B which
restricts its uptake by plant rcots via massflow mechanism. Also
Bowen (1977) and Gupta (1979) found that in a dry season, the soil
dries from the top downwards, so that the roots tend to feed away

from the zone that is very rich in B,

2.3.6 Organic Matter

The decomposing organic matter is definitely a very important
natural source of B. Scils rich in organic matter are likely to
have high B levels, while soils low in organic matter are likely to
have low B levels (Anande-kur 1976). Organic matter 1is an
important source of B in acid soils as relatively 1little B
adsorption on the mineral fraction occurs at low pH levels (Okazaki
and Chao 1968). Yermiyahu et al (1995) reported that boron status
of surface soils and its availability is profundly influenced by
organic matter.

Lombin (1985b) found organic matter to be highly significant

in a regression analysis used tc describe B uptake as a function of
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extractable B and cother soil properties. Miljkovic et al (1966)
reported that an increaée in hot water soluble B associated with an
increase in pH is-greater in soils with high O.M content.

The influence of O.M on available B is affected by the

increase in the pH and the clay content of the soil.

2.4 Reaction of Borom in Soils
Extensive work has been done on various types of reactions
that occur between B and soil constituents (Hingston 1964;
Miljkovic gt al 1966, Sims and Bingham 1967, 1968; Okazaki and Chao
1968 Tamai‘ and Harada 1968). Reaction of B with the soil
constituents can be classified into the following categories:
(1) retention by soil clays

(2) formation of B-corganic complexes; and

(3) precipitation reactions with other soil
constituents.
2.4.1 Retention by Soil Clays

Although B fixation by adsorption is most often considered the
dominant phenomenon in controlling B availability, the reaction
mechanism of B adsorption have never been clearly established
(Toner and Sparks 1985).

Arnold (1990) reported that the principal adsorption sites are
(1) broken S1-0 and Al-0 bonds at edges of aluminosilicate minerals
(2) amorphous hydroxide structues (3) magnessium hydroxide clusters

and (4) iron and aluminium oxy-and hydroxy-compounds.
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Sims and Bingham (1967) reported that the retention of B
involves the reaction of borate ions with the surface OH at least

in part meeting the stoichiometric requirements for the formation

|

of a diol borate complex.

Si—OH  HO\ —Si— 0

{ * B OYp—> | B — OH + 2H0
el A

0 /f 0

[ 4

AL —— OH HO e AL O

| I

Diol-Borate complex

Adsorption of B depends on some factors such as soil texture
soil pH, and soil temperature. Kanwar and Chansingh (1961) and
Singh (1971) found that heavy soil adsorbed mcre B than did light
soil and that light soil released B more easily than did heavy soil
on extraction with water.

Bingham et al (1971) reported that B adsorption is only
slightly increased by an increase in soil temperature.

The adsorption of B is maximum in the alkaline range cf the pH
scale around pH 8-9. B adsorption decreases at pH below 5. This
is confirmed by Toner and Sparks (1995) who reported that at pH
above 10, deprotonation of the neutral surface site and formation
of the AlO-site reduces the number of sites available for B
adsorption.

Olsen and Berger (1947) reported that B fixation is a chemical
process caused by alkalinity rather than the presence of basic

cations and occurs in minerals of the clay fractions of the soil.
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Scharrer et al (1956) and Sims and Bingham (1%67), Goldberg

and Glaubig (1985) had variously reported that Fe and Al possess

marked affinity for B. Also Hatcher et al (1967) found that the

surface areas over which the Al (OH): is spread is an important
factor in B adsorption.

In a comparison of Al oxides with Fe oxides, Sims and Bingham

(1968) found that Al oxides removed nearly an order of magnitude

more B from sclution than Fe oxides on a weight basis. They also

reported that the capacity for the hydroxyl compounds to retain B

decreased with their age.

Humus was found to exhibit chemical affinity for B, and it
appears to play an important role in the retention of B by soils
({Parks and White, 1952; Gu and Lowe, 199%0).

Soils below pH 7.3 and containing considerable 0.M usually
contain adequate supplies of B, whereas scils low in O.M and those
containing significant amount of CaCO, are low in available B
(Berger and Truog 19546).

The mechanism of B retention with O.M is thought to be through
chelation and adsorption. The adsorption of borates by humus is
similar to that of clay, i.e condensing with diol groups which in
this case are probably associated with carboxylic acids. Russel
{(1973) suggested that as this bond is probabkly stronger than the
borate sesquioxide bond, under acid or neutral conditions, humic

colloids most likely form the principal reservoir of B in most
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agricultural soils.

2.4.3 Reactions with Qther Soil Components

Many studies have been carried out to show the reaction
between B and other soil components. Parks and White (19%2) had
studied B retention by c¢lay and humus systems saturated with
various cations. They concluded that small ameunt of soil B may
enter into complexes of Ca, with Si or complexes of Si with Al or
Fe such as calcium alumino-silicates or calcium ferrosilicates.

Precipitation of B may occur in the soil by weathering of
minerals or application of inorganic fertilizers. Rhoades (1970)

reported similar results when Mg reacted with B.

2.5 Interaction Between B and Other elements

Uptake of B has been proved to Dbe dependent on the

concentration of other ions in the growth medium.

Potagsium {(K):- At low levels of B nutrition, increased rates of
applied K may accentuate B deficiency symptoms. B uptake by tomato
and corn was enhanced by high potassium in combination with high B.
Heathcote (1973b) reported that the application of potassium
fertilizers aggrevate the severity of B deficiency and suggested
that the effectiveness of potash fertilizers may be reduced, if
cotton 1is under B gtress, Reeve and Shive (1944) worked with
tomate plants and found that at any given B level in the substrate,

there was progressive increase in the B content of plants as the K
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concentration in the substrate increased.

Calcium (Ca):- Increase in concentration of Ca reduces the uptake
of B. Tanaka (1967) reported that B uptake by radish (Raphanus
sativum L.) was reduced when the Ca content of the medium was
increased. Beauchamp and Hussein (1974) in their studies on
rutabaga, found that increased Ca concentration in tissue generally
increased the incidence of brown heart.

The response of tomato plant toward B appears to be determined
by the direqt and intimate reaction between Ca and B in metabolism,
but K appears to influence the response of the plant to B
indirectly through its determinate effect upon the processes
involved in the absorption and accumulation of Ca (Reeve and Shive
1944) .

Leaf tissue Ca/B ratio has also been considered as indicator
of the B status of crops. Reeve and Shive (1944) found that Ca/B
ratio in tomato tissue decreased markedly with increasing K

concentration in a nutrient sclution.

Magnesium (Mg):- If the concentration of Mg is increased in a
medium then B uptake is reduced. Gupta and MaCleod (1977) found
that Mg had a greater effect on B reduction in plants than did Ca,

Na or K, but the difference between Ca and Mg effects were small.

Nitrogen (N):- Among the nutrients, N is of utmost importance in

effecting B uptake by plants. Jackson and Chapman (1975) were
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among the pioneers in establishing that liberal N applications-are
sometimes benefic®al in controlling excess B in citrus. Jones et
al (1963) stated that under conditions of high B, application of N
depresses the level of B in citrus leaves, and under conditions of
high B, high N depressed the level of B in orange.

Ogunlela et al (1976) and Lombin and Mustapha (1980) reported
from the result of their field trials the need to correct B

deficiency in order to obtain positive response to N.

Sulphur (S):- Different crops behave differently to concentration
of sulphur in the plant nutrient solution. Tanaka (1967)
speculated that there may be a slight effect of sulfate ion con the
accumulation of B in plant tissues. Investigations showe that S
application had no effect on the B concentration of pea,
cauliflower, timothy, red clover, and wheat, but they significantly

decreased the B content of alfalfa and rutabaga.

Phogphorug (P):- Stoyanov (1971) observed an increase in the
severity of B deficiency in tobacco with high P. on the other hand,
Tanaka (1967) got an increase in B uptake with an increase in P
supply in radish.

Pollard et al (1977) reported that a deficiency of B in corn
and broad beans reduced the capacity for absorption of phosphate.
Also Nusbaum (1947) found that in the absence of added B, low P
fertilizer with optimum rates of N and K resulted in severe B

deficiency in sweet potatoes.
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2.6 Methods of Egtimating Avajlable Soil B

Extensive wowk has been done on the estimation of available B
level which usually comprises less than 5% of the total B in soils..
Several extractants have been tested over the years, these include
hot water, phosphoric acid, hydrochloric acid, sodium acetate,
ammonium acetate, sodium bicabonate and calcium chloride.

The hot water method was proposed by Berger and Truog (1932) .
The method inveolves boiling water and scil mixture (ratio 2:1) for
five minutes in a boron-free digestion flask, fitted with a reflux
condenser. ,The mixture is filtered and B concentration is measured
in an aliquot of the clear filterate. The hot water method is
widely used because it gives good correlations between the amount
of B extracted and plant absorption and because there is now a
large body of data based on hot water extraction.

Many investigators have shown that a number of factors must be
considered in interpreting the results obtained. Dregne and Powers
{1942) reported that the availability of B in soils is influenced
by soil reaction, so0il moisture, active Ca and Qrganic Matter,
while Dible and Berger (1952} also showed that B content decreased
as moisture becomes limiting. Wear and Peterson (1962) reported
that water scluble B content o©f soil is a good indicator of
available plant B as long as soils cof similar texture and close pH
values are compared. Similarly, Baker (1971) concluded that the
hot water method is unreliable for the measurement of available B
to plants when a number of different soil types are compared. The

hot water method has been modified by Baird and Dawson (1255) who
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. suggested a 6 hour soxhlet hot water extraction, but it was found
that, this method+is time consuming and not outstandingly better
than the original procedure.

Catani et al (1970) used a method in which 5 g of soil were
extracted with 20 ml of 0.05 N acetic acid and recommended this
method because the amount of B extracted in the hot water method
increases with increasing soil/water ratio.

Baker (1971) used ageous solution of CaCl, to facilitate
clarification of the extracts and this has been proved to remove
the same amount of B as distilled water. Also phosphoric acid
(H,PO,) was used as the extracting agent by Baker (1971) and found
that the the acid extracted a high amount of B which did not
correlate with biologically available B.

Other studies carried out by other workers (Berger and Truog,
1944; Rogers, 1947; Gestring and Soltanpour 1981) on dilute mineral
acids as extratants have shown that acid-extractable B seems less
efficient for the prediction of B availability.

Generally extraction with acids 1is complicated by the
difficulty in controlling the 1level of acidity especially on
calcareous or limed soils.

Morgan’s solution which consists of sodium acetate buffered to
a pH of 4.8 by acetic acid 1is another extractant used for
extracting B from soil. It has the advantage that it is buffered.
Some studies have in fact shown that Morgan’s solution is more
~suitable for predicting the availability of B to plants than hot

water or acid extraction, methods (Wolf, 1971; Lombin, 1985b).
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B in adsorped, complexed or chelated forms can easily be
removed by the use of organic extractants. Pickett et al (1971)
used an organic extractant 2-ethyl-1, 3, hexanodiol to extract B
from fertilizers. Other investigators have used different types of

organic extractants.

2.7 Methods of Boron Determination

There are various methods for determining B in soil extracts.

Plant materials, compost and manures, water and nutrient solutions.
These include titration (Vasilekaya, 1972) emission spectroscopy
(Pickett et al, 1971; Gestring et al, 1981) and colorimetry (Berger
and Truog, 1939: Weir and Jones, 1970).

The most commonly used method is the colorimetric, using
reagents such as curcumin, carminic acid, di-anthrimide, methylene
blue, quinalizarine and azomethine-H.

Azomethine-H was first used by Basson et al (1969) for
determining B in plant materials. It has been modified by Wolf
(1971) and Gaines and Mitchell (1579). The method is sensitive
subject to few interferences and works in ageous medium.
Interference is only felt from copper, iron, and aluminium but
these could be complexed with disodium salt of EDTA. The
disadvantage of the method is that azomethine-H is unstable unless

it is carefully stored after the preparation.
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2.8 Role of Boron in Plant Nutrition
According to, Berger (1944), experiments had shown that the
addition of small -amount of B to a growth medium stimulated the
growth of various crops. In another study, Blamey (1976) proved
that B is important both in vegetative and reproductive stages of
plants. The role of B in plants can be classified into two groups

- primary and secondary.

2.8.1 Primary Functions

The primary role of B is yet to be established, but Pollard et
al (1977) found that the activity of the outer membrane of the
cytoplasm of the root cell of B-deficient plant is altered in such
a way that the absorption of phosphorus, potassium, chlorine and
rubidium is reduced.

Boron is also thought to control the level of phenol in the

cells so as to prevent damaging effects of phenol accumulation (Lee

and Aronoff, 1967).

2.8.2 Secondary Functions
2.8.2.1 Transport of Sugar

Reports from literature confirm that B helps in facilitating
the transport of sugars through membrane (Gauch and Dugger 1954)
and Eriksson 1979). B deficient tomato plants were found to
translocate more sugar when 50 mgkg' of B was added with sucrose
through a cut petiole than when sucrose was applied alone.

Neales (1960) found that plants with adequate B are better
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able to translocate carbohydrates than are the deficient ones.

2.8.2.2 Pollination

B helps in proper fertilization and fruit develcpment in
plants. Boron is required for growth of the pocllen tube, the boron
being absorbed as it grows through the stigma tissue. B increases
the nectar level shortening of corolla tube and makes flowers more
attractive to bees (Vassilieve 1941). Also Holmes (1960) and Kholi
(1961) reported that B had effects on flower formation, pollen
growth and nectar secretion which are vital factors in seed

formation.

2.8.2.3 Meristem

Boron is very closely related tc the activity of the meristem
especially the apical meristem. Torsell (1956), Whittington
(1957), and Spurr (1957), reported the need for and importance of
B in the formation of cell walls. Perkins and Aroncff indicated
the importance cof B for lignin formation and for the lignification
of cell walls. When B is in short supply, normal cell division
does not proceed satisfactorily to complete sgeparation of the
dividing cells whose 1longitudinal walls remains short. This
results in incomplete and irregular leaf expansion, the development
of distorted leaves and the lack of elongation of internodes and
eventual death of the apical meristem (Jackson and Chapman 1975).

Neales (1960), Albert and Wilson {1961) and Ko (1979) had

reported that the root elongation of tomato ceased on B deficient
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medium,

2.8.2.4 Digease Resistance

« Application of B to tomato plants has been shown to increase
their disease resistance. Edginton and Walker (1958) inoculated
Eomato plants with Fusarium Oxyspconulail F. Lycopersici and showed
progressive decline in severity of wilt symptoms with increase in
Ca from 5 to 500 mgkg' and B from 0.001 to 10 mgkg’'. This is in
accordance with the study of Koterowa and Wiezbicka (1975) who
found that ,B and Mo increased the disease resistance of tomato
Fruit. Also Simeojoki (1969) reported that tomato, capsicum and
cabbage developed resistance to damping-off disease following seed

treatment with boron and other trace elements.

2.9 Boron Requirement of Crops

Plants are known to differ in their micronutrient requirement
{(Andrew and Thorne, 1962}. Alsc from the findings of Eaton (1944},
crops vary widely in their requirement for B, their tolerance to
high or excessive levels of the element and their ability to absorb
the element from the goil.

Broad generalisation can be made in relation to plant families
chenopodiaceae e.g sugar beet and cruciferae e.g cauliflover and
leguminoseae e.g alfalfa have high B reguirements, solananacease
have moderate B requirements but all gramineae have low B
requirements because their vegetative growth could be performed

without B {Qram 1961, Shkel’'nik, 196%; Tanaka, 1967).
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Among the leguminous crops alfalfa has the greatest need for
B (Rogers, 1947; Murphy and Walsh, 1972). The ratio of toxic to
adequate levels of B is smaller than that for any other nutrient
element (Reisenaeur et al, 1973). Both excessvie and deficient
levels could be encountered in a crop during a single seascn. The
sufficiency range of B varies from one part of the plant to
another. In general B tends to accumulate in the leaves, leading
to higher concentrations in old leaves. This is because B is not
readily translocated from older to younger plant tissues. Gupta
{(1971) reparted that very little B was found in the grain of
cereals even at very high rates of applied B.

Silinas et al (1981) worked on the B tolerance of the pea
(Pisum sativum) and got a response for concentrations of B up to 2
mgkg' B/litre, whereas Agbenin (1587) got a negative response of
cowpea to applied B over the range of 0.75-1.5 mgkg'. Chude and
Obigbesan (1984) repcorted that the critical B content of soil and
plant below which response of cocoa to B may be expected was 0.18
ug B/g and 32 ug B/g respectively. An increase in LAI and yield of
tobacco was obtained by Jeong and Cho (1980) by the application of
10kg borax/ha and NPK fertilizers. Eschback (1980) worked on the
micronutrients requirements of oil palm and got a positive response
to B and Cu because o0il palm has a heavy demand for B.

Heathcote and Smithson (1974) got a significant increase in
cotton yield when 0.7 kg Bha' was applied in four sites in Northern

Nigeria
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2.10 Boron Requirements of Tomato

Tomato has been classified as a plant with medium requirements
of B (Berger, 194%). Boron requirement of tomatc depends on the
condition of the soil and the variety of the tomato. Wall and
Andrus (1962) had indicated that susceptibility to B deficiency is
controlled by a single recessive gene. This has been shown in the
tomato varieties T3238 (B-inefficient) and Rutgers (B-efficient).
Also from the report of wall and Andrus (1962) and Brown et al
(1972). T3238 lacks the ability to transport B to the top of the
plants and this explain the differential response of T3238 and
Rutgers to a given supply of B.

Drews and Frank (1980a) found that tomatoes developed best
when the B content of the soil is between 0.80 and 2.00 mgkg’
whereas Govindan (1950) reported that concentration of B up to 3
mgkg' increased the ascorbic acid content with ripeness of fruits.

Phillips (1938) found that B in moderate amounts resulted in
a steady low respiration rate apparently conducive to good keeping
quality. In another study Yurkevich (1963) sprayed tomato plants
with growth promoting substances 2, 4, 5-T and B and got increases
in fruit yield.

Sobulo (1975) cbtained the highest yield of tomato, when a
mixture of NPK and 0.01% Borax was applied compared with mixtures
of NPK and other micronutrients. Also the highest yield of tcomato
was obtained at 1.5 mgkg' of B in a green house study conducted by
Gulati et al (1980).

Aduayi (1978) got a normal and healthy growth of tomato plants
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when 2 mgkg' was used, but symptoms of B toxicity was observed when
the rate of B was }ncreased to 4 mgkg'. Also Adelana (1986) got a
significant increage in the yield of tomatoes when he applied 0.5-
1.5 kg Bha'. Carpena Ruiz and Carpena Artes (1987) worked on the
nutrient balance of tomato using 5 levels of B. Plants were
sampled at 5 different stages from vegetative to full fruiting
stage. It was found that B nutrition had clear effects on the
nutrient balance, but these effects depended on the growth stage of

the plant.

The internal browning of tomato was found to be 22% with

»

plants receiving 100 mgkg' N and 0.02 mgkg' B, but this was reduced

to only 5% with plants receiving the same amount of N and 2 ppm B

(Taylor 1957).

Boron deficiency, as it is the case with other nutrients
results in physiological disorder within the plant which is
manifested on it. Visual deficiency symptoms of B observed on
plants include the followings.

X The youngest leaves usually the apical leaves are the
first affected. They are mis-shaped, thick, brittle and
small, but seldom exhibit any chlorosis, they are often
dark green.

ii. Growing point of plants become mcribound and die.

iii. Stems are short, severely affected plants are usually

shrunken in appearance.
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iv. Axillary meristem develops which also exhibit deficiency

symptoms,, hence plant becomes bush shaped.

' Cracks and splits occurs in petiole, stem and sometimes
fruits.
vi, Necrotic formation will be irregular as a result of

incomplete fertilization. Fruits are also likely to be
mis-shaped.

vii. Leaves will tend to have a mere simple shape and root
growth will be impaired.

B def;ciency symptoms in cereals are formatiocn of small
chlorotic spots between the veins of the youngest unfolded leaves,
the spots enlarge and coalesce to form the characteristic white
strips. Sterility of ears, increased tillering and short
internodes are other B deficiency symptoms in cereals (Spragne
1964) .

In cocoa, the deficiency symptoms are distorted puffy leaves,
and formation of necrotic patches at the leaf tips. Also profuse
flowering on the main stems and branches and swelling of flower
cushions. Ultimately the terminal buds die and the trunk and
branches may crack and tend to bleed.

Whittington (1957) found that B deficient field bean roots had
enlarged apices and fewer cells than the normal B-sufficient roots.
In another study, Hewitt {1958) reported that nodulation in legumes
may be inhibited by inadequate B leading to N deficiency.

In vegetables B deficiency symptoms is indicated by dark brown

spots on areas in the storage tissue (Gupta, 1979).
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2.12 Defi t of Bor t
Shorrocks (1974) had listed the deficiency symptoms of B on

tomato. these include:

i. Curled and chlorotic leaves (often near leaf apex).
ii. Leaves are thicker and more brittle than normal.
22K the petioles and mid-ribs are often brittle and the older

leaves become yellow or orange.

iv. The stems are short, thick and stiff.

V. Death of the growing points of the roots and stems, and
the development of secondary roots and axillary buds.

vi. F;ilure to set fruit is common and the fruit may be
ridged, show corky patches around the stem and of the
fruit and ripen unevenly.

Sarin et al (1965) described the stages of B deficiency in
seedlings growing in water culture as first reduced root growth
followed by increased brittleness and thickness of the hypocotyls
and cotyledons and finally by necrosis of the shoot apex.

Jena (1974) reported that tomatc plant with slight to moderate
symptoms of B deficiency exhibit deformed leaves, brittle and
partly chlorotic, poorly developed leaves. Insevere B deficiency
die-off of growing point is exhibited and for very severe cases,

thickened stems and corky lesions are exhibited.

213 Toxicity Symptoms of Boron on Crops

When excess B is applied to crops, it leads to B toxicity.

Symptoms of B toxicity are marginal and tip chlorosis followed by
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necrosis {Shorrocks 1974) .

In corn, leaves show tip burn and marginal burning and
yellowing between the veins (Wilcox 1960). In wheat, B toxicity
appears as light browning of older leaf tips converging intco light
greenish-blue spots (Gupta, 1971).

In beans, excess B causes mottled and necrotic areas on the
leaves, especially along the leaf margins.

In cowpea, burning of leaf margins and vein of the older
leaves are early symtoms of B toxicity. This progressively moved
inwards and, sideways till the leaves appeared scorched and later
abscission of leaves cccured {Agbenin, 1387).

In tomato, symptoms of B toxicity include chlorosis and
necrosis of leaves, curled up of calyx and calyx leaflets
(Shorrocks, 1974).

Burning and yellowing of older leaves which results in dying

off of older leaves (Bergmann, 198&).

2.14 Correction of Boron Deficiency

Boron deficiency in plants can be corrected by the applicaticn
of boron fertilizer to the scil or directly to the plant as foliar

sprays.

2.14.1 Types of Boron Fertilizer

Sodium salts are the most common forms of B fertilizers. The
most well known B fertilizers is borax (Na,B,0,.10H,0). It contains

11.3% B. Other B containing materials are fertilizer Borate 47
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(14.8% B); fertilizer Borate 48, (45% B), Boric acid (17.5% B);
sclubor (20.5% B) and Boron silicate frits (Na,B,.XH,0) ccentained in
moderately soluble“glass. These are of sintered glass with a large
surface area and provide a slow relase of B into the solutiocon, it
contains from 6 to 11% B.

Another recently available source of B 1is Ulexite
(NaCaB50,.8H,0) containing 10-23% B, and is considered to release B
slowly, as compared with other sources of B. Other kinds of B-
containing fertilizers include boronated gypsum, calcium carbonate,
superphosphate and various mixed fertilizers ({Berger and Pratt,
1963) .

Additional sources include farmyard manure, seward sludge,
compost and similar materials. The percentage of B in these
sources depend on the origin of the materials present in the given

source (Gupta, 1979).

Two principal methods of applying B are by adding it directly
to the soil in solid form, and by foliar spraying, in solution
form. Uniform distribution of the fertilizer is important in view
of the fact that only small maounts of borate are required.
Unequal application may cause heavy local application which could
result in limited toxicity in parts of the field, whilst the
remaining parts are left in a deficient state. Borates could be
applied alone or together with fertilizers or in combination with

pesticides which they are known to be compatible.
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Soil application of B could be broadcast or banded. It could
be applied alone ,or mixed with other fertilizers. Most data
reported on the B uptake have been obtained with B containing
fertilizers added as broadcast or in bands (Gupta 1979). 1In field
studies on rutabaga, Gupta and Cutcliffe (1978) reported that band
application of B resulted in greater B concentrations in leaf
tissue than did broadcast application at five locations.

Foliar applications besides resulting in higher B uptake could
be used to advantage if a farmer omitted the addition of B in the
NPK bulk fertilizer, or if B deficiency was suspected. Early
foliar spray application result in greater absorption of B than do
those applied at later stages of growth (Gupta and Cutcliffe 1978).
Also Morvedt et al (1972) stated that early-morning applications of
foliar applied nutrients may result in increased absorption as the
relative humidity is high, the stomata are open and photosynthesis

is taking place.

2.15 Importance of Tomato

Tomato is a very popular food which is often cooked fresh.
McCollum (1956), reported that tomato is a cheap source of vitamin
A, B and C with edible portions ccntaining about 94.1% H,0; 1%
protein, 7 mg of Ca, and 22 mg of Niacin. Villareal (1980)
compared nutrient yield of 16 different crops on dry matter per day
basis and reported that tomato ranked 8th highest in vitamin C, and
protein, %th in Fe and 13th in vitamin A.

Tomato juice contributes significantly to man’s nutrition in
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the diet as a breakfast juice or an appetizer served at any meal of
the day. According to Gould (1971), it contains from 15 to 25
mg/100gm of vitamin C and has 4 times the vitamin A content of
orange juice. Like orange juice, it contains considerable basic
ash and on digestion, leaves an alkaline residue. It is a good
source of iron, manganese and copper (Tressler and Joslyn 1971).

Fresh tomato is used as ingredient for salad, stew, soup and
in some dishes. According to Goose et al (1964), the fruit can be
canned as puree with 8-24% solid, as paste with 25-37% solid, and

as powder with more than 37% fatty solid.
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CHAPTER THREE

MATERIALS AND METHODS
The study consists esentially of three components namely,

greenhouse, laboratory and field studies.

3.1 Greenhous Studies
3.1.4 Locations

Thirty soil samples were collected from fields that had been
under tomato cultivation for at least 3 years and under fallow for
5 years resbectively (Fig. 1A). The fallow fields were not more
than 2 km from each tomato cultivated field. Fields that had
received boronated fertilizers in earlier years were avoided, so as
not to influence treatment effect. Information about the locations

are given in Table 1.

3.1.2 Soil Sampling Method

Soil samples were taken from thirty spots within an area of
about 100m* at 0-20cm depth. The samples were bulked thoroughly,
mixed and air-dried on clean plastic sheets in a soil room, after
which the air-dried samples were crushed and passed through a 2mm
stainless sieve. Subsamples were taken and stored in plastic
containers for laboratory analyses, while bulk of the samples were

used for greenhouse studies.
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Fig 1A. Ecological map of Nigeria showing locations of sample sites.
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Table 1: Location, history, parent mateial,

zone of the soils used in the study

37

state and ecological

Location Histor; Parent Taxonomy State Ecological
: - Material Zone
Zaria Dam Cultivated Basement Alfisols Kaduna Northern Guinea
e Complex savanra

Zaria Dam Fallow " " " "

Kadawa Cultivated " " Kano Sudan savanna

Kadawa Fallow " " " "

Hunkuyi Fallow " " Kaduna Northern Guinea
savanna

Hunkuyi Culrtivared " " " n

Samaru I Fallow n " " "

Samaru I Cultivated " " " u

Shika ‘ Fallow " " n "

Shika Cultivated " " " n

Iyatawa Fallow h " " n

Ivatawa Cultivated " " " "

Karfin Cultivated " " Kano Sudan savanna

Maivyaki

Marfin Fallow n " " n

Maiyaki

Dakace Cultivated " N Kaduna Northern Guinea
savanna

Dakace Fallow " " " o

Samaru 2 Cultivated " " " b

Samaru 2 Fallow " v " "

Yakawada Fallow " " Katsina "

Yakawada Cultivated u " " "

Zango-Aya Fallow " . Kaduna "

Zango-Aaya Cultivated " " n "

Ikara Cultivatéd " L n "

Ikara Fallow " n " "

Makarfi Cultivated gy " " "




Table 1 Contd: Location, history, parent mateial, state
zone Of the soils used in the study

and ecolegical

38

Location Historw Parent Taxonomy State Ecological
Material Zone

Makarfi Fallow Basement Alfisols Kaduna Northern Guinea
Complex savanna

Maigana Fallow n " " "

Maigana Cultivated " " " "

Bomo Cultivated u » " "

Bomg Fallow " " " "
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3.1.3 ~ Greenhouse Technique

The thirty saqil samples were cropped to two tomato varieties
in the greenhouse.- Tomato seedlings were raised in a nursery and
were transplanted at 4 weeks after planting (WAP), at the rate of
three seedlings in esach 3 litre plastic pot ccntaining 2 kg of air-
dried soil. The plastic pots were placed on plastic receivers.
Two levels of boren -0 and 0.5 mgkg' were applied and replicated 2
times in a randomised complete block design.

A basal nutrient solution containing 100 mglL® each of N,P,K
and Ca, 24 mgL' Mg, 32 mgL' S, 8 mgL’' Mn, 5 mglL' each of Fa, Cu, Zn
and 0.5 mgL' Mo was applied at planting (Aremu 1976). At 2 weeks
after transplanting (WAT), boron was applied in solution form.
Also at 4 WAT additional 100 mgl’ N was applied.

The potted plants were watered to 60% field capacity with
distilled water, and the drained water in the receiver was returned
into the pots. Observations were made of morphological appearance
of the leaves. Measurement of plant height started at 2 WAT and
continued at weekly intervals. The above ground portion was
harvested at 8 WAT, washed first in tap water, rinsed in distilled
water and dried in an oven et at 65°C. The dried samples were
weighed and then ground with a stainless steel mill. The ground

samples were stored in peolythylene bags for laboratory analysis.

3.2 Laboratory Studies

Laboratory studies consist of scil analysis, plant tissue and

fruit analysis and adsorption and desorption studies.
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3.2.3 il %
Particle size distribution analysis
This was determined by hydrometer methed (Day 1965). The
sand, silt and clay fractions were determined with the aid of the
Bouyocucos hydrometer using sodium hexametaphosphate as dispersant.
The USDA textural triangle was used toO determine the textural

class.

Soil pH
The soil pH was determined with a Pye Unicam model 190 MK pH

meter in a 1:2.5 solution ratio of water and 0.01 MCaCl,.

Total Nitrogen
The total nitrogen was determined by the microkjeldah

procedure described by Bremner {1965)..

Organic Carbon
The wet oxidation method of Walkley-Black as described by

Allison (1965) was used for the determination of organic carbon.

Available Phosphorus
This was determined using the Bray 1 method described by
Jackson (1962), and the concentration of phosphorus in the extract
was determined colorimetrically in a spectrophotometer (spectronic

20) at 660mm wavelength.
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Micronutrients
The micronutxients, Cu, Mn, Zn and Fe were extracted with 0.1M
HCl1 and the various elements determined with Atomic Absorption

Spectrophotometer.

Exchangeable Basgsesg

The exchangeable baseg was displaced with ammonium acetate
buffered at pH 7.0. K and Na in the extract were determined by
flame photometry Ca and Mg were determined by AAS.

Effective Cation Exchangeable Capacity (ECEQC)

The ECEC was determined by summation of the exchangeable

cations and the exchangeable acidity.

Exchangeable Acidity

This was determined by the KC1 method (Juo, 1973).

Determination of Total and Available Boron in Soils

Total boron in the soil was brought into solution by Na,CO,
fusion. Available boron was extracted by five methods: - Hot water,
0.1% CacCl,, 0.05 MHCl, Double acid, and Morgan solution.

Hot Water:- 20g of soil was weighed into 100ml beaker and 40ml
of distilled water was added to the sample and the flask placed in
boiling water bath for one hour (1 hr). The hot soil mixture was
centrifuged for 5 min. and filtered with_whatman No. 42 filter

paper. .
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0.1% CaCl, Solution:- 20g of soil was weighed into 100ml

extraction flask and 40ml of 0.1% CaCl, solution was added. The

mixture was refluxed for 5 min. after boiling. The flask was
cocled centrifuged and filtered (Baker and Mortensen 1966) .

Morgan solution:- 20g of soil was weighed intec the centrifuge

tube and 40ml of Morgan solution (sodium acetate) was added. The

mixture was shaken on a mechanical shaker for 5 min. and filtered

Gaines and Mitchell (1979).

" H u

20g of soil was weighed into centrifuge tube and 40ml of 0.1N

HCl solution was added and shaken for 5 min. in a horizontal shaker

at 180 cycles min'. The mixture was filtered (Ponnamperuma 1981).

20g of soil was shaken with 40ml of the double acid solution

for 5 min. in a centrifuge tube and filtered (Lombin 1985Db).

L m ic Determinati of B
Boron concentration in the soil was determined
colorimetrically according to the azomethine-H method by Wolf
(1971), and modified by Wolf (1974). 4ml of the soil extract or
filtrate was pipetted into photometric tubes followed by the
addition of 1ml buffer-masking reagent and azomethine-H and stirred
thoroughly. The mixtures were allowed to stand for one hour (1 hr)

and B in the filtrate was read at 420nm wavelength using spectronic
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70 spectrophotometer.
3.2.2 Plant Tigsue Analysis

The plant samples from the greenhouse and field studies were
analysed for available B adopting the method described by Gaines
and Mitchell (1979).

The ground plant material from the field trials were digested
with a mixture of HNO,, H,80, and HC1l0, acids on a hot plate (Juo
1979) . The amount of P in the digest was determined
colorimetrically, while flame photometry was adopted for Na and X.
The Mg, Cu; Zn, Mn and Fe contents in the digests were determined

by use of the atomic absorption spectrophotometer.

3.2.3 Fruit Analysis

Mature ripe fruits were used for the following analysis:?

5 4 Vit
The ascorbic acid contents of the fresh fruits were determined

by the 2, 6-dichlcocrophenolindophencl (AOAC 1975).

Total Soluble Solids (TSS)
This was determined by the oven drying method as described by

Goose and Binstead (1964).

Titratable Acidity

The titratable acidity was determined by titrating the tomato
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juice with 0.1N NaOH as described by Goose and Binstead (1964).
Reducing Sugars
The fresh fruits were analysed for reducing sugars using 3, 5-

Dinitrosaliysilic acid method as described by Clark and Switzer

{1977 .

Adsorption and Desorption Studies

Adsorption and desorption studies were carried out on the
thirty soil samples using the method of Elrashidi and O’Connor
(1982) to assess the boron retention and release properties of the

soil.

A i Pr

20g of soil sample and 20ml of 0.01M CacCl, solution containing
varying amounts of B (0, 10, 20, 30, 40 and 50 mgl') were shaken
for 14 hrs, after which it was centrifuged, and 10ml of the
filterate was removed for B analysis. This procedure was repeated
three more times resulting in a total of four desorptions for each
adsorption sample.

Desorbed B was calculated as the difference between
equilibrium B concentration at each desorption step and the
equilibrium B concentration previous to each desorption step

divided by 2 (dilution factor).
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3.4 Field Studies
The field stydies were conducted at two sites - Samaru and

e

Kadawa.

ER

31.4.1 Site Degcription and History

Samaru:- The gite used for the field study was the Institute
for Agricultural Research experimental farm, Samaru (Latitude 11¢
11'N, Longitude 07° 38'E and Altitude 682m}), which is situated in
the Northern Guinea Savanna zone (Keay, 1958). The soils of the
experimental farm have been classified as Typic Ustropept
{Harpstead, 1973) while in a more detailed survey, the soil was
reclassified as Typic Haplustulf in the USDA system or Orthic
Acrisol in the FAQ system {(Valette and Ibanga, 1984).

Kadawa:- The experiment was laid out at the Irrigation
Research Station Kadawa, (Latitude 11°, 39’N, Longitude 08° 02'E and
Altitude 500m) which is situated in the Northern Guinea savanna
zone. The station is located within the Hadejia Jamare River
Project. The soils of the Research Station have been classified as
Typic Ustropept (USDA) and Eutric Cambisol (FAQO) by Ojanuga et al
(1979), who also found the soil parent material to be aeolian sandy
drift over iron pan,

Despite earlier classificaticon of the soils, attempt was made

in this study to reclassify the soils of the field trial.

3.4.2 Soil Characterization

OCne soil profile of 1m wide by 2m long by 2m deep was sunk at
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Samaru and Kadawa sites, soil samples were collected from various

horizons of the profile pit, air-dried, analysed and classified.

3.4.3 Field Trials

Boron rate trials were conducted to determine the optimum B
level in tomato plants for optimum yield under irrigation and
rainfed field conditiocns. The experiment was conducted at 2 sites
- Samaru and Kadawa in two consecutive dry seasons (1992/93 and
1993/94) and wet seasons (1993 and 199%4).

The effect of B application on the growth, yield and yield
parameters of tomatoes (Roma VF and Dandino varieties) were

evaluated.

The two tomato varieties were raised on nursery beds and
transplanted onto field plots at 4 weeks after planting (4 WAP).
During the nursery stage the seedlings received 25g of NPK
fertilizer per square metre of seed bed.

Treatments consisted of factorial combination of 2 tomato
varieties and six levels of boron arranged in a randomised block
design with three replications.

A basal dose of 70 kgha' NPK 15:15:15 was applied in each
trial before sowing. The plot size was 9m’ which consisted of two
raised beds of 1m width each, 15cm high and 0.75m apart. The
seedlings were planted on the raised beds in double rows 0.60m

apart, with a space of 0.4m between seedlings, to give a plant
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density of 30 plants per plot (35,000 plants per ha). One week
after transplanting, the missing stands were transplanted to ensure
uniform plant population in all plots, 300 kg CAN ha' was applied
in 2 split doses at 2 and 6 WAT. The boron was applied as borax at
2 WAT, when the seedlings were established by mixing thoroughly
with the first dose of CAN fertilizer. Harvesting of ripe tomato

fruits were done manually twice a week.

3.4.5 Dry Season Trial

1992/93

Seeds were sown on the 30th of October, 1992 and transplanted
on the 1st of December, 1992 in Samaru. For the Kadawa trial, the
seeds were sown on the 23rd of November and transplanted at 4 weeks
after planting (Leskovar and Cantliffe 1991). The six levels of B
used in the dry season trials were 0, 1.0, 2.0, 3.0, 4.0 and 5.0 kg
B ha'. Hoeweeding was done three times at 2, 5 and 9 WAT in both

sites.

1993/94

Seeds were sown on the 3rd of November, 1993 and transplanted
on the 2nd of December 1993, in Samaru. For the Kadawa site, the
seeds were sown on the 30th of November and transplanted on the
29th of December 1993. The same levels of B used for the 1992/93
trials were used for these trials. Hoe-weeding was carried out

three times at 2, 5 and 9 weeks after transplanting (WAT) in both
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sites.

-

3.4.6 Wet Season Trials

1993 |

The seeds were planted on the 15th of May, 1993. For the
Samaru trial, and transplanted at 5 WAP, because the rains did not
establish early. The Kadawa trial was planted on the 23rd of June
1993 and transplanted when they were 5 WAP. The six levels of B
applied for wet season trials were 0, 0.5, 1.0, 1.5, 2.0 and 2.5 kg
B/ha. Hoe-weeding was done four times in both sites at 2, 5, 8 and
10 WAT. Starting from 4 WAT, the trials were sprayed with a

mixture of Dbenlate (81g/ha) and Diethane M45 (290g/ha)

forthnightly.

1994

Seeds were sown on the l6th May, 1994 and transplanted at 4
WAP. The seedlings transplanted in Kadawa were all lost due to
excessive rainfall. Another set of seeds were sown onthe 29th of

August, 1994. The treatment and cultural practices were the same

as that of 1993 wet season trials.

3.4.7 Obsgservation and Measurements

The fellowing parameters were measured for all the trials (dry

and wet Seasons):-

(1) Morphological appearance of the plant;
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{1i) No. of leaves per plant;
{1i4i) No ., of days to Sd% flowering;
(iv) No.-of flowers per plant;

(v) No. of fruits per plot;

(vi) Size of fruit per plant

(vii) Fruit yield.

For both trials, plant samples were collected for analysis
from Samaru site, at the first fruiting stage and the dry matter
yield was determined at the end of harvesting.

In order to determine the distribution of B in tomato plants,
plant samples were taken at flowering and B was determined in
roots, shoots and leaves during the 19%4 ctrial. Matured ripe
fruits were also used to determine the vitamin C content, total

soluble solids, pH reducing sugar and titratable acidity.

3.4.8 Plant Sampling

Sampling was done by randomly selecting 5 plants per plot and
washed in clean water, rinsed twice in distilled water and dried in
clean paper bags in an electric oven set at 70°C. After drying, the
plant materials were ground by passing them through a mill fitted
with stainless steel knives and 0.5mm sieves. The ground plant
materials were stored in polythene bags.

For the determination of the distribution of B in tomato
plants, six plant samples were uprooted at 50% flowering stage from
each plot in 1994 trials and the root, shoot and leaves were bulked

separately. The plant materials were washed with tap water, rinsed
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with distilled water, dried, ground and stored in polythene bags as

previously described.

3.5 Weather Data

The following weather data were collected in both sites during

the cropping seasons:-

(1) Rainfall
(ii) Minimum and maximum Temperature
(1ii) Relative humdity
{iv) Sunshine.
3.6 a An i

The statistical analysis done include, analysis of variance,

simple correlation and multiple stepwise regression analyses.
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CHAPTER 4
RESULTS AND DISCUSSION
4.1 LABORATORY ANALYSIS
§.1:2 Fertility Assessment of Surface Soils
4.1.1.1 Particle Size Distribution: Soil Texture

The sand, silt and clay fractions ranged from 27-71, 20-46 and
7-27% respectively, with corresponding means of 52, 34 and 14% as
shown in Table 2. This is within the range earlier reported for
similar soils (Malgwi, 1979).

The texture ranged from sandy loam to loam and the means of
the particle size fraction indicate that the soils were generally
of a sandy loam texture. This is a general charateristics of the
soil of this area which are well developed Alfisols (Lombin,
1983a) .

Soil texture has a direct relationsip with nutrient retention,
drainage aeration, water holding capacity and water supply to crops
in soils. The texture of these soils are considered very desirable

for adequate root growth and development.

4.1.1.2 Soil Reaction

The pH in water is moderately acid and ranged from 4.60 to
6.80 with a mean of 5.48. The pH range in salt solution
{CaCl,.2H,0) was between 4.1 and 5.6 and a mean of 4.90 (Table 3).
These values are close to those obtained by Lombin (1983a), Lombin
and Singh (1986) for soils of Northern guinea savanna.

Only five out of the thirty soils samples were sufficiently
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Table 2: Particle size distribution of the soils

Soil Site Sand Silt Clay fextural
No . Classes

1 Zariax 81 36 13 Sandy loam
2 Zariax« 53 32 15 Sandy loam
3 Kadawa~r 53 36 11 Sandy lcam
4 Kadawar*~* 51 40 9 Sandy loam
5 Hunkuyi * * 57 28 15 Sandy loam
6 Hunkuyi* 53 36 13 Sandy loam
7 Samaru 1x* 59 28 13 Sandy loam
8 Samaru 1* 53 36 11 Sandy loam
9 Shika*~* a3 42 25 Loam

10 Shika* 53 38 25 Sandy loam
11 Iyatawa** 57 32 9 Sandy loam
12 Iyatawa* 51 36 11 Sandy loam
13 Karfin Maiyaki~* 7% 22 13 Sandy loam
14 Karfin Maiyaki** 71 20 7 Sandy loam
15 Dakace~* - 45 44 9 Loam

16 Dakace** 49 36 5 Loam

7 Samaru 2* 27 46 27 Loam

18 Samaru 2** 53 30 17 Sandy loam
19 Yakawadax** 57 30 13 Sandy loam
20 Yakawada~* 35 42 23 Loam

21 Zango Aya** 63 24 13 Sandy loam
22 Zango Ayar* 57 20 23 Sandy loam
23 Ikara* 51 38 : 5 ) Sandy loam
24 Ikarax*=* 44 41 15 Loam

25 Makarfix 85 34 Sandy loam
26 Makarfix* 59 34 Sandy loam
27 Maigana* 39 36 25 Loam
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Tabkle 2 contd: Particle size distribution of the soils

Seoil Site Sand Silt Clay Textural

No . Classes

28 Maigana** . 52 38 10 Sandy lcoam

29 . Bomo* 53 36 11 Sandy loam

30. Bomo* * 53 38 9 Sandy loam
Mean 52 34 14

* Cropped soils

* ok Fallow soils

acidic for their pH values fall below 5.0 in water. 1In acid soils,
exchangeable Al becomes toxic to plant growth only below 5.0 in
water (Nye and Greenland 1960 and Kamprath, 1972;).

The pH of most Alfisols in the Nigerian savanna fall between
5.5-6.8. The acidity encountered with the five samples may have
been induced through the ungaurded use of acid forming fertilizer
or excessive leaching of basic cations.

The soils with pH wvalues below 5.0 could be managed by
application of lime or by growing tolerant plant species. Lime
could be breoadcasted at land preparation and inceorporated into the

soil as much as possible

4.1.1.3 Organic Carbon Content

The organic carbon contents in the soils fall within the low
to medium fertility (Table 3). The values ranged from 2.6 in a
cultivated sandy loam soil to 15.6 gkg' in a fallow loamy soil with

a mean value of 5.48 gkg’.
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The low levels of organic carbon in the soils may be
attributable to low vegetation and sandy nature of the soils (Jones
1973) . It could also be due to low rate of litter addition owing
to burning of grass vegetation.

Only four out of the thirty soil samples have their 0.C above
the critical value of 10 gkg'. There is therefore the need for
increasing and maintaining optimum level of O0.C if sustainable crop
production is to be achieved. This could be achieved by adequate
fertilization of crops to increase biomass production which may
eventually be returned to the land after harvest, addition of
animal manure; compost and green manure. Also effective
conservation measures to minimize loss of 0.C through water and

wind erosicn should be adopted.

T Py T Exchangeable Cations

Exchangeable cations Ca’*, Mg'*, K* and Na' are low, reflecting
the low CEC of the soils. The principal saturating cations in all
the soils is Ca with a range of values of 0.63 to 14.97 cmol Kg',
mean being 4.30 cmol Kg' (Table 3). This is followed by Mg with
values of 0.11 to 3.06 cmol Kg', and mean of 1.21 cmel Kg'. This
result is in agreement with the findings of Jones and Wild (1975)
that Ca and Mg are dominant exchangeable cations in all the savanna
so0ils.

Exchangeable K values varied from 0.11 to 1.087 cmol Kg' with
a mean of 0.39 cmol kg', while exchangeable Na values varied from

0.11 to 0.38 cmol Kg' with a mean of 0.26 cmol kg'.
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The predominance of Ca over the other cations may imply that
Ca is less leached cut of soils than the rest of the exchangeable
cations. It has also been stated that there are a number of
exchange sites in the natural soil which show specific afinity for
Ca than Mg {(Beckett 1985).

The low values of K and Na (Table 3} suggest that these
cations are easily leached from the soils or that the parent
materials of the soilgs are low in minerals containing these
elements. Mg content was low, but was significantly higher than Na
and K contents. The soils will respond to K fertilizers and lower

.

rates of Mg fertilizers.

4.1.1.5 Effective Cation Exchangeable Capacity (ECEC)

The effective cation exchangeable capacity was determined by
summation of the exchangeable cations and the exchangeable acidity.
The values of the ECEC varied from 1.1 to 20.3 cmol Kg', with a
mean of 6.1 cmol Kg' (Table 23).

Only 18 out of the 30 soils had ECEC higher than the critical
value of 4.0 cmol Kg' needed to retain most cation against leaching
in the highly weathered sandy soils as suggested by Sanchez (1976).

Soils with low ECEC have low ability to retain and release
plant nutrient element for normal growth. Also the soils will be
unable toc meet high nutrient demand by crops and may lead to
nutrient inbalance from the conventional fertilizer practices.

Low ECEC also signifies that nutrients applied as cations are

weakly held and leaching may occur from surface soils'IJones and
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Wild 1975).

4.1.1.86 Exchangeable Acidity (EA)

The exchangeable acidity values were generally low. They
varied from 0.1 to 0.4 with a mean of 0.22 cmol Kg' (Table 3).
Since exchangeable acidity is a measure of exchangeable Al and H™,
low exchangeable acidity signifies low amounts of Al and H*. There

are therefore no threats from aluminium toxicity in the soils.

&1L 7 Available Phosphorus

The available phosphorus (P) content of the soils fall within
the low to medium fertility. The values varied from 1.73 to 13,50
mg kg' with a mean of 8,11 mg Kg', as shown in Table 3. Jones and
Wild (1975) reported low levels of available P in the soil of the
Nigerian savanna, probably due to fixation by hydrous oxides of
iron and aluminium (Brady 1984). However, plants will require

availablie P through fertilizer to sustain growth and economic

yields.

4.1.1.8 Total Nitrogen (N)

The total N contents of the soil are low and values fall short
of the medium range. The values varied from 0.39 to 1.38 gKg' with
a mean of 0.70 gKg', (Table 3). There is a problem of N deficiency
in these savanna soils. These low values are closely linked with
the generally low levels of organic matter (OM) in these soils,
Jones and Wild (1975) reported low values of total N in savanna

soils, and attributed the variability in N contents to rainfall and
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clay content of the savanna soil.

The use of appropriate inorganic N fertilizer source for the
production of crops other than legumes in the area cannot be over-
emphasized considéring that this category of crops cannot meet
their N requiremenis through fixation of atmospheric N.

Another important cultural measure that can improve on the
present low levels of N in the soils is crop rotation, involving

legumes as one of the rotational crops.

¢.1.1.8 Micronutrients:
Avail e}

Available Fe ranged from 2.5 to 85 mgKg' with a mean of 19.40
mgkg', as shown in Table 3. Although, available Fe is generally
high in the tropical soils, localized deficiencies of Fe are known
to occur (Enwezor et al 1989). Available Fe poses no fertility
problems in the soils studied.

Avail

The values of available Cu ranged from 1.2 to 9.0 mgKg' with
a mean of 2.9 mgKg', as shown in Table 3. The levels of available

copper in these scils are adequate, and therefore posses no

fertility problem.

Avail nc I

The 0.1N HCl extractable Zinc varied from 2.10 to 10.2 mg Kg'
with a mean of 3.95 mgKg' (Table 3). These values fall within
medium to high fertility. These values are within the range

cbtained by other workers for similar soils (Lombin 1983b and Pam
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1990) . Available Zn poses no fertility problem in the soils

studied.

Available Manganese (Mn)

The values of‘évailable Manganese (Mn) ranged from 3.2 to 22.0
mgKg' with a mean of 8.03 (Table 3). The values are higher than
those obtained by Lombin (1%83a), who also concluded that the
Northern Nigerian savanna scils which are predominantly mildly to
medium acid, seem well supplied with Mn at present and the
prospects of deficiency preblems in the foreseable future secem

remote.

4.1.2 Total and Available Boron (B}

4.,1.2.1 Total Boron Content: Data on Table 4 shows that the total
B ranged from 6.0 to 130 mgKg' with a mean of 56.1 mgKg'. These
valueg compared favourably with the 2.0 to 100 mgKg' B, reported by
Swaine (1955) for Western Europe and North America soils, and 8.0
te 98 mgKg' B reported for different soils in USA,

Higher total scil B with a range of 7.0 to 630 mgKg' were
cbserved in Indian seoils {(Kanwar and Randhawa 1967} .

The walues obtained in this study are however high when
compared to values of (.78 to 3.48 mgKg' B reported for soils
derived from sgandstone and 0.48 to 9.60 mgKg' B for soils derived
Erom Basement Complex rocks in Southern Guinea savanna and
rainforest zones of Nigeria (Banjoko et al 1981). Anande-kur
(1976} reported values of 8.3 tc 38.7 mgKg? for very few samples of

some Northern Nigerian savanna soils.



Table 4: Total and Extractable B contents of the soils

Soil Hot 0.1% 0.1N Double Morgan Total
No Water CacCl, RC1 acid solution Boron
Cmm e mm—— e eemmm—e mgKg'--=-~--~cmmim e -
1 0.04 0.07 0.27 0.14 0.07 69.0
2 0.15 0.11 0.16 0.25 0.12 40.0
3 0.08 0.06 0.27 0.13 0.09 £3.0
B .18 0.2 0.24 0.30 0.312 84.0
5 0..27 Sy 0.24 0.14 0.11 66.0
6 0.07 0.08 0.41 0.20 0.10 46 .0
7 0.13 0.10 0.08 0.18 0.11 49.0
8 0.19 .20 0.41 0.19 0.14 66.0
9 0.14 0.14 0.27 0.13 0.15 75.0
10 0.10 0.11 0.30 0.14 0.09 75.0
11 0.11 0.12 0.49 0.12 0.08 55.0
12 0.15 0.13 0.24 0.16 0.11 37.0
13 0.10 0.08 0.54 D18 0.12 52.0
14 0.13 0.11 0527 0.22 0.08 6%.0
i5 0.13 0.11 0.19 0.14 0.09 130.0
16 0.14 0.16 0.24 0.22 0.11 77.0
17 0.13 0.11 0.32 0.20 Q.15 €9.0
18 0.18 0:19 0.41 .21 0.12 52.0
19 0.08 0.10 D.14 0.10 0.05 69.0
20 0.08 0.05 0.32 0.3219 0.09 104.0
21 0.08 0.10 0.30 0.29 010 72.0
22 0.18 0.20 .33 0.30 0.05 29.0
23 .22 0.24 0.42 0.41 0.10 6.0
24 0.06 0.08 0.40 0.32 0.10 40.0
25 Q.25 0.05 0.58 0.42 4 i i 43.0
26 0.15 .15 0.41 0.35 0.14 23.0
27 0.16 0.17 0.51 0.41 0.13 63.0
28 0.09 0.11 0.37 0.36 0.06 59.0
29 0.289 0.26 0.37 0.34 0.18
30 0.10 0.11 0.46 0.13 0.10 6.0
Mean 0.135 0,128 0.331 0.296 0.105 0.100
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The values obtained in this study compare favourably with the
19 to 160 mgKg' reported in Northern Nigeria {Kparmwang, 1993).
Total B conte;t of the soil does nct indicate the availability
cf B and need of B fertilization, because, generally less than 5%

cf the total B in soils is in an avallakble form (Berger and Truocg

194490) .

4.1.2.2 Available Boron Content

The available B contents of the soils as indicated by five
extractants ranged from low to medium and are presented in Table 4.

The values of the hot water soluble B varied from 0.04 to 0.29
mgKg', and the mean was 0.135 mgKg'. These values are slightly
lower than trace amounts to 0.69 mgKg' B reported for some savanna
soils (Anande-kur 1976) and slightly higher than J.08 to 0.17
obtained by Daudu (1989).

In South Western Nigeria, Egbe and Omotosho (1272) got a range
of hot water-B of 0.01 to 0.44 mgKg'. In another analysis, Abiodun
and Corey (1972) reported a range of 0.01 to 0.30 mgKg', while
Chude and Obigbesan (1982) obtained a range of 0.19 to 0.46 mgKg'.
Ojeniyil et al (1981) reported average soil B to be between 0.40 and
0.57 mgkg”'.

The hot water on the average extracted only 0.24% of the total
spil B (Fig. 1B), showing that the total B is not a good index of
available amounts of soil B.

Data on Table 4 shows that CaCl, extractable B varied from 0.05

to 0.26 mgKg' with the mean being 0.128 wgKg', representing 0.23%
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of the total soil B ({Fig. 1B). The values are however lower than
those obtained by .Lombin (1985a} and Chude and Obigbesan (1984).

HC1l extractable B varied from 0.08 to 0.58 mgKg' with a mean
of 0.331 mgKg' as shown in Table 4. These values are not within
the range got by Ponnamperuma et al (1981). The 0.1N HCl extracted
0.59% of the total B reserve of the soils. B levels extracted by
this method are quite low according to Ponnamperuma (1981}, and
will result in deficiency for most crops.

Double acid-B (DA-B) varied from 0.03 to 0.58 mgKg' with a
mean of 0.29 mgKg' (Table 4). Lombin (1985b) got a higher value
range of 0.22 to 1.27 mgKg. These values indicate a pocr B status
of the scil, and on the average accounted for 0.41% of the soil
total B (Fig. 1B}.

Moxrgan solution {(MS) extractable B varied from 0.05 to 0.18
with a mean of 0.105 mgKg' as shown in Table 4. These values are
however not similar to those of Lombin (1985b) of 0.19 to 0.44 mgKg
'and Daudu (1989) with values of 0.04 to 0.41 mgKg'. However,
0.188% of soil total B was extracted with MS, as shown in Figure
1B.

From the results obtained, the 0.1N HCl extracted more B than
the other extractants. This 1s followed by the double acid
extractable B. The higher values of available B obtained with the
acid extractants may be due to the increased solubility of B
containing compounds in the seil.

The amount of available B extracted by the dJdifferent

extractants were found to decrease in the following order 0.1N HCI
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> DA > HW > CaCl, > MS,

Available B is low in most of the soils, and this will result
in deficiency for "most crops. Russel (1973) reported that =L
demanding crops are likely to respond to B fertilizers, if the hot
water-B in soil falls between 0.3 and 1.0 mgKg'. It is expected
that most of the scils will respond to B fertilization, as their
hot water-B values fell below this range.

In other studies, critical hot water-B levels have been put
between 0.15 mgKg' {(Rogers 1947) and 0.35 mgKg' (Dawson and
Gustafson, 1945) for sandy to medium-textured soils.

The major soil factors which may cause soil B to be low are,
low B content in the parent material, low O.M content, type of soil
and low B content of primary B containing minerals which decompose
easily. Most of the soil samples collected for this study were
soils that have been derived from the inherently low B-containing
acid igneous rocks (Burridge and Ahn 1970). It is therefore
expected that parent rock and scil type influence B status of soils

(Gupta, 1968 and 1993).

4.3.,2.3 Relationship Amongst Soil Properties
The relationship among soil properties is given in Table 5.

Sand fraction correlated significantly, but negatively with silt (r

= -0.828**), clay (r = -0.725*+*), available Fe (r = -0.296*),
available Cu (r = -0.399**), available Zn (r = -0.445**) and
available Mn (r = -0.453**)

Silt fraction increased with increasing 0.C (r = 0.356**),
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total N (r = 0.464**}) and available Mn (r = 0.354**) whereas, clay

fraction increased with decrease in Mg content {(r = -0.374**} and

increase in 0.C {(r = 0.672**) total N {(r = 0.602+*), available Fe
(r = 0.469**), Cu (r 0.476%*), Zn {(r = 0.404*+) and Mn (r =
0.407*+) . The sigﬁificant relationship between clay and 0.C, total
N and the micronutrients show the importance of c¢lay in the
availability of these nutrients. This result is in agreement with
the findings of Lombin (1983b) that C.C and clay are generally

considered the mainstay of extractable nutrients in the soil.

Soil pH (water) correlated significantly with available Cu (r

= 0.436**) and negatively with availble Mn (r = -0.376**}, as shown
in Table 5. Lombin (1983a) also got a negative correlation
between so0il pH and available Mn. This result indicate the

importance of pH in the availability of some micronutrients.

Highly significant correlations exist between 0.C and total N
(r = 0.786**}  available Cu (r = 0.510**) Fe (r = 0.342*}) and Mn (r
= 0.522*%) . This emphasises the important contributicn of 0.C to
total N, available Cu and Mn in savanna soils. Balasunbramanian et
al (1984) also got significant correlation between scil 0.C and
total N. They also reporred that the levels of many nutrients in
savanna soils are intrinsically tied to the level of 0.C in these
soils.

Correlation matrix in Table S also show that effective CEC
values increased with increasing exchangeable acidity (¥ =
0.434**), Ca (r = 0.969**}), Mg {(r = Q.Bee**), K (r = 0.769**), Na
(r = 0.294~*),

Exchangeable Ca correlated wi-h exchangeable Mg (x = 0.798%¥),
K {r =0.707*%), Na {(r = 0.774*+*), available Fe {r = ¢.332*) and Mn

(r = 0.320*), while exchangeable acidity correlated with
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exchangeable Ca (r = 0.459**}), Mg (r = 0.349*), Na {(r = 0.354*} and

available Mn (r = (0.294+).
Exchangeable Mg correlated with exchangeable K (r = 0.783*%)
and Na (r = 0.503**), while exchangeable K correlated with

exchangeable Na (r = 0.380**) and available P (v

0.346*) as shown
in Table 5.
Available P content increased steadily with increae 1in

available Fe (¥ = 0.476**), Zn (r = 0.383*%) and Mn (r D.278*) |

Also total N correlated with the micronutreints, Fe (¥

Ih

D.417%*)
Cu {r = 0.456**}), Zn (r = 0.284*) and Mn {(r = 0.545**) (Table 5).
These emphasise the important contribution of available P and total
N to the micronutrients in savanna soils.

Available Fe correlated strongly with the ¢other micronutrients
{(Table 5); Cu (r = 0.540**), Zn (r = 0.578**) and Mn (r = 0.532%%*)
Available Cu is strongly related to available Zn {(r 0.351*+*}) and Mn
(r = 0.689**}. Also, Zn correlated significantly with available Mn
(r = 0.389**) as shown in Table §.

With increasing total B content there was decrease in the
content of sand fraction (r = -0.278%) exchangeable Mg (r = -
0.384**) and K (r = -0.367*%*%) The absence of significant
correlation between pH and total B is8 similar to the earlier

observation of Gupta {(19%968) and Chude and Obigbesan {1984).

4.1.2.4 Relationship Among Soil Boron Tests
Data in Table 6 show the relationship among extractable scoil

B. The Hot water-B correlated with CaCl,-B {(r = 0.708**}, DA-B (r

0.802*"), and MS-B (xr = 0.542+**})
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Table 6: Simple correlation amongst soil B tests

Hot 0.1% 0.5N DA Morgan
water CacCl, HC1 " Solution
Hotwater = W
0.1% CacCl, 0.708** -
0.5N HCl 0.215% 0.085 -
DA 0.502** 0.300* D.420** -
Morgan 0.542** (.395** 0.198 0.207 =
Solution

Significant at 5% level
LA Significant at 1% level

Significant correlation exist between CaCl,-B and DA-B (r =
0.300*) and MS-B (r = 0.395**)., Also HCl-B correlated with DA-B
(r = 0.420**) (Table 6).

A strong relationship between any two or more soil boron test
indicates that similar fractions of the boron are being extracted.
It is interesting to note that Hotwater test was significantly
related to the other tests (Table 6) except MS test. It can be
inferred from this, that at least a few fractions were extracted by
both the hotwater and the other tests. Lombin (1985b), similarly
observed a relationship between Hotwater-B and DA-B, whereas Chude
and Obigbesan (1984) did not observe any relationship among the

soil test methods.

4.1.2.5 Relationship Between Soil Boron Tests and Soil Properties
Simple correlation analysis between soil boron tests and soil
properties was carried out to determine the soil property that has

any relationship with the extractants. Coefficients of simple



correlation (Table 7) indicate that with increasing total-B

content, the Hot water-B decreased slightly (r = -0.378%*%*),
whereas, there were increase in exchangeable X (r = 0.279*),
available P (r = 0.273*) and available Fe (r = 0.290*) with

increase in Hot water-B.

Anande-kur (1976) and Lombin (1985b) who had worked with the
scils of this area also got a significant relationship between
Hotwater-B and exchangeable K. This signifies that K is one of the
dominant cation on the exchange site in the soils of the area.
Similarly Reeve and Shive (1944) reported a relationship between
Hotwater-B and exchangeable K.

Data on Table 7 shows that CaCl,-B correlated negatively with
sand (r = ~-0.311*), E.A (r = -0.413**) and total B (r = -0.366%).
This indicates that as the CaCl,-B increased, the sand, E.A and
total B contents decreased. This is contrary to the report of
Gupta (1978), Chude and Obigbesan (1984), who had variously
reported positive correlation between CaCl,-B and total B. Also
CaCl,-B correlated positively with silt (r = 0.287*%), pH (H,0) (r =
0.310*), O.C (r = 0.276*) and available P (r = 0.274*). These soil
components had been proved to influence soil B (Berger and Truog,
1946; Martens 1968 and Yermiyahu et al 1995).

HC1-B increased with incresing exchangeable K (r = 0.450%*),
available P {(r = 0.339*) and available Fe (r = 0.332*), whereas
HCl-B increase with decrease in total B content (r = -0.385*%) as
shown in Table 7.

DA-B correlated negatively with E.A (r = -0.284*) and total B

({r = -0.411*), but positvely with Organic Carbon (r = 0.338*),

70
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Table 7: Simple correlation (r) between Soil B and Soil

properties

Soil Hot Water 0.1% CaCl, 0.1N HCl Double Morgan
Properties - Acid Solution
Sand D.0314 -0.3110* 0.076 -0.071 -0.315*
Silr -0.058 0.287~ -0.026 ~0.037 0.317+*
Clay -0.010 0.191 -0.122 0.161 0.155%
pH (H,0) 0.269 0.310* 0.184 0.030 -0.219
pH (CacCly) 0.119 0.068 0.014 =0.206 0.251
0.C 0.262 0.276* 0.058 0.338* 0.289*
CEC 0.197 0.106 0.209 0.100 0.045
ECEC 0.215 0.0955 0.208 0.130 0.005
E.A 0.228 -0.413+ -0.056 -0.284w 0.421+~
Exch. Ca 0.1%0 0.042 0.083 0.079 0.003
Exch. Mg 0.211 0.211 0.267 0.102 0.029
Exch. K 0.279* 0. X7 0.450* 0.381++ 0.132
Exch. Na 0.049 -0.048 -0.154 0.131 -0.183
Av. P 0.273* 0.274* 0.339% 0.416%* -0.027
Total N 0.117 0.140 0.141 0.340% 0.375%=
Av, Fe 0.290% -0,088 0.332% 0.345* 0.209
Av. Cu 0.020 0.102 -0.070 0.043 0.214
Av. 2n 0.137 -0.183 0.219 0.106 0.212
Av. Mn -0.018 0.006 -0.028 0.107 0.115
Total B -0,378%* -0.366%* -0.385%* -0.411%" -0.184
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exchangeable K {(r = 0.381**) available P {(r = 0.416**), total N (r

0.340*), and available Fe (r = 0.345%).

MS-B contents increased with decreasing sand content (r = -
0.315*) and increasing silt (r = 0.317*), O.C {(r 0.289*), BE.A (r =
0.421**) and toLal N (r = 0.375*%+) .

The result of this study suggests the superiority of texture,
0.C., E.A. exchangeable X, total N and B, available P and Fe 1in
predicting levels of available B in the soils.

There was no relationship between Hotwater-B and pH of the
soils. Thig result is in line with the repeort of Gupta (1568) who
did not get any relationship between Hotwater-B and pH of 108
samples ranging in pH from 4.5-6.5. Clay did not correlate with
any soil extractants. This can be explained by the fact that the

clay associated with fine textured soils tends to hold large amount

of B rather tightly such that it is not easily available (Tisdale
t al 1985).

Statistical analysis ({(Table 7) also showed that, the
relationship between extractable B and CEC was non significant
contrary to the widely held view that extractable B is related to
CEC

The significant correlation of available Fe and Hotwater-B,
HC1-B and DA-B may be attributed to the fact that this soil
component is active in B retention in these soils. Hydrated oxides
of Fe have a marked though dependent afinity for B as has been
shown by the works of Tamai and Harada (1968), Sims and Bingham

{1968) and Bingham et al (1%71). The soils used in this study are
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tropic¢al soils in which hydrated i1iron oxides wmway form an
appreciable fraction of the clay, therefore B availability in these
socils may depend on the amount and distribution of this soil
compeonents.

It 1is interesting to note that some scoil variables are
significant with some extractantse, K, P, Fe and total B correlate
with Hotwater-B, HCl1-B and DA-B, whereas, sand, silt, EA and OC
correlated with CaCl,-B and MS-B as shown in Takle 7.

Multiple stepwise regression analysis was used to determine
which soil property or combination of soil property best predict
the amount of soil B extracted by a particular test. The scoil
properties which were the independent variables entered the
regression equations in order of decreasing contribution to the
multiple correlation coefficient. The regression equations for the
different methods are given in Table 8.

The regression eqguations indicated that various combinations
of soll properties are required for different soil B tests, but
combinations of soil variables including pH, 0.C, appeared to be
the most useful for predicting amount of B extracted by different
extractants. For instance, the presence of sand, silt and clay in
the regression equation, when Hotwater was the dependent variable
(Table 8) produced an R* value of 15.69% (step 17), whereas when pH,
0.C, Ca and Mn were added to the equation (step 13}, R’ value of

41.86% was obtained giving an increase of 26.17%.
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Table 8: Backward stepwime regression analysis betwsen boron extractants (y) and soi) propertiea

Extracrancs Stop Relatienahip R?
Hotwater 5 Y = 4.983 - D_05 sand - 0.05 Silt - 0.D46 Clay + 0.065 pH - 0.04¢ pH nmnH~ + 0.005%8 ©O.C - 0,0L8 CEC + 0.007 BCEC - 0.812
0.16 BA + 0.026 Ca + ©.035 Mg - 0,16 Na - 0,04 Total N - 0.0005 Fe - 0.0076 Mn
13 ¥ = 5.80% - 0.05% 3and - 0.05% Silt - 0.06 Clay + 0.045 pH mwo 4+ D.00?6 0O.C + 0.0022 Ca - 0.0054 Mn 0.419
17 Y = 6,274 - 0.DE1 Sand - 0.062 8ilt - 0.061 Clay 0.157
ﬁﬂﬂﬂ» & ¥ = -4.72% + 2.047 Sand + 0.047 5ilt + 0.048 Clay + 0.050 pH Iua - 0,032 pH IMO + 0,0116 0.C - 0.009 CEC + 0.010 0.588
ECEC + 0.08 E.A + 0.06 K 0.063% Na + Q.0029 Av. P - 0.007 2n - 0.0079 Mn
12 ¥ = -5.416 + 0.055 gand + ©.055 S5ilt + 0.054 Clay + 0.042 pH xno - 0.041 pH Omﬂwm + 0.010% O0.C + 0.0053 Av. P - 2.454
0.0074 Mn
14 ¥ = -5.972 + 0.061 Sand + 0.059 3ilt + 0,059 Clay + ¢.0026 Q.C + D.0058 Av. P - 0,0033 Mn 0.375
HC1 3 ¥ « 16.29 - 0.162 Sand - ¢.163 Sile - 0.171 Clay + 0.019 pH :»o + 0.036 pH nmnwu 4 D.007 CBC + 0.033 BCBC + 0.58 B.A Q.667
- G.D85 £a - D.104 Mg 4 0.51 K + 0.08 Ha + 0.12 Total N + 0.002 Fe + 0.00% Cu - 0.036 2pn - 0.003 Mn
7 ¥ = 13.34 - 0.13 Sand - 0.133 Silt - ©.139 Clay + ¢.034 pH ﬁmo + 0.035 BCEC + 0.48 B.A - 0.07 Ca - 0.0%1 My + 0.45 K G.e61
+ 0.14 Total N - 0.028 In - 0.0051
-4 ¥ = 12.37 - 0.13 Sand - 0.13 Bilt - 0.13 Clay - 0.037 ECBC + 0.32 BE.A - 0.072 Ca - D.072 Mg + 0,43 K + 0.119 Total N 0.639
+ 0.003 Fe - 0.025 Z2n
14 ¥ « 11.53 - 0.112 Sand - ¢.113 8Sile - 0.112 Clay + 6.03 ECEC - 0.054 B.A + 0,229 K 0.434
Double Acid 5 ¥ = 14.78 - £.14¢ Sand - 0.149 8ilt - 0.144 Clay + 0.014 pH - ©0.0025 O0.C ~ ¢.045 CEC + 0.030 ECEC + 0.008 €a - 0.087 0.776
Mg + 0.053 K - 0.08 Na - 0.002 Av. P - a.184 Total N + 0.013 Cu - 0.041 Zn
11 ¥ = 15.94 - D.15%2 Sand - 0.16 Silt + 0.156 Clay - 0.041 + CEC + 0.024 ECBC + 0.453 K + 0.15 Total B + 9.021 Cu - 0.747
n.040 Zn
Morgan Solukion’ s ¥ = 1.406 - 0.012 Sand - 0.010 5ilt - 0.010 Clay + 0.025 pH H 0 - 0,010 pH €acl, - 0.001% O.C - 0.0023 ECEC - 0.27 0.629
EA +0.10 Ca + 0.03 Mg - 0.0B K - 0.088 Na - 0.002 Av. F - D.0041 Cu + 0_00E6 Zn
7 ¥ = 0.174 - £4.0016 Sand - 0.005 Clay + 0.9024 pH H,¢ - 0.013 pH nNnHm + 0.0021 ¢.C - 0.2 A + D.0092 Ca + 0.028 Mg - 0.621

L0892 K - 0.10 Na - ©0.0028

2
Av. P - 0.005¢ Cu + 0.0085 Zn
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4.1.3 Boron Adsorption and Desorption Characteristics

Boron adsorption and desorption characteristics of thirty
surface soils were studied.

When soil solutions containing B are added to soils, some of
the B is removed from solution by adsorption. Boron applied to
soils is sorbed to a variable extent and an equilibrium exists
between B in solid and liquid phases (Hatcher and Bower 1958, Oka
Zaki and Chao, 1968; Biggar and Fireman 1960; El-Rashidi and
O’Connor 1982).

Boron adsorption and desorption studies were intended to give
an insight.into the B retention and release properties of the
soils. It is also a way of better identifying those scils which
are likely to respond to B and are likely to show long time
residual effects from applied B (Arnold 1990).

Boron adsorption and desorption are useful for determining the

amount of leaching required to reduce B concentrations in high-

beron secils to a safe level,

- P B e 4 Boron Adsorption Characteristics

Adsorption data obtained on the thirty soils were plotted
according to the linear form of the Langmuir equation (Fig. 2A-2D).
The sorption curves for all scils were similar indicating
similarity in nature of adsorption reaction, but different in the
intrinsic characteristics such as the slope c¢f the isotherms and
extent of adsorption. These characteristics tended to reflect the

nature of the parent material and inherent B fertility of the
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soils.

The amount of B adsorbed increased with increase in solution
concentration of added B in all cases. Similar findings have also
been reported by Okazaki and Chao (1968), Hatcher and Bower (1967).
In most cases, the isotherm were straight lines, with gentle
slopes, while others had steep slcpes indicating that some of the
soils had high buffering capacities, while others had low buffering
capacities for boron.

The steeper sorption slopes were the more buffered, lower in
solution B concentration, and more prone to be B deficient.

There were significant differences in the mean amount of
adsorbed B between the soils, indicating that they had different
capacities to adsorb B. The differences in the capacity of the
soils to sorb B may be due to the fact that, the soil have
different properties such as pH, OC and types of clay minerals
which are known to affect B adsorption (Biggar and Fireman, 1960,
ElRashidi and O’'Connor, 1982, Yermiyahu et al 1995).

The soil properties which relate to B adsorption and
desorption are shown in Table 9A.

An attempt was made to transform the B adsorption data into
the adsorption equations. Goodness of fit was evaluated by the R’
values. It was observed that adsorption isotherm did not fit the
Freundlich equation, but closely fitted the Langmuir equation.
Only soil 17 (Samaru 2) best fitted the Freundlich equation because
the value of r for the Langmuir equation was low. However, there

was an improvement in the value of r’ when it was fitted into
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Table SA: Selected soil properties related to B adsorption and desorptic

Spil  Texture Clay Silt pH pH ¢ Av, Av, Total Total Total
No (%) (%) ., l:1 1:1 gkg! Fe Mn Solu-  Adsor Desorbed
Ha CaCl, c-mgka’ - > ble B I;"bed B
1 Sandy 13 36 5.1 4.3 4.9 2.5 4.36 72.4 77.6  43.7
loam .
2 .o 15 32 4.9 4.1 5.4 4.2 3.20 43.56 66,4 60.0
3 oo 11 36 5.0 4.6 5.9 14.5 7.90 65.0 9.0 45.2
4 .o 2.0 40 6.0 5.1 6.8 6.5 7.15 75.8 74 .4 45.2
5 o 15 28 3.6 4.9 8.9 6.1 5,20 82.5 67 .8 48,7
& o 13 36 4.9 4.5 2.6 6.5 3.70 84,1 65.9 54.0
7 oo 13 28 5.3 4.7 4.¢ 5.2 3.56 91.3 5B8.7 10 .4
8 “or 11 36 5.5 5.1 3.5 4.5 4.70 86.2 £3.8 27.8
9 Loam 25 42 4.7 4.5 15.6 4.5 16.0 27,5 52.58 30.2
10 Sandy 9.0 38 5.1 5.0 3.4 3.0 2.0 84.5 2.8 38.2
loam
11 woo * 11 32 5.6 4.9 4.0 6.1 6.6 77.6 72.4 38.2
12 woom 13 i6 5.4 .1 4.7 7.5 6.76 90.9 62.8 37.3
13 oW 7.0 22 5.7 2.6 7.0 3.20 91.8 58.2 34.1
14 oo 8.0 20 6.0 5.6 2.9 12.2 4.50 72.6 77.5 36.5
15 Loam 11 44 5.5 5.1 3.3 3.9 6.80 78.4 71.6 37.¢
le Loam 15 36 5.4 5.0 8.7 4.3 9.40 93.9 55.9 24.0
17 Loam 27 46 5.6 13.4 75.0 18.0 8¢ .5 S6.3 24 .6
18 Sandy 17 30 6.2 6.0 5.1 37.5 5.9 $0.5 59.5 27.9
laoam
19 v 13 30 5.6 4.8 8.3 1z2.5 15.6 75.5 74.4 45.2
20 Loam 23 42 4.1 3.5 9.6 65.0 16.0 89.6 46.3 34.13
21 Sandy 13 24 5.2 4.4 6.3 30.0 5.9 86.9 63.1 32.9
loam
22 e 23 20 6.0 5.6 4.2 32.5 il1.2 98.7 54.1 32.0
23 o 11 38 5.1 4.6 11.2 11.0 6.0 100.2  49.8 31.6
24 Loam 15 41 4.9 3.9 4.1 3.2 6.2 95.7 S4.7 14.4
25 Sandy 2.4 i3 5.6 4.8 7.2 8.3 8.6 69,7 BO.2 43.8
loam
26 nom 7.0 i4 6.8 A.1 7.0 26 .0 22.0 B9.0 51.0 9.4
27 Loam 25 36 4.7 4.1 14.9 6.0 6.9 97.8 52.3 35.2
28 Sandy 10 K3:) 4.8 4.2 3.2 7.5 10.4 S6.2 62.2 57.1
loam
29 von 11 36 B.1 5.4 6.4 44 .0 6.0 90.4 5%.6 62.9

3¢ oo 5.0 38 5.1 4.7 4.2 20.0 4.9 102 .8 48 .2 43.46
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Table 9B: Langmuir best fit equations for the adsorption Isotherms

Soil No Equation R Value
1 Y = -5.47 + 23.86x 0.9811
2 Y = -195.11 + 31.1Cx 0.9828
3 Y = -6.01 + 26.34x 0.9760
4 Y - -14.64 + 32.49x 0.9702
5 ¥ = -2.39 + 17.20x 0.9544
6 Y = -4.37 + 18.53x 0.9932
7 ¥ = =-12.02 + 21.75x% 0.9843
8 Y = -6.403 + 19.57% 0.9994
9 Y = -8.18 + 16.40x ¢.9930
10 ¥ = -12.68 + 29.10x g.92799%
11 Y = -11.19 + 27.88x 0.9710
12 Y = -2.23 + 15.73x 0.9958
13 Y = -1.%3 + 14.01x 0.998¢0
14 Y = -5.70 + 24.47x 0.9979
15 Y = -5.08 + 21_.72x 0.9990
16 Y = -3.37 + 14.56x 0.9973
17 Y = -4.45 + 6.48x D.4462
18 Y = -§.99 + 17 .28x 0.9807
19 Y = -3.50 + 21.02x 0.9968
20 ¥ = -3.81 + 16.37x 0.9943
21 Y = -6.11 + 19.19% 0.9997
22 Y = -7.76 + 15.68x% 0.9163
23 Y = -9.56 + 16.35x 0.9774
24 Y = -7.63 + 16.84x 0.9923
25 Y = ~3.72 + 23.27x 0.9973
26 Y = -10.03 + 21.37% 0.9952
27 Y = -3.77 + 13.79x 0.9967
28 Y = -5.72 + 18 ,95x 0.93983
29 Y = -8.85 + 19.06x 0.9902
30 Y = -10.43 + 15.72x 0.9795
Freundlich Equation
17 ¥ = -18.27 + 2.8%x 0.6402
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Freundlich equation.

The standard form of the Langmuir equation is given below:
= 1/Kb .+ C/b
(x/m)

where x = amount of B adsocrbed (ugg-1)

m

C = equilibrium concentration of B (ugml-1)

b = adsorption maximum (ugg-1)

k = a constant related to bonding energy mlug-1.
A plot of C/({x/m) against C gave a straight line. Boron

adscorption by twenty nine of the thirty soils conformed to the
Langmuir sorption isotherm over limited concentration ranges. At
high equilibrium B solution concentrations, sorption data deviated
from the Langmuir model. Many workers repcorted that, B sorption by
soil could be described by the Langmuir isotherm (Hatcher and Bower
1958, Biggar and Fireman 1960; Okazaki and Chao 1968} .

Howevever, some workers (Hingston 1964 and Singh, 1271) have
mentioned deviations at higher B concentrations., Hingston (1964)
suggested that the deviations from the Langmuir model at higher B
concentrations indicated that different reactions occur at higher
B concentrations than at lower B concentrations.

The equations of the best fit lines and the corresponding r?
values are shown in Table 9B.

The adsorption maximum B is taken as the reciprocal of the

slope of the isotherm (1/slope) {(Table 9C). They ranged from 30.8

to 72.5 x 107 ugg'. These values indicate low capacity of the
soils to sorb B. The values are lower than those reported by
ElRashidi and O’Connor (1982). However, they are within the range

of values obtained by Hatcher and Bower (1958). The low capacities



Table 9C: Langmuir adnsorption maximum (b) and Constant (K)

Soil No b x 10" (pugg') K mluug’
1 42.0 5.47
2 32.08 . 19.11
3 37.9 6.01
4 30.8 14 .64
5 58.1 2.39
6 54.1 2.39
7 46.1 12.02
8 51.1 6.40
9 61.1 8.18
10 34 .4 12.68
13 35.9 11.19
12 §3.6 223
13 71.4 1.83
14 40.9 5.70
15 46 .0 5.08
16 68.7 2 (T 4
17 15.4 4.45
18 85.79 5:99
19 47.6 3.58
20 W 381
21 52.1 633
22 63.8 7.76
23 61.2 9.59
24 59.4 7.63
25 43.0 3,72
26 46 .8 10.03
A 72-.5 3. 07
28 52.8 S..le
29 2.5 8.85

30 63.6 10.43




Table 9D: Relationship between selected scil properties with
boron adsorption and Langmuir constant (K)

Soil property r value
Adsorption Langmuir constant K
silt . -0.187 0.348%*
Clay -0.452%~ 0.373%*
pH water 0.0007 0.430%*
oC -0.384~* 0.303=*
Fe D.415* 0.540**
Mn 0.361%* 0.338~*
* 5% level of gignificance

* ¥ 1% level of significance

8%
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of the scils to sorb B may be due to the cocarse or sandy texture of
the soils, since most of the soils are sandy loam.

The constant K, which relate to the bond energy of adsorpticn
varied from 1.93 Eo 19.11 mlug' (Table 9C). These bond energies
are higher than the wvalues obtained by ElRashidi and O’Connor
{1982), but lower than the wvalues obtained by Hatcher and Bower
{1958), Biggar and Fireman (1960). ElRashidi and O’'Connor {1982}
reported that K values tend to increase with the clay content of
the soils. The soils used in this study have low c¢lay content

which explain why the K values are low.

4.1.3.2 Soil Properties Affecting Boron Scrption

Simple correlation coefficients relating soluble and adsorbed
B, as well as Langmuir constant values to some physicochemical
properties of the scils (Table 9D) indicated that clay, 0C, Fe and
Mn correlated with adscrbed B and Langmuir constants (K), but was
poorly correlated with the other B paramters. The lack of
relationship between soil pH and most B parameters in this study
may bke due to the narrow range of pH wvalues in the soils
invegtigated. However, pH in water was highly correlated with
Langmuir constant K {r = 0.430}.

The influence of clay and OC on B parameters in the soils
investigated are in line with the findings of other woxkers (Gupta
1968, Prasad 1978, Gupta 1993 and Yermiyahu gt al 1995).

The fact that most sesqguioxides in soills are present as
coatings or associated with clay may explain the correlation

obtained between Fe and adsorbed B.
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The best combination of factors useful for estimating the B
adsorption was determined by Multiple regression analysis. The
equation- clearly shows that the amount of adsorb B can be

determined by the amount of clay and Fe in the soil.

Y = 72.68 - 0.57 clay - 0.14 Fe R* = 0.20*
Similarly, the amount of Langmuir constant K, can be

determined by silt, clay, pH, water and Fe.

Y = -71.014 + 0.65 silt + 0.48 clay + 9.02 pH water + 0.11
Fe. R’ = 0.453**
As it is evident from the equation, these variables could account

for 45.3% prediction of variance in observed Langmuir K values for

the scoils.

4.1.3.3 Boron Desorption Characteristics

Boron desorption studies are intended to show whether the
adsorbed borate can readily be desorbed and made available for
plant uptake. In many soils, boron is adsorbed reversibly, which
gives them very useful buffer powers. In some soils part of any
adsorbed boron will not easily desorb, hence the response to boron
may be low. It would be of considerable benefit to identify such
soils and futhermore to categorise the major soil types in terms of
their boron adsorption and desorption capabilities (Arnold 18%0).

The data on desorption studies is shown in Table 9E. The
first desorption process released large amount of B. The second
desorption process relased small amount of B, which was not up to

the first one. In the fourth desorption process, very small amount
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cf B was released.

A comparison of the total amount of B desorbed with the
amounts 1initially adsorbed reveals that the greater proportion of
initially adsorbed B was not recovered after the four extractions.

The fact thaﬁ.a high proportion of initially adsorbed B was
not recoverable through desorptiocon, signified more than one main
mechanism of B adsorption in the soils.

The results of B desorption at all B solution concentrations
investigated conform to the Langmuir model. However, when B
desorption values were compared with the corresponding adsorption
isotherms of the 30 soils, one type desorption reaction was
observed. ~ The desorption points deviated sharply from the
corresponding adsorption isotherm (hysteretic desorption). Similar
results had been reported by other workers (Hatcher and Bower 1958,
Okazaki and Chao 1968, ElRashidi and O’Ccnnor 1982).

Okazaki and Chao (1968) reported incomplete reversibility of
B adsorption of Hawaiian soils and suggested that B formed various
{(unspecified) reaction products in the adsorption process, some of
which were not readily released during desorption.

Chemical precipitation of B with a variety of cations has been
suggested to occur at sorption surfaces (Biggar and Fireman 1960),
such precipitation is expected to increase as levels of B in
solution increased.

This study showed that soils not only vary in their capacity
to fix B, but also in the energy with which they return it. These
two factors affect the ability of a soil to maintain the B supply
in solution. Also some of the soilg have low B concentration in

solution and are more prone to be B deficient.
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The low values cof the adsorption maximum and XK revealed that
the soils used in this study (savanna soils) have low capacities to
sorb B, which make B sugceptible to leaching loses. This explained
why the available B in these soils are low.
4.2 Crop Reséonse to B in the Green House
4.2.1 Observations on the Assay Crop

Growth pattern observed varied across all the =soils,
reflecting the different nutrient status o¢f the soil. At four
weeks after transplanting, the plants exhibited symptoms which was
suspected to be due to N and P deficiency. The leaves and stems
changed from the normal green colour to light green, and pale
yellow. AlSo there was a develcpment of a purplish colour on the
underside of the leaves. These are early symptoms of N and P
deficiency in tomatc as described by Sprague (1%64). Additicnal N
and P in nutrient sclution were applied.

Boron deficiency was not cbserved in the ;B plants, but scome
of the -B plants showed B deficiency symptoms which include, curled
and chlorcotic leaves, as well as brittle and yellowing of older

leaves. Also +B plants flowered earlier than the -B plants.

4.2.2 Crop Parameters

The crop parameters measured from the greenhouse study are
presented in Table 10, The plus and minus B treatments made
possible the determination of crop respense to B in the soils as
well as calculation of the relative yield. Crcop response (CR) was
obtained by determining the difference between dry matter yield of
pPlus B and minus B treatments..- Relative yield is the ratio of dry

matter produced in minus B treatment to plus B treatment expressed



Table 10: Crop parameters from green house study

Soil Number Dry B conc. B Relative Crop
No of matter {(MgKg') Uptake yield Regponse
leaves vyield {mg (%) gPot™!
{gPot™!) Pot™)

1 12 8.5 0.87 7.40 88.0 1.0
2 11 8.7 0.88 7.74 85.0 1.3
3 14 9.5 0.76 7.22 90.5 0.9
4 14 g.8 1.62 15.88 75.5 2.4
8 13 10.6 1.59 16.85 96.2 0.4
6 14 11.8 1.28 15.10 80.5 2.3
7 12 8.2 1.11 9.10 82.9 1.4
8 11 9.5 1.04 9 .88 94 .7 0.5
] 18 8.0 0.90 T.20 77.5 1.8
10 13, 10.4 1.00 10.40 56.7 4.5
11 16 10.2 1.28 13.06 63 .7 3.7
12 13 11.4 0.93 10.60 92.1 .9
13 10 9.4 1.69 15.89 95 .7 0.4
14 12 g.0 0.96 2.64 92.2 .7
15 11 9.5 1.04 5.88 97.9 0.2
16 11 9.7 1.06 10.28 94 .8 0.5
17 14 11.6 1.25 14.50 74.1 3.0
18 12 10.6 0.99 10.48 8.6 1.0
19 13 11.4 1.08 12.31 90.4 1.1
20 14 10.6 0.599 10.49 58.5 4.4
21 1¢ 8.0 0.94 7.52 72.5 2.2
22 13 10.2 0.67 £.83 94 .1 0.6
23 12 10.6 1.15 12.19 78.3 2.3
24 12 7.3 Q.74 5.40 70.0 2.2
25 21 9.3 1.30 12.09 86 .0 1.3
26 10 9.2 0.94 8.65 89.1 1.0




Table 10 contd: Crop parameters from green house study

Soil Number Dry B conc. B Relative Crop

No of matter {(Mgkg') Uptake yield Response
leaves yield (mg (%) gPot !

(gPot ™) Pot ™)

27 12 7.6 0.98 7.45 90.0 0.8

28 11 86 LB 11.48 979 Q.2

29 10 10.%5 1.22 12.81 83.3 0.7

30 12 9.8 1.22 11.96 88.7 1.1
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as percentage.

B uptake is the product of dry matter yield in +B treatment
and B concentration.

The number OE leaves ranged from 10.0 to 21.0 with a mean of
12.7 {(Table 10). bata on Table 10 also shows that the dry matter
yield varied from 8.0 to 11.8 g pot' with a mean of 9.68 in the +B
treatment.

Boron concentration varied from 0.67 to 1.69 mgKg'! with a mean
of 1.09 mgKg'. These values are lower than those obtained by Aremu
{1976) and Aduayi (1978). The disparity might have been due to
differences in soils, varieties, time of sampling and method of
analysis.

Boron uptake by plants varied from 5.40 to 16.85 mg pot” with
a mean of 10.64 myg pot'. Response to B application varied from 0.2
to 4.5 g pot?, mean being 1.49 g pot'. It is evident from the mean
response that almost all the thrity soils used for this study
responded to B application, indicating that B deficiency 1is
jmminent in all the soils used,

Relative yield in crops varied from 58.5 to 27.9%, mean being
84.58%. According tcoc Lombin {(1983b), a relative yield (RY} below
90% was not significant. Sixteen soils had their RY below 90%.
This signifies that for significant yield increase to be expected,

from the soils, B fertilizer should be applied.

4.2.3 Relationship Among Crop Parameters
The number of leaves correlated negatively with RY (r = -
0..304*) and possitively with CR (r = 0.348*) as shown in Table

11A.

Dry matter yield (DMY) correlated with B concentration (r =
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0.333*) and B uptake (r = 0.661%%*), B concentration also
correlated with uptake (r = 0.925**). CR correlated with RY (r =
0.905**) . This result signifies that number of leaves, DMY and CR

could be used as index of yield.

4.2.4 Relationship Between Crop Parameters and Soil Properties

The relationship between crop parameters and soil properties
is shown in Table 11B. Result from this study indicated that
number of leaves correlated significantly but negatively with sand
(r = 0.309*) and postively with E.A (r = 0.596**), available Fe (r
= 0,.370%) and Zn (r = 0.422%%).

With increase in DMY, there were sgignificant increase in pH
water (r = 0.322%), ECEC (r = 0.275%), exchangeable Na (r = 0.250%)
and available Cu (r = 0.3708*). In an earlier study, Daudu (1993)
also got a significant relationship between pH water and DMY of
maize.

Boron concentration correlated significantly with pH CaCl, (r
= 0.313*) whereas, B uptake correlated with both pH water and CacCl,
(r = 0.307* and 0.3298* respectively).

The relationship between pH and B uptake observed in this
study is similar to the report of Lombin (1985b) who worked on
soils of the same area. This indicates that soil pH has much
influence on the B uptake. This may be due to the nature of the
soils used in this study which varied from moderately to slightly
acid, and the increase in uptake with increase in pH may be due to
a shift towards a more favourable pH for plant growth.

There is a significant relationship betwern available P and
relative yield (r = 0.354**) as shown in Table 11B. Crop response

correlated negatively with sand (r = -0.349*), whereas as the CR



Table 11A: Simple Correlation among crop parameters
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Number

DMY

B Conc. B RY CR
of . uptake
leaves
Number of -
leaves
DMY 0.106 -
B Conc. 0.100 0.333% -
B uptake 0.120 0.661** 0.925*~* -
RY -0.304 0.092 0.098 g.107 -
C.E 0.348~* 0.195 6 [ L 0.103 -0.905** -
DMY - Dry matter yield

B Cone. =
RY -
CR -

B concentration
Relative yield

Crop response

* Significant at 5% level
** Significant at 1% level
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Table 11B: Simple correlaticn between- Ccrop parameters and soil

properties
Soil _ ' Coefficient of Simple Correlation (r}
Properties -

Number of DMY B Conc. B Uptake CY CR

leaves
Sand -0._303* -0.062 0.138 0.107 0.177 -0.349%*
511t 0.0%6 -0.149 -0.123 -3.155 -0.212 0.340%*
Clay 0.028 -0.102 -0.260 -0.229 -3.048 0.192
pH (H.0) -0.133 0.322% 0.235 0.307% 0.179 0.020
pH (CaCl;) -0.083 0.199 0,313~ 0.329~* 0.085 0.060
o.C 0.111 0.094 0.094 0.121 ~-0.038 0.151
ECEC -0.087 G.274%* 0.182 0.246 0.057 -G.022
E.A 0.596%** 0.119 -0.214 -0.136 -0.168 0.16%
Exch. Ca «0.103 0.262 0.148 0.208 0.052 -0.007
Exch. Mg 0.010 0.141 D.18¢ 0.191 0.08% -0.149
Exch. K 0,003 0.038 0.214 0.183 0.18 -3.162
Exch. Nz 0.042 0.2%0* 0.054 0.188 -0.024 0.164
Av, P 0.17% 0.262 -0.102 0.012 0.304*~* -0.212
Total N 0.230 -0.165 -0.0%6 -0.110 -0.110 0.195
Av., Fe 0.370** 0.185 0.007 0.068 -0.041 ¢.308*
Av. Cu -0.023 0.371*~ 0.013 0.168 0.035 0.272
Av., Zn 0.422%* 0.172 0.173 0.218 0.249 0.004
Av. Mn 0.20%9 0.144 -0.195 -0.094 -0.022 0.1759
Total B .114 -0.080 0.013 -0.028 -0.142 0.174
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increased there were increase in silt content (r = 0.340*) and

extractable Fe ( r = 0.308¥*),

4.2.5 Relationsgship Between Crop Parameters and Extractable
Boron
The Hotwater-B correlated with RY {(r = 0.293*) as shown in
Table 12, Similar relationship has been reported by Chude and
Obigbesan (1987) in their study of B nutrition of C{(acao. This

finding therefore points to the possibility of using RY to some
degree as an index of B availability in the soils studied.

Furthermore, Kayode (1981) opined that correlation studies
have been most successful when the RY is considered instead of
growth parameters like absolute DMY or nutrient uptake.

CaCl,-B showed negative correlation with number of leaves (x
= -0.3215¥%). The other soil test methods did not correlate with
the crop parameters. The lack of significant response of crop
parameters to soil test methocds has been reported in some
greenhouse experiments (Anande-kur 1976 and Agbenin 1887). Also
Chude and Obigbesan 1984 got a nonsignificant relationship between
B so0ill tegts and uptake, whereas combinations of soil properties
and soil tests accounted for a higher percentage cof the wvariation
in plant uptake, than so0il tests methods alone.

The magnitude of B test correlation with B uptake was in the
following order:

Hotwater > HCl > MS > DA » CaCl,.
For relative vyield, it was in this order:

Hectwater > CaCl, » DA > HCl > MS
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Table 12: Relationship between crop parameters and Extractable B

Extract- Coefficient of simple correlation (r)
agle Numbér DMY B. B RY CR
of - Conc. uptake
leaves
Hotwater 0.124 0.144 0.200 -0.154 0.283* -0.,260
CaCl,-B -0.322~* 0.207 0.038 0.107 0.254 -0.234
HC1-B 0.191 -0.023 0.250 0.160 -0.060 0.067
DA-B -0.047 -0.261 -0Q.0C36 -0.130 0.048 -0.108
MS-B -0.047 -0.084 0241 0160 0112 -0.035

Significant at 5% level
Significant at 1% level
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Based on the relationship between Hotwater-B and RY, the
Hotwater extractant would be recommended as a reliable extractant

for separating B deficient soils from nen-deficient ones.

Therefore Hotwater test appears to be the 'best’ extractant for the

soils used.

4.2.6 Predicting Boron Uptake

The data on Table 12 indicates that the relationship between
the B tests and B uptake was non significant, nevertheless, the
relationship between Hotwater-B and RY was significant. Therefore
Hotwater cohld be used as the sole predicter of yield in these
soils.

When other soil properties and tests are taken into
congideration in a multiple regression analysis the following
prediction equation was cobtained:

B uptake:

Y = -36.63 + 15.4 CaCl, B + 3.05 pH CaCl, + 0.193 O0.C - 4.18

HWB + 4.91 HCl-B - 3.67 DAB + 1.34 Cu + 0.278 Sand + 0.283

Silt + 0.051 Fe + 0.42 No of leaves + 1.15 K R’ = 0.492.

The prediction equation above showed the importance of pH,
soil texture, 0.C, exchangeable X, available Cu and Fe 1in
determining B availability.

The prediction equaticn for the other crop parameters are

ghown in Table 13.
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Table 13: Prediction equation for other crop parameters
Number of Leaves: '
Y = 14.50 - AO.GS CaCl B + 0.37 O0.C - 0.148 avail P + 45.08
HWSB + 7.44 HC1 B - 9.29 DAB - 39.62 MSB. R® = 74.83%%%
DMY Y
Y = 7.611 + 0.2 pH CaCl, + 0.0522 avail P + 10.34 HWR
6.678 DAB - 16.92 MSB - 0.0086 total B + 0.34 Cu R* =
52.93%%
RY
Y = 79,88 + 1.28 avail P + 75.67 HWB - 12.1%5 HC1 B - 24.61
DAB - 25.20 Na R’ = 26.55%
CR ‘
Y = 14.80 + 12.17 CaCl, B + 0.70 pH Call, - 0.128 Av. P -

18 .41 HWSB + 4.75 DAB - 0.44 Na + 0.079 Sand + 0.12 silt
+ 0.041 Fe + 0.32 Number of leaves. R’ = 650.52*%
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.87 Critical Level of Boron in the Soils

The Hotwater soil tests proved more efficient in predicting B
availability, hence critical 1levels of B 1in the so0il were
established based on the test.

The graphical representation of relative dry matter yield (%)
against Hotwater-B in all the soils studied according to the method
of Cate and Nelson (1971) indicate 0.13 mgKg' B (Fig. 3A) as
critical concentration of B in soil.

The critical Hotwater-B have been put between 0.15 mgKg'
Rogers {194?) and 0.35 mgKg' Dawson and Gustafson (1945) for sandy
to medium-textured soils. 12 out of the 30 soil samples used in
the present study fall within the range while the remaining 18
soils fall below this range Table 4). This confirms the report of
Lombin (1985a) who worked with Northern Nigeria savanna soils and
reported that Nigerian savanna soils B content ranged from low to
very low, but could not establish any critical soil B level.

In the field, the critical B levels are expected to be lower
than those of the green house. This is so because in the field,
plants have a larger scil mass from which nutrients are explored.
In the green house, the plant roots are restricted to the small
soil mass used.

Furthermore, the critical nutrient levels are dependent upon
the crop and soil type (Ulrich and Hills 1973). For tomato crop,

Drews (1980a) recommended soil B levels of 0.8 - 2 mgKg'.
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4.2.8 Critical Boron Concentration in Plant Tissue

The Cate and Nelson method (1965) was adopted in establishing
critical B concentration in plant tissue. The plot of relative
yield (%) against plant tissue B concentration showed 1.06 mgkg'
(Fig. 3B) as critical concentration of B in tomato plant tissue.
The critical level of plant tissue B concentration obtained from
this study is however lower than 10-25 mgkg’ suggested by Drews and
Frank (1980a) for tomato plants and 25-100 mgkg' reported by
Bradford (1966) for plants.

The very low value of the critical level of plant tissue B
concentration obtained in this study could be due to low soil level
B, and inability of the soils to retain B due to low adsorption
capacity. This has resulted to leaching of B from the scils, which

consequently make the soils to be B deficient.

4.2.9 Delineation of Soils into Boron Fertility Classes

An attempt was made to delineate the soils of tomato growing
areas in Northern guinea and sudan savanna into B fertility
classes. This could not be done as a result of the small area
covered during sampling. However, the thirty surface soils (fallow
and cultivated) has been classified either as High (H) or low (L)
(Figs. 3C & 3D) based on the critical B level (0.13 mgkg"')
developed from both laboratory and greenhouse studies.

About 67% (ten out of fifteen) of the fallow soils have soil
B concentration above the critical B level, while 33% (five out of

fifteen) have their B concentration below the critical B level
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Fig3C:Boron fertility map of fallow soils in Northern guinea and Sudan savanna of Nigeria-
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Fig.3p:Boron fertility

map of cultivated scils in Northern Guinea and Sudan Savanna of Nigeria.
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(Fig. 30C). Similagly, 53% (eight out of fifteen) of the cultivated

scils have their spil B concentration above the critical B level,

while 47% (seven out of fiteen) fell below the critical B level of
0.13 mgKg' (Fig. 3D).

A more accurate delineation of the area studied would required

larger number of sampling than collected in the present study.

Future studies may have to loock at this aspect.

4.3 F;ELD STUDIES
4.3.1 Soil Characterization

The classification of the soils and main features of the
locations of the study profile soils are presented in Tables 14,
15, Appendix A and B.

The soil at the Samaru site belongs to the Haplic Acrisol in
FAQO System and Ultic Haplustalf (fine, kaolinitic, isohyperthermic
family) in soil Taxonomy. The soil is well drained, the texture is
loam at the surface and clay in the subsoil.

The soil at the Kadawa site belongs to Eutric cambisocl in FAO
System and Typic Ustropepts (fine-locamy, mixed, Isohyperthermic
family) in soil Taxonomy. The soil is moderately well drained, the
texture is sandy locam, both at the surface and subsoil. Most of
these soils are underlain by iron pan at depth varying from 80 to

150cm (Table 14).
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Table 14: Some selected feature of the sites and classification of
the soil profiles at the experimental sites
Profile Location Classification Parent Rainfall~»
material
Amount Duration
Pedon 1 Samaru Ultic Aeolian 1090 5
Haplastulf material on
[USDA) basementr
Haplic Acrisol complex
(FAD)
Pedon 2 Kadawa Typic Thin aeolian 870 4
Ustropepts material
{USDA) over
Eutic Cambisol granitic
{ FAOQ) residum

* Sopurce:

Institute for Agricultural Research Meteorological

Unit, Zaria
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4.3.1.1 Selected Properties of the Soil Profile

The selected ﬁhysical and chemical properties of the soil
profiles are given in Table 15. The scil of Pedon 1 (Saﬁaru}
varies from loam to clay with clay content increasing consistently
with depth. Whereas in Pedon 2 (Kadawa), the textural classes are
sandy loam with fairly clay content throughout the pedon.

The nature and reactions of the soils are expected to be
different because, they had been developed under different
drainagé, soil moisture conditions varied parent materials, natural
influences and previocus land use.

The soils of the two pedons are neutral in reaction. The 0.C
content in all the pedons are low, being less than 10 gkg'. The
surface soils have the highest organic carbon content in the two
pedons, but decreased appreciably with depth in all cases. The
RECEC fall within the low to medium fertility (Table 15) with most
values less than 10 cmolkg’'. This result is in agreement with the
findings of Jones and Wild (1975) and Greenland {1981) who reported
that most Nigerian soils are of low reactivity as a result of the

dominance of kaolinitic clay fraction

4.3.2 Physicochemical Properties of the Surface Scils of the
Experimental Sites

The data on physical and chemical characteristics pf the
experimental sites before cropping are shown in Table 16. The soil
test values suggested that both Samaru and Kadawa goils on the
average, have pH (H,0) values which were slightly acid. The scils

were light textured with low clay contents which varied from 90-150
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Table 15: Selected physical and chemical properties of the soil profiles

Profile Depth (cm) sand gilt  Clay pR pH 0.¢ |, ECEC ., BS Textural Classes
oo gRgt cmmemm> (H,0) (CaCl;) (gkg™) cmolKg™  NHOAc
Pedon 1 0-15 410 440 150 6.7 5.70 8.2 1.87 32.0 Loam
15-28 410 420 170 6.9 5.72 2.8 4.42 59.0 Loam
28-40 330 340 330 6.68 5.74 2.9 2.86 55.0 Clay loam
40-128 310 280 410 5.66 5.76 1.3 6.88 57.6 clay
128-175 250 280 470 6.50 5.70 0.8 9.92 64.0 Clay
Pedon 2 0-30 570 240 190 6.83 5.30 4.2 8.19 59.0 Sandy loam
30-45 530 280 130 6.66 5.78 2.4 5.85 56.6 Sandy lecam
45-65 550 240 210 6.58 5.78 1.8 3.78 67.5 gandy loam

100 570 220 210 6.34 5.78 1.0 7.96 697 Sandy loam
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Table 16: Physicochemical properties of the soils at the
experimental sites at Samaru and Kadawa

Soil Properties

1962/93

1993/94

Samaru (I) Kadawa (1) Samaru (II) Kadawa (II)
0-30cm 0-30cm 0-30cm 0-30cm

pH (H,0) 5.9 5.5 5.8 6.1
pH i(CacCl,) 5.3 5.1 5.6 5.7
Textural class Loam Sandy loam Loam Sandy loam
sand (gkg'! 440 630 390 730
Silt (gkg") 430 200 460 180
Clay (gkg") 130 110 150 90
0.C (gKg") 6.8 10.6 6.0 7.3
Available P mgKg' 6.7 4.32 6.70 18.84
Total N (gkg') 0.42 0.88 0.42 0.53
Exchangeable'bases {cmol (&) Kg')

Ca 2.99 7.61 2.20 4.12

Mg 0.86 1.56 0.49 1.15

K 0.29 0.2% 0.17 0.23

Na 0.31 0.35 0.20 0.37

CEC 6.01 17.40 5.90 10.40
Micronutrient (Mgkg')
Available B 0.05 0.12 0.13 0.22
Available Fe 152 16.5 15.8 16.9
Available Cu 1.8 3.2 2.0 3:6
Available Mn B.6 10.1 10.5 11.2
Available 2Zn 2.5 3.9 2.8 349




Table 16 contd: Physicochemical propercies of the soils ar the
experimental sites at Samaru and Kadawa
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Soil Properties 1993 1994
Samaru {IIT} Kadawa Samaru (IV) Kadawa (IV)
0-30cm 0-30cm 0-30cm 0-30cm

pH (H,0} 5.7 5.4 5.7 8.3

pPH (Cacl,! 4.8 5.0 5.3 7.5

Textural Classg Loam Sandy loam Loam Sandy loam

Sand (gkg') 430 610 490 670

Silr {(gRgh) 4290 280 400 240

Caly {gkg") 150 110 110 90

0.0 (kgKg') 9.8 5.9 8.0 7.0

Available P (mgKg?) 8.39 18.496 9.94 15.13

Tortal N {gKg') 0.49 0.56 0.4¢6 0.49

Exchangeable bases (cmol (+)} Kgh)

Ca 0.87 5.%8 1.35 3.12
Mg D.082 1.28 0.29 0.37
K 0.051 0.29 0.14 0.09
Na 0.086 0.70 0.15% 0.30
CEC 4,20 15.20 3.00 7.40

Micronutrient (Mgkgh)

Available B 0.10 0.17 0.13 0.32

Available Fe 21.90 23.0 22.5 26 .0

Available Cu 1.2 1.7 1.5 1.96

Available Mn 16.0 19.0 18.0 21.0

Available Zn 1.5 2.4 1.94 2.6

Samaru
Samaru
Kadawa
Kadawa

I
I1
I
IT

1992/93 dry
1993/94 dry
1992/93 dry
1993/94 dry

season trial
season trial
season trial
season trial

Samaru III
Samaru IV
Kadawa III
Kadawa IV

1993
1994
1993
15594

rainfed trial
rainfed trial
rainfed trial
rainfed trial
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gKg'. The silt contents of Samaru soils were high and varied from
400-460 gkg', while those of Kadawa soils varied from 180-280 gkg'.
Kadawa soils were High in sand contents which varied from 610 - 730
gKg'!, whereas, the sand content of Samaru soils varied from 390-490
gKg'. The soils of Samaru were loam, while those of Kadawa were
sandy loam. These fall within the range of textural classes
recommended for the growth of tomatoes (Simons and Scbulo 1974,
Vandamme, 1978 and Vandamme and Lambert 1978).

The organic carbon contents were generally low, and varied
from 6.0 gkg' to 9.8 gKg' for Samaru soils, while that of Kadawa
varied from 5.9 to 10.6 gkg' as shown in Table 16. The low 0.C
content had earlier been reported by Jones and Wild (1975).

The least available P of 4.32 mgKg' and the highest of 18.84
mgKg' were obtained with Kadawa I and II soils respectively. The
phosphorus content of savanna soils is known to be generally low
(Jones and Wild 1975 Kowal and Kassam, 1978).

Total N contents of the soils are low and varied between 0.42
and 0.49 for Samaru scils, while those of Kadawa, varied from 0.49
to 0.88 gkg'. The total N content fall within the range (0.08 to
29 gKg') obtained in Savanna soils (Jones and Wild 1975).

The soils of Kadawa had high exchangeable Ca, Mg and CEC than
Samaru soils. Available B contents varied from 0.05 to 0.13 mgKg'
for Samaru soils while those of Kadawa varied from 0.12 to 0.32
mgKg', as shown in Table 16. Only Kadawa IV soils had available B
of 0.32 mgKg' which is within the critical soil B recommended by

Rogers (1947), whereas none of the soils have soil B of 0.8-2.0
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recommended by Drews et al (1980a) as adequate for the growth of
tomatoes. .

All the so0ils-had high Fe and Mn contents, but only Kadawa I
and I1 soils had available Zn higher than 3.2 mgKg' which is the
critical soil Zn reported by Pam (1990) for 0.1N HCl extractable
Zn. The Cu level varied between marginal and high (Table 16) when
compared ta the critical Cu levels of 1.0 mgKg' set by Lombin
{(1983b) .

The result (Table 16) showed that B, N, P and O0.C contents of
the soils used, fall within the low fertility classes suggested for
soils of Northern Nigerian (Enwezor et al 1989 and 1990). It is
expected that crops will respond to additions ¢f these nutrients in
the soils.

4.3.3 Dry Season Trials 1992/93 & 19%3/94

4.3.3.1 Effect of Boron Application on Morphological Appearance
of Plants

In the field, boron deficiency was observed on some plants.
At Samaru, some plants in the control plots (0 kg Bha') produced
curled and chlorotic leaves near the apex as well as brittle and
yellowing of older leaves, an indication of slight to moderate B
deficlency. Some of these symptoms disappeared gradually, as
though some pergisted in some plants up to maturity.

Death o¢f terminal bud, bushy appearance of plants; uneven
ripening of fruit were observed in some control plots. These are
part of symptoms of B deficiency, described previously. A similar

observation was made at Kadawa. Similar observation had béen made



116
elsewhere by Holmes (1960), Adams and Winsor (1974); Jackson and
Chapman (1975), Aduayi (1978) and Gupta (1993).

Toxicity symptoms were observed in plets that received 4 and
S kg B ha'!. These symptoms manifested as leaf marginal burning and
inter-veinal chlorosis, starting with the older leaves. These were
symptoms described by Bergmann and Neubert (1976) and Shorrocks
(1983) as evidence of B toxicity.

In 1893/94 trial, some plots manifested symptoms of nematode
infection at Kadawa. This problem which was observed at fruiting
stage led Lo slight reduction in yield.
4.3.3.2 Effect of Boron Application on Number of Leaves

In this study, leaf count is regarded as an index of the
amount of vegetative grawth before flowering {(Epstein 1872).

The effect of boron (B) treatment on number of leaves of the
two varieties was only significant at Samaru in 1993/94 (Table 17).
Nevertheless, wvariety Dandino had greater vegetative growth as
indicated by higher number of leaves than in variety Roma VF,

Boron application significantly (P = 0.05) increased the
number of leaves per plant up to 4 kg B ha'! at Samaru in 1993/94
(Table 17}. This result agreed with the report of Vaganav and
Sorokina (1972) and Verma et al (1973).

In 1992/93, the highest number of leaves, in each trial was
obtained at 3 and 2 kg B ha', which accounted for 48 and 16.8%
increase over the control at Samaru and Kadawa regpectively. In
1993/94, plants treated to 2 kg B ha' recorded the highest number

of leaves at Samaru and Kadawa with increase of 66.5 and 57.2% over
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Table 17: Effect of Variety and boron rates on number of leaves at
Samaru and Kadawa under irrigation condition during
1992/93 and 1993/%4 cropping seasons

Treatment 1992/93 ' 1993/94
Samaru Kadawa Mean Samaru Kadawa Mean
Variety
Roma VF 58.0 56.0 57.0 72.0b 80.0Q 76.0
Dandino 64 .0 86.0 60.0 77.0a 88.0 84.0
LSD (0.05) NS NS 5.0 NS
Boronrates
(kg B hal)
c 53.0cde 54.0 S3.0 63.0c 70.0bcd  57.0
1 63.0bc 57.0 60.0 7%.0b 105.0a 92.0
2 ° 67.0ab  63.0 65.0 105.0a 110.0a 106.0
3 79 .0a 57.0 68.0 80.0Db B2.0b 81.0
4 60.0cd 56.0Q 58.0 68.0c¢ 72.0bc 80.0
5 45, 0de 56.0 50.0 51.0d €4.0cd 58.0
LSD (0.0%) 14.10 NS S .44 16.4

Means In a given cclumn followed by similar letters are not
significantly different at P = 0.05, using DMRT
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Table 18: Effect of Varijiety X boron rates interaction on number of
leaves at Samaru and Kadawa in 1992/93 and 1993/94

- 1992/93 1993,/94

Treatment

(kg Bha') Variety . Samaru Kadawa Mean Samaru Kadawa Mean
it 44.0 50.0 47.0 58 .0fghi 68 .0 53.0
1 54.0 55.0 55.0 A7 .0efg 85.0 81.0
2 Roma VF 60.0 57.0 59.40 107.0a 107.0 107.0
3 78.0 57.0 67.0 78 . 0cde 79.0 78.0
4 67.0 56.0 62.0 73.0def He .0 T70.0
5 42.0 56.0 49.0 46 .01ij 60.0 53.0
4] 63.0 57.0 60.0 58 .0det 73.0 71.0
1 72.0 59.0 66.0 30.0bc 115.0 103.0
2 Dandinao 73.0 68.0 0.0 104.0ab 112.¢ 108.0
3 850.0 57.0 £8.0 §2.0¢cd 84,0 B3.0
4 52.0 86.0 54.0 652.0fgh 75.0 £9.0
5 48 .0 $5.0 51.0 56 .0fghi]j 68.0 52.0

LSD {0.05) NS NS 13.4 NS

Means in a given column followed by similar letters are not significantly
different at P = 0.05, using DMRT.
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the control respectively.

There was no significant difference between the results
obtained for plants treated to 2 and 3 kg B ha' in 1993/94 at both
locations.

Furthermore, crop growth as measured by leaf number was better
in 1993/94 than in 1992/93 when the weather conditions were better
(Appendix D), especially prior to and during flowering. Similar
findings was reported by Epstein (1972).

The increase in the number of leaves as the boron rates
increased ghowed that B is important for vegetative growth in
tomato plants. Leaves are the major source of photosynthates in
the plant. Zelitch (1971) and Epstein (1972) explained that
photosynthesis play a vital role in the determination of growth
indices which subsequently affect dry matter yield and fruit yield.

However, the result of this work is contrary to the findings
of other workers such as Blamey (1976) and Birch gt al (1981) who
reported that the effect exerted by B in plants is of lesser
importance in vegetative life than in the reproductive life.

The interaction between B rates and variety on number of
leaves was only significant (P = 0.05) at Samaru in 19%3/94 (Table
18). However, variety Dandino treated to 1 kg B ha' recorded the

highest number of leaves (115.0) at Kadawa in 1993/94 (Table 18).

4.3.3:3 Effect of Boron Application on Number of Days to 50%
flowering

The effect of boron rates on variety was only significant (P
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= 0.05) at the first year of the trial at Samaru and Kadawa. The
mean number of dayg of the varieties in each location revealed that
variety Roma VF flcowered earlier than Dandino (Fig. 4). The
difference in number of days over the control were 12 and 13 days
in 19%2/93, 8 and 10 days in 19932/%4 at Samaru and Kadawa
respectively.

Application of increasing rates of B significantly (P = 0.05)
decreased the number of days to 50% flowering up to 4 kg B ha' in
beth years and locations (Fig. 4). The least number of days to 50%
flowering were obtained at 3 kg B ha' at Kadawa in both years,
whereas at Samaru, the results of plants treated to 2 and 3 kg B ha
! were at par in 1992/93 and 1993/94.

Samaru trials recorded 26.5 days as the least mean number of
days to flowering whereasg, Kadawa recorded 29 days (Fig. 4). The
difference in number of days tce flowering in both locations could
be due to soil and environmental factors, as had earlier been
reported that environmental and soil factors infiuence the
morphology and development of floral parts in tomatoes {(Abdalla and
Verkerk 1968, Hanna and Hernandez 1982).

The interaction between B treatment and variety was not
significant (P = 0.05} in both vyears at Samaru and Kadawa.
Meanwhile, the least mean number of days to 50% flowering (24 days)
was obtained with variety Roma VF treated to 3.0 kg B ha', (Fig.
4} .

The result of this study signifies the importance of B on the

period of flower initiation. All B treated plants except plants
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Fig. 4 Number of days fo.50% flowering s influenced by variety and rates of boron at Samaru and
Kadawa under tigation conditions (1992/83 and 1863/84).

1992 /93

Number of days to S0% flowenng
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0 1 2 3 4 5
' Boron rates (kg B ha-1)
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Number of days to S0% flowering
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Number of days to 50% flowering
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Boron retes (kg B ha-1)
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treated to 5 kg B ha' flowered earlier than the control.

4.3.3.4 Effect of B Application on Number of Flowers Per Plant

Variety Dandino produced more flowers than Roma VF in each of
the trial, but the difference was only significant at Samaru in
1992/93 and 1993/94, (Table 19).

The number of flowers increased significantly (P = 0.05) with
increase in boron rategs up to 4 kg B ha', at both locations in
1992/93, but only up to 2 kg B ha' in 1993/94.

Plants treated to 2.0 kg B ha' gave the highest number of
flowers per plant in each of the trials (Table 19). These
represent increases of 18 and 28% in 1992/93 and 18 and 7% in
1993/94 at Samaru and Kadawa respectively.

Results obtained with plants treated to 2.0 and 3.0 kg B ha'
in 1992/93 were not significantly different. The highest mean
number of flowers per plant obtained at Samaru was 55.22, whereas
59.5 was obtained at Kadawa.

The result of this work corroborates the findings of Blamey
(1976) that the relative effect of B is exerted more in the
reproductive phase. Similarly, Eriksson (1979) reported a positive
linear relationship between number of flowers and B rates in tomato
plants as reported in this study.

The interaction between boron rates and variety was
significant both at Samaru and Kadawa in 1992/93 and only at Samaru

in 1993/94 (Table 20).
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Table 19: Effect of Variety and boron ratesg.on number of flowers
per plant at Samaru and Kadawa under irrigation Conditicn

Treatment ) 19%2/93 1993/94
Samarﬁ Kadawa Mean Samaru Kadawa Mean
Variety
Roma VFE 48.22b 52.61 50.4%2 36 .55b 29.04 30.30
Dandino 50.78a 53.00 51.89 4% . 04a 30.85 37.95
LSD (0.0G5) 1.80C NS 1.93 NS
Boron Rates
(Kg B ha'}
g 46.00de 46.50e 46 .25 45.83b 32.07ab 39 .45
1l 51.00abc 53.50bc 52.25 45 .08bc 32.57ab 38.83
2 54 .33a 59.50a 56.92 55.22a 34.332 44 .78
3 54 .00ab 58.00ab 56.00 40,704 28.10hc 34 .40
4 48 .17cd £1.83cd 50.00 33.20e 26.43cd 29.82
5 43 .50e 47 .504e 45 .50 23 ,75¢F 26.174 25.00Q
LSD (0.05) 3.30 5.25 3.35 4,11

Means 1n a given column followed by similar letter(s) are not
significantly different at P = 0.05, using DMRT
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Table 20: Effect of Variety X boron rates interaction on number of flowers
per plant at Samaru and Kadawa under irrigation condition 1in
1992/93 and 1993/94

1992/93 1993 /94
Treat -
ment Variety
(kg Samaru Kadawa Mean Samaru Kadawa Mean
Bha')
v 46 .00efgh 45.00fghi 45.50 43.80ef 30.%0 37.35
48.00ef 45.00defg 4B.50 36.87gh 32.27 3a.57
2 Roma VF 50.00c¢de 56.00abecd 53.00 50.97bc 31.93 41.45
53.00bc 60.00ab 56.50 34.27ghi 27.13 20.47
47.33efg 55.687cde 51.5 29.933 26.40 28.17
5 45.00fghi  50.C0def 47.50 23.421 25.60 24.51
0 46 .00efgh 48.00fgh 47.00 49.87bcd 33.23 41.55
i Dandinac 54.00ab 58.00abc 56.00 S3.30b 32.87 43.08
2 58.67a 63.00a 60.84 59.47a 36.73 48.10
3 55.00ab 56.00abcd 55.50 47 . 13cde 29.07 38.10
4 49 .00def 48.00fgh 48.50 36.40g 26.47 31.44
5 42 .00hi 45.00fghi 43.5 24 .03k 26.73 25.38
LSD 4.67 7.42 4.73 NS
{0.05)

Means in a given column followed by similar letters are not significantly
different at P = 0.05, using DMRT.
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4.3.3.5 Effect of Boron Application on Number of Fruits Per
Plants

Number of fruits was influenced by the application of B (Fig.
5). Varietal difference were only significant (P = 0.05) at Kadawa
in 1992/93 and Samaru in 1993/94. The trend was strongly in favour
of Roma VF in 1992/93, whereas it was in favour of Dandino in
1993/94. The difference in varietal response for the twoc years
could be due to environmental factors.

Application of boron significantly increase the number of
fruits at Samaru and Kadawa in both locaticns.

As the, B rate increased, the number of fruit per plant also
increased up to a point after which a trend of gradual reduction
was observed with further increase (Fig. 5). The result of this
work corroborates the findings of other researchers like Pinero et
al (1977), Adams et al (1978) and Adelana (1986).

This result is also in line with the report of Eriksson (1979)
who repcrted an increase in the number of red clover fruits treated
with B and attributed this effect tec increase in the sugar content
of the nectar, which subsequently increased the population of
pollinating insects.

Plants treated to 2 kg B ha' gave the highest number of fruits
in each of the trials, which accounted for increase of 35.7 and
58.7% in 1992/93 and 48.2 and 25.7% in 1993/94 relative to control
at Samaru and Kadawa respectively.

The highest mean fruit number per plant (38.7) in the trials

was recorded at Samaru in 1993/94 from plants treated to 2 kg B ha
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The interacftion between B treatments and variety was
significant in 19§2/93 at Samaru and Kadawa, and at Samaru in
1993/94. Variety Roma VF treated to 3 kg B ha' and Dandino treated
to 2 kg B ha' gave the highest number of fruits per plant at Samaru
and Kadawa in 1992/93. 1In 1993/94, variety Roma VF treated to 2 kg
B ha' at Kadawa gave the highest number of fruits (Fig. 5).
Dandino variety recorded the highest number of fruits at 3 kg B ha'

in the same year.

4.3.3.6 Effect of Boron Rates on Weight of Fruit

In 1992/93 and 1993/94, fruit weight of variety Dandino was
significantly (P = 0.05) higher than that of Roma VF at Samaru and
Kadawa (Fig. 6). The margin of difference was however greater in
1992/93 than in 1993/94. Dandino fruit weight was higher than Roma
VF by 29 and 14% in 1992/93; 25 and 39% ir 1993/94 at Samaru and
Kadawa respectively.

The result of this study signified that variety Dandino
responded more to B fertilizer than Roma VF. Earlier studies had
shown varietal response to B (Andrew and Thorne, 1962, Bradford
1966 and Tisdale et al 1985).

Boron rates significantly (P = 0.05) increased the weight of
tomato weight at Samaru and Kadawa in 1992/93 and 1993/94. The
maximum fruit weight in each trial was obtained at 2 kg B ha',

despite that the soil boron level of the experimental field were
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different (Table 16) with Samaru 1992/93 site having the least
(Fig: 6) . Boron Eate of 2 kg B ha' increased the fruit weight by
47 and 40% in 1992/93; 80 and 33% in 1993/94 at Samaru and Kadawa
respectively, relative to control.

The percentage increase of the fruit weight at 2 kg B ha' over
the control was more at Samaru in both years. This could be due to
the low soil B level at the Samaru sites (Table 16), and the
favourable weather condition at the Samaru sites during fruiting
(Appendix D). Similar result was obtained by Adelana (1986) who
got the highest fruit weight between 1.5 and 2.0 kg B ha' in trials
conducted in different locations in South Western Nigeria.

The interaction between treatment and variety was only
significant (P = 0.05) at Kadawa in 1992/93 and 1993/94 (Fig. 9).
Nevertheless variety Dandino treated to 2 kg B ha' recorded the

highest fruit weight of 70.33g in 1993/94 at Samaru.

4.3.3.7 Effect of Boron Rates on Marketable Fruit Yield

Varietal differences in marketable fruit yield was only

It

significant (P 0.05) at Samaru in 1992/93 (Table 21). Dandino
cut yielded Roma VF by 25 and 8.7% in 1992/93; 48.3 and 44% in
1993/94 at Samaru and Kadawa respectively.

The yield of fresh fruit increased significantly (P = 0.05)
with the application of B at Samaru and Kadawa in 1992/93 and
1993/94 as shown in Table 21.

Despite the different soil B level of the experimental sites,

plants treated to 2.0 kg B ha' gave the highest yield in each of
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the trials. This accounted for increase of 99.9 and 121% in
1992/93; 148 and 72% in 1993/94 at Samaru and Kadawa relative to
control. However, the highest tomato yield of 45.3 tons ha' was
recorded at Samaru in 1993/94.

In an earlier study, Gulati et &l (1980) applied different
rates of B to tomatoes and receorded the highest yield of fresh
tomato fruit at 1.5 kg B ha', for irrigated tomatoes.

The yield at Kadawa in 1993/94 was slightly reduced as a
result of nematode infection which manifested at fruiting stage.

High significant (P = 0.01) interactions between variety and
rates of I; were recorded at Samaru and Kadawa in 1992/93 and
1993/94 (Takle 22). In 1992/93, Roma VF recorded its highest fruit
at 3 kg B ha', whereas Dandino recorded its highest fruit yield at
2 kg B ha' in both locations.

In 19%3/94, variety Roma VF and Dandinc recorded high fruit
yield at 2 kg B ha' at Samaru and Kadawa relative to other
treatments.

A combined analysis over two locations in 1992/93 showed that
the interaction hetween boron rates and variety was significant (P
= 0.01). The interaction between location and boron rates was
significant (P = 0.05), while the interaction between location and
variety was not (Appendix ().

In 1923/94, combine analysis over vyears showed that the
interaction between variety and treatment; location and treatment,
location and variety; Creatment, location and variety were all

highly significant (P = 0.Q01) (Appendix C).
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Table 21: Effect of Variety and boron rates on marketable fruit

yvield (wons ha') of fresh tomato fruits at Samaru and
Kadawa in 1992/93 and 1993/94
Treatment _‘ 1992/93 1993/94
Samaru Kadawa Mean Samaru Kadawa Mean
Variety
Roma VF 16.18 19.47 17.83 17.20 9.97 13.59
Dandino 20.28 21.17 20.73 25.590 14 .35 19.583
LSD {0.905) 2.26 1.15 2.32 1.73
Boron Rates
{Kg B ha™'")
O 14 .11de 14 .24de 14.18 18.51c 10.84hb 14.68
1 21.80b 21.95bc 21.88 25.36b 17.14a 21.25
2 28.21a 31.44a 29.83 46.00a 18.63a 32.28
3 20.56bc 24 .64b 22 .60 19.77cC 10.50b 15.14
4 14.97d 17.35d 16.16 11.78d 8.73bc 10.26
5 9.74e 12.28de 11.01 6.8%e 7.044d 6.97
LD (0.05) 3.82 3.01 4.02 3.01
Means 1n a given column followed by similar letter(s) are not

significantly different at P =

0.05,

using DMRT
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Table 22: Effect of Variety X boron rates interaction on yield of fresh
tomato fruits at Samaru and Kadawa in 19%2/93 and 1993/94

= 1992,93 1993764

Treat - )

ment Variety  gamaru Kadawa Mean  Samaru Xadawa Mean

(kg Bha'!
o 10.99fg 11.32hid 11.1%5  15.36fqg A.50efgh 11.93

1

1 17.31d 17.4%9def 17.40 18 .43ef 17.26b 17.82
2 Roma VF 22.,17bc 26.41bc 24,29  40.52Db 11.76def 26.14
3 24.87bc in.9%k 27.93 13.32fg 8.72efqgh 11,02
4 13.88def 18.87d 16.38 9.35%hi3] 7.64fghij 4.52
5 7.8514 11.73hij 9.79 6£.197k 5. 96ghijk 5.08
g 17.23d 17.17defqg 17.20 21.a6de 13.18bcd 17.42
1 26 .290bb 26 .41bce 26.35 iz.2%¢c 17.02bc 24 .66
2 34.25a 36.462 35.36 51.34a 25.53a 38.44
3 Dading 16, 24def 18.28de 17.26 26.22d 12.28det 18.20
4 16 .06defg 15.84defgh 15.%95 14.17fgh 9.83defyg 12,00
5 1l.62gfghi 12.84hi 12.23 7.6017k B.l2efgij ?.B6

LSD 5.54 4,25 5.69 4.,2%

{(0.05)

Means in a given column followed by similar letters are not significantly
different at P = 0.05, using DMRT,
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The response of tomato plants to boron rates at Samaru and
Kadawa might be due to low levels of soil B in the soils of the

experimental sites.

4.3.3.8 Effect of Boron Rates on Dry Matter Yield (DMY) of Tomato
Plants

Variety Dandinc recorded higher DMY than Roma VF, with the
trend strongly in favour cf 1993/94 trials (Fig. 7). However, the
difference wag only significant at Kadawa in 1992/93. The observed
differences were 5.5 and 14% in 1992/93; 6.6 and 7.0% in 1993/94 at
Samaru and Kadawa respectively.

There was a highly significant effect of B application on dry
matter yield of tomato plants. Plants treated to 2 kg B ha' gave
the highest DMY at Samaru in 1992/93 trials, whereas the highest
yield was obtained with plants treated to 3 kg B ha' at Kadawa.
The highest DMY for the 1993/94 trial at Samaru and Kadawa were
racorded with plants treated to 2 kg B ha' (Fig. 7).

Results indicated that 199%3/94 trials proved superior to
1992/93. The increase in dry matter yield of plants treated to 2
kg B ha' over the control were 46.5 and 21.5% for 1992/93 trials,
50.8 and 62.8% for 1993/94 trials at Samaru and Kadawa
respectively.

Earlier studies have shown that DMY is affected by number of
leaves. Khan and Sagar (1%67) reported that more than half of the
plants dry matter was retained in the leaves. Similarly, Thomas gt

al (1973) found that mere than 90% of the iry matter in plants are
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Fig. 7. Dry matter yield as influenced by vanety and rates of boron et Semaru and Kadawa undes
lrrigation conditions in 1082/83 and 1603/54.
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products of photosynthesis.

Thefe appears to be no significant interactive effect of
variety X boron rates on DMY. However, what is evident from the
data is that, at the highest level of B, DMY reduced significantly.

It was also observed that DMY varied with locations, the
highest occuring at Kadawa. This difference may be due to
differences in the inherent fertility and productivity of the soils

of the two experimental locations.

4.3.3.9 The Effect of Boron Rates on Boron Concentration in
Tomato Plants

Varietal differences in B concentration were significant (P =
0.05) in 1992/93 at Samaru, and at Samaru and Kadawa in 1993/19%4
(Fig. 8). Dandino recorded higher B concentration than Roma VF.
The differences were to the tune of 41.9% at Samaru in 1892/93;
25.3 and 28.2% in 1993/94 at Samaru and Kadawa respectively.

The varietal differences obtained in this study confirm the
report of other workers that crop species and varieties have
specific B requirements (Andrew and Thorne 1962; Brown et al 1972
and Gupta 1993).

Boron concentration significantly increased as the boron rates
increased (Fig. 8). The 5 kg B ha' treatment resulted in
significantly greater concentration than the other treatments. B
concentration was higher in 1993/94 at both lccations than in
1992/93. This could be due to higher soil B level, number of

leaves and DMY values in 1%993/94.
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However, the B concentration in the plant tissue obtained 12
this study (0.45-%.40 mgkg') were lower than the value for normal
plants as reported in literature. Neubert et al (1970) recommended
a range of 30 to 75 mgkg' B, whereas Drews and Frank (1980a)
recommended a range of 30-35 mgkg' B in plant tissues of tomato
plant as sufficient.

The low values of plant tissue B could be due to low
adsorption capacity of the soils which could make the soil B
susceptible to leaching losses.

The interactive effect of variety X boron rates on the B
concentration was significant (P = 0.01) at Samaru and Kadawa in
1992/93 and 1993/94 (Fig. 8). Dandino variety treated to 5 kg B ha
' recorded the highest B concentration. In contrast, control plots
gave the least B concentration in the trials.

4.3.3.10 Effect of Boron Rates on the Macronutrient (K, P, Ca &
Mg) Concentration

Potassium (K)

The effect of B treatments over varieties on K concentration
was only significant (P = 0.01) at Kadawa in 1993/94 (Fig. 9 & 10).
However, K concentration was higher in Dandinec than Roma VF.

Boron application had significant (P = 0.05) effect on
potassium concentration at Samaru and Kadawa in 1992/93 and at
Samaru in 1993/94 (Fig. 11). The K concentration values which
varied from 0.68 to 1.00% in 1992/93 and 2.28 to 2.79% in 1992/93
fall within the low to medium critical level for K in tomato plant

tissue.

137
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Fig. 9. Plant Macronutrient Concentration as Influenced
by Variety and Boron Rates at Samaru and Kadawa
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Zobel (1966) had reported that tomatoc plant absorbs and
utilizes a large amount of K and that more K is absorbed than ény
other nutrients. iAlso Gould (1974), Adams et al (1978) reported
that gocd quality tomato fruit is dependent upon adequate and
proper potash fertilization.

It is worthwhile to note that K concentration was higher in
1993/94 than in 1992/93 (Fig. 11). This could also be the reason
why the yield parameters were higher in 1993/94.

Variety X B treatment interaction for K concentration was not
significant in both years (Figs. 9 and 10).

Phosphorus (P)

Dandino variety had significantly (P = 0.05) higher phosphorus
concentration than Roma VF at Samaru in 1992/93 (Fig. 9). In
1993/94, P concentration for Roma VF was more than Dandino in both
locations (Fig. 10) although the difference was not significant (P
= 0.05). This discrepency could be due to the soil P level of the
soils in the sites.

The effect of B rates on P concentration was only significant
(P = 0.05) at Samaru in 1993/94 (Fig. 11). Phosphorus
concentration was higher in 1993/94 (0.11-0.16 mgKg') than in
1992/93 (0.08-0.13 mgKg'). The P range for both years is below the
critical range of 0.4-0.6 mgKg' reported by Roorda and Smilde
(1981) for tomato plants.

The higher P concentration in 1993/94 was associated with high

dry matter content at harvest. The interaction between B rates and
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variety for P concentration was significant (P = 0.05) at Samaru in

1992/93 and 1993/94 (Figs. 9 and 10).

Calcium (Ca)

Calcium concentration in Dandinc was greater than that of Roma
VF in 1992/93, but lower than Roma VF in 1993/94. The difference
in Ca concentration was significant at Kadawa in 1992/93 (Fig. 9),
and at Samaru in 1993/94 (Fig. 10).

Boron rates significantly enhanced Ca concentration up to 3 kg
B ha’ at Samaru in 1992/93 (Fig. 11). Ca concentration in plant
tissue in 1592/93 (.80 - 2.7%) was higher than in 1993/94 (1.5-
2.0%) at both locations. This could be due to the high
exchangeable Ca in the soils of the experimental site (before
planting) in 1992/93 (Table 16) than 1993/94.

The interaction between B rates and variety for concentration

was only significant at Kadawa in 1992/93.

Magnesium (Mg)

Magnesium concentration in Roma VF was higher than that in
Dandino, although no significant difference was observed (Fig. 9 &
10) .

The effect of B rates on Mg concentration in the plant tissue
was only significant (P = 0.05) at Samaru and Kadawa at the first
year of the trial. However, Mg concentration was higher in 1993/94
(0.95-1.14) than 1992/93 (0.5-0.87%). The Mg concentration values

for both years are within the range of 0.36 to 0.85% obtained by
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Roorda and Smilde (1981) for healthy tomato plants.
The interaction between B rates and variety on concentration

was only significant in 1992/93 at Samaru and Kadawa (Figs. 9 &

10).

4.3.3.11 Effect of Boron Rates on The Micronutrients (Zn, Mn, Fe
and Cu) Concentration

Zinc (Zn)

The effect of boron rates over variety on Zn concentration was
significant (P = 0.01) at Samaru and Kadawa in 1993/94 but not in
1992/93 (Fig. 12). However, variety Roma VF produced higher Zn
concentration than Dandino.

Boron rates had significant effect on Zn concentration at
Samaru and Xadawa in 1993/94 (Fig. 13). The values of Zn
concentration which varied from 183 to 240 mgkg' is within the
recommended range of 20-350 mgkg' (Jones, 1972).

The highest Zn concentration of 240 mgkg' was obtained at 1.0
kg B ha' at Samaru in 1993/94. This could be due to the high DMY
recorded at 1.0 kg B ha' in 19%3/94 (Fig. 7).

The 1interaction between B rates and variety on 2n
concentration was significant (P = 0.01) in each of the trial
except at Kadawa in 1993/94 (Fig. 12).

The result signifies the importance of Zn in the nutrition of

tomato (Winsor and Adams 1986) .
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Manganese (Mnj

The effect of.variety over B treatment on Mn concentration was
not significant in-all the trials (Fig. 12).

Boron rates did not influence the Mn concentration in plant
tissue significantly in both locations and years (Fig. 13). The Mn
concentration varied from 110 to 470 mgkg'. These values are
within the sufficiency range of 20 to 500 mgkg' recommended by
Jones (1972) but was higher than a range of 55-220 mgkg' reported
by Roorda and Smilde (1981). Although, there are limited data toc
show when toxicity occurs, levels in excess of 500 mgkg' are
probably toxic for many plants.

The interaction between variety and treatment on Mn

concentration was not significant in all the trials (Fig. 12).

Iron (Fe)

The effect of varieties over treatment on the concentration of
Fe was not significant (P = 0.05). However, Dandino appears to be
superior in Fe concentration than Roma VF (Fig. 12).

Application of B had significant influence on the Fe
concentration at Samaru and Kadawa in 1992/93 but not in 1993/94
(Fig. 13). The Fe concentration varied from 354 to 1535 mgkg’.
This is above the sufficiency range of 50-250 mgkg' reported by
Neubert et al (1970) and Rcorda and Smilde (1981). The high values

could be as a result of contamination from the soil and tyupe of

fertilizer used.
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Gould (1974) reported that Fe is the most important mineral
present in tomatges in terms of providing adequate nutrition

because the Fe is in the reduced ferrous state.

Copper (Cu)

The effect of variety over B rates on the concentration of Cu
was not significant (P = 0.05) in any of the trials (Fig.12).
However, variety Dandino proved supericr to Roma VF in terms of Cu
concentration.

Copper concentration in the plant tissue was significantly
influenced by B rates at Samaru in 1992/93 and 1993/94 but not at
Kadawa (Fig. 13). ‘The Cu concentration of 12 to 21 mgkg' was
within the sufficiency range of 5-20 mgkg' recommended by Jones
(1972) .

The effect of variety X boron treatment interaction on the Cu

concentration was only significant at Samaru in both years but not

at Kadawa (Fig. 12).

4.3.3.12 The Effect of Boron Rates on Boron Uptake in Tomato Plant
The effect of boron (B) rates on uptake of boron of the two
varieties was significant in 1993/94 at Samaru and Kadawa (Table
23), nevertheless, variety Dandino had greater mean B uptake than
Roma VF.
Application of boron significantly increased B uptake over the
control at Samaru and Kadawa in 1992/93 and 1993/94. 1In 1992/93,

plants treated to 3 kg B ha' recorded highest uptake of 1.11 and
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2.67 gha' at Samaru and Xadawa respectively. Similarly, in
1993/94, the highest B uptake of 14.28 and 15.43 gha' were recorded
at Samaru and Kadawa respectively, as shown in Table 23.

The interaction between boron rates and variety on boron
uptake of tomato plants was significant in each of the trials as
shown in Table 24. However, in 1992/93, Dandino variety treated to
4 kg B ha' produced the highest B uptake of 1.38 gha' at Samaru
while Dandino plants treated to 5 kg B ha' produced the highest B
uptake of 3.82 gha' at Kadawa.

The results of 1983/94 revealed that Dandino variety treated
to 3 kg B ha' recorded highest B uptake of 16.95 and 17.48 gha' at
Samaru and Kadawa respectively.

Boron uptake obtained in 1293/94 were higher than that of
19%2/93. This could be due to higher DMY recorded in 19%93/94
{section 4.3.3.8) trials.

Boron uptake obtained in this study (0.196-16.95 gha') were
low compared with the results of Pinero et al (1977), Gulati et al
(1980} and Garate et al {(1984a). However, Gulati et al (1980) had
reported that plant uptake of B can be regulated by contrelling the
application of irrigaticn as well as the amount of nutrient to the
soil. Similarly, Adams and Winsor (1970) has reported that uptake
of nutrients in tomatoes varies with many factors such as light

intensity, temperature, humidity, aeration and with the health of

the plant.
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Table 23: Effect of Variety and boron rates on boron uptake (gha’
in tomato plants at Samaru and Kadawa under irrigation
conditien in 1992/93 and 1993/94

Treatment . 1992/93 1293/94
Samaru Kadawa Mean Samaru Kadawa Mean
Variety
Roma vf 0.60 1.80 1.20 7.55b 9.05b 8.30
Dandino C.8% 1.78 1.40 10.81a 11.%0Ca 11.36
LSD (0.05} NS NS 3.12 2.25
Boron Rates
(Kg B ha')
0 g.22d 0.25e 0.23 1.02e 1.184 1.10
1 0.45¢d 0.88d 0.67 3.724 7.33c¢ 5.53
2 0.75bc 1.50¢ 1.13 9.25¢ 14 .44a 11.85
3 1.11a 2.67a 1.89 13.%8ab 15.43a 14 .51
4 1.10a 2.40ab 1.80 13.23b 11.92b 12.58
5 0.84b 2.06b 1.45 14.28a 12.56b 13.42
LSD (G.05} 0.36 Q.42 g.88 0.96
Means in a given column followed by similar letter(s) are not

significantly different at P

= (.05,

using DMRT
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4‘ Table 24: Effect of Variety X boron rates interaction on boron uptake in
tomato plants at Samaru and Kadawa under irrigation conditions in
1992/93 and L.993/94

1992/93 1993/94

Treatment

(kg Rha'}) Variety Samaru Kadawa Mean Samaru Kadawa Mean
0 0.196ghijk 0.2631i3 0.230 1.13n 1.041 1.09
1 0.471fgni 1.0z20fgh 0.744 4.03g 5.859 4.94
2 Roma VF 0.569defqg 1.74cdef 1.16 7.15F 15.0%c 11.12
3 0.9%968abcd 3.18a 2.074 10.21le 13.39cde 11.80
4 0.8l4bcdef 2.31lbc 1.562 10.84cde 9.59¢f 10.22
5 0.564defg 2.2%bcd 1.430 11.B54c 9.36fg 10.65
0 0.238ghiik 0.232i7 0.234 0.3%1h 1.334% 1.12
1 0.434fghij 0.734igh 0.584 3.42 8.81fg £.12
2 . 0.935abde 1.260£fg 1,098 11.34cd 13.7Bbcde  12.56
3 Dandinoc 1.12/ab 2.140bcde  1.633 16.95a 17 .48Ba 17.22
4 1.38a 2.48h 1.93 15.63ab 14 .25bcd 14,94
5 l.tlahc 3.82a 2.47 16.61lab 15.76ab 16.19

LS50 {0.05) Q.45 b.682 1.42 2.20

Means in a given column followed by similar letters are not significantly
different at P = 0.05, using DMRT.
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4.3.3.13 Simple Correlation Matrix (r) Among Yield Parameters and
Nutrient Concentration in 199%2/93 Trials

Results indicated that number of leaves was related negatively
to number of daysﬁto 50% flowering (r = -0.509%*} but positively
with number of flowers (r = 0.358+**), number of fruits (r =
0.400**), fruit weight (r = 0.4%9**), fruit yield (r 0.478**) and
DMY (r = 0.326**) at Samaru {Table 25). At Kadawa, number of
leaves wasg only related to Fe concentration (r = 0.393¥%*} ., The
correlation between these parameters and number of leaves signifies

the important contributiocn of number of leaves to the parameters.

Number* of days to 50% flowering was related negatively with

number of flowers per plant {r = -0.497+*), number of fruits per
plant (r = -0.500**), fruit yield {(r = -0.579**) and positively
with B concentration (r = 0.330*}). For Kadawa trials, number of

days to 50% flowering correlated negatively with number of flowers
per plant (r = -0.347*), number of fruits per plant (r = -0.623**),
fruit yield (r = -0.465*%), DMY (r = 0.439**) and K concentration
(r = -0.306*) as shown in Table 25. The number of flowers per plant
was strongly related to number of fruits (r = 0.564*+%), fruit
weight (r = 0.556**), fruit yield (r = 0.688*%*), DMY {r = 0.556%%*),
Zn and Cu concentration (r = 0.560** and 0.394** respectively) at
Samaru. Number of flowers per plant was strongly related to number
of fruit {(r = 0.738**), fruit weight (r = 0.708**) and fruit yield
{r = 0.772**) ag shown in Table 25. The relationghip between
number of flowers and other yield parameters agreed with the repert
of Winsor and Adams (1974} and Gupta (1979}.

At Samaru, number of fruits correlated with fruit weilght (r =
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0.556**%), fruit vyield {(r = 0.841**), DMY (r = .503**), Fei

concentration {(r = 0.401+**), Cu and B concentraticns (r = 0.314*

and 0.400** respegtively). Alsc at Kadawa, strong relationship

existed between number of fruits and fruit size (r = 0.709**) and
fruit yield {(r = 0.921x*},

The fruit weight was related to fruit yield {(r = 0.879**), DMY

r = 0.451%%), Fe and Cu concentrations (r = 0.356** and 0.43Q*~

respectively), at Samaru. However, fruit weight was only related,

though strongly with fruit yield (r = 0.9216**) at Kadawa (Table

25) .

The féuit yield, correlated with DMY (r = 0.568%%), Fe
concentration {(r = 0.412#**), Cu concentration (r = 0.440**} and
negatively with B concentration ({(r = -0.319**) at Samaru; while

there was no correlation between fruit yield and other parameters
at Kadawa as shown in Table 25.

As the DMY increased, the B concentration decreased (r = -
0.463**) at Samaru. For Kadawa trials, Zn and P concentrations
decreased as the DMY increased {(r = -0.352* and -0.411+%~*
respectively) .

Significant relationsghip existed |Tbetween B and Ca
concentration {(r = 0.369**), Mg concentration (r = 0.546*%) at
Samaru, Na, Ca, Mg and Fe concentraions {(r = 0.356*%*, (.480*%*,
0.666%* and 0.434** respectively) at Kadawa (Table 25).

Potassium concentration was significantly correlated with Mg
concentration (r = 0.339*%); while Na concentration significantly

correlated with Ca, Mg and Cu concentrations (r = 0.377*%*, 0.454%%
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and 0.364** respectively} at Samaru and Mg concentration (r = 330*)

atr Kadawa.

Calcium concentration was significantly correlated with Mg,
Mn, Cu and P concentrations (r = 0.690**, (.548** (0.417**, and
0.423** respectively) at Samaru; while Ca concentraion correlated
with only Mg concentration (r = 0.331%) at Kadawa.

The relationship between Mg, Mn and Cu concentrations were
significant (r = 0.397** 0.360, respectively) at Samaru.

Zinc (2n) concentration was only related significantly tc Mn
concentratign (r = 0.337*) at Samaru, and to Fe, Cu and P (r =
0.372**, 0.311* and 0.340* respectively) at Kadawa as shown in
Table 25.

There were significant relationship between Mn concentration
and Fe (r = 0.428*) Cu (r = 0.416**) and P (r 0.305%)
concentrations at Samaru. Also Fe correlated with Cu

concentrations (r = 0.413*) at Samaru. Copper (Cu) concentration

"

correlated with P concentration (r = 0.455** and 0.371**) at Samaru
and Kadawa respectively (Table 25) .

The relationship between B and other macro and micronutrients
had been reported in literature (Magalhaes and Monnerat, 1978;

Graves et al 1978; Adams and Grimmet, 1981).

4,3.3.14 Simple Correlation Matrix (r) Among Yield Parametes and
Nutrient Concentration in 1993/94 Trials

At Samaru, there was negative relationship between number of
leaves and number of days to 50% flowering (r = -0.6738**), B, K, Fe

and P concentrations (r = ~0.396*%, -0.342*, -0.347* and -0.318%
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respectively) as shown in Table 26. Also as the number of leaves
increased the fo}lowing parameters also increased: number of
flowers, (r = 0.702**), number of fruits (r = 0.776**) fruit weight
(r = 0.806**), fruit yield (r = 0.835**), DMY (r = 0.574**), Mn and
Cu concentrations (r = 0.439*%*%, 0.373%).

There were negative relationship between number of leaves, B
and K concentrations (r = -0.318* and -0.461**); but positive
relationship existed with number of flowers (r = 0.506**), number
of fruits (r = 0.689**), fruit weight (r = 0.618+**), fruit yield (r
= 0.677**), DMY (r = 0.661**), and Na concentration (r = 0.395%*)

at Kadawa (Table 26).

Number of days to 50% flowering at Samaru correlated

negatively with number of flowers (r = -0.446**), number of fruits
(r = -0.511%**) fruit weight (r = -0.463**), fruit yield (r = -
0.522%*), DMY (r = -0.471**), 2Zn and Cu concentrations (r = -~

0.343*, -0.312* respectively), but positively with B concentration
(r = 0.456**) and K concentration (r = 0.373*).

At Kadawa, number of days to 50% flowering correlated with

number of flowers, (r = -0.321*), number of fruits ( = 0.442*%),
fruit yield (r = -0.327*), DMY (r = -0.38%9*), Mn and Cu
concentrations (r = -0.359% and -0.349* respectively) as shown in
Table 26.

The number of flowers correlated negatively with B and Fe
concentrations (r = -0.665** and -0.310* respectively), whereas it
correlated positively with number of fruits, (r = 0.970**) fruit

weight (r = 0.756**) and DMY (r = 483*+) at Samaru.
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At Kadawa, number of flowers correlated positively with number
of fruits (r = 0.866%*), fruit weight (r = 0.696**), fruit yield (r
0.792**) and DMY (r = 0.509**) but negatively with B and X
concentrations (r = ~0.501*%* and -0.353%).

The number of fruits increased as the B and K concentrations
decreased (r = -0.661** and -0.380* respectively) at Samaru and at
Kadawa (r = -0.573** and -0.350* respectively). Nevertheless, the
following parameters increased with increase in fruit number -
fruit weight (r = 0.829%*), fruit yield (r = 0.946**), DMY (r =
0.569**) at Samaru and fruit weight (r = 0.760**), fruit yield (r

0.910**) and DMY (r = 0.657**) at Kadawa (Table 26).

Fruit size increased with increase in fruit yield (r =
0.926**), DMY ( = 0.532**), Na concentration (r = 0.352*) and Mn
concentration (r = 0.382*) at Samaru. Similarly at Kadawa, fruit
weight increased with increase in fruit yield (r 0.951**) and DMY
(r = 0.294*), and decreased with K concentration (r = -0.499%*)

Fruit yield correlated positively with DMY (r = 0.531**), Mn
concentration (r = 0.355*) and negatively with B and K
concentrations (r -0.466** and -0.356*) at Samaru. Fruit yield
also correlated positively with DMY (r = 0.512**) and negatively
with B and K concentrations (r = 0-0.372* and -0.449*~*) , at Samaru.

Dry matter yield (DMY) correlated negatively with B
concentration (r = -0.360* and -0.455**) at Samaru and KXadawa
respectively.

Boron concentration correlated with potassium (K)

concentration (r = 0.417*%), Na concentration (r = 0.458*%) at
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Samaru and B concentration at Kadawa ( = 0.302*).

Potassium (K) concentration increased as Ca, Mg and P

L}

concentration increased (r = 0.466**, 0.644** and 0.530**
respectively) at Samaru, Whereas at Kadawa, K concentration
correlated with Ca and Zn concentrations {(r = 0.558** and 0.314*
respectively) .

At Samaru, Ca concentration increased as Mg and 2n
concentrations (r = 0.600** and 0.315* respectively) increased
(Table 26}. Whereas at Kadawa Ca concentration increased with

increase in Mg concentration (r = 0.353*) ag shown in Table 26.

Magnesium (Mg) concentration correlated with P concentration
(r = 0.377*) at Samaru, whereas Zn concentration correlated with Mn
concentration (r = 0.407%%, 0.429*%) and P concentration r =
0.424**, 0.384) at Samaru and Kadawa respectively (Table 26). The
result of this study agreed with the report of Adams and Winsor
(1974} and Alvarez-Tinaut et al (1579).

The various relationship observed in the study suggested that
application of B exerted postive effect on growth and productivity
of tomatoes [(Abo-Elshaod et al 1980), and that the yield is related
to the content of the micronutrient in dry matter (Graveg et al

1978 and Winsor and Adams 1986) .
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FRUIT ANALYSIS RESULTS
4.3.3.15 Effect of Boron Rates on the Ascorbic Acid (AA) Contents
of Tomat? Fruits

The effect of boron application on ascorbic acid contents aof
varieties was not significant (P = 0.05) in any of the trials,
though Dandino gave the highest mean ascorbic acid content at
Kadawa in 1992/93; and also at Samaru and Kadawa in 19%93/94 (Table
27) .

The non significant effect between varieties had earlier been
reported by Gould (1974) who stated that statistical differences
between varieties seldom occur in field experiments. He emphasized
the relatioéship between a particular variety and the environmental
conditions in determining asceorbic aclid content of tomato fruit.

Ascorbic acid contents of fruits increased significantly (P =
0.05) with increased B rates in both years and locations (Table
27) .

Plants treated with 2 kg B ha' gave the highest AR contents in
each of the trials. These accounted for increase of 34.9 and 28%
in 1992/93; 34.7 and 31.1% in 1993/94 above the control at Samaru
and Kadawa respectively.

The content of AA obtained in this study is higher than the
values obtained by Gould (1974} .

There was n¢ significant difference between the results
obtained with B applied at 2 and 3 kg ha' at Samaru and Kadawa in
1893/94,

The interaction effect between B rates and variety was not

significant in 1992/93, and 1993/94 at both locations (Table 28i.




Table 27: Effect of Variety and boron rates on acid contents
(%) of ripe tomato fruits at Samaru and Kadawa in 1992/93
and 1993/94

162

Treatment 1992/93 1%93/94
Samaru Kadawa Mean Samaru Kadawa Mean
Variety
Roma VF 24 .92 25.413 25.18 25.78 26.14 25.9¢
Dandino 24 .12 27 .47 25 .80 26.33a 27.27a 26 .80
L8D (0.45) NS N8 NS NS
Boron Rates
(Kg B hal)
21.75¢cd 25.65bcd 2.370 25.00bc 25.67cd 25.34
1 26.50b 29.00abc 27.75 20.00ab  32.92ab 31.45
22 _33a 32.80a 31.12 33.67a 33.70Ca 33.69
27.67ab 31,75ab 29.71 25.00bec  2B.40ab 26.70
o
22.80c¢ 21.50de 22.00 23.67cd  20.70de 22,19
5 19.504 7.90e 13.70 12.004 18_.70e 182.90
L3D (D.0%) 4.62 £.8 6.25 6.12
Means 1n a given column followed by similar letter(s) are not

significantly different at P =

0.05%5,

using DMRT
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Table 28: Effect of Variety X boron rates interaction on ascorbic acid

contetnts (%) of ripe tomato fruits at Samaru and Kadawa in
1992/93 and 1993/94

1992/93 1993/94

Treatment

(kg Bha') Vvariety Samaru Kadawa Mean Samaru Kadawa Mean
0 21.50 23.50 22.50 24.00 25,00 24 .50
1 25.00 26.00 25.50 28.00 32.83 30,00
2 Roma VF 27.67 28.80 28.24 31.33 30.90 31512
3 29.33 33.50 31.42 26.00 28.80 27.40
4 24.00 22.00 23.00 25.33 20.80 23.10
5 22.00 18.80 20.40 20.00 18.50 19.28
0 22.00 27.80 26.00 26.00 26.33 26.16
1 28.00 32.00 30.00 31.80 33.00 32.50
2 Dandino 31.00 37.00 36.00 36.30 36.30 36.15
3 26,00 30.00 28.00 24.10 28.00 26.05
4 21.00 21.00 21.00 22.00 20.60 21.30
5 17.00 17.00 17.00 18.00 18.90 18.45

LSD NS NS NS NS
(0.05)
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4.3.3.16 Effect of Boron Rates on Total Soluble Solids (TSS) of
Tomato Eruits

Total soluble.solids is an important component in the overall
flavour intensity in tomato fruits.

The effect of B rates on TSS contents of varietriegs was only
significant (P = 0.05) in 19%93/94 atr Kadawa (Fig. 14).
Nevertheless, variety Dandinec preoduced fruits with higher TSS
contents than Roma VF,

TSS increased significantly (P = 0.05) with the application of
B at Samaru and Kadawa in 1992/93 and at Kadawa in 1953/94 (Fig.
14). In 1992/93, plants treated to 2 kg B ha' gave the highest TSS
contents at Samaru and Kadawa which resulted in increase of 22.8
and 20.5% above the control. Whereas in 1993/94 the highest TSS
contents were recorded at 1.0 kg B ha' and 2.0 kg B ha' at Samaru
and Kadawa respectively, with increase of 20.1 and 18.7% abcve the
contcrol.

The interaction between B rates and variety was significant at

Kadawa in both years.

4.3.3.17 Effect of Boron Rates on Titratable Acidity {TA]}
Significant (P = (.05} wvarietal response was recorded at
Samaru in 1992/23 and 199%3/94 but not at Kadawa. Nevertheless the
highest TA of 4.3% was recorded at Kadawa in 1893/94 (Fig. 13}.
The discrepancies could be due to soil type and environmental

factors.

Boron appiication significantiy (F = U.OS) increased Ehe TA
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contents of toman fruits at Samaru and Kadawa in 1992/%3 and

1993/94 (Fig.15).

4.3.3.18 Effect of Boron Rates on pH of Tomato Fruits

The effect of varieties over B rates on pH of tomato fruit was
only significant (P = 0.05) at Samaru in 1992/93 (Table 29).

The pH of tomato fruits which ranged from 3.97 to 4.59 did not
follow a particular trend. Wolf et al (1979) determined the pH of
107 varieties of tomatoes and found that the pH of most cultivars
did not exceed 4.6. He reported that the pH of fruit increased as
the tomato matured, and that the growing location appeared to
affect the pH of the cultivars.

The interaction between B rates and varieties was not
significant at Samaru and Kadawa in 1992/93 and 1993/94 (Table 30).

The non significant difference that existed among the
treatments signifies that the pH of the fruit alcone cannot be used
as indicator of fruit acidity, but also may require the

determination of titratable acidity.

4.3.3.19 Effect of Boron Rates on Reducing Sugars (RS)

Variety Dandino produced fruits with higher RS contents in
both years, at Samaru and KXadawa (Fig. 186). Although the
difference was only significant (P = 0.05) in 1992/93 at Samaru and

Kadawa. Nevertheless, the highest RS ccntent was recorded with

Dandino at Kadawa in 1993/94.

167
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Table 29: Effect of Variety and boron rates on pH of ripe tomato
fruits at Samaru and Kadawa in 1992/93 and 1993/54

Treatment 1992/93 1993/94
Samaru Kadawa Mean Samaru Kadawa Mean
Variety
Roma VF 3.95ab 4,31 4.13 4,11 4.31 4.21
Dandino 4.05a 4 .24 4.15 4,11 4.24 4.18
L3k (0.05%) 0.10 NS NE NS
Boron Rates
{(Kg B hah)
g ' 3.97 4.25 4 .11 4.03 4.25 4 14
1 3.97 4.27 4.12 4,10 4.27 4.18
2 4.03 4.5% 4 .31 4 .15 4.38 4 27
32 4.03 4,30 4 .17 4 .15 4.30 4.23
4 4.03 4.25 4.14 4,10 4 25 4.18
5 3.87 4.22 4,10 4.17 4 .22 4.20
LSD (0.05) NS NS NS NS

Means 1n a given column followed by similar letter(s) are not
significantly different at P = 0.05, using DMRT
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Table 30: Effect of Variety X boron rates interaction on pH of ripe
tomato fruits at Samaru and Kadawa in 1992/93 and 1993/94

4 1992/93 1953/94

Treatment

(kg Bha') Variety Samaru Kadawa Mean Samaru Kadawa Mean
0 3.93 4.33 4.13 4.10 4.33 4.22
1 3,97 q .23 4.10 4.13 4.23 4.18
2 Roma VF 4.03 4.37 4.20 4.10 4.37 4.24
3 3.93 4.43 4.18 4.10 4.43 4.27
1 3.97 4.20 4.09 4.13 4.20 4.17
5 3.87 4.30 4.09 4.10 4.30 4.40
0 4.00 4.17 4.08 3.97 4.17 4.07
1 3.97 4.30 4.14 4.07 4.30 4.18
2 Dandino 4.03 4 .40 4.22 4.20 4.40 4.30
3 4.13 4.17 4.15 4.20 4.17 4.18
4 4.10 4.30 4.20 4.07 4.30 4.18
5 4.07 4.13 4.10 4.33 4.14 4.14

LSD NS NS NS NS

(0.05)
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Boron application had high significant effect on RS in each of
the triais (Fig. %6!. Plants treated to 2 Kg B ha' recorded the
highest yield in each of the trials, whereas, plants treated to 0
and 5 kg B ha' performed poorly. Similar findings had been
reported by Verma et al (1973) and Abo-Elshaod (1980) who ascribed
the increase in RS of some B treated plants to rapid translocation
of metabilies from the leaves to the fruits.

The interaction between treatment and variety on RS was only

significant in 1992/93 (Fig. 16).

4.3.3.20 S;mple Correlation Among Fruit Components

Ascorbic acid (AA) correlated with TSS, RS and yield (r =
0.535*%, 0.645** and 0.797** respectively) at Samaru, whereas it
correlated with TSS (r = 0.599**) TA (r = 0.481*) fruit yield (r =
0.605**) at Kadawa (Table 31).

Total soluble solids (TSS) correlated with TA (r = 0.0500**,
0.500**), RS (r = 0.635**, 0.701**) and yield (r = 0.708**,
0.880**) both Samaru and Kadawa respectively. This result agreed
with the report of Stevens et al (1379).

Titratable acidity (TA) correlated with RS (r = 0.661**) and
yield (r = 0.604**) ar Samaru, but correlated with pH (r = 0.423*),
RS (r = 0.442*) fruit yield (r = 0.535*) at Kadawa (Table 31).

pH did not correlate with any of the fruit components at
Samaru. This confirms the report of Lambeth et at (1966).

Reducing sugars correlated with yield (r = 0.681** and

0.576**) at Samaru and Kadawa respectively. The results of this
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study confirmed the report of Kader et al (1978) who got strong
correlation among the fruit components.

it is interegting to note that yield correlated with all the
fruit components in both locations except at Samaru, where it did
not correlate with PH. This signifies the importance of these

fruit components in the tomato fruit.
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Table 31: Simple Correlation among fruit components in Samaru and
Kadawa under irrigation condition.

Ascorbic Total Titracable pH Reducing Yield
Acid" soluble  Acidity sugars
solids
AMARL
Agcorbic Acid -
Total scluble
sglids 0.533** -
Titratable
Acidity - 0.500"* -
pH - - -
Reducing
Sugars 0.645%* 0.R35%% 0.661** -
Yield Q.79+~ + 0.708%* 0.604%=* L681*~* - -
KADAWA
Ascorbic Acid -
Total scluble
sclids gs9 -
Titratable
Acidity 0.481* 0.500* -
pH - - 0.423%
Reducing
Sugars 0.439% 0.701** 0.442% -
Yield Q0.605%* 0.88Q** 0.533%* L4300 0. 576%* -
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§.3.4 RAINFED TRIALS (1993 AND 1994)

4.3.4.1 Effect of Boron Application on Morphological Appearance
of Tomato Plants During the Wet Season

Boron application influenced the vegetative growth of plants.
This was easily noticed in plants receiving 0.5 to 1.5 kg B ha',
whose growth was rapid from 2 WAP to the time of flowering.

In 1994, there was excessive rainfall in the month of August
and September (Appendix D). This resulted in fruit loss as a
result of fruit cracking and decay. Recently Peet and Willits
(1995) reported fruit cracking in tcmato which resulted into
serious economic losses as a result of excess water.

Boron deficiency symptoms c¢haracterised by brittleness
yellowing of leaves and bushy appearance of plants were observed in
the control (0 kg B ha') plots which resutled in reduction in
yield, at both locations and years.

Toxicity symptoms which also included, marginal burning and
interveinal chlorosis, starting with the older leaves were also

observed in plots receiving 2.0 and 2.5 kg B ha'.

4.3.4.2 Effect of Boron Fertilizer Rates on Number of Leaves
under Rainfed Conditions

Varieties did not vary significantly with respect to number of
leaves per plant (Table 32). The mean number of leaves of Dandino
was higher than that of Roma VF in 1993 and 1994 at Samaru and
Kadawa. The differences were to the tune of 6.5 and 3.1% in 1993;
4.3 and 3.4% in 1994 at Samaru and Kadawa respectively.

Application of B significantly (P = 0.05) increased the number
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Table 32: Effect of Variety and boron rates on number of leaves at
Samaru and Kadawa under rainfed condition in 1993and 1994

Treatment v 1993 1994

Samaru Kadawa Mean Samaru Kadawa Mean
Variety
Roma VF 61.0 7150 66.0 77.0 85.0 B1.0
Dandino 65.0 73.0 69.0 80.0 88.0 84.0
LSD (0.05) NS NS NS NS
Boron Rates
(Kg B ha')

0 55.0ed 61.0de 58.0 69.0cd 80.0c 74 .0
G.5 70.0b 75.0bc 72.0 79.0b 91.0b 85.0
1.0 . 78.0a 89 .0a 84.0 93 .0a 97.0a 95.0
E:5 71.0a 82 .0ab 77.0 90.0a 96.0ab 893.0
20 56.0c 6€8.0cd 62.0 76 .0bc 85.0c 80.0
2.:5 50.0cde 55.0e 52.0 63.0de 70.0d 67.0

LSD (0.05) 8.4 10.6 7.5 5.5

Means in a given column followed by similar letter(s) are not

significantly different at P

= 0.05, using DMRT
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Table 33: Effect of Variety X boron rates interaction on number of leaves at

at Samaru

and Kadawa in 1993 and 1994

’ . 1993 1994
Treatment
kg Rha') Variety Samaru Kadawa Mean Samaru Kadawa Mean
0 51.7ghijk 56.7fghijk 54.2 687.0 76 .7fgh T1.9
0.5 66, 7bcde 72 .3cdefg 69.5 73.0 B9.0bcd 81.0
1.0 Roma VF 69.3bcd B0.3bc 74 .8 BB .0 90.3bc 89.0
1.5 77.7ab 90.3ab A4 .0 94.0 101.0a 97.5%
2.0 56.0efgh 72.7cdef 4.4 ?77.0 BS.7cda 81.4
235 46.0ghijkl 51.0hijkl 48.5 817 67.31 64 .5
0 58 .7de 66 .0cdefgh 2.4 70.7 813.3cdefg 77.0
0.5 vad.3bc 77.3bed 74 .8 B5.0 93.7b B9.4
1.0 Pandino 87.3a 97.0a 92.2 98.0 104 .0a 101.0
15 R 64 .3cd 74 .3cde 69.3 86.3 90.3bc BR.3
2.0 55.3efghi 63.0defghi 59.2 7.7 B4  Ocdef 79.9
25 S3.4fghij 59.0efghij 56.2 64 .7 73.3hi 69.0
LSD (0.05) 11:9 150 NS 7.7

Means in a given column followed by similar letters are not significantly
different at P =

0.05, using DMRT.
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of leaves with the trend being strongly in favour of 1 kg B ha' in
1993 and 1994.at %gmaru and Kadawa (Table 32).

Despite differences in the B socil tests values of the
experimental sites, the highest number of leaves for each trial was
recorded at the same rate of 1 kg B ha'. The increase above the
control were 41.8 and 45.1% in 1993, 35.2 and 21.5% in 19%4.

There was no significant difference obtained in the result of
plants treated to 1 kg B ha' and 1.5 kg B ha' at Samaru and Kadawa

in 1993 and 1994.

The significant response to B application indicates that B
supports thé growth of tomato plants, by increasing the number of
leaves. In his study, Epstein (1972) reported that leaves can be
used to measure the vegetative growth before flowering, since they
are the major sources of photosynthates in the plant.

The interactions between treatments and variety were

significant in 1993 at Samaru and Kadawa, and also at Kadawa in

1954 (Table 33).

4.3.4.3 Effect of Boron Rates on Days to 50% Flowering
Application of boron significantly (P = 0.05) influenced the
number of days to 50% flowering. Variety Rcma VF recorded the
least number of days to 50% flowering at Samaru and Kadawa in 1993
and 1994 (Fig. 17). The difference in mean number of days to
flowering for variety Roma VF over Dandinc were 7.2 and 7.0 days in
1993; 8.0 and 7.0 days in 1994 at Samaru and Kadawa respectively.

The superiority of Roma VF over Dandino in number of days to
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Fig. 17. Number of days to 50% fowering as influenced by varety and rates of boron, under rainfed
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50% flowering may be explained by the fact that the characters was
genetically controlled. |

Increasing B‘%ates significantly decreased the number of days
to flowering in each of the experimental locations as shown in Fig.
 fy Plants treated te 1.5 kg B ha' recorded the least days to
flowering in each of the trial. However, there was no significant
difference cobtained in the results of plants treated to 1.0 and 1.5
kg B ha' at Samaru and Kadawa in 1993 and 1994.

The least number of days, 27 days after transplanting (DAT) to
flowering was recorded at Samaru in 1993 when the atmospheric
temperature.*was within the optimal temperature for flowering.
Similar findings were reported by Learner and Wittwer (1953) and
Witctwer (1963).

The interaction between treatment and varieties on days to 50%
flowering was only significant at Samaru in 1993. However Roma VF

plants treated with 1.5 kg B ha' recorded the least number of days

(20) te 50% flowering at Samaru in 1993 (Fig. 17).

4.3.4.4 Effect of Boron Rates on Number of Flowers

Dandino produced significantly (P = 0.05) more flowers than
Roma VF in 1993 at Samaru and in 1994 at both locations (Table 34).
The increase was to the tune of 26 and 25.3% in 1993; 11.4 and
19.2% in 1994 at Samaru and Kadawa respectively. Kadawa trials
gave more mean number of flowers per plant (50 and 51) than Samaru

{47 and 46) in 1993 and 1994 respectively.
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Table 34: Effect of Variety and boron rates on number of flowers
per plant at Samaru and Kadawa under rainfed condition in

s 1993 and 1994
Treatment B 1993 1994
Samaru Kadawa Mean Samaru Kadawa Mean
Variety
Roma VF 43 .7 473 455 40.5 48.4 44 .5
Dandino 46 .9 49 .8 48 .4 46 .5 50:9 48.7
LSD {0.05) 3.2 NS 4.0 1.0
Boron Rates
(Kg B ha')
0 38.7de 44 . 5de 41.6 38.5de 45 .4d 42.0
0.5 47.0bc  49.5bc 48.3 46.4abc 51.4ab 48.9%
1.0  53.0a 55.0a 54.0 51.00a 55.1a  53.1
1.5 51.5ab 52.5ab 52.0 48.00ab 52.5b 50.3
2.0 43.5cd 47.8bc 45.7 41.98bcd 50.3c 46.1
2.5 38.3de 42.0e 40.2 35.00def 43.5de 39.3
LSD (0.05) 5D 4.6 6.9 1.8
" Means in a given cclumn followed by similar letter(s) are not

significantly different at P

= 0.05, using DMRT
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Table 35: Effect of Variet, X boron rates ilnteraction on number of
flowers per plant a: Samaru and Kadawa under rainfed condition
in 1993 and 19%4

2993 1994
Treatment :
(kg Bha") Variety Samar. fadawa Mean Samaru Kadawa Mean
0 38.2 3.0 40.5 36.0 44 .0ghi 40.0
0.5 Roma VF 42.0 =7.0 44 .5 40.8 47 . 7f 44 .3
1.0 49 .0 =1.0 S0.0 45 .0 52.7cd 48.9
1.5 52.%2 4.0 53.0 47.0 53.6bc 50.3
2.¢ 44.2 +8.0 46 .0 41.0 50.2de  45.4
2.5 37.2 =1.0 39.1 313.0 42 .4hi 37.7
0 39.3 +£.0 42 .7 41.0 46 .8€fg 43.9
3.5 ,Dandino 52.2 $2.0 52.0 52.0 55.0ab 53.5
1.0 57.2 2.0 58.0 57.0 57.5a 57.3
1.5 51.0 1.0 51.0 49.0 51.4cde 50.2
2.0 43.90 27.7 45.4 43.0 5¢.32de  46.7
2.5 39.2 =3.0 41 .0 37.0 44 .5fgh 40.8
LsD NS S NS 2.52
(0.05)
Means 1in a given colurmn ZI2llowed by similar letters are not

significantly different at 7 = .05, using DMRT.
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Increasing B rates significantly increased the number of
flowers per plant at Samaru and Kadawa in 1993 and 1994 (Table 34).
There was no signi%icant difference in the result of plants treated
to 0.5 and 1.5 kg‘ﬁ ha'. Plants treated to 2.5 kg B ha' gave the
least number of flowers in all the trials signifying toxicity
effect of the B level (Table 34).

The result on number of flowers obtained in both locations are
very similar. Studies have shown that temperature among other
environmental factors influenced the morphology and development of
floral parts in tomato. Learner and Wittwer (1953) and Wittwer
(1963) had variously reported that the process of flower formation
in the tomato are influenced by prevailing temperature. Similarly,
Huxley (1962) reported that temperature influences the number of
flowers per inflorescence.

The interaction between variety and boron rates on number of
flowers was only significant (P = 0.01}) at Kadawa in 1994 (Table
35). However, Dandino variety treated to 1.5 kg B ha' gave the

highest number (59) of flower in all the trials.

4.3.4.5 Effect of Boron Rates on Number of Fruits Per Plant
Boron application had significant effect on varieties at
Kadawa in 1993 and 1994 (Fig. 18). Variety Roma VF recorded more
fruits than Dandino in all the trials except in 1994 at Kadawa,
where Dandino produced more fruits. This discrepancy could be
due to environmental and soil factors which alsc control the number

of flowers that set fruits. Boron Application significantly
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increased the number of fruits per plant in all the locations (Fig.
18). The highest number of fruit was recorded at 1.0 kg B ha’ in
each of the trialsiexcept at XKadawa in 1994 where plants treated to
1.5 kg B ha recorded the highest number of fruits, despite the fact
that soil test value of 0.32 mg Kg' was higher than the critical
soil B of 0.13 mg Kg' (Fig. 3) obtained from the greenhouse study.

The least number of fruits in each trial was recorded at 2.5
kg B ha'. This could be due to toxicity effect as a result f
excess B. Similar result has been reported by other workers (Abo-
Elshaod et al 1980 and Adelana 1986) .

The interaction between B rates and variety was only

significant in the first year of the trial, at Samaru and Kadawa.

4.3.4.6 Effect of Boron Rates on Fruit Weight

The effect of B rates over variety was significant (P = 0.01)
in each of the trials. Variety Dandino produced significantly
bigger fruits than Roma VF (Fig. 19). The increases were to the
tune of 27.3 and 23.9% in 1993; 28.5 and 24.7% in 1994 at Samaru
and Kadawa respectively.

Weight of fruit increased with increasing B rates up to 2.0 kg
B ha' in 1993 and 1994 at Samaru and Kadawa (Fig. 19). Fruit
weight decline at B rates of 2.5 kg B ha', due to B toxicity on the
plants. Similar decline in fruit weight had earlier been reported
(Aduayi 1978 and Adelana 1986) who found that high rates cf B was

toxic to tomato plants.

In 1993, the highest fruit weight in each trial was obtained
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with 1.0 kg B ha' boron rate, with Samaru having the highest fruit
weight of 43.9qg; whereas in 1994, the highest fruit weight of 49.5g
was obtained at Kadawa (Fig. 19).

The interaction between B rates on weight of fruit was
significant only at Samaru in 1993, (Fig. 19). Meanwhile, the

biggest fruit weight of 56g was recorded with Dandino variety

treated to 1.5 kg B ha'.

4.3.4.7 Effect of Boron Rates on Marketable Fruit Yield

The effect of varieties over treatments on fruit yield was
significant (P = 0.05) at Samaru in 1993 and at Samaru and Kadawa
in 1994 (Table 36). Variety Dandino out-yielded Roma VF by margins
of 27.5 and 11.9% in 1993; 19.1 and 33.5% in 1994 at Samaru, and
Kadawa respectively, though, varietal difference was not observed
at Kadawa in 1993. The higher fresh fruit yield of Dandino is
attributed to its higher number of leaves at flowering.

Application of B significantly increased the yield of fresh
tomato fruit at Samaru and Kadawa in 1993 and 1994 (Table 36). The
yield of tomato fruit increased as the B rates increased up to 2 kg
B ha', after which there was a corresponding decrease with
increasing rates. Similar findings have been reported by Aduayi
(1978), Pandita et al (1979) and Adelana (1986).

In 1993, the highest yield of tomatoc in each of the trial,
were obtained at 1 kg B ha' with increase of 165.0 and 128.7% above
the control at Samaru and Kadawa respectively (Table 36).

In 1994, the highest fresh fruit yield were obtained at 1 kg
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B ha' at Samaru and 1.5 kg B ha' at Kadawa. These accounted for
increase of 177.9‘Fnd 136.3% above the contro.

The highest yield of 28.18 tons ha' was recorded at Samaru in
1993, despite the higher number of leaves, flowers and fruits
previously reccrded in 1994 trials. The discrepancy could be due
to environmental factors as suggested Snyder and Carlson (1984) who
reported that in considering the yield of tomato plant, there is
need to account for environmental factors such as relative
humidity, temperature and rainfall.

Temperature and relative humidity were optimal during the
trial periéd (1993 & 1994) but in 1994, there was excessive
rainfall at the two sites and it was worse at Kadawa (Appendix D).
These reasons could account for slightly low yield obtainable at
Samaru.

Further more, the Kadawa trial of 1994 was established late as
the seedlings were washed away with the excessive rainfall.

High significant (P = 0.01) interaction existed between boron
rates and varieties in all the trials with regards to fruit yield
except at Kadawa in 1994 (Table 37).

A combined analysis over locations showed that in 1993 boron
rates; varieties, boron rates x varieties were significant at (P =
0.01) while location x boron rates and location x varieties were
significant at (P = 0.05). Meanwhile the interaction between

location x variety x boron rates was not significant (Appendix C).
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Table 36: Effect of Variety and boron rates on marketable fruit
yield (tons ha'}] of tomato at Samaru and Kadawa under
rainfed condition in 1993 and 19%4

Treatment 1993 1994
Samaru Kadawa Mean Samaru Kadawa Mean

Variety

Roma VF 15.3b 12.6b 14.0Q 15.1b 14.8b 15.0

Dandino 19.5a l4.1la 16.8 17.9a 19.8a 18.9

L8D (0.05) 1.7 NS 2.4 2.5

Boron Rates

(Kg B ha'y
0 10.6cC 8.8cd 9.7 9.2d 11.5¢d 10.4
0.5 . 20.5b 14.7b 17.46 18 .0bc 15.3bc 16.7
1.0 28.2a 20.1a 24 .2 25.5a 23.2a 24 .4
1.5 23.7b 18.3a 21.0 22 .8ab 27 .2a 25.0
2.0 13.8¢ 11 .4bc 12.8 16.3cC 16.%b 16.6
2.5 7.5d 6.7d 7.1 7.2d4 9.6d 8.4

LSD (0.05) 3.0 3.3 4.1 4.3

Means in a given column followed by sgimilar letter(s) are not

significantly different at P

= 0.05%, using DMRT



189

Table 37: Effect of Variety X boron rates interaction on marketable
fruit yield of tomato at Samaru and Kadawa under rainfed
condition in 1993 and 1994

1993 1994

Treatment

(kg Bha'} Variety Samaru Kadawa Mean Samaru Kadawa Mean
0 8.68hijk 7T.4h14k 8.0 7.7hi 9.1 .4
)e' D 13, 3fg 12,0ezg 127 12.6fg 1d'9 12.7
1.0 Roma VF 22.2d 16 .0cd 19.1 19.8cd 20.0 19.9
- 26 .6bc 21.5ab 24.1 25 .6ab 23.4 24 .5
2.0 14 .5f 12.4def 13.5 18. 3cde 15.7 17.0
2.5 6.33k1 S.8hijk ;i 6.5Kki 7.7 7.4
D 12.7¢ghi 10.2fghi 11.5 10.7fgh 13.9 123
0.5 27 .6b 17.3bc 22.5 23 :5be 17.8 20.7
1.0 I‘Zlandinr: 34 .2a 23.4a 28.8 31.2a 26.4 28.8
1.5 20.7de 15.2cde 18.0 19.9cd 31.1 25 5
2.0 13.1efgh 10.4fgh 11.8 14 .4def 18.1 16.3
275 B8.7hij 7.7hii 8.2 7.9ghi 11.5 9.7

LSD (0.05) 4.3 4.6 5.8 NS

Means in a given column followed by similar letters are not
significantly different at P = 0.05, using DMRT.
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In 1994, the result of combined analysis over locations shows

that boron rates,'variety, and boron rates x variety were highly
significant (P = 0.01). While interaction between locations x
boron rates x variety was significant at 5% level. The interaction
between location treatment and location x variety were not

significant at 5% level (Appendix C).

4.3.4.8 Effect of Boron Rates on Dry Matter Yield of Tomato
Plants

The effect of boron rates on varieties was only significant (P
= 0.05) at Samaru in 1994. However, variety Dandino consistently
produced higher dry matter yield (DMY) than Roma VF in each of the
trials (Fig. 20). The percentage increase of DMY of Dandino over
Roma VF was to the tune of 12.7 and 11.5% in 1993, 12.7 and 13.4%
in 1994 at Samaru and Kadawa respectively.

High significant differences (P = 0.01) existed among the mean
dry matter yield. Plants treated to 1.0 kg B ha' gave the highest
DMY of tomato plants at Samaru and Kadawa in 1994, whereas in 1993,
the highest DMY for each trial were recorded with plants treated to
0.5 and 1.0 kg B ha' at Samaru and Kadawa respectively (Fig. 20).
The significant response of DMY to application of B was due to
response of no of leaves to B application, as the former
contributes to the DMY (Thomas et al 1973).

The least DMY was obtained with plants treated to 2.5 kg B ha'
in each of the trials except at Kadawa in 1994 where the control (0

kg B ha') gave the least DMY.
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Fig. 20. Dry matter yieldas influenced by vanety and rates of bormn et Samaru and Kadewa under rainfod
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The result of this work corroborated with the report of Chude

(1983) who got maximum DMY when 1.0 mg kg' was applied to two cacao
varieties.

The interaction between treatments and variety on DMY was not

significant at 5% (Fig. 20).

4.3.4.9 Effect of Boron Rates on the Concentration of Boron in
the Plant Tissue

The effects of boron rates over variety on B concentration was
significant (P = 0.01) at Samaru and Kadawa in both years (Fig.
21). This signifies that the two varieties differ in their ability
to absorb and utilize applied B. Hence the two varieties responded
to B treatments differently, with Dandino having the higher
concentration in each of the trials except in 1994 at Kadawa, where
Roma VF recorded higher B concentration (Fig. 21).

Application of B significantly increased B concentration of
tomato plant tissue with 2.5 kg B ha' treatment producing the
highest B concentration (Fig. 21).

The boron concentration recorded for both years at Samaru
ranged from 0.26 to 3.60 mg kg’ with a mean of 1.84 mg kg', while
for Kadawa trials, B concentration ranged from 0.32 to $5.42 mg kg’
with a mean of 1.90 mg kg'.

The values of the B concentration recorded in this study were
low compared with the ones obtainable from Literature. Drews and
Frank (1980a) got a range of 30-80 mg kg' and pointed cut that a

range of 30-35 mg kg' B lecf content is adequate for tomato plants.
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Fig. 21. Boron concentration in plant tissue as influenced
by variety and rates of boron at Samaru and Kadawa
inder rainfed »zonditions in 1993 and 1994.
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The low content of B concentration in plankt tissue obtained in

thig study could 5é due to leaching as Borax fertilizer 1s soluble

and it 1s also capable of reversing into inscluble forms

{adsorption) . Howevery, plants containing B concentration in the

range of 1.035 t£o 2.18 mg kg' gave the highest fruit yield in the

trials. According to Shorrocks (1374), Adams et al (1978}, a range

of less than 10 mg kg' is deficient; whereas, Smilde et al {1968)
reported a range of 5 to 11 mg kg' as deficient.

The interaction of boron x variety on B concentration was only

gsignificant at Samaru in both years, but not at Kadawa (Fig. 21).

4.3.4.10 Effect of Boron Rates on the Caoncentration of
Macxonutrients

Phosphoruys (P)

The effect of B rates over varieties was only significant (P
= D.01) at Samaru and Kadawa in 1994 but not in 19%3 (Fig. 22 &
23} . P concentration for variety Dandino was slightly higher than
Roma VP in 1993, whereas the reverse was the case in 19924. The
reason for this discrepancy could be due to the scil P level {(Table
16) and the type of NPK fertilizer used for the trials.

In 1993, application of B rates had significant (P = 0.05)
effect on P concentration at Samaru whereas in 1994, the effect was
significant (P = 0.01) at Samaru and Kadawa (Fig. 24). However,
the highest P concentration in the trials were recorded at B rates
of between 1.0 and 1.5 kg ha'. Massey and Winsor (1980), Purvis

and Carolus (1964) had emphasised the importance of P in the
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Fig, 22. wlant nutrient concentration as influenced
' by variety and boron rates at Samaru and
Kadawa ypder rainf@ conditions in 1993
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Plant nutrient concentration as influenced

by variety and boron rates at Samaru and
Kadawa under rainfed conditions in 199lL.

SA(YR2)VA

Boron rates (kg B ha-1)
P Wk [ICa EIMg

5 KAYR2)V1

0 as 1 15 2 25
Boron rates {kg B ha-1)
B N O30 Mg

YR2 = Yoar 2 KA = Kadawa

V1= Vanety 1

SA(YR2)V2

$ 0 as 1 1.5 2 2.5
Boron retes (kg B ha-1)
mP e CCa Mg

" KA{YR2)V2

0 08 i 15 2 25
Boron retes (kg B ha-1)
P Wy DCs 22Mg

V2 = Vanely 2



157

Fig., 2lj. Effect of boron rates on macronutrient
eoncentration in plant tissue at Samaru
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nutrition of tomatoes.

The interaction between variety and B rates 1is only
significant (P = 0.05) at Kadawa in 1993; Samaru and Kadawa in

1994.

Po i K

Boron rates did not significantly (P = 0.05) influenced K
concentration in the two varieties in any of the trials (Fig. 22).
However, variety Dandino proved more superior than Roma VF by
having higher K concentration.

The effect of B rates on K concentration was not significant
(P = 0.058) at Samaru and Kadawa in both years (Fig. 24). K uptake
in the plant tissue which varied from 2.0 to 5.9% is within the
range recommended by Roorda et al (1981) for healthy tomato plants.
However, K concentration was higher in 1994 trials than 1993. This
could be due to increase DMY obtained in 15%4.

Potassium concentration for the treatments did not follow a
specific trend, however, what is evident is that high values of K
concentration were obtained at the highest rate of B in 1993
trials. Similar findings was reported by Reeve and Shive (1944)
for tomato plants.

The interaction between variety and B rates on K concentration

was only significant at Samaru in 1993,



199

Calcium (Ca)

Varietal engct was significant (P = 0.01) with boron
application at Samaru and Kadawa in 1994, Variety Dandino proved
more superior in calcium concentration in 1993, but not in 1994
when Roma VF proved more superior (Fig. 22 & 23).

Application of B rates had significant effect on Ca
concentration in 1994 at both locations, but not in 1993 (Fig. 24).
The reason for the disparity in the result could be due to the
different soil type and inherent fertility status of the soils of
the two locations. Also the strong relationship that has been
reported in.Literature that exist betwen Ca and B was not observed
in this study.

The interaction between variety and B rates on Ca
concentration was significant (P = 0.01) at Samaru in 1993 and 1994
and also at Kadawa in 19%3 (Fig. 22 & 23).

Magnesgium (Mg)

Varietal differences in magnesium concentration was
significant (P = 0.05) at Samaru and Kadawa in 1993 but not in 1994
{Pig. 22). However, variety Roma VF proved superior in Mg
concentration in each of the trials.

The effect of B rates on Mg concentration was significant (P
= 0.05) at Samaru and Kadawa in 1993 and 1994 (Fig. 24). This
signifies the importance of Mg in the nutrition of tomatoes (Purvis
and Carolus 1964).

The interaction between B rates and variety was only

significant at Samaru in 1993 (Fig. 22 & 23).
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4.3.4.11 Effect of Boron Rates on the Concentration of
Micronutrients (Zn, Mn, Fe and Cu)

Zinc (Zn)

-

The effect of B rates over variety on Zn concentration was
significant (P = 0.01) in each of the trials (Fig. 25). However,
variety Roma VF contained mecre Zn in the plant tissue than Dandino.

Application of B significantly (P = 0.01) increased
concentration of 2Zn in tomato plants (Fig. 26). The Zn
concentration values which varied from 150 to 292 mg kg' are within
the sufficiency range cited by Adams and Grimmet (1981) for cthe
growth of tomatc plants. The high significant effect of B rates on
Zinc concentration of tomato plants in this study signifies the
importance of Zn in the nutrition of tomato.

The interaction effect of B rates and variety on the Zn
concentration was significant (P = 0.05) in 1993 but not in 1994

(Fig. 25).

Manganese (Mn)

The effect of B treatment over variety on Mn concentration was
significant (P = 0.01) at Samaru and Kadawa in 1994 but not in 1993
(Fig. 25). However variety Dandino recorded more Mn concentration
than Roma VF.

B rates had significant (P = 0.01) effect ocn Mn concentration
at Samaru and Kadawa in 1993 and 199%4 (Fig. 26). The Mn
concentraticn values which varied from 144 to 252 mg kg’ is within

the sufficiency range of 50 to 500 mg kg' rccommended by Jones
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Fig. 26. Effect of boron rates on micronutrient
.concentration .in plant tissue at Samaru
and Kadawa in 1993 and 1994.
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{1972);:; and a range of 55 to 220 mg kg', 0 mg kg' obtained in
tomato healthy plants (Roorda et al 1981).

The interactive effect of B rates x variety on Mn

concentration was significant (P = 0.01) only in 1994 at both

locations (Fig. 25).

Ixr Fe

Although the Fe concentration in the tomato plants were high,
there was pnpo significant varietal influence of B rates on Fe
concentration (Fig. 25). Variety Dandino recorded higher Fe
concentration than Roma VF in both years.

The effect of B rates on Fe concentration was only significant

(P = 0.05) at Samaru in 1994 (Fig. 28). The Fe concentration
varied from 1104 to 1697 mg kg'. This range is above the
sufficiency range recommended by Neubert et al (1970) .

Nevertheless, the values obtained in this study is within the range
obtained by Agbenin (1987) who worked on cowpea with similar soils.
The high values of Fe concentration in the plants could be due to
soil Fe and fertilizer contamination. It has alsc been reported
that tropical soils are high in Fe (Pam 1991).

The non significant (P = 0.05) effect of B rates on Fe
concentration corroborates the work of Gomez et al (1981).

The interaction between B rates and variety on Fe

It

concentration was only significant (P 0.05) at Samaru in 1994

{Fig. 25).
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Copper (Cu)
Varietal differences in copper concentration was not

significant (P

h

0.05) in none of trials (Fig. 25). Although
variety Dandino absorbs more Cu than Roma VF.

The effect of B rates on copper concentration was not
significant at Samaru and Kadawa in 1993 and 1994 (Fig. 26}, The
Cu concentration which varied from 12.6 mg kg' to 23.5 mg kg' are
within the sufficiency range of 5-20 mg kg' recommended by Jones
(1972) .

The effect of variety x boron rates interaction on Cu

concentration was significant (P = 0.05) at Samaru and Kadawa in

1993 but not in 1994 (Fig. 25).

4.3.4.12 The Effect of Boron Rates on Boron Uptake in Tomato Plant

Varietal differences in B uptake were significant (P = D.05)
at Samaru and Kadawa in 1993 and at Samaru in 1994 (Table 38).
Variety Dandinoc reccrded higher B uptake in the trials than Roma
VF.

Boron uptake increased significantly (P = 0.05) with the
application of B at Samaru and Kadawa in 1992/93 and 1993/94 as
shown in Table 39. Plants treated to 2.5 and 1.0 kg B ha' produced
the highest B uptake of 1.414 and 0.771 g ha' at Samaru and Kadawa
respectively in 1993, Similarly, in 1994, plants treated to 2.5 kg
B ha' recorded the highest B uptake of 1.54 and 3.32 gha' at Samaru
and Xadawa respectively.

The interaction between boron rates and variety (Table 39)
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were all significant at Samaru and Kadawa in both years. Dandino
plants treated tc‘2.5 and 1.0 kg B ha' produced the higheét B
uptake of 1.803 and 0.928 gha' at Samaru and Kadawa respectively in
1993. Similarly, in 1994, Dandino plants treated to 2.5 kg B ha'
recorded highest yield of 1.940 and 3.680 gha' at Samaru and Kadawa
respectively.

The values of B uptake recorded in this study are low compared
with the result of other workers (Alvarez-Tinaut et al 1979 and
Gulati 1980). This could be due to low B concentrations in the

plant tissues (Section 4.3.4.9).
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Table 38: Effect of Variety and boron rates on boron uptake (gha')
in tomato plants at Samaru and Kadawa under rainfed
condition in 1993 and 1994

Treatment 1993 1964
Samaru Kadawa Mean Samaru Kadawa Mean

Variety

Roma VF 0.620b 0.43%9b 0:53 0.744Db 2.02a 1.382

Dandino 0.984a D.625a 0.805 1.26a 1.99a 1.63

LSD {(0.05) .134 o K 362 NS

Boron Rates

(Kg B ha')
0 0.123d 0.157e 0.140 0.106e 0.1%2e 0.149
0.5 . 0.537¢ 0.461d 0.500 0.5694 1.1748d 0.872
1.0 0.71%bc 0., f7ia 0.743 1.05b 2.25¢ 1.65
1:5 0.825b 0.691ab 0.758 1.30abc 2.20c 1.78
2.0 1.200a 0.682abc  0.941 1.45ab 2.92b 2.19
2.5 1.414a 6.485bc 0.950 1.54a 3.32a 2.43

LSD (0.05) .283 .210 .382 P A

Means 1n a given column followed by similar letter(s) are not

significantly different at P =

0.05,

using DMRT
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Table 39: Effect of Variety X boron rates interaction on bron uptake in
tomato plants at Samaru and Kadawa under rainfed condition in
1993 and 1994
) 1993 1994
Trearc -
merne Variety
(kg Samaru Kadawa Mean Samaru Kadawa Mean
Bha')
0 0.107ghij 0.134fghijk 0.12 0.089i 0.1671 0.128
0.5 0.510defghi 0.432defghi 0.471 0.576fgh 1.39%gh 0.983
1.0 Roma VF 0.594cdefgh 0.504bcd 0.600 0.813efg 2.62bcde 1.720
1.5 0.616cdefg  0.56Sbcdef  0.591  0.835def 1.970fg 1.403
2.0 0.868cde 0.516cdefgh 0.692 1.00cde 3.030a 2.010
2.5 1.024bcd 0.384efghij 0.704 1.15cd 2 .970bc 2.06
0 0.138ghij G.179fghijk 0,159 0.123i 0.2201 0.172
0.5 0.583cdefgh 0.450defgh  0.527 0.560fgh 0.960h 0.75
1.0 pandino 0.837cdef 0.938a 0.888 1.280b 1.870g 1.58
1.5 1.032ab 0.817ab 0.925 1.770ab  2.440bcdef 2.10
2.0 1.52Rab 0.74Gabe 1.134 1.890ab  2.820bcd 2.36
2.5 1.803a 0.585bcde 1.194 1.940a 3.680a 2.81
LSD 0.48 0.64 0.36 0.58
(0.05)
Means 1in a given ceclumn followed by similar letters ars not
significantly Qifferent at 0.05, using DMRT.
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4.3.4.13 Simple Correlation Among Yield Parameters and Nutriept
Concentration in 1993 Rainfed Trials

At Samaru, the number of leaves correlated negatively with the

number of days to flowering (r = -0.349%) (Table 40) B
concentration (r = -0.381*), but positively with number of flowers
{r = 0.619**), fruit number (r = 0.730**), weight fruit (r =

0.761**), fruit yield (r = 0.803%*) and DMY (r = 0.610%*),

At Kadawa, number of leaves correlated with number of flowers
(r = 0.625**), number of fruits (r = 0.645**), fruit yield (r
0.742**) and DMY (r = 0.616**) as shown in Table 40. The
relationship between number of leaves and other parameters
emphasized the importance of number of leaves in the determination
of these parameters.

Number of days to 50% flowering increased, as the number of
fruit decreased (r = -0.454**) and Na concentration increased (r =
0.310*) at Samaru. At Kadawa number of days to 50% flowering
correlated significantly with the number of flowers (r = -0.394%*),
number of fruit (r = -0.606**) and yield (r = -0.391¥).

The number of flowers correlated significantly with number of
fruit (r = 0.763**), weight fruit (r = 0.752**), fruit yield (r =
0.826**) and DMY (r = 0.306*) at Samaru. Similarly, at Kadawa,
number of flowers correlated significantly (Table 40) with number
of fruit (r = 0.781**), weight fruit (r = 0.807**), fruit yield (r
= 0.846%%), DMY (r = 0.739**) and Ca concentration (r = 0.331*%%).
Number of flowers correlated negatively with Zn concentration at
Samaru and Kadawa (r = -0.412** and -0.365* respectively) as shovn

in Table 40. This result corroborates the report of Adams and
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Winsor (1974} .

The number of fruit increased as the B and Zn concentration
decreased (r = -0.304* and -0.346* respectively); but increased
with increase in weight fruit (r = 0.737**) and fruit yield (r =
0.886**) at Samaru. Similarly at Kadawa, number of fruits
correlated with weight fruilt (r = 0.684**) fruit yield (r =
0.911**) and DMY (r = Q0.606%*}

The weight fruit increased as rthe Mg and Zn concentraticns
decreased (r = -0.307% and -0.465** resgpectively) at Samaru, and
also at Kadawa (r = -0.345* and -0.381** respectively). High
significant correlation {Table 40) existed between weight fruit and
tomato fruit yield (r = 0.924%*), DMY (r = 0.441*%*) at Samaru, and
at Kadawa (r = 0.906** and 0.647** respectively). The relationship
between welght fruit and Mg and 2Zn ccncentratiens implies that
these nutrients are important for the wmodification of weight fruit
(Adatia and Winsor, 1971 and Winsor and Adams 1986) .

Fruit yield correlated negatively with Zn concentration (r =
-0.416**} at Samaru, but positively with DMY {(r = 0.428** and
0.650**) at Samaru and Kadawa respectively.

Dry matter yield (DMY} increased with decrease in B and Na
concentrations (r = -0.328*, -0.364* respectively) at Samaru; B and
Zn concentrations at Kadawa (r = 00.411**%* and -0.476%*] .

Boron {B) concentration correlated with Fe and Cu
concentration (r = 0.340; 0.305* respectively) at Samaru but
negatively with Mg (r = -0.321%) Mn (r = -0.348*) and Fe

concentrations (r = -0.441**) at Kadawa {(Table 40).
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Potassium concentration correlated with Zn (r = 0.328*) and Mn

(r = -0.326*) concentration at Samaru, but correlated with Ca

concentration (r = -0.341*) at Kadawa.

Scdium (Na) concentration correlated with Mn concentration (r

0.379*) at Samaru; 2Zn, Mg, and Mn concentrations (r = -0.417+**,
0.451** and 0.570** respectively) at Kadawa.

The Ca concentration correlated with Mg (r = 0.401*+), P (r =

o

.338*) concentraticns at Samaru; and Zn concentration (r = -

=]

.434+**) at Kadawa (Table 40).

At Samaru and Kadawa, the Mg concentration correlated with Mn
{r = 0.464;*; 0.432** respectively) and P concentrations (r =
0.559** and 0.475** respectively).

Zinc (Zn) concentration increased as the Mn concentration
decreased (r = -0.559%%) at Samaru and also at Kadawa {(r=-0.593*%) .
The Mn concentration correlated negatively with Fe (r = -0.312+
and -0.351*) at Samaru and Kadawa. Phosphorus (P) concentration
correlated with Mn concentration (r = 0.436** and 0.423+%*
respectively) at Samaru and Kadawa (Table 40).

The relationship between the yield parameters and the nutrient
concentrations signified the importance of these nutrients in the
nutrition of tomato crop. This result is in line with the report
of other workers (Graves et al 1978 and Penalosa et al 1987). The
negative relationship between some nutrients concentrations
corroborated with the report of Adams and Winsor (1974), (1979) and

Adams and Grimmett (1981) .
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4.3.4.14 5Simple Correlation Among Yield Parameters and Nutrient
Concentration in 1994 Rainfed Trials

The number of'leaves increased with decrease in number of days
to 50% flowering (f = -0.524*) but increase in number of flowers (r
= 0.716**), fruit weight {r = 0.788**), fruit yield (r = 0.868**),
DMY (r = 0.5%43**), Mg and Fe concentrations (r = ¢.331* and 0.507**
respectively) at Samaru (Table 41).

At Kadawa, number of leaves correlated also negatively with
number of days to 50% flowering (r = -0.327*}, and B concentration
{(r = ~0.338*}, but positively with number of flowers (r = 0.8&80%*%),
number of fruits (r = D.741%*), fruit weight (r = 0.736**), fruit
vield {(r = 0.747*%) DMY (r = 0.587**), K and Fe concentrations (r
= 0.312* and 0.434** respectively) as shown in Table 41.

The number of days to 50% flowering correlated at both Samaru

and Kadawa with number of fruits {(r = -0.487**, -0.392*), fruit
vield (r = -0.368*, -0.310*), Ca concentration (r = -0.615**, -
Q.657%*) , Mg concentration (r = -0.354~*, -0.342%*) and P
concentration {(r = -0.380%, -0.287%) at Samaru and Kadawa
respectively.

Number of flowers per plant correlated with number of fruits
{r = 0.675%+), fruit weight (r = 0.784+**}, fruit yield (r =
Q.799**) DMY (r = 0.572+%%), Fe and Cu concentrationsg {(r = {.561*%
and 0.344*) at Samaru. Whereas at Kadawa number of flowers also
correlated with number of fruits (r = 0.788#%%), fruit weight (r =
D.80S**) DMY {(r = 0.797**}, K and Fe concentrations {r = 0.393* and

0.400** respectively as shown in Table 41. This result is 1in

agreement with the report of Winsor et al 1967, Gould 1974 and
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Adams et al (1978) .

Number of ffuits correlated with weight of £fruit (r =
0.586**), fruit yield (rxr - 0.797**), DMY (xr = Q.579%*%), B
concentration {(r = -0.325*%) Mg, Fe and P concentration {r = 0.376*,

0.584** and 0.457** raespectively) at Samaru. Similarly, at Kadawa,

number of fruits correlated with fruit weight, (r = 0.845*+%), fruit

yield (r = 0.950**) and DMY (r = 0.431%*},

Fruit weight correlated with fruit yield (r 0.850%*) DMY (r
= 0.520**) Na, 2Zn and Fe c¢oncentrations (r = 0.348*, -0.303* and
0.447%* regpectively) at Samaru. Hewever at Kadawa, it correlated
with fruit' yield {(r = 0.956**}, DMY ({(r = 0.552**) and Zn

concentration (r = -0.387*] as shown in Table 41.

At Samaru, fruit yield correlated with DMY (r = 0.599**) Fe

concentration (r = 0.5%98%*) . Also at Kadawa, fruilt vyield
correlated with DMY {(r = 0.511**) and Zn concentration (r =
D.341%*)

Dry matter yield (DMY) increased with increase in Cu and P
concentrations {(r = 9.411** and 0.500** respectively) at Samaru;
Mg, Fe and P concentration (r = 0.549%%, (.382* and 0.438%«*
respectively) at Kadawa.

Boron concentration correlated with Na and Mn concentrations
(r = 0.628**, 0.397** respectively) at Samaru and Na concentration
{r = 0.386*%) at Kadawa.

Potassium concentration was related to Mn concentration {r = -
0.305*) at Samaru and Na concentration at Kadawa {(r = 0.365*%) as

shown in Table 41.
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Calcium (Ca) concentration correlated (Table 41) with Mg and
P concentrations (r = 0.345* and 0.435**) at Samaru and P
concentration {(r = 0.433**} at Kadawa. Magnesium concentration
correlated with P concentration at Samaru and Kadawa (r = 0.484**
and 0.467** respectively} (Table 41).

The various relationship observed in this study, agreed with
the report of other researchers such as Adams and Winsor (1974) and
Graves et al (1978). This study has also shown that B fertilizer
exerted positive effect on growth and productivity of tomato crop.
Alsc Elshaod et al (1980).

4.3.4.15 Effect of Boron Application on Ascorbic Acid {(AA)} Content
of Tomato Fruits

The effect of boron (B} rates over variety on ascorbic acid
(AA) contents was only significant at Samaru in 1993 (Table 42).
However, variety Dandino produced fruits with higher ascorbic acid
content in 1993 and 1994 at Samaru and Kadawa. This results agree
with those of Gould (1974) and Brown (1979) who reported that the
content of AA vary with varieties of tomato.

Boron application significantly increased the AA contents of
tomato fruits at Samaru and Kadawa in 1993 and at Kadawa in 1994
{Table 42). The highest AA content were recorded at 1.5 and 1.0 kg
B ha' at Samaru and Kadawa respectively in 1993, This accounted
for increases of 33 and 50% over the contrel at Samaru and Kadawa
respectively.

In 1994, plants treated to 1.0 kg B ha’ recorded the highest

AR contents, The corresgponding increases above the centrol were
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Table 42: Effect of Variety and boron rates on ascorbic acid
contents (%) of fruits at Samaru and Kadawa in 1993 and

1994 .
Treatment - 1693 158594
Samaru Kadawa Mean Samaru Kadawa Mean
Variety
Roma VP 21.8b 22.9 22.4 25.6 25.5 25.6
Dandino 23.8a 25,2 24.5 28.7 28.3 28.5
LSD (0.05) 2.1 NS NS NS
Boron Rates
(Kg B ha't)
a 20.3cde 20.8d 20.5 23.5 23 .0bcde 23.13
0.5 " 23.5bc 27.0abc 25.3 27.5 28.5ab 28.0
26.3ab 31.Da 28.7 33.0 33.5a 33.3
1.5 27.0a 28 .3ab 27.7 26.9 28 .Dabc 27.58
2.0 21.3cd 19 .62 20.5 27.5 26.8hcd 27.2
2.5 18.7de 17 .5ef 18.1 24.5 23.5bcde 24.0
LED (0.05) 3.6 5.0 NS 6.2

Means 1in a given column followed by similar letter{s) are not
significantly different at P = 0.05, using DMRT
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Table 43: Effect of Variety X boron rates interaction on ascorbic

contents of fruits at Samaru and Kadawa under rainfed
condition in 1993 and 1994

| 1993 1994
Treatment
(kg Bha') Variety Samaru Kadawa Mean Samaru Kadawa Mean
18.86 19.95 39 .3 23.0 2248 5
22.0 25.0 24.0 27.0 26.0 26.5
1.0 Roma VF 24.0 28.0 26.0 30.0 31.0 30.5
28.6 30.8 29.6 20.8 27.0 23.9
23.0 18.0 20.5 28.0 25.0 26.5
2.5 16.7 16.0 16.3 25.0 22k 23.5
0 22.0 23.0 22.5 24.0 24.5 24 .3
0.5 " pandino 25.0 29.0 27.5 28.0 31.0 29.5
1.0 287 34.0 31.4 36.0 35.0 35.5
1.5 25.5 26.0 25.8 33.0 29.0 31.0
20 217 21.0 21.4 27.0 26.0 26.5
25 20:.7 19.0 19.9 24.90 25.0 24 .5
LSD NS NS NS NS

(0.05)
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40.4 and 45.6% at Samaru and Kadawa respectively. Similar findings
has been reported elsewhere (Jelenic et al 1958 and Rachkouskaya
1973) .

It is interesting to note that, there was no significant (P =
0.05) difference in the results obtained for plants treated to 1.0
and 1.5kg B ha'! in each of the trials.

The interaction of variety x boron rates on AA contents was
not significant in each of the trials (Table 43).

In his study Gould (1974) found that soil condition and plant
nutrition a}ter the AA contents of tomatoes. In other studies,
cultivation practices and light intensity previous to maturity as
well as treatment with growth regulators and insecticides had been
shown to alter AA contents (Umale 1969 and Oza and Rangneda, 1972).
Reports have also indicated that maturity of temato fruits and

environmental conditions have marked influence upon AA contents.

4.3.4.16 Effect of B Application on Total Soluble Solids (TSS) of
Tomato Fruits

The effect of B treatment over varieties on TSS content of
fruits was only significant at Xadawa in 1994 (Fig. 27).
Nevertheless, variety Dandino gave the highest TSS contents in each
of the trials except at Samaru in 1994, where Roma VF recorded the
highest TSS. This result is contratry to the report of Brecht et
al (1976), who reported a significant varietal influence on TSS
contents of tomato fruits.

Total soluble solids contents increased with increasing B
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applications at Samaru and Kadawa in 1993 and 1994 up to 2.0 kg B
ha' (Fig. 27) but Jeclined at B rates of 2.5 kg B ha'd, as recorded
for other parameters. This signifies that B level of 2.5 kg B ha'
was toxic to the tomato plants and fruits.

In 1993, plants treated to 1.0 kg B ha' recorded the highest
TSS contents, which gave an increase of 23.5 and 26.4% above the
control at Samaru and Kadawa respectively. 1In 1994, plants treated
to 1.0 kg B ha' alsao recorded the highest TSS at Samaru, whereas,
at Kadawa the highest TSS contents was obtained with plants treated
toc 0.5 kg B ha'. An increase of 20.5 and 14.7% over the control
were obtained in 1994 at Samaru and Kadawa respectively.

Reports from literature have shown that there is a strong
relationship between leaf number and TSS of fruits. McCollum and
Skok (1960) and Brecht et al 1976 had variously reported that
greater photosynthetic capabilities in the plants due to their
increased leaf number could feasibly allow for a greater
photosynthate movement to the fruit and hence a higher soluble
solids contents.

The interaction effect of wvariety x boron level was only

significant (P = 0.05) at Samaru in 1993 (Fig. 27).

4.3.4.17 Effect of Boron Application on Titratable Acidity (TA)
Titratable acidity (TA) comprises of the potential acidity and

the pH of the tomato fruit. TA influences the degree of sourness

and consequently the flavour of tomato fruit {Lambeth et al 1964).

Variety Dandino significantly produced fruits with higher TA
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than Roma VF in each of the trial (Fig. 28} and the difference was
significant at XKadawa in 1993 and Samaru in 1994. Earlier report
have shown that TA varies with cultivar, and in the various
sections of the tomato fruits, with the locular jelly having the
highest TA contents (Bohart 194Q; MacGillavray and Clemente 1356
and McCeollum and Shockl95€} .

Boron application significantly increased the TA contents of
tomato fruits in all the trial except at Samaru in 1993 (Fig. 28)
plants treated to 1.5 kg B ha' gave the highest TA contents at
Samaru in 1?94, whereas others recorded their highest TA contents
at 1.0 kg B ha'.

In spite of the absence of any statistical significance (P =
0.05) influence of variety x boron rates interaction on TA of
fruits, there were indicatiens that some levels of E either
increased or depressed TA contents. For instance, while 1.0 kg B
ha' produced the highest TA for Roma VF, in contrast 1.5 kg B ha'
applicaticn on Dandino resulted in the highest TA while control

gave the lowest valuec (Fig. 28).

4.3,4.18 Effect of Boron Application on pH of Tomato Fruits
Application of boron did not have any varietal influence on
the pH eof the fruit in each of the trialg (Table 44).
Application of B had no significant (P = 0.05) effect on the
pH of the tomato fruits, in 1893 and 19294 at Samaru and Kadawa
{Table 44). This result agrees with the report of Brecht et al

{1976) who did not obtain aﬁy consistent trend in differences in pH
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of fruits that could be attributed to growth habit of tomato.

The interacticon between boron treatment and variety on pH of
fruits wag not significant in each of the trials (Table 45} .

The non significant values obtained in this study could be due
to the fact that pH alone cannot be used for the determination of
acidity in tomato fruits. The degree of sourness in tomato fruit
is determined by its degree of acidity, which is determined from
tit;atable acldity and pH. This is in agreement with Anderson
(1957} who had earlier reported that pH and TA in tomato fruit

influenced the degree of sourness.

4,3.4.19 Effect of Boron Application on Reducing Sugar (RS)
Contents of Tomato Fruit

A comparison of the RS of the two wvarieties showed that
variety Dandino significantly (P = 0.05) produced fruits with
higher RS than Roma VF, at Samaru and Kadawa in 19%3, and at Samaru
in 18%4 (Fig. 29).

Reducing sugars (RS} of tomato fruit was singificantly
influenced by the B rates in each of the trials. Plants treated to
1.0 kg B ha' gave the highest RS contents, whereas the least for
each trial were obtained with the control. The corresponding
increases over the control were 86.4 and 71.0% in 1993; 73.3 and
70.8% in 1994 at Samaru and Kadawa respectively. The result of
this study is in agreement with the report of Jelenic et al {(1958)

and Verma et al (1973).
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Table 44: Effect of Variety and boron rates on pH of tomato fruits

at Samaru and Kadawa in 1993 and 1994

Treatment 1993 1994
Samaru Kadawa Mean Samaru Kadawa Mean

variety »

Roma vf 3.0 4.1 .6 4.1 4.0 4.1

Dandino 4.1 4.0 4.1 4.1 4.2 4.2

LSD (0.05) NS NS NS NS

Boron Rates

(Kg B ha')
0 4.0 4.1 4.1 4.0 4.0 4.0
0.5 4,1 4.0 4.1 4.1 .2 4.2
1.0 4.2 4.0 4.1 4.1 4.1 4.1
L. 4.1 4.1 4.1 4.1 4.1
2.0 4.0 4.0 4.0 4.1 4.0 4.1
2.5 4.0 4.1 4.1 4.1 4. 4.1

LED (0.05) NS NS NS NS

NS = Not significant



Table 45: Effect of Variety X boron rates interaction on pH of

tomato fruits at Samaru and Kadawa in 1993 and 1994

222

- 1993 1994
Treatment
(kg Bha') Variety -—Samaru Kadawa Mean Samaru Kadawa Mean
0 3.9 4.1 4.0 4.0 4.0 4.0
0.5 4.1 4.0 4.1 2.1 4.0 4.1
1.0 Roma VF 4.1 4.1 4.1 4.2 3.9 4.1
1.3 4.1 4.1 4.1 4.1 4.1 4.1
2.0 4.0 4.0 4.0 4.1 4.0 4.0
2.5 4.1 4,0 4.1 1.1 4.0 4.0
(o] 4.0 4.1 4.1 4.0 4.1 4.1
0.5 4.2 4.0 4,1 4.1 4.3 4.2
l1.G Dandino 4.2 3.9 4.0 4.0 4.2 4.1
1.5 ‘ 4.0 4.1 4.1 4.1 4 2 4.2
2.0 4.0 4.0 4.0 4.1 4_0 4.1
2.5 3.9 4.2 4.0 4.1 4.2 4.2
LSD {0.05) NS NS NS NS
NS = Not Significant
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Esteban et al (1985) reported an accumulation of protein.and
RS in the tomato noots of B deficient plants.

When the effect of variety x boron rate interaction on
reducing sugar contents of tomato fruit was considered, in both
locations, the two varieties recorded the highest RS content at 1.0
kg B ha'. However, Dandino variety treated to 1.0 kg B ha' at
Kadawa in 1994, recorded the highest RS contents of 2.9% (Fig. 29)

in all the trials.

4.3.4.20 Relationship Among Fruit Components

Ascorbic acid (AA) correlated with TSS (r = 0.557**), RS (r =
0.508**) and yield (r = 0.724+**) at Samaru. Similarly, at Kadawa
AA was strongly related to TSS (r = 0.597**), TA (r = 0.607**), RS
(r = 0.747**) and yield (r = 0.771**), as shown in Table 46.

Titratable acidity did not correlate with any of the fruit
components at Samaru, but with RS (r = 0.527**) and yield (r =
0.679**) at Kadawa.

pH correlated with TS5 at Samaru (r = 0.440*) but not at
Kadawa {(Table 46).

Reducing sugars correlated with fruit yield in both locations
(r = 0.805** and 0.654** at Samaru and Kadawa respectively). TSS
correlated with RS (0.820** and 0.397*) and yield (r = 0.881** and
0.644**) at Samaru and Kadawa respectively.

Fruit yield of tomatoes correlated with all the fruit
components except pH in both locations. This emphasised the

importance of these fruit components in the tomato fruit.
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Table 46: Simple correlation among fruit components at Samaru and
Kadawa under rainfed condition

-

Coefficient of correlacion (ri

Ascorbic Total Titrata pH Reducing Yield
Acid soluble ble sugars
solids Acidity

SAMAR

Azscorbic Acid -
Total soluble

solids 0.557w* -
Titratable Acidity - - -
pH - 0.440% - -
Reducing Sugars 0.508*x 0.820=*x~ ~ - -
Yield 0.724%= 0.881+* - - D_B0G*» -
KADRWA

Agcorbic Acid -
Toral soluble

solids 0.507x% -
Titratable Acidity 0.607*=* 0.601** -
PH - - - -
Reducing sugars 0.747* 0.397** 0.527%* - -
Yield 0.771%* D.6g4%w D.679** - D.654%* -
* = Significant at 5% level
**

Significant at 1% level
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pH did not correlate with any of the fruit components and
yield at Kadawa. The result obtained in this study agreed with the

report of Stevens gt al (1977, 1979) and Xader et al (1978).

4.3.4.21 Effect of Boron Rates on the Distribution of Boron in
Different Tomato Plant Parts

There were variations in B distribution ameng plant parts in

the two tomato varieties (Fig. 30).

Leaves
Application of B signiicantly (P = 0.01) increased the
concentration of B in both Roma VF and Dandino leaves. The

concentration of B in the leaves of Roma VF variety varied from
0.60 to 9.40 mg kg' with a mean of 3.84 mg kg', while that of
variety Dandino varied from 1.05 to 10.90 mg kg' with the mean of

6.94 mg kg'.

Stem

Application of B significantly (P = 0.01) increased the
concentration of B in the stem. The B concentration of Roma VF
variety varied from 0.58 to 1.23 with the mean of 0.91 mg kg',
while for Dandino it varied from 0.70 to 1.82 mg kg' with the mean
of 1.30 mg kg' (Fig. 30). The interaction between variety and B

rates was significant (P = 0.05).

Roots

Application of B8 did not have any significant (P = 0.01)
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effect on the concentration of B in the roots. However, the
concentration of hpron in the roots of Roma VF variety varied from
0.31 to 0.98 mg Kg' with the mean of 0.68 mg kg' (Fig. 30).
Similarly, the B concentration of Dandino variety varied from C€.35
to 1.60 with the mean being 0.85 mg kg'.

Results of this work signified that variety Dandino
consistentoy recorded higher B concentration in the various ploant
parts than Roma vf. This is in line with the report of Andrew and
Thorne (1962) and Brown et al (1972), that crop species and variety
vary in B requirement.

The concentration of B was highest in the leaves in both
varieties. This was followed by the stem. Roots had the least B
concentration. This result agreed with the report of Magalhaes et
al (1978), Drews and Frank (1980b) and Garate et al (1%84a).
Similarly, Garate et al (1984b) reported that the B concentration
in roots stem and fruits were generally much lower than those in
the leaves, and that the concentration of B in the entire plant
tended to average about half of that in the leaves.

The non-significant difference of B treatment on the roots

agreed with the report of Esteban et al (1987).

4.4. GENERAL DISCUSSION

The critical concentration of B established in the soils from
the greenhouse was 0.13 mg kg'. Although, there was response to
higher B level in the field, this is contrary to the widely held

view that the critical B level in the field is lower than that of
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the greenhouse.

This is becayse, in the field, plants have a larger soil mass
from which nutrients are explored. In the greenhouse, plants are
planted under control situations, the plant roots are restricted to
the small soll mass used and the growth duration was shorter.

There were increases in all parameters -~ vyield, yield
compeonents, and fruit components determined with increae in B rates
up to a particular boron level after which there was corresponding
decline in the parameters, in dry and wet (rainfed) seasons. The
only except?on was with B uptake which increased with increase in
B rates.

Although, different rates of B were applied to the dry and wet
season trials, there was need to compare the performance of the
crop in both season.

In the field, plants responded to B rates up to 4 kg ha’ in
the dry season and 1.5 kg B ha' in the wet season.

The number of leaves was more during the dry season than wet
season. This could be due to gevere fungi attack which is always
encountered during the wet season.

Plants flowered earlier in the wet seascon than in the dry
season, due to better weather conditions during the wet season (May
to Septembher} as shown in Appendix D.

In terms of number of flowers, the dry season trials recorded
mcre flowers than wet seaosn, with variety Dandinco having more
flowers than Roma VF. The mean number of fruit for dry season was

more than that of wet season, with variety Roma VF having more
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fruit than Dandine (Figs. S & 18) in both seasons. Also the
average fruit weight for the dry season trial 70.33g was more than
the wet season trials - 56.00g. Both were recorded by Dandino
variety.

The highest marketable fruit yield of 46 tons ha' was recorded
during the dry season as against 35-40 tons recorded on farmers
field in the area. While 28.18 ton ha' was recorded for wet season
trials; contrary to 20-25 tons ha', recorded on farmer field. The
usally unavoidable fungal attack of tomato leaf in the wet season
and other environmental factors are respongible for the difference
in the yield.

Dry season trial alsc recorded higher DMY of 3.07 tons ha’
than wet season 1.04 tons ha'. This was due to more number of
leaves recorded in the dry seasgon than wet season as explained by
Zelitech (1971) and Epstein (1972).

In both seasons, there were increases in the B concentration

with the rates of B (Fig. 8 and 21). Dry season recorded more B
concentration than wet season. This was expected as the B
treatment of dry season was more than wet season. In both dry

season trials the order of macronutrient concentration was in this

order

Ca > K > Mg > P.
The only excepticon to the wet season trial was at Kadawa in
1993 where 1.5 kg B ha’ recorded high Mg concentration (Fig. 24} .

The high Ca and K concentration could be due to the type of
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fertilizers applied {CAN and NPX). Since similar fertilizer rates
were applied at the same season (except borax), the soil Ca and K
level before planting could be responsible for the difference in
concentration.

The order of micronutrient concentration during the dry season
was Fe > Mn > Zn > Cu as shown in Fig. 13. The first year wet
season trials also followed the same trend as the dry season with
Fe concentration as the highest and Cu concentration, the least
(Fig. 26). However, at the second year wet season trial (1994), Fe

concentration was the highest, followed by Zn concentration in this

order

Fe > Zn > Mn > Cu.

In terms of fruit analysis, the AA, TSS, pH and RS contents
were higher in the dry season. Wet season trials recorded more TA
than dry season. This explained why the wet season tomato fruits
are Sour (Luk’Yanenko and Luk’Yanenko 1981).

Analysis of B in different parts of tomato plants revealed
that, the leaves contained more B than any other part, which
confirmed the findings of other researchers Drews (1980a) and
Garate et al (1984).

Boron adsorption and desorption studies carried out on the
thirty surface soils revealed that twenty nine out of thirty soils
best fit the Langmuir adsorption isctherm, whereas only one best
fit the Freundlich equation. Desorption reactions were

irreversible in all the soils.
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Findings from the present study are in line with the widely

-

held view that (1) boron fertilizer increases the fruit yield of
tomato and modifies the fruit composition by improving the flavour
of the fruit (Aduayi 1978, Gulati 1980 and Adelana 1986) (2) the B

level in Northern Nigerian Savanna soils are low (Anande-kur 1976,

Lombin 198%a and 1985b).
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CHAPTER 5

SUMMARY AND CONCLUSION

This study was initiated as a result of B deficiency reported
to be the most widely micronutrient deficiency on farmers fields in
Northern Nigeria.

The B status of 30 surface solls (Cultivated and fallow)} from
the Sudan and Northern guinea savanna were studied using six
different extractants to determine their suitability for the
predictions‘of plant available B to tomatoes.

The available B in the goils obtained from various extracts
are low. This could be due to low B content in the parent
material. The total B content compared favourably with the values
obtainable elsewhere.

Results cbtained in thig study indicated that less than 1% of
total B is in the available forms. The B extracted by the
different soil tests correlated with scil 0.C., E.A., Exchangeable
K, available P, total N, available Fe and total B. Plant B uptake
related only to pH.

Boren uptake did not correlate significantly with any of the
soil test methods, however, other yield components such as relative
yvield, number of leaves correlated significantly with some so0il
test methods. The critical concentration of B in the scil was
established as 0.13 mg kg' from the hot water test.

Two tomato varieties were used for the field calibration

studies. Response to B application was observed. Visual
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deficiency symptoms were also observed in some control plots.

The least nu%ber of days to flowering, and highest number of
flowering, fruit we;ght and yield were obtained hetween 2 and 3 kg
B ha' during the dry season in both locations.

High yield and yield parameters were recorded between 1.0 and
1.5 kg B ha' during the wet seasons. Yield was higher in the dry
gseasons than in wet seasons. It has been proved that dry season
favours the production of tomatoes than wet season probably because
the low incidence of disease uring the dry season. The two tomato
varieties résponded to B level differently.

The ripe fresh tomato fruits were also analysed for titratable
acidity, total soluble solids, pH, ascorbic acid, and reducing
sugars. Application of B increased these components in the fruits,
but high levels of B 2.5 and 5.0 kg ha'! for wet and dry seasons
respectively were toxic for the tomato plants as all the fruit
components contents declined at these B rates. Mean titvatable
acidity was higher in the wet seascon than dry season, whereas
reducing sugars was more during the dry season than wet season.

The B uptake in the plant tissue increased with the increase
in B rates. It also varied within the plant, with the leaves
having more B than the stem; the least B content was recorded in
the roots.

The macro and micronutrients concentration in the plant tissue
were high. This could be due to contamination from the soil and
fertilizers used in this study. Also the concentration of these

nutrients in rthe plant tissues depend on the time of sampling,
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method of analysis, and part of the plant being sampled (Mortvedt
et al 1972). The present study also supports the study conducted
by Graves ef al (1978) that the yield of tomato is related to the
content of the micronutrient in the leaves of the crop.

Boron adsorption and desorption studies were carried out on
the thirty soils to know the soils which will respond to B, and to
show long term residual effects from applied B. Twenty nine cut of
thirty soils best fit the Langmuir adsorption isotherm, whereas,
only one besL fit the freundlich equation. The values of K and b
fFor the soils were low. This could be due to the sandy nature and
low clay content of the soils used in this study. The B adsorption
and desorption reactions are irreversible in all the soils.

In conelusgion, the hot water B test is recommended for routine
analysis of available B in the Northern Nigerian savanna soils.

In the field, the application of 1.0 kg B ha' during the wet
season and 2.0 kg B ha' during the dry season are recommended for
optimum yield of tomato in the savanna agro-ecology. Furthermore,

ftor eass of application, the recommended amount of B should bhe

incorporated as a fixed ratio in already existing macronutrient

compound {(NPK} formulations.
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Soil erosion
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Surface characteristics
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IAR Horticultural Garden,
Samaru, Area C.

Ultic Haplustalf (USDA)
Haplic Acriscl (FAOQ)

Thin aeolian materials over
basement complex rocks.
Saprolite.

Basement complex rocks.

Undulating plain within the
Kaduna plains

Mid-slope; gently sloping 2-4%
slope.

Northern Guinea Savanna

Fallow after tomatoes/peppers
the previous years

Slight sheet erosion
Well drained
Not encountered

Not encountered

No remarkable features
T. Kparmwang and E.Y. Oyinlola
24th January, 1994



2€3

Horizontal Description

Horizon Depth {(cm) Description
Ap 0-15 Dark brown (7.5YR 4/4 moist light brown

(7.5YR 6/4 dry) loam week corase
subangular blocky structure, non-sticky
(wet} friable {(moist slightly hard {(dry);
common medium pores; common medium and
few coarse roots; common fine
mica/quartz; clear smooth boundary.

AR 15-28 Strong brwon (7.5YR 5/8 moilst) reddish
yellow (7.5YR 6/8 dry) loam; weak coarse
subangular blocky structure slightly
sticky {(wet), firm (moist) slightly hard
(dry) few medium pores; common fine and
few medium roots; common fine
mica/quartz; clear smooth boundary.

Bt1l 28-40 Yellowish red (5YR 5/8 moist} clay loam
moderate coarse subangular blocky
structure; sticky (wet) firm (moist)
slightly hard (dry) common medium pores;
and few medium roots; common fine :
mica/quartz; gradual smooth boundary.

B2 40-128 Yellowish red (S5YR 5/8 moist) clay,
strong very coarse subangular blocky
structure; sticky (wet) friable {(moist)
glightly hard {(dry}; common medium pores
and few coarse voids; common fine
mica/quart; gradual smooth boundary.

Bt3 128-175 Strong brown (7.5YR 5/8 moist) clay with
common medium faint, light yellowish
brown (2.5Y 6/4) mottles; moderate coarse
subangular blocky structure; slightly
sticky (wet) friable (moist) hard {(dry);
few medium pores; few fine roots; common
fine mica/quartz; few fine soft root
nodules.



profile No. : K2

General Site Information:
Location

Taxonomic clagsification
Soil parent matrial

Geology
Geomorphologdy

Topography

vegetation
Landuse .
Soil erosion
Drainage

Depth to water table

Depth CO impenetrable
layer

surface Characteristics
pescribed by
pate sampled
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IAR Irrigation station Kadawa

Ustostic Dystropept (USDA)
gutric cambisol (FAO)

Thin aeolian material over
ganitic residuim

pasement complex rocks.

Nearly flat plain within the
Kano plains

Upper Sslope: nearly flat 0-2%
slope

Northern Guinea savanna zone.
Rice, the previous year.
None.

Moderately well drained.

Seepage at 65cm from a perched
water table due LO
retroplinthite at 130cm depth.

petroplinthite layer at 130cm.

No remarkable features.
T. Kparmwang and E.Y. Oyinlola
27th January, 1994.



Horizontal Description

Horizon
Ap

AB

BA

Bwl

Bw2

Bv

Depth (tm)
0-30

30-45

45-65

65-100

100-130

130+
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.
Dark brown (10YR 4/3 moist) sandy loam
with common fine faint dark brown (7.5YR
4/4) root pore mottles; moderate coarse
subangular blocky structure; non-sticky
{(wet) friable (moist) few medium pores;
common fine roots; many fine mica/quartz;
gradual smooth boundary.

Dark yellowish brown (10YR 4/4 moist)
sandy loam; weak coarse subangular blocky
structure; non-sticky (wet) friable
(moist) few soft coarse iron concretions;
many fine mica/quartz; gradual smocoth
boundary.

Yellowish brown (10YR 5/8 moist) sandy
loam; medium and coarse subangular blocky
structure slightly sticky (wet}; many
fine pores; common fine roots; many fine
mica/quartz; gradual smocth boundary.

Yellowish brown (10YR 5/6 moist) sandy
loam; slightly sticky (wet) friable
(moist) ; many fine mica/quartz; horizon
sampled with auger.

Light yellcwish brown (10YR 6/4 dry),
(10YR S5/4 moist) loam; yellowish brown,
slightly sticky (wet) common hard
iron/manganese concretions horizon
sampled by auger.

Petroplinthite layer. Not sampled.
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. Particle—siz

e Distribution

Horizon Depth ~sand (%) silt (%) Clay (%) Textural Class
(cm)

SAMARU

Ap 0-15 41.0 44.0 15.0 Loam

AB 15-28 41.0 42.0 17.0 Loam

Btl 28-40 33.0 34.0 33.0 Clay loam

Br2 40-128 31.0 28.0 41.0 Clay

B3 128-175 25.0 28.0 47 .0 Clay

KADAWA

Ap 0-30 57.0 24 .0 19.0 sandy loam

AB 30-45 53.0 28.0 192.0 gandy loam

BA 45-65 55.0 24.0 21.0 gsandy lcam

B 100 57.0 22.0 21.0 sandy loam
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Appendix B: Soil Chemical PIro

gH Exchangeable Bases CEC Base 0.C ™ Av. B
curation

Horizon  RePR  go  cacl; (2 wg K o mm  Acidit NjoAc ECEC Gl oA ECEC < 9/kg =T
SAMARU .

no 015 670 5.70 1.023 0.182 o115 0.152 1.472 0.4  4.60 1.87 9.2 32 79 9.2 0.70 4.67
AB 1528 6.90 5.72 3.04¢ 0.6%9 o.26 0217 42 02 739 4.42 384 99 o6 2.8 0.42 4.5
Bt1 540 6.68 5.74 1.75 0.370 013 0209 2.46 0.4 5.2 2.86 12.70 47 e 2.9 0.35 3.56
BL2 w128 666 576 4.8y 136 .37 0.2 668 02 318 .68 27.18 58 97 1.3 0.2t 3.15
BL3 128-175 6.50 5.70 5.49 2.9 06 0.4 977 02 1520 9.92 31.74 64 99 0.8 0.35 3.9%
KADAWA

AP 030 663 530 412 295 04 o33 7793 0.4  13.20 819 end 59 g5 4.2 0.39 5.45
AB aqn 666 578 487 1.152 o4 0.283 6.453 0.4 1140 .85 55.58 56 % 2.4 0.3% 3.56
BA (565 658 578 699 1.8 o197 0.33 °9.376 0.4 3.9 9.7 63.19 68 %6 1.8 0.28 3.8
B .5y ¢.194 0.304 7.756 C.12 12.30 o .0 ©0.25 5.8

perties
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Appendix C: Combine analysis of variance for assessing the effect
of boron rates on marketable fruit yield over locations

Source of Vardiation DV 88 1992/93 Trials

SS % MS F
Location 1 78 .43 1.62 T3.43 0.75
Residual 4 420.900 8.72 105.23 12.41+%~*
Total 5 499 .33 10.34 99.87 11.78
Treatments 5 2797.11 57.95 £59.42 65 ,99%x
Varieties 1 151.36 3.14 151.36 17.86**
Treatments x varieties 5 $25.43 19.17 185.09 21.83%*
Location x varietieg 1 25.9%9 0.54 25.99 3.07%
Locat@onlx Treatments 5 15,33 0.322 3.07 0.36
x varieties
Residual 44 372.98  7.73 8.48
Total 66 4327 .57 89.6¢6 65.57
Grand Total 71 4826.90 100.090

1993 Trials

Location 1 294 .54 6.57 294.54 3.96%
Residual 4 297.29 6.63 74,312 10.75%%
Total 5 £91.83 13.21 118.37 17.12
Treatments 5 2656 .69 59.28 531.34 76.83+%*
Varieties 1 145.08 3.24 145.09 20.98%*
Treatments x varieties 5 583.75 13.03 116.16 16.88%**
Location x Treatments 5 119.31 2.66 23 .86 3.45*
Location x varieties 1 34.52 0.77 34.52 4.99*
Locat@on x treatments 5 46 .07 1.03 g.21 1.33

X variety

Residual 44 304.29 6.79 6.92

Total 66 3889.71 B6.79 58.94

Grand Total 71 4481.83 100.00
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Appendix C contd: Combine analysis of variance for assessing the
effect of boron rates on marketable fruit yield over locations

o 1993/94 Trials
Source of variation DF 23> SS % MS -
Location 5 § 1532.38 16.32 1552.38 94 .44«
Residual 4 64.90 0.69 16.23 1.85
Total 5 1597.29 17.01 319.46 36.32
Treatments 5 4875.34 51.93 975.07 F11.02%%F
Varieties E 725.93 7.73 725 .92 B2.65%*
Treatments x varieties 5 206 .87 2,20 41.37 4.71%*
Location x treatments 5 1368.06 14.57 273 .61 31.15**
Location x varieties 1 71.44 0.786 71.43 8,.13++
Locat%on'x-treatments 5 157.09 1.67 31.42 3.58%*
X varieties
Residual 44 386.44 4.12 8.79
Total 66 7791.15 82.99 118.05
Grand Total 71 9388.44

1994 Trials

Location i 11.96 0.27 11.96 0.197
Residual 4 242 .98 5.44 60.75 4.93
Total 5 254 .94 5.71 50.99 4.14
Treatments 5 2839.32 £3.55 567.56 46.10%%
Varieties 1 276 .86 6.20 276.86 22.48%*
Treatments x varieties 5 218.31 4.89 43.66 3.54+*~
Location x treatments 5 120.20 2.69 24.04 1.95
Location x variety 1 19.93 0.45 19.93 1.62
Locgtion X treatment x 5 165.95 4.39 39.19 3.18%
variety
Residual 44 542.01 12.13 12.32
Total 66 4212.58 94 .29 63.83

Grand Total 71 4467.52 100.00
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Appendix Table D: Weather data during the period of the rrial at
: Kadawa

rajnfall Temperature (°C) Relative gunshine
Humidity (hours)

___TemperatVf® _——

Month
(Tom) .
2 Min Max (%)
6.7 9.2

1992

Dec - 19.6 32.9 5

1993

Jan 15.8 28.7 30.5 7.5
Feb - 19.1 33.6 23.6 [ 1]
Maxr - 23.3 37.6 53.9 N/A
Apr - 29.8 318.4 56.0 4.6
May 816.0 2.7 38.5 79.5 2.4
June 391.1 28.0 38.8 79.2 7.3
July 104.3 21.9 32:9 83.6 N/A
AUg 272.2 23.9 34.3 85.0 N/A
Sept g 29.1 34.4 85.4 N/A
Ooct 7.6 23.6 34.3 g84.9 N/A
Nov - 16.2 33.0 75.5 N/A
pec - 13.9 28.6 60.5 N/A
1994

Jan - 13.6 29.1 62.2 N/A
Feb - 15.4 24.5 45.6 N/A
Mar - 18.3 37 .1 48.6 N/A
ApT 8.1 23.2 37.0 64 .5 N/A
May 50.1 23.9 37.6 70.1 N/A
June 149.5 227 34.9 78.5 N/A
July 119.7 23.0 33.9 g81.7 N/A
Aug 371.7 213 31.0 g84.1 N/A
Sept 279.5 20.8 311 85 .4 N/A
oct 55.1 19.9 33.4 85 .4 N/A
Nov - 12.8 32:5 66.9 N/A
Dec - 9.4 24.5 53.9 ‘* N/A

sou~ce: Meteorological office, IAR, gamaru, zaria.



