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Abstraet .
Field trials were carried out in 2000, 2001 and 2002 to study the efficacy of applying carbofuran at 0 kg a.i/ha; 2.4 kg a.ifha; 3.0 kg

i aiha and 3.6 kg a.i/ha in the management of nematode populations in the production of three cowpea cultivars: Ife Brown, ITO0K-

17-2 and a local premium *Oloyin’. The 4x3 field trials were Taid out in a randomized complete block design replicated three times at

¢ Institute of Agricultural Research and Training sub-station, Tkenne and University of Agriculture (UNAAR) Teaching and
Research Farm Abeokuta. Soil nematode population densities were assayed using the Whitehead and Hemmin

g ray method prior w
number of seeds/pods, 100- seed

eight, nematode populations and grain yield were subjected to analysis of variance, correlation, and cost -benefit analysis with
plant parasitic
Pratylenchus, Rotylenchulus reniformis and Helicotylenchus species being the
y reduced number of days to 50% flowering by 2-5 days. The relationship
proportional such that the lower the nematode population density the

ihigher the grain yield and vice versa. Nematode population densities were significantly reduced at the lowest 2.4 ke aitha rate of
«tirbofuran with further significant reduction at 3.0kg a.i/ha. The least nematode infested variety was the IT90K-277-2
_{'lbe lowest number of days to 50% flowering, highest number of seeds/pods and consequently yielded more arains than Ife-Brown and

| Dloyin varieties. Cost- benefit analysis indicated higher monetary returns of N 3,851.00k — N 21,512.50k difference in profit
| ributable to carbofuran weatments compared to the control at all levels of application.

which recordet

“Key words: Meloidogyne juveniles, Prarylenchus, Rotylenchulus reniformis and Helicotylenchus species, cost-benefit.

Cowped, Vigna unguiculata (L) Walp is an imporiant legume of the tropics. Importance of cowpea derives from being a relatively

nuiritional factors and forms a complementary mixture
fith other types of foodstuffs to produce a balanced diet (20). From the production of this crop, rural families variously derive foad,

‘nimal feed and cash, together with spillover benefits to their farmlands through in situ decay of root residues and vegetation cover for
amlands.

mit the yield of this important crop. Nematodes have been implicated in the low yields being recorded on the field in cowpea

o4 poduction (5.6,7,13). Although growers have obtained some increased yield with improved varieties that are early maturing and

isiant to some diseases and insect pests, the reality however is that cowpea production canuot be economically sustained without
‘e use of pesticides (3,4). Urech (19) noted that chemical control is an indispensable part of integrated control management and that
‘demical control helps to ensure high yields. Although the efficacy of nematicides in controlling nematodes and soil borne pathagens
s been established (14), production estimates are available only in the developed countries (16). In the tropics, they are seldom used
‘hecanse they are considered to be too expensive for profit. Empirical data to justify such statements have however been VEry scanty.
This study was therefore designed to investigate the effectiveness of carbofuran in controlling nematode pests of cowpea and the

_wonomic consequences on cowpea production enterprise.
1é

ifntcrinls and methods

The field trials were conducted at Ikenne, a rain forest substation of the Institute of Agricultural Research and Trainine (LAR. & T).
Tiadan and at Abeokuta within the University of Agriculture Teaching and Research farm, in 2000, 2001 and 2000 Ikenne is located
lithin the humid rain forest ecology on longititude 3° 43'E and latitude 6° SO'N. The soil is loamy, grayish brown in colour and
dassified as Rhodic luxisol (USDA). Abeokuta site is a transition zone of the humid rain forest or transient derived guinea savannah
tology on longitude 3° 25'E and latitude 7° 15'N. The sites were ploughed, harrowed and laid out in a randomised complete block
#sign and replicated three times. Each experimental plot measured 3 m x 3 m with Im and 2 m alleys between plots and hlpcks.
Ispectively. In each site, three core soil samples were collected with a soil auger to a depth of between 15 cm — 20 cm in 4 Zigzag
pitern from each experimental unit. The core samples were thoroughly mixed together and a 250 g soil sample was taken from the
Hilked sample thus making a total of 12 samples /replicate, Each sample taken was labelled and put in a polythene bag and thereafter
wen to the laboratory where they were stored at 10°C in a refrigerator for 24 hours until processed for nematode extraction, The

Afttllection was made twice, one before treatments were applied and the other at near harvest. The soil samples were processed using a
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modification of the tray extraction method known as the WhiteHead and Hemming (21) tray method. Identification of the different
nematode genera was done using the nematode key of Mai and Lyon (12) and the work of Dropkin (8), under the compound light
microscope. Three cowpea varicties namely. Ile Brown. IT90K-277-2 und "Oloyin’ were evaluated in three planting seasons. Two.
cowpea seeds were plamted per hole and later thinned 1o one per stand at a spacing of 60 ¢m inter- row and 30 ¢m within the rows o
give 10 plants per row. There were five rows per plot, giving an estimated plant population of 55,555plunts/hectare. In 2000. planung
wis done in September, July in 2001, March and August in 2002. Carbofuran 3G was applied 1o the soil five days after planting clos
to the base of the seedlings at the rate of 0 ke a.i/ha as control, 2.4 kg a.i/ha. 3.0 kg a.i/ha and 3.6 kga.ifha, Five untagged plams perf 3
plot were selected at random from each row and carefully uprooted at eight weeks after planting and at harvest to assess the exient
galling on the root. The roots were washed with tap jet spray water and the number of walls observed counted and rated according o, 388
the rating scale of Taylor and Sasser (18) as follows: ;

=

Number of galls/root svstem Index rating
0 0
1-2 1
3-10 2
11-30 3
31 - 100 4 g
> 100 5 7

&
The following data on yield parameters were collected: days to 50% flowering, numbers of sceds/pods. 100 seed weight and graim

yield [from the two central rows of the plot measuring 1.8 m* (0.6 m x 3 m)]. Harvested pods were dried, threshed and the eraips
weighed plot by pl&t were weighed. Data collected on nematode population were subjected to natural log transformation (log nj betore
analysis. The gross margin unalysis of the field trials was carried out using the partial budget unalysis technique (11) for on-farm.
research. It involved the analysis of variable input costs and vield henefits of the various treatment rates applied (Appendix 1),

Results e
& Pl

The most prevalent nematodes found were Pratvlenchus, Meloidogvne. Helicorvlenchus spp and Rervlenchulus reniformis in that %
order at Ikenne; and Melaidogyvie spp. Rotvlenchudus reniformis. Prarylenchus and Helicorvienchus species in Abeokuta (Table 1), §°
Carbofuran suppressed populations of all identified nematodes in both locations, 1n all trials and at all levels of nematicide application. &
The percent reduction of nematode numbers at the lowest rate of 2.4 kg a.i/ha in year 2000 trial was 33.2% for Meloidogyne $& Ca
juveniles, 29% for Praryienchus, 31% for Helicorvlenchus, 20%. for Rotylenchulus reniformis and 25% for free living nematodes .
categorized in this study as ‘Others’ (Rhabditis, Eurvienchus). At 3.0 kg adi/ha, the percent reduction in population of al! the F‘"
nematodes ranged between 39% and 51% while at the highest rate of 3.6 kg a.i/ha percent reduction was between 40% and 49%. In & :,'
subsequent trials (2001 and 2002}, percent reduction in numbers ranged between 13% and 49% at all levels of carbofuran in both i P::
locations (Table 2). B8
Table 1. Mean population density and frequency of nematode genera identified from soil samples obtained from Ikenneand — §  15¢
Abeokuta sites cropped with three cowpea varieties i

Nematode Genera Ikenne Abeokuta

"Population Frequency of “Population Frequencey of
density/230g soil oceurrence (%) density/250¢ soil occurrence (%)

Prarylenchus 7.320.2 (14206) 100 6.9+0.3 (1001) 50.6

Meloidogyne 7.10.2(1214) 98.5 7.1+0.2(1194) 98.6 :

Helicotvlenchus 6.920.3 (983) 93 6.520.1 (681) 40 E

Rotylenchulus reniformis 6.820.2 (850) 89.3 6.6=0.1 (769) 53.5

Trichodorus 3203 (25) 0.6 24+0.1 (1D 5.3 *

Xiphinema 1.8+0.1 (6) ) 1.4 0.0 0 i

Scutellonema 4.5+0.] (86) -~ 2] 0.0 0

Dorylaimics 7.2+0.3 (1302) 98 6.9:0.2 (983) 45 G

Rhabdiris 7.2=0.3 (1299) 98 6.720.2 (799) 34 .

Eutylenchus 2.5:0.0 (1) 13 2.7+0.1 (15) 18
*Each figure is the mean nematode counts from ten 230 ¢ soil assayed for nematode populations and the natural Log transformed 4
value with actual count in parenthesis k8

The effect of carbofuran on galling of cowpea roots (Plate 1) at Tkenne is presented in Table 3. The results show that carbofuran
significantly (P<0.05) suppressed galling of the plant roots at all levels and in all the seasons of the trial. Carbofuran ut the 4
recommended rate (3.0 kg a.itha) for nematode control and higher rate of 3.6 kg a.i/ha however significantly suppressed talling 4
compared to the lowest rate (2.4 kg a.itha) while there was no significant difference in the effectiveness between these (3.0 kg & 36 @
kg a.i/ha) former rates in suppressing galling. All rates of carbofuran treatment applied at Ikenne significantly (P=0.05) aftected
number of days to 50 % flowering in the first, second and third seasons. respectively. The numbers of days to 50% flowering were 24
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gvs shorter in each of the three seasons. At Abeokuta. contrastingly only the 3.0 kg a.ifha of carboluran ratds applied, significantly
0.05) affected the number of days 1o 505 flowering in 2002 late scason experiment (Table 4).

(b)

b -xhofuran treatment at 2.4 kg ai/ha, 3.0 kg a.i/ha and 3.6 kg w.i/ha. resulted in higher percentage increase in yields for all the cowpea
menes compared with those of control plots in Ikenne and also at Abeokuta with the exception of 1T90k-277-2 (Table 5). However
Ser significant yield differences were observed among the varieties at the recommended and higher rates of 3.0 kg a.i/ha and 3.6 kg
2 carbofuran. respectively, compared with the least rate of 2.4 kg a.i/ha at Tkenne and Abeokuta, respectively (Figures 1&2).
cemage vield increase brought about by carbofuran treatment ranged from 83 to 183% for Ife-brown: | 1o 13.3% for IT90K-277-2
detween 78.3 to 147% for Oloyin variety compared with the control at Abeokuta (Table 5). In Ikenne. it ranged between 57 1o
%.3 10 78% and 88.4 10 233% for Ife-brown, IT90K-277-2 and Oloyin varieties respectively. The cost-benefits of treatment of

sfuran applied ulone at 2.4 kg a.i, 3.0 kg a.i and 3.6 kg a.i/ha were §90.994.50k, $89,240.00k and N91.676.00k respectively in
wkuta. Table 6 shows the cost-benefits assessment of carbofuran treatment rates applied at both locations (Abeokuta and Ikenne
scuvely) and for each cropping season. For the 2001 and 2002 late seasons” trials at Abeokuta, higher monetary profits were
ed at all the levels, while in 2002 early season no profit was recorded, However, at Ikenne in all the season, (2000-20021ate).

ran rate applied at 3.0kg a.i/ha returned the highest monetary protits of #13.906.00k, #24,512.50k and N51.976.00k for 2000,
(#41 and 2002. respectively (Table 6). A further cost- benefits analysis carried out on the performance of the three varicties showed

¥ for carbofuran treatment rates applied. the monetary profit was highest at 3.0kg a.i/ha for both Ifebrown and Oloyin varieties
wepared with ITOOK-277-2 variety {Table 7).




Table 2: Effect of different levels of carbofuran on soil population of identified nematodes in Abeokuta and Lkenne (2000-2002).

Carboluran Meloidogyne juveniles Prarylenchies spp Helicotylechis spp Rowvlencinlus . Others
: reitiforiis
Rawe/ Year P P %o P P % P P, % P; I’ % 1 i e
ha change chang change chang change
C [
-

Okg 2000 3059 3444  +12.6 3378 3848 +139 1478 I57.8 +6.8 726 754 +3.9  467.1 5492 +17.6
2001 2386 2537 4063 2285 2712 4187 1137 1204 458 §6.4 889 +2.9 3085 3201 +38
2002 750 1775 +1.1 1617 179.1  +10.8 8§44 00.6 +74 633 775 +224 1909 2219  +16.2

2002 1745 190.8 493 921.2 933 +12 6132 61.3 +00.1 1.3 73.9 +3.5 3254 3701 +13.7

24ke WDS 1786 1194  -332 2733 1945 -289 §9.1 619 =305 60.0  48.1 -19.8 3163 2368 251
mrg_ 114.9 97 . -153 - 1123 90.1 -19.8  56.1 449 -19.9 379 28.9 -23.8 163.5 1335 -184
w.ccu 76.8 67.0,  -127 69 mm.m...___ -18.0 421 30.6 -27.3 212 163 -25.9 1041 813 -21.9
_u.;oou 136.0 1083 -204 68.7  56.1 -18.3 494 387 217 367 298 -187 1798 1395 -224
3.0kg woeo 1049 047 -38.7 151.9 79.7 -47.6  40.6 22:8 -50.9 28.9 14.9 -48.7 1816 893 -50.8
_MGE 67.6 41.1 -393 0 559 326 -41.8 269 14.2 -47.5 19.2 10.0 -47.5 924 57.9 -37.3
._w.ccu 45.7 305 -33.1 325 214 2341 154 10.0 -34.9 100 513 -48.7  57.0 354 -37.9
W..ocu 87.8 65.6 -253 491 3lo -35.7 367 229 -37.7 187 146 -21.6 103.7  70. -32.4
3.0kg Woco 100.1  57.1 -42.9 107.5  04.1 -40.3  51.3 204 -48.5 356 207 -41.7 1973 1020  -48.3
w.cc_ 69.3 43.5 -37.2 0 339 324 -39.9 259 15.0 -42.2 20.5 12.0 -41.4 903 62.5 -30.8
» _muccm 472 32.1 -31.9 321 20.6 -35.8 148 9.4 -36.4 99 5.7 -429 524 347 -33.6
Weou 0.4 60.2 -26.8  50.1 40.8 -185 415 278 -32.9 269 168 -37.6 995 730 --2060
E .

+ = increase, - = decrease, L = Late season. £ = Early season.
P, = Initial population/250g soil
Pr= Final population/250g soil
“Uhthers’= Rhabdivis: Enivlenchoax

(g/plot) ¢
i )

* Yield
¥,

Yield (g/plat)
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¥ Table 3: Effect of carbofuran on number of galls per root system of three cowpea varicties in three field experiments at Ikenne

48 TCarboturan rate TKENNE ABEOKUTA
N 2000 Late 2001Late 2002 Late 2001 Late 2002 Late 2002Early

;
TN
=4

-} Okgai/ha. 3% 22202  Z120Z  24z03 2602  28=03  24=07
B 24koai/ha 36 13£02%  1020.0°  08£01°  [4=01°  14202° 1001
* 3kgai/ha 36  06+01*  05:01° 030 06+01°  06=02°  04=0

36kg a.i fha 36 06+01°  05+01* 030 08201° 03 £02"  03=x0

9% 11= Active ingredient.
48 Means in the same column with the same letters are not significantly (P<0.05) different.

%Gﬂ!indﬂ.’c:ﬂ—ﬁ gall; 1 - 1-2 galls; 2 —3-10 galls: 3 - 11-30: 4 =31 -100; 5 -> 100.
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l.?ig'.ure 1: Mean Grain Yield (g/plot) of three cowpea varieties as influenced by carbofuran in (a) 2000, (b) 2001 and (¢} 2002 lae
scasons at Ikenne.
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Figure 2: Grain Yield (g/plot) of three cowpea varietics as influenced by carbofuran in (a) 2001, (b) 2002 late and (¢) 2002 earl v
seasons at Abeokuta.

& Table 4: Cost-benefit analysis of cowpea grain yield (kg/ha) as influenced by carbofuran in three field experiments at
¢ Abcokuta and Ikenne.

ABEOKUTA IKENNE
il 2]

" ; % Grain Total Grain EE

g‘_ E = vield Value of  variable Gross yield Value of é_: _ Gross

; 5 l% kg/ha output’ha  cost marginha  Year  ko/ha output/ha [_5 é margin/ha
2001L 0 235.5 17662.50 9680 7982.50 2000 331.1 19866.00 9760 10106.00
002E 0 360.0  27000.00 10860  16140.00 2001 168.0  12600.00 968G 2920.00
20021 0 10822 91987.00 10860  81127.00 2002 556.0  47260.00 10860  36400.00
20011 24 3411 25582.50 22940 264250 2000 391.1  23466.00 22460  1006.00
2002E 24 415.0  31125.00 30360 765.00 2001 3305 24787.50 22940 1847.50
20021 24 14277 12135450 30360 9099450 2002 707.7  60154.50 30360 2979450
2001L 3.0 7133 5349750 30440  23057.50 2000 686.1  41166.00 25260 15906.00
2002E 3.0 535.0  40125.00 34860 5265.00 2001 7327 54952.50 30440 2451250
2002L 3.0 14600 124100.00 34860  §9240.00 2002  1021.6  86836.00 34860 51976.00
2001L 3.6 5922 4441500 33940 10475.00 2000 5950  35700.00 28060  7640.00
1002E 3.6 616.0  46200.00 39360 6840.00 2001 625.5  46912.50 33940 12972.50
20021 3.6 15416 131036.00 39360 91676.00 2002 936.6  79611.00 39360 49251.00

" Xgai=Active ingredient in kilograms/ha
L=Late season -
=Early season



Table 5: Cost-hencfit of carbofuran treatment rates on grain yield of three cowpea varieties.

Total Gross
Grain vield WValue of variable margin/ha

Carbofuran rute Variety ka/ha outputha  cost (#/ha)
Okg a.i/ha Ife Brown 307.77 2308275  10100.00 © 12982.75
IT90K-277-2 772,22 57916.50  10100.00  47816.50
Oloyin 28777 2158275 10100.00  11482.75
2.4kga.ifha Ife Brown 531.11 3983325 2525333 14579.92
IT90K-277-2 751.06 50637450 2525333 31121.17
Oloyin 325.00 3937500 2525333 14121.67

3.0kg a.t/ha Ife Brown 831.66 62374.50 30186.66 32187.84

ITOOK-277-2 087.22  74041.50  30186.66  43854.84
Oloyin 756.66  56749.50  30186.66  26562.84
3.6kg a.itha Ife Brown 705.00  52875.00 33786.66  19088.34
4 ITOOK-277-2 985.55 73916.25  33786.66  40129.59
Oloyin 763.88  57291.00  33786.66  23504.34

kg a.i/ha=active ingredient in kilograms per hectare

- .i.';' '
al

Discussion 5.
Plant parasitic nernatodes of economic importance on cowpea worldwide were present in soils of both locations. Among these wers gﬁ‘
Meloidogyne, Pratylenchus, Helicotvlenchus species, Rorvienchulus reniformis, Xiphinema and Trichodorus species.  Effective ™ 20
control of these nematodes with the attendant yield increases achieved in this smdy conforms with the findings of VanBerkum and ;‘m Yy
Hoestra (22); Parvatha (14) and Hague and Gowen (10). 37

Application of different rates of curbut'uran in this smd} :.ifrnil"u,an[l y rcduq.cd pupul.uium of identified ncrn.ll.m.c pe'st.s over the )'caﬁ !

i1t suppressing ncmamd-. pupulaunm Population Llensme:; of mmumde pem were wrmﬁaamlv reduced at the lowest application raie
(2.4kg a.i/ha) of carbofuran with attendant yield increase. The differences recorded on data reported at the two sites were as a result a{ i
the contrast in the physical and chemical properties of the soils as well as the different micro agro-ecologies of the study sites, 3
Profitable grain yield increases in Southwest of Nigeria may not be possible without controlling the activities of both nematode and - [
insect pests. Hence plots intended for cowpea production should be sampled for plant parasitic nematodes and judicious use of .

occurred in the roots of all the cowpea varieties used in the study with the roots of IT90k-277-2 variety being the least galled. Galhag
index showed that the least number of galls were obtained on roots of plants from treated plots. Ife Brown was the most affected while 72
IT90K-277-2 was the least affected. This corroborated the findings of Singh er al., (17) that ITO0K-277-2 is tolerant or has a measure - 7 Qusc
of resistance to nematode atack. With the hindsight that ovicidal effect of carbofuran is more eftective in preventing penetration of e iripa
nematodes into the roots or in reducing nemutode uctivities within the soil. this suggests that carbofuran acts directly on the nematodes ,-;.' 3
in the soil thereby preventing or ImenL hatching of eggs and the movement of larvae into the roots as reported by Qusdia er ol
(15).Cowpea plants treated with carbofuran started t‘lnwcruw carlier than those of control plants. This early flowering may be dusto
the effect of the applied chemical, which stimulates early flower production as compared to the control plots. This agrees with the
findings of Ajith and Sheela (2). Early flowering is important because it affects the time of maturity and harvesting of cowpea plint.
Higher number of seeds and weights of 100 seeds obtained from treated plants could be expected because the better the growth of Iht'
plants the more the yield to be expected thereof. The gross margin analyses show that higher monetary returns obtained for all the
varicties ranged berween 83,851 and d=21,592. 50k/ha attributable to carbofuran application. Hence the inclusion of carbofuran for 580
nematode pest management is profitable. 1o o
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