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ABSTRACT

Two field trials were conducted during 1986 and 1987
wet seasons, to investigate the effects of pre-emergence
appiication of metolachlor + metobromuron (Galex) at five
rates (0,1,2,3,and 4Kg a.i/ha.),and a hoe-weeding treatmer:
on growth, leaf nitrate reductase activity, chemical
composition of soybean cv.'Samsoy 2' at different growtn

stages.,

Plant height, leaf area, number of root nodules, wno.=
plant dry matter and ash content, Jeaf nitrate reductaze
activity,leaf nitrate-nitrogen and mineral elements awe-s
measured every fortnipght from 2 to 12 weeks after emerzge- =,
Four weeks after flowering, the seed was sampled for seec
protein, lipid, carbohydrate, nitrate-nitrogen, ash and
mineral element compositions, until maturity when the seed

was harvested and yield determined.

The pre-emergence application of metolachlor +
metobromuron {(Galex) did not adversely affect the
germination and morphology of soybean seedlings except inr
1987, when 3 and 4 Kg a.i/ha caused injury and death of 1n=
seedlings. Averaged over 1986 and 1987, the highest rare(sik:
a.i/ha) led to the production of the highest seed ash, see:
nitrate, seed P, Mg and Fe, leaf nitrate and leaf Mn,
However , 1t produced the lowest seed yield, seed Ca, seec
carbohydrate and leaf nitrate reductase activity in
soybean.The plants on 2Kg a.i/ha Galex treated plots had the

highest leaf nitrate reductase activity, root nodule number.
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leaf P, X and Zn, seed protein, seed Ca, Fe and seed yi1e:2C.
This herbicide rate also resulted in the lowest seed lip:ia,

seed Zn, leaf total chlorophyl! and leaf Mg.

The hoe-weeded soybean plant had the highest leaf
chliorophylls a, b and total, and seed Zn, whereas, leaf
nitrate, leaf P, Ca and seed Fe ware lowest at this
treatment. However,the unweeded soybean plants had the
highest leaf Mg and Ca, but the lowest leaf area, plant dry

matter, root nodule number, leaf P, K, Fe and seed ash.

The changes in all the parameters investigated, due to

pre-emergence application of metolachlor + metobromuron

(Galex) are discussed.
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INTRODUCT ITON

1.1 CLASSIFICATION AND ORIGIN OF SOYBEAN

Soybean (Glycine max L. Merrill) belongs to the family
Leguminaceae, subfamily Papilionoides and genus Glycine L.
The taxonomists believe that G, max was derived from Glycine
ussuriensis, which is considered to be the progenitor of the
cultivated forms (Norman, 1963), The actual origin of the
cultivated form of soybean is unknown (Norman, 1963).
However, 1t has been reported that the plant has its origin
in the North and Central provinces of China and Manchuria,
where it has long been cultivated and has remained, a major

crop to this day (Nagata 1960a). 1t has been the mos:

P

important legume in the advancement of the civilizat:ion

China, Manchuria, Korea and Japan.

1.2 BOTANICAL DESCRIPTION

Most cultivars ol soybean are erect, bushy and about
20-180cm  tall, They form root nodules in symbiotic
association with Rhizobium japonicum for fixing nitrogen.
They are annual legumes with green hairs on the stem,
leaves, calyx and pods (Purseglove, 1974). Each pod
contains one to four seeds, Soybean seeds differ in colour,
but the common field varieties have spherical yellowish
seeds with two large cotyledons. The food reserves of the

seeds are stored tn these cotyledons. More than half of the
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nitrogen in the total tops of soybean is stored in the seed

at maturity (Coppock, 197%).

b3 'LSES

Soybean 1s grown for 1ts protein and oil content al

over the world. The chemical composition of soybean seec:

varies with cultivars, sol | and climatic conditions
(Purseglove, 1974), The dried seeds contain 5.0 - 9.4%
water, 29.6 - 50.3% protein, 13.5 - 24.2% fat, 14.0 - 23.9%
carbohydrate, 2.8 - 6.3% fibre and 3.3 - 6.4% ash

(Purseglove, 1974). The seeds are also rich in vitamins and
contain appreciable quantities of vitamin B comp lex

(Purseglove, 1974).

It is much more important as a source of protein
especially in a country where majority of the populace are
vegetarians or where the populace cannot afford animal
protein which 1is very expensive (Bhan, 1976}. With an
average protein level of about 40% (containing all the
essential amino acids) soybean provides a balanced diet in

combination with cereal and is one of the cheapest sources

of human protein requirements (IITA, 1983).

In Eastern Asia, the unripe seeds are eaten as
vegetable and the dried seeds are eaten whole or processec
into milk; a valuable protein supplement in infant fooas.
In Nigeria, there i1s a children's home near Ogbomoso (Kersey
Home) which specialises 1n treating infants with severe
symptoms of nunultrition (kwashiorkor) with soy milk (1ITA.

1984). Soybean s also processed into Soya Ogi, soya meat



and soya cake (Eshalomi, 1987). A soup flavouring fermented
paste, similar to that made from locust bean is prepared
from soybsan and used locally. In fact women in many African
countries such as Ghana, Cameroon, Uganda, Rwanda and Zaire

now use soybean in local dishes (I1I1TA, 1984),

In the food industry, soybean is used in the producrion
of livestock feeds, cooking oil, margarine, bakery products.
yeast, milk and meat substitutes and brewing ingredients
(Adegbulugbe and Obi, 1986). Since soybean o1l represen::
about 20% total flour, the use of soy flour as a supplement
in high protein breads also elevates the essential fatry
acid content of the product (Coppock, 1974). Soybean oil
forms the bulk of the oil being used in the United States of
America, as salad o1l and for manufacturing cooking oil and
margarine, The o1l is also wused industrially in the
manufacture of paints, Linoleum, oil cloth, printing inks,
50aps, insecticides,disinfectants, adhesive, vitamins,
antibiotics and other drugs (Purseglove, 1974; Adegbulugbe

and Obi, 1986).

I.4  SQYBEAN PRODUCTION

The United States of America has been the largest
producer of soybean since 1954 and its output has been
expanding. The second largest producers are China and
Manchuria. Other countries producing over | million
tonnes /annum each are Canada, Brazil, Argentina, Columb:ia,
Paraguay, Japan, North and Scouth Korea, and the Soviet Union

(Purseglove, 1974).
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The crop is becoming increasingly important in Africa
In Zambia, soybean production has doubled every year for the
past five vyears, and both small-scale and large-scale
farmers are now realizing the profitability of growing the
crop in rotation with maize (IITA, 1983). The main
production areas of soybean in Nigeria are Benue State and
Zonkwa region of Kaduna State (1ITA, 1981). Small-scale
farmers produce most of the soybean in Nigeria and
production is estimated at 30.48 thousand tonnes/annum but a
lot of this is sold in local markets for human consumption.
However, there is need for greater production of soybean n
this country since a large amount of soybean |s imported as

protein supplement for poultry feeds,

1ad J > g

The production of soybean i1s usually hindered by weeds,
which compete with the crop for nutrients, moisture,
sunlight and space. The presence of weeds in soybean fields
1s known to reduce crop vield by 40 to 50% depending on the
intensity of weed infestarion (Bhan, 1976). Moody (1975)
reported that soybean yield in Nigeria was reduced by about
60% due to uncentrolled weeds for at least 40 days by whicnh
time the crop forms a canopy and can successfully compers

with weeds.

Qlunuga and Akobundu (1980) observed that the i1nab:|.:.
of farmers to cope with excessive weed growth in Nigeria 3
attributable to the wuse of the hoe weeding which s a

strenous, labour-intensive and expensive method of weed
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control, which consequently, wusually forces farmers to

produce at subsistence levels.

Easton (1981) has suggested that adequate seed bec
preparation and accurate application of herbicides offer =2
more eflective weed control alternative to hand-pulling r
soybean. There has been a very rapid increase in herbicide
usage recently, with reduced emphasis on tillage anc
cultivation for weed control. However, since chemical weed
control assumes an important tole in crop production, which
herbicides to use, what rates and what effect these
herbicides ave on the physiology and quality of the
different varieties or experimental strains have become
important gquestions (Johnson, 1969). Moreover, wher

pesticides enter into the physiological processes of the

plant, the chemical composition of the plant and seed ma\v 5
altered, For instance, photosynthesis was early recognisec
as the process that is inhibited or stimulated, but 1t was
later discovered that herbicides act on more than one
physiological processes (Jaworski, 1969). This can
invariably inhibit or stimulate the synthesis of the

biomolecules 1.e. carbohydrates, proteins, and lipids."'

To maximise yield in the large-scale production of
soybean, it is of utmost importance to employ chemical weed

control method i.e. to wuse herbicides in controlling weeds

in such farms, Galex (metolachlor + metobromuron) s
conmmonly used in controlling weeds in soybean farms B
Nigeria. Even though literature abounds on the

effectiveness of this herbicide in controlling weeds and i1ts
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effects on the agronomic characteristics of soybean not much
work has been done on the effect of the commonly wused
emulsificable concentrate, formulated mixture of metolachlor
plus metobromuron (Galex 500EC) on the physiological and

biochemical activities of the crop.

This study was therefore conducted to evaluate the
effect of different rates of pre-emergence application of

Galex on:

{41) Plant growth (plant height, leaf area and plant dry
matter);

(1) leaf nitrate reductase activity (NRA), chlorophy !l
level and mineral element composition at different
growth stages; and

(11i) seed yield, protein, carbohydrate, lipids and mineral
element composition at different growth stages of

soybean (Glycipe max L. Merrill).
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CHAPTER _TWO

LITERATURE REVIEW

Response of plants to herbicide treatments depends or
the species, age, vigour and growth rate of the plant (Worct.
1964%) . Plant maturity or age in particular is a highiy
important and complex factor, involving numerous alterations:
in plant morphology, metabolism, composition and response to
external factors, On  the other hand, the actioen o
herbicides on plant Sspecies is known to vary according to
the nature of the herbicides, as well as 1ts chemical forn
i,e, whether it Is an acid, ester, etc {(Wort, 196%), Tne
concentration of the herbicide used, method of applicartior-
size ol droplet or dust particle applied, the wetting ager:
used etc dare alsp factors which influence the responses =it

plant species to herbicide treatment.

Furthermore beth the plant and the herbicides are
turn subject to influences of environmental factors. This
complex interaction can be seen from this review of

literature.

2.1 EFFECT OF HERBICIDES ON PLANT GROWTH

The development of soybean shoot has been reported o
be influenced by herbicides. Deal et al. (1980) stated tha:
the chloroacetamide group of herbicides are generally grow:n
inhibitors, retarding root and shoot growth following seec:
germination. Deal and Hess (1980) observed that the degree

of growth inhibition by metolachlor was a function of bor-



the concentration and duration of treatment. They concluce:
that it inhibits growth by preventing cell division and cel!

enlargement.

According to Shimabukuro et al, (1986) 2,4-D at | anc
10um caused root shortening and thickening and reducec
callus growth in maize and soybean. Soybean root growth was
not affected by 10um diclofopmethy!l whereas maize was

inhibited by |-10umof it.

The induction of callus growth In soybean roots by |0um
2,4-D reversed the growth inhibiting activity of lum
diclofopmethy!l and induced callus growth. This antagonistic
interaction between the two herbicides was reciprocal an:
the activity of either compound depended on the relative

concentration of the other.

Kozaczenko et al. (1983) reported that metolachlor
appeared to have no detrimental effect on the growth anc
development of spinach. Similarly, Chen (i985) observed that
40-60kp 2.5% trifluralin and b-6 Jitres 50% Galex
(metobromuron + metolachlor)/ha applied to field grow:
groundnuts and soybeans did net affect their growth ar:
yield., However Ellis et al. (1983) found that a l--:z:z.

-6
exposure to 10 M metolachlor <caused a reduction i1n -2

length and weights of sweet <corn seedlings by 3%0-50%.
Prakash and Babber (1975) observed that when pexs a2
treated with 15-45mg chlorbromuron/10cm twe dayvs aiter

sowing, the pots were kept in dark at 25°C and 85% relative
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¥
.,

humidity, chlorbromuron reduced germination while rates

25-45mg /pot reduced shoot length but promoted root length.

Salhoff and Martin (1977) reported that treatment

L]

soybean with atrazine/linuron did not lead to any change .-
its growth, However the report of Chang €1 al. (1975)
showed that the growth of oat seedlings in sand was
inhibited by metolachlor, the time of onset of inhibition

after treatment being a function of herbicide concentration.

4
]

They observed a 12 hour lag period following sub-irrigat.c
with 2.5 x IO_QM alachlor before growth inhibition coulc 2=
detected.However, addition of Gibberellic acid o A
sub-irrigation simultaneously with alachior treatment =
not prevent growth inhibition. Sima larcly alachleor 3
trifluralin at 4kg/ha inhibited the root development:
25-day-old soybean plant. The Alachlor at 4&kg/ha alse
significantly reduced the shoot growth of the plant (Burpee
and Cole, 1978). Also the top growth of soybean seedling
was reduced more when trifluralin was incorporated inte the
bottom 10ecm of soil, but root growth was not affected by

trifluralin placement (Kust and Struckmeyer, 1971).

According to Hoagland (1980) glyphosine anc
glyphosate and their possible metabolites were testec
individually (at 0.5mM) or in a mixture (each at 0.5m\M) for
their effects on soybean growth, Most treatments inhitb.tec
its growth either as fresh weight accumulation or as roo:
elongation over 72 hours in the light or dark. However

glyphosine was generally the most inhibitory.
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2.2 EFFECT OF HERBICIDES ON NODULES

Nodulation initiation and development is a continuing
process as root development continues. Therefore, nodules
of all ages may be present on a mature soybean plant root.
In Sierra Leone, Hague and Bundu (1980) reported tha:
soybean plant treated with Rhizobium, Nitrogen, molyvbdenu-
and mulch increased the number and weight of nocules

compared with the control.

The influence of (a) 0.90kg flucrodifen/ha {b) 0.75kg
pendimethalin (c) 0.45kg fluorodifen 0.37kg pendimethal.n
(d) 1.91kg chloramben (e) 0.95kg chloramben + 0.66kg
alachlor, on soybean cv. UFU-1 was studied by Rezende et a!.
(1985). They observed that the treatments had no effect o~
nodulation ol the plant. Similarly Bollich et al. (1983
reported that application of recommended rates of severa.
herbicides, which include 2,2kg alachlor, 0.6kg prometryn
and 0.6kg metribuzin/ha had no effect on ethylene procuc:
and nodule number of soybean seedling wheén appl:es
pre-emergence, Kust and Struckmeyer (1971); found <tna:
field treatment of soybean with trifluralin resulted ir
fewer production of nitrogen-fixing bacteria nodulies, This
inhibition of nodules formation by trifluralin was confirmec

in the green house experiments.

In a similar experiment, Novo e1 al. (1986) showed tha:
only prometryn caused a significant reduction in nodule anc
nodular dry matter content of soybean when it was treatec:
with 0.96kg trifluralin and Jkg prometryn/ha togethe-.

Maftoun et al {(1982) also studied the combined effects o
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Metribuzin. Maftoun et al. (1982) <showed that analysis of
variance indicated that the interaction of soil salinity anc
trifluralin did not significantly aftect root and top cry
weight of soybean plants. Trifluralin alone however-

significantly reduced top dry yield.

In addition to these various fucrors, the rate of <r.
matter accumulation in the above- ground plant parts hasve
been shown 10 vary amoeng cultivar, scaison and soil fertil.z.

levels (Hanway and Weber, 1971a}.

2.4 EFFECT OF HERBICIDES ON LEAF ARI\ (LA)

The soybean is generally a plant which grows 90-120¢

in height, with the first leaves simple and opposite anc ..

other leaves alternate and trifoliate. The increase el
area of leaves s at first solely by cell wmulrtiplicart.2

with the meristematic activity been marginal or distribute:
throughout the leal blade, depending plant species. T=a
ultimate size of the leat is deternuied by (a)}) the numde-
of primodial cells (b) rare of cell division (c) duratio-
of the phase of cell division and (d) size of individua!

matured cells {Gregory, 1956).

Shibles and Weber (1965) found thit LA and growth rarte
of soybean to be nearly proportional. Ciha and Brun (1975)

reported that leaf development is related 10 temperature.

L]

LA increases as temperature increascs throughout the rang
0, o ;

of 183°C - 30°C. However, when 1) bt intensity Iincrease:

from 19,300 te 32,300 lux LA of the terminal leaflet of ftne

third trifoliate leaf was reduced in sovbean cv. 'Haroso.
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plants grown under reduced light intensities, but in cv.

Tosan No 89, 60% shading promoted leaf development.

From the studies of Bounce (1978), on the effect o
water stress on |eaf expansion of cotton and soybean, wz:
the report that, low relative humidity resulted in low lea:
water potentials and turgor in all cases and in reduced lea:

expansion rates In most cases.

The influence of herbicides on LA of plants is very
scanty in literature. However, Oritani (1978) studied the
effect of light intensities and TIBA (2,3,5-triodobenzoic
acid) on soybean cv. 'Harosoy' and ''Tosan' No. 89 TIBA was
found to reduce their leaf expansion. This TIBA effect was
greatest under conditions where leaf expansion tended to be

large.,

2.5 EFFECT OF HERBICIDES ON LEAF CHLOROPHYLL

The chlorophyll content of soybean leaves was said to
decrease continuously from full expansion to senescence
(Wickliff and Aronoff, 1962) but probably does not limit
photosynthesis until 1t became very low. According to
Silvius et al, (1978) «chlorophyll and soluble protein
continued to increase beyond the attainment of ful l
expansion by soybean leaves, but were not accompanied 2\
further increases in photosynthetic rates, Furthermore,
Wetterau et al. (1978) observed that during aging of sovbear
cotyledons, the total chlerophyll and the number
chloroplast reached a maximum on the tenth day after

germination, and decreased rapidly during senescence.
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A lot has been reported about the effect of herbicides
on chlorophy!l content of leaves in the Jliterature. For
instance Vekshin and Bukina (1973) repor ted that
metobromuron at 2.5 to 3kg/ha (applied pre-emergence)

increased the chlorophyll <content of Valeriana officinalis

leaves. There was a reduced chlorophyll-b level and
inhibited formation of carotenes in maize at the 3- to
4-leaf stage, when treated with 1.3 or 3kg prometryn/ha and
5 or 8kg atrazine/ha. However at 6 to 7 leaf stage,
chlorophyll-b concentration was increased by both herbicide
treatmnents. The stimulatory effects were attributed to
metabolism of the herbicide in soybean seedling. Atrazine
also reduced total <chlorophyll in the hypocotyls, while
glyphosate did not, but atrazine + glyphostate resulted n

chlorophyll <content similar to that of atrazine alone

(Hoagland, 1984).

However, wheat c¢v. Kolibri plants treated with
metabenzthiazuron responded by a decreased chlorophyll al/b
ratio and an increased proportion of grana to stroma
lame | lae (Fedtke et al. 1977).; Chen (1986) showed that
incubating abaena (strains CH, and CH3) for 24 hours with
butachlor, thiobencarb or bromacil led to decrease in their
chlorophyll content and photosynthetic activityv.
Hiranpradit et al. (1972) also showed that Bromaci |
concentrations at 0.0225 and 0.0375 ppm significantly
depressed both percentage and total amount per plant of

chlorophyll nitrogen + lipid-nitrogen of 28 day-old soybean
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plants. Similarly, paraquat at 50um increased the ratio of
chlorophyll content/hypocotyl) by 50% after 72 hours of
application to intact light and dark-grown soybean

seedlings.

2.6 EFFECT OF HERBICIDES ON PLANTS CARBOHYDRATE (CHO)

Starch and sugars in soybean cv. Norman were stored :n

the pod wal!s and exported to the seeds as the leaves began
to die. According to Dunphy and Hanway (1976) the
percentage of water scoluble carbohydrate in leaves o
soybean vars. 'Hark' and 'Amsoy' increased throughout the

growing season but decreased in the stems , petioles anc
pods as the seeds developed .The free sugar levels in
leaves during seed-filling varied from an increase to no
change to a decrease across the 3 years. Starch levels
increased to a maximum and in 2 of the 3 years declined as
the plant approached maturity. In the cultivars 'Amsoy' and
'Harosoy' the CHO represented 13 to 15% of the dry matter in
the seed at 25 DAF (days after flowering). The percentage
CHO dropped slightly as the seeds developed and then
increased again to approximately its original value a:

maturity (Yazdi-Samadi et al. 1977).

Soon after the introduction of substituted ureas, Cooke
(1955) observed that the sugar content of plants tested with
monuron decreased sharply. Wessels and Van der Venen (1956)
reported almost simultaneously that several substituted
ureas were very efficient inhibitors of Hill reacton o

isolated chloroplasts. Overbeek (1964) reported that the
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activity of metobromuron occurs through interference with
photosynthesis by inhibiting Hill reaction, thereby
render ing the susceptible plant incapable of carbohydrate
synthesis. The responses of soybean plants to sub-lethal
rates of metribuzin and to Jow light intensities were
similar (Fedtke, 1979). Both treatments decreased soluble
reducing sugars by 33% and chlorophyll a/b ratio of 24%. The
similar response of light limited and of chemically
photosynthesis-inhibited plant is thought to be induced by a
CHO stress or another parameter related to a decreased rate
of photosynthetic electron flow. Fedtke et al. (1977) also
reported that wheat cv. Kolibri plants treated wi th
methabenzthiazuron responded with a decreased concentration
of soluble reducing sugars. Zawislak et al (1986) treated
three potato cv. with igrater 50 (terbutryne + metobrumoron)
hexone (metribuzin) maloran 50WP (chlorbromuren) and saturn
L (benthiocarp + linuron) at 3 doses. Doses above the
reconmmended dose caused reductions in the starch content of
tubers of 'Narew' and 'Pola'. Notwithstanding, as herbicide
dose increased, so weed control increased to 75-95%. Bil
et al. (1985) also indicated that linuron changed the cyclic
to non-cyclic photophosphorylation ratio which decreased the
carbohydrate synthesis in barley ears, thus increasing the
translocation of metabolites from the organs into the grain

and the biosynthesis of grain protein,

Apart from herbicides, carbohydrate content of soybean
is also influenced by its nutrition. Eaton (1950) found

total carbohydrate (including starch) to be higher in
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soybean leaves, stems or roots when phosphorus was limiting
than when phosphorus levels were adequate. Hymowitz and Hsu
(1969) also found that nitrogen, phosphorus and potass:m
fertilizer had little influence on total sugar content o
soybean seed with all values between 11.8 and 13% total

sugar.

The fat in soybean cotyledon 1is said to occur in
submicroscopic droplets surrounded by a membrane which
contains protein, lipoprotein, phospholipids, and nucleic
acids (Kahn, 1959). According to Kahn et al. (1958) the
membrane is of significance in the synthesis of the oil as
well as in its degradation. Rubel et al. (1972) reported in
'Acme!, 'Chippewa' and 'Harosoy 63' soybean at approximately
23 days after flowering the composition of the seeds was
about 30% protein and 5% oil. From 24-40 DAF, o1l
percentage increased rapidly to 20%. During the remainder
of the development of soybean seed percentage values of the
components remained essentially constant. According to
Wilson and Rine (1978), lipid synthetic activity was highest
in inmature soybean cotyledons at 30 DAF. Furthermore about
70% of the total lipid of matured soybean seed was produced

early in cotyledon development (30-50 DAF).

The lipid synthesis of plants has also been influencec
- -4
by herbicide treatments. In cotton, Ix!10 "M metolachlor dic
1 & .
not inhibit the uptake of acetate-2-""'C or Malonic

: 3 P . ’ 3
acid-2- C into excised root tip. The incorporation of



18

these precursors into lipids (including phospholipids)
synthesised by cotton root tips were also not inhibited by

metolachlor (Mel]l et al. 1982).

Vekshin and Bukina (1973) reported that metobromuron art
2.5 to 3kg/ha applied pre-emergence, had no effect on the

essential oil content of VYalerjana qofficinalis roots. The

oil and fatty acid composition of soybean seeds was not
affected by 0.84kg/ha treatment of trifluralin (Johnson and
Jellum, 1969). Although Penner and Meggit (1970) found no
changes in total oil content of soybean seed after treatment
with trifluralin, nitralin and vernolate, they did observe
an effect on the quality of the oil. Linoleic acid content

was increased and stearic acid was reduced.

Lixandru et al. (1975) also investigated the effect o
application of nitrogen, phosphorus, potassium and trace
elements on acculation of lipids. Seed lipid contents was
shown to decrease by application of nitrogen except for =2
small Increase with ammonium sulphate. But it increased by

applicatton of molybdenum, copper, Boron or cobalt.

Appelqvist (1978) indicated that increasing the rates
of nitrogen fertilizer generally decreases seed oil content
and increases protein content. The effect of potassium was
very viariable, but in many cases an increase in 0oil content
is observed. However the effect of soil nutrition on the
fatty acid composition of the harvested soybean seeds was

very small (Appelgvist, 1978).

2.8 EFFECT OF HERBICIDE ON PLANT PROTEIN
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According to Hanmmond et al. (1951) the total nitrogen
in the soybean plant nearly trippled during seed
deve|opment. About two-thirds of the protein in the stem,

and about three-fourths of that in the leaves, In mid-season
is said to be redistributed before maturity. However, the
seed accumulation of N far exceeds that lost from other
above ground parts. Block and Weiss (1956) reported that
some eighteen amino acids containing about 95% of the
protein-N are present in soybean protein, although traces of
many other amino acids are probably present. Most of the
protein is Jlocated in protein bodies, which increase in
number as the cell develops, ultimately being tightly packed
in the cells of many but not all parenchyma cells of the

cotyledons (PFils and Howell, 1963).

The leaves are also capable of protein synthesis
(Racusen and Aronoff, 1954) but when removed from the plant
they rapidly lose this capability. According to Sinclair
and de Wit (1976) the protein in the leaves are mobilized
towards the developing pods with their high protein seeds,

this however leads to leaf senescence.

According to Yazdi-Samad: et al. (1977) oil and prote:n

(mg/seed) increased until maturity in soybean cv. 'Harosoy
63" but leveled off before maturity in cv, 'Steele’'. More
than 70% of the total protein of soybean seed during

development is produced 30-50 days after flowering (Cherry,
1980), Hill and Breidenbach (1974) showed that less than 3%
of the total protein of the mature seed had been accumulated

by 12 DAF. Protein accumulation was very rapid between 12
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and 28 DAF and then declined, ceasing at the onset of seed

desiccation. Thereafter actual protein Jevels decreased

slightly.

Among the factors that influence the protein content of
plants is herbicides, For instance the <chloroacetamide
herbicides control weeds by altering protein synthesis in
these weeds (Deal et al. 1980 and Duke et al. 1975). A
concentration of lO-SM metolachlor decreased leucine uptake;
by cucumber root tips, but not its incorporation into
protein, whereas IO-QM metolachlor strongly reduced leucine
incorporation into protein (Pillai et al. 1979 ) ; When
alachlor, metolachlor, CDAA and propachlor were tested for
inhibition of {3!-1)-|em ine incorporation Into protein.
Incorporation of (BH)—!PUFIHP inte trichloroacetic acid-
inscluble protein was inhibited in oat seedlings grown 1in
sand culture and treated 12 hours at I «x IO'qM with these
chloroacetamides (Deal et al. 1980). In field trials soybean
cv. 'Hungarian small' was given post-sowing applications of
Aresin (Monolinuron) lIgran (terbutryne) or prometryne each

at l-3kg/ha. Protein-N content in the leaves and roots was

increased at the lower application rates (Lalova, 1973).

Protein synthesis in leaves during flowering was
inhibited at the higher rates, but crude protein content in
the seed was unaffected. All the herbicides increased the
tryptophan content in the plant and this stimulated protein
synthesis in the leaves (Lolava, 1973). Evzikov and Zhukova
(1984) reported that 2kg/ha, Linuron or Treflan

(Trifluralin) increased the protein content of soybean seeds



while 2kg/ha prometryn decreased it. According to Bil et
al. (1985) when barley plants were sprayed with 100g/ha
Linuron 5-7 days before harvest, grain filling and grain
protein were significantly higher than in the control.
Similarly monuron and diuron substantially increased the
protein content of brown rice (De Datta et al. 1972). 'The
treatment of 2-week-old pea seedlings with 2g/L diuron
resulted in a 25% increase in seed protein content.
Methabenzthiazuron treatment on wheat cv. Kolibri plants
resulted in increased protein level in the plants leaves
(Fedtke et _al. 1977). Hoagland (1980) reported that
Glyphosine and glyphosate as individual (at 0.5mM) or in a
mixture (each at 0.5mM) did not influence the total soluble
protein in the axes, however glyphosate increased the total

free amino acids and ammonia in many systems.

Application of 1077 and 107 %M fluazifop-butyl increased
protein synthesis in soybean hypocotyls by 33 and 27%
respectively, Application oi IO_QM, however, inhibited
protein synthesis by about 50% (Peregoy and Glenn 1985).

According to Hiranpradit et al. (1972) soybean plants

treated with Bromacil took up about 8% mere nitrate-N than
untreated control which resulted in significantly higher
accumulation of protein nitrogen + nucleic acid-nitrogen in
the plants. Overall there was also an increase in amino

acids that form the constituents common to nearly all
protein molecules. Application of TIBA (2,3,5-triiodoberzoic
acid) to soybean plants increased photosynthetic activity,

total-N, protein-N, soluble protein and non-protein-N
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content (Oritani, 1978).

From the results, 1t was concluded that photosynthetic
activity of soybean leaves is regulated through protein
metabolism and this in turn is under the control of hormones
that are concerned with Jleaf expansion. Apart from the
herbicides, the major environmental factors affecting

quality and quantity of protein in plants are water(Sokolova

and Klran, 1977) and nutrients (Lixandru t al. 19753 and

Appelagvist, 1978).

ACTIVITY (NRA)

The enzyme nitrate reductase (NR) which 1is the

rate-limiting enzyme in multi-step reduction of nitrate, is
an induced enzyme, that is, its synthesis is stimulated by
the presence of the substrate N03 ion, The enzyme is a

flavoprotein containing flavine adenine dinucleotide (FAD),
cytochrome 6557 and molybdenum as its prosthetic group
(Norman 1978; Fido and Neotton, 1984). The reaction that i1
catalyses is the reduction of NO; to NO, which it does at

the expense of a reduced coenzyme, either NADH or NADPH.

Two proteins with NR activities were isolated {from
young first leaves of soybeans. They were designated as

NADH-NR and NADPH-NR because of their different affinities

for the reduced pyridine nucleotides (Jolly, 1976). Apart
from the presence of NR in soybean leaves its activity has
also been reported in the roots (Samphantharak, 1974:

Randal] et 1.1978 and Crafts-Brandner and Harper 1981).
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According to these authors NRA in the leaf was higher than
in the root tissues, but root tissue had higher specific NRA
(umoles Nozlmg protein) than Jleaf tissues and the root

accounted for 30% of whole plant NRA.

The NRA in scoybean plant varies with leaf position and
from season to season. The most recently expanded
trifoliate leaf has the highest NRA, while newly emerging
leaves and older leaves have low NR activities on a wunit
weight basis (Harper and Hageman, 1972). According to Hatim
(1981) NRA was maximum at Jleaf position 4 and decreased in
leaves above and below this position on soybean plants.
Furthermore, fresh weight and NRA decreased with maturity.
Manam et al (1977) reported that, NRA was high during the
vegetative stage of soybean, but gradually decreased wuntil
flowering and then fell rapidly in non-stressed plants. In
stressed plants, NRA started falling rapidly tn the earls

flowering stage.

Apart from these, herbicides also influence the
activity of NR in soybean plants. Results of investigation
by Lolas (1980) on the effect of alachlor, metolachlor and
oryzalin on sovbean leaf NRA shows that there was no
significant difference between the control and the treated.
Soybean responded to sublethal rates of metribuzin with an
increase in NR level (Fedtke, 1979). Also, the NRA of pea
leaves treated with Basagram (Bentazone) was enhanced,
whereas application of 2,4-D to the plant inhibited 1t
(Petkov, 1979). Aminotriazole was also shown to inhibit NRA

in soybean cell culture (Suen, et al.l1979). However ,
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application of me tobromuron, metribuzin, alachler,
trifluralin and their combinations increased NRA in sovbean
leaves during early growth stages, metobromuron, metribuzin
and their combinations with alachlor were the most effect.v=

{(Peneva, 1980).

The application of diuron to Phaseolus wvulgaris

inhibited the increase in activity of NADH-nitrate
oxidoreductase (NRA) and reduced benzylviologen nitrite
oxidoreductase (NRA) similarly, Diuron, both in the light
and in the dark resulted in an increase in activity which
reached a higher level on addition of sucrose, Similarly,
white light (W) increased extractable NADH-NRA in root and
cotyledonary tissues of soybean seedlings over a 5-day
period (Duke et al.l1982), However, norflurazon, which
causes chlorophyll bleaching in white light, reduced the
initial NRA induction rate in roots and cotyledons, but 1in
cotyledons of norflurazon-treated plants NRA increased more
rapidly than in the control after 24-hour of white light,
with activity level 3-fold those of control seedlings after
5 days. Durandin (1973) also reported that NRA in barley
seed]ings grown under blue light was increased, but it was
decreased in those grown under red Jlight. Application o1
Gibberellin decrease the activity of NR in seedling grown

under blue and especially red light., Sahulka (1974) showec

that NRA was not influenced by [AA, Nitrite reducrase
activity was slightly depressed by IAA after 24 -hovur
incubation. Also, Kinetin decreased NRA significantly afrer

?-hour and slightly decreased i1t after 24 hours incubation.
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The results obtained indicated that the depression of NRA b
Kinetin probably contributed to the negative effect o:
Kinetin on lateral root formation in pea root Segments growr

in nitrate medium.

2.10  EEEECT OF HERBICIDES ON PLANT-NITRATE  NITROGEN
-N

Soybean can absorb Nitrogen from the soil in three
forms: as nitrate jons, as ammonium lons, Or as oOrgan:u
compounds ich as amino acids or urea. Of these .NO3 is the

most far inwortant because of its relative stability 1n 1tne

soil and be ause the other forms tend to be conver ted
NC'3 by the action of various soll micro-organisms. oY
absorbed by the root system, the NO3 ion must e

metabolically reduced to the |evel of amino-acid-N before it
is of any wvalue to the plant. The reduction of NO3 ions
which occur in the leaves in most plants can also occur in
the roots of soybean (Craft-Brander and Harper 1981). Any
alteration in this process of N03 reduction by the NR enzyme
system will simultaneously alter the NO3 concentration of

the plant.

The NO; content of several organs of plants has been
reported by many workers (Crawford et al. 1961; Henwa.
1962). Generally the stem has the highest O,
concentration, followed (in a decreasing order) by roots,
leaves and floral parts. The basal part of the stem and the
fowest f[eaves tend to have higher NO; [level, than the top

stem portion and highest leaves,
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The nitrate concentration in vegetative parts of plants
was said to decrease very rapidly with time, and they were
very responsive to changes in solution (Brevedan et al.l1977;
Giles at al. 1977). This change in the concentration of NO;
in soybean plant with age are usually larger than changes in
the total NO3 (Thibodeau and Jaworski 1975). According to
Brevedan &1 al. (1977), the concentration of N and NO3 in

the vegetative parts of the plant decreased from initial

bleom to mid-pod-fi1l].

Giles st al. (1977) also indicated that N03-N content

of sugar Beet (Beta wvulgaris) decreased exponentially

o

through the growing season. The rate of change was
function of soil NOB-N content (0-120cm depth). However ,
Funkhouser und Garay (1981) observed that the NO3 content of
both soybean seedlings and algal cultures substantially
increased during N starvation, in nutrient solution. The
nitrate level in soyben seedling was at least eight times
greater than that in the seeds after two to three weekns.
Since no fixed N03 compounds were included in the nautriern:
solution fed those plants, the NO3 must have been formed 5.
nitrification, This could have been mediated either by so7e

micro-organism in the system or by the plant itself,

In 1953, Berg and McElroy observed that Russian pigweed
and Canada thristle sprayed with 2,4-D contained a high
level of NOj-N. But soybean root treated with 2,4-D showed
reduced NO3 uptake and NOB-N did not accumualate in the
leaves (Freiberg and Clark, 1952). Fedtke (1979), however

demonstrated that metribuzin treatment, on soybean at low
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light intensities increased both NR and NO,-» levels o1 tre

plant. Similarly, Hiranpradit et al. (1972) reported that

soybean plants treated with 0.0225ppm (0.086 uM) Bromaci!

took up about 18% more NO;-N than the untreated plants anc

this resulted in significantly higher accumulation of
protein-N as well as nucleic acid-N in the plants. There
was also an overall increase in amino acids that form the

constituents common to nearly all protein molecules.

2.11 EFFECT _OF HERBICIDES ON_ PLANT \INFRAL ELEMENTS
| I TION

Nutrient uptake with time follows the same sigmoid

curve as dry matter accumulation. The rate increases and
remains fairly constant until senescence begins when the
uptake decreases to zero (Hanway and Weber, 1971b). The
rate of the nutrient uptake is proportional to the

concentration in the soil solution and to the extent of the
root system with a proportionality constant d=pendent on the

species of plant and the ion in question.

The concentration of a mineral element (umount per unit
dry weight) is therefore high in a seedling soon afrter
emergence, may change a little for sometimes, but eventuall,
decreases, Prior to the onset of seed formation, 60% of N,
55% of (P) and 60% of (K) has been absorbed by plant into
the stems and leaves (Hanway and Weber, 19715, Since the
seed ultimat~ly contains 68% of the total N, 73% P, and 56%
of the K ab orbed, a major source of thes= =|lements fo:

seed-filling must be the stem and the leavs ind petioles
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which have not fallen from the plant. Togari =t al. (1955)

found evidence to suggest that N, P, and K are supplied 1o

the seed directly from the roots as well as remobilised
from reserves in other plant parts. Calciun (Ca) did not
appear to be translocated from other organs and its supply

to the seed depends on continued root uptake.

According te Jones et al. (1977) the P concentration of

soybean leaves .decreased throughout the seu and i1t was
slightly higher following application of P it did not
change much with the application of potassium. The potassium
concentration in |leaves also decreased throughout the season

and was much enhanced by the application of K but was
scarcely affected by application of P, Hanway and Weber
(1971a) also reported that N in the Jleaves, petioles and
stems of nodulated plants without N fertilizer wusually

decreased as the plant developed during the seison. However

N in the seeds increased slightly from 6.5 to .5% between
the period of plant's full-bloom and full-pod =ve lopment.
Bhangoo and Albritton (1972) indicated 1th.: fertilizer
application increased the N and K content ot both the
soybean leaves and grain and depressed 1heir Ca anc
Magnes ium (Mg) content after application of 1!12kgN/ha, or
40kgP/ha; and 75kgK/ha fertilizer on soybein cv. "Lee"

growing in the field.

Herbicides also have been found to influ=nce mineral
element content of crop plants. Ellis et !, (1983) wusec
nutrient techniques and found that a |&- ~xposure to

-6
concentration of about 10 M metolachlor cuu-~=' a decrease
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in the accumulation of Ca, Mg, K and P and this reduction
was also accompanied by decrease in sweet corn growth.
However a 4-day exposure of sweet corn seedling to 2.8 and
5.6 x IO'GM metolachlor (separately) did not have any
significant effect on the growth and nutrient accumulation
of the <crop, when treatments were followed by a 9-day

incubation in metolachlor-free nutrient solution. In a

rainfed trials in 1979-1980, application of |l.5kg atrazine -

2L metatlachlor or 2L.alachlor or 2L ethafluralin/ha
pre-emergence to maize, had no adverse efiect on the growth
of the plants and only slightly increased the level of N, P.

Mg, K, Ca, Na, Mo, Cu, Zn and Fe in maize leaves (Simeonova

and Stoimenova, 1984).

Duke et al. (1986) showed that when 0.5 and ImM
glyphosate was appiied to soybean roots and leaves

respectively, both treatments reduced uptake and

. Glyphcsate had no effect

translocation of Cazi and not K
on the K' distribution. Similarly 0-4L./h= trifluralin had
no effect on Ca, Mg and S uptake or their redistribution 1n
soybean cv, 'Parana' plants (Rosolem et al. 1984). However,

Maftoun gt al. (1982) indicated that trifluralin at 1 ppm

significantly decreased phosphorus concentration in soybean.

Hiranpradit et al. (1972) also reported that
application of 0.0225ppm Bromacil on 2%-day old soybean
plants, significantly increased both percentages and total
amount of N and P in plant shoots, compared to the untreated
plants. The increases in total amounts of N and P per plant

were up to 15,0 and !5.6% respectively, more than the
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untreated plants. Pahuja 2t al. (1985) also studied the
effects of 10 herbicides, 1-2 hand w-~dings, weed free
conditions and a weedy control on the gquality of soybean
crops. Nitrogen and phosphorus contents in seed and crop
residues and also their uptake by plants were highest in the
weed free treatment and Jowest in the weedy control.
Weeding once or twice did not differ significantly from

weed-feee treatment in respect of nutrient contents.

2.12 EFFECT OF HERBICIDES ON PLANT ASH CONTENT

The ash correspond to the mineral salt that has been
absorbed from the soil, but does not include nitrogen since
this element passes off in the combustion process along with
carbon, hydrogen and oxygen. According to Meyer =t al.
(1968) the total ash content of plant tissues and organs
varies from a fraction of I% to 15% or even more of the dry
weight of the plant material. Krober oand Cartter (1962)
have shown that the ash account for ohout 6% of the dry

weight in mature soybean seed.

According to Goss (1973) there is a direct relationship
between the available inorganic elements content of the soil
and the ash content of the plant. Hopper (1925) also
reported that as corn advanced in maturity from tassel 1to
the ripe stages, the crude fibre, crud= protein and ash
decreased. However, Jyang (1977) oh-erved a positive
correlation between protein and ash, but fat and ash were

negatively correlated.
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The various factors that affect the availability of the

mineral elements in plants also affect their ash content.

However, unlike the mineral elements, delibrate report o

herbicide effects on ash content of plants are very scarce

or unavailable in the literature,
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CHAPTER_THREE

MATERITALS AND METHODS,

3.1 DESCRIPTION OF SITE

Two field trials were conducted at the botanical garder
of the Department of Biological Sciences, Ahmadu Bello
University, Samaru (Lat. IIOII'N, Long. 07°38'E and Altitude
686M above sea level),Zaria during the 1986 and 1987 we:
seasons, to evaluate the effect of metolachlor

od-chloro-6-ethyl-N-(2-methoxy-l-methylethyl)-0-acetoluidide |
plus metobromuron [N-{4bromophenyl)-N-methoxy-N-methylurea]
(Galex) - a recommended mixture, on the growth and
phyvsiological processes of soybean. The soil type at the
site of the experiment was sandy loamy. The chemical
compositions of the soil are contained in Table 1. A total
of about 821.40mm and 689.70mm rainfall occurred during the
period of the trials in 1986 and 1987 respectively., Details
of some climatic conditions during the period are contained

in Table 2.

3.2 THE LAND PREPARATION

Hoes were wused to make a total of 36 plots after
clearing the land. Each plot was 3.5 x 7m, with an
interplot spacing of 1.5m, in which ridges were made to
separate the plots. Soybean 'Samsoy 2' seeds were drilled
in 75cm rows. The plots received a basal application of

30kgN, 60kgP 05, and 4ngK20/ha as calcium ammonium nitrate

2
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(26%N), single superphosphate (18% onj) and muriate o

Potash (60kg KZOJ respectively, inmediately after sowing.

3.3 HERBICIDE APPLICATION

The herbicide (Galex) was applied pre-emergence, usin:
'Hardi sprayer', 2 days after sowing. The sprayer's sprasinz
volume was 98 litres per hectare (ha}). This back-mountec
sprayer was used to apply Galex at the rates of 0, I, 2,
and 4 kg a.i/ha. (Metolachlor and metobromuron in Galex
mixed at l:1). In addition to the above there was also
hoe-weeding (H.W) treatment, to serve as the secorc
control{weeding was done at 4% and 8 weeks after emergence),
these surmmed up to a totral of six treatments., The treatmer:
were arranged in a randomised block design with thres

replications.
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Table 1: Mineral element composition of the soil used in

planting 1n 1986 and 1987.

Element 1986 1987
Nitrogen (N} 0.053% 0.113%
Phosphorus (P) 15.0ppm 17.18ppm
Potassium (K) 85.0ppm 60,38ppn
Calcium {(Ca) 262, 50ppm 281.,25ppm
Magnesium (Mg) 85.0ppm 8$9.63ppm
Manganese (Mn) 54.0ppm 35.40ppm
Iron (Fe) 68.0ppm 320.00ppm
Zinc. (Zn) 3.7ppm 4.80ppm

- e e e  m m M e T e w  E mE Em e  E e m Eam  m  e  ae m  oew wm m w = w oa wm w
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Table 2: Some aspects of climatic conditions of Samaru

during the wet season of 1986 and 1987,

1986
Qéh;ﬂ o | _éfé;falivé - " Rainfall (nmm) %eﬁpé;;fd}ﬁ
Humidity (OC)
July 67.70 293, 60mm 27.90
August 71.10 322.10 28.60
September 67.40 205.70 28.90
October 49.90 NIL 31.10
November 26.40 NIL 31.50
1987
July 65.00 276.70 30.10
August 72.40 268.30 29.20
September 63.20 102,10 30.4G0
October 44,00 42.60 31.00

November 18,90 NIL 31,89

...........................................................
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3.4 CQBSERVATION AND DATA COLLECTION

Sampling of the soybean plants for apalysis was done a:
2, 4, 6, 8 and 12 weeks after emergence (WAE). The
following measurements were taken at each samping. The
plant sampled from each plot was analysed for dry matter,
ash content, leaf area, and number of root nodules on eacn

plant. In addition the plant height, leaf chlorophy!lls.

nitrate reductase activity (NRA), and mineral elemen
concentration of the leaves were also determinec
fortnightly. Protein, carbohydrate, lipid.

nitrate-nitrogen, ash, and mineral elements concentration of
the seeds were also evaluated at 4, 5, 6, 7, 8 and 9 weeks
after flowering (WAF) as the sceds developed till the final

harvesting of the dried seeds.

3.4.1 LEAF AREA

Three plants were selected randomly and uprooted from
the replicated plots of each treatment. All the leaf blades
on each plant were removed from the petiole, washed arcz
dried with 9cm whatman filter paper and their area was
measured with leaf area meter, model LI-300, for eac-

sampled plant. This was done at 2, &, 6, 8, 10 and 12 WAE.

3.4,2 PLANT HEIGHT:

Three plants were randomly selected on each plot
height determination. The height (part of the plant fro

soil surface to the tip of apical bud) of each plant waz:
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measured with meter rule, This was done at 2,4,6,%.1"°

| 2WAE .

3.4.3 NODULES

Plants were uprooted with the aid of garden fork. The
root of the 3 plant replicates randomly selected from eacn
plot were washed with water gently. All the nodules on the
root of each plant were removed and counted as total root

nodule per plant, fortnightly between 2-12 WAE.

3.4.4 DPRY MATTER

The plant used for leaf area determination was .ater
used for this analysis. The whole ptant (i.e. rootr, stem
and the detached leaves) was washed and dried with 9c¢cm
whatman filter paper. The stem was cut into pileces with
knife before each plant was weighed (fresh weight) on
Mettler balance into labelled envelopes. The plant in each
envelope was placed in an oven maintained at 70°C unti! 3
constant weight was obtained for dry matter determination.

The dried samples, was weighed., This was done fortnightly as

indicated above.

3.4.5 _ASH CONTENT

The oven dried sample, weighed for the dryv martte:-
determination was ground separately in a mortar, These
ground sample was each weighed into & crucible of known
weight, which had been labelled according to treatment. The
crucibles plus the samples in them were placed in a furnace,

maintained at 550°C, and left until they were completels
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“ariod of about 30 hours). At the enc

crucibles were transferred inte a desi

» re-weighing them. The plant's ash

expressed as percentage of dry matter was calcu .z

follows:
W, - W, x 100
Yo
where WO = weight of the dry matter
W, = Weight of empty crucible
W, = Weight of crucible plus the ash
3.4.6 LEAF NITRATE REDUCTASE ACTIVITY (NRA):

The newly expanded, young leaves between the

fourth positions on the top of soybean plant were

selected for this analysis, from each plot. The

reductase activity in the samples was determined

combined methods of Klepper et al. (1971) and Radi

ol tnt

ALOTr

content.

tec 3

third anc

random!.

nitrat

:!‘Ig tn

-

(1973).

Leaf punches (2mrm in diameter, obtained with 2mm cork borer

weighing 0.3g was obtained for each sample.

introduced into specimen tubes containing 5ml
incubation medium, made wup of equal volumes
potassium phosphate buffer (pH 7.5), I% proparol
potassium nitrate and 0.5ng/ml chloramphenicol at

of 2 drops per 5ml of the incubation medium.
incubation medium was prepared as above, but
nitrate was substituted with deionized water., The
in the specimen tubes were incubated in a
containing water at 30°C;. The tubes were removec

This was

of th=

I
.

o
.

-

sample

LY
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water-bath after 30 mins. of incubation and the reisction was
stopped by adding 3ml. of 1% sulphanilamide 1n N
Hydrochleric acid to each tube. Colour was developed ©&.
adding 3ml. of 0.02% N-1-Napthylene diamine dich . oride

each tube, and the absorbance of the assay in each was rezc

at 540nM in corning colorimeter. With the use of . standar-
curve plotted from absorbance of known concentrations o
potassium nitrite, the nitrite released in each sample wz-

expressed as micro-moles nitrite per gram fresh weight pe-

hour (um N03/gfr-wt-h-l}.

3.4.7 NITRATE-N]ITROGEN

The combined methods of Nelson et al. (1954), Wooley =-
al. (1960} and Ranjhan and Krishna (1980) was used
determine the nitrate-nitrogen level of the leave: and 1=
seeds, The fresh leaves left after determination @ NRA &z
oven-dried and ground, One gram of the ground szmple wa:
added to 100ml of O.IN Hydrochloric acid in a stoppered
conical flask, to extract the nitrate content, for one hour.
The solution was later filtered using 15cm Whatman filter
paper. About 0.5g of Bray's indicator powder was added to
one millilitres of the filtrate and 9ml of 20% acetic acic

solution in a centrifuge tube which was stoppered and shaker

for one minute, The tubes containing the solution were
centrifuged for 5 minutes, after which the optical!l densit.
of the solution was measured at 520nM in a corning

colorimeter, The amount of nitrate-nitrogen expressed or

dry matter basis was calculated as:
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% Nitrate = Nitrate microgram/ml from curve

Sample weight x 10 on dry matter bas s

The Bray's indicator powder contained, 100g o: BRar..m
sulphate (dried at 105°C over night) 10g of Manganese (11)
sulphate monohydrate, 2g finely powdered =zinc,
powdered citric acid, #g of sulfanilic acid and 2g of
l-naphthylamine, The analysis for leaf nitrate content was
carried out along with leaf nitrate reductase activity at 2,
4, 6, 8, and 10 WAE. Whereas seed nitrate content Was

determined at 4, 5, 6, 7, 8 and 9 WAF.

3.4.8 CRUDE _PROTEIN

h

(g

The seeds of soybean were randomly selected from ea
plot at 4, 5, 6, 7, & and 9 WAF, for seed crude protein,
lipid, carbohydrate and mineral elements determination.
These samples were each dried in oven maintained at 70°C  to
constant weight, before they were ground into fine powder.
Two grams of the powdered sample was weighed into 300ml
Kjeldahl flask for determination of the crude protein
content by macro-kjeldah!l method (Jacksen 1972}, Kjeldanl
catalyst containing 10g of potassium sulphate and 0.5g
copper sulphate was added to the sample along with 30ml of

concentrated sulphuric acid.

This sample was digested in Fume cupboard untii a clear
slightly yellow solution was obtained. The conternt o1 tne
flask was transferred into a 500ml volumetric flask atfrer
cooling; 200ml of distilled water plus 100ml of 11.25N

sodium hydroxide was added. This flask was fitted to the
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macro-kjeldahl distillating apparatus for distillatior
process., The distillate was collected in a 250ml conica:
flask containing 100ml of O0.5N sulphuric acid and 0.53m!
methyl red indicator. The distillate was titrated with 2
standard sodium hydroxide solution (0.25N). Total nitroger

percent on dry weight basis was calculated wusing ths

formula:
0.014(B-A)N x 100 = % Nitrogen
Weight
where B Volume inmillilitre of the standard sodium

hydroxide solution (0.25N) used to neutralise

the acid in blank determination.

A - Volume inmillilitre of the standard sodium
hydroxide solution used to neutralize the excess

acid in the test with the material.
N - Normality of standard sodium hydroxide solurton,.

The percent nitrogen was multiplied by 6.25 to obta:

crude protein content of the samples,
3.8.9 _LIPID

Soxhlet extraction apparatus was wused for lipic
determination. Empty thimble was weighed and 5gram of the
dried, powdered seed sample was introduced into it anc
reweighed. The thimble's mouth was plugged with fat free
absorbant cotton, and placed in the soxhlet apparatus whicn

was filled with petroleum ether (40-60°C) and Ethanol (a3
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mixture at l:1) for the lipid extraction. The extractior
lasted for about 6 hours after which the thimble wa:
removed, and dried in an oven (set at 105°C) till a constan:
weight was obtained, before the thimble was reweighed. Tne

lipid content expressed as percentage on dry matter Dbas

was calculated with this formula:

Percent Lipid = Weight of fat x 100

Weight of sample

3.4.10 CARBOHYDRATE

Following the determination of seed protein, lipid anc
ash,the seed carbohydrate was determined as follows. The
sum of the average percent values of seed protein, lipid anc
ash of each sample was subtracted from the sample's dry

matter.
Percent carbohydrate = DM - (Protein + Ash + Lipid)
where DM - percent dry matter

3.4.11 LEAF CHLOROPHYLL CONTENT

This was determined through the method of Withman e:
al. (1971). One *gram of fresh leaves sampled for NRA from
each plot was weighed into a clean mortar. The «chlorophy!.
was extracted by grinding the samples with 80% acetone an~c
filtering it repeatedly wuntil all the <chlorophyvll waz:
removed. The final, volume of the filtrate was ad jusrted
100m! with acetone. The absorbance of the filtrate of eac-

sample was read with corning colorimetrer (Model 253) at 6-°
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and 663nM. The chlorophyll content of the sample was

calculated with the formula below:

mg chlorophyll afg tissue
V x W

= (12:7 {A )} - 2.69(A

663 1000

645) X

mg chlorophyll bfg tissue
V x W

= (22.9(Ag,5) + 4.68(Agc3) x 1000

mg total chlorophyll/g tisue
V x W

= (ZO.E(Aﬁaﬁi + 8.02(A 1000

663) ¥

where, W = Weight of fresh leaf sample
V - Final volume of chleorophyll solution

A - Absorbance at the given wave-length,

3.4.12 MINERAL ELEMENTS

One-half gram of the remaining powdered seed ana lea:
dry samples at 2, 4, 6, 8, 10 and 12 WAE (for leaves) and &%.
5, 6, 7, 8 and 8 WAF (for seeds), was each wet digested in
Kjeldahl flask as described by Jackson (1972). About 20m!
of digestion mixture (contained 650ml of Nitric acid, 20mls
of sulphuric acid and 80m! of perchloric acid) was added to
the sample for digestion, which lasted for about 3 hours.
After digestion, the tlask was allowed to cool before
washing the digest with distilled water into a 100m!

volumetric flask and made up to mark.
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The levels of the following mineral elements: Calc:.
(Ca), Magnesium (Mg}, Zinc (Zn), Manganese (Mn) and Iro-
(Fe) were determined with the use of Perkin-Elmer atom:«
absorption spectrophotometer, while phosphorus (P) wa s
determined colorimetrically wusing spectronic 20 at 4&0nm.

Potassium (K) was estimated with the flame-photometer:

ppm & lement

constant x (a-b) x dilution factor x volume

sample weight

where a = sample reading

b = blank reading

% element - ppm Mineral element
16,000
The constant was obtained from the standard curve preparec

for each element.

3.5 JTATISTICAL ANALYSIS

All data were subjected to statistical analysis whics

"

include analysis of variance of each year's data, and

-
i

combined analysis of variance for both years.

significant difference (LSD) values at 5% level
probability were used to compare data for sampling dates ar:
treatment, where there was any significant difference at 3%
probability (P 0.05).The mean values were ranked througn
the use of Duncan multiple range test, and correlation

coefficient between some of the parameters was alsc

calculated.
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CHAPTER FOUR

RESULTS

5.1 GENERAL OBSERVATION

On the whole, soybean 'Samsoy 2' seed germination and
seedling morphology were not significantly influenced by the
application of metolachlor + metobromuron in both years. In
1987, however, more than 75% and 25% ot seedlings from plots
sprayed with 3 and 4kga.i/ha metolachlor + metobromuron

respectively were destroyed.

In 1986, at two weeks after emergence (WAE) weec
seedlings were seen on the unweeded and hoe-weeded contro.
plots. Fewer weed seedlings (approximately 40% of thar on
unweeded control) appeared on plots with Ikga.i/ha
metolachlor + metobromuron treatment, but were virruali.
absent on plots with 2, 3, and 4kga.i/ha of the herbicide.
Beginning frem 4WAE weeds started appearing on plots which
had 2-4kg.a.i/ha of metolachlor + metobromuron.
Subsequently the weeds on all the plots increased in height
and in number throughout the later part of the

tnvestigation,

The weeds found and identified on all the plots afrer
harvesting the soybean s:«=ds in 1986 and 1987 were similar
although their population differed based on herbicide
treatment. The weeds that appeared in both years include:
Indigofera pulchra, Ageratum conyzojdes, Mitrocarpys scabra,
Yerno nia pauciflora, Buchnera  hispida, Pennisegum
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pedicellatuyw, Crotolaria. retusa, Blumea aurjita, Hyparrhen:

[ #1]

rufa and Starchyterpheta angustifolia.

4.2 PLANT HEIGHT

Soybean plant height increased with age, irrespecrive of
herbicide treatments (Figure |). Average height of 52.21 anc
53.98cm was obtained at I2WAE in 1986 and 1987 respectivel:.
The plant height seemed to remain constant after [OWAE 5.
which time the pods and seeds were developing. The increase

in soybean plant height, irrespective of herbicide treatmen:

positively correlated with age in both years.

The plants with the highest height were obtained on the
3kga.i/ha metolachlor + metobromuron treated soybean plots
in 1986 unlike the plants on the hoe weeded plots which wa-
recorded the highest height in 1987. The difference
height of the plants on 3kga.i/ha and 2kga.i/ha metolachlo-
+ metobromuron treated plots was not significant 1n [98¢
{Rigs ) )s Also the height of plants on the unweeded anc
hoe-weeded control and lkga.i/ha metolachlor + metobromurc
treated plots were not significantly different from ez
other, but their values were Jower than the height of 1nh=
plants on 2 and 3kga.i/ha metolachlor + metobromuron treatec

plots.

In 1987, the height of the hoe-weeded plants was
significantly higher than that obtained from the &4kg.a.i/hz
metolachlor + metobromuron treated plots but it was net
significantly higher than tha: of plants on the |, 2, anc

3kga.ilha treated plots.(Fig.l) . In 1986 the unweede:
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plants had the lowest height, while the height of plants or
the 4Kg a. i /ha metolachlor + metobromuron treated plots was
the lowest 1n 1987. The mean soybean plant height o
37.24cm observed in 1987, irrespective of age and treatmen:
was not significantly different from 34.59cm recordec

1986.

The treatment x age interaction was significant in botn
years. In both years, the plant height of all the treatment
was generaily similar between 2 and 6WAE.In 1986 the
2-4kg.a,i/ha metolachlor + metobromuron treated plots had
plants whose height was significantly higher than that of
other treatment from 6WAE. In 1987 plant height was not
significantly differeni among the treatments, except the
lower plant height in the 4kga.i/ha metolachlor -

metobromuron treated plots from 8WAE.

4.3 LEAF AREA (LA)

Leaf area increased consistently in all the treatments
from 2-8WAE in 1986 and 1987 (Figure 2). The LA values
between 8-10WAE were significantly higher than the value:
obtained at other sampling dates in both vyears (Fig. 2).
The LA at the 2 and 4 WAE in both years were significantl:
lower than the observed LA in subsequent sampling dates.
Leaf area correlated positively (r = 0.87 and Q.83

respectively) with plants age in both years.

In 1986 the leaf area irrespective of age, increasec

with herbicide treatments from |I-3kga.i/ha, while i | 98

it increased from l-#kga.i1/ha (Fig. 2). The highest LA
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!3.75D'n2 irrespective of age was recorded from plants on
3kga.ifha metolachlor + metobromuron treated plants in 1986,
but the LA of 25.18Dm® obtained in bkga./ha treated plant
was the highest in 1987, There was no significante
difference in the LA of soybean plants on 0O.kga.:i/hz
(unweeded control) and lkga.i/ha metolachlor + metobromuror
treated plots in 1986, but each value was lower than the
leaf area on other treated plots (Fig. 2). Similarly in
1987, the leaf area obtained on 4kga.i/ha metolachlor

metobromuron treated plots was significantly higher than the

observed plants LA in other treated plots.

However, the differences in leaf area of all the
treatments except 4kga.i/ha metolachlor + metobromuron
treatment was not significant in 1987 (Fig. 2). Combinec

Analysis of variance of the two year data showed that LA
under 2, 3 and 4kga.i/ha metolachlor + metobromuror
treatment were not significantly different from each other

The unweeded control (Okga.i/ha) treatment had the lowest L3
of 10.530m2. but this value was not significantly differer:
from the Ih.DkDﬂz LA recorded for the lkga.i/ha metolachler
+ metobromuron treatment. The mean soybean LA of I8.49Dm2

obtained in 1987 was significantly higher than the Il.920ﬂ2

observed in 1986. The soybean LA is positively correlated

with the herbicide treatment levels in both years (Table
26)!

Similar to the plant height in 1986, the treatment
age interaction effect on leaf area indicated that, lea:

area of the plants on hoe weeded control and the herbicice
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treated plots was not significantly higher than

unweeded plants until the 8WAE when leaf production was

the peak. However, at the same 8WAE in 1987, the LA
observed from plants on the hoe-weeded plots Wi
significantly higher than that of plants on unweeded ploc:

and lkga.i/ha metolachlor + metobromuron treated plots.

In both years, LA positively <correlated with plan:
height dry matter, total chlorophyll and root nodule number
However, LA had negative correlation with plant ash (Tab!=
25) and with the leaf mineral element contents N, P, K, M:z.
Fe and Zn, but positive correlation with Calciun

Manganese in both years,

4.4 DRY MATTER

Generally in 1986 and 1987, soybean plant dryv matter
inceased with age (Fig. 3). This led to the high positive
correlation between dry matter and age of plant (r = 0.%°
and 0.94 respectively) in both years,

In 1986 and 1987, the highest soybean dry matter w:
observed at the 12WAE. The dry matter values at the 2
WAE in each year was significantly lower than the valu=
obtained at other sampling dates (Fig. 3). In 1986 ==
plants on 2Kg a.i/ha metolachlor + metobromuron treizre-
plots had the highest dry matter, while in 1987 the nighe:-
dry matter was obtained at 4Kg.a.i/ha. The dry matter
produced by plants on the unweeded plots was the lowest |~
1986 and 1987. In 1986, the difference in dry matter conten-

of the plants on the unweeded and lkga.i/ha metolachlor
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