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ABSTRACT

The tolerance of selected | egum nous crops nanely:

SJoyabean (d ycine max (L.) Merr., Var, Samsoy-2); cowpea

(Vigna unguiculatg. (L. ) Walp., Var. Sanpea-7), groundnut

(Arachis hypogaea L., Var. Samut-8) and banmbaranut

(Voandzei a subterranea (L.) Thou., Var. "CGurjiya" )to

pre-emergence application of imze thapyr ( ( + )-5-ethyl-2-
(4~i sopropyl - 4-met hyl - 5- oxo-2-i m dazolin-2-yl) nicotinic
acid) was studied in the screenhouse and field at Samaru
(12°, 11° N, 7°, 38'"E) in the northern Gui nea savanna
zone of Nigeria, during the 1992 wet season. The soi

was of sandy |oam texture, having a pH of 4.7 and 0.54%

organi ¢ carbon.

| mzet hapyr at 0.15 - 1.00kg a.i/ha in the screenhouse
and 0.05 - 0.60kg a.i/ha in the field did not affect
crop enmergence and establishment. Rates of 0.05 -
0.23kg a.i/ha were the most tolerated treatments and
resulted in greater yields than higher rates. Whi | e
the herbicide was noderately tolerated at 0.30 -
0.45 kg a.i/ha, 0.50 - 1.0kg a.i/ha caused severe

injury in the | egunes.

The crops exhibited differential response to
i mazet hapyr. Soyabean and groundnut were nore
sensitive to |lower rates of imazethapyr than cowpea
and bambaranut. \While the performance of the ollcrops-
soyabean and groundnut-became significantly depressed
by imzethapyr at 0.35kg a.i/ha and above. Si gni ficant
depression in the performance of the non-oilcrops-cowpea

and bambar anut - occurred at 0.45kg a.i/ha andabove
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However, the maxi mum tol erance |evel of imazethapyr
for groundnut, soyabean, cowpea and banbaranut were
obt ai ned at 0.18, 0.19, 0.19 and 0.24 kg a.i/ ha,
respectively. The most sensitive parameter in
soyabean and cowpea was days to 50% fl owering, while

t hose of groundnut and banmbaranut were grain yield and

crop vigour score at 20 DAS, respectively.

Grain yield of soyabean, groundnut and banbar anut
were negatively correlated with herbicide injury score
and number of days to 50°0 flowering and positively
correlated with crop vigour score, shoot dry weight,

pod yield and 100-grain/seed weight.
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CHAPTER 13

INTRODUCTION

Legumes such as soyabean (Glycine max (L.)

Merr. ), cowpea (Vigna unguiculata (L.) Walp.,), groundnut

(Arachis hypogaea l..,) and bambaranut (Yoandzeia

subterranea (L.) Thou,) contribute substantially to the

protein intake in the less humid tropics (Cobley and
Steele, 1976), The biological values of their protein
are high, because they contain considerably high amounts
of essential amino acids such as lycine and tryptophan
(Kineshear et al,, 1985), In addition, they are useful

sources of thiamine, niacin and calcium,

Soyabean production in Nigeria in 1980 amounted
to 77,000 metric tonnes, being the highest in Africa
(Anonymous, 1982). Cowpea is the most important pulse
crop in Nigeria from where over 77% of the world's output
was produced on 4,5 million ha in 1975 (FAO, 1976).

Until the late TO's, groundnut was the main cash and
export crop of the savanna zone of Nigeria (Lagoke et al.,
1981), About half of the world's production of
bambaranut comes from West Africa (Sellschop, 1962)

where it is well adapted to soils with low fertility
status (Doku and Karikari, 1971). These grain legumes
provide good economic returns to growers and are

suitable for rotation with cereals grown in the Guinea

savanna zone,



In view of the importance of these crops, there
is the need to increase farmers yields, This could
be achieved through the use of viable seeds, good
seedbed preparation, timely planting, adequate
fertilization, insect and disease conftrol and the
elimination of weed competition, IiL has been observed
that under the prevailing tropical conditions, weeds
constitute the greatest biological contraint to
agricultural production (Lagoke et al,, 19813 Akobundu
1982). Work done at Samaru in the northern Guinea
savanna of Nigeria has shown that uncontrolled weeds
resulted in yield losses of 68% in soyabean (Shebayan
and Lagoke 1988), 74,4% in cowpea (Lagoke et al, 1981),
78.6% in groundnut (Lagoke et al., 1991a), and

75¢2% in bambaranut (Shebayan, 1988),.

The most common weed control methods in grain
legumes are hoe~weeding (Lagoke et al., 1981),
cul tivation, mulching, and intercropping (Robles and
Fabro, 1979). Some of these operations cause plant,
pod and root injuries resulting in yvield reductions
(Lagoke ot al., 1981). These practices are highly
labour-intensive, expensive and time-—-consuming,
African farmers therefore on the average spend 40%

of their time removing weeds from crops (Lagoke et al.,

1991b).



To reduce the reliance on manual weed control,
the use of herbicides was advocated, Indeed, herbicides
1} ve resulted in dramatic increases in grain production

over the past thirty years (Newhouae et al., 1991).

Imazethapyr is an imidazolinone herbicilde
recently developed for broad-spectrum weed control
in a number of crops including the grain legumes
{Cantwell et al., 1989} Lagoke et al., 1991a). It
possesses both s0il and foliar activity, thus allowing

flexibility in timing of its application,

Information on the relative susceptibilities of
the major legumes grown in Nigeria to lmazethapyr is
limited, The investigations conducted earlier at
Samaru by Buhari (1990), Mgbemena {1990), and Lagoke
st al., (1991a), have provided some valuable reports on
crop aenaitivity to imazethapyr. However, it is necessary
to determine relative susceptibility of these legumes
to higher than recoummended rates of imagethapyr, This
is important because: (1} there is the possibility of
careless handling of the herbicide under field
conditions; (2) of different soil characteristics that
may warrant the use of higher than the recommended rates
and (3) differential crop response to the herbicide

may result in crop injury at higher rates,

The study was therefore dnitiated with the
objective of evaluating the relative telerance of
soyabean, cowpea, groundnut and bambaranut to imazethapyr

applied preo-~emergencec >



CHAPTER 2,

LITERATURE REVIEW

2.1 Characteristics of Imazethapyr

Imazethapyr ( (i) - 5 = ethyl - 2 = (4-isopropyl=- 4=
methyl = 5 - 0xX0 - 2 —= imidazolin - 2 - yl1) nicotinic
acid) is a broadspectrum systemic imidazoline herbicide
developed for use in various leguminous crops
(Malefyt et al., 1984). Some of these crops are
soyabean, peas, broadbeans, secedling and established
alfalfa and clover, peanuts and lupins (Peoples et al.,

1985) .

The herbicide is off=white to tgn solid in
colour with a slightly pungent odour and a solubility
of 0.1&5/100m1 water, Various formulations of the
herbicide are available including that of an
ammonium salt, The ammonium salt is formulated as
agqueous solutions of different acid equivalent
concentrations depending upon geographical region

t al,, 1985). The formulation marketed in

— —

(Hang

Nigeria is 100g a.e/L,

24141 Mode of action

Imazethapyr kills weeds by reducing the levels
of three branched = chain aliphatic amino acids,
isoleucine, leucine and valine through the inhibition

of acetohydroxyacid synthase (AHAS) (Wang et al., 1985).
\
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It has been observed that the enzyme is common to the
biosynthetic pathway of these amino acids. 1Its

inhibition therefore causes disruption in the protein
synthesis, which in turn leads to an interference in

DNA synthesis and cell growth (Wang et al., 1985).

Roots and foliage of plants readily absorb
imazethapyr, and translocate the herbicide through
the apoplastic and symplastic systems and accumulate
it at the growing points (American Cyanamid Company, 1987).
Pre—-emergence and pre-=plant incorporated applications
have shown that, susceptible weeds may germinate
and emerge; however, normal growth stops at the
cotyledon stage in broad=leave weeds and before
the 2-~leaf stage in grasses, Such adversely affected
weeds would no longer be competitive with the crop.
Growth and competition of susceptible weeds stop
soon after post-emergence application with death
occuring within 4 to 8 weeks (American Cyanamid Company,
1987). The first sign of herbicidal activity is a
purple colouration or chlorosis of the youngest
leaves, leading to necrotic apical meristems and
stunted growth or death, The earliness of signs
of herbicidal activity following treatment varies
with the species and envirommental conditions

(American Cyanamid Company, 1987). Under optimum growth



conditions of favourable temperature and moisture,
a marked increase in herbicidal activity has been
observed in the field (American Cyanamid Company,

1987).

Wang et al. (1985) reported that the
selectivity of imazethapyr in crops is the result
of the rapid metabolism of the herbicide by the
crope. Susceptible crops either cannot metabolise

the herbicide or do so too slowly for detoxification,

2,2 Crop Tolerance to Imazethapyr

The tolerance of imazethapyr has been evaluated
in some leguminous crops under different ecological
zones, Trial results on some of the crops have been

reviewed,

2,2.,1 Soyabean (Glycine max,)

Determinate and indeterminate varieties of
soyabeans have shown tolerance to imazethapyr applied
pre-=plant incorporated, pre-emergence at cracking,
or post-emergence (Wang et al., 1985). Vanwinkel
et al. (1987), Wilson and Hines (1989), Cole et al.
(1989) and Steckel et al. (1990) reported the
tolerance of soyabean to imazethapyr applied at

0,072, 0,09, 0,14 and 0.30kg a.i/ha respectively.



In Nigeria, Buhari {1990) repeorted that
pre—-emergence application imazethapyr at 0,025, 0,05
and 0,075kg a.i/ha was tolerated Ly soyabean with
resultant high grain yields comparable to the

hoe~weeced chock,

Crop injury may occur as a result of imazethapyr
treatment, Mills and Witt (1989) reported that
pre-emergence applications of the herbicide at
0.015 to C.,140kg a.i/ha caused slight injuries to
the vegetative phase of soyabeans although grain
yields were not reduced. Similarly, Wang et al. (1985)
observed that poat-emergence applications of
0.12kg a.i/ha or more at the unifolimte to the
third trifoliate stage of soyabeans have occassionally
produced slightly shortened intermodes, temporary
leaf crinkling or/and interveinal chlorosis. However,
soyabeans recovered rapidly and yields were noi

affec ted P

2,2.2 Cowpea (Vigna unguiculata).

In the Northern Guinea Savanna, at Samaru,
Megbemena (1990) reported the tolerance of cowpea to
imazethapyr at 0,025 to 0.075kg a.i/ha. The results
indicated that imazethapyr provided upto 70%

control of weads.



262,37 Groundnut (érachis hzgogaeg)

The selectivity of imazethapyr in groundnuts
at rates of 0,13 to 0,30kg a.,i/ha at all application
timings has been observed (American Cyanamid Company,
1987). At Samaru, in Nigeria, Lagoke et al, (1991a)
reported the safe use of imazethapyr at 0,05 to
0,075kg a,i/ha and indicated that season-long weed

control was obtained, resulting in high pod yields,

2e3 VWeed susceptibility to imazethapyr

Field trials conducted in some African countries
by Peoples et al. (1985) and Wilson and Hines (1988),
have shown that pre-emergence application of imazethapyr
at 0,03 to 0,08kg a.,i/ha gave better and more consistent

control of Amaranthus spinosus Linn,, Chenopodium album

var, centrorubrum Makino, Portulaca oleracea Linn.,,

Ipomoea eriocarpa R, Br,, Panicum maximum Jacq,,
Setaria barbata (Lam.) Kunth, Digitaria horizontalis Willd,

Cyperus rotundus Linn,, and Echinochloa crus-galli (L.)

P, Beauv, than post- emergence treatments,



CHAFTER 3, \
MATERIALS AND METHODS
3.1 Experimental sites

The study was conducted dn the screenhouse and
field under weed-Tree conditions during the 1992 wet
season at the Institute for Agricultural Research,
Samaru, Zaria (11%, 11* N3 7°, 38'E) in the northern
Guinea savenna of Nigeria., The field trial was
conducted at the research farm at a siite where the
soil 1s sandy-loam, well=drained but low in organic
matter, total nitrogen, available phosphorus,
exchangeable potassium and cation exchange capacity
(Table 1}, A total of 801.6mm of rainfall was recorded
during the period of field experimentation {Table 2)

from July 1 to November 20, 1992,

3.2 Treatments and Experimental Design and Plot sizc:

Different rates of imazethapyr were applied on
four leguminous crop plants viz: soyabean (Var. Samsoy-2),
cowpea (Var, Sampea~7), groundnut (var, Samnu t-8) and

bambaranut {local variety).

In the screenhouse eight rates of imazethapyr were
factorially combined with the four crops. The pots wero
laid out in the screenhouse in a randomised comp?~*2z

block design in three replicates,.
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Table 1; Selected physico-chemical properties of
the soil at the experimental site, Samaru,

(1992 wet season,)

Characteristics Value

(Depth O = 30cm)

Physical propertics

Sand % 50,0

Silt % 38.0

Clay % 12,0
Textural class Sandy loam,

Chemical properties

PH 1: 2.5 H,0 ho7
pil Cacl, (0.,01m) Ue5
Organic carbon % 054
Total nitrogen % 0,04

Available phosphorus (Bray 1) ppm 1,79

Exchangeable cations (Meq/100g soil)

Ca 0.37
Mg 0,21
K 0.30
Na 0,05

Cu.E.C 6.1
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Table 2 Rainfall, temperature, relative humidity and

sunshine distribution at Samaru during

the period July = November,( 1992 wet season,)

Month Period Rainfall Temperature Relative Sunshine

Days (mm) Max, Min., Humidity  (hours)

Yo % per day
July 1-10 T 4O 28.7 19.5 67.3 6,5
11-20 130.9 28,1 19.9 824 L .9
2131 38 .4 G § 22,0 The5 6.2
Aug, 1-10 150 .8 27 .8 19,8 68.73 6,2
11=20 56,2 27.6 20,4 733 6.6
21=31 80,4 29,8 21,8 83.3 7l
Sapt. 1-10 72.9 28-() 17.9 81.6 8.“
11=20 124,22 29,0 19,3 63.5 6.6
21=-30 32,6 30,8 19.5 73.5 8.1
Oct. 1-10 3.!} 30.8 1808 5“.2 7.9
11=20 35,2 31.5 19,4 5%s1 7.0
Nov, =10 2,6 20,2 21.0 46,5 8.8
11=20 Nil 28,7 ) b % 4 28,9 9.3

1 Source: Meteorological Unit, Institute for

Agricul tural Research, Samaru, Zaria, Nigeria,



Tn the field the experiment was laid out in a
Jplit=plot design consisting of twelve rates of
smazothapyr and a hoe-weeded check and the four crops
in three replicates. "The thirteen (13) weed control
treatmonts constituted the main plot. The sub-plot

treatmonts were the four varieties of Lthe crops
used. The gross size of the main plot was 60.8m2.
The size of the gross and net sub=plot were 13.52

-3
and 9.0m“ respectively.

J.2,1 Screenhouse operations,

Ninety-six plastic pots, each having a diameter
of 10cm and a ‘volume of 1,7, were filled with
about 1.0kg of soil obtained from the field
experimental site. The soil was thoroughly mixed
with compound fertilizer NPK 15: 15: 15 and
single superphosphale (SSP) to give an equivalent of
20kg N, 60kg 1‘*205 and 20kg K,0 per hec tare, before

watering to field capacitya.

Five sceds of each crop were sown in 2h
labelled polts. The pre-emergence application of
imazethapyr was done with a knapsack=sprayer, in
about 220L/hu spray liquid volume, using a green

deflector nozzle, at a pressure of 2.1kg/cm2.
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After spraying the pots were transferred to the
screenhouse bench, The pots were watered twice daily,

in the morning and evening to field capacity, At

fourteen days after sowing (DAS), the plants were thinned
to two plants per pot,

3.3 Field Trial

34361 Cultural practices and management

a), Land preparation,

The land was ploughed and later harrowed and

rigded at T5cm apart,

b). Planting
The trial was established on July 7, 1992, Three

seeds per hole of each crop were sown manually using

a pair of marked planting ropes to reflect the desired
intra-row spacing for each crop, Both cowpea and
groundnut were planted at an intra-row spacing of 20cm
while bambaranut and soyabean were each spaced at 15cm
and 5cm respectively, This resulted in plant population
of 266,660; 66,665; 66,665 and 88,887 plantYha for
soyabean, cowpea, groundnut and bambaranut respectively,

At 14 DAS, crops were thinned to one plant per stand,

c). Fertilizer application
The mixture of compound fertilizer NPK 15315315

and single superphosphate was side-dressed, one week
after sowing (WAS) to give 20kg N, 60kg P205 and

20kg KZO per hectare,
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d). Heed control

S In order to determine crop tolerance to
"iﬁazethapyr without weed interference, all herbicide
treated plots were kept relatively weed=free throughout
the period of crop growth by three hoe-weedings at

35, 56 and 77 DAS. Control plots were hoe~weeded

five times, starting from 14 DAS,

3,3.,2 Herbicide application
All herbicide treatments were applied pre~emergence

1 DAS using CP3 Knapsack sprayer with a deflector
nozzle at a pressure of 2.1kg/cm2 to deliver 220L/ha of
spray sclution, The application was done early in the

morning to avoid high wind speed and resultant drift,

3,3.3 Crop protection

Insect pests were controlled with a mixture of
Cymbush.(cypermethrin) 10 E.C. and Rogor {dimethoate)
40 E.C, at the rate of 500ml plus 300ml in 100 litres
of water per hectare using CP3 knapsack sprayeT.
Spraying of all plots started 4 WAS when insect
infestation was observed on cowpea. Spraying continued
fortnightly up to Tlowering period. During flowering
and pedding the crops were sprayed at weekly interval

using the same rates up to 12 WAS.

In controlling fungal .infection, Benlate plus
Dithane M5 were used at the rate of 0.60kg plus 1.25kg
per 200 litres of water per hectare, starting from 4 WAS

and continued at two weaks interval until crop maturity.
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3e3e4 Harvesting and Threshing

Pods were only harvested from soyabean, groundnut
and bambaranut at full maturity as determined by
various maturity indices, Cowpea could not produce
pods because of scab (a fungal disease caused by

Sphaceoloma sp,) infection at podding. Soyabean was

harvested when pods and leaves turned yellow-brown to
brown, Groundnut and bambaranul were harvested

when the leaves were almosi completely dried, Soyabean
was harvested by cultting the stem at the base with

a cutlass, sun-dried and threshed later, Groundnut

and bambaranut were dug up with a hoe and sun-dried,

picked, threshed and shelled later,

3e3e5 Observation and Data Collection

Je3eHel Crop growth parame ters

a). Stand count

Stand count was taken at emergence (at 7 DAS
for soyabean and cowpea and 12 DAS for groundnut and
bambaranut) in the screenhouse and field and also
at 20 and 50 DAS and at harvest in the field,
Observations were taken from the net plot in order
to assess the effect of the herbicide treatments
on crop establishment, A stand which consisted of
one plant, was counted as one, the figure obtanined
was expressed as percentage of the expected total

number of stands per net plot,
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b). Herbicide phytotoxicity score

Herbicide phytotoxicity score was taken at
emergence in the field and also gt 20 and 50 DAS in
the field and screenhouse, A scale of 0 = 10 was used,
where 0 and 10 represented no injury and seriously

injured plants respectively (Appendix 1),

¢c). Crop vigour score

The vigour was assessed at 50 DAS and at 20 and 50
DAS in the screenhouse and field respectively, A scale
of O - 10 was used, where O was taken for the plot with
completely killed plants while 10 was for the plot with

the most vigorous and healthy plants (Appendix 2),

d). Plant height

Plant height reading was taken at 35 and 50 DAS in
the screenhouse, In each plot of soyabean, cowpea
and groundnut, five planis were tagged at random and

measured from ground level to the tip of the stem,

e)., Days to 50% flowering

Days to 50% flowering were recorded from the time
of sowing to when at least 50% of the plants in each

plot had flowered in the field,

f)., Nodulation

Root nodule count was taken at 42, 49, 56 and 56 DAS
for cowpea, soyabean, groundnut and bambaranut
respectively, Nodule count for groundnut and bambaranut

was taken at 50 DAS in the screenhouse,



17

Two plants were sampled (from the net plots in the field)
and the number of fresh nodules per plant was countedy
g)s Shoot and total dry matter production

Shocot dry matter production was determined in the
field by harvesting the top portion of five plants
selected at random and cut to the ground level, from the
discard area at 28 and 56 DAS and from the net ridges at
84 DAS, At 50 DAS, the total dry matter production per
plant was determined in the screenhouse, The samples
were oven=dried for 72 hours at 7000 to constant weight

to determine dry matter production,

3+434¢5¢2 Yield and yield components

Data ccllected on the yield and yield eomponents, in
the field, include pod and grain weight per plot and

100~grain weighf?

3.3,6 Statistical apalysis of data

All data collected were subjected to analysis of
variance for test significance and treatment means were
compared using Duncan's Multiple Range Test {(Duncan, 1955)
at 5% level of probability, The relationship between
various crop parameters and yield and yield components
were also determined in a correlation coefficient analysis/
Some vegetative and yield parameters, (Figures 1-7), of
treatments as percentage of the untreated was obtained
using the following equation: A = (B - C)/C x 100
where A = percent of the untreated check; B = parameter

of the appropriate herbicide treatment and C=zuntreated check,
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CHAPTER L,

RESULTS

4,1 General Observation

&

‘Orop growth and performance were gonerally not

adversely affected by imazethapyr at 0,05 to 0.,15kg a.i/ha,

The test crops viz: soyabean, cowpean, groundnut
and bambaranut exhibited interveinal chlorosis,
epinasty and shortening of internodes, 20 DAS, at 0,15
and 0.20kg a.i/ha and above in the screenhouse and
field respectively. The symptoms decreased and
completely disappeared at 0,15 and upto 0,25kg a.i/ha
in the screenhouse and field respectively., The symptoms
persisted more in the screenhouse than fileld, Results

of the parameters measured are presented,

h,2 Screenhouse experiment

The effect of imazethapyr on crop emergence, crop
injury, crop vigour, plant height, nodulation and total

dry weight are presented in Tables 3 to 11,

4,2,1 Emeorgence count

Emergence of the crops was not significantly affected
by imazethapyr treatments, Crops, however, differed

significantly in emergence percentage (Table 3).

Cowpesa had significantly highor emergence percentage
than the- other test crops which were similar, The
interaction of imazethapyr rates and crops on emergence

percentage was not significant in the tmial,
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Table 3: Effect of rate of imazethapyr and crop type on
emergence, phytotoxicity score and crop vigour
score in soyabean, cowpea, groundnut and
bambaranut in the screemhouse at Samaru, 1992
wot season,

Imaze thapyr Phytotoxicity scoraz'Crop vigour
rate (H) score’

1

(kg a.i/ha) Emergence 20 DAS’ 35 DAS 50 DAS 50 DAS

0,00 778 0.0f 0.0g 0,0g 10,00a
0,15 86.1 C,.be 1.0f 0.0g 9.96a
0,30 70,8 1.1d 1.9e 0,8f 9,25b
0.45 70,8 1.3d 2.3e 1.5¢ 8,5lc
0,60 64,6 1.5cd 3.4d 3.3d 6.88d
0.75 79.9 1.8¢ 4,0c 4,5¢ 6.71d
0,90 76.4 2.8b 5.9b 6.8b 2,96e
1,00 77.8 4, 6a 7.8a 8.1a 2,67e
S.E + 5.41 0.15 0.17 1.1 0.15
Cro C
Soyabean 76.4b 1.7b 3.5b 3. 6a 6.85b
Cowpea 88,9a 1.3¢ 3.0¢ 2.7 7.400
Groundnut 69 ,4b 2,7a 4,0a 4, 0a 6, 7OV
Bambaranut  67.4b 1.1c 2,8¢c 2,4b Telih.
S, B (i) 3.83 0,29 0,12 0,08 0.10
Interaction
HxC NS * % z ** *%*
1¢ DAS = DAS after sowing. NS = Not significont;

3 %

Significant at P = 0.01

2, Phytotoxicity score (0=-10 scale)s 0 = No injury;
10 = dead c¢rop.

3, Crop vigour score {(0-10 scale); O = dead crop;
10 = most vigorous and healthy crop,

Within factor means followed by same letter(s) within a
column are not significantly differemt at P=0,05 using DMRT,
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h,2,2, Crop phytotoxicity score

Crop phytotoxieity scores were significantly
affected by imazethapyr rates, Similarly, test crops
differed significantly in phytotoxicity scores in the

trial (Table 3).

Generally, crop phytotoxicity score increased with
herbicide rate. While the phytotoxicity generally was
more intensified at 35 DAS compared with 20 DAS, the
offect was less pronounced with rates of 0,15 to
0.4i5kg a.i/ha at 50 DAS. With higher rates of
imazethapyr, phytotoxicity score of 4,58 observed with
1.00kg a.i/ha at 20 DAS was observed with 0,75kg a.i/ha

at 50 D!.\S.

At 20 and 35 DAS, groundnut exhibited the highest
phytotoxicity scores while cowpea and bambaranut
exhibited the least, At 50 DAS, the phy totoxicity
scores on groundnut and soyabean were similar but
significantly higher than those of cowpea and

bambaranut which were also similar,

The interaction of the crops and imazethapyr
treatments on phytotoxicity scores was significant
at the three stages of crop growth (Tablas h - 6).

At 20 DAS, the highest phytotoxicity score was

obtained on groundnut treated with imazethapyr at
1.00kg a.i/ha. Phytotoxic score of 5.00 obtained on
the same crop treated with imazethapyr at 0,90kg a.i/ha

was comparable to imazethapyr at 1,00kg a.i/ha on
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Table 4: Interaction of soyabean, cowpea, groundnut and
bambaranut with imazethapyr on phytotoxicity

score at 20 DAS1, in the screenhouse, at Samaru
1992 wet Sseason,

Twazethapyr rate Phyvtotoxicity gggrez

(kg a,i/ha) Soyvabean Cowpea Groundnut _ Bambaranut
0.00 0.0j 0,0j 0.0J 0,0]
0.15 0.51] 0,51] 0e.51] 0.,54i]
0.30 1.38hi 0.8i} 1.7fgh 0,74]
0,45 1.3ghi 1.0ghi 2,0fg 0.8hij
0.60 1.3ghi 1.0ghi 3.0de 1.0hi
0.75 1.7fg 1.0ghi 3.7cd 1.7fgh
0.90 2,31 2,0fg 5.0 3.0de
S.E (+) 0,29 For comparison within crops and herbicide

- rates,

1. DAS = Days after sowingy 2., Phytotoxicity score
(0 - 10 SCale); 0O = No injury; 10 = dead crop,

Interaction means within each crop followed by same letter(s)
are not significantly differemnt at I'= 0,05 using DMRT,
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Table 5: Interaction of soyabean, cowpea, groundnut and
bambaranul with imazethapyr on phytexicity score
at 35 pAS! in the screenhouse at Samaru, 1992
wel season,

pt )

Imazethapyr Phytotoxicity score”

rate (kg a.i/ha) Soyabean Cowpea Groundnut Bambaranut
0,00 0,0 0,0 0,0j 0,0j
0.15 1.01 1.04 1.01 1.01
0,30 2.3fg 1.7hi 2,7fgh 1.0i
0.45 2.7fe 2,0gh 2.7fgh 2,0gh
0,60 3.0efg A.20F 5.0d 2,3fgh
0.75 3.0efg 3e3ef 5.7cd h,0e
0.90 6.7b 5,.3d 6.3be 5.3d
1.00 8.2a 7.2b 8.7a 7.0b

S,E (:) 0,35 For comparison wilthin crops and herbicide rates,

1« DAS = Days after sowing.
2, Phytotoxicity score (0~10 scale); O = No injury, 10= dead crop,

Interaction means within each erop followed by same 1etLer(5)

are not significantly different at P= 0,05 using IMRT,
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Table 63 Interaction of soyabean, cowpea, groundnut

and bambaranut with imazethapyr orn phytotoxicity
score at 50 DAS‘, in the smcreenhouse at Samaru,

1992 wet season,

Imazethapyr . Phytotoxicity ﬁgorga

rate (H .

igg_g.i/ha] Sgyabean Cowpea Groundnut Bambaranut
0.00 0.0 1 Gg,0 1 0.0 1 0.0 1
0,15 0,0 1 0,01 0,01 0,01
.30 T«TJ .01 0.73 0.0 1
0,45 2,0i] 1.0k 2.51 0.7k
0,60 4,0g 2,5i 4,7F 2,04j
0.75 5.0f 4,08 6.0de 3.3h
0,90 7.3c 6.3d 8.0b 5.7e
1.00 8.7a 7.3¢ 9.0a 7«3c
S,E {+} 0,22 For comparison within crops and herbicide

- rates,
1, DAS = Days after sowing.

2o

Phytotoxivity score (O = 10 scale)} O=No injury
10 = dead crop,

Interaction means within each crop followed by same
letter(s) are not significantly different at
P = 0.05 using DMRT,
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soyabean, Similarly, the score of 3,67 observed on
‘groundnut treated with 0,75kg a.i/ha was comparable

to that of cowpea treated with 1,00kg a.i/ha. Score

of 3,00 on bambaranut treated with 1.00kg a,i/ha was
comparable to groundnut treated with 0,60kg a.i/ha,
Application of imazethapyr at 0,15kg a,i/ha on soyabean
and groundnut, 0.15 and 0.30kg a.i/ha on cowpea and
0.15 to 0,60kg a.i/ha on bambaranut still resulted

in phytotoxicity scores comparable te those of the
corresponding untreatad comntrols. Phytotoxicity scores for
bambaranut were lower than those of groundnut at

0.30 to 1.0kg a.i/ha, cowpea and soyabean at 0.60 to
1.00kg a.i/ha, At 35 DAS, both soyabean and groundnut
had highest phytotoxicity score at 1,00kg a.i/ha,.
Application of imazethapyr at 0,90kg a.i/ha on those
crops resulted in scores comparable to 1.,00kg a,i/ha

on cowpea and bambaranut. In cowpea and bambaranut
0.15 and 0,30kg a.i/ha had similar scores. In
soyabean, scores were similax for 0.30 to 0,75k a.i/ha,
At rates of 0,60 and 0,75kg a.i/ha, soyabean cowpea

and bambaranut had lower scores than groundnut, At
0.90 and 1.00kg a.i/ha, cowpea and bambaranut had

lower scores than soyabean and groundnut, Higher
phytotoxicity than the control was obtained at

0,30kg a.i/ba and above with soyabean and groundnut

but at 0.45kg a.i/ha and above with cowpea and
bambaranput., The highest phytotoxicity scores of

8,67 and 9,00 were observed omn goyabean and groundnuti
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treated with imazethapyr at 1.,00kg a.i/ha respectively.,
Phytotoxicity scores on cowpea and bambaranut treated
with 1,00kg a.i/ha were comparable to that of

soyabean treated with 0,90kg a.i/ha. At 0,30 and
0.45kg a.i/ha, cowpeas and bambaranut had lower scores
than soyabean and groundnut while at higher rates,

ie€s 0,60 to 0,90kg asi/ha, all the other crops were

lower than groundnut,

he2,3 Crop vigour score

Crop vigour score was significantly affected
by imazethapyr rates at 50 DAS, The test crops also

differed significantly in vigour (Table 3),

Crop vigour generally decreased wilh herbicide
rate, except between 0,60 and 0,75kg a.i/ha as well as
0,90 and 1,00kg a.i/ha. Crop vigour score with
imazethapyr at 0,15kg a.i/ha was comparable to that of

the untreated control,

The vigour scores of cowpea and bambaranut were
similar but higher than those of soyabean and

groundnut which were also similar,

The interaction of crops and imazethapyr rates
on crop vigour score was significant at 50 DAS (Table 7).
Compared with the control mo significant reduction
in vigour was observed on cowpea and bambaranut treated
with imazethapyr at 0,15 and 0,30kg a.i/ha and

soyabean and groundnut treated with 0,15kg a.i/ha.
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Table 7: Interaction of soyabean, cowpea, groundnut and

bambaranut with imazethapyr on crop vigour

score at 50 DASI, in the screenhouse at Samaru,

1992 wet season,

>

Ima #e Lhapyr Crop vigour score”

rate (H)

(kg a.i/ha) Soyabean Cowpea Groundnut Bambaranut
0.00 10,00a 10,00a 10.00a 10,00a
0.15 10,00a 10,00a 9.83ah 10,00a
0,30 9,00bed 10,00a 8.67cd 9.33abc
O.45 8.17d 8.67cd 8.33d 9,00bed
0,60 6,67e 7.00e 6.8%e 7008
0.75 6.67e 6.83e 6.67e 6.67e
0.90 2.33g 3.33¢ 2.178 h,00f
1,00 2,00g 3.33F 1.83g 3.50f

S.E 4+ 0,29 For comparison within crops and herbicide rates,

1e DAS = Days after sowing, 2, Crop vigour score
(0 = 10 scale); O = dead crop, 10= most vigorous and heal thy
crop.
Interaction means within each crop followed by unlike

letter(s) are significantly different at P=0,05 using DMRT,
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At 0,30kg a.i/ha higher vigour score was observed in
cowpea than in soyabean and groundnut, At 0,90 and
1.00kg a.i/ha both cowpea and bambaranut had higher

scores than groundnut and soyabean.

ha2e4% Plant heipht

The effect of imazethapyr on plant heights of
soyabean, cowpea and groundnut was significant at
35 and 50 DAS, Significant differences in plant

height were also obtained among the crops (Table 8).

Plant height was significantly depressed by
imazethapyr at 0.90 and 0,60kg a.i/ha and above at
35 and 50 DAS respectively compared with the untreated
control, At the two stages of growth, imazelhapyr at
1.00kg a.i/ha significantly depressed plant height
compared with all the other rates, At 50 DAS, application
of imazethapyr at 0,30 and 0.,45kg a.i/ha resulted in

taller plants than the untreated control.

At the two stages of growth, plant height of

the crops was in the order soyabean - cowpea = groundnut,

The interaction of imazethapyr rates and crops
was significant on plant height at 35 and 50 DAS
(Tables 9 and 10). At 35 DAS, only the plant
height of soyabean was significantly influenced by
imazethapyr rates with 1,00kg a.i/ha resulting in

significantly shorter plant than the untreated control,
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Table 83 Effect of rates of imazethapyr and crop type on
nodulation, plant height and total dry matter
production in soyabean, cowpea, groundnut and
bambaranut in the screenhouse at Samaru, 1992
wet seasorn.

. Plant height No. of Total dry
imizefﬂ?pyz nodules weight
a
(kg a.i/ha) 35 Das’ 50 DAS per plant g/plant(50 DAS)
0,00 14,23a 29,69b 13.4b 1.10b
0,15 14,48a 31.11ab 18, 5a 1.3ha
0,30 14, 46a 33.36a 10,8bc 1.20ab
045 14,10a 32.17a 9,.2cd 1.09b
0,60 12,.8hab 22,.28¢ T.1de 0.95¢c
0,75 12,79ab 21,.89¢c 5¢5e 0.94¢
0,90 11.92b 20,58¢ 4,20 0.81c¢c
1,00 9.28c 11,084 4 I 0.64d
S.E + 0.71 1,54 1.12 0,04
Cro C

Soyabean 21.4ba 48,79a 3.3¢c 0.95b

Cowpea 12,22b 16.41b T.5b 1.11a

Groundnut 5.738¢c 10.61¢c 16, 0a 0.92b

Bambaranut - - 7.7 1.12a

S.E + 0.43 0,94 0.79 0.0h

Interaction

Hx C * % x4 ¥ N.S

1« DAS = Days after sowing, 2, = = Data not taken.

N.S, = Not significant; * = Significant at P = 0,053
*% = Significant at P=0,01,

Within factor means followed by the same letter(s) in the
same column are not significantly different at

P = 0,05 using DMRT,
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Table 9: TInteraction of soyabean, cowpea and groundnut

with imazethapyr on plant height at 35 DAS1,

in the screenhouse at Samaru, 1992 wet season.

Imazethapyr Plant height (cm)
rate 'Ckg a.i/ha)
Soyabean Cowpea Groundnut

0,00 23.0ab 13,0c¢ 6.7d
0,15 23,6ab 13.2¢ 6.6d
0.30 24 . 7a 13.1c 5.6d
0.45 24 ,ha 12.kc 5.4d
0,60 21,3ab 11.8¢c 5.4d
0.75 21.2ab 11.8¢c 5.4d4
0.90 20,<2b 11.5¢c 4.1d
1.00 12,9¢ 11,2¢ 3.8d

S.E + 1«23 For comparison within crops and herbicide

rates.,

1« DAS = Days after sowing,

Interaction means within each crop followed by the
same letter(s) are not significantly different at
P = 0,05 using DMRT,
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Table 10: Interaction of soyabean, cowpea mnd groundnut

with imazethapyr on plant height at 50 Das’,

in the screenhouse at Samaru, 1992 wet season,

Imazethapyr Plant height (cm)

rate (H)

(kg a.i/ha) Soyabaan Cowpea Groundnut
0,00 56.7b 16,9d 15. 5de
0.15 62, 7ab ' 17.7d 13.0def
0.30 70.2a 17.64 12, 3def
0.35 - 69.3a 16.5d 10, 7def
0,60 0,00 16.3d 10,.5def
0,75 39.5¢c 16,24 10,0def
0.90 38.7c 15.8de 7.3ef
1.00 13.3def 1k, 3def 5,7f
S.E + 2,67 Tor comparison within crops and herbicide

rates,

1e DAS = Days after sowing.

Interaction means within each crop followed by
same letter(s) are not significant at P = 0,05 using DMRT,
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Imazethapyr at 0,30 and 0,45kg a.i/ha also rTesulted
'in taller plants than 0.90kg a.i/ba, At 50 DAS, 0,60
to 1.00kg a,i/ha. At 50 DAS, 0,60 to 1.00kg a.i/ha
depressed plant height significantly compared with
untreated control, while 0,30 and 0.45kg a¢i/ha was
stimulatery. Both soyabean and cowpea itreated with
imazethapyr at 1,00kg a,i/ha had heights similar to

all rates in groundnuts,

L,2,5 Nodulation

The eoffect of imazethapyr on root nodulation at
50 DAS was significant. The crops also differed

significantly in nodulation (Table 8).

Imazethapyr at 0,15kg a.i/ha resulted in
significantly higher number of nodules than all the
other rates including the untreated control, Among all
the rates, only 0.30kg a.i/ba resulted in similar
nodule count to the untreated control, 0,30kg a.i/ha
was, however, higher than 0.60kg a.i/ba to 1,00ka a,i/ba.
1,00kg a.i/ha resulted in lower modulation than all

the other rates of imazethapyr,

Differences in the crops with respect to nodulation
was in the order groundnut 3 cowpea = bambaranut A

soyabean,



The interaction of imazethapyr rates and crops
on nodulation was significant (Table 11)., Application
of imazethapyr at 0.,15kg a.i/ha stimulated nodulation
in cowpea and groundnut although the effect was only
significant on the latter crop. In soyabean, nodulation
although was not significantly affected by all rates
of the herbicide compared with the appropriate untreated
control, it was depressed by 0,90 and 1,00kg a.i/ha
in cowpea and bambaranut, In groundnut, 0,15kg a.i/ha
resulted in higher nodulation than all other
treatments including the untreated control, With the
application of 0,45 to 0.75kg a.i/ha, nodulation was
generally higher in groundnut than soyabean and also

in soyabean and cowpea with application of 0,90kg a.i/ha.

ho2,6 Total dry matter production

Total dry matter production was significantly
affected by imazethapyr at 50 DAS, Crops also
differed significantly in total dry matter production

(Table 8).,

Imazethapyr at 0.60kg a.i/ha and above
caused significant reduction in total dry matter,
compared with the untréated control and other lower
rates. Imazethapyr at 1,00kg a.i/ha also resul ted
in lower total dry weight than all the other

rates tested,
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Tgble 11: Interaction of soyabean, cowpea, groundnut and
bambaranut with imazethapyr on nodulation in the

screenhouse at Samaru, 1992 wet season,

Number of nodules_per plant {50 D&S1)

Inazethapyr

rate

(kg a.i/ha) Soyabean Cowpea Groundnut Bambaranut
0,00 T.0ad=1 12,6¢c~-a 22,00 11.8¢c-F
0,15 7e3d-1 18.0bc 37.0a 11.7c~F
0.30 6.0e-i 69.0d-h 18, 0bc 10, 6d-g
0.45 5.7Te~1 6.8d-1 1% .2cd 10,2d~g
0.60 0,24 - 5.9e-i 14.0e 8.4d-h
0.75 0,04 5. Te~i 11.5¢~F I, 7f=1
0.90 G,014 1.7hi 11.2e~g 3.8ghi
i1.00 0,04 0,51 0,31 Cc.51

S.E + 2,24 For comparison within crops and herbicides rates.

1« DAS = Days after sowing.
Interaction means within a crop followed by same
letter{s} are not significantly different at

P = 0,05 using DMRT,
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The total dry matter produced by cowpea and
bambaranut were similar and significantly higher than

the similar productions of soyabean and groundnut.

The interaction of imazethapyr rates and crops
on total dry matter production at 50 DAS was not

significant,

4.3 Field experiment

The effect of imazethapyr on crop emergence and
establishment, phytotoxicity score, crop vigour score,
number of 50% flowering, nodulation, shoot dry weight,
pod yield, 100-grain weight and grain yield of the

crops are presented in Tables 12 to 32 and Figures 1 to 7.

4o3.1 Crop emergence and establishment

Stand count of crops was not significantly
affected by imazethapyr at emergence, 20 and 50 DAS
and at harvest, However, significant differences in
stand count were observed among crops at all the

stages of sampling (Table 12).

The highest and lowest stand count were
observed on soyabean and bambaranut respeclively,
throughout crop life-cycle, while those of cowpea and

groundnut were similar,

The interaction of imazethapyr rates and crops
on emergence and establishment of crops was not



35

Table 12: Effect of rates of imazethapyr and crop type on
emergence and establishment of soyabean, cowpea,

groundnut and bambaramut at Samaru, 1992 wet season,

Imazethapyr Establishment
rate (I—I)1
kg a.i/ha. P
Emergence 20 DAS 50 DAS Harvest
0.00 92,0 90.4 86.3 86,3
0,05 94 1 90.8 89.4 88.9,
0,10 21.5 91.0 90.8 . 90.8
0.15 89.1 87.3 85.1 85.1
0.20 92.9 21.5 90.3 50.3
0.25 87.5 86,0 84,5 84,5
0.30 91.1 90.6 89.5 89.5
0.35 95.2 92,6 92,0 92,0
0.40 93,1 91.0 89.9 89,9
0.h5 91.8 0.3 89.9 89.9
0.50 9k . b 91.3 91.1 91.1
0.55 92,4 90,7 89,9 89.9
0,60 92.3 50,6 50.2 90.1
S.E + 1,74 1.93 2,05 2,06
Cro C
Soyabean 99.9a 98, 3a 98,.0a 98, 0a
Cowpea 95.3b 92 .41 90.9b 90,90
Groundnut 93,0b 91%,0b 89,7 89.70
Bambaranut 80,2¢ 79.5¢ 78.0¢ 77.8¢
S.E + - 0,97 1,04 1.15 1.15
Interaction
HxC NS NS NS NS
1. All plots were hoe-weeded, 2, DAS = Days after sowing,
NS = Not aignificant,

Within factor means followed by same letter in a column are
not significantly difterent at P=0_.05 using MR,
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4 o3.2 Crop phytotoxicity score

The herbicide treatments had significant effect
on crop phytotoxicity scores at 20 and 50 DAS,
S8ignificant differences were observed among the crops

in their phytotoxic response to imazethapyr (Table 13).

Phy totoxicity occurred at rates 0,20 and 0,30kg a.i/ha
and above at 20 DAS and 50 DAS respectively compared
with the untreated control, Phytotoxicity increased with

inereased herbicide rate,

At the two stages of growth, the degree of
phy totoxicity exhibited by the crops followed the

order groumdnut = soyabean - cowpea - bambaranut,

The interaction of herbicide rates with crops
was significant on crop phytotoxicity score at 20 and
50 DAS (Tables 14 and 15). At 20 DAS, while in
soyabean, cowpea and ~ronndnut rates of 0.,20kg a.i/ha
and above were phytotoxic, bambaranut was only injured
by 0.30kg a.i/ha and above, Phytotoxicity increased
with rates above 0.20kg a.i/ha up to 0,50kg a.i/ha in
soyabean and groundnut and upto O.55ke a.,i/ha in
cowpea and bambaranut., At 50 DAS, herbicide rates of
0.30kg a.i/ha and above were phytotoxic to soyabean
and groundnut, Similarly, the rates of 0,35 and
0.,40kg a.i/ha and above were respec tively injurious to
cowpea and bambaranut compared with the appropriate
untreated control. Phy totoxicity increased with

rate above 0,30kg a.i/ha up to 0.60kg a.i/ha and
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Table 133 Effect of various rates of imazethapyr and crop
type on the phytotoxicity and crop vigour score
in soyabean, cowpea, groundnut and bambaranut
at Samaru, 1992 wet season,

Imazethapyr Phxﬁotoxicity_aporQB Crop_vigour gporgt
f;;?afg};a) 20 DAS® 50 DAS 20 DAS 50 DAS
0,00 0.0h 0,0h  10,00a 8,17ab
0,05 0,0h 0,0h 9.42b 8. 50a
0,10 0,0h 0,0h 8.83bc 8.42a
0.15 0.0h 0.0h 8,75bc 8.38a
0,20 0.8¢g 0,0h 8.42cd 7.33be
0.25 1.4F 0.0h 8 .08de TeR1be
0,30 1.8e 1.1g T«75e 6.93cd
0.35 2,0e 2.3¢ Ok & 6.63cd
0,40 2.4d 2,6e 6,83f 6,13de
045 2,8¢c 3.3d 6,.64hg 5.460f
0.50 J.4b h,5¢ 5.83n 5.13F
0.55 3.9a 5.0b 5.42h h,54fg
0,60 4, 0a 5.3a 5.42h 3.75¢
S.E (+) 0,12 0,05 0,148 0.318
Cro C
Sovabean 1.8b 2.6b 7.86¢ 6.19c
Cowpea 1.hc 1.1 8.16b 6.91b
Groundnut 3.1a J.2a 6.82¢ 6.09¢c
Bambaranut 0,6d 0.5d 8.62a Tlhla
S.E (+) 0.06 0,03 0,086 0,083
Interaction * % * ¥ *H * %

1. All plots were hoe=weeded,
24 DAS = Days after sowing; *¥* = Significant at P=0.01.
3. Phytotoxicity score (0-10 scale); 0 = No injury;

10 = dead crop,

b, Crop vigour score (0-10 scale); O = dead crop;
10 = most vigorous and healthy crop,

Within factor means followed by the same letter(s) within
a column are not significantly different at P=0,0% using DMRT,
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Table 14: Interaction of soyabean, cowpea, groundnut and
bambaranut with imazethapyr on phytotoxicity
score at 20 DAS , at Samaru, 1992 wet season,

Imazethapyr Phy totoxicity score3

rate (H)2

{kg a,i/ha) Soyabean Cowpea Groundnut Bambaranut

0,00 0.0 1 0.0 1 0,01 0,0 1
0,05 0,0 1 0.0 1 0,01 0,0 1
0.10 0.0 1 0.0 1 0.0 1 0,01
0,15 0,01 0.0 1 0,01 0,01
0.20 0.5k 0,5k 2,2ghi. 0,0 1
0.25 1.7hi 1.51) 2.5fg 0,01
0,30 2,0ghi 1.51J 3.2de 0.3k
0.35 2,0gh 1.8ghi 3.T7cd 0, 5k
0.40 2,3gh 1.8ghi 4,%3bc 1.0Jk
0.45 3,2de 2.3gh 4,6b 1.0k
0.50 3.8¢c 2,.,3gh 6.5a 1.03k
0.55 4,2bc 34 0ef 6.8a 1.51]
0,60 4,2be 3,0ef 7.0a 2,0ghi

S.E (+) 0,22

For comparison within crop and herbicide

rates,

1. DAS

3. Phytotoxicity score (0~10 scale)j O= No injury.

Days after sowing,

2.

All plots were hoe-weeded,

Interaction means within each crop followed by the

same 1etter(a) are not significantly different at
P = 0,05 using IMRT,
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Tuble 15: Interaction of soyabean, cowpea, groundnut

and bambaranut with imazethapyr on

phytotoxicity score at 50 DAS', at Samaru,

1992 welt season.

Imazethapyr Phytotoxied ty scorgz

rate (H)2

(kg a.i/ha) Soyabean Cowpea Groundnut Bambaranut
6,00 0,01 0,0 1 0.0 1 0.0 1
0,05 0,0 1 0,0 1 0,01 0,0 1
0,10 0.0 1 0,0 1 0,0 1 0,01
0,15 0.0 1 .01 0.0 1 0.0 1
0,20 0,0 1 0,0 1 0,0 1 0,01
0,25 0.0 1 0,01 0,0 1 0,0 1
0,30 1,03 0,01 3.0 0,0 1
0.35 3.08 1.0] 5.08 0.0 1
0,40 3.7¢ 1.53 543a 1.03
0.45 4,7e 2,0h 5.74d 1.0]
0,50 G.2¢ 3.0g 7.0b 2,.0h
0.55 7.0b 3.0 8.,0a 2,0h
0,60 B.0a 3.08 8.0a 2,0h

S.E {(+) 0.10 For comparison within crop and herbicide

rates,

1.

3.

DAS = Days after sowing,

All plots were hoe~weeded Yo .
Phytotoxicity score (0-10 scale); O = No injurys
10 = dead ecrop,

Interaction means within each crop followed by séﬁé'
lettar(s) are not significantly different at
P = 0,05 using DMRT,
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0.55kg a.i/ha in soyabean and groundnut respectively.
In cowpea and bambaranut at the respective rates of
0.35 and O.40kg a.i/ha up to 0.50kg a.i/ha phytotoxicity

increased when compared with the appropriate control.

4e3e3e Crop vigour score

Herbicide treatment had significant effect on
crop vigour score at 20 and 50 DAS. The crops also
differed significantly in vigour at the two stages of

growth (Table 13).
At 20 DAS, all the herbicide rates evaluated

resulted in significantly lower crop vigour scores
compared with the untreated control, 1In general,

crop vigour score decreased with increasing rate of
herbicide (Table 13 and Figure 1). At 50 DAS,

imaze thapyr at 0.,30kg a.i/ha and above significantly
depressed crop vigour score compared with the untreated
control (Table 13 and Figure 2)., At the rates of

0.05 to 0.15kg a.i/ha,,the herbicide resulted in more

vigorous crop than the other higher rates,

Both at 20 and 50 DAS, the vigour scores of the
crops followed the order bambaranut » cowpea>groundnut &
soyabean.

The interaction of herbicide and crop on vigour
score was significant at 20 and 50 DAS (Tables 16 and

17 and Figures 1 and 2). At 20 DAS, crop vigour
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Table 163 Interaction of soyabecan, cowpea, groundnut
and bambaranut with imazethapyr on crop
vigour score at 20 DASz, at Samaru, 1992
wet season,
Imaze thapy Crop vigour acor93
rate (H)1
(kg a.i/ha) Soyabean Cowpea Groundnut Bambaranut
0,00 10,00a 10,004 10,00a 10.00a
0,05 9.00bc 10.00a 8.67bed 10.00a
0,10 9.17abc 9.17abe 8,67bed 9.33ab
0,15 8.67Tbed 9.00be 8.67Thed 9.00be
0,20 8.67bed 8.,6Tbcd 8.67bed 9,00be
0:25 8.33cde 8.67bed 7.67efg 9,00be
0,30 7.67efg 8,67bed 7. 00ghi 9,.,00be
0.35 T.33fgh 8.00def 7.00ghi 8.67becd
0,40 T.33fgh T.33fgh 6,00k 8.00def
0-!‘5 7.008 7-331'8‘*1 5.00 1 7.67efg
0,50 6,67hi 7.25fghi 5,00 1 7.00ghi
0.55 6.67hi 6.331 jk 3.33m 7.00ghi
0,60 5.67k1 5.67k1 3.00m 7.33fgh

S.E (+) 0,308 For comparison within crops and

herbicide

rates,

1., All plois were hoe-weeded,

DAS = Days after sowing

Interaction

Crop vigour score (0 - 10 scale); O= No injury
10 = dead crops; 10 = most vigorous and healthy

letter(s) are not significantly different at

P = 0,05 using DMRT,

CIrop.

means within each crop followed by same



hz

Table 17:

Interaction of soyabean, cowpea, groundnut and

bambaranut with imazethapyr on crop vigour score

at 50 DA82 at Samaru,

1992 wet season,

Imazethapyr

Crop vigour score

rate (H)?

(kg a.i/ha) Soyabean Cowpea Groundnut Bambaranut
0.00 8.17a-d 8.17a~-d 8.17a~-d 8.17a-d
0,05 8,33abce 8, 50abc 8.83a 8.33abe
0,10 8.67ab T.B3a~f 8.67ab 8,50abce
0TS 8.00a-e 8. 50abce 8.6Tab 8.33abe
0.20 7.50b-g Te33c~h 7.00d-1i 7+50b~g
0,25 7.00d~i 7.33c~h 7.00d~i T+.50b~g
0,30 6,671~ 7.00d-i 6,53f~i 7.50b~g
0.35 6,00h~k 7.00d-1 6.00h-k 7.50b~g
0,40 5.67i-1 6.33e~i 5,00jk1 7.50b~g
o.u5 4,3%mno 6.33e~-1i 4 .33mno 6.,83%e~i
0.50 L, 0Omno 6.17g-i 3.8m~p 6.50ghi
0.55 3.67nop 4 ,83k-n 3.170pq 6.50ghi
0,60 2.50pq 4, 50imn 2.00q 6.00h~k
S.E + 0,410 For comparison within crop and herbicide rates

!.')
1. All plots were hoe-weeded, 2, DAS™ = Days after sowing,

3. Crop vigour score (0 - 10 scale); O= dead crop;
10 = most vigorous and healthy crop.
Interaction means within each crop followed by the same

letter(s) are significantly not different at P = 0,05
using DMRT,
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Ly
scores at the rates of 0,05 and 0,10kg a.i/ha for
cowpea and bambaranut were similar to the appropriate
untreated control while that of soyabean was
comparable only at 0,10kg a.i/ha, All the rates
of imazethapyr evaluated resulted in significantly
lower vigour scores in groundnut compared with the
appropriate untreated control, The herbicide at p.60kg a.i/ha
resulted in the lowest crop vigour score in soyabean
while the lowest values in cowpea, groundnut and
bambaranut vigour were attained with the application
of 0,55kg a.i/ha compared with the appropriate
untreated control, At 50 DAS, imamethapyr at
0.30kg a,i/ha and above significantly depressed
vigour in soyabean and groundnut, while at 0,40 and
OU45kg a.i/ha and above respectively, cowpea and
bambaranut vigour declined compared with the
appropriate untreated control, The herbicide at low
rates of 0,05 to 0,15kg a.i/ha was stimulatory on
crop vigour, especially in groundnut and bambaranut,
although not significant, compared with the appropriate
untreated control (Figure 2). The lowest erop vigour
in soyabean, cowpea and groundnut was obtained at

0.55kg a.i/ha and in bambaranut at 0,50kg a.i/ha,

h.3.4 Number of days to 50% flowering

Imazethapyr significantly affected the number of
days to 50% flowering of the test crops, The crops
differed significantly in the number of days to

50% flowering (Table 18).
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Table 18: Effect of rates of imazethapyr and crop type on
nodulation and number of days to 50% flowering
in soyabean, cowpea, groundnut and bambaranut

at Samaru, 1992 wet season.

Imaze thapyr rate (H)I

(kg a.i/ba) Days to 50% Number of
flowering nodules/plant
0,00 W3, hfg 139.2ab
0,05 43.3¢g 120,2abec
0.10 43, htg 127.9ab
0,15 43.hfg 143,0a
0,20 43,.8ef 114 ,3abe
0,25 43,6efg 112,3becd
0.30 U4 ,0e 102, 3bed
0.35 U4, 54 81.3cd
0,40 45,0¢c 66.,.4de
0.45 45.3be 43.6ef
0,50 45,.6ab 36,0ef
0.55 h5.8a 30.2ef
0,60 hé6,1a 21.7F
Cro C)
Soyabean 50.8a 27.1¢
Cowpea L49,6b 57.0b
Groundnut 33.1d 213.9a
Bambaranut Wi, e 37.0¢
S.E 4+ 0,09 7.00
Interaction * % * %

1« All plots were hoe-weeded,
¥%* = Significant at P = 0,01,

Within factor means followed by same letter(s) within a
a column are not significantly different at P=0,05
using IMRT,
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Number of days to 50% flowering was significantly
increased by rates of 0,30 to 0,60kg a,i/ha compared
with the untreated control, No difference in days to

flowering was observed from 0,50 to 0,60kg a.i/ha,

The difference in days to 50% flowering of the
test crops followed the omrmler groundnut £ bambapanut €

cowpea <4 soyabean,

The dinteraction of imazethapyr rates and crops
on the number of days to 50% flowering differed
significantly (Table 19)., Herbicide rates of 0,05
to 0,30kg a.i/ha in soyabean, 0,05 to 0.25kg a.i/ha
in groundnut and 0,05 to 0,35 in bambaranut did not
affect the number of days to 50% flowering compared
with the untreated control, In cowpea only rates of
0.401{{; a.i/ha and above resulted in more davs to

flowering than the untreated control,

ho3.5 Nodulation

Nodulation of the legumes at sampling time was
significantly affected by imazethapyr. Significant
differences also occurred among the test crops

(Table 18),

Imazethapyr at 0,35kg a.i/ha and above
significantly depressed nodulation compared with the
untreated control, Imazethapyr at 0,60kg a.i/ha
resul ted in the least nodule count, Nodulation at 0,45kg
a.i/ha to 0,55kg a.i/ha did not differ signifi- ntly

from that of 0.60kg a.i/ha.
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Table 19: Interaction of soyabean, cowpea, groundnut and
bambaranut with imazethapyr on number of days
to 50% flowering at Samaru, 1992 wet season,

Imazethapyr rate (H) Number of days to 50% flowsring
(kg a.i/bha)
Soyabean Cowpea Groundnut Bambaranut
3,00 50,0ef 49,0gh 31.7h 43,0k
0.05 50,0ef 48 .04 31.7n 43,3k
0,10 50,0ef 8.3gmi 31.8mn 43,3k
0.15 50,0ef 48,014 32,3mn 43,3k
0,20 50.7cde 48 ,7ghi  32.3mn 43,3k
0.25 50,.3de 4g . 01 32.3mn 43.7k
0.30 50.7cde 49 .0gh 32.7m 43,7k
0.35 51.0cd 49,3fg 34,0 1 b3.7k
0.40 51.0cd 50.0ef 84,0 1 b5.0j
0,45 51.0cd 51.0cd 34%.0 1 5.0
0.50 52,0ab 51.3bc 34,0 1 45,03
0.55 52,0ab 52,0ab 34.3 1 45.0]
0,60 52,0ab 52.7a 34.7 1 b5,04

S.E + 0,30 For comparison within crops and herbicide rates,

1. All plots were hoe-wesded,

Interaction means within sach crop followed by the
same letter{s) are not significantly different at
P wm 0,05 using DMRT,
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Nodulation in the crops followed the order

groundnut > cowpea > soyabean = bambaranut,

The interaction of herbicide and crops on
nodulation was significant (Table 20), Among the
herbicide rates, there were no significant differences
in nodulation of soyabean and bambaranut compared with
the appropriate untreated control, In cowpea
imazethapyr at 0.55 and 0,60kg a.i/ha significantly
depressed nodulation compared with the untreated control
while depression was caused in groundnut by rates of
0,30 to 0,60kg a.i/ha, In groundnut, imazethapyr
at 0,45kg a.i/ha and above further depressed nodulation

compared with lower rates.

%,3,6 Shoot dry matter production

The herbicide treatments had significant effect
on shoot dry matter production at 28, 56 and 84 DAS.
Dry matier accumulations differed among the four crops

at the three stages of growth (Table 21)e

At 28 DAS, among the herbicide rates of
imaze thapyr tested, only 0,05 and 0.10kg a.i/ha
resul ted in shoot dry weights that were comparable
to the untreated control, Shoot dry matter
accumulation decreased with increased herbicide rate
upto 0,55kg a.i/ha (Table 2} and Figure 3)e At 56 DAS,
imazethapyr at 0,10kg a.i/ha resulted in higher dry
matter production than the untreated control while

significant depression occurred with 0,25kg a.i/hn
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Interaction of soyabean, cowpea, groundnut
and bambaranut within imazethapyr on

nodulation at Samaru, 1992 wet season,

ITmazethapyr rates

Number of nodules/plant

(H)' (xg a.i/ha) Soyabean Cowpea Groundnut Bambaranut
0.00 h3.8g-1 97.3f¢g 389, 7a 35.0g=1
0.05 34, 7h~1 53.7g-~1 339.7ab 52+7g-1
0.10 36.3g-1 62.,5f~1  335.0ab  77.7f-1
015 69.0k-3 115.5ef 322, 5ab 65,0f~1
0,20 35.78-1  63.8f-1  318.4ab  137.2g-1
0.25 35,0h~1 63.21-1 315.8ab 35.8g-1
0,30 24 ,7i~1 59.3f=1 293,0b 32,2h-1
0.35 20,3i-1 L7,.78-1 222,0c 34 .8h-1
0,40 15.3j-1 WL Beg-1 169.0d 36.3e-1
0.45 16,7i-1  40,8g-1 93.3f-h 23,5i-1
0.50 10,0kl 39.3g~1 73.3f=-1 21.3i~1
0455 6.5 1 33.8h~1 62,0f-1 18,3i~1
0,60 %0 1 16,8i-1 55.5g-1 10.7kl

S.E (i) 25,04 For comparison within crops and

herbicide rates,

2.

All plots were hoe-weeded,

Interaction means within each crop followed by the

same letter(s) are not gignificantly different at
P = 0,05 using DMRT,
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1992 wet season,.

Effect of various rates of imazethapyr and
crop type on shoot dry weight in soyabean,

groundnut and bambaranut at Sawmaru,

Imazethapyr rate (H)'

Shoeot drvy weight

{kg. &.i/ha) 28 DAS® 56 DAS 84 DaS
kg/ha

0,00 425,82 1669be 4s7hab
0,05 3914, 0a 1632bcd h55%ab
0,10 374 . 5ab 2053a 4917a
0.15 328 ,.4b¢c 1774b 5031a
0.20 307.0c 144 1c-0 B130abe
0.25 282.2¢cd 13854 3865becd
0,30 271.0cde 1317ef 3736¢cd
0.35 233,6def 1183efe 32294
0,40 217.2ef 1097fg 2181e
0.u5 191.0fg 919gh 1956e
0,50 185.8fg “758hi 1546af
0.55 149 ,.6gh 67 1191fF
0,60 117.7a 5761 g8or
S.E (+) 18.63 B2,4 227,9

Cro C

Soyabean 438.9n 1624a 55408

Cowpea 222.3¢ 1314¢c 2991h

Groundnut 115.3d 7504 19004

Bambaranut 193.2b 1273b 2594¢

S.E (+) 8.08 h1,6 120,2

Interaction *# %% %

1. All plots were hodwweeded ! e Jt

2,

DAS = Days after sowing.

Significant at P=0,01,

Within factor means followed by the same letter(s)

within a column are not significantly different at
P = 0,05 using DMRT,
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and above., In general, shoot dry matter accumulation
decreased with herbicide rate at 0,20kg a.i/ha and
above at 56 and 84 DAS (Figures 4 and 5). Imazethapyr
at 0.50 to 0,60kg a.i/ha caused the least shoot dry

matter production at 56 and 84 DAS,

While shoot dry matter production at 28 and 56
DAS followed the order soyabean 2 bambaranut > cowpea >
groundnut; the order at 84 DAS, was soyabean A cowpea >

bambaranut > groundnut,

Interaction of herbicide rates and crops on
shoot dry matter production was significant at 28, 56
and 84 DAS (Tables 22 - 24), At 28 DAS, within the
same crop at varying herbicide rates, the rates of
0.05kg a.i/ha in soyabean, 0,05 and 0,10kg a.i/ha
in groundnut, 0,05 to 0.15kg a.i/ha in cowpea and
0.05 to 0,50kg a.i/ha in bambaranut resulted in shoot
dry matter production comparable to those the appropriate
controls. 1In soyabean, 0.55 and 0,60kg a.i/ha resulted
in the least shoot dry matter while there was no
difference in the shoot dry weights of cowpea,
groundnut and bambaranut at 0,40 to 0,60kg a.i/ha,
0.15 to 0.60kg a.i/ha and 0,40 to 0,60kg a.i/ha
respectively. At 56 and 84 DAS, shoot dry matter
productions of soyabean and groundnut at 0,05 to
0.30kg a.i/ha and cowpea and bambaranut at 0,05 to
0.40kg a.i/ha were comparable to those of the

appropriate untreated controls. At 56 DAS, imazethapyr
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Table 22¢ Interaction of soyabean, cowpeap groundnut
and bambaranut within imazethapyr omn shoot
dry welght at 28 DAS1, at Samaru, 1992 wet
S0RAS0I,

Imazethapyr Shoot dry weight (kz/ha)

rate (H)2

(kg a.i/ha) Soyabean Cowpea Groundnut  Bambaranut

$.,00 753.3a 360,84 250, Te~k 338, 2de
0.05 734, 7ab 305,1d=-h 203,8h-o0 328,4def
0.10 650,2b 331,.1def 178.0J3~-p 338.8de
0,15 540,.9c 275.9d=-j 142,1m-r 354 ,6de
0.20 513.8¢ 249,7e-1 136.9mw~x 327,6def
0.25 453,8¢c 225 ,7f-m  130.5m~1r 318.7d-g
0.30 1‘53-30 220.83'—'“‘1 102'1 Opqr 307.8d"h
0.35 346 ,2de 207 4h~0 80.6pqr 300,9d~h
0,40 338.2de 186,3i~0  64,8gr 279 . 4d=-j
045 288 ,4d-1 150, 7Tk~q . 60,4qr 264 ,4d-j
0,50 280,0d-3 49,1 1=q 56,4gr 257, 5h~o0
0.55 221.3g-n 118,9n-r  53,4qgr 204, 7i-0
0,60 132,0m-r 108, ,8n~-r 39.7r 190.1

S.E(+) 31.35 For comparison within crops and

herbicide rates,

1. DAS =

Days_after sowing,

2, All plots were hoe-weedead,

Interaction means within each crop followed by the
same lettor{s) are not significantly different at

P = 0,05 using DMRT,
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Table 23: Interaction of soyabean, cowpea, groundnut
and bambaranut within imazethapyr on shoot
dry weight at 56 DAS', at Samaru, 1992 wet
season,

Imazethapyr

2
rate (H)"

Shoot dry weight (kg/ha)

(kg a.i/ha) Soyabean Cowpea Groundnut Bambaranut
0.00 2155ab 1761b=e 1206g-q 1552¢~k
0,05 2056abc 1685b-i 1224 fg 156hc-k
0,10 2353a 1695b=h  1295d-p 1572c-k
0.15 2481a 1800bed  1173h-r 1640c-k
0,20 1790bed 1435d-n 1005 1-t 1532d~-1
0.25 1749becdef  1421d=-o0  966n-t 1402d-0
0.30 1706b-g 1391d-0 927Tn-w 124 5e-q
0.35 16hhic=-j 1372d-p 551t=2 1165i=-r
0,40 1487d-m 1305d=-p  U451w-2z 1M45j-r
0.45 1214 g-q 1123 j=-8 29 Tw=2 1042 1-s
0,50 1106k=-s 726q~y 271x-z 930n-w
0.55 764 q-x 6851~y 23y -z, 9060-w
0.60 61158~z 68Le-y 158z 850p=-w

S, E (i) 153.9 For comparison within crops and herbicide

rates,

DAS = Days after sowing.

All plots were hoeeweedéd

Interaction means within each crop followed by the

same letter(s) are not significantly defferent

at P=0,05 using DMRT,
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Table 243 Interaction of soyabean, cowpea, groundnut
and bambaranut with imazethapyr on shoot dry

weight at 84 DASI, at Samaru, 1992 wet season,

Imaze thapyr Shoot dry weight (kg/ha)

rate (H)2

(kg a,i/ha)  Soyabean Cowpea Groundnut Bambaranut
0,00 7800ab 3813d-h  3227e-] 3427d-j
0,05 7595ab 4165¢c-g 3259e-j 321 7e~-k
0,10 8327a hé651cde 3264 e=-j 3h2hd-j
0e15 8418a 482hcd 2699g-p 4L184e-1
0.20 7606ab 3519d-i  2229i-r 3167£=1
0,25 T7068ab 3256e-j 2085i-s 3052f-k
0,30 68540 3097 f-m 1956 j-s 3037f=n
0.35 524 5¢ 2976g-q  1740k=-s 2955g=-n
0,40 4L468c~1 2575n=-g 1679 1-s 214 1i-1r
0.h5 3052 f—m 2034i-s 1119g~-t 1618m~-8
0,50 2554 h=-q 1559n=~1 735rst 1334 o=t
0.55 174 1k~-s 1297p~-t  575st 1152q~t
0,60 1290p-t 1112g=-t 101t 101 7r=-t

S.E(i) 439,1 For comparison within crops and herbicde

rates,

1« DAS = Days after sowing.

2, All plots were hoe-~veeded

(s

Interaction means within each crop followed by the
same letter(s) are not significantly different
at P = 0,05 using DMRT,
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rates of 0,50kg a.i/ha, 0.45kg a.i/ha, 0.35kg a.i/ha and
0.30kg a.i/ha and above resulted in the least

soyabean, cowpea, groundnut and bambaranut shoot dry

weight respectively., At 84 DAS, however, the least

shoot dry matter of soyabean, cowpea, groundnut and
bambaranut were respectively observed on 0,50 to

0.60kg a.i/ha, 0.35 to 0.60kg a.i/ha, 0.45 to 0,60kg a.i/ha
and 0,40 to 0,60kg a.,i/ha treated plots, 1In general,

at 56 and 84 DAS, imazethapyr rates of 0,05 to 0.,15kg a.i/ha
stimulated the shoot dry matter accumulation of the

test crops although the effect was not signilicant

when compared with the appropriate untreated control (Figures

4-and 5) maximum tolerance level of cowpea was 0,19kg a.i/ha,

L‘.Bl? Pod !ield

The herbicide treatments had significant
effect on pod yields of soyabean, groundnut and
bambaranut., The crops also differed significantly

in pod yield (Table 25).

Significant reduction in pod yield compared
with the untreated control was observed with the application
of 0.30kg asi/ha and above with the least values

occurring with 0.55 and 0,60kg a.i/ha (Figure 6).

Difference among crops in respect of pod yield

was in the order bambaranut 3 ground A soyabean,
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Table 25:; Effect of various rates of imazethapyr and
crop type on pod yield, 100-grain weight and
grain yield in soyabean, groundnut and

bambaranut at Samaru, 1992 wet season,

Tmazethapyr rate Pod yield 100=-grain weifht Grain yield
(H) (kg a,i/ha) (kg/ha) (&) kg/ha

0,00 2282a 60, 16ab 1650b
0,05 2302a 59.96ab 1850ab
0,10 2296a 60.70a 1955a
0.15 2465a 60,52a 1835ab
0,20 2209a 60.63a 1613be
0.25 207hab 59.21b 1577bec
0,30 1824b 57.34c 1340¢
0,35 1h28c 57,06¢ 1047d
0,40 1116ed 57.02¢ 810de
D.45 B65d 48,984 688e
0,50 760de Lt1,.78e 571ef
0.55 410ef 41.20e 351fg
0.60 ) 269f 4. bbe 23%9g
SE (4) 120,5 0.967 92,9

Cro C

Soyabean 1481p 13.17¢ 1097

Groundnut 13460 28,76b 926¢

Bambaranut 1962a 121,002 1560a

S.E (+) ~ 53.5 0,471 38.3

Interactiocn *%* *H *¥

1e All plots were hoe-weeded. ##¥ — Significant at P$0,01,

Within factor means followed by the same letter{s)
wlithin a column are not significantly different at
P = 0,05 using IMRT,



LSD(005)=154 @  ®Mean of Imazethopyr Rates(i).

& & Groundnut x |

-

LSD(005)=24 1
f * % Bambaranut x I .

+ Soyabean x 1.

g
1
e

@
S
A

110‘ Q /

Pod Yield (* Control
o
[en ]
1
“'-h\
*

004 e/ @

LS
¢~

70+ @ &
60-
50+ R

40+ \ E

o)

30- A
20 A

10- » -

0 T L] T T T L] T T ] L) TP
000 005 010 015 020 025 030 035 040 045 051 OS5 B

Herbicide Rat~({itv 7
FIGURE 6:POD YIELD RESPONSE TO IMAZETHAPYR RATES iN
GROUNDNUT , SOYABEAN , AND BAMBARANUT UNDER

FIELD CONDITIONS.
( Samaru, 1992 Wet Season).



62

The interaction of herbicide rates and crops was
significant on pod yield of soyabean groundnut and
bambaranut (Table 26), Imazethapyr rates of 0,05 to 0,30kg ai/ha
applied to soyabean and groundnut and 0,05 to
0,40kg a.i/ha on bambaranut resulted in pod yields
comparable to the appropriate untreated control,
Imazethapyr at 0,05kg a.i/ba in groundnut and 0.10 and
0.15kg asi/ha in bambaranut resulted in significantly
higher pod yields than the appropriate control, 'The
least pod yield for soyabean and groundnut were
obtained with imazethapyr atO.45 to 0,60kg a.i/ha and

for bambaranut with dimazethapyr at 0,55 and 0.60kg a.i/ha,

§e3.8 100-grain weipght.

100=grain weight was significantly affected by
herbicide rate, Significant differences in 100-grain

weights of the crops were also observed (Table 25).

100=-grain weights of crops treated with imazethapyr
at 0,05 to 0.,25kg ae.i/ha were comparable to that of
the untreated control, while the higher rates caused
significant depression, Imazethapyr at 0,50 to
0,60kg a.i/ha resulted in the least 100-grain weight

in the trial.

100-grain weights of the test crops followed

the order bambaranut » groundnut M soyabean,
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Table 26: Interaction of soyabean, groundunut and
bambaranut with imazethapyr on pod yileld

at Samaru, 1992 wet season,

Imazethapyr Pod yield (xg/ha)

rate (H)'

(kg a.i/ha) Soyabean Groundnut Bambaranut
0.00 2215a~f 2582¢~f 2049¢c~f
0,05 2005¢c -1 2832a 2069c~f
0,10 21h1b-f 1998 f-g 2749ab
0.15 2584a-d 1978f-g 2833a
0.20 2213a-f 1779f-¢g 2635abe
0.25 1977d4-f 1767f-g 2478a-d
0.30 1855e=-g 1561f-h 2055¢c~f
0.35 124 3g-4, 1215g-i 1826e~-g
0,40 - 942h-§ T91i-~k 1614 fe
0.45 776i-1 499 j-m 132024,
0,50 740i~1 26 Tk—m 1272g~1
0.55 356 -—m 139 1m 736 i~1
0.60 . 200k =m 86m 520 j~m

S,E (+) 198,3 For comparison within crops and herbicida

rates.

1.

All pleois were hos-weeded,

Interaction means wlthin each crop followed by the

same letter(s) are significantly not different at
P = 0,05 using DMRT,
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The interaction of imazethapyr and crops
significantly affected 100=grain weight (Table 27),
Within the same crop at varying herbicide rates,
significant differences in 100=grain weights were
obtained for only groundnut and bambaranut, Significant
reduction in 100-grain weights of bambaranut and
groundnuts was obtained with the application of

imazethapyr at 0,40 to 0,60kg a.i/ha.

hlj .8 Grain !io:l.d
The effect of imazethapyr on grain yield of the

crops wns significant., Crops also dilffered significantly

in grain yield (Table 25).

As observed with the pod yields, imazethapyr
at 0.65 to 0.,25kg a.i/ha résulted in grain yields
that were not significantly lower than the untreated
control, Significantly higher yield was obtained with
imazethapyr at 0,10kg a.i/ha compared with the untreated
control, At 0,30 to 0,60kg a.i/ha, grain yield
generally decline with increasing rate of imazethapyr,

with the rates of 0,55 and 0,60 resulting in the least

yields-

Grain yvield production of the crops was in the

order bambaranut = gsoyabean = groundnut,

Interaction of imazethapyr rates and crops

significantly influenced grain yield (Table 28).
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Table 273 Intaraction of soyabean, groundnut and

bambaranut with imagethapyr on 100-grain weight

at Samaru, 1992 wet season,

Imnze titapyr rate (H)1 100-grain weight (g)

(ke a.i/ha) Soyabean Groundnut Bambaranut
0,00 13.47g 33.63d 133.37a
0,05 13.40g 34.10d 132.07a
0.10 13.40¢g - 34,63d 134,07a
0.15 13.43g 3%.274 133.87a
0,20 13.47g 34,404 134.03a
0.25 13.338 33.034d 131.27a
0,30 13.30g 29,234 129, 50a
0,35 13.338 29.27d 128,.95a
0.L0 13.23g 29,23d 128.60a
0,45 13.178 24,00¢ 109.67b
0.50 12,90g 20.80e 91.63c
0.55 12,738 18,63f 92,23¢
0.60 12,03¢g 18.57f 92.77c

S«E(+) 1.690 For comparison within crops and

herbicide rates,

1.

All plots were hoe=woeded,

Interaction means within each crop followed by same
lettexr{s) are mot aignificantly different at
P = 0.05 using IMRT.
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Interaction of soyabean, groundmut and

66

bambaranut with imazethapyr on grain yield

at Samaru,

1992 wat season,

Imazesthapyr rate (H]i

Grain yield (kg/ha)

(kg a.i/ha) Seyabean Groundnut Bambaranut
0,00 1621a-g 1413e=1 191 5a-d
0,05 1613a-g 1907a~d 2030abc
0.10 177%a-g 204 6ab 204 5ab
0.15 1866a~d 1548¢c~f 2091a
0,20 1552¢-1 1301g~3 1985abe
0,25 1549¢~F 1292g~j 1891a=-d
0.30 1388f-i 10251~1 1608a~-g
0.35 875k~m 6841 ~n 1582b~h
0.40 638 1-p 353 nop 1439 d-i
0.u45 530 m-p 186 op 1349g-i
0,50 488 m~p 106p 1119 h-k
0.55 247 nop 96 p 710k-n
0,60 126 p 80 p 510 m=-p

S+E.(+) 145.9 For comparison within crops and

herbicide rates,

All plots were hoe-weeded

Interaction means within each crop followed by the

same letter(s) are not significantly different at
P = 0,05 using DMRT,
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Table 29; Correlation of various parameters with soyabean grain yield at Samaru, 1992 w

O

w
e
-

an. S, S5 Sy, 55 S¢ 3 Sg Sq S0 34 545 543 Sai
ma h.@@%
s, 0.938 1.000
S5 0.148 0.043 A.omm
S, -0.148 -0.029 .o.ﬂmm Aeowm
mm ~0.169 =0,072 ~0.731 0.930 1.000
Sg  0.163  0.090 0.668 -0.872 =0.852 1,000
s, 0.258 0,177 0.715 0.902 =0.900 0.80%  1.000
S3 =0.225 -0.118 -0.745 0.898 0.908 -0.805 -0.836 1.000
S, 04190  0.069 oommm .o.mwm uo.mmm o.mmm onmmm -onﬂmm 14000
S, 0.123 04017 oommm :o.umm :onﬁmm Oummm o.ﬂmm |oou4m oammu Aoomm
Sq4 0147 00059 06693 0,830 =0.811 0,733 0,743 -0.,788 0.625 0,823 4,000

bt .p on .w .o . - .e

S;; 0.135 0,026 0.73 -o.mmm -0.92k 0,800 o.mmm .o.mmu ooumm 0,759 0.753 1,000
Siz 0.08% 0,017 o.mmm .o.ﬂum aoomum o.mmm o.ﬂuw :o.umm 0.640 Oammn o.umm o.umm J.omm
Sy, 04133 04023 0.758 =0.885 -0.922 0.803 0.805 -0.825 0,738 0.753 0.752 0.997 04751 1.000
mJ = Stand count at 20 DAS mm = Days to 50% flowering
mm = Stand count at harvest mw = Shoot dry matter vroduction at 28 DAS
mu = Nodulation at 49 DAS mgo = Shoot dry matter production at 56 DAS
m: w Herbicide injury score at 20 DAS mAJ = Shoot dry matter producticn at 84 DAS
mm = Herbicide injury score at 50 DAS mgm = Pod yield.
mm = Crop vigour score at 20 DAS mmu = 100-grain weight
mﬂ = (Crop vigour score at 50 DAS mak = Q@Grain yield,
DAS = Days after sowing; * (0.312) = Significant at 5% level of probability.
*= (0.408) = Significant at 1% level of probabilitye



Table 30: Correlation of various parameters with groundmut grain yield at Samaru, 1992 wer Slie
Q\_ QN mw m:. Qm Qm Q.N mm m.w m.._o Qs_.._ Qam Q..—w QJF
94 aoowm -
mm 0,915 1,000
mu =005 =-0.151 A-OWW
Qr 0.072 0134 Ioomuw goomm
mm 0.026 0,082 =-0.759 o.wmm 16000
Gg 0,004 ~0.084 0.5 0,915 -0.977  1.000
e, -0.23% -0.188  0.2% ;c,wgm -0.283 0,28k
Gy 0.056 0,156 -0.801 o.mmm 0,857 -0.8E5 0,243 1,000
Gy =05 -0.136 o.mmm -0.805 .o.umw 0.790  0.107 -0.855  1.000
G -0.062 =0.165 0.753 <0.853 -0.018 0.872 0.192 -0.820 0.765  1.000
Jo =N L} EE ) - K * LR}
G 04053 04006 0.76h -0.866 ~0.792 0.816 0.316 -0.811 0.78%F  0.701 13000
;—J W LR " [ ] K "X K *
Gjp 0:013 -0.025  0.679 0,855 no.mmw 0.857 0.36k -0.705 0.703  0.817 oqmom 1,000
G —0.042 =0.092 0.772 -0.925 -0.948 0.938 0.279 -0.805 0.730 0.8%% o0.782 0.84% 1.000
15 £ % x = * > * -k “x .- =
mqr 0.016 =-0.020 0.686 -0.854 lO-mmm 0.832 Cu360 ~0.705 O.ﬂow 0.816 0,805 0.999 0.843 1,000
m,._ = gtand count at 20 Dis Dm = Days to 50 % flowering
m..N = 5Stand count at hzrvest mw = Shoot dry matter production at 28 DA
mu = Nodulation at S6 DAS G,y = Shoot dry matter production at 56 DASe
G, = Herbicide injury score at 20 DaS G,, = Shoot dry matter production at 84 Das
mm = Herbicide injury score at 50 DAS QJN = Pod yield
mm = (rop vigour score at 20 DA3 Q\_w = 100=grain weight
m_w = (rop vigour score at 50 DAS m.._r = {rain yielde
DAS = Days after sowing; * (0.312) = S8ignificant at 5 level of probability.
*+ (0.408) = sgignificant at 1% level of probability.
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Table 31:

Correlation of various parameters with bambaranut grain yield at Samaru, 1992 wet season.

2 B e By 35 Bg By g 39 Bjo P41 B2 B3 3q
wg Jeocm
B, 0.951 1.000
35 0.166 -0.178 A.Omm
B, 0,046 0.132 -0.5%2 1.0
B, 0.0 0.125 uo.mmm o.mwm 14000
wm =0.049 ~0.141 0.559 =0.851 =0.755 1000
B, 0.141 -0.139 o.rmw .o.mmm :o.mmm o.:mm 14000
By  0.192 0.282 .o.pmm 0,793 04631 -0.7%7 -0,493 1:000
By 0.076 0.027 0.320 -0.580 =0.67% 0.517 o.umm -0.407 14000
wgo =0.230 =0.165 0306 =0.292 =0.248 0.246 0.514% =0.375 0.315 1,000
By, =0:283 -0.357 0.259 :o.mmm |o.mmm o.pmm o.mmm .oummm o.:wm 0.251 1,000
Bip 0255 -0.18h -0.196 0.5 0775 0585 0.6k .o.mwm o.mmm 0.294 0,551 1.000
wAu ~0.128 =0.202 Ocmmu IO.wmm lOowmm O-mNN 0.592 lOcﬂMN O-mmm 0.255 Oomwm Ooﬂmm Joowm
By, -0+165 -0.182 0.450 -0.787 -0.743 0.585 0.68%F -0,50F 0.585 0.309 0.582 0.991 0.752 1.000
wg = BStand count at 20 DAS mm = Days to 50 ¥ flowering
wm = Stand count at harvest wm - Shoot dry matter production at 28 DAS
ww = Nodulation at 56 DAS By "= Shoot dry matter production at 56 DAS
By, = Herbicide injury at 20 DAS B,, = Shoot dry matter production at 84 DAs
ww = EHerbicide injury at 50 DAS mgm = Pod yield.
mm = Crop vigour score at 20 DAS waw = 100-grain weight
wv = Crop vigour at 50 DAS Byy = Grainyields
DAS = Days after sowingg #(0.312) = Significant at 5% level of probability.
e ﬁouwwmu = mwmuwmmnmnw at 1% level of probability. ¥
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Crop vigour scores of soyabean at 20 and 50 DAS
were positively correlated with nodulation (r = 0,668)
and (r = 0,715), respectively, Crop vigour score at
50 DAS was negatively correlated with herbicide injury

at 20 DAS (r = = 0,902} and 50 DAS (r = - 0,900},

Significant negative correlation was obtained
between nodulation at 49 DAS and herbicide injury

seore at 20 DAS (r = - 0.762) and 50 DAS (r= - 0,731).

Grain yield of groundnut was positively
correlated with nodulation at 56 DAS (r=0,686), crop
vigour score at 20 and 50 DAS {(r = 0,832 and
r = 0,360 roapacLively), shoot dry matter production
at 28, 56 and 84 DAS (r= 0,708, r = 0,816 and r = 0,805
respectively), pod yield (r= 0,999) and 100-grain weight
(r= 0,843), It was also negatively correlated with
herbicide injury at 20 and 50 UAS {r =-0,854 and
r = - 0,886 respectively) and days to 50% flowering

(r = 0,705),

The crop vigour score at 20 was positively
correlated with nodulation (r = 0.785), but negatively
correlated with herbicide injury score at 20 and 50 DAS

(r == 0,919, = = 0,917 and r = ~ 0,318, rGSpectively).
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Significant and negative correlation was
obtained between nodulation at 42 DAS and herbicide

injury score at 20 (r = - 0.817) and 50 DAS (r=-0,759).

There were significant positive correlations
between grain yield of bambaranut and nodulation at

56 DAS (r = 0,450), crop vigour score at 20 and

i

50 DAS (r 0,585 and » = 0,684 respectively, shoot
dry matter production at 28 and 84 DAS (r=0.583 and

r = 0,582 respectively), pod yield (r = 0,991) and

100~grain weight (r= 0,752), Significant negative
correlations were observed betlween grain herbicide
injury scores at 20 and 50 DAS (r = = 0,797 and

r = = 0,749 respectively) and days to 50% flowering

(X‘ = - 0¢59‘q’"

Crop vigour scores of bambaranut at 20 and
50 DAS were positively correlated with nodulation at
96 DAS (r = 04559 and r = 0.488), but negatively
correlated with herbicide injury score at 20 DAS
(r = = 0,851 and r = - 0,603 respectively) and 50 DAS

(r = = 0,755 and v = = 0,631 respectively).

There were significant and negative correlations
between nodulation and herbicide injury scores at

20 and 50 DAS (r = = 0,592 and r = - 0,538),
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CHAPTER 5.

DISCUSSION

5«1 Introduction

The results pbiained showed significant differences
in ecrop growth, yield and yield attributes as a result
of changes in the rates of imazethapyre. As reflected
in most parameters the growth and yield of the legumes
tested were not adversely affected by imazethapyr at
rates 0,05 to O,10kg a.i/ha comipared with other
treatments, However, substantial reduction in
growth and yield generally occurred as herbicide rate
increased from 0,20kg a.i/bha due to phytotoxicity of
lethal concentrations of imazethapyr as also reported
for several other herbicides (Wiedman and Appleby,
1972. Salazar and Appleby, 1982 .) and imazethapyr
(Wwang et ale, 1985). These findings are consistent
with earlier reports that imazethapyr at recommended
rates of upto 0,15kg a.i/ha did not adversely affect
crop growth and development (Wang et al., 1985;
Vanwinkel et al., 1989; Buhari, 19803 Mgbemena, 19903

Lagoke et al., 1991a).

—

502 Effect of imazethapyr on the legumes

The study showed no significant influence of
various rates of imazethapyr on emergence and establishment
of the legumbnous crops, Similar results were

obtained by Buhari (1990) and Lagoke et ale (1991a)

Bt
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when imazethapyr was applied at 0,025 to 0,075kg a.i/ha
to soyabean and groundnut, respectively, lHowever,
phy totoxicity score, crop vigour score, plant height,
days to 50% flowering, nodulation, dry matter
production, pod yield, 100-grain weight and grain
yield were significantly affected by the herbicide at

rates in excess of the recommended rate,

Visual assessment of phytotoxicity indicated that
imazethapyr rates of 0,15kg a.i/ha in the screenhouse
and 0,20kg a.i/ha in the field resulted in crop
injury at the early stages of growth., Injury
symptoms of interveinal chlorosis, epinasty and
shortening of internodes declined with age at low
rates but the severity increased with increasing
rate from 0,30kg a.i/ha as reflected by phytotoxicity score.
In a study of tolerance of some grain legumes to
imazethapyr, Wang et al. (1985) observed that the
herbicide at 0,25 to 0,30kg a.i/ha resulted in

phy totoxicity to soyabean and groundnuty

The significant diiferences in crop vigour
scores were observed at 20 and 50 DAS. Crop vigour
score generally decreased with increasing rate of
herbicide at 20 DAS, with the least scores occuring at
0.90kg a.i/ba and 0,.55kg a.i/ha in the screenhouse and
field, respectively. But the initial low vigour as
a result of imazethapyr application at the rates of
0,05 to 0,25kg a.i/ha did not persist till 50 DAS, as

crop vigour was comparable with the untreated control,
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This is in line with the observations of several

workers fof imazethapyr and other herbicides on some
leguminous crops including soyabean and groundnuts, that
the adverse herbicide effect at the early stages of growth
may not persist till barvest (llagood et al,,6 1980;

Wang et al., 1985; Mills and Witt, 1989), The lower
crop vigour observed at 0,30kg a.i/ha and above.:
compared with the untreated control throughout the life cycle
of the legumes could be attributed herbicide
phytotoxiwity, probably as a result of the

disruption in physiological functions of the crops
leading to the reduction of the levels of branch-chain
aliphatic amino acids as reported by Wang et al.(1985)
and Shaner and Mallipudi (1991), Furthermore, a

slight stimulation of crop vigour was oblained ‘gt

0,05 to 0.15kg a.i/ha at 50 DAS in the field, This
agrees with earlier reports on imazethapyr and several
other herbicides that at sublethal concentrations,

plant growth was enhanced (Wiedman and Appleby, 1972,
Salazar and Appleby 1982, Helms and Halvorson, 1991).
Also data presented by Lagoke et al. (1991a) on
imazethapyr at 0,025 and 0,075kg a.i/lm indicated the
stimulation of groundnut vigour by A8 and 30,5%

respectively,
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Imazethapyr significantly depressed plant height
at 0,90kg a.i/ha and above at 20 DAS, with the effect
persisting to 50 DAS, at which stage shorter plants
were also noted at 0,60kg a.i/ha and above, The
high herbicide injury score of 33 to 81% observed at
0.60 to 1.00kg a.i/ha 50 DAS, propably resulted in
slow rate of imazethapyr metabolism (Wang gt al., 1985)
with the resultant adverse effect on plant height,
Similarly, Obilana and Lagoke (1979) observed a
reduc tion in plant height as a result of the

application of a mixture of atrazine and pendime thalin,

Days to 50% flowering was not significantly
affected by imazethapyr at 0405 to O.=5Kg ae.i/ha while
0.30kg a.i/ha and above delayed flowering compared with
the untreated control, Imazethapyr rates of 0.50 to
0.60kg a.i/ha resulted in the longest days to
flowering probably as a result of high herbicide injury.
Imazethapyr rates of 0,05 to 0.30kg a.i/ha favoured root
nodulation in the field., However, at 0.,35kg aei/ha
and above the herbicide had a depressive influence
on nodulation with the rates of OM5kg a.i/ha and
1.00kg a.i/ha resulting in the least number of nodules
in the field and screenhouse, respectively, probably
as a result of phy totoxicitys. . In the
screenhouse, imazethapyr at 0.,15kg a.i/ha, however,
stimulated modulation in the plants compared with

untreated control,.
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Although the response of crop vigour score of the
plant to imazethapyr in each sampling was similar to that
of shoot dry matter, the latler parameter was more
adversely affected at the early stages of growth,

At 28 DAS, imazethapyr at 0,15kg a.i/ha and above
caused significant reduction in shoot dry matter
production compared with the untreated control, This
effect did not, however, persist to 56 DAS at which
stage only 0,30kg a.i/ha and above reduced shoot
productiomn , compared with the untreated control, The
application of 0,55 and 04,60k a.i/ha, at 28 DAS and
0.50 to 0,60kg a.i/ha at 56 and 84 DAS resulted in the
least shoot dry weights, Total dry matter was not adversely
affected by rates of 0,15 to 0,45kg ae.i/ha in the
screenhouses, 7The results obtained were a reflection
of the effect of the herbicide treatments on crop

vigour and phytotoxicity scores,

Similar to crop vigour score and shoot dry matter
production, pod yields at the rates 0.05 to 0,25kg ae.i/ha
were not significantly different compared with the
untreated control, At 0,30kg a.i/ha and above a
significant reduction in pod yields per unit area
were observed with the rates of 0,55 and 0.,60kg a.i/ha
resul ting in the least values, S8imilarly, using the
herbicide rates of 0,025 to 0.075kg aesi/ha Bubari (1990)

and Lagoke et al. (19918) did not observe any

——
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significant influence of imazethapyr on pod vields of
soyabean and groundnut at Samaru, Increasing
imazethapyr rates from 0,05 to 0.,25kg a.ifha did not
adversely affect 100=grain weight of the legumes while
at 0,30kg a.i/ha and above a significant reduction in
100-grain weight occurred, with the least results

obtained at 0,50 to 0,60kg a.i/ha.

Imaze thapyr at the rates of 0,05 to 0,25kg a.i/ha
resulted in comparable grain yields to that of the
untreated control, However at 0,30 to 0,60kg a.i/ha,
grain yiclds were significantly reduced compared with
the untreated control, Among the herbicide rates, only
0,10kg a.i/ha resulted in improved production of grain
yield, The favourable influence of imazethapyr at
low rates of up to 0,25kg a.i/ha on grain yield could
be attributed to low phytotoxieity score, which
apparently did not adversely affect vegetative
growth, days to flowering, nodulation, shoot dry
matter production at 56 and 84 DAS and also the yield
attributes of pod and 100=-grain weights, On Lhe
contrary, the decline in grain yields at imazethapyr
rates far in excess of the recommended was a reflection
of high phytotoxicity scores, The application of
imazethapyr at commercial use rates resulted in good
grain yields in soyabean (Buhari, 1990; Helms and

Halvorson, 1991) and groundnuts (Wilecut gt al. 19913

Lagoke et al., 1991a).
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53 [Performance of the legume crops,

The resulils obtaincd from the overall effects of
imazethapyr rates on the test crops indicated
significant dilferences among the crops with respect
to the parameters measured, Cowpea had botter
emergence than soyabean, groundnut and bambaranut in
the screenhouse, However, soyabean had the highest
emergence and stand count and bambaranut the least,
while those of cowpea and groundnut were simiiar
throughout the growing season, The varieties of the
crops tested, in the exception of bambaranut are
recommended varieties in Nigeria, However, the total
dry matter production of cowpea and bambaranut were
higher than those of soyabean and groundnut which were

also similar,

In the trial, groundnut was the most
susceptible to herbicide injury followed by soyabean.
Bambaranut and cowpea were equally sensitive to
imazethapyr in the screenhouse but bambaranut showed

more tolerance in the field.

Plants of bambaranut and cowpea were more
vigorous than those of soyabean and groundnut in the
screenhouse, llowever, in the field, although
soyabean and groundnut were the least vigorous,
bambaranut had better vigour than cowpea, Cowpea was
taller than groundnut while soyabean produced the

tallest plants, Soyabean had the highest shoot dry
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weight while groundnut produced the least in the
trial. Shoot dry matter production of cowpea was

higher than thal of bambaranut at 84 DAS, but less at

28 and 56 DAS,

Groundnut reached 50% flowering at about
11, 17 and 18 days earlier than bambaranut, cowpea
and soyabean respectively. Nodulation was highest in

groundnut and least in soyabean and bambaranut,

Bambaranut produced the highest pod yield,
100=grain weight and grain yield lhan soyabean and
groundnut, The advantage in mean performance of
bambaranut in seed weight, pod and grain yields at
all rates of imazethapyr could be attributed to its

genetic tolerince to the herbicide,

5«4 Interaction of crops and. imazethapyr rates on

growth, yield and yield componentd.

The interaction of imazethapyr rates and crops
was significant on phytotoxicity score, crop vigour
score, plant height, days to 50% flowering, nodulation,
shoot dry matter production and yield and yield

componenls,

Cowpea and bambaranut apparently tolerated
imaze thapyr more than soyabean and groundnut, In
general, paramelers recorded on cowpea and

bambaranut treated with imazethapyr up to 0,30kg a,i/hn
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and 0,35kg a.i/ha did not differ significantly
from that of the untreated control while those of

soyabean and groundnut were only comparable at up to

0425kg ae.i/ha,

In the trial, groundnut and soyabean were the
most susceptible crops to herbicide injury while bambaranut
was the least, Groundnut was the most sensitive
legume to imazethapyr at higher rates of 0,30 to
04+60kg a.i/ha as indicated by the average phytotoxicity
scores of 60, 48, 19 and 11% to groundnuts, soyabean,
cowpea and bambaranut respectively, 50 DAS, The crops,
however, overcame the initial phytotoxic effect of
imazethapyr rates of 0,25kg a.i/ha, 0.25kg a.i/ha,
0.30kg a.i/ha and 0,35kg a.i/ha on groundnut,
soyabean, cowpea and bambaranut respectively as
reflected in similar phytotoxicity score to the
appropriate control at 50 DAS, The herbicide has
been earlier reported to cause phy totoxicity at the
early stage of growth on soyabean, groundnut and beans
(Wang et al., 1985; Mills and Witt, 19893 Helms
and Halvorson, 1991; Blackshaw and Esau, 1991,

Wilcut et g;.,1991), but plants recover with age.

In response to imazethapyr treatments only
cowpea and bambaranut had comparable vigour to the
appropriate untreated control at 0.10kg a.i/ha, 20 DAS,
Despite the low phy totoxicity scores, all the herbicide

treatments depressed crop vigour in groundnuts and soyabeans
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However, groundnut and soyabean vigour were not adversely
affected at 0,05 to 0,25kg a.i/ha, neither those of
cowpea and bambaranut at 0,05 to 0,35kg a.i/ha and
0,05 to 0.40kg a,i/ha respectively. In spite of
10% and 15% phytotoxicity on bambaranut and cowpea at
0.40kg a.i/ha and 0,35kg a,i/ha, growth was not
reduced compared with the untreated control due to
insufficient injury, The crops overcame thea initial
depressive effects of lower rates of imazethapyr on vigour

score at 20 DAS,

Plant heights of only soyabean were sensitive to
imazethapyr at 35 DAS, with the height at 0,90kg a.i/ha
comparable to the untreated control, Also al 50 DAS,
plant heights of only soyvabean and groundnut were
sensitive to imazethapyr treatment with soyabean
and groundnut heights greater than or comparable to the
appropriate untreated control at 0,35kg a,i/ha and
0,90kg a,i/ha, At commercial use rates, soyabean
height was not sensitive to imazethapyr treatment (Buhari,

19903 Helms and Halvorson, 1991).,

Days to flowering was not affected by imaze thapyr
at 0,05 to 0.,25kg a.i/ha, 005 to 0.30kg a.i/ha in
groundnut and soyabean respectively, as well as
0,05 to 0.35kg a.i/ha in cowpea and bambaranut, Higher
rates than indicated for the crops, increased days to

floweringe. This confirms the sensitivity of davs to
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flowering to imazethapyr treatment, The sonsitivity
was more magnified in cowpea and soyabean whose pods
are carried well above the ground level, Higher rates
of 0.50 to 0,60kg a.i/ha increased days to 50% flowering
than the lower rates in the two crops. Nodulation of
soyabean was not significantly depressed by imazethapyr
although plants treated with 0,60 to 1.,00kg a.i/ha did
not form nodules. Nodule formation at rates up to
0,30kge ae.i/ha in groundnuts and 0.75kg a.i/ha in cowpea
and bambaranut were comparable to the appropriate
untreated contrel in the screenhouse, lowever, in the
field, imazethapyr at rates up to 0.25kg a.i/ha and
0.50kg a.i/ha resulted in favourable nodulation in
groundnut and cowpea respectively. Soyabean and
bambaranut nodule formation was not sensitive to the
herbicide treatments in spite of high phy totoxicity
scores. The reason for the non=significant

depression in soyabean and bambaranut could be
attributed to low nodulation by the two crops compared
with cowpea and groundnut and further conf'ounded by the
effect of imazethapyr. This probably has little to

do with tolerance in the crops and may not be a

critical index.

Shoot dry matter production of soyabean, groundnut,
cowpea and bambaranut at rates up to 0,05k a.i/ha,
0,10kg a.i/ha , 0.15kg a.i/ha and 0.,50kg a.i/ha were

comparable with the appropriate untreated control
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at 28 DAS, 71he phytotoxicity at 20 DAS, appeared to
have influenced shoot dry matter production and the

Jow injury scores at 0.30 to 0,50kg a.i/ha on bambaranut
did not adversely affect the parameter. Imazethapyr at
0,05 to 0,30kg a.i/ha in groundnut and soyabean and
0,05 to 0,40kg a.i/ha resulted in shoot dry matter
compared with the appropriate untrealed control.
Significant reduction in shoot dry matter production
oeccurred at higher rates than quoted for the legumes as
a resulil of high phy totoxicity,

Resul ts of the phytotoxicity score, crop vigour
acore and shoot dry matter production had a good measure
of influence on yield and yield components, resulting
in substantial reduction in the parameters at high
imazethapyr rates, Pod yields of soyabean and groundnut
at Lhe rates of 0,05 to 0,30kg a.i/ha, bambaranut at
0,05 to 0,40kg a.i/ha, slightly improved or compared
with the appropriate untreated control, Significant
depression in the pod yield production of the c¢crops
.occurred when the herbicide rates increased to 0,35kg a.*f“'
for soyubean and groundnut and 0 i5kg a.i/ha for
bambaranut,

100-grain weight of soyabean was not sensitive to
imazethapyr at 0,05 to 0,.60kg a.i/ba while in groundnu?®
and bambaranut, rates up to 0, 40kg a,i/ha resulted
in comparable welghts to the untreated control, The
inherently larger grain size of groundnut and
bambaranut compared with soyabean probably confounded

the effect of imazethapyr on soyabean seed,
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Similar to Lhe results obtained for yield attributes
of pod yield and 100-grain weight, grain yields of
soyabean, groundnut and bambaranul were respectively
reduced at 0,35kg a.i/ha, 0.35kg n.i/ha and 0,45ke a,i/ha
and above compared with the appropriate untreated control.
Despite 10 to 30% phytotoxicily at 0,30kg a.i/ha
on soyabean and groundnut and at 0,40kg a.i/ha on
bambaranut at 50 DAS, grain yields were not reduced,
This could be due to substantial recovery by the
crop at later stages of growth as earlier reported
for some grain legumes including beans, soyabean
and groundnut (Wang et al., 19853 Helms and

Halvorson, 1991, Wilcut et al., 1991),

Results of the trial further showed that the

parameter most sensitive in soyabean and cowpea was
days to 50% flowering, while those of groundnut

and bamb.ranutwere grain yield and crop vigour score
at 20 DAS respectively, The high oil content of
groundnut which probably influenced its sensitivity
to the herbicide and also the pre—emergence
application of the herbicide could be an added factor
which pronounced the severity of injury in this
crop = which burries its pods below the ground level,
In spite of the good tolerance of bambaranut to
imazethapyr, the severe depression of its growth
vigour alt the early stage of growth could be
attributed to time required for the necessary
physiological biodegradation of the herbicide

(Sharner et g;.r-198h) to non-toxic forms.
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The physiological basis of seolectivity of

imazethapyr in leguminous crops have been reported
(sharner et al., 1984; Wang et al., 19853 Sharner and
Mallipudi, 1991). Sharner et al, (1984) and Wang

et al, (1985) observed that imazethapyr sensitive
plants are killed by the inhibition of acetohydroxyaanid
synthase, which catalyses the first step in the
biosynthesis of the branch-chain amino acids,

valine, leucine and isoleucine, Sharner and
Mallipudi (1991) noted that the predominant
mechanism of selectivily of imazethapyr is
differential rates of metabolism followed by
conjugation to glucose, However, they maintained
that the real detoxification step of imazethapyr

is the conjugation of the hydroxylated metabolite

to glucose, Comparing the response of imazethapyr-
sensitive corn to imazethapyr-tolerant soyabean,
Sharner and Mallipudi (1991) observed that the
difference in Lhe metabolism of imazethapyr

between the two species is thal soyabean plants
rapidly conjugate the hydroxylated imazethapyr

with glucose while corn plants do not,

In this trial, the two crops viz: groundnut
and soyabean most susceptible to imazethapyr
are oil=seed legumes compared with the other two
pulses, Imazethapyr has inhibitory effect on
amino acid synthesis,. lHigh amino acid biodegradation
therefore overwhelmed the growth and development

of the oil=seed crops more, relative to the oths
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dry=-seed pulses, which appear less sensitive to
inhibition of acetohydroxyacid synthase, 7This may
be responsible for the differential tolerance of the
crops in the trial., Furthermore, Miflin and Cave
(1972) observed in vitro assays of corn plants that
acetohydroxyacid synthase activity in plants is
nommally feed back regulated by valine and leucine,
Also, that the feedback regulation by valine and
leucine appear normal for the herbicide-resistant

CITOPS .,

Application of imazethapyr at 0.15kg a.i/ha
was stimulatory on cowpea and groundnuts heights
while soyabean height improved at 0,30kg a.i/ha and
0.U5kg a.i/ha over the untreated control in the
screenhouse, although this parameter appears not
to be a critical index in this trial, In the field
crop growth was slightly stimulated by imazethapyr
rates of 0,05 and 0,10kg a.,i/ha in soyabean and
0,05 to 0.15kg a.i/ha in cowpea, groundnut and
bambaranut, Similar results of improved growth were
obtained at 0,075kg a.i/ha in soyabean (Buhari, 1990)
and in groundnuts (Lagoke el al. 1991&).
Imazethapyr rates of 0,10 and 0,15k a.i/ha,

0,05 to 0.15kg a.i/ha, 0,05 to 0.10k( a.i/ha and
0,10 and 0,15kg a.i/ha had stimulatory effects on
soyabean, cowpea, groundnut and bambaranut
respectively. Pod yield production was enhanced
by the rates of 0,05 - and 0,10kg a.i/ha
and 0,15kg a.i/ha in groundnut and bambaranut

respectively. Groundnut plots which received the
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herbicide treatments at 0,05 and O,10kg a.i/ha

produced slightly improved grain yields compared
with the untreated control Lagoke et al. (1991a)
and llelms and lalvorson (1991) reported slightly
higher groundnut yield with 0,075kg a.i/ha at
Samaru and soyabean yield at O,1hkeg a.i/ha of
imazethapyr respectively compared with the control,

The enhancement effect of low rates could be

attributed to the sublethal concentrations of the
herbicide as reported for several other herbicides

(Wiedman and Appleby 19723 Salazar and Appleby, 1982).

5«5 Correlation matrix,

The negative correlation between grain yields
of soyabean, groundnut and bambaranut and herbicidd
injury scores indicatbds that the imazethapyr rates
used in the trial can reduce the grain yields
drastically if the herbicide rate at which it is

applied is not properly selected,

The positive correlation ebserved between grain
yield of the crops and crop vigour score, nodulation,
shoot dry weight, pod yield and 100-grain weight
revealed these parameters as important determinants
of grain yicld of the test crops., These results
partly agree with the findings of previous workers
for soyabean (Chiczey 1989; Yev 1990) and groundnuts
(Gworgwor 1985) who reported a positive and

significant correlation between crop vigour, pod yield



90

and 100=seed weight, It is possible that vigorous
vegetative growth ol soyabean, groundnuts and
bambaranut provided more nodes for floral production
for the photosynthate which is required for pod
filling, Fisher (1980), Olufajo et al, (1984) and
Chiezey et al, (1992) also observed a positive and
significant relationship between soyabean grain yield

and nodulation although this was contrary to the

observations of (Kang, 1975) .
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CHAPIIUR 6

SUMMARY AND CONCLUSTON

Fiocld and secreenhouse studics were conducted
at Samaru in the Northern Guinea Savanna Zone of’
Nigeria to observe the tolerance of soyabean
variety Samsoy-2, cowpea variety Sampea=7, groundnut
variety Samnut-8, and a local variety of bambaranut
to various rates of imazethapyr applied pre-emergence

under weed=free conditions,
In the screenhouse, the four varieties with

eight imazethapyr rates were laid out in a randomized
complete block design in three replications, The
herbicide rates were 0,15, 04,30, 0,45, 0,60, 0,75,
0,90 and 1,00kg a.i/lm,. Untreated pots were
included as controls, In the field the same
varieties were tested with thirteen imazethapyr
rates, The Lreatments were completely randomized,
replicated three times and laid out in a split-plot
desi/mn with the herbicide being allocated to the
main plot, while the varioties were allocated to the
sub=plot, The herbicide Taies consisted of 0,00, 0,05,0,10,
0,15, 0,20, 0,25, 0,30, 0,35, 0,40, 0,45, 0,50,

0,55 and 0,60kg a.i/ha.

The results of the studies showed that
imazethapyr applied at 0.15 to 1,00kg a,i/ha caused
interveinal chlorosis, epinasty and shortening of
internodes but symptoms and retardation in early

growth was temporary at 0,15 to 0,25kg a.i/ha.
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Growth and yield was therefore not adversely affected
by imazethapyr at 0,05 to 0.25kg a.i/ha; and f{'rom
0,05 to 0,15kg a,i/ha stimulatory action was observed,
Increase in herbicide rate above 0,25kg a.i/ha
generally resulted in poor growth and reduction in

yield and yield components,

There were significant differences among the test
legumes in the parameters meansured, Soyabean -had
better establislment in the field than cowpea and
groundnut, while bambaranut bad the least, Phytotoxicity
score in the screenhouse and field were of Lhe respective
order groundnut D soyabean A cowpea = bambaranut and
groundnut 2 soyabeandcowpea > bambaranut, Crop vigour
score in the field was ol the order bambaranut - cowpea=-
groundnut = soyabean, Shoot dry matter production
was of the order soyabean = cowpea = bambaranut -
groundnut, Dambaranut had higher pod yield than
soyabean and groundnut, while the grain yield of

bambaranut was the highest with groundnut the least,

Interactions of crops with imazethapyr rates
in most cases were significant suggesting differential
response of the test legumes to imazethapyr rates,
Soyabean and groundnut were the most sensitive to
high rates of imazethapyr with significant decreases
in shoot dry matter production and grain yield at
0.35kg a.i/ha and above, Cowpea and bambaranut were

adversely affected by imazethapyr at O.45 a.i/ha and
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above with significant depression in shoot dry matter

and/or grain yield production, Soyabean and groundnut
tolerated - ethapyr at rates upto 0,30kg a.i/ha

while bambaranut and cowpea upto 0,40kg a.i/ha, The

most severe depression on grain yield of soyabean,

groundnut and bambaranut were obtained at 0,40, 0,40

and 0,55 kg a.i/ha respectively., The highest grain

yield was obtained for soyabecan, groundnut and bambaranut

at the rate of 0,15kg a.i/ha, 0,10kg a.i/ha and 0,15kg a.i/ha
respectively, while the highest shoot dry matter

produc tion of cowpen was obtained at O.15kg a.i/ha,

Crop growth was generally related to phytotoxicity
scepre with the results indicating toxicity of
imazethapyr at high rates to soyabean, groundnut,
cowpea and bambaranut, The differential responses
of the crops to imazethapyr as shown by reduced shoot

Arv matter production and/or grain yvields were a

carry—over of the same reactions at the vegetative

growth phases to the yield,

Grain yield of soyabean, groundnut and
bambaranut was negatively correlated with herbicide
injury score and number of days to 50% flowering
while it was positively correlated with crop vigour

score, shoot dry weight, pod yield and 100-grain weight,
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In conclusion, the resulta of the trials
indicated that increasing rates of imagethapyr resul ted
in decrease tolerance and that soyabean, and groundnut
could tolerate upto 0,30kg a.i/ha. Imazethapyr at
0.40kg a.i/ha would also be safe on cowpea and
bambaranut, However, maximum tolerance level for
groundnut, soyabecan, cowpea and bambaranut were
observed at 0,18, 0.19, 0,19 and 0.24kg a,i/ha,
respectively, The most sensitive parameter in soyvabeah
and cowpea was days to 50% flowering, while those of
groundnut and bambaranut were grain yield and crop

vigour score at 20 DAS, respectively,

The resulits have also shown that care should to
taken in the usage of imazelhapyr to ensure an
injury~free crop in the field, Furtherwmore, the data
could be used as a basis for logical formulation of
imazethapyr recommendation for these four creps when
grown in mixture; which hopefully will provide both
optimum weed control and crop tolerance, Nevertheless,
proper care should be takem in calibration of sprayer
equipment, application of the solution and the

selection of the cultivars of the species tested,



95

Akobundu, 0, (1982). Weed control in cowpea (Vigna
unguiculata) in the Humid Tropics. Weed Science 30:331-
_'jj!{.

American Cyanamid Company, (1987). Imazethapyr Herbicide
(c263, 499)., Printed in U.S,A,

Anonymous, (1982), Weed control in soyabean, Grain
Legume Research, Cropping Scheme Meeting, Inst,
for Agric, Res,, Ahmadu Bello University, Zaria,

Nigeria,
Blackshaw, R.E and Esau, (1991)., Control of annual

broadleaf weeds in pinto beans (Phaseolus
vulgaris), Weed Technology 5: 532 - 538,

Buhari, R.J. (1990)., Evaluation of some imidazole
herbicide treatments on soyabeans (Glycine max
(L.) Merril,). Unpublished H,N,D, Thesis.
College of Agriculture, A.B.U,, Zaria, Nigeria,

PP. T1.

Cantwell, J, R,, Liebl, R,A and Slife, F,W. (1989),
Imazethapyr for weed control in soyabean
(Glycine max). Weed Technology 3: 596 -~ 601,

Chiezey, U,F, (1989), Effects of plant density and
phosphorus fertilizer on ield components of
soyabean (Glycine max Merrill). Agronomy
Seminar, Dept of Agron. A B,U,, Zaria,

Chiezey, U,F,; Yayock, J,Y, and Shebayan, J.A.Y (1992),
Response of soydhudn (Clxcine max jL.) Merr111)
to nitrogen and phosphorus fertilizer levels.
Tropical Science 32: 361 - 368,

Cobley, L.S, and Steel, W,M., (1976). An introduction to
botany of tropical crops., The English Language
Book Society and Longman, pp. 79 - 110,

Cole, T.A.; Wehlje, G.R,3; Wilcut, J.W and Hicks, T.V.
1989). Behaviour of jmazethapyr in soyaheana

Glycine max.), peanuts (Arachis h ogaea and
selected woeds. Weed Scionce 373 373 %gg ol ,

Doku, E,V and Karikari, S,K. (1971). Bambara groundnut
Economic botany, U.5.4 25: 250 - 253,

Duncan, D, B, (1955). Multiple Range and Multiple F,
Test, Biometrics 113 1-42,



96

ra0, (1976). Production Year Book, 1975, p. 26, Food
and Agricul ture Organisation, Rome.

Fisher, N,M, (1980), A note on agronomic research
soyabean at the Institute for Agricultural
Research, Ahmadu Bello University, Zaria,

Proceedings of the 1st National Meeting of
Nigerian Soyabean Scientists 1: 34 - 40,

Gworgwor, N. A. (1985)., Studies on chemical weed control
in sorghum-groundnut mixtures at Samaru, Nigeria.
Unpublished M,Sc, Thesis, Abmadu Bello University,
Zaria, Nigeria pp. 112,

Hagood, E.S.3 Williams, Jr, J.L and Bauman, T,T. (1980),
Influence of herbicide injury on the yield
potential of soyabeans (Glycine max ). Weed
Science 283 40 45,

Helms, T.C, and Halvorson, M,A. (1991). Effects of four
herbicides on four early maturing soyabean
(Glycine max). Cultivars. Weed Technology

Kang, B,T. (1975). Effects of inoculation and nitrogen
fertilizer on soyabean in Western Nigeria,
Experimental Agriculture 11: 23 = 31,

Kineshear, H.C.; Menz, K,H, and Ayi, P, (1985). The
production and marke ting potential of soyabean

in Nigeria. uarterly Journal of International
Agricul ture Eﬁpp. 180 - 181,

Lagoke, S.T.0,; Choudhary, A, H., and Tanko, Y.,K. (1981).
Weed control in rainfed groundnut (Arachis
hypogaea L.) din the Guinea Savanna Zone of
Nigeria. Weed Research 21: 119 - 125,

Lagoke, S.T.0, Nchanji, R.M. and Shebayan J,A.Y. 1991a),
Weed control in groundnut, Legumes and
Oilseeds Programme in Cropping Scheme Meeting

of T,A,R/A,B.U,, Zaria, Nigeria p. 87.

Lagoke, S,T,0.; Parkinson, V, and Agunbiade, R.M, (1991b),
Parasitic weeds and control methods in Africa.
Kim S.K, (ed) 1991, Combating Striga in Africa.
Proceedings, International Workshop Organised
by IITA, ICRISAT and IDRC, 22 = N August, 1988,

IITA, Ibadan, Nigeria, 151pp.




97

Malefyt, J.3 Marc, P,A,; Los, M.,; Orwick, P,L and Umeda,
K, (193h5. AC 263499 - a mew broadspectrum
herbicide for soyabeans and other leguminous
crops (Abstracts - Mect, Weed Science Society
of America 24: 18,

Miflin, B, J, and Cave, P,R. (1972), The control of
leucine, isoleucine and valine biosynthesis in
a range of higher plants, Journal of Experimental

Botany 23, 511 ~ 516,

Mills, J.A. and Witt, W,W., (1989), Efficacy, phytotoxicity
and persistence of imazaquin, imazethapyr and
clomazone in no~till double=crop soyabean
(Glycine max)., Weed Science 37: 353 - 359.

Mgbemena, G.C, (1990). Evaulation of some imidazole
herbicides on cowpea (Vigna unguiculata (L) Walp),
Unpublished H,N,D, Thesis, College of
Agricul ture, A.B.U,, Zaria, Nigeria pp. 41.

Newhouse, K.,3; Singh, B,j; Shaner, D, and Stidham, M, (1991).
Mutations in corn (Zea mays L.) conferring
resistance to imidazolinone herbicides, Theory
of Applied Genetics 83: 65 - 70,

Obilana, A.T. and lLagoke, S.T,O. (1979). Report on
visit to National Grains Production Company
iN;G,P.Ci farm at Mokwa, Nigeria,

Olufajo, 0.0.; Pal, U,R.; Nnadi, I,A.3 Adu J.,K. and
Asenime, I1,0,E, (1984), Influence of cul tural
practices on soyabean yield in Nigerian savanna,
Proceedings of the IV National Meeting of
Nigerian Soyabean Scientists 4: 112 - 142,

Peopies, T.R.; Wang, T.; Fine, R.R,; Orwick, P.L.j; Graham,
S.E. and Kirkland, K, (1985). AC 263, 499, A
new broad~spectrum herbicide for use in
soyabeans and other legumes, 1In: Proceedings
Britain Crop Protection Conference - Weeds 23

99 - 1060

Robles, R,P, and Fabro, L.E, (1979). Survey of weeds
control practices in legumes in different
regiona 70 - 75,

Salazar, L,C. and Appleby, A.P, (1982). Herbicideal

activity of glyphosate in soil, Weed Research
303 463 - 466,

Sellschop, J,P.F (1962)., Cowpea (Vigna unguiculata

L.) Walp.). Field Crop Abstracts U,K, 153
14)3 259 - 266:




98

Sharuer, D.,L., Anderson, P,C and Stidham, M,A, (1984),
Imidazolinones: Potent inhibitors of

acetohydroxyacid synthase., Plant physiology 76:
51*5 - 5"6-

Shaner, D.L, and Mallipudi, N.,M. (1991)., Mechanisms of
selectivity of the imidazolinones, 1In D.,L,
Sharner, S.,L. OYconnor, eds, The imidazolinone

Herbicides, CRC Press, Boca Raton, FL, pp. 91-102,

Shebayan, J.,Y. (1988)., Weed control in bambaranut,
Legumes and Oilseeds Programme in Cropping Scheme
oof IT,A,R/A.,B,U,, Nigeria, pp. 141 - 142,

Shebayan, J.Y, and Lagoke, S,T.0, (1988), Weed control
in soyabean, Legumes and Oilseeds Programme in
Cropping Scheme of I.A.R?A.H,U., Nigeria. p.87.

Steckel, L.E,; Dafelice, M,S, and Sims, B,D, (1990),
Intergrating réduced rates of post-emergence
herbicides and cul tivation for broadleaf weed

control in soyabeans (G]xcina max)., Weed Science
38 (6): 541 - 545, ‘

Vanwinkel, D,j Dobson, J,B,; Muzyk, K,R,; O'Neil, J,.B,;
Walls, F,R and Youmas, C.D, (1987). Imazethapyr.
1986 Soyabean trials - Atlantic coast region,
In: Proceedings, Northeastern Weed Science
Society: 41 (19).

Wang, T,; Colbert, D,R,; Dobson, J,B,; Goddard, G, F. and
Hartborg, T. J. (1985), AC263, 499: a new
egrass and broadleaf herbicide for use in
soyabeans and other legumes (Abstracts), In:
Proc, South Weed Science, Soc, Meet, 38: L9,

Wiedman, S.J., and Appleby, A.P., (1972), Plant growth and
stimulation by sublethal concentration of
herbicides, Weed Research 12: 65 - T4,

Wilcut, J,W.; Wallis, F,R, and Horton, D,N. (1991).
Imazethapyr for broadleaf weed control in peanuts
(Arachis hypogaea). Peanut Science 18: 26 - 30,

Wilson, H,P and Hines, T,E. (1988). Activity of
imazethapyr in soyabeans, 1In: Proceedings,
h2nd annual meeting of the Northeastern
Weed Science Society 42: (21).

Yev, T.J. (1990), Effect of phosphorus and Zinc on the
growth, nodulation and yield of soyabean
(Glycine max L.) Merrill)., Unpublished M,Sc,
Thesé;, Ahmadu Bello University, Zaria, Nigeria,
PP .



89

Appendix 1: Phytotoxicity score,

10

]

Dead crop.
Moribund
Only few green tissues

Definite growth reduction and severe toxicity

symptoms and less likely to survive,

Definite growth reduction and severe toxicity
symptoms but apparently still making some growth,
Distinguishable inhibition of growth and other

injury symptoms,

Digtinguishable inhibition of growth and slight
discolouration/other injury symptoms,

Distinguishable inhibition of growth,

Slight discolouration and lower vigour/discolouration
and mnecrotic spotsa

Slight discolouration or low vigour

No herbicide injury to crop.
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Appendix 2: Crop vigour score.

10

1]

1]

Most vigorous and healthy crop in the whole

experiment,

Slight discolouration or lower vigour,

8light discolouration and low vigour/discolouration
and necrotic spots,

Distinquishable inhibition of growth,

Distinguishable inhibition of growth and slight

discolouration/other injury symptoms,
Distinguishable inhibition of growth and other
injury symptoms,

Detinite growth reduction and severe toxicity
symptoms but apparantly still making some growth.

Definite growth reduction and severe toxicity

symptoms and less likely to survive,

Only few green tissues present,

Moribund,

No iDJUI'y-
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Mean squares from analysis of variance for

gemination percentage as alfected by
imazethapyr rates and crops in the

screenhouse at Samaru, 1992 wet season,

Source D, F M,S F,
Replication 2 631.5 -
Herbicide 7 531.7 2,1NS
Error (a) 14 253.,7 -
Crop % 2263.5 5.95%%
Herbicide x crop 21 248 .1 0.65NS
Exrror (b) 48 380,0 -
Total 95 - =

NS = Not significant at 5% level of probability.
*¥*% = GSignificant at 1% level of probability,

Appendix U3

Mean squares from analysis of variance
for herbicide injury score at 20 DAS as
affected by imazelhapyr rates and crops

in the screenhouse at Samaru, 1992 wet season,

Source D.F M.S F,
Replication 2 0,289 -
Herbicide 7 2h 491 T6B1%%
Error (a) 14 0.319 o~
Crop 3 12,801 52,85%%
Herbicide x crop 21 1156 b, T7%%
Error (b) L8 0,242 -
To tal 95 - -

*¥% = Significant at 1% level of probability.
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Appendix 5: Mean sguares from analysis of variance
for phytotoxicity score at 35 DAS as
affected by imazethapyr rates and crops

in the acreenhouse at Samaru, 1992 wat season.

Source D.F M,S F,
Replication 2 0,010 -
Herbicide 7 81.590 383.36%%
Error (a) 14 0.213 -

Crop ! 6.489 16,98%*
Herbicide x crop 21 1191 Jel1¥x
Error (b} 48 0.392 -
Total 95 - -

** = Significant at 1% level of probability.

'

Appendix 6: Mean squares from analysis of variance for
phytotoxicity score at 50 DAS as affected
by imazethapyr rates and crops in the

screenhouse at Samaru, 1992 wet season,

Source b.® M.S F.
Replication 2 0.167 -
Herbicide 7 116,101 976,0%%*
Error (a) 14 0.119 -
Crop 3 13.840 90,59%%
Herbicide x crop 21 0.775 5.07%%
Error (b) 48 0.153 -
Total 95 - -

%% =z Significant at 1% level of probability.
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Mean squares from analysis of variance

for crop vigour score at 50 DAS as affected

by imazethapyr rates and crops in the

screenhouse at Samaru,

1992 wet season,

Source D.F M.,5 ¥,
Replication 2 0.211 .-
Herbicide 7 105.678 395,08%*
Error {a) 14 0,268 -

Crop 3 2447 9,78%x
Herbicide x crop 21 1617 h,68%%
Error (b) 48 0.25 -
Total 95 - -

¥% = Significant at 1% level of probability,

Appendix 8:

Mean squares from analysis of variance

for nodulation as affected by imazmethapyr

rates and crops in the screenhouse at

Samaru, 1992 welt season,

Source D.F M,S r,
Replication 2 18.60 B
Herbicide ' 294 .61 26,70%%
Error (a) 14 11.03 -
Crop 3 597.22 kB ,09**
Herbicide x crop 21 67 .04 5.39%%
Error (b) U8 12,42 -
Total 95 - -

¥% = Significant at 1% level of probability,
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Appendix 9: Mean squares from analysis of variance for
total dry matier production as affected
by imazethapyr rates and crops in the

gscreenhouse at Samaru, 1992 wet season.

 Source D.F M.S F.
Replication 2 0,008 -
Herbicide 7 0,530 24 ,56%%
Error (a) 14 0.022 -
Crop 3 0,280 Tl Ex
Herbicide x crop 21 0,0614 1.,63NS
Error (b) 48 0,055 -
Total 95 - =

NS = Not significant at 5% level of probability

**% = Significant at 1% level of probability,
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Appendix 10: Mean squares from analysis of variance for
stand count at emergence as affected by
imazethapyr rates and crops at Samaru, 1992

wetl season,

Source D.F M.S ¥,
Replication 2 196,54 -
Herbicide 12 52,68 1.44N,.S
Error (a) 24 36,46 -

Crop 3 2794 .37 T6 2l %%
Herbicide x crop 36 31453 0,86 NS
Error (b) 78 36,65 -

To tal 155 - -

NS = Not significant at 5% level of probability.

*%¥ = Significant at 1% level of probability.

Appendix 11: Mean squares from analysis of variance for
stand count at 20 DAS as affected by
imazethapyr rates and crops at Samaru,

1992 wet season,

Source D.F M,S P
Replication 2 374 .19 -
Herbicide 12 36,84 0.82NS
Error (a) 20 Wi J49 -
Crop 3 2h20,55 57 e23%%
Herbicide x crop 36 3471 0.82NS
Error (b) 78 42,29 -
Total 135 -

NeS = DNot significant at 5% level of probability.

* % = Significant at 1% level of probability,
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Appendix 12: Mean squares from
stand count at 50

imazethapyr rates

wet season,

analysis of variance for
DAS as affected by

and crops at Samaru, 1992

Sourca D" M,S r,
Replication 2 456,38 -
Herbicide 12 o4 87 1.29NS
Error (a) 24 55415 -
Crop 3 2691.71 52 433%%
Herbicide x crop 36 Ly lis 0,92NS
Error (b) 78 51.43

Total 155 -

NS = Not significant at 5% level of probability,

¥

Significant at 1% level of probability.

Appendix 13: Mean squares from analysis of variance

for stand count at harvest as affected

by imazethapyr rates and crops at

Samaru, 1992 wet seasola.

Source L.F M.S Ir,
Replication 2 L61.31 -
Herbicide 12 64.91 1.27N§
Error (a) 24 50.79 -
Crop 3 2724 .66  52,75%+%
Hexrbicide x crop 36 L4L6.80 0.90NS
Error {b) 78 51.65 -
Total 155 - -
NS = Not signiticant at 5% level of probability.

W #

Significant at 1% level of probability.
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Mean squares for analysis of variance for

days to 50% flowering as affected by
imazethapyr rates and crops at Samaru, 1992

wet season,

Source D, F M.S P
Replication 2 1.43 -
Herbicide 12 13,65 53 e 36%%*
Error (a) 24 0.26 e
Crop 3 2593.43 9022, T1%%
Herbicide x crop 36 0.9412 F 28 %%
Error (b) 78 0.2863 -
Total 155 - -

¥%* = Significant at 1% level of probability.

Appendix 15:

Mean squares for analysis of variance for
nodulation per plant as affected by
imazethapyr rates and crops at Samaru,

1992 wet season,

Source D, F M,S P
Replication 2 3537 ~
Herbici:de 12 18301 10,21 %%
Error (a) 24 1792 -

Crop 3 212206 111, 11%%
Herbicide x crop 36 5795 3.03%%
Error (b) 78 1910 -
Total 155 - -

#*% = Significant at 1% level of probability.
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Appendix 16: Mean squares from analysis of variance for
phytotoxicity score at 20 DAS as affected
by imazethapyr rates and crops at Samaru,

1992 wet season,

Source : D F M,S Fy
Replication 2 0,200 =
Herbicide 12 27342 1T337%%
Error (a) 21 0.157 -
Crop 9 4y 880 311.,95%*
Herbicide x crop 36 2.394 16,60%*%
Error (b) 78 0o 14k -
To tal 155 - -

#*% = Significant at 1% level of probability,

Appendix 17: Mean squares f'rom analysis of variance for
phy totoxicity score at 50 DAS as affected
by imazethapyr rates and crops at Samaru,

1992 wetlt season,

Source D.F M.S Fe
Replication 2 0,034 -
Herbicide 12 524749 1974 , 91 %%
Error (a) 20 0,027 -

Crop 3 61.784 2267 ,82%*
Herbicide x crop 36 5e287 194 L06*%
Error (b) 78 0,027 -
Total 155 - -

*¥% = Significant at 1% level of probability.
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Mean squares from analysis of variance for
crop vigour acore at 20 DAS as affected
by imazethapyr rates and crops at Samaru,

1992 wet saeason,

Source b.F M.S Fa
Replication 2 0,468 -
Herbicide 12 R3.TOY QO 3 T**
Error (a) 24 0.262 -
Crop 3 22,626 TTe53%%
Herbicide x crop 36 1.148 3.93%%
Error (b) 78 0.292 -
Total 155 - | -

*% = Significant at 1% level of probability,

Appendix 19:

Mean squares from analysis of variance
for crop vigour score at 50 DAS as affected
by imazethapyr rates and crops at Samaru,

1992 wet season,

Source D,F M.S P,
Replication 2 1,043 -
Herbicide 12 26,381 21,80%%
Errcr (a) 24 1.209 -
Crop 3 12,403 L5,97%%
Herbicide x c¢rop 36 2,016 7o U HH
Error (b) 78 0.270 -
Total 155 - -

#%¥ = Significant at 1% level of probability,.
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Appendix 20: Mean squares from analysis of variance

for shoot dry matter production at 28 DAS
as affected by imazethapyr rates and crops

at Samaru, 1992 wet season,

Souree D, F M.S F,
Replication 2 7641 -
Herbicide 12 99629 R3,91%*
Error (a) 24 L166 -
Crop 3 718136 282,62%=
Herbicide x crop 36 18130 Tel3%%
Error (b) 78 2541 -
Total 155 - -

#* = Significant at 1% level of probability,

Appendix 213 Mean squares Ifrom analysis of variance
for shoot dry matter production at
56 DAS as affected by imazethapyr rates

and crops at Samaru, 1992 wet season,

Source D.,F M.S F,
Replication 2 363298 -
Herbicide 12 1251568 15.37%%
Error (a) 24 81403 -
Crop 3 5994314 88, 67%*
Herbicide x crop 36 231480 3 U 2%%
Error (b) 78 67598 -
Total 155 - -

¥% = Significant at 1% level of probability.
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Appendix 22: Mean sqguares from analysis of variance for
shoot dry matter production at 84 DAS
as affected by imazethapyr rates and crops

at Samaru, 1992 wet season,

Source D, F M.S F.
Replication : 2 515990 -
Herbicide 12 18853720 O 24w
Error (a) 24 623314 -
Crop 3 125660456  222,96%%
Herbicide x crop 36 2530940 I ylg%%
Error (b) 78 563600 -
Total 155 754292160 -

*¥%¥ = Significant at 1% level of probability.

Appendix 23: Mean sguares from analysis of wvariance
for pod yield production as affected by
imazethapyr rates and crops at Samaru, 1992

wet season,

Source D.F MeS F.
Replication 2 6261,0 -
Herbicide 12 14695,1 29,64 %%
Error (a) 24 has .1 -

Crop 2 142394 65 h2%%
Herbicide x crop 24 805,6 3, 70%%
Error 6 52 217.6 -
Total 116 - -

*#% = Significant at 1% level of probability.
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Appendix 24: Mean squares from analysis of variance for

100-grain weight as affected by imazethapyr

rates and crops at Samaru, 1992 wet season,

Source D,F M,S F,
Replication 2 9,453 -
Herbicide 12 557.778 66, 25 %%
Error (a) 24 8.420 -

Crop 2 127631,086 14741 ,05%%
Herbicide x crop 24 2234275 25,78%%
Error (b) 52 8,658 -
Total 116 - -

*% = Significant at 1% level of probability.

kY

Appendix 2531 Mean squares from analysis of wvariance for
grain yield as affected by imazethapyr

rates and crops at Samaru, 1992 wet season,

Source D, F M,S F.
Replication 2 57282 -
Berbilcide 12 2789075 5. 87*%
Error {(a) 24 77753 -
Cxrop 2 5279304 92,59%%*
Herbicide x crop 24 172427 3,02%%
Error (b) 52 57018 -
To tal ' 116 - -

¥* = Significant at 1% level of probability.
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Appendix 263 Common and chemical names of herbicides

mentioned in the test,

Atrazine - 2 -~ Chloro~4-(ethylamine) = 6 - (isopropylamine)-

H=triazine,

Imazethapyr ( (+) = 6 ~ ethyl-2«(4 -~ isopropyl-/-methyl-5-
0x0=2~imidazolin~2-yl) nicotinic acid),

Pendimethalin = N - (1-ethylpropyl) 2, 6 =~ dinitro-3,
h=xylidine,
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