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Abstract

Two field trials were conducted in 1997 and 1998 cropping seasonsin Maiduguri,
northeagern, Nigeria, to asess damage by thestemborer Coniesta ignefusalisand
the head miner Hdiocheilusalbipunctella in Ex-borno, Zongori, Wame, Gargasori,
Mboderi and GB8735 millet varieties sown assole crops and also as intercropswith
cowpea (cv. Borno brown) or sorghum (cv. Gooseneck). Damage in Ex-borno
arranged in a row with cowpea or sorghumin cropping patternsof 3:1, 2:1, 1:1 and
1:0 was also assessed. Both trials were sown on July 14. The stem borer caused
significantly lower damage (number of emergence holesand larval tunnes) in sole
millet and higher damage in millet intercrops in 1997. Mboderi in 1997 and Ex-
borno in 1998 suffered dgnificantly moretunnelling fromthe borer than the other
varieties; in contrast, GB8735 suffered the lowes damagein 1997. Gargasori, own
as le crop or asintercrop, was not infested by head minersin 1997. However,
significantly higher numbersof head miner larvaeinfested sole Ex-borno in the same
year. Grain yieldswere significantly higher in Zongori than in the other varietiesin
both 1997 and 1998; yiddswere lowes in GB8735 intercropped with cowpeain both
years. The sem borer caused significantly higher damageto millet in the 1:1 pattern
in 1997 andin the2:1 pattern in 1998. Similarly, the head miner caused significantly
higher damage to millet in the 3:1 pattern in 1998. Grain yidds were significantly
higherin 1:0 and lower in 1:1 patternsin both 1997 and 1998. Grain yidds in the
millet-cowpea wer e significantly higher in 1997 and lower in 1998 than in the millet-
sorghumintercrop system

Key words: Pest management, intercropping, milet varietigem borer Coniesa
ignefusalis), head miner Hdiocheilusalbipunctella), Nigerian savanna

Introduction

Millet is a major food crop in the sahelian parfsAdrica and Asia. The crop is of
marked regional importance in West Africa; Nigeisa the worlds second largest
producer after India (Aminu-Kanet al. 1998). The stem boreConieda ignefusalis
Hampson (Lepidoptera: Pyraidae) and the head nti@iochelus albipunctella de
Joannis (Lepidoptera: Noctuidae) are major pestpeafl miletPennisstum glaucum
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(L.) R. Br. n the savanna areas of West Africaaihj1984; 1985a; 1985b; 1990;
Youm and Giktrap 1993; Nwanze 1991, Nwasrel. 1995; Youm 1995; Ajay al.
1998). The taxonomy and bioecology of the pests veed described (Harris, 1962;
Matthews 1987; Ndoye and Gahukar 1987; Nwanze awakughar 1990; Youm and
Gilstrap 1993; Gilstrapet al. 1995; Nwanzest al. 1995).

The stem borer larvae cause dead hearts in ndlediisgs and tunnel the stems of
other milet plants whie young larvae of the heaher destroy milet floral gumes
and mature larvae damage floral spikelets (floedupcles) producing spiral mines in
crop pancles (Harris 1962, Ajayi 1984; 1990; J4§85; Krallet al. 1995, Nwanze
et al. 1995; Youm and Kumar 1995). Panicle infestatibrumpto 75% and grain yield
loss of up to 85% have been attributed to the tntililad miner (Gahukaat al. 1986;
Kral e al. 1995); the range of infestaton for Nigeria h&erb reported to be 6.5-
51.0% (Deeming 1978; Ajayi 1981; 1984), with as ynas 8 larvae/panicle (Buahin
et al. 1998). On the other hand, the millet stem bosekriown to be capable of
causing complete crop failure (Dike and Ajpyi 199N evertheless, reports of
diagnostic research for the assessment of on-fammage and lbsses attributableGo
ignefusalis are scanty in the lterature. Also, the head mihas already been
confrmed as a major problem in Nigeria (Ajayi 198Aowever, crop loss associated
with the pest has not been substantially studiejy(4et al. 1998).

In the Nigeria savanna, the farming system consistsombinations of various crops
on a subsistence farm (Steiner 1984; Olabanjial. 1995; Umarue al. 1998).

Neverthekss, the degree of the diversity of aesystletermines the level of insect
herbivory that a species suffers n the systermi(p@mmunty); nsect herbivory is
sight in highly diverse systems (polycultures) addastic in systems with low
dwversity (monocukures) principally because inbenpensatory factors such as
predation are highly operatve in dverse systemad avrtualy lkcking in

monocuttures (Hodkison and Hughes 1982). Thus,varsdi multple croppng creates

a more stabke envionment for pests (Van Emdem \Aflihms 1974; Steiner
1984). This work assessed the effects of interergpgystems on the relative
susceptibity to the stem borer and the head mafesix of the millet varieties that
are commonly grown in the sudano-sahelian zondsigafria.

M aterials and M ethods

Two field trials were carried out in Maiduguri (tf@astern Nigeria) (Latitude °BD
N and Longitude 1305 E) during the 1997 and 1998 cropping seasowsvedieties
of milet, 1 of sorghum and 1 of cowpea obtainedmfrtne North-East Ard Zone
Dewelopment Programme, Gashua, Nigeria and the l@kad Research Institute,
Maiduguri, Nigeria, were used as planting materials

Theexperiments

The fist experiment consisted of six milet vagist Ex-borno, Mboderi; Gargasori;
Zongori;, Wame; GB8735, sown as sole crops and ialsoixtiure with cowpea (cv.

Borno brown) or sorghum (cv. Gooseneck) in a 6 fa@orial experiment. The six
millet varietes formed the main plot treatmentsd ghe three cropping systems of
millet-cowpea, millet-sorghum and sole milet foosnéhe subplot treatments. Each of
the 18 treatment combinations was allocated tooagbl4 m x 6 m. There were four

76



77

rows of milet in each plot spaced at 1 m ntervais each row of intercropped milet
treatment, cowpea or sorghum, spaced at interve® @m, were sown 75 cm away
from stands of milet whie in each row of sok lebisowing was at 1 m interval
between milet stands. In the second experimer#, shme cowpea or sorghum
varieties used in the first experiment were sown Bx-borno milet The factorial
arrangement was two croppng systems of milet-eavand milet-sorghum as main
pbt treatments and four cropping pattems of 21, 111 and 10 milet to either
cowpea or sorghum. Each of the eight treatments allasated to a plot of 4 m x 11
m. There were four rows of milet in each plot sggh@t 1 m intervals. In each row,
the spacing was 1m between milet stands and 7%etmeen milet and cowpea or
sorghum stands in intercropped millet plots; cowpeasorghum stands were spaced
50 cm within the row. Millet stands were spacedntervals of 1 m in soke milet
pbts. Each of the two experments was laid outtiip plot design and replcated
three tmes.

All experiments were sown on 14 July. Plots wereedeel twice at 3 and 6 weeks
after sowing and seedings were thinned to two gmket NPK 15:15:15 fertiizer

was appled at the rate of 64 kg /ha NOsPand K0 at sowing and urea 4 weeks later
to the cereal component n accordance with the metmndation of the Borno State
Agrcuttural Development Programme (BOSADP) (1993).

Assesament of damage due to gemborer
Infestation (percentage of stems bored and pegen@ internodes bored) and
damage (number of emergence holes and larval tiemgths) byC. ignefusalis were

assessed (from ten milet stems colected randbmiy the two outer rows in each
pot) at tme of harvest, folowng the methods ARyi, (1985b) and Ajayi and Labe,
(1990) as stated belw:

* Mean percentage numbers of stems bored per samfieinsber of milet
stems with holes n sample/total numbers of steangpled) x 100

* Mean percentage numbers of internodes bored pem ste(numbers of
nternodes bored n sampk/total numbers of ngesosampled) x 100

* Mean numbers of emergence holes per stem = nunitkemergence holkes
n sampke/total number of stems sampled

* Larval tunnel length (cm) per stem = length of @&inMmeasured in
sampke/total numbers of stems sampled.

Sanmpling and assessment of damage per grain yied lossdueto head miner

Larvae of H. albipunctdla were colected weekly, beginning from the bootitgge
(flowering), from millet heads in the two outer revef each plot n the early momings
(0500-0600 GMT) to reduce the effects of larvalratign (Youm 1995), takng care
not to dsturb those on panicles n the two nmawvs (milet heads from the inner
rovs were used for damage, grain yield and graafd yioss assessment). The soil
surface directy under the milet plants were checkegularly for larvae that fell off
the panicles. Insects were later identified, calrdad preserved n 70% alcohol. The
identty of the adutt moth was eventualy confrmat the Insect Museum of the
Instiute for Agricukural Research, Ahmadu Bellowegrsity, Zaria, Nigeria.
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Milet head damage and grain yield loss causedHbyalbipunctella were assessed
accordng to the adjusted length method of Cebpal., (1993) and as outined in
Sastawa al., (2002) as follows:

» Head length damaged (%)/pocket by head miner = sfedjy damaged
kength (ADL)/Pocket x 100

* Total adusted length (TAL)/Pocket Grain yield kbss (%) = Yield loss
(kg/ha) due to head miners x 100

e Actual yield obtained + yield loss (kgha) i.e. Brajeld (kgha) =
Yieldlpocket (kg) x number of harvestable pockets/h

Data analysis

Data on head miner count and associated percedtagage and grain yield loss were
transformed using the square rogt (x + 1)) transformation before analysis. All data
were then subjected to ANOVA and significant (p 050 diferences between means
were determined using the Duncan's Muliple Rangst TDMRT).

Results

Tabke 1 shows that infestation by the stem bores significantly higher in the milet-
cowpea ntercrop system than n the other systen®997; however, only percentage
internodes bored was significantly higher in radietvpea than in the other cropping
systems in 1998. Simiarly, borer damage was &gniy higher in milet-cowpea
intercrop system than in sole milet system in 1B@¥ there were no such differences
between the systems in 1998. Grain yield significadiffered between the cropping
systems only in 1997, with the yields n sok mile millet-cowpea > millet-sorghum.
Gran yield was, however, highly negatively coresth with tunnel length in 1997 (r =
-0.92) and 1998 (r = -0.98). Mean number of hofsm was significantly higher in
Gargasori than in the other varieties in 1997 an#x-bomo or Gargasori than in GB
8735 or Mboderi in 1998. Mean tunnel length wagsifgigntly longer in Mboderi in
1997 and in Ex-bomo in 1998 than in the othereties. Grain yeld was significantly
higher in Zongori and lower in GB8735 than in thiaeo varietes in both 1997 and
1998.

Furthermore, the mean percentage of stem boredsgepe was significantly higher
in Zongori or Ex-borno intercropped with cowpeanthia the other treatments except
soe Mboderi or GB8735 and Mboderi ntercropped hwisorghum or Wame
intercropped with cowpea in 1997 (Table 2). In 8]19%he percentage was
signficanty higher in Ex-bomo intercropped witbowpea than in the other
treatments except Zongori intercropped with cowfBablke 3). Percentage internodes
bored was significantly higher in GB 8735 nterpegb with cowpea than in the other
treatments in 1997 whie in 1998, the percentages wm@niicanty higher in sole
Wame or n Ex- bormo intercropped with cowpea timarthe other treatments except
Wame or Zongori ntercropped with cowpea. Damages vegniicanty higher in
Mboderi intercropped with sorghum than n the othexatments n 1997. In 1998,
number of emergence hoes per stem was sgnificahigher in Ex-borno
intercropped with cowpea than in the other treatsnexcept sole Ex-bormo or Wame
and Gargasori or Zongori intercropped with cowpédean tunnel length was
significanty longer in Ex-bomo intercropped witbowpea than in the other
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treatments. Gran yield was signifcantly higher ok Zongori than in the other

varieties in 1997.

In 1998, grain yield was higher both sole and intercropped

Zongori as well as in soe Mboderi or Gargasori andWame intercropped with

cowpea or Gargasori intercropped with sorghum immahe other varieties.

Table 1. Effects of variety and cropping system on stem borer damage and gran
yield of millet in Northeastern Nigeria. (Means folowed by the same ktters in a

coumn are not significantly different at the 5%vek of probabiity according to

Duncan's Mutiple Range Test.)

Mean Mean Mean Mean larvd Mean gain

per centage o percentage o number of tunnel yidd (kgha)
Tredment stems internodes emergence length

bored/sample bored'stem hdegstem (am)/stem

1997
Varieties
Ex-borno 40.69a 35.11b 1.200c 5.57b 279.69b
Mboderi 26.40a 51.00a 1.600b 11.73a 293.34b
Gargasori 38.93a 18.27c 197a 2.68cd 208.71c
Zongori 33.12a 21.92c 1.08d 5.90b 353.74a
Wame 36.57a 30.58b 0.83e 3.77c 291.12b
GB8735 16.67a 46.79% 0.32f 1.63d 114.33d
St eror of the mean 13 17 2.88 0.0¢ 0.6¢ 20.8:
Cropping
system
Milet-cowpea  51.48a 45.38a 1.65a 6.61a 230.29b
Millet-sorghum  28.90b 23.22c 1.07b 6.41a 144.14c
Sole millet 26.92b 33.23b 0.78c 2.62b 356.04a
Sterror of the mez 7.53 2.04 0.09 0.62 10.81
Interaction Sig. Sg. Sg. Sig. Sg.
1998

Varieties
Ex-borno 64.22a 30.7% 6.71a 37.43a 279.29c
Mboderi 32.17b 16.41b 2.22b 12.50b 392.56b
Gargasori 47.89ab 28.02ab 5.72a 14.30b 379.60b
Zongor 53.33al 22.56al 4.39al 12.82t 508.42i
Wame 43.28ab 33.72a 4.24ab 13.31b 396.64b
GB8735 45.56ab 15.2% 2.69b 11.78b 211.00c
Su eror of the me: 11 96 6.39 1.13 5.15 39.87
Cropping
system
Milet-cowpee  47.22: 30.00 5.62¢ 18.28: 30E.94¢
Millet-sorghum  50.28a 22.52b 3.09a 16.51a 390.73a
Sole millet 45.72a 20.88b 4.15a 16.28a 387.09a
Sueror of the me: 11 05 0.72 0.89 2.92 35.04
Interaction Sig. S. Sig. Sig. Sig.
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Table 2. Effect of interaction of variety and cropping system on stem borer
damage and gran yield of millet during the 1997 cropping season in
Northeastern Nigeria (Means followed by the same ktters in a coumn kot
signficantly diferent at the 5% level of prob@pilaccordng to Duncan’s Multple

Range Test.)
Mean Mean Mean Mean larva Mean  gran
percentage percentage of number of tunnel lengh Vvield (kgha)
gems internodes emergence (cm)/stem
Treament bored/sample bor ed/stem hol es/stem
Ex-bomo x cowpea  72.07a 45.80de 2.00cd 7.90cd 4R96.
" x sorghum 25.00bc 32.43fg 1.30ef 6.70de 152.90eg
" X soke 25.00bc 27.10hi 0.30gi 2.10gh 289.73de
Mboderi x cowpea 25.00bc 29.10h 0.60gi 3.10g 16867
" x sorghum  37.50ac 68.73b 4.00a 27.400a 132.98fg
" X sole 16.50bc 55.16bc 0.20hi 4.70f 578.36ab
Gargasori x cowpea  62.50ab 0.01k 2.50bc 0.03i 6.4
" x sorghum  22.00bc 15.93i 0.70fh 2.40g 150.82eg
" X sole 32.30ac 38.87fg 2.70b 5.60ef 259.82df
Zongori X cowpea 74.33a 51.70c 2.90b 17.50b 288.25d
" x sorghum  0.03c 0.01k 0.03i 0.00i 136.30fg
" X sole 25.00bc 14.07j 0.30g 0.20hi 636.68a
Wame X cowpea 62.50ab 47.20de 1.80de 8.50c 222.80¢
" X sorghun 22.20bc 22.23i 0.40qi 2,00gh 177.66eg
" X soke 25.00bc 22.30i 0.30gi 0.80hi 472.91bc
GB8735 x cowpea 12.50c 98.50a 0.10hi 2.60g 90.12¢g
" x sorghum 0.00c 0.00k 0.00i 0.00i 114.169
" x sole 37.50ac 41.87ef 0.87fg 2.30gh 138.72fg
Std error of the me: 21.98 13.97 0.29 3.35 49.32

Tablke 4 shows that infestation by the stem bores \waer in the 221 ntercrop pattern
than in the 1.1 or 31 pattemns. Damage was signily higher in intercrop pattern
11 than in the other patterns in 1997. In 1998ameumber of holes/ stem was
sgnificantly higher in the 2:1 than in 31 patterfunnel length and number of holes
were moderately postively correlated n 1997 (1079) but hghly correlated in 1998
(r = 0.98). Gran yields were significanty higher the 1.0 and 2:1 patterns in 1998
but in 1997, grain yeld was significantly higher the 10 pattem than in the other
patterns. Grain yied in the 11 pattern was bwasboth years. Grain yields were
highly negatively correlated with krval tunnel démin 1997 (r
1998 (r = -0.93) and with numbers of emergenceshibke1997 (r = -0.90) and again
in 1998 (r = -0.98). For the croppng systems,siafion was significantly higher in
millet-cowpea than in milet —sorghum in 1997 whie 1998, both infestation and
damage were significantly higher n milet-sorghuiman n milet-cowpea system.
Gran yields in milet-cowpea were signiicantygter in 1997 and significantly
lower n 1998 than in milet —sorghum.

0.94) and ako in

Milet-sorghum croppng pattern 2:1 or 31 in 199hd milet -cowpea cropping

pattern

1:1 in 1998 did not suffer borer damagebi 5). However, damage was

sgnificanty higher in the 11 milet-sorghum MY and in the 221 or 1:1 milet-
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sorghum in 1998. Grain yields n soke milet pattdrO in 1997 and 1998 or in the 2:1
millet-sorghum pattern n 1998 were signficantligher than in the other treatments.

Table 3. Effect of interaction of variety and cropping system on stem borer
damage and gran yield of millet during the 1998 cropping season in
Northeastern Nigeria (Means folowed by the same ktters in a coumn aoke
significantly diferent at the 5% level of prob@pilaccordng to Duncan’s Multple

Range Test).

Mean percentage Mean percentage of Mean number of Mean laral M ean
o gems internodes bared'stem  emergence tunnel length Grain yield
Treament bored/sample hdegstem (am)/stem (kgha)
Exborno x cowpe 70.00a 44.70a 10.57a 51.87a 277.15eh
' x sorghum  66.67ab 20.30eg 3.17df 30.77hc 216.18gi
x sole 56.00a 27.37b 6.40a 29.671x 344.53d
Mboderi x cowpea  23.33f 11.03gh 0.23f 2.20e 262.89fi
x sorghum  48.33be 31.70bd 5.10be 32.40bd 396.67be
x sole 24.33f 6.50h 1.33ef 2.90e 518.12ab
Gargasori x cowgz  50.00be 31.47bd 8.80ab 18.73be 168.22hi
x sorghum  50.00be 32.23bc 4.40cf 14.40ce 522.38a
x sole 43.67ce 20.37eg 2.60df 9.77de 448.21ad
Zongori x cowpea 60.00ac 34.80ab 6.40ad 16.73be 481.69ac
x sorghum  50.00be 16.83eh 3.23df 6.73de 547.85a
X soke 50.00be 16.03fh 3.53cf 15.00be 496.53ab
Wame x cow pe 33.33ef 35.97ab 3.90cf 8.67de 492.89ac
X sorghum 46.67ce 21.20dg 1.27ef 6.93de 370.79cf
x sole 49.83hx 44.00 7.57a 24,33 326.29d
GB8735 x cowpea  46.67c¢ 22.03c 3.20d 11.470k 152.88
x sorghum  40.00df 12.83fg 1.40ef 7.83de 291.29eh
x sole 50.00be 11.00gh 3.47cf 16.03be 188.84hi
Std error of the mei 8,99 3.71 3147 6.00 59.50

Tabke 6 shows that in both 1997 and 1998, ntepgwphad no significant effect on
grain damage or loss in grain yeld due to the hemker. However, significantly

higher damage and lbss n grain yield were causedhé head miner in the 3:1
pattern than in the other patterns in 1998 (Tabe The mean number of
larvae/panick was significantly higher in mileivgpea than in  milet-sorghum
cropping system n 1998. The miners were also fisgnily hgher in ntercrop

pattern 1.0 in 1997 and signifcantly bwer in eatt 1:1 in 1998 than in the other
cropping pattemns. Grain yelds were significaritigher in the 1.0 and 21 pattems in
1998 but in 1997, grain yield was significantly Heig in the 1.0 pattern than in the
other patterns. Grain yields in milet-cowpea wesignificanty higher in 1997 and
signiicantly lower in 1998 than in millet —sorghum
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Table 4. Effects of cropping system and cropping pattern on stem borer damage
and grain yield of millet in Northeastern Nigeria. (Means folowed by the same
letters in a coumn are not significanty differeat the 5% level of probabiity

accordng to Duncan’s Multiple Range Test).

Mean Mean M ean Mean larval Mean

percentage  of percentage of number of tunnel lengh gain yidd

stems internodes emergence (cm)/stem (kgha)
Treament boredsample bored'stem holes/sem

1997
Cropping system
Millet-cowpea 59.22a 41.43a 1.38a 5.05a 178.46a
Millet-sorghum 27.80b 18.21b 1.88a 3.98a 168.58b
Std error of the mean  1.8¢ 1.5C 0.2 0.5¢ 1.52
Cropping pattern
31 28.50b 45.80a 1.15b 4.95b 129.55bc
21 27.80bc 17.60c 0.95hc 3.35¢ 184.04ab
11 93.38a 28.25b 4.15a 7.70a 90.75¢c
10 24.35¢C 27.63b 0.25d 2.05¢c 289.73a
Std error of the mei 1,57 1.40 0.29 0.59 46.95
Interaction Sig. Sig. Sig. Sig.
1998
Cropping system
Millet-cowpea 24.03b 16.32b 2.36b 8.93b 251.95b
Millet-sorghum 65.72a 43.%a 9.68a 38.29a 268.99a
Std error of the mei 1,91 248 1.40 323 15.44
Cropping pattern
31 40.00a 28.35a 3.85b 1547b 207.15b
21 45.00a 39.55a 9.02a 31.37a 285.62a
11 38.33a 26.25a 4.73ab 19.20a 204.56b
10 56.15a 26.37a 6.47ab 28.42a 344.56a
d error of the me:  1.64 7.22 1.96 7.13 71.74
| nteraction Sig Sig. Sig. Sig. Sig.
Discussion

Intercropping had different effects on the levek idestation and damage to the
diferent milet varietes by the insect pests. ceptbilty of milet to infestaton and
damage by insect pests has been reported to bessteat under natural feld
condtions (Ajayi 1985a; Ajayi 1990; Sastaveh al. 2002). Signficantly higher borer
tunneling was sustained by Mboderi in 1997 andEbyborno in 1998 than the other
varieties when sown under the different croppngtesys; borer tunneling severely
imits grain formation in milet (Harris 1962, Elemand Ajayi 1989). However, grain
yelds were significantly lower in GB8735 in 199hdain GB8735 or Ex-borno in
1998 than in the other varieties. The lower graady in Ex-borno in 1998 may have
been a direct consequence of the hgher borer linmpnsuffered by this variety,
partculary when ntercropped with cowpea (Table On the other hand, GB8735
that sustained lower borer tunneling in both 1983 1998 produced lower grain
yelds suggestng that the yield potential of th@riety s low under the prevaiing
cropping systems of this agroecology. Unlike lovatetes, improved vareties such
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as GB8735 require optimum growth conditons for tremlization of their yield
potential. Some local culivars are , neverthelagserently low vielding (Nwasike
1988), and this may explain why, in 1997, grainldgsiewere lower in Gargasori
inspte of the fact that it sustained only lowenneling from the stem borer and no
damage from the head miner (Table 5). In cont@ehgori grown under identcal
cropping systems produced significantly higher mgrgields than the other varieties
despite sustaning moderate borer tunneling andemidamage (Tablesland 6)
suggesting that this variety tolerated the insexdtgp more than the other varieties and
ako has hgh yeld potential. However, grain geldere consistently higher in baoth
sole and intercropped Zongori only in 1998 (Tabe The reason for this may not be
readly exphined, but it is already known that evabavailabity is one of the most
imiing constraints to productivity in milet-bage systems in Nigeria, especialy
under drier condtions (Grema and Hess 1994; Agayal. 1998); 1997 had bw and
poorly dstrbuted rainfal (514.6 mm in 41 dayd)an 1998 (with high and farly
dstributed rainfal of 665.5mm in 61 days). It egps that optmum gran yield of
Zongori under intercropping would possibly be seali only n years of farly high
rainfall. Yield advantages in intercrops have beartly linked to differences in water
use efficencies and active growth periods betwassociated crops in the intercrops
(Steiner 1984).This phenomenon also may partlyaexpivhy grain yieds in milet-
cowpea intercrop were significantly higher in 198nd significanty lower in 1998
than in milet-sorghum (Tabes 3 and 6). Under lominfall condiions of 1997, the
deep roots of cowpea may have been advantagecemractng water and nutrients
from deeper soi zones for the benefit of milet renchan the shalow roots of
sorghum. In contrast, the active growth and dempewibds of milet occur earler
than that of sorghum so that under wetter consltion1998, this temporal difference
in milet-sorghum intercrop probably determined ldyeadvantage more than the
spatial diference (rooting pattern) in milet-cosegp intercrop. Temporal differences
coud be much more important than spatial diffeesncin determining yeld
advantages in intercrops (Steiner 1984). The sesmiply that t s important to
combine crop plants that wil compliment each otlvertheir demands and reduce
interference, especilly under drier conditions.isltalready known that plants under
stress or that have reduced wvigour suffer displiopately more from nsect
herbivores (Hodkison and Hughes 1982).

Sole milet sustained significantly lower borer reling and produced higher grain
yelds than millet-sorghum or milet-cowpea integr systems and patterns in 1997
(Tables land 4). Conversely, more head miners tadesole milet than milet
intercrops also in 1997 (Tables 6 and 7). Intemngp is known to reduce
colonization of crops by some insect pests (Soutbwand Way 1970; Way 1977;
Lawani 1982; Steiner 1984; Mohammed and Teri 198fyi 1990; Swithri and
Alexander 1995). However, in the intercrops, nically higher miner infestation
and damage occurred in milet-cowpea than in mileghum in both 1997 and 1998
(Table 6) suggesting perhaps that sorghum interferere than cowpea with the
abiity of the mhners in locating ther milet hosin contrast, milet-sorghum sustained
higher levels of borer tunneling than milet-coapén both 1997 and 1998 (Tabke 5);
borer infestation may be higher if milet is inteyoped with known hosts of.
ignefusalis than when millet is intercropped with non-hostsdé&iyun 1983; Elemo
and Ajayi 1989; Nwanze 1997). Smith, (1970) rembrtkat component crops could
be sources and causes of attack of the major appcially n drier areas where there
is an unstable equilbrium between the pest antl tiural enemies.  Nevertheless,
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the results are in agreement with those of otherkeve, that the type of component
crop in the mixture affects the dynamics of and pwential damage that can be
caused by insect pests in miletbased systems tri@f@ and Davies 1981;
Bhatnagar 1987).

Table 5. Effect of interaction of cropping system and cropping patern on stem
borer damage and gran yield of millet in Northeastern Nigeria (Means folowed
by the same letters in a coumn are not signiicadifferent at the 5% level of
probability according to Duncan's Mulipke Rangest)e

Mean Mean Mean number Mean lavd Mean

percentage  of peraentage o of emergence tunnel length grain vyield

stems internodes hd egstem (am)/stem (kg/ha)
Treament baredsampe bored/stem

1997
Millet-cowpea x 3: 57.00 91.60: 2.30t 9.90 120.24¢
" x2:1 55.60c 35.20c 1.90b 6.70c 194.37b
" x11 99.27a 11.10d 1.00bc 1.50d 109.48de
" x1:0 25.00d 28.83c 0.30c 2.10d 289.73a
Millet-sorghum x 31  0.00e 0.00e 0.00c 0.00d 138185
" x21 0.00e 0.00e 0.00c 0.00d 173.71bc
" x 1:1 87.50b 45.40b 7.30a 13.90a 72.02e
" x 10 23.70d 27.43c 0.20c 2.00d 289.73a
Std eror of the mea 3.92 3.75 0.94 1.09 16.57
1998

Millet-cowpea x 3: 30.00 30.40kx 2.501 5.27c 222.89
" x2:1 10.00d 8.53cd 0.43b 247c 257.09bc
" x 11 0.00d 0.00d 0.00b 0.00c 183.26bc
" x 1.0 56.10b 26.33b-d 6.50b 28.00bc 334.56a
Millet-sorghum x 31  50.00b 26.30b-d 5.20b 25.67bc  191.41c
" x21 80.00a 70.51a 17.60a 60.27a 314.14ab
" x 11 76.67a 52.50ab 9.47ab 38.40ab 225.87c
" x 1.0 56.20b 26.40b-d 6.43b 28.83hc 344.56a
Std error of the me: 3.21 8.77 3.16 8.60 21.34

The relatively higher number of mners in intercnopttern 31 or sole crop pattern

10 than in intercrop pattern 1:1 in both 1997 4888 was probably due to the ease

of colonizaton of milet panicles by miners sntteere were fewer (3:1) or no (1.0)
stands of cowpea or sorghum to interfere with disdeof head miners. It is known
that crop growth patterns and plant size alterladbity of host plants to insect pests
and that increased vegetational dversty mantdmser insect pest population
(Hodkson and Hughes 1982). Clarly, crop dvergiigs more in 1:1than in 31 or
10 cropping pattern and this may have been rebfonfor the differences in
infestation kewvels between these intercrop pattefndiverse polyculture of crop

84
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Table 6. Effects of variety and cropping system on damage by Heliocheilus

dbipunctella and grain yield of millet in Northeastern Nigeria (Means
folowed by the same letters n a coumn are rgnisanty different at the 5%
kevel of probability according to Duncan's MultplRange Test).

Mean number of Mean Mean Mean grain
larvae/panicle per centage o percentage yidd (kg ha®)
panicles grain loss
Treatment damaged*
1997
Varieties
Ex-bornc 1.03¢ 1.65¢ 1.68: 279.69
Mboderi 101k 1.37al 1444 293.34l
Gargasor 1.00k 1.00k 1.00k 208.71
Zongor 1.02al 1.29al 1.30al 353.74
Wame 1.01k 1.51al 153 291.12
GB873t 101k 1.15al 1.19a 114.33%
Std error of themea: 0.01 0.24 0.24 20.8:
Cropping
systems
Milet cowpe 1.01¢ 1.30¢ 1.33: 230.29
Millet-sorghum 1.0l1a 1.36a 1.39%a 144.14c
Sole millei 1.02¢ 1.32¢ 1.35¢ 396.04
Std error of the me: 0.01 0.1t 0.24 10.81
Interadion S NS IS N<
1998
Varieties
BEx-bornc 1.01k 151 151 279.29
Mboderi 1.04¢ 2.00¢ 1.92 392.56l
Gargasor 1.01k 1.26¢ 1.24¢ 379.601
Zongori 1.03a 155a 159a 508.42a
Wame 1.01k 1.17¢ 1.18: 396.641
GB8735 1.04a 2.01a 23la 211.0c
Std erro of the mea 0,01 0.4< 0.5z 39.87
Cropping
systems
Milet cowpe 1.02¢ 1.82¢ 1.86:¢ 305.94
Milet sorghun 1.02¢ 1.34¢ 1.30: 390.73
Sole millel 1.02¢ 1.58¢ 1.71: 387.09
Std error of the me 0,01 0.2¢€ 0.2¢ 35.0¢
Interadion NE NE NE S

*Percentage of total adjusted length (T AL).
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Table 7. Effects of cropping system and cropping patern on damage by
Heliocheilus dbipunctella and grain yield of millet in Northeastern Nigeria.
(Means fdlowed by the same letters in a column rave significantly different at
the 5% level of probability according to Duncan'alifle Range Test)

Mean number of Mean Mean Mean grain
beetl egpanide perentage o percentage yidd (kg ha®)
panicles grain loss
Treatment damaged*
1997
Cropping
gystem
Milet cowpe 1.03& 1.92¢ 2,03 178.46
Milet-sorghun 1.02¢ 1.8C 1.85:¢ 168.58|
Std error of the me 0.01 0.1z 0.0¢ 1.52
Cropping
pattern
31 102k 2.06¢ 2.16¢ 129.55h
21 1.01b 173a 1.86a 184.04ab
11 102k 1.85¢ 1.95: 9075
10 1.05a 182a 1.80a 289.75a
SE+ 0.0z 0.6€ 0.7% 16.9¢
Interadion NS NS NS NS
1998
Cropping
system
Milet -cowpe 1,03 2.07¢ 2.06¢ 251.959
Milet-sorghun 1.01k 1.85¢ 1.95: 268.99
SEt 0.01 0.3Z 0.3t 15.4¢
Cropping
pattern
31 1.03¢ 252 2.60¢ 207.15
21 1.02al 184k 1.96k 285.62
11 1.01b 1.57b 1.63b 204.56b
10 1.02al 1.94¢ 1.85tk 344.56
SE- 0.01 0.22 0.24 7174
Interadion NE NE NE N<

*Percentage of total adusted length (TAL).

systems, in contrast to simplfied systems, previieore niches for crop pests but
increases the sewverity of the systems to the fwstnaking the pests to spend more
time and dissipate more energy in finding their thoand by exposing them to
increased predation (Van Emdem and Wiliams 1974y \V¥976); natural enemies are
known to transfer from cowpea to milet in a miletowpea ntercrop and reduce
insect pests n miet fields (Bhatnagar 1987, 8ait al. 1998). The significantly
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lower grain yields in the 3:1 pattern in 1998 may diue to the significantly higher
damage caused by the head mher n this patterble(T@. On the other hand, grain
yelds were low in pattern 1.1 also n 1998 and tmay not be attributed to pest
damage since pest damage was low. However, thedtmol s that the 1:1 ntercrop
pattern may not be suitable for mproving mile¢lgs in this agroecobgy despite the
fact that mobility by insect pests may be moreriodstl in this pattern than in the
other patterns. Grain yields were relatively higiverintercrop pattemn 2:1 than 3.1 or
11 in both 1997 and 1998 (Tables 4 and 7) suggetiiat this pattern may offer
better yield stabiity to farmers than the 31 ahdl patterms in this agroecological
zone. The rehtvely higher grain yelds in solellemipattem 1:0 n both 1997 and
1998 may be attributed entirely to the higher plampulation in this pattemn.
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