THE EFFECTS CF VAR ETIES, PHOSPHORUS AND STAGE CF
GROMH AT APPLI CATI ON ON THE TOLERANCE CF COAPEA
(Migna unqui cul ata (L.) Wl p.) TO NCRFLURAZON

BY

ZAKARI YYA ADAMJ ABDULKAREEM

A thesis submtted to the Postgraduate School
Ahmadu Bello University

in partial fulfilment of the requirenents for

the Degree of Master of Science in Agronony

DEPARTMVENT OF AGRONOWY

FACULTY OF AGRI CULTURE

AHVADU BELLO UNI VERSI TY
ZARI'A, N GERI A

JUNE, 1984

(Copyright Reserved)



CERTIFICATICN

This thesis entitled 'THE EFFECTS OF VARIETIES, PHOSPHORUS
AND STAGE OF GROWTH AT APPLICATION ON THE TOLERANCE OF COWPEA

(Vigna unquiculata (L.) Walp.} TO NORFLURAZON' by Zakariyya

Adamu Abdul-Kareem meets the regulations governing the degree
of Master of Science of Ahmadu Bello University, Zaria, and
is approved for its contribution to scientific knowledge and

literary presentation. !

“L&Jpgging

DR. LAGOKE {DR. L.ATNNADI ) ———
Chairman, Super1sory Committee Member, Supervisory

Cammittee

\3/-;:”"1}7:LA__
(PROF. J.Y. YAYOEK)
Head, Agronomy Depagtment

——

(PROF. G.E. OSUIDE)
Dean, Postgraduate School

,.-ULu-%y

Dages ~~d To e

AHMADU BELLC UNIVERSITY
ZARIA, NIGERIA.



DECLARATION

I hereby declare that this thesis has been written by me
and that it is a record of my own research work. It has not
been presented before in any previous application for a

higher degrec.

Z’é[ \;é?\
~Z.A. Abdul-Kafeem

Date: L7 /])h/

e e

L23¢

The above declaration is confirmed.

. Lagoke
Chalrwman, Suparviaory Committee

Datew--.?_'_x__é}znl.;_j_%v



DEDICATION

This work is dedicated to my parents for nurturing me
and their tircless efforts to provide me with good cducation
the odds notwithstanding and to Almighty Allah for guiding

me and making their efforts fruitful.



ii

ACKNOWLEDGEMENTS

I wish to express my sincére gratitute and thanks to
Dr. 5.T.0. Lagoke, Chairman of the Supervisory Committec for
his untiring encouragement, meaningful suggestions and cons-
tructive cristicisms in the conduct of this investigation and
write-up of the thesis. The same appreciation goes to Dr,
L.A, Nnadi and the late Professor M.K. Moolani, members of
the Supervisory Committee, who made valuable contributions
at various stages of the project and during the write-up of
the thesis,

I alsc wish to acknowledge the assistance rendered by
Mr. s.H. Choudhary and Dr. A.A. Ibraheem. To Mm. B. Tanimu
and Mr. J.A.Y. Shebayan I shall always remain most grateful
for their moral support, encouragement, and assistance
throughout the period of my study.

I am also indebted to the technical staff of thc defunct
Weed Science Scction particularly Gabriel Ikwuje, the typists
Mr. M.0. Balogun and Miss D.A, Odigboagha and all cthers who
helped me in one way or the other towards the success of this
work.

Finally, I wish to express my heartfelt appreciation to
Professor J.Y. Yayock, Head of Agronomy Department for his
encouraqgement and guidance and to the Director I./i.R. and the
Department of Agronomy for providing the neccssary facilitics

which lecd to the successful completion of the study.



P
ABSTRACT

Two greenhouse experinments and nine field trials were
conducted on the Institute for Agricultural Research Farm
Samaru, between 1981 and 1982, to evaluate the effects of
varieties, levels of phosphorus and stages of crop growh at
the time of herbicide application on the tol erance of cowpea
to norflurazon.

The varietal response trials were conducted both in the
greenhouse and in the field using four cowpea varieties
nanely Ife Brown, |AR/ ACC. 335, |AR/ ACC. 341 and | AR/ ACC. 355.
The other two sets of trials were only conducted in the field
using Cv Ife Brown. Phosphorus |evels evaluated were 0, 40
and 80 kg P, O/ ha while the stages of growh of crop at the
time of application were pre-energence, at energence, three
weeks after energence and six weeks after enmergence, Norflu
razon was applied pre-energence at the rates of 0, 0.2, 0.4
and 0.8 kg a.i./ha in the varietal and phosphorus trials
Rates of 0, 0.4, 0.8 and 1.2 kg a.i./ha were used in the
grow h stage trial.

Norflurazon at the rates of 0.4 kg a.i./ha and above in
both the greenhouse and field trials resulted in cowpea | eaf
chlorosis irrespective of crop variety, phosphorus I|evel or
stage of crop growth of crop at the tinme of application.
Reduction in leaf and root dry matter production was observed
al t hough the toxicity of the herbicide was nore severe in
t he greenhouse.

The cowpea varieties used responded differentially to

the herbicide treatnents as reflected especially in leaf dry



wei ght in the greenhouse and shoot dry matter production in
the field, with varieties ACC. 355 and Ife Brown exhibiting
nore tolerance in the greenhouse and field respectively.
However, in nost cases the interactions between the herbicide
rates and cowpea varieties were not significant,, Norflurazon

was nore toxic at 0.8 kg a.i./ha than the |ower rates.

I ncreasing the level of applied phosphorus from40 to 80
kg P,Os/ha did not result in added advantage on cowpea grain
yi el ds. Phosphorus application slightly obviated norflurazon
toxicity on cowpea, especially at the rate of 0.8 kg a.i./ha.

Nor fl urazon applied at emergence appeared to be nore
toxic to cowpea than when applied at any other stage of growth
al t hough the effect was non-significant. However, the crop
tolerated up to 0.4 kg a.i./ha of the herbicide irrespective

of stage of grow h.
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Chapter 1

INTRODUCTION

1.1 Origin an” Pistribution

Cowpea (Vigna unguiculata (L.) Walp.) is widely

culcivatod in the tropical regions of the word although it
originatced in Central Africa where it has been in cultiva-
tion for several centuries and from where it was introduced
to Asia, Mediterranean region and the United States of
America (Pursecglove, 1974). Cowpea exists in a Large
varicty of form, from small errect plants, maturing in two
months ur less to prostrate plants with 4 m long trailing
vines. Pod shape and sced size also vary considerably in
this crup. The plants are indeterminate 1in growth; they
continue to grow until killed by some adverse condition :uch

as fresc or lack of moisture.

1.2 Adaptation

The crop can be grewn under a wide range of climatic
conditions but it is sensitive to cold and is killed by frost
Cowpea withstands considerable drougrt and moderate amount
of shade. It succeeds on necarly all kinds of soils provided
they are well=drained. Clays, silts and heavy loams come
into thc catcgory of suitable soils for cowpea production.

It is somctimes grown on very poor acid soils to improve
them, Optimum environmental conditions for its growth
include warm weather, well-drained rich soils with (ph of

6 to 7) with a good but not too heavy rainfall.



In /ifrica, the dried bean of cowpea is mainly used for
huran consumption as an important source of plant protein.
The dricd cuwpea contains 21.4% protein, 1.4% fat, 60.8%
carbohydrates, 3.4% ash and a food value of 3,506 kca. The
green cowpea which is usually used in the preparation of
salad contains 9.4% protein, 0.5% fat, 23% carbohydrate and
1.4% ash with a food value of 1,367 kca (Langwarthy and
Hunt, 1959). In Nigeria, cowpea forms the most important
source of plant protein. The dricd beans are cooked solely
or mixed with rice or may be ground into meal which is used
in making bean cake such as "alale" (boiled type) and "kosai"
(fried type). The young shoots and leaves are also eaten
as vegctable, The haulms are useful in making pasutre and

hay which arc high in protein for livestock.

1.4 Production and Constraints

Most of the world cowpea crop is grown in West Africa
and Nigeria is by far the mouc important producer. In
Nigerla, about 1 million metric tonnes of cowpea was pro-
duced from about 4 million hectares of land (Hartmans,
1983)., Jlthough Nigeria is the leading producer of cowpea
sceds in the world, grain yield per hectare is generally
low as compared with éhose of other countries; about 189
ka/ha was rcported for Nigeria in 1975 (Anonymous, 1975).
Recently, Hartmans (1983) reported an average grain yield of
250 kg/ha for Nigeria compared with 3,103 kg/ha and 651
kg/ha rcported for Eqypt and Malawl respectively (Anonymous,

1975). The low yield in Nigeria has been attributed to the



3
the fact that the crop is rarely planted sole, the unreliable
distribution of rainfaill in northern Guinea savanna which is
the major arca of production, lack of suitable and highly
adapted varleties and the high susceptibility of the crop to
weed competition, and discases and pests attack (Stanton
et a3l., 1966; Lagoke et al., 1982; Hartmans, 1983; Singh,
1983}, Waeed competition constitutes an important factor
limiting cowpea production. Mocdy (1873) has reported up to
50% roduction in cowpea yields in Nigeria due to we zu compe=-
tition. About 57% loss in grain yield was attributed to
unchecked woeds in the Guinea savanna zonc of Nigeria (Lagoke
et al., 1982)

7.5 Mechanical Weed Control_ﬂgthod
and Their Limltations

In Nigeria; weeds are commonly controlled in cowpea with
hoc. fApart from being labour-intensive, hoe cultivation as
a wecd control method has other short-comings. Wood (1970)
considered the method unwieldy and advecated chemical control.
It causes injuries to the ronts thereby pre-disposing the
roots to attack by diseases (Kasasian, 1971}. The mechanical
weed control by means of modern implements is rather too
expensive for an average Nigerian farmer. The increasing
cost of labour and its scarcity at the peak periocd of regquiroe-

ment necessitates the use of alternative weed control methuils.

1.6 Chemical Weed Control in Cowpea

Az present, weed control by means of herbicides in cowpeas
has been reported to have high potential. Researchers have

reported tremendous success In the use of herbicides in



cowpoo and its mixtures with other crops. Among varis us
chomicals a - 1isd sinly or in mixture in cowpea, Akobundu
(1278) has renorted that1f1uorod1fen at 3.5 kg a.i./ha,
sulfallate at 6.0 kg/ha, metolachlor at 2.0 to 3.0 kg a.i./ha
and metolachlor plus metribuzin at 1.5 kg Plus 0.25 kg
a.i./ha gave excellent weed control in cowpea and the yields
were couparable to weec-free check. Fadayomi (1979) obscrved
that metolachlor plus metobromuron at a total rate of 2.5 kg
a.il./ha effectively controlled most of the annual we-eds in
cowpea and produced yield that was comparable with those of
hand-weeded trcamtnets while metolachlor at 2.5 kg a.i./ha
cffectively controlled many annual grasses and most broad-

leaf wecds but failed to control Amaranthus spincusus Linn,

Effective control of grass weeds growing in cowpea was also
reported by Akobundu (1982) using metolachlor at 2.0 to3 0
kg a.i./ha, PCPn at 10.0 kg a.i./ha or pendimethalin at 2.0
or 2.5 kg a.i,/ha. Lagoke gt al. (1982) observed in field
trials that pre-emergence application of metolachlor at 1.5
and norflurazon at 1.0 kg a.l./ha gave selective control of
grase weccds in cowpea. Subsequant reports at Samaru further
confirmed the sclective usc of norflurazon alone at 1.0 kg
2.i./ha and in mixture with diuron at 0.5 and 0.8 kg a.i./ha

for weed control in cowpea (Anonymous, 1982).

1Chcmical names of herbicides, insecticides and
fungicidcs mentioned in the text are given in
appendix 17,



1.7 Objectives

Norflurazon has been shown to have promise for wced
control in cotton (Gossypium hirsutum Linn.) (Solanc et al.,
1976; Jordan and Bridge, 1976 and Anonymous, 1979a). Cowpea -
cotton mixturc is a common practice in the Nigerian savanno.
wWhi.o there is adequate information on the selectivity of
norflurazon in cotton there is posity of informationh on thc
response of cowpea to this herbicide in the Nigerian savanna.
Research results have shown that the performance of roil
applicd herbicides is affeccted by fertilizers (Bagaev and
Kalimullina, 1968; Owen ¢t al., 1970 andGupta and Lamba,
1978). Crop plant tolerance to herbicides has alsc been
reported to depend on the growth stage at which the herbicidcos
arc applicd (Klingman and Ashton, 1975). Similarly, it has
bceen reportcd that crop varieties exhibit differential
tolerance to some pyridazine herbicides. Abernathy et al.
(1978) actributed the differential response of cotton
varictics toe fluridone to the possession of glands; glanded
cultivars were found to tolerate the herbicide more than the
glandless ones. Since different cowpea varicties are being
recommendod for various ecological zones it is therefore
important to study thcir differential responsc to norflurazon.
This study vas thercforce undertaken to evaluate:

(i) The differential response of four cowpea varietics
to ncrflurazon,

(ii) The effect of different phosphorus levels on the

tolecrance of cowpea to norflurazon, and

(iii) The response of cogpea to norflurazon applied
at different stages of crop growth.



Chapter 2

LITERATURE REVIEW

2.1 Chomicel Group and Site of Uptake of Norflurazs -

Norflurazon {(4-chloro~S—-methylaming—-?{(3-triflucromethy=
lphenyl) pyridazin-3 (2H)}-one) is a member of heterocyclic
compounds. These are organic herbicides with benzene ring
structure consisting of different atoms. Heterocyclic
compoundsz are further subdivided into bipyridylium ,uaternary
ammonium salts, pyridines, pyridézines, pyrimidines, triazinc
and miscellancous heterocyelic compounds. Norfluirazon
belongs to the subdivision of pyridazines. OQOther members
of this subgroup included malcic hydragzide, pyrazone, croda-
zine, motaflurazone and fluridone. Norflurazon basically
consists of twe benzene rings with different groups attached,
Tt is mainly a pre-emergence herbicide and aksorption is
usually *hrough the foliage and the roots, the latter beling
more important (Rincon and Warren, 1979). Yaklich et al.
(1974} obscerved that the uptake of norflurazon in cranberry

(Vaccinium macrocarpon Linn.) plants was rapid and trans-

location was from root to shoot.

2.2 Mechanism of Action of Norflurazcon
and Related Compounds

The maln site of action of norflurazon is the shoot; the
foliage being severely affected. 1t inhibits carotenoid
synthesis in various plants (John and Hilton, 19763 Pardo
and Schiff, 1977 and Frosch gt al., 19792}, causing light-

grown secedlings to emerge with c¢chlorotic leaves and to die



following cxhaustation of food reserves (Bartels and Watson,
197°), Carotcnoid synthesis inhibition is due to inhibition
of dehydrogenation reactions which follows phytoenc (a caro~
tenoid procursor) formation, which resulted in chlorotic
leaves in corn (Ze¢a mays Linn,.) (Devlin et al., 1979) in

wheat (Triticum vulgore Vill.) (Bartels and Watson, 1978)

and in becan (Phaseolur vulgaris Linn.) (Pardo and Schiff,

1977). In addition, the herbicid blocked membrane formation
and chlorophyll synthesis in growing and resting ce’ls of
Buglena gracillis at concentrations of 20 to 100 ppm without
affecting ccll viability (Vaisberg and Schiff, 1976). Phytoenc
accumulated in dark-grown resting cells of EBuglena gracilis
triated with norflurazon, when plastid development was
indicced by light. This suggests that norflurazon blocked
carotenoid biosynthesis immediately after phytoene. Devlin
and Deubert (1973) report2cd a reduction in pectin content of
fresh cranberry plant following application of norflurazon

at the ratc of 27 kg a.l./ha. They detected no phytotoxicity
on vinc growth or appearance in plots treated with 9 kg/ha

of norflurazon, but at 13.4 kg/ha a temporary chlorosis at
the basc of the cranberry leaf blade was obscrved. They how-
cver, obscrved more cextensive and permanent chlorosis causcd
by the herbicide applied at the rates of 18 and 27 kg/ha.
Devlin and Karczmarczyk (1975) showed that norflurazon
activity in plants is light dependent. They studied the
influencce of the herbicide on chlorophyll develepment in

wheat, maize and alfalfa (Medicago sativa Linn.) under

relatively high (10, 760 lux) and low (10,76 1lux) light

intesitics, and observed that chlorophyll production was



markedly roduced in wheat and maize at 1 ppm norflurazon and
hig 1ighty a similar response in alfalfa required only 0,1
ppm norflurazon. Under low l.ght int2nsity, the influencc
of norflurazon was groatly reduced.

Strang and Rogers (1974) studied the absorption, trans-

locatiocn and metabloism of norflurazon in cotton, maize and

soybcan (Glycine max (L.) Mss.). The results of the analysis

showed that norflurazon was more readily absorbed by the
roots and translocated to the shoots by maize (very suscep=-
tiblc) and soybean (susceptible) than by cotton (telerant).
Most of the herbicide absorbed by cotton was retained in the
roots and much of the limited quantity translccated toc the
shoot was localized in the lysigencus glands. Degradation
of norflurazon occurred more readily in the susceptible
snccics than in the tolerant species. Therefore, the basis
Inr the greater tolerance cf cotton tc norflurazon relative
to maizce an<d soybean appears to be associated with less
absorption and translocation rather than degracdation.

Like norflurazon, fluridenc inhibited carctenoid synthcsis
in wheat scedlings and causced the accumulation of the colour-
less carotenoid precursors, phyteene and phytoflucne (Bartels
and Viatson 1978). Phytotoxic symptoms of fluridone include
rectardation of growth and leaf chlorosis followed by necrosis.
Folleowing root absorption, Berard et al. (1978) observed that
trifcoliate leaves of soybean, which expanded during exposurc
to fluridonc, werc severely chlorotic and bleached, whercas
the cotylcedons formed prior to the herbicide treatment were

not affccted, cven though they also contained fluridone. It
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was suggested that fluridone disrupts the development or
stability of newly formed pigments.

The investigation on the metabolic sites of action of
fluridonec was carried out (Rafii ¢t al., 7979) using isolated
mesophyll cclls of cotton (tolerant) and red kidney bean
(susceptible). At the highest concentration (10™%M) and
the longest incubation period (2 hours), fluridone inhibited
phyotosythesis, RNA synthesis and protein synthesis 59, 56
and 32%, respectively, in cotton; 24, 21 and 14% respectively,
in bean. Lipid synthesis and respiration were only slightly
affected., Metaflurazon also inhibits Hill reaction in

photosynthesis in Sorghum halepeﬁse L. It caused 50%

5

inhibition of Hill reaction at a concentraticn of 5 x 10" °M

whea applied through the soil It also reduced photosyn-

34, 10™%M and 10>

thesis at 10~ M (Spilsbury, 1972). Reduction
in root development and chlorosis of vines were causcd by
metaflurazone at 27 kg/ha (Devlin and Demoranville, 1974)
while it damaged the photosynthetic redox system and caused

a strong blcaching in unicellular alga, Bumilleriopsis

filiformis (Borger and Schlue, 1976). Similarly, reduction
in photosynthesis and flow of g4 assimilates to flowers and
suckers of tobacco following the application of maleic
hydrazide at 6 to 9 kg/ha was reported (Evtoshenko et al.,
1973); the herbicide at 0.4 and 0.5% were responsible for

complcete pollen sterility in Capsicum annum Linn. and Datura

alba Linn. (Chauhan and Singh, 1972). Like other pyridazin--
one herbicides, pyrazon induces leaf chlorosis in many

plants. Bean plants treated with pyrazon at 100 ppm during
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germination started showing signs of chlorosis five days later.
Chlorosis started to aovear at the leaf margins, progressed
inward, and intensified unti)! the leaves were dead (Rodebush
and Anderson, 1970). Romanovskaya and Straume (1975) demons=
trated that the rate of pyrazon absorption and translocation
in bean increased with increasing temperatures (13 to 27°C),
and its toxicity was also greater at a high light intensity
(0.2 cal/cm®) than at low light intensity (0.1 cal/cm2).

They suggested that the herbicidal action of pyrazen involved
an inhibition of photosynthesis and subsequent photo-
oxidation rcactions. Earlier on, Eshel (1969) tried to
determine the influence of pyrazon on photosynthesis using

10 weed and crop species. tle concluded that the herbicide
strongly inhibited 02 evolution from leaf disks of smapled
plants. He observed that in most cases a concentration of

5 x 10"5M reduced photosyn:hesis approximately 50%.

2.3 Selectivity of Norflurazon in Legumes

Although norflurazon has oeen reported to show promise
for weed control in many crops, little information is avail-
able on its selectivity in legumes. Jordan and Barrentine
(1978) reported a satisfactory weed control and good tolerance
in soybcans with norfluraz-n appli~d Lo a silt loam soil. In
contrast, soybean was found to be susceptible to norflurazon
at 0.5 ppmw by Strang and Rogers (1974). A similar observation
was madc when the herbicide was applied to soybecan at the ratc
of 2.2 kg a.i./ha although the injury was not significant
(Sharp ct al., 1978). Using norflurazon (0.5 kg a.i./ha) in

combination with either prometryne at 1 kg a.i./ha, diuron at
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treated with either paraquat at 1%; diuron at 0.5% or

DSMA at 1% by volume., Differential response of cotton
varicties to prometryne and fluometuron was also observed

by McCall'{1976). He attributed recistance and susceptibility
to fluometuron to genotype. Differential responsc of cotton
cultivars to herbicides is also determlined by glands. When
fluridene was applied to different cultivars of cotton,
Abernathy et al. (1978) observed that glanded cultivars
tolerated the herbicide more than the glandless ones.
Raghunathan e¢f al. (1974) studied varietal reactions of

guinca corn (Sorghum bicolor (L.} Moench.,) to 2, 4-D, dicamba

and atragzine, each at two doses of 0.5 and 1.0 kg/ha, 2.2

and 4.4 1l/ha, and 1.0 and 2.0 kg/ha respectively. They
obs~rved differential response to the herblcides at the
various levels, with the differences becoming more pronounced
with increase in herbicide rates. Significant cifference

among wild cat lines (Avena fatua Linn.) in response to

diallate, triallate and barban was reported by Jacobsohn and
Anderson (1968) which they attributed to different genetic
constitution among the oat lines. Anderson (1964) correlated
resistance of corn lines to simazine and atra;ine to stailk
rot and corn borer resistance. Of five inbrgﬁ lines of corn
gstudied, three with known resistance to staf% rot and corn
borer were found to be much more resistant to simazine and
atrazine than were two inbreds which were susceptible to
stalk rot and corn borer. In explaining the basis for this
phenomenon in maize with atrazine, Palmer and Grogan (196%3)

il

however correlated tolerance with the amount of ZFglycoside
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derivative of 2, 4-dihydroxy-=7=methoxy-1, 4d<benzoxin-3-onc
in maize lines. The greater the concentration of the meto~
bolitce in a ling, the more tolerant the line. The work of
Grogan ¢t al. {(1963) had earlicr re..aled that a recessive
gene was rasponsible for complete suscentibility in maize
lines to both atrazine and simazine.

In vegetables, Werner and Putnam (1%80) attributed
differential atrazine tolerance among cucumber cultivars

(Cucumis sativus Linn.) to differences in plant morphology

and rato of translocation of the herbicide. In tomato

(Lycopersicon csculentum Mill.) however, differentlal

tolerance was related to the rate of detoxification by meta-
bolism within the tomato lesrves, which was approximately

two ‘fold greater in the tolerant Fireball secedlings {(Step-
henson ¢t al., 1976).

Hardonstle (1979) observed differential tolerance to
matribuzin by varieties of soybeans. The soybecan variety
'Coker 102" was more susceptible to metribuzin injury than
were 'Harden?', 'Bragg', 'Blenville', 'Hampton 266A! of
'Coker 313.' He observed a marked varietal difference in
movement of 14C-—metribuzin to the above ground parts and
concludaed that this difference was partially responsible for
the differences in the varieties' tolerance to the herbicide.
In their studies with PI 229,342*' and 'Clark' cultivars of
soybean, Hayes and Wax (197%) however noted that there was
slightly grecater translocation and about a two-~fold greater
foliar absorption of bentazon in the sensltive cultivar

(PL 2292,342) than in the tolerant cultivar, 'Clark 63°,
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Clark 63 metobeclized bentazon faster than did PT 229.342.
They concludcd that differential bentazon mctabolism appeared
to be the main cause os the differential responses of these
soybean cultivars to the herbicidc. Significant differential
varictal response was observed with metribuzin at 0.66 and
1.12 kg/ha applied to 28 cultivars of cowpea immediately
after sowing. Crop stand and pod yield were also signifi-

cantly affected (Phatak and Glaze, 1978).

2.5 The Sclectivity of
Pyridazine Herbicides in Crops

Wain and Smiths (1981) identified absorption, retention
and stability of herbicide within the plant tissue and the
potential activity of the cempound at the site of action as
tkhe main factors that determine the response of plants to
herbicides. The amount of herbicide accumulated in the cell
is also important in deterrining the response to herbicides.
Romanovs kaya and Straume (1975) for example, showed that
the phytotoxicity of pyrazone was directly proportional to
the accumulation of the unbound form of the herbicide in
plant cells. After spraying pyrazone 80% at 1.6 and 4.8 kg
a.i./ha on scedlings of 14 species of dicotyledons and mono-
cotylcdons in pot trials, they observed that most of the 14
weed species demonstrated the ability to inactivate the
herbicide depending on the rate of accumulation in cells.
With slow herbicide entry trey observed that even sensitive
plants wcre able to bind herbicide molecules in the inert-N-
glucoside complex, and therefore concluded that in the field,

the selectivity of the herbicide depended both on the rate of
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its inactivation in plants and its differential absorption

by plant rootes. Limited translocation of fluridone in plants
was found to be the main factor determining its selectivity
(Berard gt al., 1978). They studied the absorption, trans-
location and metabolism of fluridone in seven-day~old
seedlings of cotton, soybean, and malze as well as 21-day-
0ld rice (Qryeza sativa Linn.) seedlings in culture solutions

7M 14C—fluridone. The concentration of

containing 6.07 x 10"
fluridone in the plants increased throughout the experiment

in all species; howaver, about one half of the total amount
abgorbed was taken up in the first 24 hours,very little of

the radicactivity moved from the roots to the shoots in

cottan; 86% remained in the roots after 7 days. In contrast,
the radicactivity in the roots of soybean, maize and rice,
after seven days, was 67, 65, and 19% respectively. Phyto-
toxic symptoms were observed in soybean, maize and rice

after 3 to 5 days exposure to the herbicide; however, no

injury was observed in cotton even after a 2l-day treatment.
They concluded that the tolerance of cotton to fluridone
wasprimerily attributed to the limited translocation of the
herbicide. A gimilar experiment was conducted by Strang and
Rogers (1974) with norflurazon. They observed that the
herbicide was more readily absorbed by the roots and trans-
located to the shoots by maize (very susceptible) and soybean
(susceptible) than by cottor (tolerant). Most of the herbicide
abgorbed by cotton was rctalned in the roots and much of the
limited grantity translocated to the shoot was localized in

the lysigenous glands. Degradation of norflurazon occurred
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more r.adily in the susceptiblc species than in the tolerant
speciez. They therefore concluded that the basis for the
greater tolerance of cotton to norflurazon relative to maize
and soybcan appeared to be associated with less absorption

and translocation rather than degradation.

2.6 Stage of Growth and Herbicide Toler ince

The stage of growth of plants plays a very lmportant role
in determining their response to a given herblcide, Pre-
emergence treatments which kill germinating weed seeds or
seediings commonly have little or no effect on established
weeds. In general younger plants are more susceptible to
herbicides because of higher percentage of meristematic
tissues (Klingman and Ashton, 1975)}. Thus, plantis tolerance
to herbicide increase with the age of the plant. Application
of diclofmethyl at up to twice the recommended ri “es to a

range of pca (Pisum sativum Linn.) varieties sown in the

greenhous~ at 2, 3, 4 or 5 weeks after emergence was toleratcd,
but in the field the greater Wwlerance was orearved at 4 and

5 week< after emergence compared with 2 and 3 weeks after
emergcnce (Anonymous, 1981). Similarly, Belien et al. (1979)
who applicd metamitron at the rate of 3.5 kg a.i./ha to beet

(Beeta vulgaris Linn.) at different growth stages namely,

pre=plant, pre-cmergence, and various post-emergence timings
ranging from the cotylédcnary to the 5= to 6-leaf stage of

the crop observed that beet was more susceptible if treated
during cmergence and at the cotylcdonary stage. They therefore

recommended that metamitron should not ke applied to the crop



17

at thesc stages. However, some crop plants have been obscrved
to b¢ morce susceptible to coertain herbicides at their later
growth period. When Pardo and Encina (1977) aoplied metha-
benzthiazuran cither at the 3-leaf .tage or at full tiller-
ing of wheat, at 1.5, 2.0, 3.¢, 4.0 and 6. kg product/ha
they found that yields were higher with the earlier
application time probably because the young crop had less
leaf-area for herbicide interception and absorption than the
older crop. Similarly, Harris and Ritter (1981) applied
paraquat to maize at 4 growth stages namely, pre~emergence,
spikc stage, 3-leaf stage and 5-leaf stage and observed that
pre—cmergence and spike stage applications resulted in a
little to no injury to the crop and no yield reduction as

compared with other times of application.

2.7 Fertilizers and Herbicide Activity

Fertilizers are a common component of plant environment
in modern agriculture. Although they are appliec for the
benefit of the crop plants the associated weeds also share
these plant nutrients. Herbicides have been found to inter-
act with fertillzers in fields. In general, fertilizers may
increase or decrease the activity of herbicides depending
on the rates and type of both herbicides and fertilizers
and the prevailing environmental conditions which are also
known to cxert some influen-e on the activity of herbicides.
Increase in herbicide activity was reported by McKercher and
McGregor (1980) when they applied nitrogen fertilkzers as
NH* on oats sown in pots and field. Increased toxicity

4
of herbicides to crops was attributed to increased absorption
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of the herbicide due to the presence of certain fertilizers
(Papova, 1980). He showed that atrazine was more toxic in the
presence of PK than in the presence of NP or NK. When carrot
(Daucas carota Linn.) growing in the ,rowth chamber was

supplied vith fertilizer in the ratio of N: 9205: K20 (32.6:

14,.3: 53.1) Bagaev and Kalimullina (1968) obsered that carrots
without fertilizers were least affected by propazine. In con-
trast, some researchers have reported that presence of ferti-
lizers rcduccd the activity of applied herbicides. Significant
reduction in the toxicity of atrazine to oat plant was reported
by Brenchiley and Appleby (1967) when they added nutrient
solutions containing different levels of magnesium to tomato
and oat plants growing in sand culture., A reduction in toxi-
city duc to fertilizers was also reported by Owen et al. (1970)
who observcd that severe injury caused by post-emergence
application of high rates of diuron on maize and atrazine on
sorghum was reduced in the presence of high rate of fertilizer
(240 kg N, 160 kg P and 160 kg K per hectare) as opposed to

one quarter or cne-=half of these amounts., Increasing rate of
phosphorus has been reported to decrease the initial activity
of alachlor (Rahman, 1980). As the rate of the herbicide was
increased higher levels of phosphorus were required to alter
its phytotoxicity. But with atrazine, Penner (1974) observed
increased activity of the herbicide due to phosphorus and
concluded that fertilizers somtimes invigorate meristematic
activity in crop plants and make them become susceptible to

herbicides,



19

Chapter 3

MATERIALS AND METHODS

The project consisted of three sets of experiments, one
of which was conducted in the greenhouse and the field while
the other two were sited at the Institute for Agricul tural
Research Farm, Samaru (11°11'N,07°38'E) in the northern
Guinea savanna. Samaru soil is clay-loam, well-drained but
low in organic matter and cation exchange capacity. Details
of the soil physico-chemical characteristics are contained

in Appendix 1

?,1 Greenhouse Experiments

In the greenhouse experiments, the cowpea varieties that
are likcky tc be proposed for recommendation in the Savanna
ecological zoncs were evaluated for their differential

tolerance to the different rates of norflurazon. The varie-

ties were Ife Brown, IIAR/ACC.335, IAR/ACC.341 and IAR/ACC,355.

3.1.7 Greenhouse operations
The experiment was conducted during the 1981 and 1982

dry seasons. Sixty-four plastic pots (in each experiment)
each having a diameter of 16.5 cm and volume of 2. 4 1 were
filled with about 2.0 kg of soil obtained from the Institute

for Agricul tural Research Farm, Samaru.

——— — B n e e

1IARfACC. Cowpea varieties being developed by the

Institute for Agricultural Research, Samaru.
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The s0il was thoroughly mixed with single superphosphate
and muriate of potash at the equivalent of 40 kg and 30 kg/ha
of P205 and KZO’ respectively before watering to field capa-
city. Four cowpea seeds were then sown in each pot before
they wer= labelled and arranged in a marked area on the floor
of the screen house for herbicide application. Norflurazon
at the rates of 0, 0.2, 0.4 and 0.8 kg a.i./ha was applied
pre-emerqgence with a knapsack sprayer, in about 200 1l/ha
spray liquid volume, using a green deflector nozzle, at a
pressure of 2.1 kg/cmz. After spraying, the pots were
transfered tc the greenhouse bench and arrangec in a rando-
mized complete block design with four replications. To
ensure adequate moisture supply, the pots were watered twicae,
in the morning and evening. At two weeks after sowing, the
plants were randomly thinned to two per pot.

The cowpea plants were harvested at 6 weeks after sowing.
Data recorded at harvest included crop vigour score using
0 - 10 scale (Appendix 2), plant height, number or root
nodules and leaves per plant and welight of fresh plant parts.
Harvested plant parts were oven-dried at 70°C to constant
weight for dry matter determination. Data were analysed

statistically and treatment mecans compared using least signi-

ficant difference where F value were significant.

2.2 Field Trials
All the field experiments were conducted in 1981 and
1982 wet seasons and 1981/82 dry season under irrigation.

The three scts of experiments concducted in the field were:
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I Differential telerance of cowpea varieties to
norflurazon;
Ir Effect of phosphorus on cowpea tolerance to

norflurazon; and

I1X Susuceptibility of cowpea to norflurazon applied
at different stages of crop growth.

Scab disease caused by fungal infection in the 1981 wet
season which precluded grain production necessitated the
repetition of the trials in 1981/82 dry season and 1982 wet

Season.

PR e S

During the wet season, the experimental plots were disc-
harrowed twice at two-weeck interval before making 75 cm wide
ridges. 1In the dry season however, the interval between the
two disc-harrowing was one week and the ridge width was 60
cm, in order to facilitate adequate supply of irrigation water
through the furrow. In experiments I and 11l single super-
phosphate and muriate of potash were broadcast before ridging
at the rates of 40 kg P205 and 30 kg K20 per hectare, res-
pectively. However, for experiment II which involved
different phosphorus levels only single superphosphate was

applied at the rates of 0, 40 kg and 80 kg onsfha as side-

dressing after crop emergence.

3.2.2. Planting and spacing

-

The wet season experiments were sown in the second week
of July while in the dry season the crop was sown in the
first weck of February, and given regular irrigation at 5-day

interval. Four seeds were sown per stand at 3 cm depth at
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intra-row spacing of 30 cm. These were thinned to two plants
per stand at two wegks later at random.

At 10 days after sowing, plants that failed to germinate
were resupplied. All the plots were hoe-weeded when necessary
to keep them weed=free throughout the period of crop growth

to prevent weed-crop competition.

3.2.3 Treatments

R A=

In experiment I, cowpea varieties, namely: Ife Brown,
IAR/ACC,235, IAR/ACC.355 and IAR/ACC.341, were used as the
main treatments; in experiment 1I phosphorus levels 0, 40 and
80 kg/ha vwere the main treatments while in experiment III,
times of herbhicide application, namely: pre-emergence,
emergence and at 3 and 6 weeks after sowing were the main
treatments. In epxeriments I and 11, the sub-~treatments
consisted of norflurazon at 0, 0.2, 0.4 and 0.8 kg a.i./ha
while 0, 0.4, 0.8 and 1.2 kg a.i./ha were the sub -treatments
for experiment III. Except for experiment 1, whe. e diffe-
rent varicties of cowpea were used, Ife Brown was the only

cowpea varicty used in experiments II and III.

3.2.4 Experimental design, replication and plot sizes

A randomised complete block design with: four replications
was adonted for all the trials conducted in 1981 wet and
1981/82 dry seasons, The trials conducted in the 1982 wet
season were laid down in a split-plot design with four
replications. The gross and net plot sizes in all the trials
were 20,25 m? and 11.7 mz, respectively during the wet season,

while the gross and net plot sizes for the 1981/82 dry season

trial werc 12.96 m2 and 7.2 mz.
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3.2.5 Herbicides applicatinn

All the herbicide treatmcnts were applied in about 250
1/ha spray liquid using a knapsack sprayer, with a deflector
nozzle, at & pressur of 2.1 kq/cmz. The herbicide was
applied at pre-emergence, one day after crop sowing in
experiments I and I1. 1In experiment III applications were
done at the specified stages of crop growth, according to

the treatmentse.

3.2.6 Crop protection

Cowpeca plant is highly susceptible to insect and fungal
attack, espccially from the pre-flowering stage - about five
weeks after sowing. Adequate pest and disease controls are
therefore necessary for gnod grain yield. In 1981 wet
season carbaryl (Vetox 85) at the rate of 2.2 kg/ha and
cypermethrin (Cymbush) at the rate of 2.5 1/ha were applied
at the intervals of seven days beginning from fiva weeks
after sowing to the time of picking. In 1981/82 ¢ry season
only Carbaryl was applied at one week interval beginning
from the time of flowering to about one week to first picking.
In 1982 wet season, Cypermethrin and 40% dimethoate (Perfek-
thion) each at the rate of 2.5 1/ha were sprayed at the
interval of seven days beginning from six weeks after sowing
to the time of picking. To avoid fungal infection which
occurred in 1981 wet season trial, Benomyl (Benlate) was
applied weekly at the rate of 375 g/ha, commencing from 5
weeks after sowing before the onset of flowers until the first
pod picking. A knapsack sprayer was used in applying Carbaryl
and dimethoate while cypermethrin was applied with ULV sprayer.

Each pesticide was appllied separately.
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[ ey

All observations were made from the net plots. Height
of 12 plants were measured in each plot and average recorded
per plant. In experiments I and LI the measurements were
.made at 3, 6 and 2 WAS while the observation was made at 9
weeks after sowing (WAS) only in experiment III since the
treatment application was completed at &6 WAS. For shoot dry
weight determination twelve plants were cut to ground level
in each plot and thelr shoots oven-dried at 70°C to constant
dry weighlt. The plots were sampled at 2, 6 and 9 WAS in
experiment I and IT and at 9 WAS in experiment III for the

reason given earllier.

The dry pods of each plot were picked when ripe and
weighed before threshing. The seeds obtained after thresh-
ing were also weighed. After the final picking the cowpea
haulms were cut and left for a week in the field to enable
the fresh vines and some of the remaining leaves to dry
before recording their weight, The haulm for each plot was

then weighed,

-~

The data collected were subjected to statistical analysis
of variance. The differences between the treatment means
were compared using the Least Significance Difference (LSD)

where F valuas were significant.
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Chapter 4
RESULTS

In 1981 wet season, only a few pods were produced because
of the scab disease resulting from severe infection by a
fungus (Sphaceoloma sp.); no data on grain yields are there-
fore presented. Similarly, no data -n dry matter production
are presented for the ¢rials conducted in the 1981/82 dry
season due to the inhibitory effect of cold temperature on

germinaticn and the growth of the crop initlally.

Both in the greenhouse and in the field, some leaves of
the planits sprayed with norflurazon, especially at 0.8 kg
and 1.2 kg a.i./ha, exhibited chlorotic symptoms and epinastry
within two weeks after crop emergence. It was observed that
these two symptoms were more pronounced and persisted longer
in the pot experiment conducted in the greenhouse than in

the field,

A,1 Differential Tolerance of Cowpea
Varieties to Norflurazon

4.1.1 Greenhouse experiment

Dry matter production: The effect of varieties on plant
parts, namely, root, stem and leaves was not significant in
the twe greenhouse experiments — mean of herblcide effect
(Table 1). Herbicide effect on the plant part was however,
significant in the 1982 greenhouse experiment., Norflurazon
at 0.4 and 0.8 kg s.l./ha resulted in lower root and stem dry

weight, compared with the untreated cantrol. In this trial,
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Table 1: Effects of varieties and norflurazon on the dry

weights of root,

stem

greenhouse at Samaru.

and leaf of cowpea in the

Treatments

Dry matter production (g/plant)

Root

1981

1982

Stem L.eaf
1931 1982 1981 1982

Cowpea varietias

Ife Brown
ACC. 335
ACC. 341
ACC, 355
S.B. %

L3D (0.035)

Norflurazon rates
(kg a.i./ha)

. LSD (0.05)

Means of norflurazon rates

1.10

0.80 1.00 1.20 0.80
0.80 0.90 1.30 0.80
1.10 1.00 1.30 0.80
1.00 0,10 1.10  0.70
0.09 0.08 0.05 0.06

NS NS NS NS

of cowpea varieties

1.10 1.20 1.20 0.90
093 1.00 120 0.80
0.88 0.90 1.30 0.80
0.75 0.80 1.20 0.60
0.09 0.08 0.05 0.06

NS 0.22 N3 0.15
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norflurazon reduced leaf dry matter production significantly
comparced with the untreated control, only when applied at
0.8 kg a.i./ha, while non-significant depression was also
observed with 0.2 and 0.4 kg a.i./ha. Although the effect
of herbicide on stem dry weight was not signi{ficant, it was
slightly depressed by norflurazon at 0.4 and 0.8 kg a.i./ha
in 1981.

A significant variety - herbicide interaction on leaf dry
matter production was observed in the 1981 experiment (Table
2). Leaf dry weight was significantly reduced in ACC.341 by
norflurazon at 0.8 kg a.i./ha compared with the control, while
it was increased in variety ACC.355 by norflurazon at 0.4 and
0.8 kg a.i./ha. In Ife Brown, leaf dry matter production in
the plots treated with norflurazon at 0.4 and 0.8 kg a.i./ha
was significantly lower than that of 0.2 kg a.i./ha. Slight
but non-significant increase in leaf weight were observed in
Ife Brown and ACC.355 varieties treated with norflurazon at

0.2 kg a.i./ha, compared with the untreated control.

Nodule count: As shown in Table 3, both the varieties
and herbicidal effect on nodule count were significant in
1981 and 1982. Ife Brown had significantly higher nodule
count than all the other varieties while varieties ACC, 341
and ACC.355 produced similar number of nodules per plant in
both trials. Variety ACC.335 produced the least number of
nodules in both years which was significantly lower than those
of the other varieties.

In 1981, norflurazon at 0.8 kg a.i./ha resulted in lower

nodule count than the other rates of the herbicide and the
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Table 2: Interaction between varieties and norflurazon
on leaf dry matter production of cowpea in
the greenhouse in 1981.

Norflurazon
rates Ife
{kg a.i./ha) Brown HCT, 335 ACC. 341 ACC, 3585 Mean

Dry leaf weight (g/plant)

0.0 1.2 1.4 1.4 0.8 1.2
0.2 1.4 1.2 1.2 1.0 1.2
0.4 1.1 1.3 1.3 1.4 1.3
0.8 1.0 1.2 1.1 1.3 1.2
Mean T1e2 1.3 1.3 1.1

i

)
Y
O

S.E. (variety x herbicide) *

1]
o
¢
[h®
w0

LSD (0.05) {variety x herbicide)
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untreated control. Similarly, nodule count of 27 obtained
with the highest rate of norflurazon was significantly lower
than thosc of 0.2 kg a.i./ha and the untreated control, but

comparable with those of 0.4 kg a.i./ha.

Plant height: Varietal effect on plant height was only

significant in 1981. Plants of variety ACC,341 were signi-
ficantly taller than those of the other varieties which
virtually had the same height (Table 3). In 1982, plants
of variety ACC.335 were shorter than those of the other
varieties, although the varietal effect on plant height was
not significant.

Herbicide effect was however significant in 1982. Nor-
flurazon at 0.4 and 0.8 kg a.i./ha resulted in significantly
shorter plants than the untreated control. Norflurazon at
0.8 kg a.i./ha also resulted in shorter plants than the lower

rates.

4.1.2 Figld trials

Shoot dry weight: In 1981 wet season, the effect of

variety on shoot dry matter production was only significant
at three weeks after sowing (Table 4). Varieties ACC.335 and
ACC, 355 had similar dry matter produdction which were signi-
ficantly higher than those of ACC.341 and Cv Ife Brown.
The effect of variety was not significant on dry sheot weight
during 1982 wet season.

Herbicide effect was however, significant at 3 and & WAS
in 1981 ana at 3, 6 and 9 WAS in 1982 wet season. In 1981,
at both stages of sampling norflurazon at 0.8 kg a.i./ha

(N ] L i
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Table 3: LEffects of varieties and norflurazon on Lrcot
nodules and plant height of cowpea in the

greenhouse at Samaru.

Nodule count/plant Plant height (cm)
Treatments

1981 1982 1981 1982
Cowpea variceties

Ife Brown 54 45 36.9 32.2
ACC. 335 30 23 27.8 28.8
ACC, 341 45 35 35.5 33.9
ACC, 355 43 34 29.8 32.2
S.E. + 2.74 3.25 1.62 1.62
LSD (0.05) 7.61 5«30 4,50 NS
Norflurazon rates

(kg a.i./hal

0.0 45 41 32.9 36.0
0.2 47 37 30.5 34.4
0.4 44 32 32.0 31.4
0.8 35 27 28.5 26.4
S.E. * 2.74 3géS 1.62 1.62

LED (0.05) 7.61 3,00 NS 4,49
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Table 4: Effects of varieties and norflurazon on

che

shoot dry weight of cowpea in the wet season

at Samaru.

Treatments

- i b a e

Dry shoot weight (kg/ha)

3 WAS*

1981 1982 19871

& WAS

1982

9 WAS

1981

1982

Cowpea varieties

B c—

Means of norflurazon rates

262 2536
251 2836
229 2611
242 2776
17 100
NS NS

2736
2707
2711
2473
109

NS

6227
5976
5740
6422
699

NS

Means of cowpea varieties

278 2836
251 2845
245 2611
211 2467
A5 100
44 278

2880
2754
2582
2411
103
276

7193
6740
5831
4600
659

NS

6918
6672
€756
5518
512

NS

7220
6711
6227
5705
309
892

Ife Brown 165
ACC. 3235 258
ACC. 341 156
ACC. 355 249
5.E. + 7
Lsb (0.05) 20
Norflurazon rates
(kg a.i./ha)
0] 2217
0.2 218
0.4 209
0.8 174
S.E. £ 7
LsD (0,05) 20
*WAS = weeks after

sowing.
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resulted in lower shoot dry matter production compared with
the control. During 1982 we! season, while norflurazon at
0.8 kg a.i./ha resulted in lower shoot weight than the control
“at 3 WAS, both 0.4 and 0.f kg a.i./ha depressed shoot waight
significantly at 6 and 9 WAS.

Significant variety-herbicide interaction was only obser-
ved at 3 WAS in 1981. 1In Cv Ife Brown and ACC,735, significant
depression in shoot weight was observed with norflurazon at
0.8 kg a.i./ha, while both 0.4 kg and 0.8 kg a.i./ha reduced
it in ACC.355 compared with the corresponding contrel. 1In
ACC, 341, non-significant increase in shoot weight was obser-

ved with 0.4 kg a.i./ha (Table 5).

Plant height: Plant height was measured at 3, 6 and 9

WAS in 1981 wet season only (Table 6). Plant heights were
significantly affected by varieties at all stages of growth
while herbicide effects were only significant at 3 and 9 WAS.
At 3 WAS, ACC.335 plants were taller than those of Cv Ife
Brown and ACC.341. Similarly ACC,355 plants were also
significantly taller than those of ACC,341. However, at 6
and 9 WAS, Cv Ife Brown had taller plants than the other
varieties which had similar heights.

At 5 WAS, all the herbicide rates resulted in significant
height depression compared with the control. At 9 WAS, nor-
flurazon at 0.4 kg and 0.8 kg a.i./ha resulted in signifi-

cantly shorter plants than the untreated control.

Grain yicld: Data on grain yields for the 1981/82 dry

— - —

season and 1982 wet season trials are shown in Table 7.
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Table 5: Interaction between varieties and norflurazon
on shoot dry matter production of cowpea at
3 WAS at Samaru, 1981.

Norflurazon Snoot dry weight (kg/ha)

(kg a.i./ha)

Ife Brown ACC.335% ACC.341 ACC.355 Mean

0 178 284 142 312 227

0.2 196 267 142 267 218

0.4 178 284 178 196 209

0.8 107 196 160 231 174

Mean 165 258 156 249
S.Eo"(variety x herbicide) + = 14

LSD (0.05) (variety x herbicide)

40
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Table 6: Effocts of varieties and norflurazon on plant
height of cowpea in 1981 wet season at Samaru.

Plant height (em/plant)
Treatments

3 WAS* 6 WAS 9 WAS
Cowpea varieties Means of norflurazon rates
Ife Brown 9.0 21.2 39.9
ACC, 335 9.9 18,2 31,2
ACC, 341 8.3 18.7 28.56
ACC, 355 9.5 19.3 27.6
S.E. ¢ 0,30 L.70 2.8
LSD (0.05) 0.82 1.95 0.04
Norflurazon rates Means of cowpea varieties

{kg a.i./ha)

0 10.0 20.4 38.9
0.2 8.8 20,1 35.3
0.4 8.8 19.3 27.8
c.8 Bo1l 17.9 25.2
S.E. + 0.30 0.70 2.9
LsD (0.05) 0.82 NS 8.40

*WAS = weeks after sowing.
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Table 7: Effects of varieties and norflurazon on grain

vyield of cowpea at Samaru,

e

Treatments

——

1981/82 dry

Grain yield (kg/ha)

season 1987 wet s¢ason

Cowpea varieties

Ife Brown
ACC, 335
ACC, 341
ACC, 355
S.B. =

LSD (0.05)

Norflurazon rates
(kg @a.i./ha)

L3sD (0.05)

- —

Means of norflurazon rates

1480
1260
1193
B94
116

345

19865
1714
2160
2029
138

NS

Means of cowpea varieties

1402

1329
1140
956
116

NS

2104
2020
1938
1825
70
203
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Table 8: Effects of varieties and norflurazon on dry

haulm weight of cowpea at Samaru.

Treatments

Wet season Dry season Wet season
1981 1981/82 1982

e B

Ife Brown
ACC. 335
ACC. 341
ACC. 355
S5.E. &

LSD {$.05)

Norflurazon rates
(kg_a.i./ha)

LSk (0.05)

Means of norflurazon rates

4531 4236 3202
3656 3611 3267
3478 422 3109
4367 2511 2704
434 365 252
NS 1013 NS

Means of cowpea varieties

4818 4027 34472
41734 3gle 3218
3947 ' 3262 ' 28786
2534 2736 2747
434 . 365 218

1203 NS NS




a8

dry weight than the 0 kg P,0; at 3 WAS. Only 40 kg P,0g
significantly increased shoot weight at 9 WAS in 1961 wet
season and at 6 WAS in 1982 wet season (Table 9).
Herbicide effect on shoot dry matter production was
significant at 3, 6 and 9 WAS in 1982 wet season. At 3 and
& WAS, norflurazon at 0.8 kg a.l./ha resulted in significantly
lower shoot weight than 0.2 kg a.i./ha and the untreated
control, while at 9 WAS, 0.8 kg a.i./ha was only lower than
the untreated control., In all cases where the effect of the
herbiclde was not significant, shoot weight tended to
decrease with increase in the rate of applied norflurazon,
Phosphorus-herbicide interaction effect on shoot dry
matter was significant at 6 WAS in 1982 welt season trial
(Table 10). When no phosphorus was applied, 0,8 kg a.i./ha
of norflurazon significantly reduced shoot welght as compared
with elither the untreated control or the 0.2 kg a.i./ha rate.
When either 40 kg or 80 kg PEOSKha of phosphorus was applied,

however, no toxicity due to norflurazon was observed.

4.2.2 Crain yield

In 1981/82 dry season, phosphorus application resultedin
a significant increase in cowpea grain yield as compared with
the no phosphorus treatment. No significant difference was
observed between 40 kg P205/ha and 80 ons/ha.

Effect of herbicide on grain yield was not significant in
the 1981/82 dry season and 1982 wet season trials {(Table 11).
The results however, indicated that there was a non-significant
decline in the grain yield as the herbicide rates increased,

especially at 0.8 kg a.i./ha.
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Table 9: Effects of phosphorus and norflurazon on shoot
dry weight at Samaru.

Shoot dry weight (kg/ha)

Treatments
3 WAge 6 WAS 3 WAS

1981 1982 1981 1982 1281 1982

Phosphorus levels Means ¢of norflurazon levels
(kg onS/ha)

0.0 293 233 2389 2571 6702 6096
40 369 258 2684 3013 7511 7065
80 356 247 2504 2747 7009 6438
S.E. + 12 17 124 71 212 354
LSD (0.05) 36 NS NS 239 611 NS
Norflurazon rates Means of phosphorusg levels

(kg _a.i./ha)

0 350 281 $ 2640 2963 7411 7132
0.2 : 343 267 2604 2868 7283 6883
Q.41 344 240 2500 2723 7002 6326
0.8 320 196 2358 2554 6601 5790
S.E. & 14 15 142 82 244 325
L3SD (0.05) NS 45 N5 247 NS 943

S

“WAS = weeks after sowing.
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Table 10: Interaction between phosphorus and norflurazon

on shoot dry weight of cowpea at 6 WAS at

Samaru in 1882,

AP s e aa —aa

Shoot dry weight

Norflurazon
(kg a.i./ha) (kg/ha)

Po* P40 Pgg Mean
0 2791 3138 2960 2963
0.2 2747 3102 2756 2868
0.4 2471 3022 2676 2723
0.8 2276 2791 2596 2554
Mean 2571 3013 2747
5.E. {(Phosphorus x Herbicide + = 143
LSD (0.05) (Phosphorus x Herbicide) = 414

=P = PZOS kg/ha.
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Table 11: Effects of phosphorus and norflurazon on grain
yield of cowpea at Samaru.

Grain yield (kg/ha)

Trentments 1981/82 Dry 1982 wWet
season season

Phosphoruz levels Means of norflurazon rates
(Kg/?zos)

0.0 1029 2144

40 1429 2213

80 1267 2182

S.Ey # 94 97

LSD (0.05) 272 NS

Norflurazon rates Means of phosphorus levels
(Kg a.i./ha)

0 1413 2302

0.2 1345 2210

0.4 1182 2121

0.8 1025 2086

S.B. # 108 78

LSD (0.05) NS NS

.. e —
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Herbicide-phosphorus interaction was not significant on

cowped grain yield in the twe trialse.

4.2.3 Dry haulm weight

Phosphorus effect was significant on dry haulm weight in
1981/82 dry season trial (Table 12). Phosphorus at 40 kg
P205/ha produced significantly high~r haulm weight than no
phospherus treatment. However, plants supplied with 80 kg
Pgos/ha of phesphorus had slightly less but comparable dry

haulm wilth those supplied with 40 kg P Os/ha°

2

4.2 Tolerance of Cowpea to Norflurazon Applied
at Different Stages of Growth

4,3.% Shoot dry weight and plant height at 9 WAS

In this investigation, dry shoot weight and plant height
were recorded at 9 WAS in 19871 wet season.only. Although the
time of herbicide application did not have a significant
effect on shoot welght and plant helght, plants spraved at
emergencea appeared to have the lowest shoot dry matter pro-
duction and were the shortest (Table 13).

Effect of norflurazon on shoot weight and plant height
at 9 WAS was zignificant. Although all rates of the herbi-
cide depressed shoot weight, it only resulted in significantly
lower shoot weight than the control at 1.2 kg a.i./ha. Both
0.8 kg and 1.2 kg a.i./ha had significantly shorter plants
than the control; 1.2 kg a.i./ka also resulted in signifi-

cantly shorter plants than 0.4 kg a.i./ha.
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Table 12: Effects of phosphorus and norflurazon on the

dry bhaulm weight of cowpea at Samaru.

B T e ]

Dry hauim weight {(kg/ha}

Treatmonts 1981 Wet 1981,/82 1982 Wet
season Dry season season
Phosphorus levels Means of norflurazon rates
(kg/P205 )
0 4302 3028 3374
40 5127 4174 4163
80 4831 3731 3622
S.E. = 268 271 243
LSD (0.05) NS 783 NS
Norflurazon rates Means of nhosphors levels
(kg a.i./ha)
0 5010 1068 4009
0.2 5215 3883 3810
0.4 4685 3600 3612
0.8 4104 1025 3446
S.E. & 310 313 280

LSD (0.05) NS NS NS

[ e
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Table 13: Effects of time of application and norflurazon
on shoot dry weight and plant height of cowpea
at 9 WAS at Samaru, 1981.

o s’ i St e sk

Treatments Plan%cg?ight Dry s?ig;hz?ight
Time a¥h;Erbicide Means of norflurazon rates

application

Pre-gnergence T1.7 7707
At emergonce 55.4 6831
3 WAS* ©5.3 7116
6 WAS 64.2 8158
S.B. % ' 5.2 507
LSD (0.05) NS NS
Norflurazon rates Means of time of application

(kg a.i./ha)

.0 75.7 8336
0.4 8.0 8012
0.8 60.1 7614
1.2 ‘ 52.8 5851
S.E. + 5.2 507
L5D (0,05) 14.41 1404

O N N

*WAS = Weeks after sowing.
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4.3.2. Grain yield

Neither the effect of crop growth stage at the time of
application nor rates of herbicide on grain yield was
significant. The herbicide-time of application interaction
was also not significant., However, there was a gradual
decline in cowpen grain yleld with increase in the herbicide
rate in both the 1981/82 dry scason and 1982 wet season

trials (Talle 14).

4.3.3. Haulm dry weight

Effect of time of herbicide application was only signi-
ficant in the trial conducted in 1981 wet season. Plants
sprayed with the herbicide at 3 weeks after sowing (WAS) had
significantly higher dry haulm weight than those sprayed at
any other time (Table 15) while those sprayed at emergence
had the least dry weight. No significant difference in dry
haulm weight was observed between application at either 6
WAS or at pre--cmergence.

The effect of rates of herbicide on dry haulm weight was
significant in the 1981 and 1982 wet season trials. In 1981
all rates zignificantly reduced haulm weight ~ompared with
the unsprayed control. Norflurazon at 1.2 kg a.i./ha resulted
in lower haulm weight than 0.4 and 0.8 kg a.i./ha. In 1982

only 0.£ kg and 1.2 kg a.i./ha caused a significant reduction
compared with the control. Norflurazon at 1.2 kg a.i./ha
however, resulted in lower weight than 0.4 kg a.i./ha. In
the 1981'/82 dry season trial, although the effect of herbi-

cide was not significant at all rates the results showed a

gradual decrease in the dry haulm weight as the rate of the
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Table 14: Effects of time of application and norflurazon

on grain vield of cowpea at Smmaru

-

Grain yield (kg/ha}
Treatments

1981/82 Dry season 1982 Wet season

Time of herbicide Means of neorflurazon rates
—gpplication
Prowemergence 1778 1658
At emergence 1182 1605
3 WAS® 2062 1667
& WAS 1253 1618
S.B. % 240 62
LSD (0.05) NS NS
Nerflurazon rates Means of time of application

(kg a.i./ha)
0 26 /6 1736
0.4 2462 1638
0.8 1707 1622
1,2 1253 1551
S.E. & 240 44
Lsh (0.05) NS NS

T N ]

*WAS = Weeks after sowing.
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Table 15: Gffects of time of application and norflurazon
on dry haulm weight of cowpea at Samaru.

- .

Haulm dry weight (kg/ha)

Treatments

1981 Wet 1981/82 1582 Wet
season RDry season season
Time of herbicide Means of norflurazon rates
application .
Pre-emergence 32313 4676 3429
At emergence 2678 3854 2703
2 WASH® 3815 5578 2774
6 WAS 3360 4382 2786
5.E. & 136 502 180
LsSD (0.05) 378 NS NS
Norflurazon rates Means of time of application
(kg _a.i./ha)
0 3807 5518 3276
0.4 3247 5047 3007
0.8 2830 4287 2825
1.2 2314 3638 2585
S.E. # 136 502 130
LSD (0.05) 378 NS 375

it mavp

"W = Week after sowing,
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herbicide increased.
Herbicide—-time of application interaction on haulm was

not significant in all the trials.
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Chapter 5 -

DISCUSSION

Both in the greenhouse and in the fielAd ar-flurazon at
the rates of 0.4 kg a.i./ha and above resulted in cowpea
leaf chlorosis irrespective of crop variety, phosphorus
levels or stage of growth of crop at the time of application.
Norflurazon has been reported to inhibit carotenoid synthesic
in leaves of various plants resulting in partial to total
leaf chlorosis depending on the plant type and the concen-
tration of the herbicide (Devlin et al., 1979). While total
chlorosis was observed in wheat (Bartels and Watson, 1978),
partial chlorosis was observed in corn (Devlin et al., 1979)

and in broad bean, Phaseolus vulgaris (Pardo and Schiff,

1977)., The chlorosis was attributed to the inhibition of
carotenoid synthesis in plants which Bartels and Watson (197¢€)
also attributed to inhibition of dehydrogenation reaction
which follovied phytoene formation.

Epinasty of the leaves of cowpea was also observed with
norflurazon at 0.4 kg a.i./ha and above and this persisted
for a longer period in the greenhouse than in the field.

This was probably because plants were more susceptible to
herbicides in the pots as a result of more exposure of the
roots to the herbicide and consequently more herbicide uptake
by the crop nlant in the pot than in the field. Similar
symptom which has been attributed to interference with trans-
port of auxin in plants was observed with ethylene at sub=-
lethal dose (Gorter and Vander-Zweep, 1964) and with dalapon

and EPTC at high rates in maize (Lagoke, 1978),
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5.1 Differential Tolerance of
vowpea Varjeties to Norflurazon

Ife Brown exhapited greater yield potential than the
other varieties tested. 1t consistently produced the highest
number of cowpca root nodules and with ACC.335, produced
higher grain yicld than ACC.3551in 1981/82 dry season. Simi-
larly, in 1981, this variety had taller plants than the other
varieties at 6 and 9 WAS. The beneficial effect of good
nodulaticon on cowpea grain yield has been attributed to the
supply of fixed nitrogen in direct response to the requirement
of the plant, particularly during the plants period of demand
for the nutrients for pod development and poed fill (Quilt and
Dalal, 1979). Good nodulation in cowpea which was more with
Ife Brown than with other varieties was reported to consis-
tently promote branching and pod-set and pod retention which
are yield contributing factors (Summerfield et al., 1977).
However, in spite of low nodulation observed in the greenhouse,
ACC.335 stil)l produced higher grain yield than ACC.331 in the
field.

It was apparent that in the greenhouse, norflurazon was
phytotoxic to cowpea at 0.4 and 0.8 kg a.i./ha resulting in
reduced production of absortive and photosynthetic organ, as
reflected in root, leaf and stem dry matter production and
plant height. Norflurazon at 0.8 kg a.i./ha also reduced
cowpea nodulation in the greenhouse experiments. The data
on root confirm the findings of Devlin and Demoranville
(1974) who observed that norflurazon at high rates reduced

root development in cranberry cuttings. Similarly in the
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field, both 0.4 kg and 0.8 kg a.i./ha reduced shoot dry

weight singificantly at 6 and 9 WAS in 1982 wet season.
Significant depression in plant height even at 3 WAS by all
the ratcs of norflurazon was also observed in 1981. The
herbicide at 0.8 kg a.i./ha also caused a significant depress:-
ion in grain and haulm yields in 1982 and 1981 wet season
respectively,

The apparently more persistent and severe phytotoxicity
of norflurazon on cowpea in the field in 1982 wet season
comparaed with 1981 wet scason may be attributed to difference
in soil moisture, as a result of rainfall within three weeks
after application. In 1981, about 214 mm of rain was
received while in 1982 wet season 117.4 mm was received.

This result seems to suggest that the higher rainfall recorded
in 1981 reduced the activity of the herbicide. However,
Lagoke et al. (1982) attributed the reduction in cowpea grain
yield by prometryne and linuron each at 2.0 kg a.i./ha in
1979 to high rainfall within a week of application, compared
with non-nhytotoxicity observed in 1978 when rainrall was
less in the corresponding period. In determing the influence
of soil-moisture content on herbicidal activity Grover (1970)
found that bioactivity of picloram decreased as the soil-
moisture content was increased and he attributed this to the
effect of varying soil-moisture levels on the concentration
of picloram in the soil-water phase.

Norflurazon at 0.2 kg a.i./ha however, did not have any
adverse effect on all the cowpea varieties. The increase in

leaf dry matter observed in Cv Ife Brown and ACC.355 when
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norflurazon at 0.2 kg a.i./ha was applied in the greenhouse
confirms the earlier report that norflurazon at sublethal
dose exhibits auxin property by stimulating the growth of
some plants as was observed in soybean {(Hoagland and Duke,
1981).

Both in the greenhouse and in the fleld Ife Brown con=
sistently exhibited better tolerance than the other variet-—
ies testeds. This may well explain the difference in the
selectivity of norflurazon in cowpea reported by Lagoke et al.
(1982) and those obtained in this study. The other varie-
ties were less consistent in their exhibition of teolerance
to the herbicide. While ACC.355 appeared tolerant in the
greenhouse, both 0.4 kg and 0.8 kg a.i./ha of norflurazon
reduced its shoot weight in the fileld. Variety ACC, 341
exhibited non-significant increase in shoot weight when

treated with 0.4 kg a.i./ha only in the field.

5.2 ECEffect of Phosphorus on the Teolerance
of Cowpea to Naorflurazon

In this study, phosphorus at 40 kg P205/na consistently
resulted in higher dry matter production, grain and haulm
yields than no phosphorus treatment; no significant increase
in both grain and haulm yield was observed with 80 kg P205/ha
comparcd with 40 kg P205/haq It has earlier been reported at
Samaru that thoere was no advantage in applying more than 37
kg P,0-/ha to cowpea (Anonymous, 1979b).

In 1982 wet season, as reflected in the shoot weight,
the phytotoxic effect of norflurazon at 0.8 kg a.i./ha in

cowpea persisted till 9 WAS, although the effect did not
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persist long enough to affect grain yields significantly.
The reduction in shoot dry weight was however not observed
in 1981, probably due to the reason given earlier.

A significant phosphorus - herbicide interaction on shoot
dry woight was observed in 1982. Cowpea was apparently more
susceptible to norflurazon when no phosphorus was applied.
This may be attributed to reduced absorption of the herbicide
by cowpea plants in the presence of phosphorus. Doll et al.
(1970) showed that soybean roots took up significantly less

amiben and atrazine at all three phosphate levels they testod,.

5.3 Tglerance of Cowpea to Norflurazon
rppiied at Different Stages of Growth

Although the effect of time of application of norflurazon
was not significant on shoot weight and plant height, it was
generally noted that the lowest shoot dry matter and the
shortest plants were recorded in plants sprayed at emergencc.
At this stage of growth the seedlings had fewer leaves whose
chlorophyll contents were photodestroyed following inhibition
of carotenoid synthesis by the herbicide (Develin and Demoran-
ville, 1574) resulting in the inability to manufacture enough
food needed for growth. This was confirmed by the signifi-
cantly low dry haulm yield obtained with application at
emergencae. Delien et al. (1979) had earlier shown that beet
was most susceptible to metamitron if treated during emergence
and at the cotyledonary stage.

The toxic effect of norflurazon on shoot weight and plant
height was significant at 0.8 and 1.2 kg a.i./ha which suggests

that the crop tolerated up to 0.4 kg a.i./ha of norflurazon.
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SUMMARY AND CONCLUSION

Two greenhouse experiments and nine field trials were
conducted on the Institute for Agricultural Research Farm
between 1287 and 1982 in order to evaluate the effects of
varicty, level of phosphorus and time of herbicide appli-
cation on the tolerance of cowpea to norflurazon.

The cowpea varieties used responded differentially
to the herbicide treatments although in most cases the
interaction between the herbicide treatments and cowpea
varieties was not significant. It was observed that toxi-
city due to norflurazon was more severe in the greenhouse
than in the field. Norflurazon was more toxic to the crop
at 0.8 kg and 1.2 kg a.i./ha. Ife Brown had more yield
potentials and seems to tolerate the herbicide more than
the other varieties tested. 1t was also observed that cow-
pea was less susceptible to norflurazon when phosphorus
was applied. Doubling the recommended phosphorus level
from 40 kg tc 80 kg ons/ha was observed to have no added
advantage on cowpea grain ylelds. Applying norflurazon to
cowpea at emergence appeared to reduce the crops tolerance
to the herbicide.

In using norflurazon for weed control in cowpea there-
fore the variety and phosphorus factors should be borne in
mind. The herbicide could be used at pre- or post-emergence.
However, for post-emergence application the crop must be
allowed to grow for at least three weeks and the rate should

not excced 0.4 kg a.i./ha
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For further work along this lIine it will be desirable
to know the extent to which seil factors viz clay, organic
matter, cation exchange capacity and pH affect cowpea

tolerance to norflurazon.
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Appendix 1: Physino~chemical properties of Samaru soil

- -

Composition of Samaru soll

Fine sand % . ?P::ﬁ¢  1 i. _ 26
Coarse sand % I...Lﬁ.:iﬁ57}Ff-wL. 15
Silt % i ff?5i= e n

Qrg: nic carbon % 0.26

pH 131 (H»0) 5.5
pH 1:2=5 {H,0) = - e . 4.9

CEC (M.eq/100g soil) « - - .. 3.4
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Crop vigour score scale

Mcst healthy in the whole experiment

Slight discoloration or lower vigour

Slight discoloration and low vigour/discoloration
and necrotic spots

Distinguishable inhibition of growth

Distinguishable inhibition of growth and slight
discoloration/other injury symptoms.

Distinguishable inhibition of growth and
other injury symptoms.

Definite
symptoms

Definite
symptoms

Only few

Moribund

growth reduction and severe toxicity
but apparently still making some growth.

growth reduction, severe toxicity
and less likely to survive

green tissues present

Completely killed
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Rainfall distribution (mm) at Samaru

)

during the period April - October, 1981

and 19821
Long term mean

11 - ;‘G 26.2 26.8 10.6

21 - 30 74.5 30.6 20.8

May 1 - 10 48,7 16.7 3%.:7
11 - 2 37.3 22.1 32.9

21 - 31 457 333 56.8

June 4 - ‘]D 0.6 8t1 45.3
11 - 20 100.5 69.7 57.3

21 - 30 57.9 36.1 56.9

July 1 - 10 40.5 5143 57.6
11 - 20 85.7 76.5 129

I w31 128.6 40.9 92.4

Aug. 1 - 10 26,0 33.9 81.1
21 - 31 188.3 111.3 106.7

Sept. 1 - 10 €3.2 T5.8 94.4
21 - 30 7.8 8.8 47.8

Oct. 1 = 10 - 45.8 20.7
11 = 20 - - 11:0

Annual Total 1019 769 10771

1Source: Meteorological Unit, Institute for Agricultural

Research,

Samaru, Nigeria.
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Appendix 17: Common and Chemical names of the herbicides
and insecticides mentioned in the text.

P R ———

Common name ) Chemical name
Herbicides
Atrazine 2=-chloro-4-ethylamino=6-propylamino-

1,3,5=triazine

Barban 4-chlorobut=2-ynyl N-=(3-chlorophyenyl)
carbamate
Bentazone 3-isopropyl=-2,1,3-benzothiadiazin-4-one

2,2=-dioxide

Credazine 3-(2-methylphenoxy)-pyridazine
Dalapon 2,2-dichloropropionic acid
Diallate S$,2,3=dichloroallyl N,N~di-isopropyl

(thiocarbamate)

Dicamba 3,6~dichloro-2-methoxybenzoic acid

Diclof-methyl Methyl 2-(4-(2,4-dichlorophenoxy)
Phenoxy)

Diuron N'-=(3,4-dichlorophenyl)~N,N-dimethylurea

DSMA disodium methylarsonate

EPTC S-ethyl N,N-dipropyl(thiocarbomate)

Fluometuron N'=~(3-trifluoromethylphenyl)-N,N-
dimethylurea

Fluorodifen 4-nitrophenyl 2-nitro-4-trifluoro-

methylphenyl ether

Fluridone I-methyl=3-phenyl=5-(3=trifluoro
methylphenyl)pyridin-4-one

Linuron N-(3,4-dichlorophenyl)~N-methoxy=N-
methylurea



Appendix 17 (Cont'd)

Maleic hydrazide

Metamitron

Metflurazone

Methabenzthiazuron
Metobromuron

Metolachlor

Metribuzin

Norflurazon

Paraquat

Pendimethalin

Picloram

Prometryne

Pyrazone

Simazine
Sulfallate

Triallate

83

1,2=dihydropyridazine-3,6-dione
4-amino-3-methyl-6-phenyl-1,2,4-~
triazine-5(4H)=-one

4-chloro-5-(dimethylamino)-2-(3~

trifluoromethylphenyl)pyridazine
3(2H)=-one

N-(benzothiazol-2-yl)-N,N'~-dimethylurea

N'-(4-bromophenyl )-N-methoxy-N-methylurea

C)‘;chloro-ﬁ-ethyl-N-(2-methoxy-1-

methylethyl)-o-acetotoluidide

4-amino-6=-t-butyl-3-(methylthio)-1,2,
4-triazin-5(4H)-one

4-chloro=-5-methylamino-2-(3-trifluoro
methylphenyl)pyridazine-3-one
1,1'-dimethyl-4,4'-bipyridylium
N-(1-ethylpropyl)-2,6=dinitro-3,4~
xylidine
4-aminoc-3,5,6=-trichloropicolinic acid
4,6-bisisopropylamino-2-metnylthio-

1,3,5=-triazine

S-amino-4-chloro=-2-phenylpyridazine-
3(2H)~-one

2-chloro-4,6-blethylamino~1,3,5-triazine
2-chloroallyl N,N-diethyldithio-carbamate

5-2,3,3-trichloroallyl N,N-di-isopropyl
(thiocarbamate)
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Benlate

Cymbush

Dimethoate

Vetox

84

Pesticides

Methyl=-1-(butylcarbamoyl)benzimidazole=

Z2=-carbamate

(:k) Cyano 3-phenoxybenzyl(#:)cis trans
3-(2-2-dichloro-vinyl)=-2-2dimethyl
cyclopropa-necarbaxylate

0,0-dimethyl S- (N- methyl-carbamoylmethyl)
phosphorodi thiocate

1-naphthyl methylcarbamate (1) in
C A 1~ naphthylenyl methylcarbamate II
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