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FOREWORD

he International Institute of Tropical Agriculture has as its major task to carry out
rescarch toward improving the quality and quantity of selected food craps of the
humid and subhumid wropics.

Because II'TA is located in the transition zone between tropical rain forest and tropical
savanna (at Ibadan, Nigeria) the Institute’s researchers can bring their skills to bear on
the problems of both zones.

Research at IITA is centered around four major programs. Central to all the rescarch
effort is the Farming Systems Program which becomes the testing ground for improve-
ments in materials and methods developed in the Grain Legume Improvement Program,
the Cereal Improvement Program and the Root and Tuber Improvement Program. An
equally important area is the Training Program which provides a wide rar. ve of oppor-
tunities for the improvement of professional ability in research and development. Addi-
tional research support components which are essential to the productive output of the
program are also an integral part of 1ITA.

Through cooperative programs with other international agricultural research institutes,
national programs and training activities, the improvements in materials and methods
are made available to farmers in the tropical areas which TITA serves.

This report has been edited for conciseness and clarity and details that some readers.
require may have been eliminated in the process. Additional i formation may be ob-
tained by addressing a request to the appropriate program leader or scientist involved.

W. K. Gamble

Dirvector General

I
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THE WEATHER

For crop production, the adverse weather conditions that
scem 19 have characterized the current decade again occurred
in 1977. Rainfall at IITA was below average and poorty
distributed. This resulted in a shorter-than-normal cropping
season. Insolation was. in general, also comparatively lower-
than-normal, day time hours were cooler than normal while
warmer temperatures prevailed at richt A summary of
weather parameters for 1977 at HTA i< aiven in Table L

Rainfall and Evaporation. Two major storos in January 1977
vielded a total or 350 mm of water, about eight times the
annual averave for that month: however, there was no rain-
fall in February, Thus, despite a 5 pereent decrease in
cumulative evaporation compared to the average, the poten-
tial water balanee? over the latter part of the 1976-77 dry
season remained stronglv negative as s usual for this time
of year. A total of 20,0 of rainfall in March made the
month the driest in the last 25 vears, representing only 20
percent of the cotresponding long-termn inean. The cumulanve
deficit in rainfall stood at 5 pereent at the end of this period.

April was marked by interminent upsurges o the harmattan
which followed nearty every rain, There was Litle improve-
ment in water balance as precipitation continued to fall fur
short of ‘normal” while there was a 12 pereent increase in
evaporation. A more favorable distnibution of rains (par-
ticularly in the last third of the month) however, resulted
in sufficient improvement in short-term moisture conditions

AT IITA IN 1977

to enable planting of the now delayed first-scason crops.
These conditions were sustained through the first half of
May.

The first 10 davs in June brought yet another period of mois-
ture deficit, Rainfall during the period amounted to 29 per-
cent of evaporative demand.? Precipitation during the rest
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Fig. 1. Weekly mean rainfall and evaporation (1I'T4, 1977).

Table 1. Summary of climatic data for 1977 — 1ITA, Central Station,

Month Total Total Solar

rain- evapo- radia- Temperature __Rel-Hum, Mean Mean

fall ration tion C % Temp Rel-Hum.

mm mm G, Cal/ Min. Max. Min. Max. C %
Jan. 53.0 133.61* 350.70 22.6 31.6 43 97 211 70
Feb. 0 146.72 411.57 222 33.2 31 96 27.7 64
Mar. 20.0 170.41 429.26 23.5 35.3 28 92 29.4 60
Apr. 94.0 175.30* 441.84 23.6 335 43 93 28.5 69
May 101.30 168.82 458.25 22,7 315 56 97 27.1 77
June 146.5 115.85* 365.80 22.7 28.9 67 98 25.8 83
July 94.6 97.31 308.20 223 275 7 96 24.9 84
Aug. 59.5 84.36 274.72 21.1 26.7 71 98 23.9 82
Sept. 141.0 96.98* 342.55 21.6 28.4 66 98 25.0 82
Qct. 207.0 135.16* 412,23 22.0 29.6 59 98 259 73
Nov. 0 134.12 471.16 22.0 319 42 96 27.0 69
Dec. 0 134.48 371.60 20.4 31.8 36 94 126.1 65

*Values adjusted for days with missing data.

1. Defined as the difference between rainfall and pan evaporation.

2. Taken to be equal to pan cvaporation.



of the month was frequent and adequate, resulting in sus-
tained favorable moisture conditions for the first time in the
year, despite the overall water deficit. This trend continued
through July. The characteristic decline in August rainfall
(Fig. 1) was more pronounced than ‘normal’ but less accen-

tuated than the siwation in 1976, Most of the 59.5 mm of

rain in August was concentrated in the second half of the
month.

Soif moisture thus remained favorable during the period:
timely second-scason planting was therefore possible. Uhe
departure in cumulative rainfall to this point remained high
- minus 34 pereent.

The first third of September was marked by another drought
spell which ended with a 11L.8 mm rainfall on the 12th. This
commenced a period of consistent rains in which moisture
balance ranged from adequate to highly positive. The positive
moisture balance lasted through October, one of the two
months of the year with above-average rainfall. Some of the
rains within the period were intense. Mean intensitics upward
of 70 mm/hr sustained over 30 minutes were observed on
two occasions -- the first on 17 September and the second on
17 October. A peak intensity of 96.0 mm 7hr was measured on
4 October. No serious erosion was, however, observed on the
station because of good ground cover.

The second cropping season at IITA ended carly and abrupt-
ly. The last rain for the year fell on 26 October, and was
followed by a period of rapid depletion of soil moisture re-
serves induced by high evaporative demand. The total rainfall
for the year was 916.9 mm, making 1977 the third driest in
25 years of weather records proximate to the HTA site.

Sky Conditions and Solar Radiation. A curious short-term
interplay between the dry and dusty harmattan and the
moist, southwest monsoon, observed during the first four
months of the year as cach air mass alternately advanced
into and rewrcated from the arca. Sky conditions during the
period were therefore marked by an unusual alternation be-
tween haze and clouds. Insolation was generally moderate
with monthly values of global radiation (Fig. 2) ranging from
3 percent (January) to 6 percent (April) below average.
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Fig. 2. Weekly and monthly mean solar radiation (1A, 1977).

There was an inprovement in insolation in May when a
pereent departure was observed as generally broken clouds
in the morning yielding to scattered cloud cover in the after
noon. June, however, experienced a pronounced decline (— 12

pereent) due to exteasive cloudiness. This decline continued
through July (- 13 percent) and reached a peak in Auvust
with a = 17 percent departure from the mcan, The first crop-
ping season was therefore not only plavucd by o below-
normal rainfall, but ubo by @ comparatively poor Lioht cfis
mate, The second season fared hetter: elobal radiation in
September was 3240w adens 7 day-1, 0 perent below av-
erage) while October and November values were | percent
and 12 pereent respectively above average.

Femperature and Relative Humidity, Temperatures in 1977
were, on the average. lower during the day (0.3 Gy in parallel
with the lower radiation input (Fig. 31 Night-time hours
were, however, generally warmer than ‘normal” with depar-
tures ranging from plus 25 Cin January to plus 0.1 C in
December: they average 090 C above normal over the year.,
The absolute maximum temperatures of 37.0 C, were ob-
served on 7, 13,15, 24 and 26 March; the lowest minimum,
15.0 C, was recorded on 31 December.
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Fig. 3. Weekly mean max., min., and mean temperatures (IITA,
1977).

Relative humidities were variable. Low daytime values in
March (lowest: 12 percent on 13 March) and April (lowest:
20 percent on 2 April) were associated with the late incursions
of the harmattan. Departures in monthly mean values how-
ever, were mostly positive compared to the corresponding
multi-annual avcrages, with notable exceptions in March,
April and November (Fig. 4).
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Fig. 4. Weekly mean max., min., and mean relative humidity

(ITA, 1977).



CEREAL IMPROVEMENT PROGRAM

Maize

Genetic improvement

Introduction and evaluation of new germplasm. Efforts to
enrich the IITA germplasm collection were continued during
1977. About 330 materials consisting of inbred lines, compos-
ites, synthieties and hyvbrids were introduced and evaluated
at IITA. The otal number of accessions now available at
ITA is 703, Materials introduced this vear included severa
inbred lines and svotheties from the USAL assorted materials
from Brazil, composites and synthetios from Cameroon, some
lines and hybiids from IRAT, Bvory Coast, Mexivo and sev-
eral maize cultivars [tom CINNMYTO A these introductiions
were grown, evaluated and multiplicd by sib mating av [TEAL
Materials found to be promising have been utilized in on-
going sub-projects with ditferent objectives.

Of the germplast introduced and evaluated in the breeding
nursery in 1976, 82 aceessions were found o be promising.
These materials along with TZB und TZPB check cultivars
were further evaluated in two vield trials in 1977 first season.

All the USA germplasim tested in the uiad viclded signifi-
cantly fower thun TZPB check cubiivar. Only one aceession,
Tuxp. Caribe-2, gave a vield equal to TZPE Tn another trial
in which Indian early materials were tested, only one entry,
Indian Yelow raixed, vielded heher than TZPB check,

Development of carly maturing conmposites. A major acuvity
during 1977 in this project was to identify high-vielding full-
sib families gencrated during 1977 which would mature in

Volta check cultivar in the early scason at Ibadan. In the
sceond scason, the highest-vielding full-sib cross yielded 74
percent higher than TZB and 116 percent higher than the
Upper Volta checks. The carly-maturing full-sibs were about
10-12 davs carlier than TZB in flowering and about 25-26
davs carlier in maturity.

Based on the data from multilocation testing, 11 carly-matur-
ing caltivars have been reconstituted and multiplied by sib
mating. The most promising cultivars in 1978 trials wiil be
released 1o the national programs. In Nigeria, the selected
four cultivars witl be tested by state ministries of agriculture
in the pre-minikit triats and in the minikit trials on the
Larmers” tields.

Tu the second season of 1977, the promising early-maturing
famities were crossed o three sources of opaque-2 gene and
twor sources of presistance o maize streak vieus, Fyoseed of
carly X streak resistant and carly. X opague-2 souree, will
be planted as two bulks to make further selections in 1978

Plant type selection and tow-density performance. The selec-
tion for cticient plant type under low population was initi-
ated in 19760 One-bundred-und-fifty tull sibs and 150 half
sibs wenerated and selected in 1976 were tested in a replicated
trial at woamnal plant density (95000 plants‘hat The same
set was also planted as car-to-block for developing anew set
of full sibs at hadan. Full-sib families were selected and only
these Tamities were utilized o develop a row set of full sibs,
Grain vield of some of the selected Tamilis tested in a trial
in 1977 is given in Table 2

Table 2. Grain yield of five selected families in TZPB (EPS)

about 85-90 days and would have a good devel of resistance — Ihadan.
to tropical rust and blight discases. A total of 117 full-sib T e N —
progenies and -+ varictal and fullsih crosses were tested an digree Pedigree Q{Eﬁ_‘lﬂf‘_“g’_“_ﬂ
replicated yield trinds at three locations in Nigeria, and in T T
Togo, the Republic of Benin and Upper Volta, Sixty-five full }ﬁ},:; ;,2 1:;{; ggz;
sibs and crosses were sefected and tested again in a trial in 'l"/‘l’l’) F.‘S' (D),) 5432
the sccond season at Ihadan. Table 1 gives the average vield 'l'il’ﬁ 'S - Y e
and days to flowering of selected entries at various locations. T T I." - A 5311
The highest-yielding full sib which gave about the same vietd I./‘l. B 5. 59 3371

¢ highest-yiclding W gave ¢ 172PB Control 4664
as TZB composite vielded 126 percent higher than the Upper ontro d
Table 1. Grain yield (kg/ha) and days to flower of selected early-maturing familics.

Republic of Renin Republic of Togo
First- Second-
scason season Days to

Pedigree Yield flowering Pedigree Yicld flowering Pedigree Yield  maturing Pedigree Yicld flowering
BPT F.S.18 4840 47 IWM x IPA 5250 4t B.PFS. 27 4620 134 ATPFFS 8 44t 40
IPA F.5.7 4560 18 ATE x IND 5060 45 ATPF F.8.27 4230 1350  MAPB x ATPF 4428 41
IWM x [PA 4520 18 BTP F.S.18 4400 44 ATPF F.S.19 3880 128 ATP x IND 4236 42
ATP x IND 4510 47 BTPF x IPA 4380 44 B.P.F.5.8 3870 130

128 4690 58
Upper Volta 2140 46

PB FS 12 4056 41
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The highest-yiclding full sib (TZPB F.S. 138) yiclded 5831
kg/ha which is 25 percent higher than TZPB check cultivar
included in the same trial. Mcan of selected 20 families was
5170 which is about Il pereent higher than the vield of
TZPB. The new set of full sibs developed in 1977 will be
grown in 1978 for yield cvaluation and for initiating the
second cycle of selection for efficient plants. Only those fami-
lies which give promising performance are selected to initiate
new cycle of selection again urder low plant density,

In addition to TZPB Composite, ¥, generation of Tropical X
USA germplasm developed in 1976 was also planted in 1977
to select for efficient plants under wide spacing. TZB and
TZPB were used as the tropical material and corn belt hy-
brids as USA germplasm.

Plants with the USA hybrid type architecture possessing ficld
tolerance to tropical rust and blight di:cases were sclected
and subjected to dry matter analysis to determine grain/stover
ratio. Selected fuli sibs and half sibs will be evaluated for
yield in a replicated trial in 1978

Another approach for achieving better physiological efficiency
in tropical maize was to sclect for prolific (two ears/plant)
plant type. Preliminary studies show that frequency of plants
with high efficiency and high yicld occurs more often in the
prolific families. Plants with two good size ears with no or
few unproductive extra car initials or ear proliferation were
selected from 1976 TZPB plantings. These 162 cars were
grown under wide spacing (75 cm X 100 cm) as half-sib fami-
lies and a sccond round of selection for two-cared plants was
done in 1977 first season. One hundred plants cach of se-
lected cars were planted as half-sib families in 1977, sccond
year under wide spacing. Selection for two-car plants was
done in the selected familics. Selected plants were selfed and
selfed ears from plants which had two reasonably good ears
will be grown as ear-to-row in 1978 to develop — S, lines
and full-sib families among prolific plants.

Development of populations resistant to maize streak virus.
Since the sources of. resistance identified in 1976 and con-
firmed in 1977 were not vigorous and were agronomically
unaccepted, the major thrust during 1977 was to combine
high-yield potential and resistance to streak. In addition to
the two sources of resistance, IB 32 and L.a Revolution, sev-
eral other 8y and S, lines from the base population TZY
were identified which were segregating for a high level of
resistance.

All such lines of 1B 32, IB 33 and IB 34 were planted in the
screenhouse and were subjected to streak inoculation. The
resistant plants were bulk-sibbed in the screenhouse. The sib
sced was planted in two large blocks in the field as yellow and
white grain bulks. Further recombination was accomplished
by plant-to-plant sclective sibbing utilizing agronomically
superior plants. One-bundred-and-sixty-two ears in white and
212 ears in yellow bulk were finally selected and planzed as
ear-to-row using wide spacing for individual plant sclection
in the sclected families. All the 374 ears were also planted in
the screenhouse to monitor the resistance to streak. Based on
family reaction to streak in the screenhouse, full sibs among
agronomically supericr plants were produced in both yellow
and white pepuliations in the tield, and 189 full sibs in white
and 7292 full sibs in vellow population were finally retained.
All 481 full sibs in white and velow grain population were
tested in a replicated yield trial and also were planted in
the sereenhouse 1o test the yvield potential and level of re-
sistance. There were several full-sib families which yielded
more than 3000 kg/ha and were having a rating of 2.0 (re-

Several single crosses of maize were produced by crossing
sume other introduced, inbred lines which were found to
be promising in the 1976 introduction nursery.

sistant! tor streak in the screenhouse. Ten best families in
the white population and 10 in the vellow population have
been chain-crossed to develop TZSR (white) and TZSR (yel-
low) composites. Enough seed of these composites is being

- produced for multilocational testing during 1978 second

SCASON.

In addition, selected plants in agronomically superior full-sib
families have been selfed to produce Sy lines. A large number
of materials sent from HTA to the national maize program
in Zaire are better than their improved cultivar which was
planted every 15 rows along with these materials.

Conversion program. Scventeen high-vielding tropical com-
posites including TZB, TZPB, 096EP6 and $123 from Nigena
and 10 CIMMYT experimental cultivars were tested earlier
and found promising in Africa. UCA from Tanzania, C4
from Ghana, and Madagascar cultivar from Zambia were
selected for converting these cultivars to streak resistance,
The streak resistant full sibs exhibited epidemiological field
resistance under natural inoculation and spread.

In the screenhouse where inoculation is ensured, some F, rows
showed uniform intermediate reaction to streak, where as
many showed segregation for susceptibility. The agronomically
superior plants in all Fy car-to-row were self-pollinated in
the field. These Sy lines will be grown ear-to-row in the field
and will be irocvlated by releasing viruliferous leafhoppers
and the seircted plants in the selected Si lines will be crossed
to develep a new <oy of full sibs.

Borer resistance. Two bulks, white and yellow grained, made
from the survival plants under high natural infestation of
Sesamia calanstis borer at Umudike were planted a¢ Ibadan
in 1976 and agronomically superior plants were selfed and
utilized in developing full-sib families.

Selected plants in families showing a good level of resistance
in two replications were cither selfed or crossed to generate
new set of full-sib families and 75 full sibs in white and yel-
low grain populations were finally retained. These full-sib
families were planted in the replicated trial for vield evalu-
ation in the dry season 1977 at Ibadan. The top 50 percent



will be selected and the remnant seed will be planted at
Umudike in 1978 for the next evde of selection.

International testing. Maize is widely grown in several
ecosystems all over Africa with diflerent stress situations
limiting maize yields. An internatioaal program that aims
to praduce clite germplasm with wide adaptation cannot
safely rely upon selection and testing in any one location.
International testing of tullsib families generated i two
high-yielding base populations TZB and TZPB was initiated
in 1977, Full-sib progenies were sent to Cameroon. Republhie
of Bénin, Towwn, Guinea Bissau, Upper Volta, Sao Tome,
Sierra Leone and Liberia

These were also erown at Tkenne and Onne high-rainfall
areas), Mokwa and Ibadan (transitional and savanna arcas),
Zaria (Guinca savanna arci) and Umudike in Nigeria In
addition, materials {or specific objectives were also sent to
five countries. For example, swreak resistant material was
sent to Ghana and Tanzania, high hvsine material to Liberia,
and promising germplasm to The Gambia and Burundi.

Families sclected by such an international testing network
would be combined with an objective of developing a widely
adapted Tropical White Intermediate Dent (WD) compos-
ite. A new set of families will be developed and sent AUdin
to various locations for the second evele of selection.

With the same objective, the 28 most promising composites,
developed at ITTA or identifisd through introduction nurseries
and CIMMYT tials of 1976, were selected and tested in a
yield trial at several locaions. Table 3 gives the performance
of promising composites at two locations. Mitho Maya, La
Magquina 7422, Tlaltizapan 7322 and Poza Rica 7422 were
found to be promising at both the locatiors.

Based on these results and other observations at IT'TA, three
composites designated as TZ 7601717 7802 and TZ 7803 and
two hybrids have been entered in tae national zonal maize
trial to be conducted at 16 locations in 1978 first season. The

Table 3. Grain yicld (kg/ha) of promising composttes tested in

1977.
Pedigree Tkenne Samaru
Milho Mava 3733 602}
La Maquina 7422 3543 3945
Tlaltizapan 7322 3486 5813
Poza Rica 7422 3926 5715
Poza Rica 7437 4439 , 4878
TZPB 3810 1781
Western Yellow 3162 4481
5123 2209 5317
wSD 3% 1219 438

trial is being coordinated by the National Cereals Rescarch
Institute (NCRI, Ibadan.

Population improvement, The recurrent selection program to
increase the frequency of desirable genes was continued in
1977 in the four base populations, namely TZB, TZPB, TY
Yellow and TZ Opaque.

TZB. Two-hundred-and-sixty-five 8, lines developed in 1976
were evaluated in replicated vield trial at Ibadan and Mokwa
in Nigeria. Based on the data for vield, usable cars, ear height
and tolerance to discases and insects 45 lines were selected.
Performance of the selected lines, as compared to base pop-
ulation TZB is given in Table 4. Remnant seed of these lines
was planted in the dry season of 1977 recombination. Re-
combined cars will be planted in early season 1978 for sclfing
the selected plants to initiate the cighth cycle of selection in
this composite,

TZPB. During the first season 1977, 125 S lines produced in
1976 were tested in replicated trials at two locations, Ihadan
and Samaru, Twenty-eight lines were selected and remnant
seedd planted in isolation for recombination. The vield and
other agronomic characters of some lines selected in 1977
trial are given in Fable 4

TZ Yeidow., One-hundred-and-cighty-five 'S¢ lines of TZY
were planted in a wial and 25 lines were finally selected.
Remnant seed of there lines which was kept in seed store
showed very poor germination. Open pollinated ears of selec-
ted lines will therefore be used for initiating new cycle of
seiection in this composite.

T7. Opaque. A modified S, line recurrent sclection scheme
was used to improve TZO: composite. Recombined cars were
planted ear-to-row in rthe first season 1977 to self the agron-
omically supetior plants. One-hundred-and-thirty Sy cars
were sclected and these were evaluated in a replicated trial
in the dry season of 1977, Severe lodging due to bad weather
was expericneed. Lines selected on the bisis of vield and
other agronomic characters will he used for next cycle of
selection in 1978,

CIMMYT international testing. Three Elite Variety Trials
(ELVT). namely ELVT 18, 19 and 26 received from
CIMMYT, Mexico, were planted in the second season 1977,
These trials could not be planted in the first season due to
late release. All the data collected from these trials have been
returned to CIMMYT for compilation.

In a similar cooperative activity 160 Fy ear-to-rows of prom-
ising composites crossed to downy mildew resistant materials
were grown at IFTA in the dry season 1977, for the NCRI
Ibadan. These Fy crosses were grown at JHTA for advancing
o F, generation by selective sibbing. The F, seed produced
will be returned to NCRI for further work in 1978 to produce
populations resistant to ¢ owny mildew diseasc.

Table 4. Performance of some of the selected S; lines of TZB & TZPRB tested in 1977 for population improvement,

TZB TZPB
Yield Days to Ear Yield Days to Ear
Pedigree kg/ha flower height Pedigrec kg/ha flower height
30/2 4530 55 142 148/1 4875 61 108
71/1 4285 53 147 161/1 4820 58 110
150/2 4265 56 140 156/2 4585 61 105
127/1 4265 54 125 38/3 4585 56 105
79/1 4150 56 131 57/3 4440 58 103
100/1 4150 55 129 7372 4430 60 105
TZPB Bulk 5515 55 125




Development of inbred lines and hybrids. During the year
260 Sy lines of "TZB, 60 S. lines of 'TZB and 61 lines from
NCRI were grown in the top-crusy nursery for crossing to
TZPB tester. Rescarchers rejected 865 lines on the basis of
field observation and 120 ines were finally retained. Top
crosses of these lines will he tested ina tiad at two or three
locations in 1978 carly scason 1o select the top H-20 lines
based on their general combining abilivs In die meantime,
10 lines were selected on the basis of field observation and
20 assorted single crowses were prodaced in the dry seasons
of 1977 using the remnant seed of these lines. In addition, 15
single erosses were produced by crossing some other intro-
duced, inbred lines which were found 1o be promising n the
1976 introduction nursery. These single cross hybrids will be
tested inoa yield trial and compared with TZB and ‘TZPB
composites in 1978 early scason.

Maize physiobreeding

During the first season of 1977, as part of the breeding pro-
gram, 171 full=ib entries fion: within the Tropical Maize
Composite, TZB, were planted at wide spacing for further
selection. During the grain fill period, 47 of these entrics
were sclected on the basis of aceeptable plant type with re-
spect to height, pluat canopy and size and number of cars.
Within cach full-sib, 10 individual plants were selected on
the same basis. These 170 plants were harvested at about
the time of black layer maturity. Grain weight per plant
(GW) ana Harvest Index (HI) were caleulated for each in-
dividual plant, {grain at 12 percent moisture content, stover
dried at 80 C to constant dry weight). The key points to
emerge from the anelysis were:

L GW was positively and highly significantly correlated
with total plant dry weight (PW), ¢ = 0.8433.

2. The regression HI on PW gave a non-significant re-
lationship, r = 0.0136.

3. GW was positively and highly significantly correlated
with HI, r = (0.5107.

4 GW was pasitively and highly significantly correlated
with grain numbers per plant, (r = 0.670) and to a
lesser extent with grain size, (r = 0.152).

From these relationships some high-yiclding plants with
higher efficiency were identified. The high-yielding high cffi-
ciency group (HY-1IE) were defined as those plants with
grain weight greater than 300 ¢ per plant and HI greater
than 53 percent. Only 32 plants (7 pereent of the population)
were identified. Twenty-three of these plants were among the
10 best yielding full sibs. The remaining nine were Jocated
in cight other full sibs.

Data on car height, plant height and leaf numbers above
and below the ear showed no association of a particular plant
type with the HY-HE group. However, one feature that was
common to all but two of the plants was the presence of ma-
ture sccond cars.

Because of the association of HY-HE with prolificacy, a study
similar to the one deseribed above was made in a population
bred specifically for prolific plants, (TZPB, two-cared pop-
ulation, third cycle of hall=sil selection). Twenty-one entries
were selected, with 10 plants per selection. The same re-
fationships as those described earlier were found again. A
HY-ITE group of 17 plants (8 percent of the population) was
sclected on the same basis as before. Onee 4gain no parricu-
lar plant character with respect to height, leaf number and
car position or relative sizes of ears could be associated with

HY-HE plants,

Since the incidence of HY-HE was of fow frequency in these
maize populations such plants could arise by chance beeause
of more favorable erewth conditions at randon, places in the
wide-spaced planting, vndicatiog that HY-HE may not be a
heritable traic

Maize physiology

Factors influencing vield of maize. Maize vield ditferences
between temperate aud twopical areas hive been attributed
in part to higher night respiration losses associated with the
higher night temperatures of the humid tropical zone. To
explore the advisability of germplasm selection for low night
respiration rates, overnight dry weight Joss was measursd in
the field in i maize stand at intervals spanning the life of
the crop.
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Fig. 1. Dawn and dusi. (.sntal plant dry weights of maize plants
Jrom 1l to 27 days after emrrgence. Each point is mean of 10
replicates each of 10 plants. Ecch dawn dry weight is plotted
direcl[)' under previous day’s dusk dry weight.

The results showed that raize ja the humid tropical environ-
ment is a conservative plant with respect to carbon con-
sumption for respiration. Figure 1 shows the dusk-to-dawn dry
weight decrease of the whole piant. Thus maize vield differ-
ences between the temperate rone and the humid tropics
cannot be attributed to high night respiration losses. Screen-
ing fr even more conservative carbon consumption is con-
sidered to be unimportant.

Influence of radiation on ear development and grain survi-
val. One factor which reduces potential vield of tropical
maize is the abortion of grains. This is observed in the field
by the incidence of barren second ecars on two-cared plants
and by abortion of terminal grains on the cob of the first
car. An understanding of factors leading to grain abortion
and the way in which selection co'ld be made against that
character was -:quired. Previous work had indicated that the
environmer. of the ear with respeet to radiation was of im-
portance, and this was investigated.

Two approaches were used o vary light receipt of the ear.
Results of the artificial shading experiment showed no
significant differences in grain numbers per plant irrespective
of light receipt of the ear. but the significant increases in
grain yield were found to be a result of thinning at time of

silking.

The main findings of the experiment are summarized in
Table 5. The key difference between the plant stand in the
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A stratery for achieving a better physiotogical efliciency in tropical maize, such as selecting for prolific plant type, is being
pursued.

Table 5. Yield and car characteristics al maturity of maize plants grown at wide spacing (T1), cluse spacing (T2) and at close

spacing thinned at silking (175).

Spacing between

T plants

1 tm

2 S0 om

3 50 cm thinned to T
Grain weight No of rows

T per ear ig) per car

First ear characteristics”

] 166 a B a
2 1421 b EX) a
3 1491 b 4.6 a
Second car characteristics**

1 1007 139

2 +1.7 13.0

3 49.3 13.7

Values marked with same letters i a column are not significantly different at P = (.05,

Utwa-eared

plants
#2
1

it

No. of grains

per row

40.0)
37.1
37 4

28.9
18.5
175

*Value of n for mean graun weight and first ear characteristics s 24.

**Values of n for second ear charactenstics are 24 (T,), 2 (T,) and 15 (¥y).

7

a

Grain
weight per plant®

2741
145.6
[RO.2
Toutal na.
grains
per ear

5623 a
53339 b
3469 b

406.3
235.0
248.3

200 grain
weight (g)

614
57.4

38

-—

[ S}

R

&)



close planting (T2) and the thinned plants (T3) was in the
incidence of second ears. Cnly 10 percent of the plants in
T2 supported two ears whereas in T3, 72 percent of the stand
had two mature cars per plant at final harvest. This was the
source of yield improvement in T3, Table 5 shows that the
characteristics of both first and second ears in T2 and T3
are very similar in respect of grain numbers and grain size.
As shown in Table 6, the percentage partitioning of dry
weight in various plant parts was similar in all cases. As a
result of thinning, there were significant increases in the
weight of leaves below the first ear and in the lowsr stem.

Table 6. Percent distribution of dry weighl in various plant
parts at final harvest (c. time of black layer formation)
in three spacing treatments.

Percent of dry weight in

Core
Leafl Stem Husk and Tassel - Grain
shank
Tl 8.3 21.0 13.1 11.8 0.9 44.3
T2 9.2 23.5 11.0 10.8 1.1 439
T3 8.1 23.5 10.8 12.3 0.9 44.1

It was concluded that while radiation environment of the ear
does not directly influence ear development, the environment
of the leaf canopy immediate to the ear is very important.
It apparently produced the additional assimilates that were
used in grain development and probably provided some type
of hormonal stimulus to ensure that grain survival rather than
grain abortion occurred.

The effect of leaf removal on wide- and close-spaced plant-
ings of maize was also examined. Leaf removal markedly
altered the incidence of mature two-eared plants in both
wide- and closer-spaced plantings (Table 7). Removal of
middle leaves at time of silking had the most severe effect,
but other treatments also reduced second ecar incidence. This
experiment did not produce any clearer understanding of the
underlying causes of grain abortion and no information was
gained on how the overall plant type of tropical maize should
be modified to reduce grain abortion.

Table 7. Percent frequency of two-eared plants in maize stands
groun at 75 cm and 50 em between plants, (Variety,
Pioneer X1054) with various leaf removal treatments.*

Spacing between plants

Treatment 75cm 50cm
No leaf removal 50.4 41.2
Leaf removal at silking

Lower leaf 42.5 40.3
Middle leaf 26.0 9.2
Upper leaf 35.8 19.0
Leaf removal c.10 days after silking

(dry sitks)

Middle leaf 37.8 310
Upper lcaf 44.3 25.2

*Leaf at first ear node called 0. Nodes above, +, nodes below, —,
Lower leaf was from —3, —4 and —3 nodes, middle leaf was Srom
0, —1 and —2 nodes and upper leaf was from +2, +3, + 4 nodes.

Maize streak virus (MSV)

Host plant resistance evaluation. About 30,000 plants repre-
senting maize germplasm from many sources were evaluated
in four large screenhouses. Plants were exposed to viruliferous
leafhoppers from germination to flowering. A susceptible
check (Upper Vola or TZB) and a resistant check (IB 32)
were planted every 10th and 11th row to monitor the level
and timing of transmission and the virulence of the virus.

Several maize populations from CIMMYT were evasuated
for their reaction to maize streak virus. All the populations
were highly susceptible, thus selection of tolerant plants was
not possible. :

Several elite experimental cultivars from CIMMYT which are
high-yielding and well adapted in several African countries
were evaluated with the idea of combining resistance and
yield. None of the four cultivars tested had any tolerant
plants and are at present in a conversion program to intro-
duce resistance to MSV,

Various 8; lines from Tropical Late White Dent selected
under field conditions in Tanzania were evaluated using the
screcnhouse method and inoculation technique (48 hours with
two vector plant). The entries tested were S) lines whose
field react/on to MSV was designated as “slow spread.” Re-
gardless of the method used no tolerant plants were identified
in any of the S; lines tested.

Development of inbred lines. Several plant sclections from
TZ Yellow population and La Revolution have been selfed
and tested for their reaction to MSV under screenhouse con-
ditions. TZ Yellow S; lines which have a uniform reaction
to MSV have been produced; these will be re-cxposed to
develop S, lines, and eventual'y selfed to establish inbred
lines. Plant selections from La Kevolution have been selfed
to generate S lines, these lines will be selfed for two more
generations to develop Sy lines. The reaction of several of
these lines is presented in Table 8.

Table 8. Reactions of S3 and S, lines of TZ Yellow and La
Revolution under screenhouse conditions, IITA, 1977.

Tctal plants Severity rating

Lines tested ! 2 3 45
TZ Yellow
31 13 13
3.3 14 14
3-4 13 13
3-6 14 14
9-7 15 15
9-8 14 - 14
9-10 16 16
9-11 16 - 16 ‘
(susceptible check) 14
La Revolution S
2.3 11 : 8-
'2-4 14 8. 6.
2-5 12 10 2.
TZB C o
(susceptible check) 13 - 13

Reaction of resistant selections made in Kenya and IITA,
Selections of La Revolution, Mauritius Local 330, and Kenya
Local 317 were tested using the screenhouse method. The
reaction of La Revolution ranged from highly resistant to



moderately resistant, Mauritius Local 330 was moderately
resistant, and Kenya Local 317 was highly susceptible. The
IB 32, and the cross 1B 32 X La Revolution (F) from IITA
were tested against the coast isolate of maize streak in Kenya;
IB 32 showed litde resistance. The IB 32 X La Revolution
had 22 plants resistant to highly resistant and 12 plants sus-
ceptible to moderately susceptible.

Rice
Gencetic improvement

In 1977, several cultivars were introduced from the Institut
de Recherches Agronomique Tropicales et des Cultures
Vivrieres (IRA'T). West Africa Rice Development Association
(WARDAj and outside Africa, especially from the Interna-
tional Rice Rescarch Institute (IRRDY for screening and se-
lection under various West Africa (primarily in Ghana.
Liberia, Nigeria and Sierra Leone) ecological conditions. A
modest hyvbridization prograin vas continued especially tor
drvland enldvars, These crosses involved  parents already
screencd from 197171 wnder African conditions and tound to
possess some desirable atwibutes, for example, blast resistancee,
iron toxicity resistance. diopsid fly resistance, pale vellow
mottle vins resistance, cte.

Multi-location screening and selection. Several ¥4 to Fylines
were screened and selections made under deviand, hydromor-
phic, swamp and irrigated condStions. Continuous, distuptive
and simaltancous selestions are practiced within and among
the programs in Liberia, Nigeria and Sierra Leone.

In general selections were made aainst drenghi. iron tox-
icity, iron deticiency, leal seald. brown spot leat and neck
blast, sheath blight, sheath bloteh, sheath rot and other
panicle discases. Some of the physiological and ceronomic
characters being considered are goad vigar, Large panicles, big
grain size, good grain gnality, nonsshattering clean grains,
plant type and growth duration. From the three main sites
the following Jines and fomilies were selected: 928F . 363F .
143F,, 64F,. Several of these lines were higher-vielding than
their checks; an example are some Fy lines at HTA (Table 95,

Table 9. Grain yields of some promising cultivars in comparison
with 05.6 and IET. 1144,

Grain vield g/hill

Test Checks
Pedigree Plant  cultivars 08,6 TET. 1444
TOx 340-NIBLNI14NIB T 54 43 32
TOx 475-NIBI-NI12-NIB* | 20 13 13
TOx 190-NI7-NK7-NIB  SD 27 17 10
TOx 500-NI2Z.NKI-NIB* T 37 29 22
TOx 502-N124-NK5NIB T 28 19 21
TOx 502-N133-NIBI-NIB* T 55 40 41
TOx 502-N133-NK2ANIB T 57 40 41
TOx 503-N15-NKI-NIB 1 27 27 25
TOx 504-N17-NK2-NIB | 27 14 19
TOx 504-NILNTENIB 44 29 29
TOx 504-NI14-NK8-NIB T 41 35 28
TOx 507-N18-NKI-NIB T 37 32 36
TOx 516-N17-NKI-NIB  SD 36 24 28
TOx 516-N133-NK3-NIB T 39 30 31

*F3 families which were also promising in Sierra Leone.
Tis Tall, Iis Intermediate and SD is Semi-Duwarf.

Preliminary variety and advanced line trials. Several sets of
trials were carried out under dryland, hydromorphic swamp
and irrigated conditions. A summary of some of these follows.

Dryland rice. Analytical screening with dense and wide
spacing at two levels of fertility to obtain genotype interac-
tons of their variables with drought and discase pressures
showed merit in 1976 at Shonga, Nigevia and Nyankpala,
Ghana. In 1977, 200 cultivars were evaluated at two fertility
levels (0 and 40 kg7ha NPK) and two spacings (rows 30 ¢m
and 15 cm apart) in comparison to LAC 23 at Suakoko. Cul-
tivars Azucena, 63-83, FA425, IR 3273-P 339-3, TOx Cl1-47-1-
3-LSy. guape Cateto, 180B/67/b, Line 13d X R75 no. 1293
and Line 13d X Moroberekan nos. 1713 and 2117 showed
positive response of above 20 percent to fertilization. When

better than LAC 23,

At HTA in the dry season, with periodical drought, 35 cul-
tvars were tested at 30X 30 and 15> 15 spacing. The drought
and disease stress were severe at 15215 resulting in zero
vield for ADNY 11, BG 90-2, BPL-76/9 X Duwn and C22.
The cause was ditlerent: droughe for ADNY 11, leaf blast for
BG90-2 neck blast for €22 and a combination of drought
and blast for BPI 76,9 % Dawn. However, all these cultivars
produced moderate yields at 3030, Several other cultivars
also showed differential performance, Colombia 1, for exam-
ple, produced moderate vield at 15X15 cm. The results of
such sereening indicate that cultivars can be identified for
different purposes such as peasant farming, large-scale farming
and vesistance 1o mild and severe stresses,

Short-duration preliminary variety trial. In a preliminary
variety trial both in Nvankpala, Ghana, Makassa, Sierra
Leone, and Thadan, Nigeria, cultivars were evaluated. The
data on Tables 10, 11 and 12 show the best 10 in each loca-
tion. These will be used as parents and for replicated yield
trials in 1978, Two of the entries IB 101 and TOs 4120 were
tep vielders in two locations, TOs 120 was free of any major
deficiency at Makassa. TOs 1133-B-2 was top-yielding at both
HTA and Nyankpala, Ghana,

Medium-duration preliminary variety uial, Many caltivars
were evaluated at Nyankpala, Ghana, Makassa, Sierra Leone
and Ibadan, Nigeria. The best 10 at cach location are shown
in Fables 13, 11 15, LS(24)-3-NI-4 was outstanding in two
locations. "The best will enter the regular yield wials in 1978,

Screening of promising dryland lines. Two groups with short
and medium growth duration were planted in lkenne, but

Table 10. Best 10 short-duration dryland/hydromorphic culti-
vars screened al 1I'TA, 1977.

Cultivar Kg/ha Growth duration
TOs 4153-B-2 5300 1id
TOs 4031 4790 115
TOs 4120 4240 107
IR 1746-226-1-1-4 4160 115
13a2/103F3/591/5/3 3890 110
TOs 2405 3720 105
1B 101 3570 95
M55 3570 110
IB 94 3490 95
IRAT 10 3430 100
IB 98 3400 94
IRAT Line No. 852 2460 88
IRAT Linc No. 689 2310 88




only the short-duration cultivars could produce filled panicles.
The medium-duraticn cultivars sutfered severely from drouglit

Table 11. Best 10 short-duration drytand cultivars sereened at
Makassa, Sierra f.eone, 1977,

Rank in Yickd Growth  Height
yields  Cultivars keshao duration (emy
1 IRAT 8 AN tHo 107
z No. 2057 2072 {16 101
3 1B 96 1948 103 88
4 IRAT Line 1713 1892 103 105
5 TOs 14120 1889 109 88
6 (ADNY 202)

11/133/76/1/2 (check) 1836 116 82
7 IB 101 1662 103 85
8 E 425 1523 115 102
9 1B 3¢ 1451 115 131
10 TOx 364-B 1423 116 111
Table 12. Best 10 short-duration cultivars in a preliminary
variety trial. Nyankpala, Ghana, 1977.
Growth HT

Cultivars Ku/ha duration in cm

TOs 4153.8-2 3334 123 113

M55 3084 122 102

IRAT 10 3084 100 110

IB 34 3084 108 110

13a2/103 F./591/5/3 2917 118 103

E 425 2834 109 106

IB 96 2667 103 110

IAC 25 2542 110 108

Aus 8 2500 100 119

1B 98 2434 110 103

Table 13. Best 10 medium-duration, dryland cultivars screened
at [ITA, 1977,

Variety Kg/ha Growth duration
IRAT Line No. 2811 4920 120
IRAT Linc No. 1840 4840 129
IRAT Line No. 1293 4320 123
IRAT Line No. 2057 4240 125
IRAT Line No. 1713 4190 125
LS (24)-5-NI-4 3450 131
TOx ClI-13-1-5-1.§ 1 3350 120
E 425 3180 117
IB 65 2940 122
Iguape Cateto 2910 120

Table 14. Best 10 medium-duration dryland cultivars screened
at Makasse, Sierra Leone, 1977,

Rank in Yield Growth Heiglu
yield Cultivars kg/ha duration (cin)
1 Ngovie 2072 119 122
2 TOxC1-18-LS3 1943 132 100
3 TOxC1.9-LS3 1879 119 112
4 LS(1)-5 Bulked 1729 119 100
5 ROK3 (check) 1645 153 128
6 194/1/2 1524 125 88
1 63-83 1372 119 95
8 M1069/1/2 1347 125 114
9 M133/6/1/2 1339 125 92

(ADNY 202)
10 C46-15 (ADNY) 1334 - 126

and brown spot in August. No viclds could thercfore be re-
corded from this latter group, except from the IRAT Lines,
which matured carlier than expected.

Several entrtes considered promising are shown in Table 16,
Data are means over two replications. Siv entries outvielded
the click ety TOS 684,

Short- and medium-duration drvland caltivirs, At Abakaliki
in Nigeda 39 short-deration coltivies and 18 medium-dur-
ation cultivars were evaluated. The sin wopaielding cultivars
in cach maturity group are shown in Pable 17 and 18,

Table 15. Best 10 medium-duration dryland cultivars screened
at Nyankpala, Ghana, 1977,

Rank in v Growth Hetein
yields Cultivars Kesha o duaration {cm)
1 [AC 15391 1333 132 131
2 FARO x 56530 167 124 108
3 Besewar 3500 117 125
4 IRAT 13 3333 113 95
5 TOx 95-L.S 4 2833 137 115
6 LS (24)-5-NI-4 2833 144 111
7 LS (1)-5-2 2667 120 118
8 Perola 2667 118 98
9 ROK 3 2667 120 11
10 TOx 95-LS5 2501 136 126
Table 16. Grain yield and days to maturily of promising entries
al Ikenne, Nigeria, 1977,
Grain vield Days to
Variety (kg/ha) maturity
E425 47¢€D 117
IB 94 3530 97
1B 96 3310 92
180B/6/b 3160 93
TOs 4120 3090 110
IB 95 3050 92
IRAT Line 2811 2980 115
TOs 4688 (check) 2940 110

Table 17. Grain yield days to maturity, height in cm of short-
duration dryland rice at NORCAP, Abakaliki,
Nigeria, 1977.

Grain yield Days to Height
Cultivars (kg/ha) maturity {cm)
TOs 4688 2246 107 84
TOs 4031 2092 107 97
1B 97 1706 98 85
1B 98 1692 98 79
M4 1650 113 88
TOs 2405 1648 107 94

Table 18. Grain yicld, maturity and height for medium-duration
dryland rice at NORCAP, Abakaliki, Nigeria, 1977.

Grain yield Days to Height
Cultivars (kg/ha) maturity {cm)
Perola 1858 112 108
LS (1)-18-1 1537 112 94
JIAC 5544 140+ 112 99
LS (1)-26-1 1254 112 96
OS 6 (check) 1146 112 93
Lac 23 1125 120 103
TD 58 1113 112 97
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Dryland replicated vield trial at Ibadan, Nigeria. Some other
short-duration cultivars were cvaluated for their yielding
ability. The results are shown in Table 19.

Hydromorphic rice. At IITA 49 cultivars were evaluated
under hydromorphic condition. The top 13 are shown in
Table 2.

Evaluation of Abakaliki and Nvankpala. Ghana. In a pre-
liminary vield trial at Abakaliki. Nigeria, 13 cultivars were
supplied to a cooperator, The grain yield results, maturity
and heights are presented in Table 210 ADNY 11, a line
which is often found among the best under irrigated condi-
tions in Sicrra Leone triais, was the highest viclder in
Abakaliki. A similar set was tried in Nvankpala where TOs
1153 was the top vielder (Fable 2210 white TR 1835208 2-1-1
performed well in both lovations,

WARDA IET. Cultivars from the West Africa Rice Develop-
ment Association (WARDAG were evaluated under hydro-
morphic condition. The best of the ot were yrouped into
four categories based on suitability for a given ecological
condition. These will enter the preliminary variety trial and
will also be used for crosses nest season.

Screening under boliland/hydromorphic condition in Sierra
Leone. Forty cultivars were tested, inchuding a check culvovar
CP4 at the Ghomsamba boliland site. Results are shown
in Table 23, Most of the cultivars sulfered from general

Tabie 19. Grain yield of short-duration dryland cultivars at
Tbadan, Nigeria.

Grain yield

Cultivars (kg/ha)
SAB/BI A/« o o 3800
1BOUB/E/D « - v v o e 3470
TOs 4120 « « « oot e 3210
TOs 4688 (check) - <+« - oo e e v e 3080
TOS 4031 « « + o v e e 3000
MISS/6/1/2 « o ev v eee e e e e 2950
TOS 2405 « « - o« o e e e 2910
JAG 25« « o oo e e 2040
1385/ 103F 3 /591/573 « + w o veneeee e e ee 1920
Ma e e e 1740
AVERAGE - -« o e 2410

LS.D. 5%= 3543 kg
CV.=13.3%%

Table 20. Grain yield of 13 cultivars under hydromorphic con-
dition at IITA, 1977.

Grain yicld

Cultivars (kg/ha)
Columbia 3 -+« «+ v v v et v i e e 5490
IR 15929-430-3 « - « v o v v vt it e et e 5310
Columbia 1+« v v v e v e s v e v oo i e o 5310
Juma 1o v oo e e e e 5100
TOS 4622 « « + + e e 4760
Columbia 2 - - -+« v v v v vlers o s e e 4260
BP176/9 x Dawn -+ -+ -« v e R I 4160
TOs 2583 - - - -+« v v o v o

TOs 4138 - - - -« + v = 0 0 )

IR 3880-10 - - -« -« v v v wi

IR 1529-680-32 - - - - - - -

IR 1520.677-2 - <+ + + +- .

ADNY 1.+ e e

chlorosis and deterioration of vigor as the experiment pro-
gressed. CP4 outyiclded all the test cultivars.

Swamp rice. Inland valley swamps are increasing in impor-
tance in Wesc Africa especially in Liberia and Sierra Leone.

Table 21. Grain yicld and agrononic characteristics under
hydromorphic conditions at NORCAP, Abakaliki,
Nigeria, 1977.

Yield in Days to Height
Cultivars kg/ha maturity {em)
ADNY 11 5162 120 85
IR 1833-208-2-;-1 5000 120 85
€2 4833 120 107
IR 1163-135-2-2 4750 125 89
IR B 4645 130 72
IR 937-53-3 4625 125 75
IR 1529-430-3 4500 120 74
TR 1529-680-3-2 4416 120 77
BPI 7679 x Dawn 4166 120 92
IR 1329-677-2 3834 120 76
MRC 172-9 3791 125 72
1S (6)-2-2 3084 120 84
IR 1545-339 2792 120 73

Table 22. Top 12 cultivars in a hydromorphic preliminary trial. ‘
Ayankpala, Ghana, 1977.

Growth Height
Cultivars Kg/ha duration incm
TOs 4133 3833 121 100
IR 2734-F,B-20-1 3250 122 105
IR 2035-242-1 3167 132 111
TOs 1148 3167 129 125
IR 3880-10 3083 141 108
IR 737-55-3 3083 113 88
TOs 4631 3083 128 84
LS (6)-2-2 2000 127 80
TOs 4138 3000 139 104
IR 330423 2917 141 96
B8101-81-28-2 2917 117 115
IR 1833-208-2-1-1 2917 116 80

Table 23. Fromising cultivars screened at Gbomsamba boli-
land/hydromorphic site, Sierra Leone, 1977.

Yield Duration Height
Cultivars kg/ha (days) {cm)
CP 4 (check) 1 1898 188 -
IR 937-55-3 1849 130 81.0
529 cmd-10-3-6 1576 111 -
TOs 4622 1345 111 -
BPI 76/9 x Dawn 1198 1 -
MRC 172-9 1166 351 -
B8iD-Si-28-2 1102 128 -
LS (6)-2-2 1069 128 -
BPI 75 (N.5)) 1066 111 s
ADNY 8 :
{Colombia III) 970 128 o
IR 1163-135-2-2 901 : 131 - 942
BPI 761 x Dawn 888 1SRRI o
IR 1545-339 820 13
BY954-8i-72-3 808 128 e
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The swamps usually are poorly drained and suffer from iron
toxicity and other soil nutrient imbalances.

Initial evaluations. During 1977, in Liberia 806 cultivars
derived from International Rice Observation Nursery,
WARDA TET and RERETA were evaluared in initial eval-
uation trials under inland valley swarap or irrigated
conditions at Suakoko in comparisan o IRY and Suakoko 8,
Thirty-one cultivars appeared promising in comparison to the
checks. Most of the promising cultivars were intermediate
in height and medium-mataring, and few were even tall but
did not lodee at NGO PAO K30 Tertidity evel, These results
indicated thar in the agro-ccological conditions of Liberia,

high vields are not necessarily correlated with semi-dwarf

plant type.

Evaluation in Nigeria, In the [BRD project area of Ofiavu,
Imo State, varions fields sutfer from iron 1oxicity, blast and
poor water contral, resulting occasionally in drought stress
for the standing crop. From a group of 18 selected cultivars
known 1o have a wide adaptability, including the local check
cultivar IR, five cultivars could be identified as superior to
IR5. They were Brengut, CI68-134, Mahsuri improved,
Suakoko 8(2526) and Pelita 171, From a sccond batch sown
later in the year, cultivars 4445 from Colombia performed
best.

In another screening, 26 entries were evaluated in about
30 em of water. The cight most promising cultivars are shown
in Table 24. These, plus others, will be entered into regular
yield trial next season.

Evaluations in Sierra Leone. Under the non-improved swamp
with toxicity problems at Magbobontor site in Sierra Leone,
30 cultivars were tested including twe check cultivars, Gissi
27 and ADNY 305, Results are precented in Table 25,

Release of Suakoko 8. A cultivar 2520, identified carlier 10
be promising for cultivation in iron toxic swamps was re-
leased as a variety which was designated as Suakoko 8 by the
Ministry of Agriculture, Republic of Liberia. This cultivar
was superior to IR5 in iron toxic swamps. Under farmers’
field conditions, this cultivar outyiclded IR5 by 15 to 20
percent in Bong, Nimba, Lofa and Grand Gedeh Counties
but in Cape Mount County and Saclepea area of Nimba
County, IR5 was found superior.

There are indicators that farmers prefer Suakoko 8 with re-
gard to its long siender grains, better cooking quality and
palatability in comparison to IR5 but under high-fertility
conditions, it has shown lodging.

Irrigated rice

National rice observation nursery in Liberia. During the
dry scason 1976-77, 84 rice cultivars identified as promising
in the initial evaluation trials were evaluated at three fertility
levels (Ng Py K, Ny Py Ky and Ny Pyy Kgy) in compari-
son to IRS. Most of the cultivars showed specific adaptation
to the fertility level and 24 were selected for yield testing.

During the 1977 wet season, 81 cultivins were evaluated under
three fertility levels at Suakoko, Foya, Zleh Town and Cestos
Project in comparison to IR5 and Suakoko 8. Fertility levels
used were the same as in the dry season except at Cestos
Project where these were modified w0 Ny Py Ko Ny Pag Kag
Nioo Pay Kgo.o Most of the cultivars tested showed promise
in comparison to IR5 and Suakoko 8 unly at one of the
locations and at one or two of the fertility levels. However,
cultivars IR2071-588-4-5-5, [R2588-132-1, BR51-118-2, C168-
134, 4445 ¢, Mahsuri, 1R2055-473-2-1, IR4422-28 3, and

B151-b-kn-19-3-1 were superior to the cneck cultivars at more
than one location. These will be evaluated in the coordinated
vield trial during 14784,

Table 24, Promising “swamp® cultivars screened under 50 em
depth of water at 1I'T'A, Nigeria, 1977,

Days to
Caurltivars Kg/ha maturity
Improved Mahsuri 4840 135
C-63G 4580 130
INC 16 4330 140
IR 180-5-9-3-3 4050 145
Banjul Koyo 3810 140
Brengut 3740 130
Tuba 3710 140
Suakoko 8 (2526) 3680 140

Table 25. Performance of cultivars under non-improved siwamp
at Mogbolontor, Sierra Leone, 1977,

Growth Reaction Reaction
Yield duration Height to iron o
Cultivars kg/ha (days)  (cm)  toxicity lodging
2526 (Suakoko 8) 6740 145 152 R S
Bagbadin 5568 194 169 R M
Bakutu 5363 200 182 M S
BD 2 5304 145 167 S S
Brengut 5298 145 133 M R
CP4 5215 200 182 M S
Papanel 5097 219 182 R S
Pamatis 4942 219 188 M S
ROK 5 4734 149 159 S S
ADNY 35 4566 124 113 M R
Mange 2 4251 131 99 M R
C1i3H3 4241 131 165 M S
ROK ¢ 4225 146 165 S S
ROK 7 4198 134 158 M S
Indian Panel 4064 227 187 R R
Ngovie 3884 116 143 S M
Huallaga 3702 124 103 S R
Parmatis 3424 200 178 M S
Sokpoent 3178 219 196 R R
ADNY 302 2763 200 186 M S
M-58 2519 124 156 S R
A3-88 2494 134 177 S M
A2-260 2267 131 155 S R
Check cultivars:
Gissi 27 5380 186 149 R R
ADNY 301 5996 200 189 M S

R = Resistant, M = Moderate, S = Susceptible

Table 26. Promising cultivars screened under irrigation at II'TA
in comparison with BG-90-2, 1977 May sowing.

Cultivars Grain yield (kg/ha) Days to maturity
BG 66-1 6760 125

IR 26 6110 125

IR 3454102-3-2 5140 130

IR 937-55-3 4400 115

IR 4219-35-3-3 4120 135

IR 5 4070 140 .

IR 1833-208 3940 125

BG 90-2 (check) 3920 125 .
14454 Columbia 3920 130
TOs 103

3560 115



Table 27. Promising cultivars screened under irrigation at 1H'TA
in comparison with BG 90-2, 1977 July sowing.

Grain yield Days to
Cultivars (kg/ha) maturity
BG 94.2 4590 120
IR 2688-43-4-5 4590 130
B 4591-BN-4-5-6-3 4580 130
IR 2035-475-2-1 4490 135
IR 2033-435-2-1 4490 135
IR 2863-38-1 4460 135
IR 2035-120-3 4440 125
IR 2153-26-3-5-2 4410 120
BR 51-199-1 4240 125
IET 2885 4230 130
BG 90-2 (check) 4180 125
IR 2055-473-2-1 4090 125
A 12-167-3 4020 130
IR 2053-275-6-3 4020 135

Table 28. Grain yield and agronomic characters of rice culti-
vars in yield trial at Mange, Sierra Leone, January
sowing 1977.

Grain Diseases

vield Duration Leaf Brown Leaf
Cultivars (kg/hay (days) blast  spot  scald
PUSA 2-21 823 112 7 5 4
IR 1754-F5B-5 859 122 3 4 3
IRAT 9 996 128 3 5 2
Columbia 2 1130 132 4 5 3
JXK 34-278 1639 125 3 5 3
CRS 95-JR 1123 1658 137 4 4 2
BZ 17-29 2198 124 4 4 3
JXS 52-102 2335 122 4 4 3
CR 138-802-10 2380 126 4 4 3
HG 60-49 2470 132 4 4 3
SG 61-233 2536 124 3 5 3
JK 34-178 2835 127 3 5 3
D] 684D 3062 134 3 5 2
HK 32-162 3187 126 3 4 3
73-230 3326 126 3 4 3

LSD (0.05) =486
Cultivar 73-230 produced the highest grain yreld.

Table 29, Grain yield of rice cultivars under irrigated condi-
tions at Mange, Sierra Leone, June 1977 sowing.

Cultivar Grain yield kg/ha
ADNY 11 (check) 2552
CR 70 x PANKA]J 280 (CR 1003) 2559
CR 44-117-1 2875
PX]J 722 (CR 1007) 2964
CR 70 x PANKAJ 330 (CR 1001) 2977
CR 44-119-1 3062
CR 44-118-1 3123
PANKA]J 3162
CR 44-115-1 3205
JAG x NC 2 (CR 1013) 3294
PX]J 713 (CR 1010) 3355
CRS 95-JR 952 3379
PX]J 609 (CR 1006) 3498
Jagannath 3570
IR 665-23-3-1 F1 (IR841-65 x C46-15) 3690
JAG x NC 118 (CR 1012) 3700

LSD (0.05) = 458
Cultivar = 9.9%

Initial evaluation trial. At IITA, two batches of cultivars
were screened; one contained 103 sown in May and another
202 cultivars sown in July. Ten were selected from the former
and 14 from the latter (Tables 26 and 27) for further eval-
uations in a replicated yield trial.

Replicated vield trials. There were many teplicated yield
trials carried out in different places especially in Sierra Leone.
An example is a yield trial in January sowing at Mange
(Tabie 28).

During Junc-November at the same site some other cuitivars
were entered in a replicated yield wial. Many cultivars were
significantly higher-yielding than ADNY 11, the check (Table

2.

Outstanding lines. IR 1416-131-5, identitied in Liberia and
ADNY 11 reselected in Sierra eone, as high-yielding, blast
resistant cultivars, can be recommended for cultuvation for
improved, non-iron-toxic swamps and irrigated conditions
with good water control. ADNY 11 was reselected from
Colombia fines. It remained immune to neck blast for sev-
cral seasons and yiclded well in both irrigated and hydro-
morphic conditions in West Africa.

Management

Effect of sced soaking on dryland rice. In an experiment at
IITA pre-germinated rice remained viable for 30 or more
days when stored at room temperatnre The seed was soaked
for 24 hours and then incubated for a further 24-hour period
before drying. The dried, germinated rice was sceded in a
prepared drvland seedbed at two-day intervals. Some yield
reduction was noted from the plots planted five days after
germination, Lut then yields were quite stable from plots
planted through the next 15 days. The major diflference in
plant physiology was in number of tillers, and this probably
accounts for most of the vield difference.

Seedlings from the germinated rice emerged in two or three
davs while seedlings from dry rice planted at the same time
emerged in five to seven days. This could give an advantage
to the germinated seedlings during seasons of little rainfall.

Yield and plant characteristic data are given in Table 30

Table 30. Effect of sowing different days after pregermination
on growth and yield of rice.

Days after Tiller Panicle Total grain
germination number number weight
3 36 36 111
5 31 31 86
15 30 30 90
17 29 28 63
3t 29 27 72

Effect of date of planting dryland cultivars in Liberia. The
response of LAC 23 (white) to the spacing and fertility level
as affected by the date of emergence was determined. LAC
23 emerging on June 19-20 yielded higher and responded to
fertilization and spacing whereas the LAC 23 emerging July
10-12 yielded considerably less and responded neither to fer-
tilization nor to closer spacing.

Effect of spacing on dryland cultivars, This experiment was
conducted at Warri under high-rainfall, dryland conditions
and depleted sandy soils.



Single seeds were dibbled 10 cm apart within tie rows, while
the rows were 15 and 30 cm apart in the two weatments

(Table 31).

Table 31. Yields of close and wide spacing of dryland rice at
Warri, Nigeria, 1976/77 season.

%

1H % 10 cm 30 x 10 cm  Increase over

Cultivar (kg/ha) (kg/ha)  close spacing
1600 2530 58
Moroberekan 1010 1530 51
0S 6 1676 2230 54
[AC 5544 1850 2300 24
lguape Cateto 1680 2080 24
TUs 4138 1530 1880 23
TOs 4157 1410 1670 18
Mearn 1535 2032 32

Stand establishment and weeding. At HITA this experiment
was carried out by the research trainees under the supervision
of the rice agronomist. There were six methods of planting
and sub-plots of hand weeding and herbicide application.
The results are shown in Table 32, There were no significant
differences among the methods of planting. However, there
was a strong interaction between the six treatments and the
two methods of weeding. Hand weeding gave significantly
higher yields than the herbicides Preforam and Stam F 34T.

Table 3. Stand establishing, dryland rice. Vields in kg/ha
T4, 1977.

Treatment

- _Jj.'il) d weeding  Herbicide  Avera ge

. Dibbling 30 x30 em 1779 1362 1571
2. Dibbling 30x30 cm 1750 1350 1550
3. Dibbling 20 x20 e 1542 1075 1308
4. Continuous row

30 em aparnt 1571 1221 1396
5. Continuous row

20 cm apart 1583 1612 1600
6. Rroadcast and raked

in 1608 1262 1433
LSD 5% weeding = 0.123 kg

i

LSD 5% treatments
CV = 18869

0.805 kg

LSD 5% interact = 0.114 kg
Plot size = 2f m2

Management experiments in Sicrra Leone. There were a
total of 21 experiments in different parts of the country under
dryland conditions. Here summarics of four of them are given,

A long-term soil management practices experiment was con-
ducted for the first time at Makassa on a field (29 slope)
that has been under continuous cropping with rice for the
past three years with the abjective of studying the changes
in soil productivity due to various manapement practices. [t
involved the methods of land preparation and use of various

soil I wagement practices such as mulching and burning of

straw . ad use of pesticide against soil borne inseots.

The prowing treatments consisted of tractor and traditional
hand hog at 20 and 10 days before sowing and just hefore
sceding. The tractor plowing was done with a chisel plow
20 e deep while the hand hoe was only able to scratch
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the soil surface o a depth of 33 cm. Strasw was applied at
4 t/ha for full mulch or burning teatments. AN the plots
received fertifizer a0 NPk, ha,

The yield data presented in Table 33 show that all the soil
management piactices gave increased vields ranging from

73 10 Q0 pereent over the control,

Table 33. Effect of soil management practices on uplond rice
(LAC 23) (Mean grain yield kgiha).
Center: Makassa

ractor

Soil management
practices plowing Hand hoe  Meau

Bare field 706 586 646
Dieldrex (2 kg a.i./ha) 1241 1126 1183

Y Straw burned +

Y% Straw mulched 1235 1013 1124
Full straw mulched 1288 1163 1225
Full straw burned 1289 1128 1208
Mean 1152 1003
LSD (0.03) for soil management practices = 158
LSD (0.05) for method of land preparation = 141
cr = 25.5¢

The yield maximization experiment was conducted at Makassa
on upland soil that had been under continuous cropping with
rice for the past three years. The objective was to find the
factors that limit rice yield. The factors included in the trial
were: method of seeding (broadeast and line sowing), fertili-
zation, weeding, plant protection with insecticide, straw
burning and mulching, liming and soil and water conserva-
tion practices. Only one cultivar, LAC 23, was used in the
experiment and the vield data obtained are presented in
Tabiz 34. The treatments were designed to develop an inter-
mediate package of practices for the small farmers and a
complete package to suit the modern farmers with access to
all resources.

Table 3¢. Response of upland rice (LAC 23) to various pro-
duction factors.
Center: Makassa

" Yield %
Treatments kg/ha  over control
Traditional method (control) 370 -
Complete package (CP) 1329 259
CP —-SWC 1206 226
CP — (SWC + SM) 1375 272
CP — (SWC + SM + SB) 1309 254
Intermediate package (1P) 1219 229
IP — Fertilizer 560 5t
IP — Weed control 575 55
IP -- Plant protection 1554 320
IP — Line sowing 1246 236
LSD (0.05) to compare treatment means = 423
cr = 27%
SWC = Soil and water conservation methods
SAM = Straw mulch
SB = Straw bumed.

The results presented in Table 35 show that the complete
package (1329 kg/ha) was not significantly superior to inter-
mediate package (1219 kg/ha). The traditional practice gave
the least grain yield of 370 kg/ha. Weed control and fer-



Table 35. Response of upland rice (LAL? 23) to various produc- supergranules. All the fertilizer treatments were adjusted to

tion factors. NuProKe (kg/had for comparison by addition of Py and K
- alone or in combination as needed. The statistical analysis did
Yield in Reduction in yield ot show any signiticant difference amony various treatments.
Production factors kg/ha Kg/ha (’V‘: However, all the fertilizer treatments gave higher yields than
Intermediate package 1219 - the control,
Minus fertilizer 560 639 54
Minus weeding 575 644 53 Inland swamp
Tradnionul pr‘z\cticc ?7” 849 70 Cultural practices. ‘Pwo rice cultivars were planted in an
Complete package 1329 S - experiment in the Inland valley swamp at Magbolontor (as-
LED (0.05) to compare {reatment means = 23 sociated swamp) with the objective of testing one iron toxicity
cy = 2 resistant cultivar (Gissi 273 against a susceptible one (BD?2)

under four methods of seeding and three dates of planting.
The planting methods were transplanting, line sowing, broad-
casting and hroadeasting -+ beushening (a4 shallow plowing
operation in the standing crop at cauly tillering stage 1o up-
root the weeds, followed by redistribution of scediings). The
nurseries were sown on 20 Mav, 1 Jure, and 8 July 1977,
and oansplanted on 11 June, 3 July and 29 July respectively.
Direct seeding was done in the field on the same dates as

Note: The intermediate package consisted of jertilizer applicavion
(NsoP K ) + weed cantrol (manual weeding ) + plant protection
(malathion et 2kg at 'haj ad hne sowing. The complete package
involved not only ~intermcdiate package ™ but cioous sorl management
Jactars such as bunding. mulching and furning of straw and limng.

tilizer application had maximum contribution to the grain

yield of upland vice. This confirms the tindings of last vear. b
sowing in the nursery.

A long-term vield maintenance experiment was laid vat for
the first vear in a newly deared Hat land fafter eight veurs
of bush fallow) at Sama (aubout 5 miles from Rokupr: to
study the effect of various soil management practices on the
yield maintenance of upland rice over a long period under

The crop stand could not be established on the third date
(both the direct seeded and tansplanted crops) due to sub-
inergence by deep standing water in late July. The grain
vield data for the first two dates are presented in Tables 37

scientific farming. The main plot consisted of five treatments: and 58,
bare (traditional practicer. straw mulched, straw burned (both
at the rate of 4 t/han hall straw burned + half straw Table 37. Effects of planting dates on the performance of rice
mulched, and live mulched. Each of the main plots was cultivars in inland swamp.
divided into three sub-plots, namely: no weed control -+ no T T
fertilizers. weed tmanual) control alone without tertilizers \ Mean grain yield kg ha) )
and weed control plus feetilicors (N Py K0 The yield data (.‘,‘.,".}EI';.‘Yffgjfff.lfl'¥Fff'.A.A e e e )ﬁi&fﬁ:ﬁi’i‘ﬁﬂ
for the first vear {19773 are presented i Table So. Dates of nursery/direct seeding

. ) . ! . . . i 21.5.77 14.6.77 Mean
The factors studied had a positive effect on grain vield in - - -
the following order: fertilizer. weed control, burning of plant ; 2263 2725 2494
material. HI)_" o 787 o 2145 1466
A field experiment was conducted with 12 treaiments to study Mean 1929 2435 -
the relative efficicncy of straight, compound and slow release LSD (.03) for cell meuns = 267
fertilizer materials on upland rice {grown for the fourth year LSD (.03) for cultivar means = |88
in succession) during the wet season of 1977, The fertilizeis LSD (.03) for date of planting = 249
tested were nitrophosphate, urea, sulfur coated urea and urea cr = 18.3%

Table 36. Effect of different svil managiment practices on upland rice (LAC 23).

Response over

Mean grain yield traditional
(kg/ha) practice
Soil management S —
practices WeFo W, Fy W, F, AV.YD Wi Ty WiF,

Bare (traditional practice) 564 1129 1733 1141 565 1169
Straw mulched 443 997 1999 1146 553 1556
Straw burned 638 1279 2096 1337 641 1458
4 Straw burnca + %

Straw mulched 819 1127 2051 1332 308 1232
Live mulch (Psophocarpus

palustris )* 666 818 1486 990 152 820
Mean 626 1070 1873 444 1247
LSD (0.05) to compare soil management practices = 172 CV=231%
LSD (0.05) to compare cullural practices = |28 W = Weed control F = Fertilizer

*Note: The live mulch Psophocarpus palustris did not germinate in all the 12 subplots. But since the live mulch was o be accommodated,
the number of rows of rice was reduced from 25 to 15. The quantity of seeds used in this trealment was 360 g/plot as against 500 g in other
plots. Hence the plant population was reduced resulling in lower yield. RN
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Table 38. Effects of dates and methods of planting on rice yields
(kg/ha) in inland swamp, 1977,

Table 40. Effect of beushening on the yield (kg/ha) of rice in
inland valley swamp at Magbolontor, 1977,

Methods of Date of nursery/direct seeding With Without  Mean grain yield
planting 21.5.77 14.6.77 Mean Treatment beushening  beushening (kg/ha)
Broadcast 1504 2492 1998 Broadcast 1152 1203 1178
Broadcast + beushening 1431 2318 1875 Line sown 1658 1445 1552
Line sowing 1284 2440 1862 N 20y
Transplanting 1882 2491 p1g7  Mean 1405 134
; . ARk L5D (.05) for marginal means = 371
Mezan 1525 2435 ov ~ 55
LSD (.05) for cell means = 265
LSD (.03} for methods = 188 Table 41. Effect of age of seedlirgs on the yield of transplanted

LSD (.05) for dates of planting = 249
cv = 18.3%

Soil amendment for iron toxicity., The experiment on soil
amendments and fertilizer treatments in Inland valley swamp
was repeated for the second year in succession at Magbolontor
in the wet season, 1977, on the same location.

It can be concluded that Gissi 27, the cultivar previously
tested and found to be resistant to iron toxicity, could be
recommended as a replacement for BD 2 in inland swamps.
Transplanting of Gissi 27 produced a vield just as good as
broadcasting. For good yields, nurseries should be sown by
mid-June and transplanting done by the iirst week in July.

Different methods of direct seeding were tested against trans-
planting using the cultivar BD 2. The grain yield data and
response of treaiments over control are preseoted in Tables
39, 40 and 41. Beushening had varying effects on the two
methods of direct sowing, but none of these differences was
statistically significant. Line sowing was siguificantly superior
to broadcasting (Table 40).

The effect of the age of seedlings on the yield of the trans-
planted crop is presented in Table 41. In conclusion, line

Table 39. Relative yield performance (kg/ha) of different
methods of sowing rice in infand swamp at Magbo-
lontor, 1977.

Mean Response % increase

grain over over
Treatment yicld (kg/ha) control control
Broadcast (Control) 1203 - -
Broadcast and ,
beushening 1152 - 51 4.2
Line sowing 1445 242 - 20.1
Line sowing and EREE
beushening 1658 455 - 378
Transplanting T
20 Dos at random 1401 198 0o 165
Transplanting 20 e
Dos 20 cm x 10 cm 2043 840 - .69.8
Transplanting C
40 Dos at random 860 -343 28,5
Transplanting 40
Dos 20 em x 10 cm 1407 204 17.0
Mean 1396 193 16.0
LSD (0.05) = 523
cv = 255%
Dos = Day old seedlings

rice in inland valley swamp, Magbolontor, 1977.

Age of seedlings

Treatment 20 40 Mean
kg/ha

Transplanted at random 1401 860 1131

Transplanting at 20 x 10 cm

spacing - )43 1407 1725

Mean 1722 1134

LSD (.03) for marginal means = 37!

cy = 25.5%

sowing is better than broadcasting but transplanting is best.
Transplanting twenty-day-old seedlings is better than trans-
planting at 40 days. Rectangular planting (20X 10 cm) was
distinctly superior to random planting.

The grain yield data presented in Tables 42, 43 and 44 show
that the yield increased with increasing fertilizer levels up to
Nao Py Kyo. The highest responses to fertilizer were obtained
where straw was plowed or burned (Table 43).

These data indicate that liming increases the pH and reduces
the toxic effect of iron and increases the yield significantly.
In addition, the incorporation of straw by either burning or

Table 42. Effect of soil amendments on rice (Vijaya) in inland
swamp, Mean grain yield (kg/ha), Magbolontor,

1977.
Treatment Without Lime With Lime Mecan
SR NyP.K, 1283 1752 1518
. 1479 1912 1705
NgoP 1o 1684 2167 1926
NioPLoK o 1977 2267 2122
Mean 1606 2025 1816
SP NyP.K, 1797 2071 1934
Ny 1931 2141 2036
NgoPso 2179 2391 2285
NgoPoKyo 2363 2743 2553
Mean 2068 2337 2203
SB N,P.K, 1635 1948 1792
Ngg 2017 2097 2057
NaoPyo 2210 2372 2291
NgoPioKyo 2330 2885 2608
Mean 2048 2326 2187
LSD (0.05) for cell mean = 312
cv = 9%

SR = Straw removed, SP = Straw plowed
SB = Straw burned.



Table 43. Effect of straw and lime on rice (Vijaya) yield
(kg/ha) in inland swamp, Magbolontor, 1977.

Mean

Treatment Withoat Time  With Lime

SR 1606 2025 1816

SP 2068 2337 2203

5B 2048 2326 2187

LSD for cell means = 251

LSD for lime means = 325

cv = 915

Table 44, Effect of different fertilizer levels on rice yield (kg/ha)
in inland swamp, Magbolontor, 1977.

Fertilizer level Yield

Control 1748

Nan 1933

Ny Py 2167

Ngo Pyo Ko 2428

Mean 2069

LSD (0.05) = 127

plowing would increase the vield significantly. Finally, yields
are increased by the addition of fertilizer up to a level of

Nﬁ')p-{()hm

Drainage and application of basic slag. The experiment in-
volving surface drainage of the soil and the application of
different levels of phosphorus in the form of basic slag was
repeated in the inland valley swamp at Magbolontor. Two
adjacent ficlds of the swamp were used for laying out two
separate exporiments, One was kept in the natural condition,
completely water-logued. The other ficld was freely drained
with channels dug around each of the treatments creating
oxidized condition of the surface soil. The cultivar Mahsun
was used in this expeniment.

The grain yield data and treatment response are presented in

Table 45.

In conclusion, surface drainage resulted in 45 percent increase
in yield. In poorly drained swamps, application of basic slag
alone at 40kg P05 increased the yicld by nearly 100 percent.
For well drained sails, balanced application of NPK at
MoPsK increased yvield by 72 pereent.

Fertilizer requirement for iron toxic swamp. Fertilizer treat-
ments involving nitrogen (urea), phosphorus (single super-
phosphate) and potassium (muriate of potash), applied at
different levels singly and in combination were set i an ex-
periment in the infand valley swamp at Magbolontor in the
wet season of 1976, Treatments involving lime alone (Hi/ha),
basic slag alone (P, 7ha) and control were also included. The
experiment was repeated one the same location in the wet
seasont 1977 The grain vield data and treatment responses
are: presented in Tables 46 and 47,

In iron toxic swamp, a high dose of phosphorus is necessary
to counteract the effeets of iron toxicity and to give good
vields. The incorporation of fow levels of nitrogen (Ny) and
maderate level of potassiiin (K to Kyy) respectively also
increased the yvield significantly.

Yicld maximization. An experiment was designed using the
cultivar ADNY 11 with treatments involving drainage, fer-
titizer (NuP Ko and soil amendments of straw (4 t/ha)
and fime (2 trhay Basic shag was used as the source of phos-
phorus. The objective was to test the cffects of individual
components of an intermediate package of cultural practices
on the grain yvield of rice in intand swamp. Two adjacent
fields of the swamp were used. The grain yield data and the
rebative contribution of each of the main cultural practices
are presented in Tables 48 and 49,

Among che various production Tactors intluencing rice yields
in the inlund valley swamp, the contribution of surface drain-
age is the highest, followed by soit amendments (straw burn-
ing plus liming) and fertilizer in that order,

Sources of phosphorus, The first international trial on sources
of phosphorus in fluoded rice was conducted during the wet
season of 1977 in the inland swamp at Magbolontor, as a part

Table 45. Effect of drainage and application of busic slag on rice in inland valley swamp, Magholontor, wel scason, 1977.

Well drained

Water-logged

Response o %
Yield over increase Yield Response increase

in control over in over over
Treatment kg/ha (kg/ha) control kg/ha control control
Control
(NoPoKo) 1742 - - 880 - -
Basic slag ‘
(Pyo) 1923 181 104 1730 830 96.6
Basic slag L e
(Pygo) R 2305 563 32.3 1765 885 100.6
Basic slag s
(Pyo) + : o ‘ V
Urea (N} 2188 446 256" 1850 970 110.2
Basic slag - B
(P4) + Urea
(Ng) + MOP Co ’ ‘
(K0 3000 1258 72.2 1481 601 68.3
Mean 2232 490 28.1 154 661 75.1
LSD (0.05) = 459 T
cv = [0.9%

17.



Table 46. Effect of fertilizer application on rice (RD2) in inland

valley swamp, Agl_ngg]_nntur, wel season, 1977.

%
Mean grain Response increase

yield over over
Treatments (kg/ha) control control

NoPyK, (Control) 1158 ~ -
40 1227 69 6.0
80 1228 70 6.0
40 1807 655 56.6
40 2594 1436 124.0
40 1640 482 41.6
80 1216 58 - 5.0
PoKy 1842 684 59.1
PLoKyo 1815 657 56.7
SN O 2087 929 80.2
s0P 0K 0 1924 766 66.2
s0Ps0K 0 2142 984 85.0
10P10K g0 2238 1080 93.3
10Ps0Kso 2232 1074 92.8
Lime (4 t/ha) 1963 805 69.5
Basic slag (P,,) 1891 733 63.3
Mean 1813 855 56.6
LSD (0.05) = 435 cv = ]6.9%

Table 47. Effect of N, P and K application on rice (LD2) in
inland valley swamp, Magbolontor, wet season, 1977,
Level (kg/ha)

Nutrient 40 80 Mean
N 1227 1228 1228

P 1807 2594 2201

K 1640 1216 1428
Table 48. Effect of differcnt management practices on rice yield

(kg/ha) in inland valley swamp, Magbolontor, wet
season, 1977.

%
Well- Water- Response  increase

drained  logged due to due to
Treatments paddy paddy drainage drainage
Control (NoPyKao) 2554 783 1771 226.2
IP 4103 3495 608 17.4
IP-Fertilizer 3880 2883 997 346
IP-Soil amendment 3387 2950 437 14.8
IP-Drainage 3033 2394 639 26.7
Mean 3391 2501 -
LSD (0.05) = 344 569 cv = 0% I16.7%
1P = Intenmediate package (Fertilizer — NeoP R 45,

Phosphorus as basic slag) + drainage + soil amend-
ments (lime 2 t/ha + straw 4 t/ha).

Table 49. Effect of different management practices on rice yield
(kg/ha) in inland valley swamp, Magbolontor, wet
season, 1977.

Contribution duce to

Inter-
mediate Soil
Treatment package  Fertilizer amendments Drainage
Well drained 4103 223 716 1070
Water logged 3495 612 545 1101
Mean 3799 418 631 1086

of the International Network on Fertilizer Efficiency in Rice
(INFER) organized by the International Rice Research In-
stitute, the Philippines.

The objective was to evaluate phosphate rocks for agronomic
and cconomic clfectiveness. The experiment is expected o
be conducted for five cropping seasons on the samne locaticn.

* The treatments included three phosphate materials: a highly
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reactive rock phosphate (phosmak), a less reactive phosphate
(Christmas island rock phosphate) and single superphosphate
(water soluble phosphorus). The vield data are presented in
Table 50.

Table 50. Effect of sources of phosphorus on flooded rice cultivar
ADNY 11.

‘
Mean Response  increase
yield over over

Treatment kg/ha control  control

NyPoK, + Ny Ky, (Control) 1440 - -

SSP (P,,) + Ny K, 1751 31 21.6

SSP (P, +NyK,, 2075 635 44.1

SSP (Py,) + N K,, 2173 733 50.9

Phosmak (Py,) + Ny K 0 1679 239 16.6

Phosmak (P, + N, K, 2012 572 39.7

Phosmak (P, +] oo 2151 711 49.4

Christmas Rock phosphate

(Poy) + Ny Ky 1848 408 28.3

Christinas Rock phosphate

(Pyo) + Ny K,y 1942 502 34.9

Christmas Rock phosphate

Py + N K, 2281 841 58.4

Mean 1935 495 34.3

LSD (0.05) = 414

cr = [47%

Seed rates and spacing. In an effort to determine the appro-
priate seed rate and spacing, an experiment was carried out
at Mando, Sierra Lecne. The treatments comprised three
sced rates: 50, 75 and 100 kg/ha, and three methods of seed-
ing: broadcasting, 20 cm row spacing and 30 cm row spacing.
The grain yield data are presented in Table 51.

Table 51. Effect of seed rate and spacing on rice (CP4).

Mean grain yicld (kg/ha)

Treatment Seed rate in (kg/ha)

Treatment 50 75 100 Mean
Broadcast 998 1276 1014 1096
20 cm row spacing 2116 2011 2039 2055
30 cm row spacing 1014 1765 1726 1512
Mean 1386 1684 1593 1554

LSD (0.05) marginal means = 178
LSD (0.03) for cell means 291
cr 132G

H]

Nitrogen X variety X spacing interaction in irrigated rice.
In Sierra Leone, this experiment was designed with two row
spacings (20cm x 10 cm, 30 cm x 10 cm) as main plot, four
levels of nitrogen (at 0, 40, 80 and 120 kg/ha) as subpiot ard
five high-yielding rice cultivars, as sub-sub-plot, under 1:ri-
gated conditions at Mange. Analysis of variance indicated no



significant effecy of plant spacing on grain yield of rice culhti-
vars included in this study. Nitrogen showed significant inter-
action with plant spacing (Vable 52).

Table 52, Effect of nitrogen and plant spacing on grain yield
of riee (kg/ha) (averaged over 3 cultivars) under
irvigated condition, Mange, wet season, 1977.

Spacing

Nitrogen levels 30 cm x 20 em x 10 em

0 kg/ha 1975
40 kg/ha 3104
80 kg/ha 3089
120 kg/ha 4451 3915

LSD (0.03) for nitrogen levels within the same spacing = 339
cv = 1308

Yield under application of N at 120 kg/ha was not signifi-

cantly different from that obtained with Nuo.

Table 53. Performance of rvice caltivars averaged over nitrugen
and spacing levels, under irrigated conditims at
Mange, wet scason, 1977.

Cultivar i ~ Grain yield kgrha
ADNY 20 oo 3784
ADNY I01: oo v oo 3757
Mange 2 - e 3494

DJ G4 - e 3241

IR 2070-464-1-3 + -« o o v e v 2238
LSD (v.035) = 21C

v = 13.08%

Grain yield of rice varied significanty among cultivars (Table
53), with ADNY 2 and ADNY 11 giving the highest grain
yields.

Cultural practices. An experiment was initiated in the wet
season of 1977 to evaluate various methods of seeding rice
under irrigated conditions at Mange. Sterra Leone,

Table 54, Effect of seeding method on grain yield of rice (ADNY
11) under irrigated conditions, Mange, wet scason,

1977.
Mean yield

Treatment kg/ha
Line sowing in dry scedbed 4647
Broadcasting in dry scedbed 4837
Broadcasting in drv scedbed + beushening 5553
Sprouted sceds line sown in puddled field 4746
Rectangular transplanting (20 cm X 10cm) in

the puddle 4230
Random transplanting in puddled field 4538
Broadcastable scedling in puddled ficld 4629

LSD (0.05)
cv

662
9. 39

i

H

Results in Table 54 indicate that kighest yield (5553 kg/ha)
was obtained by broadcasting the seeds in dry scedbed and
beushening at 35 days after seeding. Yield from other treat-
ments was not significantly different from cach other,
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Yield maximization, This experiment was initiated in the
wet season of 1977 1w identily the optimum combination of
cultural practices (weeding, fertilizer application and methods
of transplanting) for rice production under irrigated ccology.
The results (Table 35) indicated that methods of trans-
planting did rot significandy aflect grain production.

Table 55. Effect of weeding and fertilizer application (averaged
over transplanting methads) on grain yield of rice
(ADNY 11} under irrigated conditions, Mange, wet
season, !977.

Fertilicer treatment Mean
\\'ecding Ng Py Kﬁ" AL Py E““.L_,-.__A,..__ﬁ_u,.._~
No weeding 2299 3604 2952
Manual weeding 2380 3612 2996
Chemical weeding 2620 4177 3399
Mean (kg/ha) 2433 3798
LSD (0.05) for fertilizer levels = 240
L8SD (0.05) for weeding levels = 323
(N = [3.08%

Under the non-fertilizer treaument the difference between
chemical weeding and manual weeding was not significant.
With moderate fertilization, however, chemical weeding was
superior o hand weeding.,

The effeet of sulfur. Chlorosis of rice on transitional soils
(between hvdromnorphic and dry land) has been thought to
be a result of nitrogen deficiency. Rice was planted in soil
from a hydramorphic valley bottom and soil from dryland
above the valley and subjected o the two moisture regimes
of flooding and saturation. When nitogen was the limiting
factor, vield reduction was constant theough the two mois-
ture regimes. When sultur was the limiting factor, yvields
varied greatly between the mosture treatments, Yield vedue-
tion was greatest when the drvland soil was flooded and
when the hydromorphic soil was saturated. Yield redaction
was slight when the valley soil was Hlooded or when the dry-
land s0il was saturated. This will be studied further in 1978,

Availahility of zine. Incorporating straw into the soil at har-
vest time had no influence on the walability of zine through
four scasons ¢ Ihadan, Niveria. No significant differences
were found in rice plots weated with NPK alone, NPK

straw, NPK + zine, and NP4

T

straw v ozine.

Effect of spacing. Two spucing trials were caoried ont with
two different irrigated cultivars at TEEAD TETT TEEE s less
feafy and more erect than BG90-2 whichi is quite leafy and
produces more tillers, TET LEH showed no significant dit-
ference between the five spacings but in the case of BG-90-2)
the differences were highly significant, Highest yields were
obtained with the closed spicing of 20 x 20 em followed by
the spacing of 30 x 15 o (Table 56).

Iron toxicity. A total of 107 culuvars including those in the
National Rice Observation Nuarsery as well as the national
co-ordinated varictal trials were sereened for tolerance to iron
toxicity at Suakoko, Liberia. Under severe iron toxic condi-
tions, Gissi 27, Suakoko 8 and {R2902-50-1-1 were resistant,
IRS showed intermediate to susceptible reaction 11 weeks
after transplanting but had tendency to recover from the
setback during the reproductive stage.

Observations made in WARDA initial evaluation trial (in
moderate iron toxicity conditions at Suakoko) identified 126



Rice pathology staff checking
are resistant to it

Tahle 56, Mean vields (kg/ha) from different spacings.

Treatment IET 1444 BG 9u-2
40 x5 em 5100 4800
30 x 10 em 3290 3110
30x 15 ¢m 5300 3600
25x 15 ¢m 5590 5150
20 % 20 ¢m 5320 5940
Total average 5320 5380
LSD 5% 763 kg 142 kg
(&A% 9317 7

cultivars as resistant. Prominent among these were 1T 291 1.
KLG 6987-191-P, BRI-I8-20 CICA 1B 151 b-kn-19. -1,
No. 1281, Sri Malaysia, FARO 8, ROK 8 ROK 5. ROK
6, ROK 7. TOs 7102, AUS 8. RR 2071-980-5-0-0 and BRN
6987-128-1. Several cultivars showed susceptible reaction in
the carly growth stage bat tended (o recover rom the stress,
These incladed BGA-2 REP 29127 IR1750B-7, BR 3-12-B15-
33, KLG 6987-116-30, TET 2137, TOs 2300 and 1R,

Screening drvland rice in Sierra Leone, Pwenty-three cenlt-
vars out of 35 were identitied 1o possess good overall
adaptability including good resistance 1o major  discases,
particularly blast. The sclected cultiviars are: M-238, AZ-2061,

a medivm-duration devland rice cultivar for pale vellow mottle
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virus, Only a few cultivars

Merikan Lareer, HE-98, 68 £ b 20 b, LAC 5541 1da.-lg
3372 Cumba, D119 Ghondobai. A2-67 Ghenghen, A2-
2630 190 1 20 Naovie, Fossin, M50 2 220 Muram de 21771,
DO KHAO E1oy to, PRINMBO. 42 20 42 x 10471080 4-3/b,
Mahadi kwee and Moo 12

Irrigated rice. My cultvars that are resistant o blast
durning the wet season often hecome susceptble in the dry
season e Swrta Leane, Therefore, from many blast screenings
aaried out i 1977 those showing good resistance during the
An sewson are ot pracucal importance. Some of these are
2H0Tes M0 2260 TR 269 263323 0 TOS T8y and TR 172]-
1142221 The carlier blast CADNY b,
ADNY 1L ADNY b appear to satl vetain their hich level of

TesIst e e

resistant selectons

Pale vellow mottde vivus. OF the 124 short- and medium-
duration drviand caltivary screencd for resistance, only six
were neither resistant nor moderately resistint to the disease.

The resstant cultivaas are shown i Fable 97,

The relationshiup of the virns causing paale vellow mottle in
some countries in West Africa was detenmined by the agar
serology test. It was found that the Nigerian and Ivory Coast
viruses are identical or closely related w all the Sierra Leone
collections.


http:idcujl.tI

Table 57. Screening dryland cultivars for resistance to yellow
mottle virus in Sierva Leone, 1977.

Cultivar Reaction % Stunting
1B 99 R 0.2
TOs 3514-1 R 0.5
2117 R 0.4
E425 R 3.
IB 97 R +3
1B 34 R 0.1
TOs 4031 R 4.9
TOs 4120 R 0.1
TOs 4152-B-2 R 0.0
IAC 25 R 0.4
Line 13d x R75 (no. 933) R 4.7
TOs 4414 R 0.0
63-83 R 3.7
TOs 4076 R 0.1
TOx 93-1.82 R 9.8
Iguape Catetn R 3.3

Brown spot. In Liberia a trial designed to evaluate 105 culti-
vars for tolerance to iron toxicity at Bong Mines Agricultural
Project site was found to have severe incidence of brown spot
disease. Scoring of cultivars for the discase indicated hat
Suakoko 8, Java. IR2071-388-1.6, IR2058-435-3-1. IR2071-
105-2, TR2071-103-7. IR4422-6-2, B462b-Pn-31-2, TET 1996,
Hong Sun, IR2071-586-5-3 and IR2071-286-5-6 showed
resistance 1o the discase, while cultivars RS, IR1416-131-5,
CICA 4, Mahsuri and Iinproved Mahsuri were susceptible.

Common rice weevil in Liberia, During the past two years a
few rice cultivars stored i the seed store at Suakoko showed
severe damage by the rice weevil when the other cultivars
stored side by side had strikingly less damage. Studies were
initiated daring 1977 in cooperation with Science Division of
Cuttington University College. Suakoko. w identify the pest
and to confirm if there were varietal differences for damage
done by the weevil, The results obtained so far are discussed
below:

1. The rice sweevil causing the damage was identified as
Sitophtlus onzac.

2. The insect takes 23-27 davs to complete one life cydle.
The weevil larvac were successfully reared outside the
grain in petri dishes using powdered rice.

3. Differences for damage due to the weevil were con-
firmed when heaithy grains of 14 cultivars were infested
under controlled condition with 100 inseets and damage
recorded. The cultivars P14, IRAT 10, IR 937-55-13,
TOs 4030 and Juma 1 showed 25-67 percent damage
while M 18 and M showed 10-13 pereent damage. The
damage in IR3, Suakoko 8, Gissi 27, LAC 23 and
M55 was less than 5 percent. Also the insccts which
were infested on [R5 and LAC 23 (damage below 1
percent) were found dead within 2-5 weeks of infesta-
tion. ,

4, The cultivars showing heavier damage had smooth
grain surface while those showing lesser damage (1-13
perc-ne had hairy surface; » hich indicated that hairy
grain surface may be responsible for the reduced dam-

age. The reason for death of the insect after feeding

on IR5 and LAC 23 was not determnined.

5. The infestation by the pest also occurred in the field
before harvesting. The observations made on number
of insects present on the panicles of nine cultivars just
before harvesting indicated that cultivars with smooth
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In the search for genctic resistance to Diopsis thoracica, 500

rice cultivars were sereened in a sereenhouse at TITA,

grain surface attracted more weevils than the cultivars
with hairy grain surface.

6. A Hymenopteran parasite and a Heteropteran predator
were found to attack the rice weevil larvae during stor-
age.

Screening for resistance to Diopsis thoracica. In the search
for genetic resistance to Do thoracra, 500 rice cultivars were
evaluated during 1977. The screening was conducted in a
sereenhouse (2025 m) where a high population of this in-
sect pest was first developed in a susceptible cultivar, Each
cultivar was planted in one-tow plot of 20 plants each. Their
reaction was evaluated at 50 days after transplanting by re-
cording the number of dead hearts per plant. The reaction
of a few selected cultivars is presented in Table 58.

Table 38. Reaction of selected rice cultivars to D). thoracica,
T4, 1977.

Cultivars Dead hearts %
}{uang_scngoo ...................... 0‘0
Td 10N - - o e 0.0
L\i&lg()li ........................... 2.8
BB e e e 5.1
Saconodo Brasit TM 1377 - -« - v oo v e e 14.0
Samba - - - - o e 43.0
TR B3O« « v v oo e em e e e 63.0

The cultivars Huang-Sengoo, Td 104, and Magoti exhibited
a high level of resistance to D. thoracica and will be further
evaluated under a replicated trial to confirm these preliminary
results.

Transfer of technology

Dryland rice. The 1977 results on varietal trials of medium-
duration cultivars again confirmed that none of the:intro-




duced cultivars (IR 2035-108-2, IR 1754-F5B-23, Juma 1 and
OS6) was superior 1o LACG 23 or LACG 23 (white). IR 2035-
108-2, a semi-dwarf cultivar had been found (o outyield LAC
23 at Suakoko during 1976; it continued 10 show its yield
superiority in the Suakoko trial but at other sites it yielded
lower than LAC 23 The results indicate that this cultivay
is not seited 0 on-farm conditions as such bt it has been
used in the breeding progran in crosses with LAC 23,

Ina WARDA co-ordinated varictal trial conducted at Suako-
ko with 14 medivm-duration cultivius, FHE - anictroduction
from Colombia  outyiclded LAC 23 pwhite). However, the
plant type of this cultivar is not suited 1o peasant farm dry-
land condition in Liberia, It can, however, be used as a
parent in the breeding program,

Although none of (he short-duration cultivars (TOs 2583,
TOs 2581, 6385, M55, M8 and IRAT 13) was found su-
perior at all locations, TOy 2381, TOs 2583 and IRAT 13
were found to be higher-vielding than uihers at Suakoko, Zlch
Town and Voinjima, However, IRAT 13, 63-83, M55 and
MI8 were again observed o be highly susceptible to the
sheath rot and sheath bloteh diseases in Liberia, and their
yield was reduced. Some of these lines have been crossed
vith LAC 2% 0 combine their high yield potential with
disease resistance.

Irrigated rice. In Liberia during 1977, medium-duration elite
cultivars were evaluated on multilocation basis in replicated
yield trials under upland and lowland conditions. The seven
sites of Suakoko, Fova, Kolahun, Voinjama, Bong Mines,
Zieh Town and Cestos Agriculture Project were selected be-
cause of their importance in rice rescarch and development
activitics.

Varietal trials under lowland conditions. Among the medium-
duration cultivars (130-150 davs) evaluated, none of the
cultivars was superior at all the locations; however, cultivars
IR 2071-586-5-3, Brengut, IR 2055-473-2-1, Improved Mahsuri,
IR5 and Suakoko 8 were found promising cnough to be
tesied in the on-farm trials (Table 39). Improved Mabhsuri,
Suakoko 8 and Brengut are semi-tall to tall, have moderate
tillering and medium-long to long (26-28 ¢m) panicles, where-
as the other cultivars have semi-dwarf to intermediate-height
and medium to medium-long (24-26 cm) panicles. All of these
cultivars showed resistance to moderately susceptible reaction
to the major stress factors of neck blast, sheath rot, sheath

Table 59. Performance of some medium~duration rice cultivars
trials, Liberia, 1977,

blight, glume discoloration, leat scald and iron toxicity, Ex-
cept at Suakoko during dry season, none of the cultivars was
significantly higher-yielding than IR5.

In a WARDA co-ordinated varietal trial, Improved Mahsuri
was promising among medium-duration cultivars.

Among the short-duration cultivars (less than 130 days) none
of those tested showed consistently superior peiformance at
all the locations. However, some of the short-duration culti-
vars IR 2053-94-1-2, CR 12-178, IR 2053-407-2-1, IR 2035-
120-3 and CS 5 vielded higher than oihers. In general, yields
of short-duration cultivars were lewer than the yields of
medium-duration cultivars during the wet season. It appears
that under the prevailing agro-ceological conditions in Liberia,
the medium-duration cultivars are beiter suited in the wet
season and short-duration cultivars may be uscful for the
dry season where there is a possibility of water shortage dur-
ing the latter part of the season,

Trials in Nigeria. The e nsfer of technology in Nigeria is
handled by the Nigerian Federal Ministry of Agriculture and
ITFA cooperates. TOs 78 (IR 269-26-3-3-3) and TOs 42 (IR
665-79-2) are among HTA's nomination in the on-the-farm
trials in 1977, These two lines have entered multilocation
patases in some states in the country for large-scale farming
under irrigated conditions, TOs 103 (IR 790-35-5-3) has been
multiplied for large-scale planting in a project in Anambra
State.

Trials in Sicrra Leone. Under the All Sicrra Leone Coordi-
nated Agronomic Trials on farmers’ fields, several experi-
ments on rice were conducted in various ecologies to study
the impact of new cultivars and production technology de-
veloped at the Rice Rescarch Station, Rokupr, on rice yields
under the four ecosystems: uplands, inland swam ps, mangrove
swamps and bolilands in Sierra Leone. The program was
mostly confined to inland swamps during 1977. The summary
and conclusions from these trials are highlighred below.

Under uproved practices of cultivation which consisted of
application of fertilizer (Ngal 1)K 10 kgsha), line sowing and
weeding, there was an improvement in rice vields as com-
pared to traditional practice of cultivation, whether it was
the farmers’ cultivar or an improved one.

On uplands, nitrogen application hetween 20 and 100 kgN/ha
gave aresponse of 20 1o 135 kg per kg of N applied. Response

evaluated under irrigated condtions in national co-ordinated varietal

Suakoko Yield (kg/ha)
Dry Wet Zlch

Cultivar season season Voiniama Kolahun Town Mean
IR £071-586-5-3 4811 4816 5110 5776 5940 5291
IR 2071-588-1-6 4243 4570 5336 4776 - 4731
IR 2071-105-7 4107 3634 5150 4000 3394 4057
IR 2071-588-3 4089 4376 5464 4400 1122 3890
IR 1416-131-5 3950 3350 5904 3900 3813 4183
IR 2055-473-2-1 3765 - 6176 5252 4425 4904
Brengut 3783 3690 4600 6000 6586 4932
IR 2070-575-5 3557 4570 5670 4024 4029 4370
Improved Mashuri 3896 5998 - - 4682 4725
Suakoko 8 4259 4936 5770 5040 3357 4672
IR5 check 3448 5086 5252 5824 4376 4837
Mean 3992 4457 5463 4899 4172 4599
LSD 1074 1294 1188 978 -
CV (%) 20 22 15 14 -
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to nitrogen in the inland valley swamp was comparatively
low. It may be due to high organic matter in the soils,

In the inland valley swamp the crop responds well 1o phos-
phorus and yields increase, Application of 1 kg of PO, gave

a response as high as 20 kg of grain in Makeni and 40 kg of

grain yicld at Fanima, However, application of phosphaorus
in the presence of nitrogen did not help n increasing the riee
yield. In boliland, application ot Tkg of PO, gave a response
of about 20 kg of grain in Kono. Interaction of phosphorus
and petassium wis negative at many locations.

In the inland valicy swamp application ol potassium gave
good responses. At Makeni in north-cast and Batkanu in the
north-western region, very high responses (1200 1o 1H00 kghasy
were observed from the applicition of 40kg KO- ha. In boli-
lands of Kono District, high responses ranging between 800
and 1600 kg ha were observed from different tevels of po-
tassitm.

On uplands, it was observed that application of N and P
together is more beneficial than applyving nitrogen wone, The
application of potassium along with nitrozen and phosphorus
was not found beneticial in the bush-taltow rice system. In
the inland swamps, respenses 1o NPk were higher than
those obtained to NPy and Ny, in the oorth-western and
southern regions, the average response to N, P kge being
1532 and 1403 kg ha, respectively i the two regions. In the
bolilands in Kono and Tonkolili districtse NPy Ky, was
found more beneticial as compared w NPy

Minikit and production kit trials. Average yields of sorghum
and millet from minikit field wrials in 100 locations in Kano
State are summarized in Table 61, The minikits in the south-
ern zone were interplanted, such as sorghum with millet (Ex-
Borno) and millet with sorghum (Y.G. 5760).

Since yield data were obtained from the trials on the farmers’
ficlds accurate records were not obtained. Sorghum cultivars
P 8 and Y.G. 5760 were recommended for the northern
and southern zones respectively of Kano State hased on their
overall performance in these trials. Similarly, millet cv. Ex-
Borno was recommended for Kano State.

Sorghum cultivars recommended for various states, Improved
varicties of sorghum are being recommended for different
agroclimatological zones of Nigeria based on the results of
their performance in regional vield trials and NAFPP minikit
trials.

Wheat program. The program covered field wials of prom-
ising cultivaes and management practices through minikits
and production kits, training prosrams and screening new
wheat lines from CIMMYT, Mexico,

Seventy-two trials were conducted in three states (Kano-52,
Borno-8, Sokoto-12). The summarized results of varietal and
fertilizer minikits are given in Tables 60, 61 and 62,

Tuble 61. Yields of sorghwm and millet cultivars from mini and
production kits in Kano State, Nigeria,

Tt was also observed that potasstum application in conjunc- VS(;r:g-lnm; \::u:ld Millet Yield
tion with hicher levels of N and P oenhunced the vields sig- cultivars  (t/ha) cultivars  (t/ha)
nificantly in Kambia, Kenema, Kono and Tonkolili. In man- . : -
grove swamp a similar trend was nbserved, A Noxt'hcm Zone
’ (Kano)
} Minikits H.P.8 31 Ex. Borno 2.7
IITA-NAFPP Sorghum, Millet H.P.3 27 Ex Benue 25
] 3y ) ’ B.ES 2,5 Nig. Comp. 2.1
and Wheat Program Local 23 Local 19
The year 1977 was the third and the Laist vear of the pilot Pr()fiuction , . v
phase of this project located at the National Center for kits HP8 41 Ex. Bommo 4.2
Sorghum, Millet and Wheat at Agricultural Extension and B. Southern Zone
Research Liatson Scarvice of Ahmadu gello University, Zaria, (Kano)
Nigeria. HTA siaft handed over the charge of the project Minikits Y.G. 5760 49 Ex. Borno 3.6
to the national stafl after the completion of their assignment. Kano Bulkline 44 Ex. Benue 3.3
;‘ N .y
: . ay ) S R.Z.L 4,2 Nig. Comp. 2.1
Sorghum and millet program, The work concentrated on Local 40 Local 29
variety and management minikit and production kit trials, Producti - § e )
training, ficld visits and finalization of cultivars recommended roduction .
for various zones of the country. kits Y.G. 5760 29 Ex. Bomo 25
Table 60. Variety Minikit (vield kg/ha).
Cultivars
Siette
Slate Location No. of kits 301 x Son-Pi  Anza cerros Inia 66 Indus 66
Kano Hadcjia 10 1084 444 626 992 692
Kazaure 3 1305 752 1550 1169 598
Dambatta 3 1515 1460 1613 1512 1164
: Kadawa 6 3870 3533 3827 2725 2928
Burno Daya 3 1987 1840 - 2173 2147
B Gamboru 1 * 3750 - 3250 3625
Soloto 3 sites 6 1867 - - 2067 2098
*_ doubtful figure

Siette cerros was not planned for Borno.

Both Sielte cerros and Anza were not planned for Sokoto. A local wheat cullivar was included in Sokoto trials; its yield (average of € kits)

was 1989 kg/ha.
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For 1977-78, a field program of varictal and management
minikits and production kits for the northern states was
finalized.

Training, Sisx in-service training courses were conducted at
different bocations in the northern states and were attended
by about 200 participants. Six members of the extension staff
successfully comnpleted o sorghum/millet preduction course

at ICRISA'T, Tiyderabad, India.

The common practice of reaining excess water after irrgation
was adopted in Kano. One Of the treatiments in Sokoto wis

Nyl (split,. which gave a yield of 1680 kg/ha,

The frequency and duration of harmattan during the grow-
ing season was more favorable than in the previous year,
hence the farmers had o good harvest even in cases of delayed
planting.

Table 62. Fertilizer minikit (vield kg/ha).

In general, the trials in Borno and Sokoto appeared better
organized with better results, Shortage of water at critical
stages of growth and poor management in general contributed
to poor crops in Hadejia, Kazaure and Dambatta arcas in
Kano State,

Cultivar 301 x Son-Pi appears promising compared to the
traditional Siette cerros, and it has been planned 1w further
test it in trials in 1978, Its bicad making quality is beiny
checked at Oshodi in Lagos and if acceptable, the cultivar
may become popular,

The response to fertilizer dose NP oo (N in split application)
does not seem to have improved over single basal application
of the sume dose at Kadawa, considering the high soil
permeability and high requency of irrigation, this appears
to merit checking during the next season,

The farmers apparently drained all the plots after irrigation,
hence the poor drainage plat did not sutler us expected.

N100P 50 N1ooPso

No. of NsoPas all at N 100P 50 NisoPrs (farmers’

State Location kits split sowing split split practice)
Kano Hade¢jia 10 1215 1677 i815 1215 1846
Kazaure 3 951 2100 1248 1186 1087
Dambatta 3 1260 1569 1581 1260 1433
Kadawa 6 2287 3468 3011 3104 2845
Borno Daya 3 1454 1627 1600 1653 1320
Sokoto 3 sites 6 - 1950 1761 - 1389

P means P,0;,
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GRAIN LEGUME IMPROVEMENT PROGRAM

.
Cowpea breeding

The objective of the cowpea breeding program is to incorpor-
ate discase and pest resistance into o range ot plant tpes
suited to diflerent cropping svstems in the tropics. Efforts were
directed primarily at grain leqime types for sole crop condi-
tions, but recently the huprovement of hines for intercropped
conditions and green pod vegetable production has received

some attention.

Breeding procedures range from backeross methods to incor-
porate specific characteristios into otherwise well adapted
materials, to population improvement methods using genetic
male sterility o develop recurrent selection systems, Inoall
procedures, the short-maturits period of cowpea is exploited
by the growing of three to four generations per vear.

Backeross methods. Backeross methods are being utihized to
modify seed characteristios and discase resistance. One senies,

involving the erossing of TV 62050 0 large, whitesseeded hne

from Senceal, to Vo 1077-0D (VITTA-E and TVu 4057
(VITASHL s being grown on the BOLF generations i the
carrent dry season. Other crosses between ACC 70002 and

everal IITA breeding materials are at the BO
Crosses are also made with the i of incorporating resistance
to Colletotrichun tuncanen, bacterial blight or bactertal pustule
into otherwise superion IFEA hines,

Stage,

Pedigree methods, Dining the vear, abont 200 erasses were
made between [TFA breedine fines and cultivars which had
been developed aned proved superior elsewhere, The latter an-
cluded Ife Brown, developed in Nigeria, Kwari ex-Rwor which
gives goad viclds in northern Nigeria: SVS 4 Tanziniae
White Wonder Trailing Ethiopia and CPRNNTOR-61 from
Puerto Rico. Nearly 8.000 lines from these and carlier erosses
were screcived for discase and insect resistance and other plant
characteristics i non-teplicated progeny rows at TTA and
other locations, and single plants were selected for turther
testing in 1978,

At least part of the material is bemg handled i recvrrent
selection system with crossing Fooand I generations at Hie
dan from September throngh June, and Yo breeding Tines ot
locations on a north-south anis in West Africa utilizing the
various ceolovical conditions represented. Single plants se-
Jected from promising lines are multiplied at Ihadan in the
dry scason for Preliminary trials, and the best of these
progress to Advanced and Uniform trials in suecessive vears,
New cyeles are intiated each vear by recombining superior
lines from all stages of he svstemn and usetul germplasm from
other sources. b
at Ibadan during the 1977778 dry scason,

lines of the second evele were multiplied

Preliminary trials. Two-hundred-and-thirty lines were com-
pared with VITA lines and He Brown in two ample lattice
trials at Onne and Ibadan (two seasonsi, Mokwi, Funtua,
Gusau, Maradi and Ouagadougou.

-

%-.i;w’%?; “R-.;¢"»- e
oA TR YR

ACITA, cowpea breeding procedures range from backeross
meihods to incorporate specitic characteristies into otherwise
well-adapted materials o population improvement methods
wing genetic male sterility to develop recurrent selection

svstems,

The seed yields of the better lines, together with thase of the
control cultivars, are shown in Table 1.

Several lines combined improved vields, relative to the con-
trols, with satisfactory levels of disease resistance and other
characteristics, and 85 were multiplied during the dry season
for possible entry in Advaneed trials in 1978,

Advanced trials, Sixty-thiee lines were compared with VITA
lines and Ife Brown ar the same locations as the Prefiminary
trials, in Gombe in Nigeria and aiso in Jamaica. Data
recorded included various plant characters, discase and insect
scores, pod chatacteristies iand pod and seed yields. The per-
formances of the better lines compared with the controls are
shown in Table 2,



Table 1. Cowpea Preliminary Yield Trials, 1977, (Seed yield kg/ha.)

Ibadan (F) Onne (F)  Ouagadougou Gusau Funtua  Mokwa  Ibadan (S) Mean
Trial 1
VITA-1 819 871 1137 924 346 411 628 734
VITA-4 1382 258 1198 762 348 396 672 717
VITA-5 746 17 1326 746 438 273 699 606
Ife Brown 890 254 1079 709 152 433 714 604
TVx 1839-02F 1535 1553 1230 949 125 705 1190 1127
TVx 199-02F 1970 1026 1655 1179 334 605 795 1081
TVx 1461.01F 2245 1064 1300 1047 670 250 944 1074
TVx 2248-01F 1560 1141 2035 1247 251 285 850 1053
TVx 2283-02F 1340 1151 1805 749 566 325 880 974
Trial Mcan 1120 629 1246 173 358 369 671
S.E. 219.0 155.8 284.2 238.6 162.7 140.9 141.2
(SRS 27.7 323 323 43.7 64.3 54.0 29.8
Trial 2
VITA-1 685 524 920 857 579 622 973 742
VITA-4 1368 231 1495 822 274 692 490 767
VITA-5 760 32 1208 673 606 680 510 639
Ife Brown 833 305 1262 483 437 685 675 6569
TVx 12-01F 376 515 735 385 479 268 375 445
TVx 3122.06D 1370 554 1875 781 1190 640 980 1044
TVx 2949.01D 1580 674 1500 1120 660 760 720 1002
TVx 2907-081) 1190 804 1500 884 624 545 1055 943
TVx 1905-01F 1500 708 1273 868 541 735 945 939
TVx 2719-03D 1045 1047 1290 1040 505 885 715 932
Trial Mean 401 496 1188 745 641 572 684
S.E. 219.8 138.4 266.1 229.8 208.0 112.2 167.9
CV. 345 39.5 317 43.7 63.8 27.7 34.7
Particular attention is drawn to the strap- or narrow-leaved Season
lines (indicated by (s) in the table) which were among the )
highest yielders in both trials in which they were included, 2nd g;gg;‘; F ] Odcycle New
suggesting a real advantage over traditional broad-leaved Gq Lines
types. In Trial 1 T'Vx 289-4G averaged 1400 kg sced/ha, 29 lm
percent higher than the controls.

Progeny New cycle Disease
However, there were hignly significant interactions between Ory | Rows Fi Free
the lines and their environments. Much of the variation could - Conditions
be accounted for by the regression of individual cultivars on A’) )
envirenment mean yields which indicated that VITA-1, for ist  Yield tests New cycle High
example, does not appear to respond to improved conditions other Fo Pollintor
o s : . . Activit
while TVx 2713-2C and some other lines are relatively better Specialists y
than average in these situations. o
Population improvement. Population improvement methods Mid New cycle
involving genetic male sterility are being used to develop G3
recurrent sclection methods in a naturally self-pollinated
crop. The system involves sub-populations selected for spe- ®
cific characteristics such as disease and insect resistance, and
sced protein, from which lines are incorporated into back-up - ¥
or main populations to upgrade agronomic characters before 2nd gm:z F Nechycle New
entering the routine breeding and testing program. The 4 Lines
generalized system is illustrated in Figure 1.
F = Fertiles
S = Steriles

In 1977 the disease, insect and back-up populations underwent
their fourth, sccond and fifth cycles respectively. The number
of crosses achieved totalled more than 100,000. Single plants
selected from the back-up population in 1976 were advanced
to Fy generation in non-replicated rows; single plants selected
in 1974 were tested in vield tials in two seasons at Ibadan.
One Jine, 4R-0267-01F, was the second highest yielder in
the Advanced Yield Trials of erect lines and is being muhti-
plied for Uniform trials in 1978.

Fig. 1. Generalized population improvement system.

Intercropping. Thirty lines were grown as a sole crop and
in association with cereals at IITA (second scasons) and
Funtua in northern Nigeria and Ouagadougou (Upper Volta)..

In the first season at Ibadan, sole crop cowpea was compared
with cowpea and maize sown simultancously. Owing to



Table 2. Cowpea Advanced Yield Trials, 1977. (Seed yield kg/ha.)
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Trial 1 (Spreading)
VITA-1 978 1044 1167 378 464 1972 960 1272 1201 1071
VITA-4 1140 413 1830 657 270 1713 1113 1438 1776 1153
VITA-5 1448 12 1379 744 325 1485 1195 1400 1149 1026
Ife Brown +698 990 1762 445 154 1562 1038 1536 1120 1145
TVx 289-4G (S) 1915 1394 2549 715 776 1415 893 1701 1148 1415 129
TVx 1948-01F 1985 1484 1631 712 269 1339 1245 1662 1455 1339 122
TVx 1997-3D 1993 727 1635 559 375 1296 1543 1751 1459 1296 118
TVx 33-1] ($) 1083 1281 1060 654 383 1256 93t 1675 1192 1256 114
Trial Mean 1498 901 1781 601 329 1401 940 1438 1321
SE. 155.1 764 2727 o+l 894 126.0 109.1 89.5 84.7
C.V. 20.7 20.8 265 L 66.5 22,0 28.4 15.2 15.7
Trial 2 (Semi erect)
VITA-1 59 619 1428 1319 259 1473 991 1456 1324 994
VITA-4 213 196 2083 1039 379 1213 1123 1746 1592 1067
VITA-5 108 0 1637 1403 419 1212 1049 1441 1265 948
ifec Brown 680 470 1738 830 194 908 759 1502 694 864
TVx 1952-01E 30 700 142 1396 376 1835 1036 1414 1429 1129 117
TVx 332-4G (S) 482 213 2382 1154 420 1228 863 1642 1064 1050 108
TVx 1850-01E (8) 982 895 1933 1124 443 1090 549 1358 644 1000 103
TVx 944-02E 776 599 1318 869 468 710 1072 1524 1285 959 99
Trial Mean 483 525 1501 862 256 960 860 1361
S.E. 74.2 76.7 1617 13L1 319 i12.2 104.9 87.2
CV. 37.6 35.8 17.7  37.3 4979 3.3 29.9 15.7
Trial 3 (Ercct)
VITA-1 236 604 1003 4117 1548 616 1314 971 910
VITA-4 360 304 1250 276 1092 901 1161 1433 868
VITA-5 426 1 1410 139 1062 917 1352 693 860
Ife Brown 866 578 1467 210 940 1152 1582 1041 976
TVx 7-4K 1276 1377 2070 300 1047 901 1115 925 1103 122
4R-0267-01F 1575 1072 2007 454 925 710 1362 901 1080 119
TVx 1576-01E 784 963 1600 319 1060 1088 1597 1219 1079 119
TVx 1841-01E 1089 1153 1523 330 1093 953 1443 976 1042 115
Trial Mean 846 694 1403 301 764 775 1300 832
S.E. 104.7 795 1388 549 1439 82.7 108.8 108.2
C.V. 30.4 28.1 7.1 7 461 26.2 20.5
insect damage the data were variable and although significant Table 3. Cowpea maize intercropping trial, lbadan, 1977.
differences in secd yields were iccorded between cultivars eid
there were no interactions between cultivars and cropping (Cowpca sced yield kg/ha)
systems. Time of sowing
System cowpcea
In the second scason at Ibadan cowpea was sown on two . )
dates; at the same time as maize and when maize reached Sole With At
anthesis. Significant differences in seed yield were recorded Accession Intercrop crop maize  anthesis
between cropping systems and cowpea cultivars and there
were significant interactions between cultivars and sowing TVu 1460 1525 1206 1342 1388
dates. The extremes of responsc to cropping systems are 1 Vu 1593 1087 1207 925 1368
shown in Table 3. TVu 1258 1044 1152 1143 1052
Vegetable cowpea. Six green-pod vegetable, climbing cowpeas ,l Vu 1552 1041 1153 832 1362
i v wind ] teiade At Thadan (sec . Vu 420-1B 1029 g 1111 1037
were tested in vield trials at Ibadan (second seasons), Onne TVu 6433 .
(first scason), Umudike and locations in the Gambia, Liberia aouot 334 1049 688 896
and Trinidad. 'I"Vu 3518 723 1690 1135 1278
I'Vu 1630 531 1438 1055 913
In Onne (Port Harcourt) five of the lines were affected by S.E. %= 131.5

a whitefly-borne golden mosaic; only TVu 3654 exhibited




any tolerance to the disease. The data from the first season
trial at Ibadan are summarized in Table 4.

Table 4. Yields of vegetable type cowpea. (Ibadan, first season,

1977.)
Yield
green pods Taste

t/ha ranking Sugars
TVu 1209 21.73 5.0 4.8
TVu 2176 25.81 3.0 4.4
TVu 3398 24.17 2.3 +.8
TVu 6493 23.77 26 4.3
FARV 13 23.67 1.0 6.8
TVu 3654 19.55 2.8 5.9
S.E. 1.31 .39

Green pod yiclds of nearly 30 t/ha were obtained from TVu
1209 with TVu 3654 producing the lowest yields. Taste tests
indicated, however, that TVu 1209 was least preferred while
FARV-13 was the most acceptable to consumers. The lines
differed significantly in total sugar percentage and there
were indications of a correlation between taste ranking and
total sugars. Data from the other locations are yet to come.

Disease and pest management—
Pathology

During 1977, emphasis continued to be placed on the iden-
tification of multiple virus resistance in cowpea, and on carly-
generation screening of cowpea breeding material.

Work was begun on the etiology and epidemiology of whitefly-
borne virus diseases in legumes. Results from cooperative
work at CIAT have provided evidence that a golden mosaic
in lima bean in Nigeria is closely related serologically to the
bean golden mosaic virus which has heen purified and shown
to possess doublel particles. A golden mosaic of cowpea in
southeastern Nigeria has been shown to be transmitted by
whiteflies; similar symptoms have been observed in cowpeas
in Kenya, Tanzania and Niger. Cowpea (yellow) mosaic virus
was scrologically identified from cowpeas in a farmer's field
in Togo and southern bean mosaic virus was similarly found
in the Guinea Savanna of Ghana.

Recent cooperative work with the University of Ife has con-
centrated on the greenhouse screening of elite multiple disease
resistant lines in the International Cowpea Discase Nursery
(ICDN) for resistance to southern bean mosaic virus (SBMV),
cowpea  aphid-borne mosaic  virus (CAMVY) and cowpei
mottde virus (CMeV) Twelve lines combine resistance to
cowpea (vellow) mosaie virus (identified previously) with
SBMV and CAMV resistance, while five lines possess resis-
tance 1o all four viruses. Field screening during 1977 first
season at H'UA'S high-rainfall station at Onne, Port Harcourt,
has identificd numerous sources of resistance to the whitefly-
borne golden mosaic which is epidemic at Onne. Three lines
have been found o possess resistance to all five viruses which,
together, are amongst the most important in Alrican cowpeas.
These results are summarized in Table 5.

The cooperative work in the University of Ife on resistance
to SBM\ is reported tully elsewhere, and a report of results
from the ICDN for 1975-77 is being compiled.

Table 5. Multiple virus resistance in cowpea.

Resistance No. of lines Source (TVu)’
CYMV 93
CYMV +SBMV 26
CYMV +CAMV 16
CYMV +CMeV 17
CYMV +SBMV +CAMV 12
CYMV +SBMV + CAMV

+CMceV 5 393, 493, 1888, 1948, 2755
CYMV +SBMV + CAMYV

+CMeV +GM 3 393, 493, 2755
CYMV = Cowpea (Yellow) Mosaic Virus

SBMV = Southern Bean Mosaic Virus

CMeV = Cowpea Mottle Virus

CAMV = Cuwpea Aphid-bome Mosaic Virus

GM = Golden Mosaic (a whitefly-bome discase)

The ICDN, grown in 20 countries to date, is in its fourth
year. It was established 10 identify broad-spectrum, stable
resistance by exposing lines found to possess multiple disease
resistance under Ihadan conditions to various environraents
and pathogen populations. Essential reports received so far
are summarized here.

Locations have been found which favor the development of
natural epidemics of certain diseases not present at Ibadan;
testing at these sites has permitted the identification of
resistance which is additional to those already reported. Thus,
trials in Malawi and Zambia have demonstrated the wide-
spread susceptibility of the current ICDN lines to Ascochyta
blight which is a locally devastating disease in parts of eastern
Africa. Three entries appear to possess iow susceptibility to
Ascockyia The identity of these lines, and of others found
to be resistant to other locally important discases including
Fusarium wilt, root knot nematode and Synchytrium are shown
in Table 6. The number of lines which combine some of
these additional resistances with resistance to six major
diseases is summarized in Table 7. Thus, .es have been
identificd possessing combined resistance to at ieast cight
fungal and bacterial pathogens, some of them additionally
being resistant to viruses.

+

Table 6. Newly identified sources of resistance to disease in

coupea.
Discase Location Source (TVu No.)
Ascochyta* Zambia 1536, 4569, VITA-5
Fusarium Wilt Nigeria 109-2, 347, 984, 1000,

1016-1

202, 231-2, 243, 266-1,
274, 310, 316, 393, 408-2,
1563

612, 1258-1, 1962,

Fusar:um Root Puerto Rico

Rot

Phakopsora Rust Nigeria and

Uganda 2455-2, 4540
Root Knot Nigeria 264-2, 401, 857, 1560
Synchytrium Uganda 43, 222, 612, 617, 984,

1081, 1330, 2331, 2480,
2897, 3433, 4535, 4537,
4544, 4545, 4546, 4569,
6666, TVx 157-1E

*Low susceptibility.

Differential reactions have been obtained with several major
diseases including anthracnose, rust, powdery mildew and
bacterial blight. Similar differential responses have been



Table 7. Multiple disease resistance in cowpea.

Resistance No. of lines
ANTH + CCr + CCa + CORY + RUST +BP - - - -« oo v cee R R 100
ANTH + CCr + CCa + CORY + RUST + BP ++PM - -+ - oo e e I SRR . 50
ANTH + CCr + CCa + CORY + RUST + BP + SYNCH - - - -+ - o v v vt . R I SO 15
ANTH + CCr + CCa + CORY + RUST +BP + FUS - -« - oo : IR U 5
ANTH + CCr + CCa + CORY + RUST + BP + SYNCH + FUS -« - - oo v e e 1
ANTH + CCr + CCa + CORY + RUST + BP + ROOT KNOT - -+« v oo v v e R IR AR I -4
ANTH + CCr 4+ CCa + CORY + RUST + BP + WB - -+ - - oo v R ST e e e e 2
ANTIH = Anthracnose BB = Racterial blight

CCr = Cercuspora cruenta PM = Powdery mildew

CCa = Cercospora canescens SYNCH = Synchytrium false rust

CORY = Corynespora target spot FUS = Fusanium wilt

BP = Bacterial pustule WB = Rhizoctonia web blight

Table 8. ICDN entries with differential reactions to anthracrase,
rust, powdery mildew (PM) and bacterial blight (71B)
at six Incations,

Discase
RUST

TVu No.

Locality
PM

ANTH BB

317 Lilongwe,
Malawi
Kampala,
Uganda S
Ibadan,
Nigeria
Kampala
Ibadan
Lilongwe
Ibadan
Lilongwe
Ibadan
Samaru,
Nigeria
Ibadan
Monteria,
Colombia
Mayaguez,
Puerto Rico
Ibadan
Mayaguez
Ibadan

o

2331

o

1185

1851

1190

4539

1962

Where:  O= free, R = resistant, S = susceptible,

M = moderately and H = highly.

reported for Cercospora leaf spot. Though the cause of such
differential responses (examples of which are shown in Table
8) may be attributable to environmental effects and to
genctic variation within pathogen species, it emphasizes the
importance of multlocational testing for discase resistance,
particularly in environments representative of distinct patho-
systems.

Entomology

The cowpea leathopper in Nigeria was thought to be Empoasca
dofichi. Recent surveys have now indicated that two predomi-
nant species, £ costiant and E. dolichi, are found together
as a mixed population in the rano of about 60 percent and
40 percent respoctively. Greenhouse studies indicate  that
E. christiand is the more prolific. Cowpea cultivars TVu 54,
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TVu 123, TVu 1509 and VITA-3 have been found resistant
to E. christiani.

The cowpea aphid, Aphis craccivora is a major pest of cowpea
in Asia, but as yet, it is unimportant on cowpea in Africa;
though recent surveys show that large colonies are found in
East and West Africa. It is known as the vector of cowpea
aphid-borne mosaic virus.

Host plant resistance. A large number of lines were screened
in a variety of ubservation nurseries and replicated field trials
to identify sources of resistance to major insect pests. A brief
description of this work is given here, and a summary of the
sources of resistance found is shown in Table 9.

Leafhopper. Four cownea cultivars were tested for leafhopper
damage in field trieis conducted during the sccond season
at IITA. The leafhopper population at 30 DAP varied from
25-60 per plans with an average of 35 per plant (adulis and
nymphs). The results confirm earlier evidence of the resistance
of VITA-3, TVu 123 and TVu 1509 (Table 9).

Aphids. A method of screening for resistance 1o Aphis crac-
civora in the greenhouse was developed. One-hundred-
eighty-five lines from the ICDN were examined; several lines
were identified as resistant to aphids (Table 9).

Pod borer. Five cowpea cultivars were tested for resistance 1o
Maruca testulalis damage to stem and pods in a field trial in
the second season. Each plant was infested by two second
instar M. testulalis larvae at 40 DAP. VITA-5, Ife Brown
and TVu 7274 were free from borer damage to stems.

Flower thrips. The germplasm collection of 4,800 cultivars
was screened for resistance to flower thrips, Megalurothrips
sjostedt’ during the first and second scasons at II'TA. A heavy
population in thrips was built up by planting dwarf pigeon
peas along the borders of the field about one month before
sowing cowpeas. The resistant cultivars showed lower than
average damage (Table 9). Several crosses involving TVu
946 anpear to have resistance to flower thrips in the breeding
nursery.

Cowpea cultivars which, Nhom a preliminary observation,
appeared resistant o Megalurothrips sjostedti damage to flower
buds, were tested in a replicated wial. By spraying Thiodan
at 300 g ai./ha per application at 15, 35 and 45 DAP prac-
tically all the other cowpea pests besides Hower thrips were
kept under coutrol. The thrips population per plant was very
high and varicd between 120-350 with an average of about
250 thrips at 40 DAP. Scveral of them and ER-1 showed re-
sistance to thrips damage (Table 9).



Table 9. Cowpea cultivars identified as resistant to insect pests in Nigeria, IITA, 1977.

Cultivars
Resistant
to Modecrately Early maturity
Insect pests plant part Resistant resistant escape mechanism
Leafhoppers,
Empoasca sp. Foliage TVu 37, TVu 39, TVu 123 VITA-1, VITA-4,
TVu 662, TVu 1509, VITA-3 VITA-5, ER-1,
Aphids,
A phids Foliage TVu 57, TVu i34, TVu 157 TVu 2740, TVu 3509
craccivora TVu 191, TVa 200, TVu 266P,, VITA-1
TVu 310, TVu 408P,, TVu 410,
TVu 80!, TVu 2000, T'Vu 2657,
TVu 2755, TVu 2845, TVuy 2896,
TVu 3273, TVu 3346, TVu 3433,
TVx 337-3F, TVx 418-1F
Thrips
Megalurothrip,s Flower TVu 1509, TVu 2870 TVu 503, TVu 2370, TVu 946,
Spastedt: buds TVu 3346, TVu 3903, TVu 6863,
TVu 7133, TVu 7134, ER-1,
TVu 7138, TVu 7274 ER-5,
ER-7
Pod borer, B ;
Maruca Stem TVu 946, VITA-5 TVu 1509, ER-7
lestulalis
Pod borer,
Cydia
plychora Seed TVu 2994, TVu 3709, TVu 946

Pod sucking bug,
Acanthomyia sp.

Cowpea weevil,
Callosobruchus
maculatus

Seed in TVu 2027

storage

TVu 3799, TVu 4328,
-TVu 4579

TVu 4049, TVu 4052,
TVu 4546, TVu 4596,
TVu 4601, TVu 4621,
TVu 7274, VITA-4

Pod sucking bugs. The germplasm collection was also screened
in the field for resistance 1o a complex of pod sucking bugs.
Eight cowpea cultivars showed resistance to damage (Table
9). These cultivars along with a local check were subsequently
tested for resistance in replicated field trials in which plants
were protected up 1o 40 DAP by spraving Nuvacron at 400
g ai./ha per application at 15, 30 and 40 DAP. Maize and
tall pigeon pea plants were planted in the field for attracting
A cwvipes and R dentipes for egg laying, The results confirmed
that the cight cultivars identified in the initial screening were
moderately | ~sistant.

Insecticides —high-volume application. Nine insecticides were
compared for control of cowpea pests (Table 10). All were
appiicd at 500 g ad /ha except for the synthetic pyrethroids--
Decis, Ambush and Sumicidin which were applied at the
rate of 25,0, 50.0 and 100 ¢ ai./ha respectively, Insecticides
were applied at 25, 35, and 45 DADP on Prima cowpeas. The
number of leafhoppers, and the damage caused by flower
thrips and pod borers were significandy lswer in all the

Table 10. Efficiency of different insecticides applied as high-
volume spray against cowpea pests. Second season,
1977, IITA.

g a1 ha No of " BDamage by 7 Damage of

per teathioppers thripy on pod borer Yield
Insecticide  application  per plam flower buds on pands kg/ha
Sumicidin 100 207 15.0 +.7 577
Ambush 50 15.0 10.0 15.7 518
Decis 25 16.0 8.7 25.0 412
Nuvacron 500 15.0 7.7 43.7 403
Actellis 500 143 8.7 38.3 374
Versuchs 500 18.3 10.0 56.3 298
Miral 500 - L7 7.0 283 269
Baygon 500 217 15.0 42.0 139
Vivdate 500 10.0 9.7 510 116
Control 66.6 32.7 100.0 0
S.E. I 1.0 1.6 15.8
C.V. 33.9 47.2 28.8 23.8




Sources of resistance to aphids (Aphis craccivora) and other
major pests are identified in field and screenhouse tests.

insecticide treatments than in the controls. Yields were Jow,
but plots spraved with the three synthetic pyrethroids and
Nuvacron zave better viclds than those treated with other
insecticides. Sumicidin was particularly ctfective for control
of pod borers. Decis. Nuvacron, Actellic, Miral and Viydate
were effective for conuol of flower thrips.

Ultra-tow  Volume (ULV) application: Beeause synthetic
pvrethroids are of low mammalian tosicity, four which are
commerciallv available as ULV formulations (Decis, Ambush,
Ripcord and Sumiciding were tested against the standard
insecticides recommended for cowpea pests inoa replicated
field trial on a farmers ficld on Odo-Ogun, o village north-
west of [TTA.

The insecticides were applied at 330 44, and 55 DAP. Treat-
ments with synthetic pyrethroids and Nuvacron gave good
results; Thiodan was the teast effective CFable 11

Table 11. Yield of VITA-5 under different ULV insecticide
applications on a _farmer’s plot. Second season, 1977.

g a.t./ha per

Insecticide application Yieid kg/ha
Ripcord 70 960
Nuvacron 500 793
Decis 25 690
Sumicidin 250 683
Ambush 50 525
Thiodan 500 423
Control 175
C.V. 33.6

Yicld losses. Yield losses caused by leafhoppers, Empoasca
sp. and flower thrips, Megalurothrips sjostedti were estimated
in two field trials in which the insecticide used, the time of
application and dosage were manipulated o selectively
control insect pests other than the one being studied. The
losses attributable 1o the two pests are indicated in Tables
12 and 13.

Integrated control. The yields of five cowpea cultivars selected
for their differential reactions to cowpea pests were compared,
under minimum insecticide protection in the second season
at IITA and at Odo-Ogun village. Nuvacron at 500 g a.i./ha
was applied at 40 and 50 DAP. VITA-5 and ER-7 gave
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Fig. 2. Performance of insect resistant and susceptible cowpea
cultivars under minimum insecticide application.

comparatively higher vields at both locations. The results
are shown in Figure 2. The vields at Odo-Ogun were higher
than at IITA because there were fewer pests at Odo-Ogun.

Tabic 12, Yield losses in cowpea as a result of leafhopper
damage, Second season, 1977, IT'TA.

No protection % Loss
against leafhoppers in yiceld

Complete “nsect

Cultivar protection

% Leathopper Yield % Leathopper Yield

damage kg/ha damage kg/ha

TV 1509 3.0 1286 6.1 1210 6.6
VITA-3 +.3 1200 5.0 1100 8.3
TVu 123 +.3 986 13.3 900 8.7
VITA-S 3.7 1250 15.0 1100 12.0
TVu 662 6.7 1124 25.0 800  21.8
Prima 21.7 875 56.7 560 36.0
VITA-1 6.7 1500 317 950  36.6
TVu 2045 8.7 850 36.7 500 41.1
S.E. 0.1 0.2 0.2 0.1

C.V. 19.3 21.7 42.1 67.9

Table 13. VYield losses in cowpea as a result of flower thrip
damage. Second season, 1977, IITA.

Complete inscct No protection % Loss

Cultivar protection against thrips  in yield
% Damage 1o Yield % Damage to Yield
flower buds  kg/ha  flower buds  kg/ha
TVu 1509 6.7 772 21.0 560 27.4
ER-1 57 " 548 27.8 375 315
VITA-5 +.7 850 68.6 186 78.1
TVu 2045 6.3 700 86.0 1y 841
Prima 9.0 520 91.0 37 928
VITA-3 6.3 460 95.0 12 973
S.E. 13.2 6.8 13.2 6.8
C.V. 27.1 33.0 27.1 33.0




Storage pests. From the entire germplasm and several hun-
dred breeding lines screened for resistance to cowp. a weevil,
Callosobruchus maculatus infestation in storage, one cowpea
cultivar, TVu 2027 was identified as resistant. Insect in-
fecundity and growth on TVu 2027 and other cowpea culti-
vars are indicated in Table 14, The resistant cultivar TVu
2027 had about 20 percent infestation while the other culti-
vars had 66 to 91 percent infestation. Its loss in weight
during storage was only one-fifth of that suffered by sced
of other cultivars. Studies conducted at the University of
Durham indicate that sced of TVu 2027 contains about
three times as much trypsin inhibitor as sced of other culti-
vars. Trypsin inhibitor is destroyed when the sced is cooked
and therefore does not detract from the value of the seed
as human food.

Table 14. Resistance to cowpea weevil, Callosobruchus macula-
tus storage. 1977, II'TA,

Mean number
of eggs laid

% Loss in seed weight

% l.arval 45 days after

Cultivar per female survival infestation
TVu 2027 50.0 21 14
VITA-1 44.8 72 54
VITA-3 63.3 65 50
VITA-4 48.3 76 62
VITA-S 46.5 92 62
Ife Brown 49.5 68 53
Prima 56.8 76 61
S.E. 4.9 3.9 0.45

Table 15. Days to first flower of 29 cowpea lines sown on
three dates at IITA (70°N Latitude) and exposed
to artificially extended photoperiod (13% hrs.) on
one of these dates (fanuary 1977).

Date sown: January  Aprit 30 Aug
Photoperiod
Number 10 days after
of lines sowing:  12:16 13:30t 1253 1219
Very sensitive 10 45 >60 >100 61**
Moderately sensitive 9 40 >60 >100* 19
Sensitive 4 40 >60 39
Slightly sensitive 3 46 50 4 19
Insensitive 3 39 37 38 45

tartificially extended photoperiod

*natural daylength increasing. Some plants flowered, and became
vegetative again.

*vegetative until late October.

Growth and management

Phenology of cowpceas. Flowering of Nigerian cowpea had
been demonstrated to be cultivars controlled by their response
to photoperiod, local cultivars flowering at the end of the
rains at their latitude of origin. Because in West Africa the
rains begin later and finish earlier with distance north and
inland from the coast local cultivars of cowpea exhibit dif-
ferent degrees of photosensitivity depending on their origin,

To exarmnine the response more closely, 29 lines collected from
latitudes 5°N to 15°N in Nigeria and Niger, were sown on
six dates during the year at IITA (7°N latitude) and on
two dates at three locations further north. From observations
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on these lines and on five standard cultivars at 1ITA, five
categories of photoperiod response can be distinguished
(Table 15). The most sensitive lines failed to flower when
sown in April; when sown in August they did not flower
until late October. Moderately sensitive lines began to fower
when sown in April, but as the daylength increased they
became vegetative again. Sensitive lines flowered and set fruit
in natural daylengths whenever they were sown, but did not
flower in the artificially extended photoperiod (13% hrs.). A
13%-hr. photoperiod delayed flower development of slightly
sensitive lines by 4-10 days but had no effect on flowering
date of insensitive cultivars.

Data from these studies at IITA and at onc other site have
been used to estimate the date and hence the photoy. :riod
at which induction of reproductive growth occurs. For this
it was assumed from other observations that the interval
from initiation to anthesis is 31 days. No correction for
temperature has been made since night temperatures at the
two sites differed by only 2°C. The calculation showed that
very sensitive lines initjated flowers at a photoperiod of 12
hrs. 31 mins., or shorter; moderately sensitive lines at photo-
periods of 12 hrs. 50 mins., or less.

Cultivars from northern latitudes were usually the least
sensitive 1o photoperiod, but included a few very sensitive
and moderately sensitive lines. These would yield well only
in seasens of abnormally prolonged rain or if sown on soils
with a large water storage capacity that would allow them
to continue growth beyond the end of the rainy scason.

Yield physiology. To investigate whether light limits the
yield of cowpea in the field at Ibadan, the broad-leaved
erect cowpea cultivar TVx 1193-10F was grown in rows I m
apart with white aluminum reflectors placed to direct radia-
tion into the base of the canopy. Light from the reflectors
amounted to 25 percent of incident radiation during the
middle of the day, compared with 6 percent from bare soil.
Although there was no significant effect on plant dry weight
or leal area, the reflectors produced a 10-percent yield in-
crease when pluced in the crop from flowering to maturity
or from mid-podtill to maturity (Table 16). When the ex-
periment was cepeated with a narrow-leaved cultivar (T'Vx
332-4G), th: reflectors had no effect on yield. The difference
between these two results suggests that the narrow-leaved
plants allowed better distribution of light within the canopy
and to the lower leaves. A further experiment will be con-
ducted in 1978 1o verify the results.

Table 16. The effect of supplementary light on seed yield of an
erecl, broad-leaved cowpea (TVx 1193-10 F); HITA,
Sirst season, 1977.

Supplementary light Yield kg/ha

None « «+ ¢ v v v e 1273
Flowering to mid podfill -+ .-+ ... ..l 1344
Mid podfill to maturity - - -+ -« oL 1405
Flowering o maturity « « +« « v v oo . 1414
I e 33
CV. Gor e oo e i i e 4.8

Tolerance to acid soils. The role of legumes in cropping
systems in the lowland tropics depends partly on legume
tolerance to acid soils. Studies begun in 1975 to determine
the rzaction of different cowpea lines to isolated factors of
the soil acidity complex were continued.
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ones becomes obvious when they are adopted together with
improved management practices. This was well illustrated in a
number of farmers’ ficld trials conducted in western Nigeria.
The local cultivar, when fertilized but not protected against

insect damage, gave no yield at all, but the improved culti- .

vars (particularly ER-1y gave 500 kyg/ha of seed. TVx 930-
OB gave twice the yield of the local cultivars when protected
against insects. By far the best yields were ohtained when
ER-1 and TVx 930-01B were fertilized and protected — at
this level of management they produced four times the yield
of the local cultivar (Table 18).

Table 18. Effect of insecticide and Jertilizer on yields of cowpea
on farmers’ fields at Shaki, Western Nigeria, 1977
(33 farmer trials).

Management level*

Cultivar l(;pu Iupx I1Po I 11)1 Mean
ER-1 689 495 866 1200 813
TVx 930-01B 444 140 1001 1108 673
VITA-5 313 169 557 4§38 468
Local 126 {] 433 252 203
*l, = Nu insect control 1) = 1 applications of Gammalin

Py = No fertilizer Py =30 kg P.0,/ha

Soybean improvement

Breeding

The principal objectives of soybean breeding are to combine
the good seed storability and germinability, and capacity to
fix nitrogen, in association with native rhizobia of Asiatic
lines with the resistance to lodging and shattering and heavy
yicld potential of materials from the U.S.A. Disease and in-
sect resistance are also being incorporated.

Recombination and selection. The numbers of lines screencd
in the breeding nursery in 1977 are shown in Table 19,

Table 19. The numbers of lines in breeding nurseries 1977.

Season
Cross Series First Second
Lo 143(F,) 45(F,)
2., 13(F;) HFy)
K 278(F,) 54(F,)
L 1439(F,) 591(F,)
L T 45(F,) 42(F,)
T 160X’s) 16(F,)

Cross series 1 to 4 comprise exclusively US/US combinations
from which about 300 lines have been sclected for possible
inclusion in preliminary trials during 1978, Cross series 5 arc
US/US and US/Asiatic combinations. Bulk sced of each of
the crosses is being subjected to accelerated aging and screen-
ing for ability to fix nitrogen with native rhizobia at several
sites in West Africa where soybean was never grown before.

Cross scries 6 comprises a sct of diallele combinations in-
volving US and Asiatic lines differing in seed size and color
to study the inheritance of seed storability in relation to the
type (ambiznt v. cold store) and duration (3, 6 or 9 months)
of storage.
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Yield trials. The numbers of lines tested in yield trials during
first and sccond seasons were the same in 1977 as shown in
Table 20.

Table 20. The numbers of lines included in yield trials at Iba-

dan, 1977,
Type of trial
Observation nursery!- -« « «« v oo 121
Preliminary - - - - - ... o L 42
Advanced « -+ - - v oo 94
Intsoy/IITA Uniform?- -« .. ..o o oL, 26

1 Also sown at Mokwa, Onne, Kumasi, in fvory Coast and Yandev.
2 dlso sown at Mokwa and Onne.

Observation nursery, At Ibadan, Onne, Mokwa and Kumasi
(Ghana) the nurseries were simple lattice designs with two
replicates. At Yandev, Nigeria and Abidjan in Ivory Coast 78
and 81 lines were sown in a single replication. The mean
yields of the best lines in Ibadan, Abidjan and Yandev are
shown in Table 21,

Table 21. VYields of the best lines in the observation nursery,

1977.

Line Ibadan Yandev Ivory Coast Mean
TGx 46-3C 1,643 . 2,083 1567 1,764
TGx 26-33D 2,337 1,500 1217 1,685
TGx 47-5C 2,268 1,083 1555 1,635
TGx 12-4E 2,593 1,361 950 1,634
TGx 68-8C 1,920 1,472 1375 1,589
TGx 26-23E 1,785 1,667 1117 1,523
TGx 11-13E 1,773 1,805 950 1,509
TGx 12-6E 1,480 1,805 1208 1,498
Mean 1280 995 858

Although common checks were not included, several lines
produced very satisfactory mean yields across the three loca-
tions and will be tested further in 1978,

Preliminary trials. Forty-two lines were compared in three
randomized block trials with three replications in the first
and sccond seasons at Ibadan. The performances of the better
lines compared with Bossier or Jupiter are summarized in
Table 22.

Despite reduced plant stand due to inherently poor sced
storability, Bossicr produced high yields in ali trials. Never-
theless, some lines were significantly higher-yielding combined
with satisfactory levels of resistares to bacterial blight and
lodging. Notable were the perforzances of TGx 11-3E (Trial
3), the former producing a mean seed yicld over 2 t/ha.

Advanced trials. Twenty-four advanced lines were compared
in two randomized block trials with four replications in the
first and second scasons at Ibadan, The performances of the
best lines and controls are shown in Table 23.

In Trial 1, Bossier was the highest yielder, despite reduced
stand; and several lines were resistant to bacterial pustule. In
Trial 2, several lines yielded significantly better than Jupiter
and showed resistance to bacterial pustule.

Uniform Trial. Twenty-six lines were compared in two ran-
domized block trials with four replications at Ibadan in the
first and second seasons. The yield performances of the better-
yvielding lines are summarized in Table 24.



Table 22. The performance of lines in preliminary trials at lbadan, 1977.

Seed yield kg/ha No, of Bacterial :
Line Ist season 2nd season Me=an plants pustule Lodging*
Trial No. 1
TGx 25-1D 1214 1285 1250 143 2.7 2.3
TGx 25-5D 1381 844 1113 94 3.0 - 23
TGx 68-2C 901 1151 1026 120 2.0 23
TGx 32-11D 903 1065 984 118 1.3 2.7
Bossier 1069 974 1022 68 1.7 1.3
Mean 961 949 955 102 27 2.3
S.E. 200 142 B 0.33 0.26
CV. 36.0 259 24.9 19.9
Trial No. 2 - | |
TGx 11-3E 2324 1850 2087 102 2.0 L7
TGx 32-4D 1950 1570 1760 125 1.7 Ry
TGx 27-10D 1666 1659 1663 151 1.3 - 1.7
TGx 27-6D 1727 1268 1498 111 1.3 1.3
TGx 2-23E 1827 1088 1458 125 1.0 1.0
TGx 68-3C 1558 1179 1369 107 20 1.0
Bossier 1503 1548 1525 62 1.7 1.3
Mean 1412 1487 1448 105 1.7 “2.1
S.E. 175 216 - 0,25 0.27
C.V. 21.4 25.2 29.9 23.5
Trial No. 3 ) '
TGx 47-5C 1906 1759 1832 141 1.3 1.7
TGx 12-4E 2275 1147 1711 151 1.0 2.3
TGx 12-28E 1106 1551 . 1328 167 1.0 4.0
TGx 11-14E 1188 1394 1291 101 1.0 3.0
TGx 9-14E 1054 1191 1122 105 1.0 2.7
Jupiter 1031 1399 1215 110 3.0 2.3
Mean 1152 1339 1246 109 1.38 21
S.E. 302 168 0.13 0.32
CV. 45.0 209 18.3 20.9
*Scored on @ 1-5 scale {1 = absence of symptoms. 5 = Severe disease incidence.) ‘
Table 23. Performance of lines in advanced yield trials at Ibadan, 1977.

Sced yield kg/ha No. of Bacterial'
Lines Ist season 2nd season Mean plants pustule Lodging
Trial No. 1
TGx 21-2 1182 2225 1704 100 3.0
Amsoy 5002 1357 1932 1644 122 3.5
TGm 225-3 1103 2202 1652 116 4.3
Kent 2070 815 2417 1616 96 1.0
Bossier 1293 2495 1894 79 1.8
Mean 1068 1921 107 - 25
S.E. 156 183 0.21 -
C.V. 29.2 19.0 1.2
Trial No. 2 RNt
TGx 26-23D 1120 2015 1568 147 20
TGm 242-4-4241 817 2024 1451 118 1.8
TGx 26-34D 583 2030 1307 127 1.0
TGx 46-3C 565 2042 1304 134 .3
TGx 57-12C 341 2207 1274 139 1.0
Jupiter 244 1745 994 115 3.0
Mean 478 1750 111 1.7
S.E. 130 164 0.21
C.V. 54.4 18.3 25.6

1 Scored on 1-3 scale (1 = absence of symptoms. 5 = severe disease incidence.)
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Table 24, Seed yield (kg/ha) of lines in Uniform Trials, Iba-
dan, first and second scasons, 1977,

5 _:S‘c;xson
Lines First Second Mcan
Tiial No. 1
TGm 210-1-2363 2310 2265 2288
TGm 220-1-2205 2324 1830 2077
FGm 255-2-4341 1718 2038 1878
TGm 249-5-5078 1619 2093 1856
TGx 16-2E 1705 1989 1847
TGm 249-4-b 1802 1853 1828
TGx 66-5100 1531 1809 1670
TGx 13-3-2644 1293 1577 1435
Bossier 1937 1990 1964
Jupiter 1189 1708 1449
Mean 1483 1735 1609
S.E. 113.0 196.2 -
C.V. 20.2 18.1
Trial No. 2 _
TGm 260-2-4293 2352 2319 2336
TGm 249.3 2302 2035 2169
Amsoy 4192 1781 2409 2095
TGm 210.1-2317 1721 2055 1888
TGm 187-3-2 1335 2245 1790
Bossier 1593 1890 1742
Mean 1698 2009 1854
"S.E. '
CV, 19.9 17.2

In Trial 1, TGm 210-1-2363 and TGm 220-1-2205, both from
crosses involving Lee 68 and Hill x PI 454, have given con-
sistently improved yields relative to Bossier. In Trial 2, sev-
eral lines showed improved yield levels over Bossier. A
significant  positive correlation (r = 0.59, P< 0.05) was re-
corded between grain yidd and nodule number per plant
after flowering. A similar relationship was recorded in the
observation nursery at Abidjan.

Yicld component analysis. Swudies of yield components in
three agronomic or breeding tials indicate that vield is in-
versely correlated with variation in seeds per pod at successive
nodes. In two cases increassd variation was associated with a
decline in seed number per pod from nodes 6 and 7 upward.
Seed number per pod was also shown to be less affected by
plant density than other yield parameters and may therefore
enable nore effective selection for yield in segregating popu-
lations.

Biochemical studies. Studies conducted in collaboration with
the Tropical Products Institute indicated that oil content is
positively correlated with seed size but not with age of seed,
although old sceds showed higher free fatty acid content. Poly-
acrylamide gel clectrophoresis gave no indication of changes
in metabolisin of protein componenis 10 storage.

Soybean sced viability

Deterioration of seed viability during storage is a prablem in
the lowland tropics where ambient temperature and humidity
are high. Varictal diflerences in storability exist, but a method
is needed to identify them quickly. To develop such a meth-
od, cight soybean cultivins that differed in keeping quality
were stored at ambient temperature (Ca. 27°C), 35°C or -HPC,
and at a relative humidity of about 70 percent. Disused
refrigerators into which heaters and thermostats had been in-
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Fig. 3. Decline in seedling emergence and seedling vigor (as
measured by fresh weight of the emerged seedlings) of three s0y-
bean cultivars.

stalled were used as storage cabinets. A pan of water in the
botton: of each cabinet maintained the desired humidity.

Samples of sced were removed at intervals and sown in trays
of soil to determine changes in the viability of seed. High
tempecature hastened the decline in seed viability, and ihe
decline was more rapid with seed of Bossier and TGm 686
than of TGm 737, which is consistent with carlier results
(Figure 3). The viability of seed of cultivars having poor
keeping quality fell sharply after three weeks ar $0°C, after
6 weeks at 35°C, and after 12 weeks at ambient temperature.
Theretore, rapid aging of seed at high temperature and high
humidity can be used o distinguish benween lines of good
and poor seed-keeping quality.

Lima bean improvement-bieeding

The main abjectives continue o be the incorporation »f
golden motde mosaic and green mottle mosaic resistance
into high-vielding viny and bush lima beans.

Germplasm evaluation. In the first season the agronomic and
disease resistance characteristics of 335 viny and 91 bush lines
were evaluated in non-replicated rows at Ibadan and 47 were
also grown at Onne. The best of the new lines will be evalu-
ated again in 1978.
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Recombination and sclection. The numbers of lines examined
in breeding nurseries in 1977 are shown in Table 25.

Table 25. Numbers of lima bean lines in nurseries, 1977.

Cross Season
series Dry First Second
1(v) 21 (Fy) 39 (F,) 47 (F,)
_ 231 (Fy) 479 (T)*
- - 69 (F,)
1(b) - - 3(Fy
2 (v) - 4 (F,) 6 (F,)
. » = 34 (Fp 413 (F)*
- - 72 (F,-Fy
2 (b) - _ 112 (Fy)
3(v) 16 (Fy) 13 (Fy) 63 (Fy)*
- 58 (F3) 13(F)
- - 17 (F,)
4 (v) 17 (Xs} 17 (F)) 17 (F,)

*Some lines also groum at Onne and lkenne.

Cross series 1 and 2 include artificial and natural crosses, re-
spectively between viny (v} and bush (b) germplasm lines
exhibiting good vield and agronomic characteristies or re-
sistance to golden yellow mosaic. Cross series 3 are intra-
specific crosses between wild and cultivated forms of 7 lwaluy
and cross series + are mmore recent crosses specitically to incor-
porate resistance to golden motte mosaic or green mottle
mosaid into high-vielding lines.

In all the nurseries, plants showing symptoms of volden
mosaic were remaoved and single plants viere seleeted on the
basis of freedom frous Cercospora leal spot and general ap-
pearance. Flowering notes and seed types were also recorded.
Some single plants will be screened further in non-replicated
plots at Ibadan in 178,

Yield Trials. The numbers of entries in yield trials in 1977
are shown in Table 26.

Table 27.  Performance of lines in viny lima bean Advanced and Uniform trials at Ibadan, 1977.

Table 26. Numbers of entries in lima bean yield triais, 1977.

Type of Season

trial First Second
Prc[in‘inary ................ - 44
Advanced + -« - o s e e 14* 14
Uniform -« « « « c e e v o v v oo 10* 10

*4ls0 sown at Onne.

Preliminary Trials. Eighteen Fy lines from cross series 1, and
20 from series 2 were compared with TP1 60E and TP1 111A
in two randomized block trials at Ibadan in the sccond sea-
son. The lines were still highly variable and single plants were
selected on the basis of appearance and resistance to golden
mosait and Cercospora leaf spot for further evaluation in the
breeding nursery in 1978

Advanced and Uniform Trials, Twenty-four previously tested
germplasm  accessions were compared in two randomized
Block trials with four replications, sown in the first scason
at Ibadan and Onne and in the second at Ibadan. At Onne,
there was a very heavy infestation of whitetlies associated
with a previously unrecorded severe leab distortion and stunt-
ing of growth which occurred in all tines except TP 1A
and the trial was abandoned. The performances of some lines
in the Ibadan trial are summarized in Table 27.

Seed vields and oot knot scores were higher and davs to
flowering longer in the tirst than in the second season. In
the Advanced wrial, TP 174 vielded highest in both scasons
to give a mean vield of 1600 kg of dry seed per hectare. In
the Uniform triad, TP 2508 gave the highest vield for the
second successive yvear, TP ITIA i the Advanced trial
maintained its high level of resistance to golden mosaic but
had the lowest seed vield

In contrast to previous years, TP1 10 showed only a low level
of resistance to golden mosaic. Al other entries in the trials
were highly susceptible. Significant differences were recorded

Cerco-

i . Weight spora Root
Secd yield kg/ha OI{’ Golden {ci\f knot
Line First Second Mean DFF 100 seeds mosaic spot score
Advanced trial

TPt 174 1972 1227 1600 44.2 326 3.7 3.2 1.3
TP1 61A 1479 1156 1318 47.2 316 4.2 1.7 3.0
TP1 178-26 1638 962 1300 46.3 315 3.8 3.5 1.7
TP1 60-E 1669 809 1239 43,2 359 3.9 3.4 3.6
TP1 323A 1334 1007 1171 43.3 340 3.4 4.4 14
TP1 111A 848 653 751 48.5 821 L3 1.5 2.7
Mean 1381 851 © 1116 45,2 390 3.5 3.2 31
S.E. 160 130 '

C.V. 23.3 30.5

Uniform trial

TP1 2508 2101 837 1469 45.7 344 4.6 4.6 1.5
TP1 183-6 1936 878 1407 45.0 355 4,3 5.4 “LO
TP 247 1705 1016 1361 42.7 305 4.7 5.6 1.3
TPY 170-33 1488 810 1149 41.4 425 5.2 5.7 1.9
TPt 10 971 438 705 40.8 481 3.7 2.6 3.9
Mean 1299 167 1020 45.8 380 5.1 49 27
S.E. 288 133 2 o
(GAYS 45.5 34.7
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for Cercospora leal spot and root knot, with several lines
exhibiting relatively low scores for these conditions. An im-
pertant observation was the occurrence in both trials of sig-
nificant negative carrelations between seed yield and root
knot score (r = 060, P05 o= 002, P 01 suggesting
that root knot nematode mas be a medor limitiag factor o
lima bean vields av hadan. The Test lines from the izls
will be tested Turther in 1978,

Interspecific crosses. Studies of interspecific hybrids of

Phaseolus lunatus with P ritensis and P Julystachyuy continued
in collaboration with the University of Gembloux in Belgium.
Field plantings of carly generations of both crosses were
screened for discases and pest incidence, vietd and other
agronomic characteristics and single plauts have been se
lected for further observations in 1978, Tn addition, seed of
intersown parental mawrinls will be grown to check vor
natural hybrids.

Cooperative Program

In Tanzania, USAID und II'TA scientists have identified
high-yielding and multipie disease resistant lines of cowpea
(SVS-3, VITA-4, He Brown and 'T'Vx 956-01ID). Good prog-
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ress has been made in incorporating the disease resistance
with high yielding capability.

Studies conducted nvolving surveys and management trials
mfarmers’ fields have indicated insect pests as WAjor con-
straints in cowpeis production. Meantime, pest management
studies are underway for the control of COWPEIL POsts,

In Keny.e, an scpressive research and management program
has heen initiated with national scientists at the University
of Nuirobi and the ministry of awiculoure, This program is
supplemented by bisic vescarch on insect resistant lines from
the Internationad Center of Tnsect Physiology and Ecology
(ICIPE) in Nairobi, Kenva,

Cowpea cultivias identified as resistant to leathoppers
(Empoasca sp.iand to stem damaae by Moree tesmdalis at
HTA will be turther evaluated for resistance to these two
pests in Kenva,

Breeding nurseries and on-farm trials were suceesstully com-
pleted at several locatons in Upper Volta as part of a special
food legume project made possible through o vrant from the
International Development Research Center (IDRCH. The
best sclections from these wials consistently outvielded the
best check cultivars by about 40 percent.



'ROOT AND TUBER IMPROVEMENT PROGRAM

The ultimate goal of the Root and Tuber Improvement
Program {(TRIP) iy to develop a package of improved tech-
nology in terms of cultivars and improved culunal methods
for high stable vields, high cconomic returns and high con-
sumer acceptiance of potato and
cocoyams, and to transder the package of technology to

CHssava, Vams, sweet
farmers by training scientists ol national root and tuber
improvement piograms and by close cooperation with these

programs in the tropics.

To achieve this goul eilectively, the Program has adopted an
interdisciplinary ream approach. The Progrinn also interacts
with the Farming Svatems Program in improving cultural
methods and it receives assistance from the Genetie Resources
Unit in introdncing new germplasin sources. The Program
i1s involved in trainmng rescarchers from the national oot
and tuber improvement programs. It abso cooperates with the
International Center for Tropical Agriculture (CIAT) in
cassava improvement and with the Asian Vegetable Research
and Development Center tARVDCH in sweet potato im-
provement thioueh statf visits and exchanging matertals and
information.

Special projects. The core program is involved in several
special projects o facilitate s research in ditferent environ-
ments in the tropics and to test research results in conpera-
tion with national root and tuber INprovenent programs.,
The Nigerian National Accelerated Food Production Project
{(NAFPP) emphasizes evaluation, multiphcatien and distribu-
tion of improved cassava lines and demonstration of im-
proved technology, all at the farm level. Zaire's Provramme
National Manioc (PRONAM; has focused on research 1o
develop lines of resistance to cassava bacterial blight (CBB)
and cassave mosaic discase (CMI) )

The Cameroon National Root Crop Improvement Program
is charged with the improvement of cassava, yams, swect
potato and cocovams, with emphasis on cassava.

Research highlights

Cassava

In Nigeria, significant progress was made toward stimulating
many small-scale fartners to increase their cassava produc-
tion, through the use of an improved technology package
consisting of improved cultivars, inproved cultural practices
and a highly motivated extension network.

High-yidlding clones with resistance to discase, especially
cassava tosaic disease (CMD) and cassava bacterial blight
(CBB), and with acceptable gart quality were selected after
four years of testing in Nigeria. The clones with high overall
value for important agronomic traits were found to be
TMS 30572, 'TMS 30337 and TMS 30335. Among other
promising clones was TMS 30395,
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OF the low HON cassava clones produced, A740705 was the
most promising.

A rapid method for tssue analysis has been developed and
wsed to evaluate a large number of clones for quality. The
relationship between carbohvdrate spectra and texture pro-
file in cassava roots and its efiect on qualities has been de-

termined.

A genetic relationship between resistanee 1o CMD and CBB
was confirmed. The rate of CMD development on seedlings
under tield conditons was Tound to be highty dependent on
the Bernsie vector popubation which is dependent upon rain-

fall.

Nitrogen fertlizer application to low-fertibity. Apomu soil
induced a severe symptam expression ol CND o highly
susceptible cultivar, but had only womild etfeet on the se-
vertty of the discase in o moderaiely saseeptible cultivar,

F'o regulate CNMD svinpiom expression as o screening mech-
anism, detopping test materialy i August indnced a strong,
immiediate and persstent response compared 1o detopping
during other periods which was characterized by mild re-
sponses and definite recovery phases.

In a positive sereemng test for evaluanon of resistance to
CBB by artiticial tnocubation, 12 out of 17 HHTA improved
clones ranked as resistant compared with five standards
whicli ranked in the same order when artificially inoculated
under field conditions.

CBB developed carlier in inoculated plants growing in a

sandy low-fertititv acid soil {ertilized with 200 ppin NPK

Unferulized plants, however, were more severely affected five
weeks after inoculation and exhibited @ higher mortality
rate.

In Zaire, a pilot scheme was initated 1o test the best 15
clones in the fields of some 30 selected farmers in the
M'vuazi arca. In Sierra Leone, Liberia, Cameroon, Zanzibar,
Tanzania, Burundi, Uganda and India several thousand seeds
from IITA'S segregating populations were evaluated by na-
tional programs for discase resistance, root characteristics and
other important agronomic characteristics.

Yams

True seed of white yam (Dioscorea rotundata) containing large
genetic diversity were distributed for evaluation to collabo-
rators in 16 countries during 1977,

Clonal selection from segregating breeding populations was
continued with the evaluation of 17,000 seedlings as well as
material in hill and preliminary yield trials located at IITA
and two offsite locations.
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Sixteen of the highest-yiclding accessions from IITA’s germ-
plasm collection of water yam (D. alata) were further evalu-
ated. Those clones which performed well were multiplied
and distributed to farmers and research institutions in
Nigeria.

Analyses of heat treated yam tissues revealed that there is a
diversity of texture among yam genotypes.

Through chemical and biochemical analyses of D. rotundata
and ). alata total phenolic compounds and their enzymic
browning activitics werz found to difler widely among geno-
types.

The yield reduction in 1. alata due to 100 percent mechanical
defoliation was significantly higher av 40 and 120 days after
planting (DAP) than that of 60 DAP. Field rating of disease
severity with respect to the effect of defoliating pathogens in
the yield of D. alate may be more accurately carried out
40 DAP for carly or vegetatively borne disease or at 120
DAP for late-developing diseases.

Sweet potato

Large numbers of improved secds of sweet potato (Ipomoea
batatas ) were produced and distributed to national programs
for their selection during 1977.

An improved clone, TIS 2498, was distributed to local farm-
ers. This clone showed a yield potential of more than 30 t/ha
in four months without the use of fertilizers.

TMS 2534 continues to show promise with a yield potential
of about 25 t/7ha in four months and high  resistance to virus
and field resistance to weevil. In this clone there appeared
to be no difference in oviposition of sweet potato weevil
(Cylas puncticollis) but a significant difference in field infes-
tation compared with susceptible cultivars.

A leaf-screening method was developed, enabling the evalu-
ation of sweet potato for resistance to weevil in the scedling
stage.

In a positive screening test for evaluation of resistance to
sweet potato virus discase (SPVD) by the rapid tuber-graft
screening method, five out of 57 ITTA improved clones were
ranked as highly resistant.

In Cameroon, T1b 1 outyielded other introductions. In Sierra
Leone and Liberia TIb 2 yieided highest.

Seed from families which had been improved for yield and
resistance to viruses and weevil were distributed to collabo-
rators in Nigeria, Zaire, Sierra Leone, Cameroon, Liberia,
Argentina and Swaziland.

Cocoyam

In the permanent cocoyam plot, five accessions of Colocasia
and three of . Xanthosoma flowered arnd hand pollinations were
made.

Gibberellic acid was successfully used to promote flowering.

Tissue culture

The use of meristem cuiture techniques enabled the rapid
propagation of cultivars in a “disease- and insect-free form to
meet demands of national programs. IITA established a tissue
culture laboratory in 1977,

Several media have been identified for meristem culture of
yam, sweet potato and cocoyam,

Cassava breeding

The major cunstraints to cassava production in Africa a
disease and insects. Cassava breeding programs seek to pr
duce cultivars with increased disease and insect resistan
and desirable physiological characteristics.

Recombination.  Extensive hand  pollinations were mac
amonyg selected clones which showed both resistance to Ca
sava Mosaic Discase (CMD) at an early growth stage, an
low cyanide content. Five isolation plots were planted
out-crossing within composite A and B, among half-sib fan
ilies and among selected parents (two groups) with know
high-breeding values. Qut-crossed sced among the clon
put in the uniform and advanced trials was also collected.

Germplasm introduction. Several thousand sceds from 8C
sources were received from CIAT and several thousand seec
lings were raised and screened for resistance to CMD an
Cassava Bacterial Blight (CBB) and for root characteristic

Scedling nursery. More than 200,000 seedlings, raised fror
2,715 families resulting {rom crosses and introductions, wer
screened for resistance to CMD and CBB and for good roc
characteristics. The cyanide (HCN) content of scedling
from the cross between low HON clones was tested.

Several thousand seedlings were also raised from 90 familie
in Warri (high-rainfall, acid poor soil) and screened for re
sistance to diseases.

Yicld trials. The Uniform trials consisting of the 50 mos
promising clones were conducted in both rainy and dry sea
sons. The data of yields and other agronomic characters fo
the best 25 clones including two Jocal check cultivars an
shown in Table 1.

The clones TMS 40081 and TMS 30572 have shown th
highest overall value for afl important agronomic traits ob
served, followed by TMS 4 (2) 0027, 30786, 30211 and 30535
TMS 40081 gave an average yield of 48.3 t/ha over the pas
three years; TMS 30372 gave 46.7 t/ha over the past fou
years; TMS 4(2) 0027 gave 29.6 t/ha over the three years
TMS 30786 gave 40 t/ha over the past four years; TME¢
30211 gave 33 tons over the past four years and TMS 3055!
gave 41.3 tons over the past four years. TMS 30572 has per
formed consistently well and had had good consumer accep
tance quality and has shown resistance to CMD and CBB

A total of 3,327 clones were planted for preliminary yiele
trials. The 221 sclections from the 1976 preliminary tria
were entered in the intermediate trial, and the 50 selections
from the 1976 interinediate trial were entered into the Ad-
vanced trial. The most promising 41 clones from the 197€
Intermediate trial were entered into the Advanced Yield trial

Cooperative off-site trials. In cooperation with the Nigerian
National Root Crops Rescarch Institute (NRCRI), cooper-
ative ofFsite trials for 50 clones were conducted in nine lo-
cations in Nigeria, 25 clones being from IITA and 25 other
clones from NRCRI. The environments of the testing loca-
tions ranged from high rainfall (2,400 mm per annum) to
derived savanna (1,000 mm per annum). These trials were
conducted in both rainy and dry seasons. In the trials, half
of the block was treated with fertilizer (15:15:15 — 400
kg/hectare) at three months after planting.

Trials were conducted in Warri (high annual rainfall, 2,771
mm, low-fertility sandy soil); in Mokwa (annual rainfall,
1,097 mm, derived savanna) and at Onne station (annual
rainfall, 2,421 mm).
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An expansion in the rapid multiplication of casava is facilitating the availability of improved planting material to many

large-seale farmers.

Table 1. Yicld, dry matter pereent, resistance to discases, lodging and quality of HTA cassava clones.

Fresh Dry Dry

vield matter yield CMD CBB Lodging Gari
Clones t/ha G t/ha score score % grade
TMS 40081 326 30.4 9.9 2.0 1.3 0.0 3.1
TMS 4(2)0027 322 31.8 10.2 2.4 2.0 0.0 3.2
TMS 30572 30.9 33.0 10.2 2.0 1.8 0.0 39
TMS 30337 30.6 29.1 8.9 2.9 1.8 1.5 33
TMS 30040 30.5 348 10.6 24 2.0 10.0 3.6
TMS 39786 30.0 32.8 9.8 2.6 1.8 38 35
TMS 421425 298 35.8 10.7 2.4 1.8 0.0 3.4
TMS 30211 28.5 30.4 8.7 8 1.5 1.2 3.2
TMS 4(2)0599 284 26.0 7.4 2.9 2.0 0.0 3.0
TMS 4231031 28.4 34.1 9.7 2.3 2.5 1.8 3.2
TMS 30555 27.8 324 9.0 2.0 1.8 1.3 3.2
TMS 40378 27.8 22.9 6.4 3.1 2.0 7.5 3.4
TMS 11584 27.7 26.0 7.2 3.7 2.0 18.3 33
TMS 4(2)0267 275 34.8 9.6 2.6 1.5 0.0 33
TMS 41699 27.4 32.6 8.9 23 1.5 38 3.4
TMS 30395 26.9 29.6 8.0 1.7 ' - 1.8 0.0 35
TMS 4(2)1329 263 35.0 9.2 22 2.0 6.7 3.6
TMS 40160 26.2 329 8.6 38 2.0 10.0 3.7
TMS 4(2)0850  26.2 33.7 8.8 1.6 ' 1.8 0.0 4.0
TMS 30157 26.1 31.1 8.1 2.3 1.8 1.3 29
TMS 40780 26.1 33.5 8.7 2.5 2.0 0.0 3.6
TMS 30158 25.9 32.0 8.3 1.8 . 1.8 0.0 3.7
TMS 4(2)1445 255 31.9 8.1 2.1 1.5 20.0 3.6
60506 23.4 32.8 7.7 30 1.8 5.0 38
60444 22,0 28.2 6.2 3.9 3.5 2.5 3.7
Yardstick 28.0 20.0 9.0 2.0 2.0 5.0 3.0

60444 and 60506 are local cultivars and the former is the standard cultivar used. Gari grades over 3 are acceptable.
Yardstick represents an estimate of the practical optimwn altainable.
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Fig. 1. Average cassava yields at IITA with years.

Yields over years at IITA. The average yields of the 10 most
promising clones tested at IITA during 1973 to 1977 were
plotted as shown in Figure 1. The average yields have been
drastically reduced. The yield in 1977 was reduced by 57
percent when compared with the yields of 1973. The causes
of this yield reduction need to be investigated. Application
of 400 kg, 15:15:15 fertilizer per hectare at three months
after planting resulted in yield increase by 23 percent. This
increase, however, did not make the yield levels of previous
years.

International cooperation. In Nigeria, in cooperation with
NRCRI, offsite trials were conducted for the 50 clones in
nine locations,

In Zaire, seedling nurseries were established with HTA-
improved seeds at four locations and advanced yield trials
were conducted in five locations.

Improvement for quality, The biochemist tested the clones
from Uniform and Advanced trials for quality characters. Re-
sults showed that the garf grades above 3 are regarded as
acceptable. TMS 30572 was rated best in gari grade.

The clones shown to be low in cyanide content by the picrate
leal test were screened for low cyanide quantitatively using
an enzymatic assay in cooperation with Tropical Product
Institute, and 31 low cyanide clones were sclected.

Seed introduction and dissemination in Zaire. Many thou-
sands of cassava seeds were received from HTA in 1977
~ both improved seeds from the Root and Tuber Improve-
ment Program and introductions from Latin America. Re-
combined sceds from Programme National Manioc
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(PRONAM) breeding clones were  also produced. These
seeds were established at M'vuazi (alluvial river valley soils)
and Kimpese (savanna) in Bas-Zaire where anthracnose and
mealybug are very serious: Gandajika, Kasai region, where
CBB and anthracnose are the major problems; and a high
altitude (about 1800 my in Mulungu, Kivu region. Seeds of
wide genetic bine have also been supplicd for establishment
at Iherizi within the Ruzizi plains in Kivu, Eastern Zaire,
This arca borders Burundi and Rwanda and the green spider
mite is a very serious dry-season pest,

Root yields — Advanced Trials. Since 1972 there has been
a declining trend ju mardoc 100t vield at the Mvuazi river
valley.

During the 1972/73 season, about 9 percent of these clomes
yielded up 10 32 t/ha fresh root per year and the hichest
frequency was in the 16 1/ha range. Between 1974 and 1976,
the highest-yielding clones (1 percent and 5 pereent. respec-
tively) were in the 20 10 29 t/ha range. Fligh disease (CND,
CBB and Anthracnose) and pest imainly mealvbugs incidence
are considered major factors in this trend dthoneh drastic
weather chanees such as the severe seven-month drought of
1975776, which favored mealybug attack in Bas-Zaire, could
be a contributing factor.

CMD and anthracnose severity in relation to vigor. Severe
anthracnose infection (Classes IV and \y siqniﬁ(‘;mlly reduced
the elongation of cassava branches and leaf retention of some
105 clones at six months (Table 2.

Table 2. Anthracnose and CMD severity in relation to cassava

vigor,
% Class 11
Rating Class IV
Vigor Parameter parameter Entries Mcean t0.05 & V
Anthracnose
Plant height (cm) 11 17 230 038 935
V+V 58 246
Length tertiary I 17 1118 358 130
branch (cm) IV+v 58 806
Length 4° and other I 47 472 493 254
branches (cm) IV+Vv 58 186
Leaf no. 11 47 295 3.15 166
IN+V 58 178
CMD
Plant height (cm) 11 50 239 072 103
IV+v 2t 231
Length tertiary IvV--v 50 941 148 112
branch IV+V 21 837
Length 4° and other  II 50 272 236 145
IV+V 21 187
Leaf no. 11 50 182 0.87 93
IV+Vv 21 195

While primary branch grow:h was unaffected by severe
anthracnose incidence, leai number was reduced by €6 per-
cent. The effect of CMD was to retard clongation of young
branches (thosc above tertiary) by 45 percent, A small in-
creasc in leaf number (7 percent) was associated with CMD
infection (Classes 1V and V). Many leaves were small and
poorly developed compared with those on plants in Class
2 rating.
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Among segregating brecding populations of vam at HITA were 17,000 secdlings including 241 tamilies of outerossed seed
from local cultivars, HTA breeding populations, and seed from other controlled hand pollinatons,

Pre-plant treatment of cuttings with malathion. Chving o
rapid re-infestation of swes tolioges, presplant teatment of
cassava cuttines rov. Mpeloloncio with malathion against
mealybug attack resnlted v no ditterences inmealybuy in-
cidence, severity and root vield

Yield loss due to meaivhuge, was demonstiated with 1202

of tagged plants. Some of the plants were moderately infested:
about Class 3 and some others severely infested, approx.
Class 5.

pairs

Mealybug severity and plant vigor. A dosw association was
observed between mealvbuy severity and cassava vigor ratings
at a pre-artificial-infestition stage. indicating that plant vicor
may be a factor in selecning for tolerance to mealybng
infestation.

Leaf retention and duration in dry season, Cassava leafl s a
staple vegetable in Zaire and
under moisture stress have been obverved at Mviaazi Leat
loss for 02864, and INERA improved dlone, was about 86
percent. A popular Iocal clane. Mpelolongi, lost onby 36 per-
cent of its leaf during the dry season, explaining, in part, ats
popularity in spite of low root vields (abowr 12 t7ha, The
PRONAM clones lost between 29 and 61 percent of then
leaves, with 20083718 losing the least, which suggests some

variations o leat retenuon

tolerance to moisture stress.

In rating tests on 15 manioe clones over o threesyear period,
eight of the clones maintained fairly stable yields. Three
clones showed yield increases and four showed yield decreases,
The one constant high vielder was 03746Yh. The clone
02715Yb 39740 showed a decreasing vield, but ernded the
tests near the top in yield as did 028645, The done 027155Yh

baad anoimcrease over the three vears and was among the top
vielders,

Yam breeding

White vam (Dioseorea rotundata). Clonal sclection from seg-
rewating breeding populations continued at HTA and at two
otf=site locations, one high-raintall site in Bendel State, one
derived-savienna site 1o Niger State. These populations con-
tined 2000 seedling-derived clones grown in hill mrials and
prefliminary vield wials, and 17000 seedlines composed of
241 breeding fonilies induding onterossed seed from local
cultivars anad from IFEA breeding populations as well as
seed from controlled hand pollinations, At HTAC seleetion
wirs cartied out ander both stahed and anstaked conditions,

Quality evaluation, One fiest haesest tuber from each clone
in the prediminaey vield mals was evaluated for quality char-
acteristics whieh detetinine consiuner acceptance and process-
ing quality. Thee tubers were also analvzed for total re-
duced nitrogen. Clones with greater than (089 pereent total
reduced nitrogen and having desirable agronomie characters
and gool gquahity were selecred for turther testing.

Controlled hand pollinations, A rotad of 155 controlled sih
and cross polimations of Do tundata, 1) chanetorum, and 1),
cayenenses were made between selected parents for recombina-
tion of desired characternisnes, These were made with and
without the application of benzyl adenine 1BA} 1o the base
of the ovaries at the time of pollination. To all species BA, at
the concentration of 0.8 pereont, suspended in Lolin in-
creased seed set, whercas the samne concentration of BA
suspended in o vaseline reduced seed set. In 1. rotundata BA
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reduced the number of sceds in each fruit, but in the case
of BA in lanolin this was ouweighed by the increase in
pereent fruit set. In D, rotundata sib pollinations within breed-
ing families were more successful than cross pollinations
between breeding families,

Water yam (Dioscorea alata). At IFTA 16 accessions of the
water yam germplasm were compared in a staked trial a
I'X1 m spacing. All accessions were noted for plant and
tuber characteristies and scored for scorch and sematode
severity, Yields ranged from 174 (/ha to 35.0 t/ha with a
mean of 27.8 t/ha. A significant difference for cultivar  was
found. The highest-yielding accessions are being distributed
within Nigeria.

At Mokwa (Niger State), four accessions were compared with
a local clone in an unstaked trial at 1X1 m spacing. Yields
were low, ranging from 6.6 t/ha 10 11.4 t/ha and there were
no significant differences between yields of clones. At Mbiri
(Bendel State) five accessions were compared with a local
clone in a staked trial using 1 X 1 m spacing. Before I August,
all clones were destroyed by a severe infestation of scorch
and no marketable tubers were produced.

Cluster yam (Dioscorea dumetorum). One-hundred-and-sixty
clones of D. dumetorum representing sis breeding families orig-
inating from sced in 1976 were grown in hill trials and evalu-
ated for flowering, disease resistance and tuber characteristics.
Sixty-four percent flowered. Most showed wild  characters
and only a few were sclected for further testing,

Cocoyam breeding

In a preliminary experiment flowering of Colocasia and
Xanthosoma was promoted by the foliar application of 1,000
ppm Gibbercllic acid applied with spreader sticker to plants
in the 3-5-leaf stage.

Treated plants of five accessions of Colocasia and three acces-
sions of XNanthosoma flowered. Self, sib and cross pollinations
were made but no sced developed.

Sweet potato breeding

Large-scale crossing plots {two hectares) were established in
isolation for out-crossing among 25 sclected parents. Exten-
sive hand crossings were also made between clones which
did not flower under ficld conditions but were induced to
flower by grafting onto morning glory under short-day treat-
ment. About 10,000 scedlings were raised in scedbeds, and
about 1,000 clones were planted out for field evaluation for
resistance to weevil, viruses and for root characteristics. Several
thousand seedlings were raised from the sced from Solomon
Islands and Taiwan.

Vield eeials. The 25 most promising clones from the uniform
trial we e tested at 1T'TA, Mokwa {dry savanna with
1,097 mun annual rainfall) and Mbiri (high rainfall, about
2,000 mm per annum) without fertilizers and harvested four
montlis after planting. The results are shown in Table 3.

TIS 2489 gave the highest average vield with 23 t/ha and
showed the highest overall value. This clone also rated high-
est in texture and cating quality and in resistance to virus.
It also stored well. TIS 2534 stored best of all the clones
tested and also had high resistance to sweet potato virus.
This clone was also high in quality and had the least damage
by weevil under field conditions. TIS 2544 rated consistently
high in quality, showed good storability and had a high
level of resistance to virus and weevil.
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II'TA works toward resistance to svieet potato weevil (C)'lru
puncticollis).

Cassava biochemistry

Preliminary and Intermediate trials (PT-77, IT-77). Screen-
ing for quality was applied to Preliminary and Intermediate
trials of the 1976/77 growing season. Breeder’s sclections of -
277 clones from preliminary trials and 154 clones from inter-
mediate trials were evaluated for quality. Particular attention
wias given to development of vascular woodiness and root
deterioration.

For PT1.77 only 26 percent were acceptable, while only 8
pereent of 1T-77 were acceptable on the basis of excessive
woodiness and root deterioration.

Starch content. The UT-1 (Uniform trial) cassava showed 5
percent of clones in the 10-15 percent range of starch con-
tent. ‘T'est showed no clones with high starch content in the
range of 30-35 percent. On the other hand, UT-2 grown on
a sccond plot showed no clones in the low starch-content
range, but showed 20 percent of clones with high starch
content. The shift in the distribution of starch content showed
that UT-2 series contained higher starch generally than UT-1,

Distributable accessions. A special attention was given to the
quality status of sclected materials for farm-level trials and
distribution. Two scts of accessions, TMX ~ Warri series and
TMX — Ibadan serics were examined for quality.

A summary of quality performance against four major cate-
gorics of food utilization is shown in Table 4.

Tissue characteristics and quality, The Uniform and Ad-
vanced trials were subjected to detailed tissue analysis with
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Table 3. Yield, dry matter percent, resistance to weevil and virus, storability and quality of HTA sweet potato clones,

% acceptable % acceptable

Food utilization (n = 14) (n = 38)
1. Basic vegetable 35.7 8.6
2. Poundable material 57.1 20.7
3. Flour and products 85.7 82.8
4. Gan 929 845

particular refercnce to vascularity, vasculature and stele de-
terioration. Tissue quality in UT clones varied greatly in
both vascularity and vasculawre. Quality as reflected in
stele deterioration was more constant through the clones,
Quality as reflected in all three aspects was consistently
higher through the AT series than through the UT series.

One of the very important quality indices is the deteriora-
tion of the stele; that is, evidence that starch storage in the
root falls progressively to the point of a total joss in the cen-
tral part of the root enclosed by the pericyele. It can he
showr (Fig. 2) that product loss can range from 5 percent
~90 percent among genotypes.

Vascularity as a screening index was applied to the two Uni-
form trials. Materials from the first trial demonstrated a
high development of vascular tissue (negative quality factor),
Screening on the basis of this criterion alone permits only
24 percent of the UT-1 and 86 percent of the UT-2 to be
regarded acceptable (Fig. 3).
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Fresh Dry Dry

L yield matter yield Weevil Virus Stor- Quality
Clones (t/ha) % (t/ha) score score ability grade
TIS 2498 23.0 302 6.9 1.63 0.69 G 4.9
TIS 2534 20.8 26.8 5.6 0.80 0.70 VG 4.8
TIS 3030 20.2 30.5 6.2 1.00 110 G 2.8
TIS 3277 19.3 2.5 4.3 3.00 2.66 M 3.1
TIS 2544 19.3 21.2 5.2 0.90 0.96 G 48
TIS 2330 19.0 21.2 4.0 2.30 1.28 M 3.3
TIS 1487 18.3 30.4 5.6 2.30 277 M 4.8
TIS 2532 - 17.4 29.8 5.2 1.25 1.45 G 3.0
TIS 1499 17.0 27.0 4.6 2.50 2.85 M 4.7
TIS 3017 16.8 29.4 4.9 1.65 1.60 G: 4.7
TIS 3247 16.4 284 4.7 2.65 244 VG . 37
TIB 9 15.6 34.1 5.3 1.75 2.05 G 4T
TIB 11 15.5 24.2 3.8 1.65 1.40 VG 44
TIS 3270 15.5 28.0 4.3 2.80 2.03 M 28
TIS 2153 14.1 35.1 1.9 1.05 1.09 VG 4.8
TIS 3228 127 25.0 3.2 2.40 1.71 M 2.8
TIS 1145 127 27.9 3.5 3.00 3.38 VP 4.6
TIS 3290 1.8 34.7 4.1 1.7 225 G 4.6
TIS 3053 1.2 27.8 3.1 1.30 1.05 G 4.8
TIB 2 1LC 25.0 2.8 2.2 329 M 4.3
TIS 2154 10.6 36.8 39 1.75 1.05 G 4.7
TiB 10 10.4 29.5 3.1 2.50 2.80 G 4.6
TIB 8 8.0 30.4 2.4 225 2.61 M 4.7
TIB 4 1.9 25.0 2.0 2.30 2.20 G 2.8
TIS 2328 1.7 1.25 2.66 G 4.5
Yardstick 18.0 27.0 5.0 1.70 1.50 G 3.0
TIB o is the standard cultivar,

Yardstick stands for an estimate of the practical optimum attainable.
Table 4. Quality performance of farm-tested materials, PERCENT PRODUCT YIELD LOSS

TMX —Warri TMX - Ibadan T 2'0 v 4,0 v 6,0 Y 8,0 Y 100
VARIETY

UT30780}:

UT40501f

TMX 169

uT41784 |

TMX597I:

UT40501|:

TMX 3850

100

Fig. 2. Range of starch storage depletion in some cassava roots.
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Fig. 1. Distribution of gari
quality of cassava Uniform
trial.

Fig. 3. Distribution of cassava
tissue quality W.R.T. vascu-
larity.

On the basis of gan quality, which is the least sensitive in-
dex 61 pereent of UT-1 clones were acceptable; while 99
pereent were acceptable in U7T-2 ib iy,

Vascalature, The patterns of distribution of woody vascular
tissue in roots of 131 cassava clones were examined at stein-
end, central and root-end sections. Observations shinsed thit
definite: patterns ol atraneement of viecular tissae in the

forms ol a4 series of coneentrie o ecoentri Pihie, enisted
amony genotvpes The prominence of vascnlar tissue also
varied widely amone dones Oply 20 pereent of the 1)

clones examined had the centeal privgiy xsvlems adone nan-
ning throueh the lenvth of the Ao
the genotvpes showed a pronment second concentrie vaseular

rOe s, 00 percent of

ring or ovliinder cendoderonsy tooush the whole length of
roots. However, only 6 percent of dones demonstrated 4
third woods vaseulir ovhinder along the whole length ot
roots; while 3 percent of dones showed s tourth vieeular ring

or evlinder through the centad section of 1aots.

Differences in vaseulature (eross-sectionatly . the number of

rings, including the prinry svlem) among genotypes, and
sections of roots, were highly significant (p = 0.05% and
more so in sectional differences. Examples of vasculature are
illustrated in photo plates on this page.

Fresh cassava rootl section showing, in addition tv the primary
wlem, a wondy second ring,

Fresh cassava root section showing tiwo other wondy vascular
rings in addition to the central primary aylem.

Dried cassava
aylem as a woody-vascular tissue,

root section showing only the central primary
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Dried cassava root section showing three marked concentric
woody vaseular rings in addition to the central primary xylem.



In screening for oot quality, the most recommendable is the
root that shows the central primary xylem as the only prom-
inent woody vascular tissue.

Texture profile and amylose content of cassava. Cassava is
generally classified into sweet and bitter cultivars, based
on the cyanide content and the eating qualities. This basis
of classificution can be misleading especially when  there
appears (o be an overlapping in cvanide content in sweet
and bitter cultivius.

Under optimal conditions. clearly detined textural charac-
teristics do exist among certain categories o tissue types,
Previous studics (19761 had establivhed the major and minor
textural characters in hicat-treated cassava tssues. In general,
almost all cassava cultivars that are regarded as “sweet” show
a “mealy” or floury texmure. The “bitter™ types are pre-
dominantly of a4 “waxy™” texure,

Intermedinte or “mined” texture also exists. A mealy tissue
which contains a hicher moisture can give rise o a “sogay”
or wet texture, A Ugummy” texture is the mtermediate of
mealy and waxy textural tvpes. The major textural types
of mealy, waxy and mixed or heterogencous were evaluated
for dry matter. starch and amvlose contents.

Mealy cassava cultivars have an average amvlose content
of 21 percent. This level ol amvlose is similar o those of
vams (1. mtwdata s and potato ¢ Selamen twhersia). Isunikanki-
yan, a popular meady cassava cultivar has 21 pereent amylose,
The waxy tvpes show amylose contents of about 15 per-
cent. On the other hand, those clones which demonstrated
heterogencous textural characteristics have about 17 percent
amvlose.

Gari as quality index. Gare s o arit derived from fresh cas-
sava by grating, fermenting, de-watering and roasting. To s
one of the principal forms in which cassava is unlized as
human food in West Africa. The cassava root has 1o undergo
a series of processing operations to produce the pre-cooked
grits, and several guality fuctors are affected or introduced by
the gari process. One example is the partial removal of fiber
during processing.

High viscular woodiness in a fresh cassava root not only
affects the quality of the end product, but also affects the
yield in processes where the excess fiber has to be removed.
Processing factors must be taken into consideration when
relating gart quality to the raw matenal,

However, developrnient of woodiness in the cassava s used
as one of the screening indices. Table 5 shows how degrees
of vascular woodiness can affect the quality of gari. Although
sifting off fibrons material is done in the gart process, higher
fiber levels persist in gorr manufactured from very fibrous
roots than from the leust vascularly woody raw materials.

Particle — water relationships. Some water-related quality
factors of gari, as a product, are:

1. Ability to swell in water.

2. Water holding capacity.

3. Water vapor sorption characteristics,

Studies show that particle size in gart is related to the swel-
ling capacity and the water holding capacity of the product.
These results provide a guideline for sample preparation in a
quality control program. Water sorption by gart also varies in
relation to particle size. This information is relevant to the
problems of packaging and storage as environments with
relative humidity above 73 percent can adversely affect gari
quality.
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Table 5. Fibrousness of cassava roots and effect on gari quality.

Gari

Crude fiber content

Woodiness of roots % Range Average
Very fibrous 3.0-5.0 35
Moderately fibrous 2.0-3.0 2.3
Least fibrous 0.4-2.0 1.2

Yam biochemistry

Breeding lines of 82 /). alata and 98 D. rotundata were evalu-
ated and sereened for quality. Figure 5 illustrates the dis-
tribution of total dry matter among clones of both D. alata
and D). rotundatu. Both species (D, alaia and D. rotundate) show
dry matter 10-35 percent and above. The majority of D.
aleta clones had dry mater in the 20-30 pereent range; while
the majority of the [ retundate lines showed dry matter
content between 25 and 35 pereent,

60 _D.olufu ‘_D.rotundato 160
50 150
oL
a0t £tz 140
W] W
30¢ 218 30
20} ety 120
ot u- | 10
10 15 20 25 3035 40 10 152025 3035 40

% TOTAL DRY MATTER % TOTAL DRY MATTER

Fig. 3. Distribution of total dry matter in yams. (D. alata and

D. ratundata. )

Texture profile of yam. In tests on heat treated yam tissues,
D). alata species show prominently the two textural charac-
teristics of mealiness and sogginess which appear to be
complementary, This explains why most cultivars are both
soft and floury. Only 3 percent of D, alata had demonstrated
full mealiness: while only 13 percent had shown complete
sogginess, Waxy and gummy textures were not encountered
in the 1. alata series.

Relatively, all D. rotwndata lines showed higher degrees of
mealiness. The undesirable textural characteristics of waxi-
ness, gumminess and jelliness were found in sowme 1. rotundata
clones.

Lnzymic browning and taste score. Phenolic activity, with
respect to enzymic browning, was also applied to screening
for quality in two major breeding families of D. rotundata
(FL and MFS serics). Most of the clones demonstrated
minima! enzymic browning. Those which showed phenolic
activity index beyond the value 13 were rejected. On the
basis of taste score, 24 clones of 0. mtundata (24.5 pereent
of total) could be rejected for astringent taste. In overall
quality performance of the D. mtundata lines 91 percent of
FL series and 94 percent of the MES series were aceeptable,

Sweet potato biochemistry

About 60 clones of the Advanced, Uniform and Intermediate
trials were cvaluated for quality. In Table 6 arc those culti-
vars which, on the basis of their superior qualities, are recom-
mended highly for distributable accessions.



Table 6. Recommended culltivars of sweet potato,

1. TIS 1499 6. TIS 2544 10. TIB 9
2. TIS 2498 7. TIS 2153 11 TIS 3053
3. TIS 1487 8. TIS 2154 12. ‘TIS 2534
4. TIS 32 9. TIB 8 13. TIS 3017
5 TIB 11

Texture profile of sweet potato, There is more diversity in
the texture of heat-treated sweet potatoes than in any other
root crops under study. Texwure profiles of the TIX and
TIB series show that only 3 percent TIX and 17 percent of
TIV clones showed a completely mealy texture. The TIB
series were mcalier than those of TIX,

The negative textural characters of pithiness, graininess and
lumpiness appeared to be more pronounced in the TIX
clones than in those of T1B.

Pigmentation and carotene content. A quantitative deter-
mination of total carotene content in sweet potato was car-
ried out on typical cultivars. With the results as a guide, it
is possible to estimate the carotens content of a clone ac-
cording to its exodermal and flesh color.

Phenotypic categories and  quality characteristics, Repre-
sentatives of five imajor phenotypic categories were evaluated
for texture profile, sensory sweetness and total sugar content.
Most of those with a creamy flesh (e.g. TIS 3247) have o
mealy-lumpy texture, and are mildly sweet with total sugar
content of about 3 percent (Table 7).

Entomology
Cassava

In Nigeria, the main insect problems of cassava were varie-
gated  grasshopper (Zonocerus variegatus), whitefly (Bemisia
tabact) and red spidermites (Oligonychus gossipir), while out-
side the country green mite (Mononychellus tanajoa) and mealy-
bug (Phenacoceus manthoti ) remained the main problems.

Mealybug. The main emphasis of the mealybug program in
Zaire is to identify sources for resistance in the ITA and
local germplasm. At the same time a biological ¢ontrol pro-
gram is under way and lirst releases will be made in 1978.

Green spidermite. The green spidermite has now reached
the coast of Tanzavia. Zanzibar and the cast of Zaire. In
Zanzibar, local and IITA germplasm collections were evalu-
ated by local scientists for resistance. Several clones showed
levels of resistance.

Red spidermite. Spidermite infestation at Ibadan during 1977
was very high due to high temperatures and early starting
dry season. This provided ideal field sereening conditions. The

Table 7. Sweet potate phenotypes and sugar content.

Latin American scedling nursery was screened for sources
of resistance, and about 10 individual plants were identified
as less attacked.

Whiteflies. The joint experiment with the pathologist 1o study
the relationship of whitefly pupulation development in rela-
tion to CMD incidence was repeated on a smaller scale,
Symptom development of CMD again followed whitefly pop-
ulation density. Highest incidence of the disease was observed
during May-June planting as that was the peak of the white-
fly population.

Variegated grasshopper. OfF the 1976777 cassava planting,
104 clones could be identified where no harkfeeding or even
shootfeeding took place. These clones were replanted in two
replications and at three different planting times: April, June
and August. The three planting times were included to study
defoliation by Zonocerus on younger and older cassava. This
should give an indication whether age and defoliation have
any influence on yield.

Sweet potato

The major inscct problem observed in sweet potatoes during
1977 was the weevil Cylas puncticollis. During September —
October a hawkmath caterpillar made considerable Jeaf
damage.

Screening for resistance in the germplasin over the past two
years indicates that there are yet no major sources of tuber
resistance. Minor differences could be ound and the clones
are now included in the breeding program.

Apart from tuber screening, a leaf screening imethod has been
developed for the field. The major idea of the method is 1o
expose only a certain arca of the leaf for feeding. The area
fed is then measured by a leaf-area meter.

The first results show that there are ditlerences in the area
consumed by the weevils on diflerent clones, This indicates
that leaves might be a good indicator alzo for measuring
the level of tuber resistance. For stem screening, a field cage
method is under testing. So far only one clone, TIS 1419,
has shown a high degree of stem resistance.

Cassava pests in Zaire include the cassava mealybug, Phen-
acoceus anthoti, Mat-Ferr., the cassava green mite, Mononyche-
fus tanajoa; these two being the major pests of ecanomic
importance. The black scale Saissetia miranda; white scales,
Pinaspis strachani and Aontdomytilis albus. and an unidentilied
subterrancan scale which oceurs occasionally in parts of Zaire
have no significant damage to the crop.

Crop damage and yicld reduction. Infestation by £ manihoti
usually occurs during the dry season (May — September),
With the onset of rains in October, pest populations drop
considerably and plant regrowth commences. Changes in
soil moisture and consequent changes in plant sap and avail-

Category

Texture profile Dry weight

Sensory % basis
No. Cultivars Skin color Flesh color  Mealy  Soggy  Pithy  Grainy Lumpy sweetness  total sugars
1L TIB 11 Orange Deep orange - +++ - - - Very sweet  14.55£0,983
2. TIB 1 Orange Orange + - - - + + Mildly sweet  7.05£0.849
3. TIS 2498 Purple White ++ + - - - Sweet 8.60%0.895
4. TIS 1499 Light purple  White + + + - - - Sweet 8.40:£0.771
5. TIS 3247 White Creamy + - - - + + Mildly sweet  5.802:0.895
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Fig. 6. Severity of mealybuy attack on tuber yield of cassava
(Var. Mpelo-tongi) on farmers’ ficlds. (Figures in brackets
represent percentage yield reduction with scverity score of 2 as
control.)

able soluble nutricnts during the dry season, may have
a positive effect on mealvbug development. Field uials at
M'vuazi show that tuber vield reduction due to mwealybug
infestation can be as high as 51 pereent. Information col-
lected from farmers’ fields (Fig. 61 show that vield reduction
could go as high s 79 pereent at a damage severity score of
5 for October planting. Comparative studies for later plant-
ings arc in proyress.

Population dynamics. Aunnual population fluctuation of 2.
manthoti was investigated using three sampling procedures:
trapping of airborne crawlers, direct examination of 100
randomly selected plants and divect monitoring of all plants
of two plats at Mvuazi and Kimpese,

Crawler activity corresponds with dry conditions, lw hramid-
ity, moderate temperatures and light radiance and an n-
creased wind speed. Similarly increased pest infestation may
be explained by changes in cell sap composition and concen-
tration imposed by drought stress and their effect on pest
population developrent.

Control strategy. Rescarch in 1977 was geared toward de-
veloping a sound integrated pest management program for
the control of the pest. Several natural encmies of P manihoti
were reported in Congo Brazzaville by D Matile-Ferrero. In
Bas Zaire, several predators have been observed n association
with the pest.

Unfortunately, the predators are only attracted to the high
densities of £. manihoti and scem not to be particularly
adapted to it as control agents. It becomes imperative that
exotic predators be introduced from South Africa with pri-
ority being given to parasites, as they are totally lacking in
Zaire.

By screening over 1,000 families of cassava introduced as seeds
from CIAT, IITA and PRONAM selections, where individual
plants were artificially infested, it was shcewn that there is
scope for the selection of resistant cultivars.

The use of insecticides as foliar sprays is discouraged be-
cause cassava leaves form a major part of the daily dict in
Zaire. However as a component of an integrated pest man-

agement program, it may serve to limit the spread of the pest
by the use of clean planting materials. In a preliminary trial,
by dipping cuttings in dimethoate solution, infested planting
materials were adequately protected for eight weeks. Other
insecticides are being screened for their elficacy.

In a preliminary mulching experiment with a grass base of
Imperata cylindrica, muich plots were less attacked in percen-
tage, number of planis and severity of attack. Other sug-
gested enltural practices include carly planting, mixed crop-
ping with three legumes to serve as windbreaks against air-
borne crawlers and laying down of vegetation twice during
the dry season and wrning under before first rains in Octo-
ber.

Cassava pathology

CMD host plant resistance sereening. Reaction of new im-
proved cassava cultivars to the cassavi mosaic agent varies
considerably with locations. The following investigations
were carried out to identify some environmental factors which
modify cassava plant reactions to CMB to further improve
the methodologies for host plant resistance sereening
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8—8 |SUNIKAKIYAN + NITROGEN
o——o ISUNIKAKIYAN - NITRCGEN
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Fig. 7. Effect of soil nitrogen levels on CMD symploms expres-
sion in 2 cassava varteties. 11TA, Ihadan, 1977.

Effect of high soil nitrogen. ‘To test the cffect of high soil
nitrogen on CMD expression and plant vigor, cultivars 60444
and Isunikankiyan (highly and moderately susceptible re-
spectively) were used as indicators, The results summarized
in Figures 7 and 8 show that for 60444, high soil nitrogen
induced a high CMD severity and vigor response over a three-
month period for the former, and throughout the whole five-
month period for the latter, compared to the reaction of the
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Fig. 8. Effect of soil nitrogen levels on vigor of 2 cessava. 11TA,
ITbadan, 1977,

untreated planis. High nitrogen application drasiically modi-
fies CMD severity in some cassava cultivars while exerting
minimal effect on others. The results indicate the need to
test the reaction of improvec cultivars under high soil ni-
trogen conditions.

Effect of soil moisture. Cultivars 30211 and Isunikankiyan
(improved and local respectively) were used as indicators in
testing the effect of soil moisture on CMD expression.

The data indicate the follov.ing:

I. That on a 1-5 increasing scale of CMD severity (where
| represents symptomlessness and 5 represents the high-
est degrec of CMD severity) cultivar Isunikankiyan
expressed a higher level of severe mosaic under normal
moisture and moisture stress regimes respectively com-
pared to 30211

2. For both cultivars CMD expression was more severe
under normal soil moisture regime and was reduced
under inoisture stress. However, Isunikankiyan was
more sensitive to these differences and 30211 only mod-
crateiy so.

3. Cultivar 30211 was less sensitive to changes in CMD
severity expression with time than was Isunikankiyan.
After indicator plants had made three-month uninter-
rupted growth under their respective treatments, the
moisture regimes were reversed in selected boxes. Both
cultivars were highly sensitive to a change from mois-
turc stress to normal moisture regime and new growth
expressed a high severity response on plants that were
hitherto symptomless within two weeks. The reverse
weatment, however, did not produce a change from
high severity to symptomlessness in Isunikankiyan, while
for 30211 the response only appeared after 12 weeks,

Effect of seasonal and biolagical factors, To determine the
effect of seasonal and biological Tactors on the incidence,
rate of development and severity of GMD on discase-free
cassava scedlings, open-pollinated seeds of three cassava
families were germinated in the greenhouse and transplanted
at monthly intervals in 1976 and at bimonthly intervals in
1977. Results are summarized in Figure 9. The implications
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Fig. 9. Effect of month of planting on rate of development and
severity of CMD. IIT A, Ibadan, 1976, 1977,

here are that seasonal factors and whitefly population levels
drastically modify rate of development and symptom expres-
sion of CMD and therefore constitute significant factors in
screening for host plant resistance to CMD,

The effect of detopping as a regulating mechanism for CMD
expression. Cuttings of cultivar 58308 were established in a
randomized complete block design with three replicates in
April 1977 and subjected to detopping treatments in June,
July, August and September. An untreated check was in-
cluded among the treatinents. Data on symptom intensity
response after detopping were recorded over a five-month
period and are summarized in Figure 10,
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Fig. 10. Effect of detopping on CAMD symptom intensily response
of variely 58308. IITA, Ibadan, 1977, .

The 1977 data confirm observations reported in 1976 that
the August detopping induced the strongest and mcest per-
sistent symptom intensity response. The data also confirm
observations made in 1975 that June detopping also induces
a strong response and that there was, however, a tendency
for plants so treated to recover and express milder sy mptoms
later. This recovery tendency underlines the necessity for
selecting the appropriate period for evaluation of resistance

to CMD.



Brown leaf sput discase (Cercospora henningsii) host plant
resistance screening, Twenty-cight improved cassava culti-
vars were artificialiv inoculated 90 days aiter establishment
with a suspension of 50,000 spores “and of Cercospora henntigsit
to test the applicabiliy of this method for host plant resis-
tance screening to brown leaf spot discase. Twenty-six of
the cultivars tested scored a higher severity rating than the
uninocutated controls. The highest severity ratings were re-
corded for seven of the improved caltivars included amony
which was cultivar 30395 dhighly rated for field resistanee

to CMD and CBR).

Cassava Bacterial Blight. CBB was newly recorded from
Rwanda, Kenva and Tanzania In East Africa it was ob-
served on local furms and experiment stations around Lake
Victoria. It was not observed on the East African coast.

Seed transmission, A previoushy unreported potential for seed
transmission was demonstrited by the vecovery of Xomumhotis
from sced which had been stored at 3°C and € pereent rela-
tive hurnidity for 15 months. In addivdon, CBB was observed
in two-month-old scedlines in o sttuation where infection
These tindines indicate

from outside sources was unhkely.
that given the appropriate envivenmental conditions, seed
transmission of the disease can oceur. Treatment of seed in
hot water at 60°C for 20 minutes eliminated the pathogen
without appreciably reducing cerminaton,

Ecology., CBB survived the dry season o Ibadan i dry
angular leaf spots, green stems and dead branches on infected
plants and in plant debris on the soil surface. The numbers
present in the debris decreased sharply with inereasing mois-
ture and temperature. Evidence that it survived in soil was
all negative.

During the 1976 growing season and in January, during the
dry secason, an cpiphytic population was found on leaf
surfaces. In June 1977 the pathogen was detected on the
surface of apparently healthy leaves, betfore new angular leaf
spots were formed. suegesting that a low population of the
pathogen survived the dry season as an epipbyte. The mag-
nitude of the epiphvtic population fluctuated during the
season depending on the prevailing weather conditions, es-
pecially rainfall.

Resistant screening. Fortv-ceven experimentad cultivars were
compared with five others of knowan field reaction atter inocu-
lation in the yrecnhouse, The five standards ranked in the
same order as they behave in the field. Stem and leaf in-
filtration methods of inoculation were compared, with the
former giving more consistent results. However, further studies
are necessary to see if resistance screening in the greenhouse
is feasible, siuce field performance depends on more complex
epidemiological factors than can be measured in the green-
house.

Effects of soil fertitity on disease development. The addition
of 200 ppm NPK to Warri soil (sandy. acidic) and Egbeda
subsoil (clayey, alkaline) reduced the severity of CBB symp-
toms in plants subsequently grown in the soil and inoculated
with Xanthomonas manhotis. Although discase symptoms de-
veloped earlier in plants supplied with fertilizer, the unferti-
lized plants became more severely affected after five weeks
and showed a higher mortality rars. This suggests that there
is a correlation between plant vigor and resistance to bac-
terial blight.

A severe disease-iike conditivi considered a potential threat
to cassava production, This is the first report of the incidence
of a disease-like condition on cassava, the agent of which

has not been identified, but for which the effect of intercrop-
ping on its development and alimost total recovery during
the growing season has been documented.

Characteristies. The condition clearly bears striking resem-
blince to cassava miosaie disease, but other characteristics
hitherto unassociated with CMD suggest the involvement of
other agent(s).

In Fieure 11 the incidence of this unknown condition was
highest on cassava as a monocrap for the fiest four months
after it was first observed. Toas abo evident that there was
a sharp increase inincidence on cassava inteveropped with
maize and cowpeas when these crops had matured aond were
harvested. The data also show that twe months after the
maize and cowpea were harvested, the incidence on cassava
which was intercropped with these two crops was higher than
on that which was monocropped.

[)cassava mono - crop

[[Jcassavas maize INTERCROP
[Jcassavascowpea INTERCROP
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Fig. 11. Effect of intercropping on the incidence and recovery
of a severe unidentified disease-like condition on cassava. IITA,

lbadan, 1977.

Yams — Dioscorea alata

Control of Dioscorea alata discases by cultural practices.
The effect of three staking systems and the canopy orientation
resulting from these systems on the incidence and severity of
foliar and tuber diseascs of 0. alata was investigated.

The three staking treatments were as follows:

1. Each plant attached to a 3-m stake and each vine
trained only on individual siakes.

2. Each plant attached to a 15m stake and all vines
exceeding the height of the stakes were trained on cross
wires to form a dense low canopy above the soil.

3. None of the plants was staked, and vines were allowed
to cover soil randomly.

There were only very small differences in incidence and se-
verity of leaf spot and anthracnose or scorch at 60 and 120
DAP, and at harvest for the three staking treatments. At
harvest, leaf spot severity averaged just below 3 (on an in-
creasing severity scaic of i-5) and scorch severity averaged
just above 3.
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There was a marked difference, however, at harvest in the
percentage of tubers among the different treatments that had
penetrated the soil surface, with the highest percent of ex-
posed tubers in the 3-m staking treatment. The highest per-
centage of rotted tubers also oceurred in the 3-m staking, and
is likely associa.ed with the high percentage of exposed tubers,

Ground cover by yam foliage was best in the zero staking
treatment and least in the 3-m staking., There was an atten-
dant high degree of erosion control because of the ground
cover in the zero staking which also drastically reduced tuber
exposure and possibly tuber rot.

The yield obtained from the 3-m staking was significantly
higher than those of the other treatments. However, with the
reduction in cost of planting il zero staking is practiced,
coupled with the reduction in soil erosion and tuber rot,
and the absence of any significant effect on discase severity,
the potential yields obtainable from unstaked D. alata
rccommends the practice as a viable one.

Development of a model for assessing yield reduction due to
defoliation by Dioscorea alata discases. Defoliation of D. alata
due 1o discases was simulated by mechanically detaching
leaves when plants were 40, 60, 120 and 180 days old. The
four levels of defoliation were ) percent, 40 percent, 60 per-
cent and 100 percent of the total number of leaves at the
time of defoliation. Percentage natural refoliation when plants
were 40, 60 and 120 days old respectively, and actual leaf
arca reduction per plant due to defoliation of 120- and 180-
day-old plant respectively were assessed.

The data, summarized in Table 8, show that there was a
highly significant interaction between age ol plant at de-
foliation and level of defolintion. Figure 12 shows the dif-
ferences in vield reduction when defoliation occurred at the
various stages of growth,

Figure 13 shows that for 31 percent and 66 percent actual
defoliation there was a 20 percent and 30 percent differential
respectively in the actual vield loss recorded when compared
1o the predicted toss from the model.

The results indicate therefore that field rating for de-
foliating diseases of D. alata may be more accurately carried
out 40 DAP for carly or vegetatively borne diseases, or at
120 DAP for late developing discasces, the model can be
utilized for prediction of yicld reductions with minor adjust-
ments for differential values between actual and predicted
yield reductions.

Sweet potato virus disease (SPVD)

Resistance screening. Fifty-seven sweet potato lines from the
breeding program were screened for resistance to the sweet
potato virus by the tuber graft transmission method. Vines
from symptom-free scedlings were grafted on to viruliferous
tubers of the high susceptible cultivar TIS 1499, Each of the
97 graflted test lines was replicated four times. Vines of
Ipomoca setosa (a sensitive indicator for SPVD) were randomly
grafted to representative batehies of the virus source (1499)
tubers to confirm their viruliferousness. The characteristic
SPVD symptom developed on the indicator plants within 14
days of grafting.

Resistance to SPV was categorized on the basis of rate of
symptom development and severity of discase expression.
Five lines were categorized as highly resistant to SPVD, Eight
lines were moderately resistant while the remaining 44 lines
were highly susceptible.
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Table 8. Effect of mechanical defoliation on yield (kg/plant) of

D. alata.
Defoliation percentages (A)
0 40 60 100 Mcan
B

10 4.81 3.90 +.14 1.50 3.59
60 3.51 3.93 3.28 2.25 3.24
120 4.06 3.95 3.69 1.43 3.28
180 4.28 4.29 3.50 3.99 4.02

Mean 4.16 4.02 3.65 2.29

LS .05 (AB) 0.36 B = Age of plants in days at defoliation.
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Fig. 12. Percent yield reduction due to defoliation ¢f Dioscorea
alata. HTA, Ibadan, 1977.
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Cassava pathology, Zaire

The major objectives of the PRONAM plant pathology for
1976-77 were to obtain new knowledge on the epidemiology,
cultural control measures and efficient screening methods of
the major discases of cassava

Cassava planted in Decomber, February and Apuil o rela-
tively rich soils (Manckway showed a0 greatee incidence of
CBB and CMD than did cassava planted inrelatively peor
soit Mpalukidi). Similar observations of anthracnose were
noted for the December and February plantings, but there
was no difference in this disease incidence between the two
locations on the cassava planted in Apnil

Data from studies at both locations lead to the recommens-
dation that planting of cassava should e in Mareh or Aprnil
to escape CBB and CA diseases, hut for escape irom CMD
alone, planting should be done in November and December.,

In an experiment to find eflicient wavs of seceening and se-
lecting cassava for reststance o diseases, plants were detopped
at one month atier shoots emerged and continuaed at one
month iutervals up to theee months, Three local cassava cul-
tivars were cither highly resistant or moderately resistant to

CBB and CA organisins.

Preliminary screening of LG4 cultivars indicates that 270
clones have resistance to the three major diseases of cassava.

Tissue culture

Yam. Murashice and Skoog medium (MS) supplemented
with 6-benzvlamino purine (BAP) and a-naphthalencaceuc
(NAA) was used tor callus indurtion. root formation and
shoot differentiation from nedes and shoot meristems of vam,
Dioscarea mtund-tr. Numerous shoots  were  inttiated  trom
nodal material cultures in MS mmedium supplemented with
0.5 and 0.1 ma’1 BAP and NAA l("}r(‘t'[i\'('l\. winle 0.25
and 0.05 mg. 1 BAP and NAN produced plantets with shoots
from apical or laterul meristens. Media hich in NAA and low
in BAP induced callus and oot formation on taber slices,
nodal and shoot meristems, but not on petiole shees or eal
discs. Aitempts o differentiate shoots from callus have not
been successful. When excised shoots were transferred 1o
culture media containing 0.1 mu 1 NAN they readily
developed into well rooted plantlets within two weeks. The
olandets grew wccesstully in the greenhonee.

Yam embryos dissceted from ereen frints germinated in two
weeks on MS rnedium containing thiree pereent sucrose and
without growth regulators. However, more shoots were ini-
tiated from each embryo when 0.125 mg/l BAP and 0.05
mg/1 NAA were added o the medium,

Cassava. The medinm developed by Gamborg and Kartha
for culturing cassava from apical meristems was tested with
seven of our improved lines. The medium was found unsait-
able because it induces profuse callus formation.

Sweet potato. Plantiss ready for transplanting were initiated
in about six weeks frome apical or Llaerad meristems on MS
medium supplemented with three pereent suerose, 0.5 myg/|
BAP and 0.5 mg/ 1 indoleacetic acid.

Cocoyam. Plantlets were initiated from axillary corm buds
on MS medium supplemented with three percent sucrose,
0.2 percent activated chiarcoal, 1 mg/1 BAP and 0.1 mg/1
NAA. It was possible to obtain 20 to 30 buds, suitable for
culturing, from one corm.

53

Yam pollen germination. Pollen grains {from four cultivated
and four wild yvam species were germinated ina modified
Brewbaker and Kwack's medium. Pollen germination began
i 30 minutes after incubation and maximum germination
and pollen tube growth occurred 24 hours alter. Optimum
polten germination and tube growth were obtained by using
the following medium: 8 percent sucrose, 100 ppm HsBOs,
200 ppm Ca (Noye AHL00 100 ppe MeSoy, 7HL0 and 50
pprm KNOW

The medium is adjusted to pH 6.8 and semi-solidified with
0.7 percent agar and dispensed in petri dishes.

Yam pollen storage. Yam pollen was stored for three months
at - 20°C 0 2 medinm containing the above salts and 16
pereent sucrose. During the first month of storage the pollen
viability was reduced only slightly; however, only about 20
pereent of the pollen remained viable after three-month
storage.

National Cassava Center, Umudike, Nigeria.

On-farm minikit trials were expanded by small-holders from
the original pilot in Anambra and Imo States to sites in
Rivers, Bendel and Ondo States. Also an effort was made
to involve Tarae farms, specind cassavi projects, instications,
schools and companies in the NAFPP minikic wials, Farmer-
conducted demonstrations were used to train otirer Larmers
on the package of improved practices, and production with
improved technology win increased. Muluplicaton of clite
cassava clones was stepped up to provide planting materials
for 1978 planting season.

Cassava variety minikit trials. These il contain four m-
proved cultivars which are compared with the best Tocal cul-
tivar so that participants can seleet which they consider the
most aceeptibles Al five cultivars were compared under fer-
tleer and no fertilizer conditions. Results from Abakaliki
Zone are summarized i Table O

Table 9. Fresh tuber yield (t/ha) from Anambra NAFPP cas-
sava minikdt drial, 1977,

Local
X 1087 TMX 1756 (Nwagbogho)

Cultivar

TMS 465 60006 T
With

fertilizer® 30.0 15.0 1-1.0 10.0 10.0
Without
fertilizer 16.0 6.0 8.0) 6.0 6.0

*ertifizer N-PG2-K O 6030000
Results of a triel at Umudihe (on highly eropped actd soil, rainfall
200% mm ) are sunvnarized in Table 10,

Table 10. Average [fresh tuber yield of replicate I & II of K
treatment only.

Rate tky/ha yield t'ha

K20 Rep TMX30211
1 23,4
0 1 18.1
X 20.2 20.8
[ 21.3 33.2
75 1l 22.0 28.6
X 21.7 30.9
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In Nigeria, HEPA improved cassava s

Production Project.

The conclusion trony this speronent s that under the sqme
ferulize UMYX el
EMINCS0210 1 pardicalau v more responsive (o higher lesels
of K than o050

Tegime cut-vields oo and also.

demon-
the

Demonstrations, (lasaan g mterphanted warth muse:

strattons were carned ot so that farmers could learn

skl and convinee themaelves of the supenionty of the -
proved package consistung of mmproved cultivars, tertilizer
application, and better cultaral praciices Muonse vicelds from
the 1977 demonstrations awnn showed that the mproved
practuice outviclded the logal practice Fhe cassava will be
harvested i 1978 Inc ol 1017 demonstratic ns were o arred

distributed  for multiplication muinls  throueh  the National

Veeelerated Food

ontan Nnambra State, 720 00 bino State, 300010 Ravers State

and v Bendel State

Multiplication. Farmer-to-farmet spread of imoroved plantung
matenaly from the 1977 production kit onbtivar and ferolizer
trials and demonstratons widl be enongch o plant hoat
LE000 hectares i 1978

Distitbution of ehite dlones to the state ministries of agncul-
ture “Operation Feed the Naton™ program, Federal Depart-
ment of Agriculture and other institutions was stepped up in
1977 o provide planting matenials for 1978 planting.



'THE FARMING SYSTEMS PROGRAM

“The Farming Systems Program (FSP) has the task of de-
veloping methods of crop management and land use suited
to the humid and subhumid tropics which will enable more
efficient and sustained production of fooderops to be tech-
nically and economically feasible in these zones, While rec-
ognizing the interactions between annual food crops, perennial
crops and livestock, the Farming Svatems Proeram focuses on
the food crop components of wopical farming svstems. The
Program places particular emphasis ouincorporating inits
crop pmdurlinn and fend muanagement rescarch the improved
cultivars emerging from HTAS crop improvenent progrins,
and from mternational and national aericaltorad institutions

The farming svstems in the fowland humid and subhuinid
tropics are diverse. so research priotities of the Program are
focused on dominant awicaliund tvpologies within major
agro-ccolngical zones. As the Program aims to develop meth-
ods of food crop production which will make the most
efficient use of the farmer’s natural resources thnd, weather,
adapted cropsi the major agriculiural regions are charac-
terized for research purposes on this basis.

A broad diversion of the humid and subhumid tropics of
Africa and Latin America in terms of land types. cropping

systems and dominant bio-technical limitations is shown in
Figure 1; a further subdivision, not shown, is based on pop-
ulation densities. The distribution of the major soil types
within the tropics (Table 1) shows that the highly weathered
low- and high-base status soils occupy the majority of the
region within which II'TA operates. The H'TA station at
Ihadan (3°31F, 7229°N) is representative ol the region with
hivh-base status soils, and the Onne subsstation (7°01°E,
YN the low-base status soils of the tropies.

The vast majority of food crops produced in the tropics —
other than for intensive rice production on hydromorphic
sotls - are grown in various mixtures by subsistence farmers
relying on shifting cultivation and bush fallow systems to
replenish soil fertility, While such systems are stable when
iand is not a limiting factor, they tend to break down when
the number of people the land must support beeomes such
that fallow periods are substantially reduced. Therefore,
greater population and cconomic pressures are resulting in
mote intensificd systems of tand use. and with an absence
of new technology and declining soil fertility there is falling
productivity of resources committed 1o food crop production.

Subhumid tropics

Geographic/ Humid wopics
ecological {1,500 mumn rainfall) (1,000 to 1,500 mun rainfall)
region
Soil Low base status® High-base statuse

characieristics

Derived from basic

Moisture regime Hydromorphic Pluvial rocks® Hydromorphic  Pluvial
Principal tree crops perennials and rice maize
components rice plantain annuals off scason cassava
of yam/cocoyam depending on crops yams
cropping yams rice climate (plantain) seed legumes
systems vegetable- sole and
legumes intercrop
Major water manage-  *+ + + fertility water soil physical
constraints ment Al toxicity management (P) management management
to weeds nutrient ratios weeds weeds moisture
preduction fertility weeds soil physical fertility regimes
management  pests/discases management management  weeds
ALFe) pests & diseascs pests/diseases nutrient
pests/discases deficiencies
pests/diseases

a. Oxisols, Ultisols and associated Entisols, Inceptisols.

b. Soils derized from basic vocks important locally bui of limited distribution in tropical Africa.

¢. Alfisols and associated inceptisols.

Fig. 1. Each of the primary soil/climatic zones in tropical Africa has different dominant cropping systems and problems involved
in increasing cropy production.
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Table 1. Percentage distribution of soils in the rainy tropics.!

Rainy Scasonal  Total
(9.9 10 12)2 (4.5 t0 9.5
Seis e e oites
1. Highly weathered, low hase
status (Oxisols, Ultisols) 70 \37 50
2. Highly weathered, high base
status (mainly Alfisols) 8 30 20
3. Sandy and shallow soils :
(Psamments, lithic taxa) 12 8 10
4. Dark colored, high base status :
(Vertisols, Molisols) 2 8 6
5. Moderately weathered
(mainly Inceptisols) 1 5 4
6. Hydromorphic (Allevial soils) -
(Aquepts, Aquents, etc.) 12 8 10

. After Moonnan, unpublished. :
2 Number of months with average rainfall higher than 100 mm.

Objectives

On this basis, the objectives of the Farming Systems Program
are to:

1. Develop systems of crop production which will enable
good yields on a sustained bacis with acceptable input
levels;

2. Develop methods of land management which will en-
able intensified systems of food crop production to
replace  shifting  cultivation  where environmentally
feasible:

3. Disseminate food crop technologies to national agencies
for adaptation o specitic arcas:

4. Provide training in farming svstems research and its
application for rescarchers and extension workers as-
sociated with wopical food crop production,

Criteria regarded as important in the design of technology
appropriate for farmers ol the tropics reguire that it will:

1. Generate substantial, sustained. stable, and acceptable
levels of incomes for farra families by increasing the
productivity of labor. land and other agricultural in-
puts.

2. Make optimal use of renewable natural resources while
protecting the farmer’s non-renewable resources (par-
ticularly soil).

3. Be within the financial and managerial capacity of

target farmer groups.

From a national viewpoint, be acceptable and feasible
in terms of input requirements and distributional con-
sequences.

Organization of program

In 1977 the Farming Systems Program was reviewed as part
of the Technical Advisory Gommittee’s Quinquennial Review
Mission of IITA and the “Stripe” Review Mission by TAC
of farming systems programs in the international institutes.
As part of this review the structure of HTA Farming Systems
Program was examined. It was resolved to retain the struc-
ture on which the Program has been focusing its activities,

The purpose of Regional Analysis is to develop and analyze
inventories of resource use, and the bio-technical, physical
and socio-economic environments of farming systems of the
humid and sub-humid tropics. These analyses, which are
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highly interdisciplinary in nature, assist in the identification
of limiting factors to production and resource potential and
so assist in the definition of the Program’s problem oriented
rescarch.

The focus in Crop Production is to develop cropping practices
which are productive, biologically stable, and economically
viable, and also identify systems of crop management adapted
to the conditions and needs of farmers in the humid and
subhumid tropics.

Land Management has the task of developing and testing
methads of land development and soil management which
will economically overcome the constraints to intensified
use of fragile tropical soils.

The purpose of Energy Management is to adapt and develop
implements and methods which are complementary to the
technology developed elsewhere in the Tnstitute, which can
help relieve the energy (largely labor) constraints to crop
production and processing, and reduce post-harvest storage
losses.

Finally. Technology Evaluation provides the point of integration
and synthesis of Farming Systems research. The purpose of
this project arca is to develop, evaluate and adapt appropriate
systems of crop management and land use for different
ecologies, drawing on the findings of Farming Systems and
the Institute’s crop improvement programs.

Regional analysis

Regional analysis is involved in three major project areas:
L. Studies of Farming Systems.
2. Benchmark Soils Project.
3 Agro-climatological Analysis.

Agro-cconomic studies of farming systems

Fhree intensive interdisciplinary studies of indigenous farming
systems were in progress in 1977, The three sites (in Nigeria)
are as characterized in Table 2. Analvsis of the first study
(the majority of field work being undertaken in 1976) is
nearing completion, while data collection in the latter two
investigations will finish at the ¢nd of the 1977-78 dry season.

Table 2. Intensive agro-economic studies currently in progress

at IITA,

Location
(area)

Land
type

Farming
system

_. Field work
To

From

Hora/Oye Alifisol/Savanua  Maize based  Feb. 76 April 77

Lokoja  Alifisol/Savanna  Yam/Guinea Feb. 77 April 78
corn
Onitsha  Alifisol /High Yam/oil palm Feb. 77 April 78
rainfall

Rice production systems in north-west Cameroon. Five 8ys-
tems of rice production were studied among a sample of 118
farms in northwestern Cameroon. In this region, rice is
grown under both pluvial and irrigated conditions, under
improved and unimproved cultivars and systems of manage-
ment. The area is high altitude — 1,500 1o 2,000 metres.
A constant product price for paddy and average factor prices
were used for all inputs including hired labor. The major
findings resulting from this study are:

. While four of the five rice production systems had



positive gross margins, only the irrigated paddy systems
approached positive net returns after taking account
of capital depreciation and valuing family labor at the
prevailing larm-level casual wage rate,

2. The irrigated paddy system which is based upon im-
proved seed, a low level of fertilizer use and “medium”
water control had the lowest opportunity cost of pro-
duction (i.c., after valuing family fabor).

3. On-farm vields are directly related 1o the ecosystem
in which rice is produced. The ccosvstem with the
highest yield is irigated paddy (2.2 to 3.0 Uhay fol-
lowed by seasonaliy shallow flooded rice (1.6); the
lowest yields were realized in the rainfed dryland sys-
tems (0.8 1o LO t/ha)

4. “lmproved” systems of rice production require more
labor per hectare than the prevailing traditional system.
Using a base of 100 10 represent the total labor require
ment of the traditional svstem, the index of labor use
for the drvland semi-mechanized system is 110, for the
seasonally shallow Hooded system 200, and irrigated
paddy 250 or 2': times the labor of the traditional
system.

5. The utilization of both hired and tamily labor increases
when improved systems of vice cultivation are adopted.
In addition, with the improved production systems,
the role of women relative to men as a source of labor
declines, particularly in pre-harvest activities. Woren
remain dominant for threshing, winnowing and bag-
ging.

In addition 1o private profitability, an cconomic analysis of
each system was undertaken. [n this case the factor subsidies
were reduced to zero and paddy was valued at the import
parity price. The following conclusions resulted:

1. If the subsidies on factor inputs (.e.. fertilizer and
mechanization servicesy were reduced to zero and
farmers were charged full cconomic cost for the cur-
rently subsidized inputs, with the present inputs ‘output
relationships, the cash mconie per hectare would be
greater than the present mcomes,

2. The dryland. semi-mechanized ssstem ot rice produc-
tion is clearly unattractive financiadly and the cconomic
cost of production per unit ol output is more than
three and onc-half that of the raditonal and wmproved
irrigated paddy systems.

3. The most profitable system of rice production from
both the tinancial and economic points of view is the
irrigated paddy system, followed by the seasonally shal-
low flooded system.

4. Under the alternative (econontics factor “product pricing
system, rice farmers would receive an attractive return
on their family labor wiich would be above the pre-
vailing wage rate. The cash income is estimated to be
about $300 per hectare compared to about 3330 per
hectare under present cost-price relationships or com-
pared to 890 per hectare under the prevailing pricing
policy for the traditional method of rice production.

From a production function analysis of the ficld data it was
found that

1. Farm size and the quantity of fumaily labor available to
work on the rice farm are the most significant factors
influencing total farm output in the study area.

2. Among the most important factors affecting yield are
seed rate, rate of nitrogen application and the intensity
of labor involved in birdscaring. Timing of the first
weeding is more critical in determining yield than the
intensity ol weeding,

3. In general, the marginal value products (MVP) of
labor are low but positive; however, the MVP of land
for all systems is high. For all systems investigated the
study clearly shows that the elficiency of resources
presently committed to rice could be improved.

Cost and returns among smallholders producing irrigated
rice in the Gagnoa Region of the Ivory Coast. The rice pro-
duction system of 395 rice farmers producing irrigated rice
under the supervision of the SODERIZ (the rice development
agency in the Ivory Coast) was surveved in 1977, The agency
provides compound fertilizer, urea, IR-5 seed, pesticide
(Furadan). jute bags and a cash loan for hiring labor and
credit-in-kind at the beginning of the crop scason all at fixed
rates per hectare. Pardeipating Farmers are supervised by ex-
tension agents provided by the SODERIZ,

The najor findings and conclusions resulting from this survey
are:

1. The SODERIZ supervised system of smabtholder irri-
vated rice production based upon improved seed, ler-
tilizer, pesticide and manual tield operations generates
relatively high on-farm yields.

2. Based upon the data generated by this survey, the level
of utilization of both hired and family labor is the
principal factor determining the costs and returns of
participating  farmers. The smaller rice farmers are
using excessive labor given the yields and net returns
of the larger-urea farmers, The marginal value product
(MV'P) of both Lunily and hired labor on the smaller
farms, above the rate of utilization of the larger farms,
is cither very low or negative. The reasons for this
surplus/redundant labor on the smaller farms were
not determined.

3. The SODERIZ purchases paddy at a rate above the
prevailing market price (30.20:kg vse $0.18/ky) and
provides all inputs as credit-in-kind o be repaid at
harvest.

4. TFarmers repay their loans at harvest time by selling
their output to the SODERIZ at the ageney’s output
subsidy  price. However, furmers receive deductions

hased upon the amount of paddy produced per hectare,
In this study. an alternative pricing policy was pro-
posed which v simples and far less complicated from
the producer’s point of view. The proposed pricing
policy maintains current income levels for a given level
of output, but directly debits the aceount of partia-
pating farmers for the market value of all inputs and
the value of the cash loan supplied at the beginning
of the crop season. Farmers would then sell their paddy
to the SODERIZ at a caleulated “effective output
subsidy price. or 80.24 per kg tor paddy sold within
the acceprable range of humidity and impurities.

“t

Studies of benchmark soils

The Benchmark Soils Project was designed 1o provide infor-
mation on carcfully chosen soils, to enable their agricultural
capability 1o be related to their morphological, chemical,
physical and minecralogical properties. This project is a col-
laborative one among 1ITA, the universitics of Reading and
Louvain, Rothamsted Experimental Station and the Inter-
national Soil Muscum. Phase T of the Project concentrated
on developing appropriate methodology and focused on topo-
sequences located in Niveria.

Characterization of benchmark soils in the humid tropics,
Studies of the chemical and mineralogical characteristics and
nutrient status of benchmark soils extended 10 soils in the



several countries of West Africa and tropical America. Special
attention was given to two aspects of basic soil rescarch that
bear important implications to the management and agri-
cultural land classification of soils in the tropics.

Physico-chemical properties of soil oxides. The surface and
charge properties of Fe wand Al oxides and hvdrous oxides
and their interactions with silicaw clay minerals play an
important role in influcncing the physical and chemical
propertics of highly weathered soils. The h avy-textured
Ultisols and Oxisols with stable structure and low bulk den-
sity, geoerally contain large amounts of very fine, clavesize
Fe oxides having an average dimnetr around 0.1 micron.
These oxides have large specific area (200 mt iy of Fe,0,),
higher point of zevo charge (P78 and high surtace reactivity
with respect 1o soluble phosphate and silica. Soils dominating
derived trom
basic parent rocks such as basalts and amphibolites,

in “high specitic surface oxides™ e mostly

Alfisols. Ulisols and Oxisols having poorer physical condi-
tions, such as low perincability, uustable structure, high bulk
density, are generally dominating in kaolinitic clays. A pre-
dominant portion of Fe oxicdes present in these soils normal-
ly have very low specific surface area as o result of strong
associations with Liyver siticate minerals. In most cases, they
form massive surface voatings around the clay particles.
Such Fe oxide-layer silicate interactions result in a net reduc-
tion of specific surface area of the soil particles. Soils with
“low specific surface oxides™ generally have low PZC (below
pH-4 and low pH-dependant CEC and AEC,

As shown in Tahle 3. the contrasting differences in the “de-
rived” specific surface arca of Fe oxides (SFe) clearly separate

the soils into two groups which, to some extent, relate to
parent materials and clay mineralogy and the chemical en-
vironments when the formation of Fe oxides took place,

Silica solubitity. Silica solubility s among the most sensitive
soil properties reflecting the stage of soil weathering, clay min-
cralogy, as well as the reactivity of the oxidic surfaces in
tropical soils. Data presented in Figure 2 depict these re-
lationships,

Table 3. Specific surface area of selected soils from Africa and
South America before and after dithionite (DCB) treat-
ment and calculated surfuce arca of svil Fe oxides.

Specific
surface area ¥

Clay

Sotl Parent rock % So SR Spe
Paleudult, Byt Diabase 65 59 33 263
Paleudult, B, t Basalt 70 73 55 257
Paleudult, Byt Amphibolite 65 47 30 169
Paleudult, B,,t Acidic

gneiss 4 30 28 58
Haplorthox, B, Coastal

sediments 64 34 30 63
Acrustox, B, Acidic

gneiss 55 30 26 66

# So = m2/g of untreated soil, SR =
SFe =m/g of Fe203.

m2/g of dithionite treated soil,
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Fig. 2. Silica solubility as related to base saturation and clay mineralogy of selected Alfisols, Ultisols and hydromorphic soils in the

humid tropics.
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The strongly acidic and low-base saturated Ultisols and Oxi-
sols derived from sedimentary formations oceupy the lower
left-hand corner of Figure 2. The only silicate clay mineral
present in these soils is Kaolinite and the concentration of
soluble silica (dilute NaCl extractable) in the textural B
horizons is normally below 2 ppm.

The Ultisols derived from acidic and intermediate erystaliine
rocks support higher concentration of soluble silica in the
soil solution (3.5 to 9 ppm). This s apparently associated
with their distinct mixed clay mineralogy (kaofinite-halloysite-
vermiculitc 1. These soils contain predominar=ly kaolinite but
with small to trace amount of vermiculite and haloysite.
Soluble silica in these Aifisols ranged from 2.3 o 4.3 in dilute
NaCl extraction. Qa the other hand the high-base saturated
Aquolls, Aqualts, and Vertisols occupy the upper right-hand
corner of the silica-PBS diagram showing high silica solu-
bility. The low soluble silica content in the well-weathered
kaolinitic Ultisols and Oxisols may become an tmportant
limiting factor in upland rice cultivation as rice plants
normally have higher S requirement than other cereal crops.

Ultisols which conrtain substantial amoeunts of vermiculite
and other 2:1 mixed laver minerals did not exhibit the ex-
pected specitic aflinity for potassium, This scems to suggest
that these 2:1 clay minerals may not possess the usual high
negative charge. Surface coating of Fe oxides or interlayer Al
hydroxides mayv be responsible for the reduction of surface
charges.

Crop production

Intercropping-based studies. Previous intercropping experi-
ments, coupled with ficld investigations have clearly shown
the importance of maize, cassava and plantain on freely
drained soils and rice on hvdromorphic soils, as dominant
components of indigenous and improved cropping systems
adapted to the subsistence farmer’s situation in the humid
and subhumid tropics. Ofien, other tood crops grown in asso-
ciation with these staples have a high degree of locale -
specificity and in general contribute a minor (but important)
part of the aggregate output. As o result, the program is
focusing on maize and cassava based cropping svstems for
upland conditions in the subhumid tropics: cassava and plan-
tain based cropping svstems for the humid tropics; and rice
based cropping svitems for hvdramaorphic areat

Interdisciplinary studics of traditional intereropping. The
lack of information on the basic principles underlyirg the
functioning of indigenous cropping systems is a major con-
straint to the development of research strategies aimed at
identifying wavs of increasing the productivity of these sys-
tems. Available information is often superficial and devoid
of hard facts. Therefore, a series of experiments and field
observations were initiated in 1977 with the aim of gathering
precise information on the dynamics of indigenous cropping
systems.

The first study is of a bush fallow, slash-and-burn, mixed
cropping system in waich maize and cassava are the major
crop components. Twelve scientists representing nine disci-
plines are collecting information from this experiment. The
major features of the trial include comparison of mixed crop-
ping and traditional practices versus pure cropping and

1. Vegetable cnd yam based cropping systems are also important in
specific lozations and are included in Program activities at a low-
er level,

59

recommended, improved practices, As cassava is a component
of these systems, complete first cycle resules are not yet avail-
able.

Maize/cassava/cowpea intercropping, Under simulated
peasant farm conditions, a maize /cassava combination with
cowpea as an extra component was compared with the
recommended “modern”™ pure stand practices. The results
in Table 4 show that the crops in pure stand generally gave
higher vield than in intercropping. These higher yields how-
ever, were not proportional to population densitics, and lower
crop vields in intercropping were partly atributed to lower
population. Results from other wials substantiate the conclu-
sion that spacing in indigenous systems may be reduced with
a substantial vield increase attainable due o increased pop-
ulation densities, providing plant nutricnts are maintained
at adequate levels.

The land equivalent ratios show that the preduction of maize,
cowpea and cassava obtained from one hectare of inter-
cropping would require L84 hae and 2.1 hao of pure cropping
in the forest and savanna zones respectively, The low cow-
pea vield obtained in intercropping was attributed to shading
and other forms of competition from the carlier planted
cassava.

Weed control in intereropping. Various methods of weed
maragement were evaluated in maize, cassava and yam based
cropping patterns on the IFFA site. Results showed that
mixed cropping patterns generally had less weeds at crop
harvest (64 percent)y than the sole crops. Weed control meth-
ods included mechanical, biocontrol (low growing field crops),
chemical control, and a series of integrated weed control
measures involving mechanical plus biocontrol or chemical
plus hiocontrol methods. An integrated weed control method
involving use of melon followed by sweet potato, both of
which are low-growing crops. was not ctfective in keeping
weed infestation to @ minimum in all cropping patterns
tested (Table 30 Primextra applicd preemergence controlled
weeds the best and was second best to a permanent ground
cover provided by the melon-sweet potato treatment.,

Table 1. Yields of maize, cowpea, and cassava in intercropping
and pure cropping.

Cropping Maizee  Cowpea  Cassava LER
e kg/ha
(a) Forest Zone
Intercropping 2536 a* 85a 6870 a 1.84
Pure Cropping 3688 b 423 b 7210 a -
(b) Savanna Zonc
Intercropping 1726 a* 88 a 3432 a 2.1
Pure Cropping 1356 a 426 b 5538 b -

*Numbers followed by the same letter in v ach environment tn a column
are not significantly diflerent at the 5 percent level.

Intercropping yam with maize or with maize relay-cropped
with cassava caused up to 25 pereent reduction in yam rela-
tive to yield of the sole crop yam. Keeping yams weed free
for the first three months was necessary to minimize yield
reduction caused by weeds (Table 6). Hoe weeding three
times, growing melon and sweet potato, or using a herbicide
were equally effective in minimizing yield loss caused by
weeds. Irrespective of cropping patterns, yam yicld in weed
control treatments that fuiled to control weeds cffectively
for the first 12-16 WAP yam was significantly lower than in
the weed-free treatment,
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Table 5. Effect of cropping pattern on weed weight at crop harvest.!

D.W. of weeds (kg/ha) l\::ir:e//

Treatment Sole Yam Yam /Maize Cassava Mean
1. Weeding at 3+5 WAP ... ... ... ... ... .... 4,688 1,100 1,823 2,537
2, Weeding at 3+8 WAP ... . ... ... . ... 1,163 1,455 1,437 1,352
3. Weeding at 3+12WAP. .. .. .. ... ... ... .. 2,057 1,228 1,163 1,483
4, Weeding at 5+12WAP. .. .. ... ... ... ... 2,662 1,515 1,738 1,972
5. Weeding at 3+5+12WAP . ... ... ... ... .. 1,150 1,908 1,643 1,567
6. Melon + Weeding at 3WAP ... ... .o L, 1,810 1,823 1,925 1,853
7. Melon Iy sweet potato- -+ oL e 983 347 395 575
6. Melon + Herbicide? - .o .00 oL 1,412 1,385 1,362 1,386
9. Sweet potato + Weeding 3WAP. ... ... L. 1,162 975 435 1,237

10. Primextra 25 kg/ha PE. ... oo 0oL v 1,225 1,272 1,215 1,237

1. Weedy check - - oo 4,745 2,265 1,585 2,865

Mean. .- .o oo 2,096 1,388 1,338
LSD 005 - - oo 792

1 Weed weight at yam harvest.

2 Diuron + alachlor at 1.0+ 1.8 kg/ha PE.

Table 6. Effect of weed control method and cropping pattern on tuber yield in white Jam,

. Maize/
Tuber F.W., t/ha Yam/

Treatment Sole Yam* Maize/Yam Cassava Mean
1 Weeding at 3+5 WAP ... .. ... ... L. 21.0 16.3 17.0 18.1
2, Weeding at 3+8 WAP ... .. ... ... L 20.3 15.0 17.4 17.5
3 Weeding at 3+12 WAP. ... ... ... . L. 26.0 17.8 18.7 20.8
4 Weeding at 54+12 WAP. . . .. .. IR ISR 21.7 17.9 18.1 19,2
5. Weeding at 3+5+12WAP ... ... ... ... ... 26.3 18.0 17.1 20.5
6. Melon + Weeding at SWAP . .. ... ..o 18.9 18.4 13.7 17.0
7. Melon fy sweet potato. ++ . oL e e 23.4 16.7 17.4 19.2
8. Melon + Herbicide. - - - . ... .o L0 i 22.2 18.8 17.9 19.7
9. Sweet potato + Weeding 3WAP. .. .00 il oo 18.9 13.8 16.5 16.4

10. Primextra - . . .. ... .. L o e 24.4 17.4 15.7 19.2

1L Weed free check - - - - o oo oo i 28.6 17.7 209 22.4

12, Weedy check - - . .. oo o 22,5 17.0 17.3

Mean. . . . . ... e 22.5 17.0 17.3
LSD0.05 . .. .. e 3.5

*Yam population 10,000 plants/ha.

The effect of weed control methods and cropping pattern on
maize yicld is shown in Table 6. In each of the cropping
patterns, maize population was three-quarters that in the
sole cropped maize (40,000 plants/ha). Maize yield was
depressed in the maize/yam mixture but not in the
maize/cassava and maize/vam cassava mixtures. Unlike in
the longer-season yam, all cover crop treatments effectively
covered the ground throughout the period of maize growth,
The sweet potato teatment significantly reduced maize yield.
Similar yicld depression was noted in yam when sweet potato
was planted at the same time as yvam but not when the
sweet potato followed melon. As in vam, Primextra stood
out as a superior weed control ool for both sole cropped
and mixed cropped maize,

Nematode dynamies in intercropping. The intercropping
experiment was sampled for nematodes at preburn, postburn,
and at crop maturity at the end of the first and second grow-
g scasons, Nincteen kinds of  plaat-parasitic nematodes
were found on the plots during the four sampling periods.
The root-knot nematode juveniles (Meloidogyne spp.) were
the most abundant of the plant-parasitic nematodes. The root

60

lesion nematodes (Pratylenchus spp.), spiral nematodes
(Helicotylenchus spp.) and pin nematodes (Paratylenchus spp.)
occurred at low-population densities. The other 15 kinds of
plant-parasitic nematodes were also recorded to enable their
population trends under the conditions of the experiment to
be monitored and effects on plant-parasitic nematode popu-
lations evaluated (Table 7).

After nine years of bush fallow, the mean of 352 plant para-
sitic nematodes per liter of soil was below levels expected to
cause damage to the following crop. A significant decline in
the numbers of all kinds of nematodes occurred after burning.
At planting (29 April), 40 days after bush burning, the
numbers of plant-parasitic nematodes had doubled compared
to the preburn situation. The increase in plant-parasitic
nematodes suggests a heat stimulation in the hatch rate of
eggs of plant-parasitic nematodes. The numbers of predacious
and saprozoic nematodes had rewurned o their approximate
preburn population levels at planting time, The root-knet
nematades and the spiral nematodes followed  the general
population trend at planting. The numbers of root-knot nem-
atode juveniles ended the crop growing season at about



Table 7. Summary of plant-parasitic, predacious and saprozoic nematodes from the interdisciplinary study of traditional interziopping

spstems,*

August December
Nematode Pre-burn Post-burn At planting harvest harvest
Saprozoic « - ... 9,520 1,880 10,006 15,259 9,733
Mononchoid - - - -« Lo 95 16 74 54 31
Total parasites. - -« - ..o 352 76 705 323 210
Melowdogyne sp. juveniles . . ... .. .. e 225 53 575 280 203
Helicotvlenchus Spp.- -« -« v v o oo e o s R 3t 2 75 23 3 =
Paratylenchus spp.. - - - - - oo e C 79 14 4 9 1
Pratylenchus spp. - - - - - oo N I 0.8 3 0.2 4 .02
Trichodorus SPP. e [T ._'. IR 6 0 0.4 ) 1 ,o'li
Criconemoides Sp. -« <+ o oo 0o AT 6 0.6 1 1 0
Hoplolaimus pasarebustus - -« - - o ; .. 1 2 3 2 2
Seutellonema bradys - - - -« oo . 0.8 0 2 R 0
Xiphinema bergeri - - - - I o 0.6 0.5 2 B | S 0
Xiphinema ehriense - -+ - - - s . 0.6 0 0 20 S0
Xiphinema tfacelum -« - - -« ces s -0 0 2 . 0. ‘ -0
Xiphinema nigrmense -« -+ oo , . 0.9 0.8 1 ~ 0.7 0
Xiphmema setarae - - - -+ - - - - - I I O TR SRR 0 0 0. .0 03
Xiphinema yapoense -+ - -+« - o5 Ce el e et e 0 0 0.09 .0 -0
Heterodera sp. juveniles - .. . . . Ceee e ) feee 0 2 0 -0 0
Trophurus omperialts - - - oo o e N 0 0 0.2 0 0
Hemicvcliophora sp. -+ - o v oo v i oo P 0 0 3 0.06 0
Tylenchorhynchus sp. -« o oo Ve e . 0 0 0 0 0.06
Radopholus sp.. - - - oo 0 0 0 0 0.06

*Numbers of nematodes per liter of soil based on 108 samples

the preburn population level. The spiral nematodes and the
pin nematades declined below preburn population levels by
the end ol the growing seasons. In this first vear after clear-
ing all other plant-parasitic nematodes occurred in low or
trace numbers. Nematode collection data separated on the
basis of traditional and recommended farming practices are
given in Table 8.

Table 8 Numbers of plant-parasitic, predacious and saprozoic
nematodes recovered from soll farmed in traditional
and recommended intercropping systems. First year.”

August harvest December harvest

Tradi-  Recom- Tradi-  Recom-
Nematodes tional mended tional  mended
Saprozoic 15,806 14,717 96825 9,611
Predacious 54 55 33 30
Total parasites 266 375 91 329
Melntodogyne spp. 217 343 86 321
Helicotylenchus spp. 30 12 1 5
Pratylenchus spp. 8 0.4 0.3 0.1
Paratylenchus spp + 14 0.4 1.7
Trichodorus spp. 1.4 0.5 0.1 0.1
Hoplolaimus pararobustus 1.2 3 3 1.6

*Numbers of nematodes pev liter of soil based on 54 samples of 294
em’ of soil carh.

Saprozoic nematode populations were unaffected by cultural
methods as were the predacious nematodes. The mean num-
bers of all plant-parasitic nematodes were lower under tra-
ditional mecthods of farming than under the recommended
methods used.

Insect incidence in maize/cowpea intercropping. Trials in
1976 showed no influence of intercropping cowpea on the
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of 204 em? of soil each.

pest complex of maize. Research in 1977 was thus concen-
trated on the insect fauna associated with cowpea as the crop
of interest in the intercrop. To enable realistic comparisons
to be made on the insect fauna associated with the cowpea,
the first season tial in 1977 involved monocrop and inter-
cropped cowpea grown under insecticide protection to deter-
mine the extent of vield depression due o these factors, and
control plots where no insecticide was applied.

Effects of the crop mixture on inscet populations, In work
conducted during 1976 the numbers of thrips, Megalurothnips
gustedt, in cowpea Howers from mixed plots were less than
those from sole plots. Fewer thrips were also recovered from
wiater traps at cowpea cinopy height in mixed plots, This
phenomenon was felt to be potentially imiportant as a means
of conferring protection on cowpea through a mixed cropping
sttuation and way further investigated in 1977, Flower sam-
ples were taken four times from untreated plots and twice
from plots treated with insecticide. Noo Megalurothrips were
recorded from the latter.

As in the previous scason, consistently more thrips were
found in flowers from sole plots, the differences being highly
significant on two occasions (Table 9). Toward peak flower-
ing, which occurred about 70 DAP, thrips populations were
also higher in sole plots. Suction trap catches summed over
the growing scason are shown in Table 10. Numbers of

Table 9. Catches of Mrgalurothrips sjostedit at two heights in
three cropping situations. Totals from 10 sampling oc-

casions.
Trap Sole crop Maize/cowpea Sole crop
height maize intercrop cowpea
0.5 m 92 a 620 b M5¢
20 m 99 a 214 b 88 ¢
P 0.005



thrips remained low until flowering commenced at 40 DAP,
when a marked increase occurred for both sole and mixed
plots.

Table 10, Megalurothrips sjostedti from DVac samples in two
cropping systems, Mean number per 100 Plants + SE,

Maize/cowpea Sole crop

DAP intercrop cowpea

24 122+ 32 56% 1.0
38 L7+ 61 26.1 % 6.1
55 660.6 £ 136.5 753.4 £129.0
66 162.2%107.1 747.2 % 746

Catches were substantially higher at both heights in the in-
tercrop. This is somewhat at variance with other data and
the difference may be associated with the indirect nature of
the sampling technique, the size of the catch depending on
the numbers of insects active within the effective radius of
the trap. Thus, if activity is favored by the intercrop situ-
ation, perhaps in association with microclimatic cffects, a
higher proportion of the population may be susceptible to
trapping desprte a lower absoluts population density. Alter-
natively the presence of the cereal may limit dispersal of
adults and thereby increase aerial population density over
the cowpea canopy. DVac sampling showed that populations
of the foliage thrips, Sericothrips ocapitalis, were unaflected
by the cropping system  though higher numbers were re-
covered from sole than intercropped cowpea on three out of
four sampling occasions. A similar effect to that observed for
Megalurothrips occurred in suction trap catches where a greater
than fourfold increase in the number of Sertcathrips was re-
corded in mixed plots compared to sole cowpea between 40
and 50 DAP. A range of other thrips including Galiothrips
umpuras, Scirtothrips sp., Frankliniella schultzei, and Haplothrips
sp. were abundant in suction trap samples though their pest
status in the present context is uncertain.

Throughout the flowering period there were no differences
in the incidence of Maruca larvae attributable to the crop-
ping mixture in cither pesticide treated or untreated situ-
ations, though there was a suggestion that the pesticide was
more cffective in the intercrop (Table 11).

Table 11. Maruca testulalis larvae Jrom flower samples. Mean
no. per 25 flowers,

Untreated cowpea Treated cowpea

Intercropped Sole Intercropped  Sole

DAP  with maize crop with maize crop
49 16.2+2.3 13.7+2.0 8312 11.0%35
58 #4.0x08 8.3%20 103£27 137413
73 10.8+2.3 11.3+1.2 * -

86 2710 35%1.0 * *

*No flowers available for sampling,
. §

Data from 1976 showed that for Acanthomyta tomentosicollis at
61 DAP, when maximum number occurred, population den-
sity in sole cowpea was significantly higher at 13.93.1 per
100 plants than in the intercrop, where 5.5+1.8 were re-
corded. The intercrop figure is hased on ali types of plants,
However, though incidence on cowpea only in this situation
was also lower at 8.3 2.8 per 100 plants the higher incidence
on maize in the intercrop than sole maize made potential

invasion or pest pressure per host plant virtually the same.
A similar picture emerged for Acanthomyia horvida, where inci-
dence on sole cowpea was significantly greater than on mixed
cowpea at 57 DAP although when the total plot population
is considered in relation to food resources there is no differ
ence between the two situations. These data underliae the
importance of considering the contest of the crop. because
observations on cowpea alone would have been misleading. In
the first season of 1977 Riplorius dentifes was the dominant
pod-sucking bug with maximum numbers recorded ar 50
DAP. Populations in mixed and sole plots were very similar
at 93223 and 10.3£2.2 per 100 plants respectively produc-
ing a correspondingly higher pest pressure on the cowpea in
the mixture. This in turn, can be demonstrated by relating
numbers recorded 10 specific feeding sites, probably the most
meaningful measure of pest incidence, at 61 DAP. For mixed
cowpea the infestation level was 5.6 1.1 inscets per 100 pods
compared to 3.0£0.6 in sole plots.

Populations of Qutheca mutabilis showed a response 1o cropping
situation with lower numbers (p. 0.03) on mixed cowpea than
on sole crop cowpea at 37 DAP, although populations were
low, being only 2.6+0.8 per 100 plants even in the latter
treatment.

Empuasca can be an important pest of cowpea and DVace
data from the sccond growing scason of 1976 suggested that
populations were reduced by intercropping. Corresponding
data for the first season of 1977 are given in Table 12 and
show that from 55 DAP sole cowpea again supported higher
leafhopper populations, the difference being significant at 66
DAP.

Table 12. Empoasca populations estimated from DVac sampling.
Mean no. per cowpea plant + SE.

Maize/cowpea Sole crop
DAP intercrop cowpea
24 0.30+0.08 a 0.35+0.07 a
38 1.28£0.16 a 0.95+£0.24 a
55 256£0.65 a 3.90%0.27 a
66 2784044 a 5.17+0.84 b

P 005

Relative yields of monocrop and intercrop with and without
pesticide protection. The insecticide regime employed' was
highly effective against the majority of insect pests, all groups
being virtually absent from treated plots with the notable
exception of Maruca. Despite early evening applications of
Gammalin, reported as being effective against the larvae
during migration to new feeding sites on the plant, there
were no significant differences between treated and un-
treated plots. The major effect of the pesticide was thus the
elimination of AMegalurothrips and  Riptortus, the two other
major pests in this scason. Yields from the different treac
ments are shown in Table 13. Comparison of vields from
treated wole and intercrop shows that cowpea vield is reduced
by approximately 45 percent due to competition from the
cereal under conditions of minimal inscct damage. Without
pesticide, cowpea yields are neglicible in both situations
though muxed plots yield 18 times more seed than sole plots,

1 Carbofuran at planting (10 mg i, per plant) followeed by alter-
nate spraying of cowpea at fowr-day intervals after flowering with
Nuvacron and Gammalin at 0.5 k. a.i./ha and a further applica-
tion of Carbofuran to the maize at 40 DAP.
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This is not a viable agronomic practice, particolarly with
the significant reduction in maize yvield, but the principle of
protection of the legume by its presence in a cereal intercrop
is clearly demonstrated, and the potential exists for exploita-
tion of this phenomenon, using low pesticide input for
maize/cowpea intercrops.

Table 13, Effect of pesticide on sole and intercropped maize and
cowpea. Grain yield kg/ha.

Sole crop

Unureated

2580 £ 180 a
0.06 £0.05 a

Plant type

Maize (TZB)
Cowpea (Ife Brown)

760+ 28 b

Intercrop

Treated

Untreated

1710+170 b 1410£120 b
L1 #0410’ M2 £ 9lc

Maize (TZB)
Cowpea (Ife Brown)

Different letters denote difference significant at pr 0.01.

Hymenoptera are important as agents of biological control
and attempts have been made 1o monitor the effects of inter-
cropping on parasite populations. This work has been ham-
pered by the extreme diversity of the fauna and taxonomic

difficulties encountered. Approximately 150 species of

Hymenoptera have so far been identified, many of which
occur sporadically and in low numbers and livde is known
of their host agsociations or other functions within the ¢rop
ccosystem. The only data presentdy available aie from suction
trapping, summarized for the more important and abundant
superfamilies of parasites in Table 1L

Table 14 Catches of parasitic Hymenoptera at two heights in
three cropping situations. Totals from seven sampling
occastons.

Trap Sole crop Maize/cowpea Sole crop

Superfamily height  maize ntercrop cowpea
Bethyloidea 0.5 m 59 a 89 b 5t a
2.0 m 27 a 32a 12 a
Iohneumonviden 0.5 m 3 a 67 b 69 b
20m 25 a 35 a 34 a
Proctotrupoidea 0.5m 1092 a 1365 b 1024 a
2.0 m 408 b 516 a 148 a
Cynipoidea 05 m 35a 74 b 56 ab
20m 13a 19 a 8 a
Chalcidoidea 0.5 m 975 a 1757 b 1118 a
20m 406 a 458 a 276 a
Total 05m 2196 a 3352 b 2321 a
2.0 m 842 a 452 a 276 a
P 0.05

The most abundant species were those belonging to the
Proctotrupoidea and Chalcidoidea, both predominantly para-
sitic on immature stages of other insects. There were no
significant differences between the two sole crops at cither
height when overall activity of parasitic Hymenoptera is
considered, though catches from both were significantly lower
than from the mixed crop at 0.5 m. Thus conditions within
the intercrop favor the activity of the major parasitic groups.
Although no differences between the sole crops are apparent
when broad groupings are considered it is likely that as more
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detailed data are generated species compositt a will be shown
to vary considerably since many hymenopterans have high
host specificicy,

The effect of cropping pattern on pest incidence. To test
whether reduced thrips invasion of cowpea flowers in the
intercrop was directly related to a shielding eflect irom the
maize, a second-scason trial was established to compare pop-
ulations in inter- and intra-row mixtures of the two crops.
In the latter situation the cowpea is more shiclded and any
concealment effect maximized. A third teatment inwhich the
inter-row mixture was surrounded by sole maize guard rows
was added to examine effects on lateral invasion. Data for
Hower invasion are shown in Table 15,

Table 15. Megalwothrips sjostedti from cowpea flowers in two

intercropping patterns, Mean numbers per flower +SE.

Inter-row Inter-row with Inter -row
DAP mixture maize border mixture
58 JH 2149 a 149+ 44 a 272+ 38a
65 299+ 3.8 a 21522 a 51.9+16.2 b
75 336+ 6.6 a 30658 a 634+ 47Db

P 001
Stenificantly higher numbers of Megalurothiips were found in
flowvers from the intra-row mixture at 63 and 75 DAP. Flower
production in these plots was also greater, though no sig-
ntficant correlation between level of invasion and flower den-
sity exists. A similar trend was apparent in suction trap
catches with larger numbers recovered from the intra-row
situation, though the difference was not statistically signif-
icant. DVac samples at 64 DAP also influence higher num-
bers of Megahoathrips in intra-row plots (0.03): it is therefore
concluded that the more extreme cover situation {avors the
build up of populations of this insect. No treatment effect
on Serteathrps was observed. No sole crop cowpea was culti-
vated on the site and comparisons with a situation in which
a maize canopy s absent are not possible. Another pest ap-
parenty favored by the intrasrow mixture was (0 mutabilis
with populations in this treatment of 129 215 per 100
plants compared to 5.8 210 in inter-row plots. This signif-
icantly higher population is ditlicult 1o explain since the data
were obtained at 19 DAP, when horizontal rather than verti-
cal structure of the cropping svstem is likely to be more
lmportant,

The response of Homoptera to different cropping patterns
was variable. Empoasca populations rose to 10.7 0.8 insects
per plant at 64 DAP in the intra-row planting, significantly
more than in cither of the other treatments. Total cicadelids
followed the same trend though at 50 DAP there were sig-
nificantly more Ciradulina on cowpea in the inter-row mixture
and the same was true for derbids and delphacids.

Yields from both crops in all treatments were low, partly
duc to the shortness of the growing season, and no significant
treatment differences were demonstrated.

Effects of pre- and post-flowering insecticide protection. An,
experiment was conducted in the second season to determine
at which stage of growth the protective effect of the crop
mixture was expressed. This was accomplished using three
insecticide regimes to give pre-flowering protection only using
Carbofuran, post-flowering protection with Nuvacron and
Gammalin sprayed alternately after flowering and full protec-
tion using the combined regimes. The principal pre-flowering



damage was caused by thrips and the treatment in which
no protection was given during this period had a significantly
higher (p. 0.05) damage rating than those in which Carbo.
furan was applied. This was associated with increased popu-
lations of Sericothrips vccipitalis.

Numbers of Megalurothrips were low and unaffected by the
treatment at this stage though after flowering they increased
markedly in unsprayed plots to 23.6%6,0 per plant compared
to L2x0.5 in those sprayed with Nuvacron and Gammalin,
A similar situation was apparent in flowers. At 65 DAP
those from the preflowering treatment contained 63.8 % 10.4
thrips per flower compared to sprayed treatments with
0.6x0.2. Obscrvations were made on Maruca populations
from the same sampling which took place at peak flowering,
Significantly more larvae were recovered from flowers on
plants which had been sprayed than those which had re-
ceived only Carbofuran at planting. A higher flower produc-
tion, resulting in increased attractiveness of the crop for
oviposition, may provide an explanation for this phenom-
enon. The flower density at 65 DAP was significantly higher
in the pre- and post-flowering protection treatment than in
cither of the others which were similar at this stage and both
had about the same flower production over the flowering
period. However, the pattern of production was different,
with plants receiving post-flowering protection showing peak
flowering at 62 DAP while those which received only pre-
flowering protection did so at 72 DAP.

Carbofuran had relatively little effect on most Homoptera
though populations were significanty reduced at 50 and
64 DAP in plots treated with Gammalin and Nuvacron,
there being no significant diflerence between post-flowering
and total protection treatments. An exception to this general-
ization was provided by Cicadulina (Table 16). In this case
Carbofuran appears 1o suppress early population development
and even at 64 DAP numbers remain lower than in plots
sprayed only with Gammalin and Nuvacron, which scem to
have no significant effect. This information is of interest be-
cause Cicadu lina is a vetor of maize streak virus. The maize
was untreated and because population development was af-
fected by Carbofuran, cowpea therefore, apparently serves an
alternative food source for the insect; this observation may
have important implications for maize/cowpea intercropping.

Table 16. Populations of Cicadulina mbila and C triangula on
intercropped cowpea under three insecticide regimes.
Mean no. per 100 plants.

Pre-flowering  Post-Aowering Pre-and post-flowering

DAP protection protection protection
26 22% 1.ta 33 1.9 a 33x19a
50 244+ 48a 5L1%106b 16.7x69a
64 266x107a 633%139b 144+ 4.0 a
P 0.05

Sole crop based studies

Yam production — staking. Staking to support the vines of
yam is one of the most expensive and time consuming prae-
tices in the management of the crop and is often suggested
as a reason for the decline in yam production. When fallow
periods are reduced to two or three years, natural regen-
cration scldom produces the types of shrub or tree growth
capable of providing desirable stakes. Lencaena leucocephala
(a tree-type legume) is a species which produces stakes and
may be cither cut or used i situ. It is suitable for supporting
yam in 9 to 12 months in climates similar to that of 1ITA,
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An 18-month-old plantation of Leucaena (150 ¢ x 50 cm)
was used to evaluate six methods (Table 17) of using its
stem as support for yam vines. Method F gave highest yields;
however, its superiority 1o B was due to the higher plant
population. Method I was significantly better than A, G, D,
or E. This superiority was ascribed to talier vine height and
better leaf area distribution. The similarity in vield of A, D
and I suggests that the conventional method of staking yam
can be substituted by placing smaller untrimmed branches
on the soil surface. In sit support with live trees was as
good as conventional staking when the trees were kept pruned
(E) but unpruned live trees (C) significantly reduced vield by
competing for light, nutrients and moisture. Shading ap-
peared the most significant cause of the low vield of C but
no direct relationship between light penetration and yield
was established.

Weed control in yams. The growth habit of yam (Dioscoren
spp.) and its inability to completely shade the ground mazkes
it very susceptible to weed competition. Uncontrolled weed
growth caused above 65 percent reduction in yield of white
yam (D. rotundata .. cv. Nwaipoko) in experiments conducted
at HTA in 1977,

Table 17. Effect of method of supporting yam vine on light
penetrations, vine height and yield.

Light Vine
Method of support penetration  height  Yield
% cm  ton/ha

A Conventional staking 98 214 20.7
B Killed in situ stems of Leucaena 87 346 30.5
C Live unpruned in sive

stems of Leucaena 30 363 2.8
D Horizontally placed untrimmed

branches of Leucaena 99 ~ 19.5
E Live pruned stems of Leucaena 96 216 20.6
F Same as B with doubled

yam population 78 425 39.7

Handweeding three times or a pre-emergence application of
a mixture of fluometuron plus metolachlor at 2.0+ 2.0 kg
ai/ha gave similar vields to weed-frec plots.

Diuron which is used in some parts of the tropics as a stan-
dard herbicide for weed control in yam was inferior to
fluometuron and metolachlor mixture in both total weed
control and vam tuber vield. A weed competition study de-
signed to identify the critical time of weed removal and
frequency of hoe weeding in white vam showed that when
weeds were not removed during the first three months of
growth, they resulted in about 30 percent reduction in yield
when compared to the weed-free control. When yam plots
were not weeded for the first four months vield loss was
identical to those that were not weeded at all (Table 18).
Similarly, keeping yam weed free for the first four months
was identical o the weed-free treatments. At least four weed-
ings at one monthly interval during the first four months
of yam establishment were found to be necessary to mini-
mize vield loss due to weeds.

Yam scedling susceptibility and damage by root-knot nema-
tode. In a cooperative project with the Institute’s Root and
Tuber Improvement Program, true yam seed from four
breeding families (Dioscorca dumetorum (W5HL2), D. prachensilis
(W513) and two of D. retundata (W501, W51 1) were evaluated



Tablo 18.

Effect of time of weed removal and frequency of weed-
ing on yam tuber yield (1IT4, 1977).
Average Average
weed dry tuber Yield as
weight vieid Lol weed

Treatments kg/ha t/ha free
Weed free 0 WAP

then weedy 1690 15.86 53.9
Weed free 4+ WAP

then weedy 1457 19.22 67.8
Weed frec 8 WAP

then weedy 1830 21.34 75.2
Weed free 12 WAP

then weedy 1277 22.19 78.2
Weed (ree 16 WAP

then weedy 1145 26.21 92,4
Weedy for (0 WAP

then weed free 0 20.3¢ 100.0
Weedy for 4+ WAP

then weed free 0 29.65 104.5
Weedy for § WAP

then weed free 0 25.00 88.2
Weedy for 12 WAP

then weed free 0 20.34 71.7
Weedy for 16 WAP

then weed free 0 16.99 50.9
Weed at

3+8 WAP 1553 21,27 75.0
Weed at ’

3+8+12 WAP 1233 27.74 80.2
Weed at

3+8+16 WAP 1294 22.52 79.4
Weed at

3+8+12+16 WAP 1262 27.83 98.1

to determine the degree of genctic variability within seed
families in relation to susceptibility or resistance to root-knot
nematode and to estimate damage to yvam plants due to
root-knot nematode atrack. '

D, dumetorum was found o be resistant to root-knot nematode
attack. Two plants showed light infections on the roots, and
eggs were recovered from one plant only. No gall develop-
ment was seen on the whers. The mean weights of roots and
tubers between treatments were not significantdy different.

D. prachensilis, in general, was highly susceptible in both
roots and tubers. Mean root weizht tended 10 increase with
higher inoculum levels. Mean tuber weight was not signif-
icandy different from the control mean weivht, The two
breeding families of 1. retundaia were susceptible in both
roots and tubers. In the breeding family W30 there was a
mean increase in root ana tuber weighi over the noninocu-
lated conwrol treatment. Breeding family WOl had a mean
root weight less than the control and o =mean wther weight
increase over the control (Table 19).

Plantain as an intercrop. Tn most indigenous cropping sys-
tems in which plantain is grown, intercropping is practiced
with such food crops as cocoyam, cassava, maize and sweet
potato. However. despite the popularity ol intercropping
plantain, efforts to increase plantain productivity have
been confined largely to pure cropping systems. In order to
determine the etfects of intercrops on plantain yield and their
contribution to the total food production an experiment was
conducted with plantain sole and intercropped with: coco-
yam, maize and cassava.
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Out of II'TAS 119 plantain accessions, 33 cultivars have
been identificd from which thrze seem to have higher yvield
potential than the popular Aghagha.

Table 19. Dioscorea rotundata seedling attack by the root-knot
nematode, Meloidogyne incognita, in a 131-day green-
house trial.* Family W501.

Inoculum R-K R-K
cggs/  Root wt. Tuber wto index index
plant ¢ g roots** tubers**  Egg count
0 2.02 57 1.00 1.00 0
500 348 36.17 1.58 1.83 0
1.000 65.80 36.32 2,35 1.73 0
2,000 570 20.18 2.82 1.67 0
4,000 443 37.43 217 2.83 0
8,000 375 23.83 120 2.62 7
16,000 3.10 32.55 3.33 3,40 533
32,000 5.50 24.70 +40 145 95
Grand
3.35 30.72 2.50 91

mean

“Means of sic replicates of one plant cach m a [2-om pol.
**Root-knol tndex: | — no galling, 5 ~ maximum galling.

Tabl: 20. Yields of plantain and other food crops (t/ha) in four
intercropping systems.

Treatment
1 2 3 4
Plantain spacing (m) 2.5x2.5 Ix2 3x2 6x2
Plantain 15.6 15.7 16.8 8.8
Cocoyam - 2.96 - -
Maize - - 2,94 3.35
Cassava - - 258 10.24

Intercropping did not significantly affect plantain yields
(Table 20) at the high-population densitics, the lower plan-
tain yield in treatment 4 is attributed to the low population
density.

There were marked differences in labor requirement for weed
control within the four treatments, The use of herbicides in
sole plantain kept the man days per hectare relatively low;
intercropping with zocoyam also effectively suppressed most



Table 21. Plantain intercropping: input-output balance US (8/ha)

Treatments
— ) o 1 2 3 4
a. Outputs
Plantain 20§93/ .00 $3770 $3780 $4060 $2195
Cocoyan @ 893/t ... .. e - 715 - -
Maize @ $200/c oo o L N - - 588 670
Cassava (@ $40/0 .o oL L P - - 105 410
Vegetable propagating
materials e e e e 100 160 170 120
Total cash revenue - oo Lo L . $3870 84655 $4923 $3325
b. ln_puls .
Labor @ $4/day oo $765 81065 $1540 81390
Seeds, sucker, ete. ..o L Ve ey 100 160 180 140
Tools e e 65 40 65 65
Fertilizer and pesticides - - - . . . s . ‘ 440 340 510 340
Supporting stake
@ $0.15 each 150 150 150 80
Irrigation 670 670 670 670
_‘.‘QE‘}I_C.‘!EIJ_LL’PE .......................... $2190 $2325 #3115 $2675
Gross margin. . ... oL L $1680 $2330 $1808 $ 750
Table 22. Muin features of three promising accessions and the popular cultivar.
Cultivar and accession #
Ogoni Ishiokpo Orishele Agbagba
Features 76-13 76-11 75-56 (local check)
Pscudostem color . . ... ... ... ... ... ... red red red green
Pseudostem size . . .. ... .. large medium medium medium
Months to harvest .. ... ....... ... ... 13 11 11 it
Numberof fruits - - . ....... ... ... .. 61-72 49-59 50-59 30-45
Bunch weight/kg - ... ... ..o L 22 19 29 ) 16

wecds. The other intercrops were not good weed suppressors
and weeding accounted for the dominant labor use.

Aggregate production of food crops was generally higher with
intercropping than with pure cropping, ond plantain/cocoyam
and plantain/maize/cassava at close spacing intercropping
had higher cash return than the pure stand plantain (Table
21). Reducing the plantain density resulted in reduction of
income as increased viell from the lower-priced maize and
cassava did not compensate for the reduction in plantain
vields. Thus, where cash income is the goal, the feasible
plantain intererops are cocovam and maize /cassava with high
plantain density,

Collection and selection

During the year the number of plantain accessions reached
9. Thirty-three cultivars were identified, 19 were horn type
and 14 Freneh wvpe plantain. Data from horn type cultivars
indicate that at least three new accessions may have higher
potential than the popular Agbagba (Table 22)

Pest management, sole cropping

Studics in weed management

Maize. A formulated mixture of atrazine plus metolachlor
(Primextra) identificd in previous vears' studies as an effec-
tive preemergence herbicide for weed control in maize at

2.5 kg a.i./ha continued to give good weed control 2nd maize
yield (Table 23). Weeds not controlled by this mixture ‘were
Cominelina benghalensis L. and Talinum triangulare Willd. from
old root stock. A formulated mixture of atrazine plus alachlor
at a comparable rate was as good as the standard herbicide
in the firstseason maize trizl. Penoxalin at 2.() kg/ha was
the only herbicide that controlled Rotthoellia exaltata, a serious
weed in tropical crops.

An unexpectedly prolonged drey spell after application of
precmergence herbicides in maize often results in poor subse-
quent weed control. It is thus appropriate to identity suitable
postemergence herbicides for use in maize for situations
where the preemergence herbicide has failed. Herbicides
evaluated tor postemergence weed control in bath first and
second season trials wave fair to poor weed control (Table
23). The most prevalent weeds in the weedy plots were
Rottboctlia exaltata, Brachiaria lata, Talinem tangutare, Euphnrbia
heterophylla, and Commelina henghalrnsis.,

Rice. Herbicides that gave promising weed control under
poor water management conditions in 1976 direct-seeded
lowland rice trials were avain evaluated in 1977, Several
herbicides ncluding thiobencarly and propanil (3.6 ke/ha)
and monilate (3 kg/ha) were less effective in controlling
weeds when water contral was poor. Yields in plots treated
with these herbicides were significantly lower than weed-free
plots and were not included in results reported in Table 24,
Weed was controlled best in plots treated preemergence
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with oxadiazon at 1.5 kg/ha. Other herbicides that were as
effective, when used singly as standard formulated mixtures,
including preemergence application of bifenox at 2.0 kg/ha
and postemergence applications of bentazon and cyperquat.
Inclusion of silvex as a tank mix in a mixture of thiobencarb
and propanil improved the control of sedges. Similarly, the
inclusion of 2. 1D abmine av a tank mix with evperquat
improved control of broud-leaved weeds.

Without good water control, a condition characteristic of
most farmers’ rice ficlds, uncontolled weed growth caused
more than 60 pereent reduction in vield of direct seeded
lowiand rice. Weeds present in the untreated plots include
Cyperus difformis L., Proreus spp.. Kyllinga spp.. Sphenoclea zey-
lancia Gacrun., Eoluaochlon cofonwn (L) Link, Cononelina spp.
and Monochoria vagmalis. Sphenocloa zevlanice was not well con-
trolled by most of the herbicides evaluated. An exception
to this was tank mixture of flucrodifen plus propanilk.

Table 23. Weed control in maize (cv. TZB). First season, 1977,

Cowpea. Fluorodifen at 3.5 kg/ha or metolachlor at 2.5 kg/ha
applied preemergence gave good control of a wide range of
annual weeds in both first- and second-season trials in cow-
pea. These herbicides were also well tolerated by the crop
(Table 25). Although none of the herbicides tested was ef-
fective against wild poinsettia (Euphotbia heterophylla) a tank
mix of metolachlor plus metribuzin suppressed the infestatien
of this weed long enough to minimize vield reduction in
\‘l)\\'[)(’.l.

Wild poinsettia is o rapidly growing annual broad-leaved
weed which if not controtled, completely shades cowpea with-
in six weeks of planting. Stand densities of 150 wild  poin-
settia plants‘m? have been observed under normal field
conditions.

A pure stand of only 10 wild poinsettia plants/m? has been
found to reduce vield of semi-prostrate and erect cowpea
cultivars by 25 percent and 33 percent respectively, When

Weed control Grain

Rate broadleaves grasses yield

Treatment (kg/ha) Time Ist nd 1st 2nd (kg/ha)
1. Primextra . . . . . ... .. 2.5 PE 87 76 76 56 4437
2. Pendimethalin . . . ... oo oo oo 2.0 PE 61 16 100 100 4660
3. Metholachlor . . .. .. ... oo 2.0 PE 83 67 92 73 4578
4. Atrazine/alachlor G - . . ..o a0 3.0 PE 86 79 84 65 4304

5. Atrazine/alachlor
(Howabley. - ..o oo oo r 2.4 PE 81 53 65 35 5297
6. Atrazine/alachlor '

(Aowable). 30 PE 82 63 79 65 4120

7. Bentazon - . - 2.0 Post E 65 43 2 0. 2858
8 Candex. - . ... ... ... 0 0oLl 1.5 Post E 63 50 74 47 3844
9. Weed free check . . .o oo 0 Vo 0h oL T - Weekly 100 100 100 100 4448
10. Weedy check -« - oo a0 - - 0 0 0 0 3572
LSD 0.05 - . . 0 o e . 1085
CV. 20.4%

Weed rating at 44 and 72 DAT.
Post emergence treatnents applied 17 DAP.

Table 24. Weed control in direct seeded lowland rice (cv. BG 90-2) under poor water managcment conditions, (IITA, 1977.)

D.W, Paddy
Rate weeds yield

Treatment (kg/ha) Time? (kg/ha) (kg/ha).
1. Thiobencarb + propanil .. ........ . P 1.2+2.2 7 DAP 36.3 4787
2 Tamarice T ... ... o oo o e 100 L 14 DAP 114.3 4957
3. Propanil + MCPA . . ... ... . oo 100 L 14 DADP 283.6 4877
4. Molinate 10G. .. . ... o RN 3.0 14 DAP 397.6 4576
5. AVIrosan - « - - . oo e o A 2.5 PE 55.6 4148
6. Oxadiazon - . . . ... 0 o0 e e a e 1.5 PE 37.3 4582
7. Bifenox. . . ..o e e 2.0 PE 84.3 4419
8. 2, 4-D Granular - . . . .- oL oue s ey 1.0 21 DAP 132.3 4406
9. Bentazon .. .. ..o oy B T 3.0 14 DAP 158.0 4312
10. Cyperquat. « - -« oo oo e v e e e 2.5 28 DAP 98.3 4476
11 Cyperquat + 2, 4D amine. . . .. .. ... . s 1.54+0.5 28 DAP 67.0 4382
12. Fluorodifen + propanil - .. ... ... ..., . 1.5+2.0 21 DAP 292.3 3855
13. Hand weeding - - - - -+ - oo o oo v el - 7+ 35 DAP 325.3 3706
11 Weed free - - - o o o 0 o o o e e e - - 0 4749
15, Weedycheck - - - oo - - 741.6 1827
LSD 0.05 - - oo e - - 1458

1. Trade name for formulated mixture of Thiobencarb + Propanil + Silvex.
2. DAP = days after planting. PE = preemergence.
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Table 25. Effect of herbicides on weed control and crop yield in cowpea (cv. VITA-5) second seascn, 1977.

Weed control

Broad leaves Grasses

Treatment Rate Time Ist  2nd ist  2nd Grain yield
1. Metolachlor. . ... ... e e e e el 3.0 PE 83 73 93 89 683
2. Metolachlor + metribuzin - - .. .. ... ... 1.5+0.25 PE 83 76 87 74 709
3. Pendimethalin . .. ... .. e el 2.0 PE 66 80 92 63 619
4. Pendimethalin + metribuzin. . . ... . . RN 2.0+0.25 PE 81 68 83 77 660
5 CDEC ... ......... e 8.0 34 17 19 19 455
6. DCPA . ... ... .. ... ... i .. 10.0 26 8 87 88 685
7. Flucodifen - . ... ... e Ci e 3.0 78 51 91 90 619
8. Hoe weeding . . .. .. ... .. R - 14+28 DAE 98 94 95 96 844
9, chd frce ............. e e e e e e e - chkly 100 100 100 100 883
10. chdy ................. e e e . - - 0 0 0 0 336
LSD 0.05 ....... e Ce 169

CV . R 20.4%

Weed rating at 27 and 60 days after treatment.

the population was increased to 80 plants/m? cowpea yield
reduction of 68 percent and 75 percent respectively were
noted in the semi-prostrate and erect cowpea cultivars. Only
the wild poinsettia scedlings that established within 20 days
of planting cowpea significantly reduced cowpea yield rela-
tive to weed-free plots. This implies that effective control
measures will require keeping cowpea free of wild poinsettia
within the first 30 days of establishment to minimize com-
petition with the crop.

The tolerance of cowpea cultivars to selected herbicides was
also evaluated in 1977. The cowpea cultivars tested were
more tolerant of metolachlor and pendimethalin than of
alachlor. VITA-5 was more susceptible to alachlor than other
cultivars tested. Pendimethalin at 2.5 ke a.i./ha caused stand
reduction in VITA-4.

Soybean. Fluorodifen at 3.5 kg/ha or metolachlor at 2.5
kg/ha applied preemergence gave good weed control and high
grain vyield in soybean. Preemergence herbicide ‘mixtures
which also combined excellent weed control with good crop
yield were metolachlor plus metribuzin, metolachlor plus
metobromuron and metolachlor plus chlorbromuron. These
mixtures were superior in crop yield and weed control to
mixtures involving alachlor or pendimethalin. The latter
herbicide was toxic o soybean,

Cassava. A weed contro! study was carried out in cassava
in a field fallowed for one year prior to the study. Weeds
when not controlled caused a yield reduction of 64 percent
relative to cassava plots that were kept weed free until har-
vest. Two or three properly timed weedings were as effective
in controlling weeds as when the cassava was kept weed
free throughout the growing season. Preemergence applica-
tions of fluometuron at 2.0 and 3.0 kg/ha, diuron at 2.0
kg/ha and a formulated mixture of atrazine and metolachior
at 2.5 kg/ha gave cassava yiclds that were similar to the
weed-free treatments.

Cover and conservation crops

Fallow legumes. Besides nutrient regeneration and rebuilding
of soil physical properties, fallow legumes are useful in pro-
viding conditions favorable to certain crops and cropping
systems. These fallow species can compete favorably with
undesirable fallow species — for example, against Imperata
olindrica, a noxious weed in the derived savanna zones of
West and Central Africa.
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Four legumes, Stylosanthes guianensis, Pueraria phoseoloides, Cen-
trosema pubescens and Psophocarpus palustris, are being evaluated
as fallow species in areas where I cylindrica is a dominant
weed. At the end of the first year, legumes planted through
established fmperata were rated in a descending order of es-
tablishinent: Stylosanthes, Pueraria, Psophocarpus and last, Cen-
trosema. Absence of appropriate strains of rhizebium bacteria
appeared 1o be responsible for poor establishment of the lat-
ter two legumes. Suppressing Imperata with paraquat was not
necessary for good establishment of S, guianensis and P. preaseo-

loides.

Fallow shrubs and trees. In addition to Leucaena leucocephala,
certain species are being cvaluated for use in specialized
fallow e.g., providing in-situ support for climbing crops. Those
being evaluated in replicated plots include Aciva bateri,
Glyricidia sepium, Tephrosta sp. and Cajanus cajan.

Mulches as modifiers to populations of plant-parasitic nema-
todes. A long-term trial is being conducted at IITA to
evaluate the effect of selected plant residues on soil micro-
flora and micro-fauna as sources of plant nutrient and the
yields of maize, cassava, cowpea and soybean.

After the third year of the trial the spread of plant-parasitic
nematodes above and below the mean of the unmulched
control plots was within the range of the previous two years.
Changes in nematode populations under the various mulch
treatments were mixed. Soil populations of plant-parasitic
nematodes were generally consistent under soybean tops, rice
straw, maize cobs, cassava stems and pigeoo pea stems in
relation to the control plots (Table 26). In plots mulched
with mixed twigs, Pennisetum straw, pigeon pea tops, rice
husks, oil palm leaves, black plastic and fine gravel, the pre-
viously observed decline in nematode numbers continued.
Sawdust, typha straw, Panicum straw, elephant grass straw,
Andropogon straw, bean husks, maize stover, Eupatorium
tops and clear plastic mulches showed a mixed response in
nematode numbers.

The mean numbers of all plant-parasitic nematodes were
greater than the previous two years and higher than the
preplant mean. Maize had the highest numbers of nematodes
followed by soybean, cowpea and cassava in that order. The
numbers of nonplant-parasitic nematodes remained under
the preplant mcan for 2!l crops. Populations under soybean,
maize and cowpea were simiiar to the first year of crops while
population under cassava declined to one-third. The root
lesion nevaatodes (Pretylenchus selfaensis, P. brachyurus) con-
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tinued to be the most abundant of the plant-parasitic nema-
todes with the greatest buildup on maize. The spiral
nematodes (Helicotylenchus  pseudorobustus, I cavenessi) were
most abundant on sovbean, cassava and maize with small
numbers being associated with cowpea. Cowpea had the
greatest number of root-knot nematode juveniles (Meloidogyne
tneognita) in the vhizosphere with population numbers being
maintained under maize and cassavitand none being recovered
from soils associated with sovbean, The pin nematodes (Paraty-
lenchuy spp.) were oceasionally found associated with sovbean
roots with an overall mean for all treatments of 197 nema-
todes per liter of soil. Trace numbers of the ring nematode
(Criconemordes sp.y and the false spiral nematode (Seutellonema
clathricaudatum j were found.

Light profile in maize canopics, In a follow-up study on light
transmission in maize canopy at two ditlerent populations
(100 x 20 ¢m and 100 x 40 cm spacings) in 1976, investiga-
tions were carried out to determine the changes in light
climate, again within waize canopies, by changes in planting
pattern or geometry, keeping plant population constant, The
results (Table 27) show that about a 10 percent gain in nans-
mitted light can be achieved at the recommended spacing
(B0 x 25 emy by atienting the crop rows cast-west (in the
first season) as compared to i north-south orientation. This
compares favorably with the 10-20 percent gain obtained in
the previous study by changing plant density from 50,000
to 25.000 plants ‘ha depending on fertility level. keeping inter-
row spacing at Im. tsee T Annual Report 197610 A quad-
rilateral planting pattern proved to be most eflicient in inter-
cepting light.

Light transmission in crop mixtures was also studied as part
of an experiment on weed competition in ditferent cropping
systems. The results viven in Table 28, indicate a substantial
reduction in light received by the miaize at cob level because
of the inclusion of yam in the mixture. This probably con-

stitutes a significant yield reduction factor because of the
important contribution of photosynthates by the leaves around
the car during its filling period. Spacing arrangements in
maize-yam crop mixtures would therefore need to be care-
fully considered to minimize the possible adverse effect on
maize yield, resulting from insufficient incident light on the
crop.

Table 27. Influence of cropping pattern on light transmission
through maize canopies.

Mean relative light transmitted (%)
Period 1* Period 2*

100 (306.4)** 100 (226.6)**

E-W, 80x 25 ¢

N-5, 80x 25 em 94 90
WNW-ESE,

80 x 25 cm 93

Quadrilateral;

E-W/N-S: +t5x 45 - 72

*Period 1=21-27 DAP, 34-44 DAP; Period 2=31-37 DAP,
4353 DAP.

**Fugures an brackets are the actual mean values of light measured in
geal-em- day- /.

Table 28. Percent light transmitted through diffcvent crop mix-
tures®

Percent global
radiation transmitted (%)
MOMC MY MYC Y

Mean cob height (= 140 cm) 6+ 50 37 37 35
Ground level 30 29 21 2119

Height of measurement

Moo= Sole maize; MC = Maize-Cassava; MY = Maize-Yam;
MYC = Maize-Yam-Cassava; ¥ = Yam.

Table 26. Ranking of all plant-parasitic nematodes with mulch treatments on all crops for both growing seasons for the years 1975,

1976 and 1977.*

Nematode percentage of control

Plant-parasitic nematodes

1975 1976 1977 Treatment 1975 1976 1977
80 80 102 Sawdust 1,613 913 3,596
86 63 96 Soybean tops 1,736 716 3,387
87 77 82 Rice straw 1,761 876 2,902
88 128 76 Elephant grass 1,778 1,463 2,666
93 87 88 Maize cobs 1,883 995 3,087
95 359 79 Cassava stems 1,918 669 2,781
100 100 100 Control (bare) 2,027 1,142 3,519
106 107 58 Andropogon straw 2,139 1,217 2,027
108 55 78 Panicwn straw 2,190 623 2,743
108 71 82 Typha siraw 2,193 813 2,891
117 86 133 Bean husks 2,365 985 4,663
123 74 51 Pennisetun straw 2,488 844 1,795
126 153 82 Maize stover 2,545 1,745 2,896
130 76 74 Pigeon pea tops 2,631 863 2,606
136 112 215 Clear plasiic 2,750 1,282 7,558
148 129 131 Pigeon pea stems 2,996 1,473 4,612
169 66 63 Mixed twigs 3,428 754 2,231
174 87 122 Eupatorium tops 3,520 989 4,298
201 111 58 Rice husks 4,074 1,262 2,030
222 191 141 Black plastic 4,501 2,178 4,948
242 113 74 Oil palm leaves 4,904 1,313 2,601
264 126 107 Fine gravel 5,353 1,441 3,755
184 136 164 Spread 3,740 1,555 5,763

*Mean numbers of nematodes per liter of soil based on 36 samples. Sample size was 294 on? of soul,



Tablé'.?’g{ Sweet potato yields at different levels of insolation, Rg.

Actual Relative mean Relative mean

yield at yield/plot (%) at: yield/plant (hill) at:

100% Rg
Scason Varicty t/ha 100% Rg  77% Rg 66% Rg 100% Rg  77% Rg  66% Rg
Ist, 1977 TIS 1499 25,000 100, 81 64 100 82 72
1st, 1977 TIS 2534 14.000 100 54 35 100 50 33
2nd, 1977 TIS 1499 21.200 100 43 41 100 58 55
2nd, 1977 TIS 2534 18.960 100 57 29 100 66 37

Crop response to simulated light climate. Studies on the
implication of the scasonal and arcal changes in global radi-
ation on crop production were continued using two cultivars
of sweet potato, TIS 1499 and TIS 2543, As was the case
with the cereal (inaize) and grain legumes (cowpea, soybean)
reported carlier, moderate reduction in insolation decreased
yields in both cultivars. Unlike the other crops however, the
yield reduction, particularly in the case of 'TIS 1499 appears
to level off substantially (for the 23 percent and 31 pereent
light reduction studied) as evident from the relative vield per
hill (Table 29). This sugeests a fair degree of wlerance for
low light within certain limits; it should lend the crop well
to production in mixture, i.e., as an intercrop, as well during
seasons with relatively poor isolation. TIS 2334 proved far
more sensitive to reduced incident light,

Crop water requirement. Maximum water requirements were
determined for two cultivars of cowpea (TVu 3629 and
VITA-5) using the drainage Ivsimeter set-up previously de-
scribed (I'TA Annual Report, 1975),

Total water consumption! by TVu 3629 during the dry sea-
son 1976/77 amounted 1o 321 mm with a mean daily require-
ment of 128 mm over the scason. These compare with values
of 276 mm and 3.58 mm respectively for the cultivar TVu
6204 (II'TA Annual Repart, 1976) during the corresponding
scason of 1975/76. The extremes in weekly mean values, 2.95-
5.69 mm/day, are alco higher than in the previous case. This
appears to be mainly due to the higher evaporative demand
during the latter season. The mean daily water use DP VITA.
3, grown during the second season of 1977 ranged from 2.87
to 479 mun, averaging 3.78 mm/day over the season. As
noted in previous studies, consumption by the same crop on
the lwo soil lysimeter was slightly higher (+9 percent) be-
cause of the better growth of the crop. The ratio of evapo-
transpiration to pan water evaporation ranged from 0.72 to
L1l and from 0.79 to 1.22 on the Alagba and the Iwo soils
respectively.

The preceding results together with those previously reported
indicate a mean water requirement of 3.5-4.5 mm/day for
the area.

Land management

Early research in land managencnt at ITA was focused on
nutritional and physical aspects of soil management, using
as a starting point the land after clearing. However, methods
of forest or bush clearing and subsequent land devclopment
will have a major impact on the subsequent productivity and
problems of managing the soil. The Farming Systems Program
has initiated a research program to investigate methods of
land clearing and soil management as a continuum which
will ensure that the productivity of tropical soils is not

1. Values in all cases from Alagba soil lysimeter unless othenwise
indicated.
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depleted during clearing and thereafter. Following extensive
work in project design, a watershed under sccondary forest
is being developed at TETA (o enable the integrated evalu-
ation of the impact of alternative methods of land clearing
and subsequent soil management on erop production, hydro--
logical, chemical, physical and biotic properties of the soil. It
is proposed that this site will be the first of a network to
evaluate methods of land development as influenced by the
preclearing vegetation, soil types and climates of the humid
and subhumid tropics.

Nutrition: Biological nitrogen fixation

Diurnal changes in nodule efficiency and carbohydrate con-
tent in cowpeas. Previous studies have shown a decline in
nodule efficiency in cowpeas between 1200-1600 hrs. and
reference was made to the relationship between changes in
carbohydrate metabolistn and nitrogen fixation. Two field
experiments vere conducted to examine the relationship.
Cowpea cultivars TVu 3629 and TVx 715 were inoculated
with Rhizobim sp. sown in a completely randomized block,
with five replications. At flowering and pod £ill, data were
taken daily at 0900, 1200, 1500 and 1600 for three consec-
utive days.

In general, otal activity (C,H, produced /pl/hr), total re-
ducible carbohydrate per plant and amino acids per plant
were low in the morning, increased between 1200-1500 and
then decreased. Figure 3 shows changes in specific activity,
the concentration of amino acids in bleeding sap and the
amount of total reducible carbohvdrates. ‘The increases in
nitrogen content of sap lagged by about three hours behind
carbohydrate content. Specific activity was not related to
amino acid content until 1500 hours when both increased.
The fall in the quantity of amino acids in bleeding sap as
a result of the decreased rate of nodule fixation, is in part a
conscquence of the low amounts of carbohydrates available
for fixation.

Soybean cropping history on the survival and function of
Rhizobium. When inoculated legume seed is planted it is
desirable 1o know how many inoculations are necessary to
establish adequate numbers of efficient rhizobia and to re-
move the need for subsequent inoculations. Soils were zol-
lected from various locations in Nigeria (Table 30) and
estimates of nodulation and rhizebial numbers made. In 15
soils from Mokwa, Samaru, Yandev, Onne and IITA, rhizobia
infecting soybean cultivar TGm 294 were absent or few
(0-12/¢ soil) in soil not previously cropped to soybean. In
soils with one or more inoculations there were many rhizobia
(up to 3,600) — more than adequate to give eflective nodula-
tion. Nodulation, nodule efficiency and total nitrogen followed
a similar pattern. A similar study was made of soils from
locations with a known history from the IITA site.

Nodulation, nodule efficiency and total nitrogen fixed again
were significantly higher in soils with one or more inocu-
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Fig. 3. Daily varigtion in nodule efficiency (A1) and in concen-
trations of amino acids (B) and reducible carbohydrates in the
blzeding sap of two cowpea cultivars at flowering.

lations within the past four years. The differences in effi-
ciencies in Egbeda soils suggest selection and adaptation of
different strains since it is known that the inoculant which
was used contained different strains.

Collection and typing of indigenous rhizobia strains. In im-
proving the nitrogen contribution from legume rhizobia to
crops and soil fertility in the lowland humid tropics, nod-
ules were collected from 16 legumes {rom various locations in
Nigeria. Rhizobia insokuted from nodules of several of these
hosts were added to the TEA collection of cultures of
Rhizohium after they were tvped and authenticated.

Authenticated strains of rhizobia abready in the culture
collection were utilized in laboratory and screenhouse studies
to identity highly superior legume - Rhizobim combinations.
The isolates were sereened in Leonard jars for their ability
to infect and form elective nodules on four hosts: cowpea,
lima bean, sovbean and Cenfrosema. The results from this
prefliminary screen are shown in Table 31 Most of the 60
strains tested (63 percenty were effective on cowpea, The fow
percentage of isolates effectively nodulating sovhean was a
reflection of the few Ko pponrum used in the test. Out of
the seven R jeponrcum strains included in the test, two were
highly effective,

Cross-infectivity among members of the cowpea group is
little studied and consequently litde is understood precisely
why, for example, rhizobin isolated from certain members

Table 31. Summary of results of the preliminary plant testing
of Rhizobuun spp.

Legume host Effective Not cflective

Cowpea (VITA-3) 63.0 33
Centrosemna 11.7 -
Lima bean (TP1 80) 6.7 -
Soybean (TG 80) 5.0 8.3

Table 30. Description of soils used in experiments on soybean cropping history, with mycorrhiza and with paraquat.

Clay pH cC
Source of soil Series Classtfication Texture %  CaCl, % C/N
Suvanna zone soils
Mokwa - Oxic paleudult Loamy sand 9 5.3 0.62 12
Samaru Funtua Haplustalf Loam 16 4.9 0.40 7
Yandev - Psamment Sand 5 4.7 0.48 16
Abomey-Davougon - Ustalf Sand 4 5.4 0.73 18
Dassa-Zoume - Ustalf Loamy sand 5 6.0 = 0.86 17
Sub-humid forest zone soils
Ibadan Adio Aeric tropaquent Sandy loam 10 4.7 1.42 7
Apomu Psammeutic ‘
ustorthent Loamy sand 8 58 0.78 13
Egbeda Oxic paleustalf Sandy clay ‘ '
, loam’ 25 | 54 1.50- it
" Tkenne. Kolo Udic rhodustalf Sandy clay .
loam 21 55 261 3
SRR Alagba Oxic paleustalf Sandy loam 13 6.3 1.21 8
Isoya . Okpannam Ustipsamment Loamy sand 6 4.2 0.94 19
Agonkanme ; - Paleustalf Sandy loam 10 60 135 13
Sehoue - Ustert Clay 45 . 6.2 2,98 15
Zinvie - Aquent Sandy clay ' o
, loam 5. 40 12.32 30
Humid forest zone soil ; '
Onne - Oxic paleudult Sandy loam 18 3.7 1:35 22



of the cowpea cross-inoculation group do not nodulate other
members of the group.

As part of the initial phase of ‘a broader study, an experi-
ment was initiated to examine cross-infectivity and the
identity of rhizobia, using seven Rhizobium strains and five
legume hosts. The results (Table 32) indicated that not all
the cowpea isolates nodulated other members of the cowpea
cross-inoculation group. Moreover, an isolate from one cow-
pea cultivar (strain 89) failed to nodulate the cowpea under
test,

Table 32. Screenhouse trials on cross-inoculation using seven
Rhizobiwm spp. and fiv: hosts. Egbeda soil (Alfisol)
was sterilized and plants were harvested after 45

weeks.
Relative effectiveness on**
Rhizobium Pigcon Winged Lima
strain®*  Cowpea pea bean bean Centrosema
16 + - - + + -
22 ++ - - ++ -
28 + - - + + -
59 +++ - - - -
69 ++ - - ++ -
89 - - - - -
90 ++ - - ++ + -

*All are cowpea isolates except 16, from bumbarra groundnut.
**Lffectiveness (nodulation, dry matter production) rating:
- Not effective
+ Slightly effective
+ + Moderately effective
++ + Highly effective

Mycorrhiza and phosphorus nutrition

Previous work (II'TA Annual Report, 1976) suggested that
field inoculation with Vesticular-arbuscular mycorrhizae did
not increase grain yield of plants. Follow-up experiments
were conducted in 1977.

Phosphate fertilization and mycorrhizal inoculation of cas-
sava. The effects of inoculating cassava with Glomus mossear
on the availability of rock phosphates in an Egbeda soil
series were investigated in a sereenhouse experiment. Inocu-
lation failed to increase root infection in nonsterile soil be-
cause the soil contained abundant spores of Glomus and
Grgaspora spp. Phosphorus uptake and concentration in plants
were increased by inoculation of sterile and nonsterile soils.
Plants supplied with Morocco rock absorbed more P than
those supplied Togo rock. Dry matter production followed
a similar trend. The benefit of inoculating cassava with G.
mosveae was limited to the sterile soil, reflecting the abun-
dance of elficient indigenous mycorrhiza in soil.

Endogone spore type on cowpea yield. The yields of TVx
1836-44G when inoculated with four mycorrhizal spore types
were compared in a pot experiment (Table 33). G mosseae
was found to be superior to the other spore types,

Methods of field inoculation. Efficient methods for large-
scale field inoculation of mycorrhyzal spores are not known.
In two field experiments two ways of inoculating VITA-4
and TVx-14G were compared: seeds were either pre-
infested and the seedlings transplanted, or inoculum was
placed directly below seeds at planting time. The method of
inoculation had little or no effect on the parameters
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Table 33. Inoculation of cowpea (Vigra unguiculata TVx 1836-
44G) with four mycorrhizal fungi under pot condi-

tions.

No. of No.of  Sced 100 Increase

Fungal pods/  sceds/  weight seed in seed

inoculum plant pod g/plant  wt. {g)  wt. (%)
Uninoculated 8.0 6.5 7.6 11.6 -
Glomus fasiculatus 12,7 1.0 12.9 145 70
G. macrocarpus 10.3 8.3 12,4 13.9 63
G. mosseae 12.7 8.3 144 155 90
Acaulospora leaves 11,7 7.6 12.9 14.5 70

Table 34, Effects of method of seed inoculation with Glomus
mossear on yield of nodules, nitrogen and grain in
cowpea (Vigna unguiculata) under field conditions.
Nodule yield and total nitrogen at 48 days after sow-
ing/transplanting.

Nodule Total Grain  Increase
Method of Inocu- dry wt. N vield  in vield
planting lation* (mg/plant) (mg/plant) (kg/ha) (o)
Sceds sown - 332+ 29 1089 712+ 59 -
+ 817 75 2699 63115 49.5
Seedlings trans-
planted - 49.1+ 2.6 1948 S10£100 -
+ 118.2%109 2595 1015% 88 251

*Seeds were inoculated (+) or not (=) at tine of soiwmg in screen-

house or field.

examined (Table 34). Inoculation was the more efficient; it
increased all parameters examined. including grain yield.
Direct placement of inoculum with seed will be adopted in
all future work as it is less laborious and less time-consuming
than pre-infecting and transplanting,

Field sterilization and mycorrhizal inoculation on cowpea
and maize vield. The effects of indigenous mycorrhiza and
an introduced strain, G. mosseae, on phosphate nutrition and
vield of cowpea and maize were examined. Root infection,
P uptake and drv matter production in both crops were
increased by inoculation, whether the soil was sterilized or
not. Maize grain vield was increased more in non-sterile than
sterile soil by inoculation. These results show that under low
soil fertility, inoculation of highly effective strains will in-
crease crop vield although indigenous strains already influ-
ence such yield. On-going research is designed to establish
the relationship between soil fertility and the role of mycor-
rhiza on crop vields.

Effects of paraquat

The effects of different rates (0, 0.25, 2.5 and 250 ug/g a.i.)
of Paraquat on soil respiration, nitrification and dehydro-
genase activity were examined in the laboratory using 13
soils and in the ficld on Apomu soil series.

Respiration of incubated soils treated with cowpea residue
and paraquat was significantly lowered by treatment with
paraquat. The clay content of the soils was significantly cor-
related with respiration. At the highest rate, paraquat sig-
nificantly depressed oxidation of added ammonium, especially,
in Abomey and Kolo soils. Increasing clay content or CEC
of soils decreased the inhibitory effect of paraquat, reflecting
paraquat inactivation by the soil. Dehydrogenase activity
was little affected by paraquat, but this was probably due to
loss of enzymatic activity during handling and storage.



The Apomu field soil treated with 0, 0.50 and 50 kg/ha a.i.
paraquat, was sampled for incubations initially and after one
and seven days. Respired CO; was unaffected by paraquat,
but dehydrogenase activity was significantly depressed (Table
35). Though paraquat reduced nitrification and dehydro-

genase activity its use is acceptable because a high rate of

these two processes is undesirable.

Table 35. Effect of field application of paraquat to Apomu soil
on dehydrogenase activity in soil sampled initially and
one and seven days later.

Microliters H evalved /g oven-dry soil

Paraquat .. el A
rate
(kg/ha) Initially Day 1 Day 7 Mean
0.0 27.34 31.33 26.68 28.45
0.50 19.48*~ 23.11*" 20.70** 21.10%*
50 26.27 2127 22.24%* 23.26**
Mean 2430 25.24 23,21 24.27

**Different from the “no paraquat” treatment ot P =00l

Soil acidity and nutrient imbalances

Long-term liming experiment. Field experiments were es-
tablished at the Institute’s substation at Onne to investigate
the requirement and residual effects of lime in a Paleudult
(pH +.3) under high-rainfall conditions (2600 mm). Maize,
cowpea and cassava were used as testing crops. Downward
movement of applicd Cu and reoccurrence of exchangeable
Al were monitored periodically. In the maize-cowpra rotation
trial, grain and stover vield in maize of the second vear are
given in Table 36

Table 36, Response of maize (Co. TZPB) to lime in a Ul at

Onne during the second year.

Initial lime Stover Root
rate Soil pH (H,0) Grain (dry matter) depth
t/ha at planting t/ha t'ha cm
0 +.3 1.92a= 1.67a 12.7a
YVa +.6 3.57b 2.69a 14.0ab

1 4.7 2.68ab 2.35ab 16.3ab
2 19 3.47b 3.25b 18.0b
4 5.3 3.40 3.09b 21.3b

# Duncan’s multiple range test. figures fullvwed by different letters
are significantly different at 57 leel.

Initial rates of lime above 0.5 t/ha did not increase maize
grain yield although higher Lime rates slightly increased
stover yield and root growth. Surface soil pH of the 0.5 t/ha
plot measured at pianting time during the second year
was 4.6. The same maize cultivar yiclded 70 percent more
(6 1/ha) on an Alfisol without liming at IITA rainfall
1400 mm). The large differences in growth and yield between
the two locations are apparently due to factors other than
soil nutrient supply because macro, secondary and micro
nutrients were maintained at adequate levels throughout the
growing scason. Varietal adaptability and low radiation in
the high-rainfall region may be important growth limiting
factors.

Data in Figure 4 show considerable loss of Ca from the sur-
face soil two years after liming, indicating substantial down-
ward movement and leaching of Ca in this coarse-textured
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Ultisol. Judging from the field data accumulated to date, it
seems that a s of exchangeable Ca and My of approxi-
mately one ey per 100 g of soil which, corresponding to
about 10 pereent of exchangeable Al saturation and pH 4.7
fin waters. would provide adequate conditions for the TZB
maize to correct Al toxicity and supply Ca and Mg 1o the
plant in this course-textured, kaolinitic Ultisol.

Lime-phosphorus-zine interactions. An extensive factorial
greenhouse experiment o investigate the lime-P-Zn inter-
actions wis concluded during the vear. Two Ultisols repre-
senting different minetalogy and degree of weathering were
used A Padeustult (Nkpologu series) was collected from the
cavanna, and the Paleudult (Onne series) was eollected from
a hich-rainfall region,

Strong. highly significant nutrient interactions were observed,
indicating that nutrient imbalance is an important growth-
fimiting factor in the Kaolinitic Ultisols. When P owas opti-
mal, relatively small lime rates produced maximum  dry
matter vield of three-werk-old maize and were sufficient to
reduce exchiangeable Al to less than 30 percent and soil
solution Al to less than 2 ppm.

Growth responses to liming also depend upon the levels of
native and applied P in the soil. In the low P status
Nkpologu soil (Bray Py, 5 ppm), there was no response to
lime without P, while liming doubled dry matter yield of
maize on the Onne soil (Bray Py, 90 ppm) without addi-
tional P application. The most pronounced effect of balanced
lime and P supply was on root development,



Liming soil to neutrality depressed dry matter yields on both
soils only when no zinc was supplicd. Overliming did not
effect P availability as indicated by P uptake by plant when
other nutrient elements were maintained at adequate levels,

The response to Zn was most striking in the older and well-
weathered Nkpologu soil (Paleustult) from the savanna
region. When no Zn was applied, dry matter vields were
depressed significantly by high iime rates, which corresponded
to a soil solution Zn level of 35 pph (parts per billion) or
lower (Fig. 5).

Calcium deficiency appears to be a major growth-limiting
factor in both soils, although experimental data do not per-
mit a defiritive discrimination between the effects of lime
as a soil acidity amcliorant and as a source of Ca for the
plant,

Total nutrient accumulation in plants is controlled by fac-
tors both within the plant and in the soil. Under well bal-
anced conditions «f lime (or Ca), zinc and other nutrients,
maize dry matter yield correlates significantly with P concen-
trations in plant tissue, depicting a critical concentration of
about 0.18 percent for the three-weck-old maize. However,
under conditions where Ca or Mg or Zn is growth-limiting,
this relationship is not obeyed.

Soil analysis (Table 37) indicated that the increased surface
charge due 1o liming was balanced by increased exchangeable
Ca. But high concentrations of Cia were also found in the
soil solution of the limed soils which would be subject to
leaching loss under field conditions. Soils incubated with
soluble salts, such as KC 1, MeSOy and NH,NO3S used in the
pot experiments, resulted in a 10-fold increase in solution Al
and a big drop in soil pH in both soils; while the amount
of exchangeable Al and the percentage exchange Al sat-
uration was slightly reduced. Such phenomena indicate the
limitations ¢f using exchangeable Al alone as a criterion for
predicting Al toxicity without referring 1o the concentra-
tion of Al in the soil solution phase.

Increased lime rates did not affect the disturibution of ex-
changeable K and soil solution K, whereas the soluble and
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Fig. 5. Effect of soil solution zinc on dry matter yield of maize
(Cv TZPB) grown in two Ultisols when P, Ca and other nu-
trients are maintained at optimum.

exchangeable Mg were somewhat reduced when soils were
limed to neutrality. Concentrations of Mn and Zn ir zail
solution however, were reduced drastically with incrcasing
rates of lime.

Table 37. Effects of lime on soil solution (saturation extract) and exchangeable Ca and Al in twe Ultisols in the presence of fer-

tilizer salts.**

Lime rate Soil pH Solution Al Solution Ca Exch. Al Exch. Ca ECEC
g/kg (H0) PPt s meg/100g. ...,
Paleudult, Onne (15-40 cm)
Check # 4.3 2.7 - 1.79 0.21 3.00
0 S 37 17.0 60 1.46 0.30 3.35
0.25 39 1.8 224 115 0.43 31
0.5 ‘ 4.2 33 276 0.82 0.67 2.90
1 L 4.8 ‘ 0.5 432 0.21 1.05 2.56
2 . . 58 . 0 685 0.01 1.98 3.17
4 e 1000 0 4.02 5.05
RN SR o Paleustult, Nkpologu (15-40 ¢m)
Check # .- oo 47 - 0.6 - 1.88 0.21 2.94
0. 3.9 - 10.0 77 1.44 0.40 . 3.44
0.25 ' o R 3 3.8 140 1.13 0.66 3.35
0.5 p : 4.2 ‘ 23 268 .86 0.74 3.03
| ' 4.8 0.3 412 0.25 1.18 273
2 5.8 0 733 0.01 2.03 3.20
3 ) ' 67 0 921 0 3.08 4.15

**KCL, MgS0, and NH NO; were added at rates (K-Mg-N) of 150, 80 and 150 mg/kg, respectively.

#No fertilizer salts, no lime added in check treatment.
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. Leaching losses of nutrients under high-rainfall conditions.
Lysimeter studics were initiated during 1977 to evaluate
leaching of nutrients in selected Ultisals. Selectivity coelfi-
cients (Ke) of K-Al and Ca-AL systems at actual exchange-
able Al saturation in a Paleudult profile (pll L3) are given
in Table 38.

Table 38. Selectivity coefficients (InKc) of K-Al and Ca-Al in
the Onne profile (Paleudult) at actual Al saturation
of each horizon. Temperature 25°C and 0.01 total
normality.

iAl/K)

In K¢ (Al C‘_l_)

Profile depth

In Ke

0.20 29
20-40 3.2
40-60 25
60-80 5.1
80-100 3.9

The negative Ke values in the K-Al system indicate that the
soil exchange complex has stronger aflinity for K. While in
the Al-Ca system. the positive Ke values indicate the pref-
erence of Al o Ca. The same horizon which has the maxi-
mum affinity for Al jon in the K-Al system also depicts the
maximum affinity for Al in the Ca-Al svstem. Mineralogical
data of the soil show more amorphous materials in this par-
ticular horizon of the profile.

Attempts are being made to wse the jon-exchange data o

predict the etfect of At saturation on potential Koand Ca

leaching, Av diven soil physical conditions e, porosity,

hydraulic conductivity and dittusion factoric it may be possi-

ble to determine optimum levels of Al saturation {or rates of
1

lime) at which leaching could be minimized

Fertility management of Alfisols and Entisols

Long-term fertilizer trials, Two experiments were initiated
in 1972 a1 the IFTA sie o thadan on rOxic-
Paleustalfh and Apomu (Alfic Ustipsamimenty soil series, to
study the long-term fertlity management problems of
Alfisols and Enticols. A maizessweet potato annual cropping
cycle was used from 1972 ull 1975 Starting from 1976
the second-season potato crop was replaced by cowpea to
evaluate its N- contribution to the system.

Febeda

N and P responses on both soils were observed during the
first three vears of cropping after fand clearing. Despite six
years of intensive cropping, na response to Koapplication is
scen on the Eubeda sott ¢Table 395 indicating the high pro-
ductivity of this soil.

However, responses 1o K application on the Apomu soil were
observed since 1976 on the maize grain yvield. Yield increases
due o K application were also observed on the cowpea crop
in 1977. The response on the Apomu soil was expected, con-
sidering the low K status of the surface soil even with annual
K application.

The inclusion of cowpeas in the cropping cycle, already
showed some beneficial eifect on the maize even after only
one cowpea crop. There were inarked increases in the 1977
grain yield on both soils in the control wreatment and also
in the no N treatment on the Apomu soil.

On the Egbeda soil annual removal of the maize crop residue
from the plots since 1972 had no effect on maize yield. On
the less productive Apomu soil, on the contrary, removal of
crop residue tends to decrease maize yield.
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Table 39. First season grain yield of IITA maize TZB and
second season grain yield of cowpea in 1977 as af-
Jected by fertilizer applications and crop residue

treatment.
Soil
type
treatment Egbeda soil Apomu soil
Maize  Cowpea*  Maize Cowpea**
............................. ke/hao
No Po Ko So 2899 585 18495 746
No P, K, S, 1364 884 29421195
N, P K, S, 1916 969 18490 847
N, P, K, §; 4907 918 5768 1161
N, Po K, §, 3065 542 3648 884
N. P K, S, 5217 848 5193 795
N, P, Ko S, 4924 1020 4860 788
N, P. K, S, 4512 931 5606 1107
N, P, K| So 4551 815 5315 968
No Po Ko So*** 2747 535 1837 793
N, P, K S 5204 979 5386 1169
LSD .05 1222 205

Ferttlizer rate: N; =80 kg Ntha: N, =160 kg N/ha for Egbeda
satly Ny= f00 kg Niha; N, =200 bp N7ha for Apom sorl; Pp= 30
ky Piha: Po=00 kg Ptha; K, =40 hg Kihao Ko=80 kg K/ha;
S, =17 kg Sihu.

No signtlicant responses to S and mictonutrients were observed
on either soil during the six vears of intensive cropping.

N contribution from grain legume, The N contribution from
grain legumes grown in rotation with maize has been investi-
gated on an lregun soil. (Oxic Haplustalt)y at the HTA site
in Ibadan since 1975, Four rotation patterns: maize-maize;
maize-cowpeas maize-pigeon pea and maize-sovhean were
tested. Maize was grown as the first season crop, except for
the maize-maize rotation where maize was also grown in the
weond season. The erain looumes were all grown in the sec-
ond season following maize. Four N rates respectively 0,43,
90, and 135 Ky N ha were applied only to the fiest-season
maize crop.

In this trial maize grain yield in the no N tiecatinent showed
sienificant increases after one crop of the grain legumes. The
cllect of two years rotation with the grain legumes on maizd
vield is marked at the 0 and 45 ke N/ha as evaluated from
the maize grain yicld (Fig. 6). No distinet differences were
observed in the eflects of the three legume species. It thus
appears that inclusion of cowpea, pigeon pea and soybeans
in crop rotations has a significant ctlect and can reduce the
need for applied nitrogen,

Cassava response to phosphorus. A field trial was conducted
on Egbeda soil series (Oxic Paleustalf) at the II'TA site in
Ibadan to determine the external and internal PP requirement
of cassava cultivar Isunikankiyan. The cassava was harvested
15 months after planting. Tuber yield responded significantly
to P application. Tuber yields are correlated with P concen-
tration at low levels in the soil, but not so at higher P values.
Thus, to obtain 93% of the maximum yield, the required P
concentration in the soil solution established at planting is
estimated to be about .04 ug P/ml. This value corresponds
to a Bray no. 1 extractable P concentration of about 8 ppmn P,

The degree of mycorrhizal infection of the cassava roots was

also determined. During carly growth the pereent root infec-
tion declined with increasing P concentration in the soil so-
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lution (Fig. 7). There is an increase in percent root infection
with age. At 13 months after planting the effect of initial P
concentration on the percent root infection is less pronounced,

which may be related 10 the decrease in P concentration with
time.

It appears that the low P response of the cassava crop in the
field and also ability to do well in soils with low P status,
may in part be attributed to the high degree of mycorrhizal
root infection, which enable the plant to forage more P, par-
ticularly at low soil P levels.

P concentrations in the blades and petioles of the uppermost
fully mature leaves determined at 3 and 13 months after
planting increased with increasing P rates. At 3 MAP, the
critical P concentrations in blades and petioles are estimated
at respectively 0.50 and 0.38 percent P. Increased P rates
also significantly increased N content of the leaf blades.

Effect of soil heating on soil properties and plant growth.
Burning of plant residue as a method of land preparation is
widely practiced under traditional farming systems in tropical
Africa. However, very little information is available on the
direct cffect of soil heating during burning on properties of
tropical soils and also on plant growth. Surface soil tempera-
tures and duration of heating observed under field conditions
vary widely depending mainly on the nature and quantity
of plant residue burned. Laboratory investigations were con-
ducted to simulate the effect of burning. The cifect of heating
of Egbeda (Oxic Paleustalf) surface soil for six-hour periods
at various temperatures is shown in Table 40. Heating the

Table 0. Effect of heating on some chemical properties of Egbeda surface soil.

Heating NH,OAC Extractable DTPA-Extr.

temperature pH- Organic K Ca Mg Bray Fe Zn
¢C) H,0 C@&y PPM.. Pl e PPM..uceen.

Control 6.1 1.75 90 690 224 1.2 27.3 29
70 6.2 1.75 90 690 239 8.4 - -
100 6.1 1.70 90 705 240 9.6 359 4.1
200 6.2 1.48 90 603 195 39.6 54.5 4.5
500 6.9 0.10 20 465 60 18.3 39.7 0.9




soil at- 200 C decreased the Organic C content and the ex-
tractable P, K, Ca, Mg, Fe and Zn were also decreased. Soil
heating appeared to have a significant effect on crop growth.
Heating the soil at low temperatures, which has little effect
on the chemical soil properties. significantly improved the
growth of rice {Table 41y, while heating at 200°C and 500°C
had zn adverse effect on dry matter yield and growth of rice.

Table 41.  Effect of heating treatment of Egheda soil and fer-
tilizer application on plant height and dry matler
yield of rice cultivar IR-20.

Heating
temperature  Plant height {cm) Dry matter weight (mg/pot)
(°c) 0 NPK 0 NPK
Control 298 314 974 1482
70 325 318 1065 1445
100 344 329 1197 1470
200 295 283 1080 1169
500 99 134 53 107
LSD .05 2.4 133

Fertility management of Ultisols

Effect of liming and nitrogen application on cowpeas. In
previous studies to identify the tolerance of various grain
legume species and cultivars to soil acidity using an Ultisol
from Onne (Typic Paleudult), 1t was observed that cowpea
shows higher degree of tolerance 1o factors associated with
soil acidity than sovbean. lima bean or pigeon pea. However,
some of the cowpea cultivars grown in unlimed Onne soil
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Fig. 8. Effect of application of N under various rates of liming
soils low in Ca. .

showed poor early growth and chlorosis. Greenhouse studies
were therefore conducted to determine the causal factors. Ni-
trogen and Ca deficiencies associated with poor nodulation
and N- fixation appear to be limiting factors for good cow-
pea growth on the Onne soil. Application of mincral N in
the absence of liming increased Ca content of plant tops and
partially corrected Ca deficiency in cowpea TVu 1977-0OD.
Without liming and at low lime rate, N application in-
creased plant dry weight (Figure 8). Application of mineral
N had little or no effect on plant dry weight at higher lime
rates. Nodulation was improved with application of low and
moderate lime rates (250-1000 kg CaCOy/ha), which also
corrected N deficiency, High lime rates (5000 kg CaCOy/ha)
suppressed nodulation, plant dry matter yield and the Mg,
Zn and Mn concentrations of plant tops. Application of low
lime rates and small amount of starter mineral N appears to
be important for growing cowpeas on the Onne soil.

Effect of crop residue management

Field trials were established at Onne to provide a better un-
derstanding of the iuportance of the local practice of burning
the plant residues during land preparation particularly on
the acid soils. In this trial, burning and retaining the plant
residue as muleh after land clearing and fertilizer combina-
tions are compared. Preliminary data from this trial showed
that burning plant residue from 6 10 7 years of fallow (pre-
dominantly Anthonatar added about 560 ke ash/ha. This
amount of ash increased the pH-H O of the 0-7-5 em surface
soil from .29 10 3.03 Addition of the ash also increased the
amounts of extractable Pl cations and micronutrients and also
significantly decreased the amonnt of extractable Al The
trial is still i progress,

Soil management — Physics of soil crosion

Climatic crosivity, Experiments were continued on the char-
acterization of climatic crosivity. Previous observations on
drop size measurements have indicated the following relation-
ship between median drop diameter (B;) in mm, and peak
rainfall intensity 7L mm/hr,, sustain over a 7.3 minute
period);
D, =250 1"" (r = 0.97)

The limitation of this equation lies in the fact that only the
maxitnum infensity was taken into consideration, which may
account for the large exponent. Sand splash, measured by
Ellison’s splash cup, was correlated with various crosivity
indices (Table -42). Whereas the amount of sand splashed
was related exponentially to indices AL, and Ely, it was
lincarly related to D, and KE=L

Table 42.  Comparison of crosivity indices with sand splash (1)

using Ellison’s splash cup (number of rainfall evens

24).
Erosivity Correlation
index Legression equation  coeflicient (r)
Dsy (mm) A = -0.-0+0.91 Dy, 0.99
Al (em?/hr) A = -0.67 (Al,) 0.39 0 94
Elyy (foot-ton/acre) A = -0.18 (Ely) 0.32 0.95
KE > | (foot-ton/acre) A = 0.77+0.0014(E) 0.89

The measurements of drop size distribution by “Distromet”
has shown D,, ranging between 2.5 and 3 mm for the ma-
jority of rains reccived between August and October 1977,
Seventy percent of the rains fell with a drop size ranging
from 2.25 to 5.50 mm. This particular storm was highly
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crosive with an energy load of 69 Joules/inm of rain, Research Crusting and scedling emergence. The elfect of matric po-
: . { g g 1

will continue to characterize climatic crosivity of trupical tential, aggregate size, and soil termperature on germination
rains in relating sand splash with energy load, drop size dis- of maize, cowpea, sovbean and rice was investigated in the
tribution, intensity and wind velocity, for different agro- laboratory. Both soil moisture potential and aggregate size
ccological regions of the topics, had a signiticant effect on seed germination. Whercas rice

germination at 2ero suction wits between 50 and 100 percent,

Slope length and degree effect. Experiments were conducted : . .
| £ B ! 1t was 0,30 percent for cowpea, O to M) percent for sovhean

i field runoff plots of 1,5, 10, and 15 percent slopes to in-

vestizate the effect of 5, 10, 195, 20, and 295-m slope lengh and only 010 7 percent for maize.

on runofl and crosion for bare fallow plowed soil surface. There was no germination of any of the crops at 15 bar sug-
Runofl and soil loss perounit area is exponentially related tion. At 1) bar suction. vermination ranged from 10 to 60
to slope length as shown in Table 43, For gende slopes of |} percent for cowpeas, 20 10 30 pereent for sovbean, 13 10 30
and 9 pereent, erosion is proportional to the reciprocal of percent for maize, and merely 7o 13 percent for rice (Table
slope length. However, for steeper slopes the erosion increases ).

as a square rout of slope fength. The validity of these results

will be further assessed, Effect of soil conditioners and mulching on runoff and soil

loss. The comparative effects of soil conditioners (PAM,

Effect of cumulative soil loss on maize vield, Maize grain Bitumen, Soil Penetrant) on runofl and erosion were evalu-
yield, grown on land eroded 1o various degrees and with ated on field runofl plots and compared with thato! control,
recommended levels of chemical fertilizers, declined ex- mulch, and no-tillage system (Table 43). The treatments
ponentially with suceessive increase in soil erosion: mulch, no-tillage, PAM, and bitumen provided good crosion

Yield = 30.5 E*° control for the gentle rains received during the 1977 second

season, Soil penetrant was not effective in controlling erosion,
Soil chemical properties and crop performance were also
compared. Straw mulch was the most effective conditioner
for growing crops on this fragile wopical Alfisol.

where yield and crosion are both expressed in t/ha. This
type of causc-ceffect relationship has limitations that may be
due to the crop, cultivar, and the soil conditions of the ex-
periment. More basic rescarch, relating crop productivity

to degradation of soil physical and chemical characteristics Effect of mulch rate on runoff and soil loss. Runoff and ero-
(infiltration, porosity, organic matter, CEC, ctc.) is needed sion decrease exponentially with increase in surface cover
to develop empirical models 1o assess the quantitative effects provided by straw mulch (Table 46). Inczease in the infil-
of soil degradation on crop yield. tration with high mulch rate was attributed to high mean-

Table 43. Effect of slope length (m) and degree on soil erosion E (t/ha).

Soil loss on different slope lengths (m)

Slope

% 5 10 15 20 Regression equation
! 0.4 0.05 0.7 0.07
5 10.4 6.7 5.4 24 E = 58.22m"! r=-93
10 7.4 14.6 16.4 1L3 E = 472m 04 r =067 .

15 9.1 17.2 19.2 17.8 E = 422m 05 r=090.

Table 44. Effect of aggregate size and soil moisture potential (bars) on seed germination (%).

Aggregate Moisture potential (bars)

size . v
) (mm) 0 0.005 0.01 0.03 0.05 0.1 0.3 1.0 3.0 5.0 - 10.0 15.0
Maize : , :

2 0 67 80 93 100 93 100 - 100 100 73 7. 0 -
2-16 7 93 93 - 1000 - 100 93 100 - 93 100 37 0
10-50 7 93 87 100 - 100 100 93 100 - 100 67 - 33 0.

2 50 73 87 97 .97 100 100 100 100 87 3 g
2-10 77 9% 100 o100 - 90 100 93 100 97 0 13 .0
10-50 97 90 100 100 - 5. 100 97 - - 03 100 . 100, 77, 7T 0
C(y)wpcu o e 8 oo . ‘ S

2 07 53 100 100 . 100 100 100 100 93 47 0
2-10 27 47 67 . 100 93 100 100 100 100 93 60 0
10-50 20 67 60 .- 100 100 - 93 93 10 100 93 40 0
Soybean : - D

2 0 20 40 - 93 80 100 100 100 93 100 33 o
2-10 7 - 67 80 100 87 100 100 93 87 93 33 0
19—_')_0 40 .53 47 93 100 100 100 100 100 80 20 0
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Tropical <oils are, generally, hichiv erodible, A 1ot of top soil is therctore tost every vear where the erosion is unchecked,
rendering the soil progressivels unproductise,

Table 45 Effect of soil condittaners on runoff and erosion werrht dunmeter of stracoirad aegregate, more porosity - biguer
ftotal rain = L350 mm) pores due to e carthsworm oty and absence of crast
. . tormaation Pl experanent nas now been condacted tor twao
Runoi Eramion vears, and there have been aembicant changes e ~onl chemical
Preatmen i o has propetties attrthutable co o madch rare reatments
Control 50 7Y
PAM 0 01 .
Brtnmen P ¥ 00 Mulches and soil managemen
Soil peneuan: 26.1 .4 ) .
Mulch 00 00 Muiching and seedbed preparation. The imftuence of black
No-tillage G0 0o and whate polvihiens sheers on ol remperatare, sonl maisture,

and onoot o hool ounze secconpaeed with ninze grown
on redges ctrav mader and buae sronnd surface tor the thard
ated fousth cropee o the wame Jocanior Fhe oot deonsiiy w

. . . . = e a2 W P g che bashiest under srasw malch and the
Tuble 6. Effect of mulch rate em runoff and soil erosion. (Total

/ o least on nidees - Pable 370 The streas was luehest one nidets
rain = 432 mm.)

due to el ol termperature aned o sl mioiseare Magee

- - i aelels -y a7 00 G R 2N a dor black
Muleh rate Runoff Frodion vielde were 9T T H Coand toha tor black

; polythene straw mabeh bare wround, nidees, and crear
t‘ha mm it ha,
e polvthene respecinedsy,
0 77 . 5 & o . . . .
.4 R % " Effecr of anualeh material ou crop vields without fertifizer.
2 (R LU :
. A Mulch matenal swhether coreal o Tevamimous, had o sigah-
4 15.2 05 o .
N . cant ellecr on nraze vieid The highea manze grain vield
t .4 01 B \
was obtimned with ool b atenad of cowpea and sovbhean
12 0.0 04

hask applied ot 60 ba CTable 485 The chowee of an appro-



Table 47 Mean vool dey washt (o plants ay affocted by maldch
and seedbed preparation ot 2341
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Table 49. Nutrient level in worm casts from no-tillage and piowed plots receiving no fertilizer.

Tillage CEC Organic Total Calcium Magnesium
system pH meg/ 100g carbon % nitrogen % meg/100g meg/100g
a b a b a b a b a b a b
No-tillage 5.9 6.2 17.32 10.64 1.58 1.00 0.20 1.19 14.85 9.15 1.28 0.61
Plowed 6 R 7.1 13.41 4.79 1.43 0.48 0.18 0.07 10.40 3.68 1.55 0.39
= Cast b = Suil

No-tillage experiments with paddy rice. The influence of four
levels of N and P combinations, with direct sowing and trans-
planting, on rice yield was compared for no-tillage and pnd-
dling systems of seedbed preparation. In the first year of this
experiment, no sigaificant ditferences ia rice yield were ob-
served between tillage treatments.

Earthworm activity .nd soil characteristics. Crop vyislds on
no-tillage and mulch treauments are generally high, whereas
runofl and erosion are low compared with plowed treatments.
Good soil structure and high infiliration rate in the no-tiliage
plots are partly attributed to earthworm activity. The chemi-
cal characteristics of worm casts are more favorable for plant
nutrients than the soil from which casts are derived. The
orgapic carbon, nitrogen, and phosphorus can be two to three
times more in casts than the soil (Table 49). This is a natural
recycling mechanism. and can have an important effect on
fertility management of tropical soils.

Energy Management —
Crov Engineering

The pl"inmr'; objective of the agricultural engineering com-
ponent of the FSIYis o develop and adapt tools and machines
which will compienien improved methods of crep production
and land manazement being developed elsewhere in the in-
stitute. The crop engineering in 1977 was on de-
veloping equipment suitable fo zero and minimum-titlage
farming practices adapted to the low-resource farmer’s situ-

focus of

ation.
CDA application of pesticides

The logizical ditficultics of transporting 400 10 300 1/ha of
liquid for the conventional tknupsack’ application of insecti-
cides and herbicides sugeest that the use of controlled droplet
applicators {CDAL which take 5-10 1'ha would be a realistic,
low-enerey alternative, The “Micron” ('1DA system has been
evaluated acamst conventiomd applicators and shows an
enormous saving in fubor requirernents for crop production
{Table 50y,

CDA Involved patches within
was due

A problem encountered with the
adequate and uneven sprav coverage.
blockage of the venting system, especially noticeable when
using “flowubles™ which formed a cake inside the vent tube.
This was relieved by increasing the diameter of the vent pipe,
and has now been incorporated in production moedels of the
applicatar. Other faults emerging during field se are faanty
er severed connections in the electrical system, the poor de-
pendat ity of the motor spinning the dise, and inadequate
sealing of the motor against ingress of chemicals and water,
Many of the defects have now been resolved in cooperation
with the manufacturer. The motors of CDAs are powered
by a set of Hashlight batteries, he herbicide sprayers con-
caming about L3 watts and the insecticide sprayer. 3-6 watts

The cause to

Bt

Table 50. Comparison of man-power requirements, using no-till*
versus conventional crop establishment systems, for
maize and cowpea on savannah (Imperata) grass
covered land.

Man-hour/ha

Operation no-till  conventional

A. Ficeld preparation:

Slash, burn and till manually 180
b. CDA spraying with contact
herbicide

. Seeding;

a. Manual planting into tilled soil
with machete (low plant
population)

b. Auto-jab planting
(maize-cowpea 75 x 25)

Weed control:

20

35

a. Manual weeding twice
b. CDA spraying with
pre-emergnnt herbicide

280

. Fertilizer applicatien:

a.- Banding by hand along rows .25
b. Using hand propelled band
applicator

- Plant protection:

a, Knapsack spraying of insecticide,
twice {(on cowpea)

10

Total man-hour spent to establish
the crv;,  ecach on | ha.

515
1255

51
2400

Comparison of yields

*No-till tools used were CDA sprayers (herbicide and insecticide ) and

HTA automatic “yab” planter.

As the cost of photo-voltaie cells (now about $18 per watt) is
expected to drop within some years, the petential for oper-
ation of the CDA's using solar power was investigated, A
photo-voltaic panel containing 38 semi-cirealar silicon cells
was assembled onto a light ¢ mui(l(‘p upported frame to pro-
vide over 6 watts at 1 owatt to 11 volts; Ni-Cad cells were
used 1 the application to absorl surplus electrical energy
tor use during doll periods and to act as a voltage stabilizer.
Subseguently the Ni-Cad cells were replaced with regular
flashlicht cells maintained av peak voltage IJ\ the panel. Des-
pite the low humid topical solar wite of about 350
g.eal/cmd/day, continuous (6 hes/day) ddll)’ USE Was pnsslblc
without change of batteries, The potential for solar energizing
of such low-powered agrienhural equipinent will improve
with the andcipated industry improvement in conversion
clficiency (10-15 percenty and reductiog in cost. The expected
figure of $0.50 per wau is less than the cost for thermally
generated electrical power sources,




The ability o apply herbicides asily and quickly with the
CDA enables the technique 1o be used in rice culture to
achicve a ratoon crop of reasonable yield with minimal in-
creases in labor inputs, The second rice (ratoon) crop vielded
70 pereent of the vield of the first crop, in 60 percent of the
tine o maturity, and with only 12 percent of the man hours
for crop establishiment.

Planters

Three levels of planters (scedersy which will facilitate seeding
into a herbicide desiceated or muleh covered field are being
developed, The first “level” of planter 1ust be suitable for
the operator to plant selectively in a field where StUmps, trees
and roots exist (such a field out of bush fallov. §: the second
level is hand operated on cleared fields and the third level is
suitable for uperation with a low horsepower tractor,

Auwtomatic feed “jab” planter. The HTA Annuad Report 1976
described an amomatic teed “ab™ planter, developed after
the lines of the (lar 1800 US corn planter, Field testiny
revealed inconsistent nictering of seed, particalarly when
planting naize with its wide variability in size, length,
cheap and
COMProndse was

hreadth and depth. Ftfors 1o develop i stimple,
effective seed grader were unsiccessfnl, A\
reached by changing the seed-metering plate from 7 mm
thickness 1 3.
off mechanism trom fam w brush old

Sommcand a change o the desion off the cut-
toathbrushes were

satisfactoryy. Plans for this planter are available on request,

Several other types of hund operated injection planters were
evaluated against he autamatic feed b planter, As a result,
a prototype, of wench simpsler constraction and cqural effective-
ness has been beilt, Drswines of his planter will be available

in {078,

Rolling injection planter. With the assistance of a VITA (Vol-
unteers for International Technical Assistance) cooperator,
the coneept of a ralling injection planter has been developed
at I'TA. "T'his machine uses (he principlte of the hund
operated “jab™ planter but is mounted on (he periphery of a
wheel 1o provide consistent in-row spacing, and the
the rolling motion 1o mject the planter through the trash
covered soil and inseri the separately metered seed at the
required depth. (Fig. 9.) Initial evaluation showed the neces-
sity (e.g., when plantuag maize) for o seed cover-compactor,

speed of

A prototype of a cover-compactor for

planting maize,

planter with a seed
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Fig. 9. Schematic drawing of a rolling injection Planter,

The prototype machine is illustrated in the photograph. Sev-
eral versions of this plunter have been developed, both for
pushing and for pulling, for single- and double-row operation.
At least for maize and COWPILIL ONe Version appears a satis-
factory compromise of stmplicity and e
i planting rate of
M roW spacings ) das against nearly four times

of operation, The
hand-pushed model shows potential for
3 hesha (a1
this when using the amomatic feed “lab” phater,

A maodel of the tolling tujection planter was
mounting behind u 5-hp tactor, with facility for driving om
to the field, mannal raising and lowering of the planters from
the driving seat. and the ability 1o ao throngh the stalks of
harvested maize, st standding, pushing themy down while
simultancously planting directdy into this trash,
here. of spraving both contact and pre-emergence herbicide
Just after planting would further help redice “dead™
tween harvest of the firs crop and planting of the

developed for

The possibility

titse be- -
Hnext one,

Fertilizer applicatr for scro tillage. Mulch farming wials in
1976 isee IITA Annual Report 1976) identitied fertilizer ap-
higher
field-preparation and sweed-control tinses in traditonal Tarming
practices. A simple hand-pushed  fertilizer band apphicator
was therefore developed o dibble fertilizer in a band along

plication as an area of constraint carlier o lipsed by

the side of the plants emering through a mulch,

Figure 10 provides a schematic design of the applicator and.
of the spiral used for metering fertilizer into the feed slot
for deposit alongside the planted row. Rates of application,
are achieved from 3 w0 20 ¢/, corresponding to about 200
kg ha when applied 10 rows 1 @ apart. The speed of appli-
cation was about 4 hrohae Che narrow conliguration of the
applicator enables it w0 operate casily even between rows of
rice pianted 25 mm apart.

Establishing rice in poorly drained soils. While rice can he
casiby drilled into well drained soils, the crop does not emerge
satisfactorily when drilled into wat, peorly drained soils which
are typical of most rice grown under Foor water management
i West Africa. Thus, three alternative systers of establishing
rice in poorly drained fields were compared with the practice
usually adopted of hiring a tractor for initial tllage, follow~d
by manual tllage, seeding and manual weed control (Table

51).

System 2, using o 5-hp rotary tiller o till the soil roughly, so
that seed broadeast onto it will be in cont 1 with the moist
soil for germination, followed by chemical weed control ap-
plied using the CDA applicator suggests” this as the most
appropriate technique on small farms if tillage services and
post-cmergence herbicides are available. System 3, direct
seedling into the soil, was not satisfactory given the laborious
task of planting up o 160,000 hills/ha. System 2 may be con-,
sidered a “minimum-tillage™ system as it involves the least
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tillage required for broadcast seed to be in contact with the  System 3, direct seedling into the soil, was not satisfactory
soil, although not inserted into it. Herbicide application  given the laborious task of planting up to 160,000 hills/ha.
techniques are relied on for subsequent weed control, System 2 may be considered a “minimum-tillage” system as

OFFSET WHEEL

'ALL WOOD HOPPER-—

}
TAPERED AUGER ~-~-—~\

SLIDING  GATE —

: REAR CUTAWAY VIEW
Fig. 10. Schematic drawing showing internal parts of the IITA fertilizer band applicator.

Table 51. Rice cstablisiment o2 hydromorphic midland (phreatic) soils. Machine and man-hour requirements of allernative systems.

Machine Man
System 1 (machine and manual, only) " ha/hr. ha/hr.
Plowing (hand-tractors) . . . . .. .« .o e e e 16 32
Comb harrowing (hand-tractors) « -« « v oo oot e e 8 .16
Seceding (2 row push sceder, rows 25" apart). - - - ..ol R R 42
Weeding (inter-row push-pull type) - -« v el e 76
Inseciicide spraying (CDA, twice) « oo i N LN I ORISR . ____1_
) Totals:  « v v v e N . I R I . .'j. . gfl__ o 167
System 2 (machine plus Ag. Chem.) ' e ‘ v ‘ '
Ro[ury (i“ing (h;]nd.(r;ictor) ............. R R -‘-.“c‘., ;_,‘.1» e 7;; i e e e R 28
Fertilizer application (broadzast) . « -« . v oo oo v v e R R R R TP SIS o -3
. Sccdln[; (hr(');l(](;;;g[) .................. I R . '7-'.“;".' N o sls ..’7:.':/. e - 3 .
Comb harrowing — lightly (hand-tractor). . - . - . T S T I S S IS 4 8
Herbicide gprayinq (CDA, [wicﬂ) ............. D P T o o .. e e - R 8
Totals .. ....... e e e IR S . . ca : H_ o 48
System 3 (hand plus Ag. Chem.) : ' v
Herbicide spraying (CDA) - .- oo e e e .l.’».l,.";' _." e s : o 4
Sceding (Auto-Jab-Plant, 25™ x 257, 160,000 hills/ha) . ... ... G RS 140
Herbicide spraving (CDA) - - oo oo T I SO R IREE o 4
'ro[a]s: ................... \\. T T A ‘; ‘e 0"4 S . 148
] R ' . [ -
Conventional - for comparison — i o
Field preparation (using contiact tractor for initial tillage) . ... . .. G S . . 4 ‘ 120
Secdling (hand dibbling in rows 25™ apart) .. . .. .. ... e R ST APRL B 300
Manual weeding by hand and hoe (twice). - oo oo B e T R AR L 500
Totals: - o o o o0 0o oo e e e e e e e e ' v ;. =4 .~. e . ' 4 920

Notes: 1. (Ag. Chem. ) herbicide used was prop: .al + 245 TP,
i ! ,
2 An spstem 3, stand was poor due to madequate drainage.
3. “Conventional” data from N.AJP.P. surveys.
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Fig. 11. Schematic drawing of the “African Chief” Pou
Africa with minimum Jabricating facilities.

it involves the least tillage required for broadcast seed to
be in contact with the soil, although not inserted into it.
Herbicide application techniques are relied on for subsequent
weed control.

Devclopment of the “African Chief,” 5-hp
tractor

A compact 5-hp tractor based on the proven and popular
(in Asia) “Landmaster Lion™ tracior, but incorporating fea-
tures which will enable its manufacture and maintenance in
Africa with minimal fabricating facilities, has been designed
and constructed at II'TA. All bearings are bushes, to elim-
inate the cost and complexity of roller or ball bearings. The
internal transmission years have been replaced by sprockets
and chains ‘(Fig. 11). A non-press-found and non-welded
fabrication transmission case is a major contribution toward
simplicity in manufacture. With a 5-hp engine the “Chiet™
achieves the operating performance of the 7-hp “Lion,”
due 1o more cconomical selection of transmission reduc-
tons. Through most of 1977 the “Chisf” - us continued in
steady and consistent field test and evaluation, with ne re-
pairs apart from a change in design of the forward-reverse
clutch levers 10 avoid chance of misuse.

er Tiller’s features which will enable its manufactire and main
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{enance in

The tractor was developed specifically for the “intermediate-
level” and to have the following capabilities:

13
L. As asitting, (4-wheel) tractor for:

(@) Transporting farmer and produce with 0.4-ton capa-
bility.

(b) Propelling a two-row, mounted, “no-tjll” planter ap-
propriate to a 20-ha farm.

{¢) Carrying a 6-m swath herbicide /insecticide CDA spray
rig appropriate to a 20-ha farm,

(d) Powering a 60-cin front mounted rotary brush cutter.

As a pedestrian (2-wheel) tractor for operation in the diffi-
cult soil conditions of a rice farm up to 5-ha and for:
(a) Plowing.

(b) Rotary tilling up to 150 mm wide.

() Puddling.

Development work on the system, which has béen specifically
directed toward the small power needs of the intermediate
farmer in the humid tropics, will be completed in 1978 for
the basic range, and extension of the project commenced.

Non-ferrous casting techniques

A furnace and appropriate boxes for casting up to l4-cm
diamceter and 0.5-kg weight have been developed. This



A simplified casting technology saited 1o rural-level casting

of components of avricultural tools hay been developed at

Ira.

simplified casting technolouy i suited o rural-level casting
of components for agricultural ook, A bookler on rural-
level casting techniques is being developed.

Post-harvest engineering

During 1977 Phase | of the African Rural Storage Project
funded by FAO was completed. The emphasis in this phase
was on netize deving and storaze under humid conditions,

Planning ad initiation of Plase 11 of the project were con-
pleted i 1977 The nain emplasis duting Phase T scheduled
o he o operation to Octoher 1960 will be on the more m-
portant post-harvest processes ol the nygor food crops of the
bannd tropiess with special refecence 1o West Africa.

Fhe principal research etfore i 1977 centered on continued
monitoring ol insect control methods in maize envhs, obseeva-
vions on enb performanee as part ol the evalnaton of farm-
tie technologies, and the intaton of observations on yam

vorave under frech ventibated condinons

Five insecticides, available as iquid formulations, were com-
peaed oncribestored maize Table 32 sumanarizes their rela-
five perlotmance over the storage period 1o December 1977,

A reasanahle desree of insect conteol was achieved other than
when Decrs and Nuvan were used Onthe “FSPunin” where
the applicasion of the insectivides wis indertaken with mini-
non saperviston of the tormers the comparatively clferuve
cotttel by the insecticide sugeests the wechnigue could be
within the wrasp of relativels unskilted operators.

Tive gl on v storoce are atied at assessing the possi-
Bie etfec on suppression of sprouting and rotting by dehy-
Jdrating vams under freely ventilated conditions. Two levels
i shading ventitation are being studied. Results o date indi-
care diat while dehvdiation does take place at approximately
Bopercent e e h and rotting seems thus far to be arrested,
Dronting does oot appear o have been inhibied i the

ivels of ventilation bopesed,
Technology evaluation

FSEP in 1977 placed wreater eruphasis on the integrated evalu-
ation of research findings emerging from i activities, and
initiated studies of the diffusion of ITA-generated technology.

“Cammercial” evaduation of zero tillage., The application of
zero Ullage for o stinulated commercial maize production
system continued in 1977 on an area which had been simi-
larly grown to four crops of maize during the previous two
years,

Table 32. Control of insects with alternative insecticides in maize cribs.

% Control (Ratio of dead [dead + live insects))

Treatment Sept. Oct. Nov. Dec.
Actellic - 15 ppm admixed + monthly onside* 82 84 89 88.
Actellic monthly outside 64 91 83 79
Acteilic - monthly outside (FSP units™) 717 85 90
Permethrin — 10 ppm admixed + maonthly outside 96 89 94 96
Permethnin - ~- 10 pproadimixed 75 76 84 67
Penmethrin 5 ppm admixed 62 61 70 79
Permethrin monthly outside 49 81 T97 70
Ripeurd - 10 ppin admixed 73 91 91 : 84
Ripeord megthly outside 56 98 92 86
Decis - meifthly outside 21 75 41 40
Nuvan - monthly outside 25 53 53 73
Control - - 32 53 47 - 26

*“Monthly oulside” is a monthly spraving of the outside of cribs with a 7% percent a. l. solution of insecticid at a rate of 15 ¢c a.l. per 3t of

cobs.
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Maize yields in 1977 on the zero tillage plots continued to be
superior to yields obtained from the conventionally tilled
lands. The low sccond scason vields of the portion of the
conventionally tilled plots were due to massive invasion of
stem borers where carbofuran was not applied 1o the area
at planting. Unobserved blockages in the pesticide applicator
tubes of the planter oceurred when planting on wet, tilled
soil. This problem further demonstrated the case of managing
equipment on zero as opposed o conventionally tilled plots.

Table 53. Maize yields on an Alfisol, 1ITA site, 1977,

Tillage practice/ Yield (tons/ha)

ﬁcld_ B First seasop Second scason
Zero tillage
DI1/D2 3.44 1.87
D4 2,70 1.43
Conventional tillage .
D3 to D13 2,23 1.80
D3 o DI0O* NA .59

*Contours with no carbofuran applied, second season.

The zero tillage technique has proven superior to conventional
tillage on economic grounds for a wide range of crop and
input prices. The cost advantages of zero tillage include:

L. Elimination of the costs of soly conservation structures
and their maintenance. .
No loss of land from production due to soil conserva-
tlon structures,
3. Speedier operations.
Saving on tractor fuel,
5. Minimized soil erosion.
6. Improvement in levels of organic matter and soil struc-
ture.
Reduced soil damage and compaction.
8. Increased water retention and reduced runoff.

"t 2

A negative aspect of zero tillage is its dependence on herbi-
cides for weed control, However, with labor costs: generally
increasing more rapidly than the cost of agro-chemicals, the
- availability as opposed o cost of herbicides is the critical
constraint,

The zero-tillage technique is now being evaluated at five sites
outside IITA to determine it§ performance over a range of
soil types and climates, '

Technology cvaluation through “unit” farms

Five “unit”™ farms were developed to provide a focus for inte-
graiing and cvaluating the potential and constraints of crop
production methods and land management developed by the
Institute. "This - on-station evaluation of research within a
whole-farm frimework is designed to serve as a filter or bridge
between rescarch plot experimentation and on-farm evaluation
of the most promising technology. As the availahility of in-
puts (eredit, implements, improved cultivars, agro-chemicals)
and Lnd base per unit of labor force vary within tropical
Africa, the five unit farms were designed to vepresent difter-
ent resource combinations and as a result, different levels of
appropriate techuology and farm management (Table 54).

The crop combinations, planting sequences and placement of

crops on various aspects of the landscape were chosen to make
the most effective use of the farmer manager's resource base
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— his land, labor and capital. From carlier toposequence
based studies of crops in relation to soil type and moisture
regimes, cropping patterns based on cassava, maize and cow-
pea were established on the upland (pluvial) soils: yams,
plantain and cocoyam on the lower (fluxial) slopes; and rice
and offscason vegetables on the hydromorphic (phreatic)
valley bottoms.

Table 54 Management levels of five unit Jarms established at
HTA in 1977.*

M1

Ml M2 M3 M35
Varieties Vg vV, vV, Vv, V,
Crop Systems C, C, C, C, 2
Land Management L, L, L, L, L,
Fertilizer Fy Fy F, F, F,
Weed Control W, W, W, W, w,
Mechanization M, M, M, M, M,
Paddy Development I 1 1, 1, Iy
Ha./unit of labor 3 3 3 .6 1.2

*The subscripts in increasing order, represent higher, tmproved levels
of technology. For example for “varicties,” Vo are local lines while
W, and W, arc altemative levels of chemical weed control.

As 1977 was the first year of the unit farms operation, a con-
siderable amount of energy was devoted o site development
(particularly the paddies) and the farms were not stabilized.
Nonetheless, the following points were verified:

L The integrated management of hvdromorphic valley
bottoms and associated uplands in this environment
is attractive. The diversification over crops and land-
scape increases the efficiency of labor use and provides
a more stable flow of output over the farming year.
Improved cultivars of maize (TZB. TZPR) were port
itable under local and improved managenient levels in
the first season and performed well as .« sole crop anid
when intercropped with cassava. |

~

3. 110 to 120.day maize as a second-season crop in the
derived savanna remains a risky proposition; the de-
velopment of a shorter-scason cultivar (¢ g, TZE) for
this zone is appropriate. - )
The improved cassava cultivar 30211 grown is clearly

“superior (in yield and disease resistance) when compared

to the local material,

Yams and plantain are profitable on the lower slopes
and integrate well within the overall manzge ment of the
farm units. ,

6. Important components of the management of hydro-
morphic vallev bottoms are water and weed control,

7. With the CDA herbicide applicator for weed control
and a minimum tillage planter, a farmer has the po-
tential to handle several times the previous area er spped
with @ higher tevel of vutput, compared to cunently
used systems of hoe cultivation.

8. Under the Crop management system mentioned in (7),
harvesting and post-harvest handling and processing
of crops may well become effective constraints on farm
production.

T

The evaluation of research results in an integrated, though
simulated, farm envivonment by a multi-disciplinary team of
HEA scientists has identitied some limitations in components
of propused technologies. These findings have contributed to
the focus ol collective rescarch within the Institute to the
modification of proposed management practices to reduce
these constraints,



Implementation of NAFPP plan

June 30,1977 concluded Phase T - the pilot operations and
planning stage of the Nigerian National Accelerated Food
Production Project tNAFPPL The plan was published under
the title A Newe Dimension for Nigerian Agreculture and presented
to the Federal Ministry of Agriculture and Rural Develop-
ment who accopted and agreed to implementing the plan
and tssued cuidelines for it implementation,

During Phase 1 the rescarch and extension components were
tested in five plot states. These components will continue as
the basic plans of action. Modifications ard improvements
are being incorporated 1o include fewer and better mini-kit
trials, better selection of participating farmers, more fertilizer
and herbicide trials. more demonstration plots, organization
of farmer groups, and personnel development through inten-
sive training courses. Whereas the rescarch and extension
components have been field tested in the pilot eperations, the
third component, the Agro-Service system was not ficld tested
before implementation. Flexibility exists for the guidelines
that were established by the government for the implementa-
tion of the Agro-Seevice system to be redefined and modified
with accumulated experience in their operation.

Essential ingredients for operational suceess as identified in
the NAFPP Plan and endorsed at a planning workshop for
the Agro-Service Ceniters were a unifurm plan of action, an
autonumous organization with accountability and strong
management cmanating from a manpower development pro-
gram. The inplementation committees set up for developing
the Agro-Service Centers in cach state are interpreting the
guidelines to meet local government requirements.

Diffusion and adoption of cassava technology., One of the
major thrusts of H'TAs involvement in the NAFPP has been
the introduction of a cassava jaoduction package in south-
eastern Nigeria. Although cassava is the dominant food crop
in the region, the practice recommended was to il\tcrér()p
with amaize (FZPB) This has proved to be more .profitable
than sole crop cassava, is in line with farmers’ customary
practices and also reduces the spread of bacterial blight

disease in cassava, .
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The yield of improved cassava intercropped with maize (over
14 t/ha) was three times that of the local cultivars, while
maize vields (2 t/ha) were at least doubled. Alter allowing
for the increased cout of the new technology (principaily labor
for ridging and agro-chemicals), profits were doubled, com-
pared *o local cultivars and practices. 'This technology is
clearly profitable. and justilies the considerable effort that
went into its extension,

Demonstration plots were used to encourage adoption of the
new methods of cassava production. Among the groups ex-
amipgd, the best included those whose members were most
closely refated. The performance of the group was also re-
lated to the capability of the extension oflicer; the major
constraint to adoption of the new technology was unavail-
ability of inputs, The adoption of components of the package
by farmers not in the groups was dependent more on the
sueeess of neighboring groups and a firmer’s personal contact
with group members thun on the demonstration plots,

In all 12 locations, farmers within and outside the target
groups considered that high yields and carly maturity were
the most important attributes of the improved cassava, How-
ever. mass adoption of the total package (caluvars, spacing,
ridging, fertilizer, plant protection) appears unlikely at present
because inputs are not always available, and the costs (par-
ticularly labor costs tor ridging) and complexity of the pack-
age-is high compared with cuveent practices.

Outsule the supervised group plots, the new cultivars of
assavas were usually planted according to traditional prac-
tices, Almost all farmers who grew the improved cassava had
experienced difficulty in obtaining inputs and planting ma-
terial. This is one of the problems that Agro-Service Centers
hope to solve.

C

It is o early to specify the effects on farmer income of the
prograri. Where maize marketing had been successful, farm-
ers were aware that their income had increased; but the extra
was largely used to repay the loans for the maize/cassava
package.

The NAFPP cannot also dispose of the extra maize at prices
attractive to the farmers. Gari is the most profitable form in
which to sell cassava, but farmers feel that the capacity to
process cassava in thevillages is a factor that limits poteritial
sales. -



VIROLOGY UNIT

A new disease, discovered in maize at IITA was proved 1o be
“caused by maize dwarl mosaic virus. The virus is mechani-
cally transmissible, belongs to the Poty-virus group of aphid
transmitted viruses and is closely related to or identical with
sugarcanc mosaic virus and sorghum red stripe virus. Only a
few plants out of populations of most cultivars, developed or
used in the maize breeding program at ITA, were found to
develop characteristic symptoms after artificial inoculation.
This partly explains the low infection incidence observed in

the field.

Maize streak virus was proved io be efficiently transmitted by
Cicadulina triangula, not carlier reported as a vector of this
virus. Streak discase symptoms commonly observed in rice
“at IITA, but, 1o our knowledge, not carlier reported for rice,
proved to be caused by a virus which was found to belong
to the streak virus complex of maize and several grass weed
species. Investigations into the etiology of other virus-like
discases of maize and rice are in progress.

A useful extension of the Divscorra rotundata-virus indexing
method was found in a local lesion assay on Chenapodium
amaranticolor {or C. quinoa); inoculated from Nicotiana bentha-
miana, carlier identified as a sensitive alternate host for this
virus. It is nccessary that vam scedling is included as a con-
trol, since N. benthamiana is a host for many different viruses,
inducing similar symptoms.

The sweet potato virus might have a reservoir in a wild sweet
potato-like plant, found in the Pori Harcourt area of eastern
Nigeria. It showed the same type of symptoms and also con-
tained fimamentous virus particles, similar to the aphid-
transmitted component of the sweet potato virus disease.
However, aphid transmission to the sweet potato virus test
plants, fpomoea setosa, could not be achieved.

Cassava. mosaic disease (CMD) could not be transmitted to
Nicotiana glutinosa and N. benthamiana in whitefly transmission
. experiments. A cassava collection from a farmer's field near
“Iseyin (OyoSrate), Nigeria, found to be remarkably free from
CMD symptoms. persistently developed only minor discase
symptoms on cuttings further propagated at HTA,

A virus isolated from bambara groundnut ¢ Poandzeia subier-
‘izea) in the Zaria region (morthern Nigeria), was thought to
be a manifestation of cowpea mottle virus, once described as
an apparently distinet virus of cowpea and bambara ground-
nut in southern Nigeria (Robertson, 1967).

Unfortunately neither an original antiserum nor a stored
isolate of the once tentatively identitied cowpea mottle virus
was available.

An antiserum prepared for our bambara groundnut isolate
later revealed the occurrence of a serologicatly identical virus
in cowpea at Mokwa in central Nigeria which is additional
evidence for the cowpea motde virs carlier deseribed to be
involved.

Its persistent occurrence in southern Nigeria was subsequently
confirmed at the Institute of Agricultural Research and Train-
ing, Moor Plantation, Ihadan, when using this same antiserum
to the bambara groundnut isolate.

E:itensive characterization work at Boyce Thompson Institute

in New York also revealed that most likely a distinet virus of

cowpea and bambara groundnut is involved.

An aphid transmissible (Myzus persicac) filamentous virus
(Poty-virus group) from cowpea at II'TA was found (o be-
serologically related to cowpea aphid-borne mosaic virus in
East Africa. Of 30 promising, multiple virus resistant cowpea
introductions tested with this virus, only three remained
symptormless, the multiple virus resistant introduction TVy
410 being among these.

A randomly collected locally grown cowpea selection from
Xano Swite rorthern Nigeria) pioved to e highiv resistant
oo, which is good evidence for a high level of natural re-
sistance to this virus in the main cowpea growing area, where
virus disease incidence was found to be very low. Aphid in-
festation of the youag crop, however, is a common feature,

A very severe and conspicuous golden mosaic disease of cow-
pea at IITA's high-rainfall substation at Onne near Port
Harcourt, however, predominantly occurring  in vegetable
cowpea types (V. wnguiculata var. sesquipedalis)y was proved to
be whitefly transmirted. Sap transmission, like that recently
found for similar golden mosaic of Phaseolus rulgariv in Cen-
tral and South America could not be ackieved, however.

Resistance screenme conditions for this virus in the field are
essentially adequate since generally the whole infection occurs
at early stages of growth. Sovbean, besides showing symptoms
due to infection with a sap and aphid-transmissible flamen-
tous virus sovbean mosaic virus, widely found wherever S0y~
bean is grown in the world was found to show symptoms of a
disease which was fo a+d to be graft-transmissible only. Strong
indications were obtained that the whitefly transmitted lima
bean golden mosaic virus is involved in this case.

Electron microscopic and host range studies at IITA revealed
that in limz bean. often a latent virus vccurs in addition to
lima bern colden mosaic virus (whitefly transmitted) and
lima bean green mottle virus (aphid-transmitted, Poty-virus),
The idenuty and ecolouy of this virus and viruses of the same
type, electra microscopically, isolated from cowpea and soy-
bean, is presently being investigated. Mosaic, ring spot and
sometimes vein necrosis svimpioms often leading to die-back
of plants were commonly sbserved in wing bean ( Psophocarpus
fetragonofobus ). Host range and clectron microscopic investi-
gations with two isolates, one representing mosaic and the
secend vein necrosis sympioms, revealed that in both cases
probably the same virus, potv-virus, is involved.

Of several introductions tested gencrally omly a low number
of plants out of cach population proved to be susceptible to
ciach of the two isolates.

Vein necrosis and mosaic symptoms could both be induced
with the necrosis and the mosaic isolate, indicating that host
plant geneties play a predominant role in the type of symp-
tom expression by this virus, whereas its epidentiology is ap-
parently governed by the same genetic heterogencity.

A comparison of the symptoms in a series of test plant /species
evoked by viivses isolated from severely virus discased African
yam bean (Sphenostylis stemearpe) and jackbean (Canavalia
ensiformis) and electron microscopic studies revealed that the
viruses are probably closely related or identical, and belong
to the Poty-virus group. Also, symptoms induced in lima
bean were reminiscent of lima bean green mottle virus, To
prove their identity and relationship, purification and serology
are anticipated.



GENETIC RESOURCES UNIT

Exploration. The first priority of the Genetic Resources Unit
(GRU) is to collect the germplasm of African rice, food le-
gumes, root craps and aroids from sub-Saharan Africa. During
1977 the unit was involved in nine germplasm collection
missions within West Africa, and received seeds from impor-
tant collections already held at the International Rice Re-
search Instituie and the University of Ghana, From al] these
sources 2,730 new accessions were gathered (Table D), and by
the end of the year the unit held a total stock of 17,945 items
of germpleam (Table 1. This tond exchudes the yemr's 10117
collections from outside Nigeria which had not been released

from Nigerian post-entry quarantine sereening by the end of

the year.

Grants of money to assist germplasm collection for A were
made to collaborators in Ghana, Sierra Leone, Liberia and
Niger. Germplasm from these collaborators will begin to reach
the Institute during 1978, A grant was also made 1o IRAT
o support their exploration for rice in Afvica during 1977,

Evaluation, maintenance, documentation. During  the vear
K085 food legumes, 594 rice accessions, 2,032 cassava clenes
and 615 yum clones (Duwscorea spp.) were giown for main-
tenance or cvaluation. Arrangements were made with the

crop improveinent. programs of HTA 1o share the work of

germplism evaluation. The GRU will observe and record
stable (mostly qualitativer characters at ITITA whereas spe-
cladists in the crop procrams will evaluate new germplasm
for less stable characters of agronomic importance in o more
than one environment.

For every accession at least 20 “passport” descriptors defining
provenance are recorded ai the time of collection, Progress
was made to define minimum sets of descriptors for the sub-
sequent evaluation of collections, Data from these two sources
have been accumulated, but no use was made of the com-
puter 1o store genetic resources data or to publish catalog
pending the installation of a new machine and a suitable
program for it.

Seed production, storage and distribution. The GRU man-
aged all the Institute’s seed stores and completed their re-
organization in 1977. An order was placed for a -20°C lone-
term store big enoughi to contain about 23,000 seed sanmples
of 0.5 kg cach (store volume 88 m?). This facility will be  sed
primarily to preserve base esllections of cowpeas and African
vice, but about 20 m* will be availuble to other genetic re-
source centers to duplicate their collections. The unit mulii-
plicd legume breeders’ seed on 6 ha and helped to pack a.ud
distribute it for off-site uniform trials. In addition, legume
germplasm was distributed to 66 countries in response to 215
requests and within Nigeria in response to 384 requests,

Table 1. Germplasm yields from 1977 colleciions.

Food Roots and
Nource legumes Rice  aroids  Total
S.E. Nigeria 110 110
N. Nigeria (Prol. Oka) 16 126 142
Benue River Valley,

Nigeria 221 282 41 544
N. Nigeria (CINT) 23 i 24
Mali 247 12 3 262
Upper Volia 19 ) 19
Ivory Coast 185 17 12 214
Liberia 47 243 83 373
Sierra Leone 89 - 327 133 549
From IRRI (Onza

clabertima } 428 428
From University of Ghana 71 7
Totals: 918 1,436 382 2,736
lable 2. HTA's Germplasin stocks — December, 1977, *(Col.

lected in Nigeria.)
Rice:
(hyza glaberroma 871
1), saticn 923
Other Onyza species 86
Total: 1,883
Lesumes: -
Visa unzuicrdata 6,250
Voosndintu 103
Vo omga 10
Wild Vigna spp. 70
Phasentus lunatus 911
Unandzeia subtcrranea 168
Glycine max 148
Crjanus cajan 5,531
Sphrenostvliy stenacarpu 57
Psuphocarpuy tetragonolobus 15
Lablal puwrpureus 19
Other legumes 123
Total; 13,405
Roots:
Manwot esculenta 2,032
Divscorea rotundata 261
D. cayenensis 37
D. alata 226
D. dumetorum 33
D, bulbifera 13
D. esculenta 4
Wild Dioscorea spp. 30
Total: 2,657
Grand Total: 17,945

*Includes only material at 1ITA 31 December,



TRAINING

The Training Program continued to pursue its goals of as-
sisting in the transler of knowledge generated by the research
programs of the Institute and in responding to requests for
training in rescarch, production, laboratory, library and ad-
ministrative skills.

Rescarch training. During 1977, IITA scientists supervised
thesis research for 13 doctoral candidates (Research Fellows),
28 M.Sc-level candidates and 10 employees of departments
and ministries of agriculture, international crganizations and
private and public agencies for whom non degree-related re-
scarch training was requested. In addition, the Institute re-
ceived 24 vacadon student research scholars from Rwanda,
Togo, Ghana, Benin, Sierra Leone and Nigeria, By the end
of the year, I'TA had extended its collaborative arrangements
with universities to include 42 universities in 20 countries on
four continents. T'welve of these universities are in Africa.

Group courscs. The schedule included the following courses:
Language Participants
—~Crop Production and Seed
Multiplication Technology
and Extension. (1 Dec.
1976 =25 March 1977.)
—~Soil and Water
Conservation and
Management Research.
(14 March -1 Apnl)
--Rice Production Training
for Rescarch Workers and
Extension Supervisors in
Tropical Africa,
(28 March—15 July)
~Root & Tuber Crop
Production Training for
Research Workers and
Extension Supervisors in
the Tropics, '
(9 May—8 Julv.)

French

22

English 27

Eng./French 33

Eng./French

LIBRARY

About 2,000 volumes of books and 1,500 volumes of periodi-
cals were added to the collection during 1977, As of
Deceraber 1977, the coliection of the Library and Documen-
tation Center consisted of 12,000 books, 16,500 volumes of
periodicals, 2,500 pamphlets and some microfiches, microfilms
and slide sets,

Mealybugs are pests of many tropical and subtropical crops.
To assist research on mealybug initated by (ITA stail and
collaborators, the library siaff compiled, during 1977, abstracts
of literature on the pest, apd distributed copies to scientists
and institutions throughout the world known to have rescarch
projects on mealybugs.

Rescarch and development on plantains at II'TA have in-
creased during the Jast two years. To support this work at
IITA and clsewhere, the library staff compiled a world bib-
liography on plantains and other cooking bananas during
1977, This bibliography was published as a special issue of

9t

Language  Participants
—~Grain Legume Production
Training for Research
Workers in the Tropics,
(22 August—1%8 November.) Eng./French
—Training Course on
Rhizobium Isolation and
Utilization. (10-28
October.)

28
15

English

Totals for 1977 and cumulative from 1971 through 1977 were:

1977  Cumulative

Resecarch Fellows 13 32
Research Scholars 28 17
Vacation Student Research Scholars 24 - 121
Research Training Associates (non ’ "

degree-related training) 40 . - 86 -
Group Course Participants » 148 409 '
\ Total 695

Postdoctoral fellowships. The posttdoctoral fclhh(’ship program
seeks applicants with newly acquired degrees of tae level of
the Doctor of Philosophy in a broad runge of agricultural
disciplines. In 1977, 23 ‘fellows conducted research in such
disciplines as agricultural economics, agronomy, biochemistry, -
entomology, phyviopathalogy, physiology, plant Lreeding, soil
microbiology, soil physics, soil chemistry, and virology, The
fellows participated actively in the rescarch activity of ‘the
Institute and contributed significantly to it. At the same time,
they gained experience in research oriented to solving prob-
lems of small farmers of the humid and subhumid tropics.

AND DGCUMENTATION CENTER

Paradisiaca, newsletter of the International Association for
Research on Plantain and other Cooking Bananas.

The first draft of the bibliography on farmning systems in
Alrica was completed and distributed to saff of the 1I'TA
Farming Systems in 1977, A revised version is being prepared !
and will be published in 1978 by G. K. Hall, Inc., a commer-
cial pubiisher in Boston, Massachusetts, USA.

The International Grain Legume Information Center pub--
lished three issues of the Tropica! Grain Legune Bulletin in 1977.
The Ceuter completed work on abstracts of cowpea literature
published during 1950-1973. Printed copics will be available
for distribution in 1978. The Center continued work on the
literature of winged beans (Psophocarpus tetragonolobus) and of
bambara grouncnuts (Voandzeia subterrinea).

During 1977 the ‘Library provided opportunities for practical
experience 1o 14 training participants.



COMMUNICATIONS

During 1977, the Communications and Information otfice
provided all editorial, print, photographic, transiation, and
graphic art supports for IFTA rescarch, training, adminiswa-
tion, and special projects.

The synchronized tapesaide presentation on HTA was put
into effective use and ctforts made to update this periodi-
cahiy. More presentations were made for certain individual
rescarch programs for use during training sessions or with
special visitors,

AND INFORMATION

A special publication in both English and French, marking
the 10th Anniversary ol the institute, was produced by the
department. More than 5000 copies have been distributed
woerldwide, .

A new type composing machine and a “total copying sys-
tem” were purchased to help solve the delay problems in the
printing unit.

RESEARCH STATION OPERATIONS

In addition to providing routine field support for scientific
staff, Research Station Operation had a vear of consolidation
in 1977 following many.years of research land expansion.

Hydromorphic valleys have been developed into productive
areas mainly for rice research, and aceess roads, drainage
systemns and soil conservation installations have all been im-
proved. A full ¢vota of tractors and drivers has resuited in
improyed timeliness of farm operations and increased scope
for informal stafl training.

-92,

Active involvement in the more practical aspects of the zero-
tlluge research program has continued.

Rescarch expansion continued at the high-rainfall substation
at Onne and progress has been made on the construction of
the main station building which includes offices, laboratory,
stores and workshop.



PERSONNEL

ADMINISTRATION

W.K. Gamble, Ph.D., director general

M.A. Akintomide, B.5, director for adrinistration

D.C.L. Pritchard, assistant director and treasurer

C.E. Barringer, B.A., planning and budget officer

D.C. Goodman, Jr., M.B.A., assistant to the director general
(Special Projects )

R. Jacob, assistant to the director general

AR, Rinde, assistant to the director general*

KA. Aderogha, principal administrative officer

S.J. Udoh, accountant

F.O. Ogunyemi, accountant

C.A. Enahoro, asvistant to the divector for administraticn

J-E. Brinkworth, manager data processing

D.J. Sewelly donnitory and food service manager

R.O. Shovinka, 8.8., pérsonnel manager

0. Adebiyi, /u‘r.\num‘/ officer

JD. Abidogun, B.S, supplies & purchasing officer

E.A. Onifade, sccurity superintendent

J T, Okediran, purchasing superintendent

M.G. Ewik, adnunisnatice assistant, lkeja

D.A. Kasumu, assistant accountant

C.A.O. Nylander, nursing sister*

S.B. Okiti, assistant accountant

Oye Olatawura, huusing superintendent

E.O. Omole, conference coordinator

RESEARCH

J:C. Flina, Ph.D. acting divector of research
S.VLS. Shastry, divector of iescarch
GENETIC RESOURCES UNIT
WAL Steele, PRD., coordinator

S.D. Sharma, Pidd, plant explorer

A, Perer, PhD. plant explner

POSTDOCTORAIL FELLOW

R.B. Eastwood, PLD., plant explora® | -

FARMING SYSTEMS PROGRAM

LO. Akobundu, P40,

A Ayanaba, PRD., nucrobinlogist

F.E. Caveness, Ph.D., nematolopist

A, Cook, B.S., insect ecologint

B.R. Critchley, Ph.D., entomalogist

D. DevleeschadW®r, Ir., soil scientist -
expert)

. Devos, Ir., agronomist, plantain (F.10 associate expert)

J.C. Flion, PA.D., assistant divector and agricultural economist

wred serenhst

physics (FAQ associate

J-M. Hoyoux, Ir, agricultural economist (FAO associate experi)
ASR. Juo, Ph.D., soil scientist — chemistry

BT, Kang, PRD., sl scientist — ferrility

R. Lal, PR.D., suil scientist — physics

T.L. Lawson, PhD., agrochimatolagist

F.R. Moorman, PhD., pedologist

N.C. Nuvasero, agneultural engineer, assistant

C.L. Padolina, agricultural engineer, assistant

S.J. Pandey, i input technology adetsor

J. Perlect, MS. insect ccolugist (COPR tisiting scientist)
P.R. Wijewardene, LS., agncultral engineer

L.B. Williams, M8, agricultural econoist, NAFPP
G.F. Wilson, P, cormmmist '

F.E. Wiach, PhD., agnculturai vconomist

R. Yeadon, B.5., pesticide enalyst

VISITING SCIENTISTS
G. Burnbury, agricultural enginecr

AJ. Herbillon, soil chemust
P.J. Le Mass, sorl chemist

POSTDOCTORAL FELLOWS

J. Braide, PhD. agronomy, plantain
E.S. Bromfield, Pr.D., suil microbiology
R. Maurya, PhD)., sal physics

C. Okuli, PA.D., rural suciolozist

J-L. Pleysier, PhD., scif chemist

M. Rodriguce, Ph.D., soil physics

"CEREAL IMPROVEMENT PROGRAM
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AO. Abifarin, PAD., rice breeder

V.L. Asnani, Ph.D., maize breeder

M.N. Harrison, B8.8¢., maize breeder

P.E.J. Seto, Piui)., entumologist

J- ter Vrvagt, B.Se, agronvmist

F.M. Quin, PAD., physiologist

LW. Buddenhagen, Pi.D., pathologist

S.S, Viemani, Ph.D.. rice breeder, Liberia

LC. Mahapatra, Ph.D., rice agionomist, Sierra Levoe
S.A. Raymundo, Ph.D., rice pathologist, Sierra Leone
S.J. Pandey, PiD., surghum/millet coordinator, NAFPP
R.8. Thakare, PhD., sorghum/millet specialist, NAFPP

POSTDCCTORAL FELLOWS

7. Siddiqi, Ph.D., entomologist

M.D. Thomas, Fr.D., patiologist, maize
Y. Tanaka, PAD., pathologist, rice

K. Alluri, PhD., physiologist/agronomst
H.C. Bittenbender, Ph.D., physiologist
R.A. Coker, PR.D., entomolugist*



GRAIN LEGUME IMPROVEMENT
PROGRAM

P.R. Goldsworthy, /D) asustand diecta

D.J. Alten, PR D plart pathologise
D. Nangju, Pi D agroninist

E. Pulver, D). mucaohilugist
R.J. Redden, PA.D. plant iveeder
SR Singhy PEDL entanaligest
J.B. Smithson, PR D plant breeder
.. Wau, 2D, plant Freede
H.C. Wien, PRD. crop phyanlgst
.0, Duatticld, fu D coordanator
F.E. Brockman, Pa )., agronmist - Tanzania
PNL Patel, PhD. biceder pathodogist - Tunzanta
VDL Newarwal, P D plant brecde, Upper Volta

VISITING SCIENTIST

(i, Nsowah, [ D pina

POSTDOCTORAL FELLOWS

J-P. Baudoin, Jr., cuscnits evpert FAO

P. Matteson, £ 0D entenioles

B. Ndimande, P D). plant pathnlagest

H.). Veten, PR plant pathelagit

W.J. Horst, PAD. plant sninent

TP Sineh, Pa D). plart brecder

2. Russam, 1), plant brecder

ROOT AND TUBER IMPROVEMENT

PROGRANM

S.K. Hahn, PhD aeastant docctar and brecder

G.S. Asernor, Pi D) badhenast pud technslagist

W.NO. Ereilo, BN conrdinaior, cavsera conter, NAFPP, Nigena

H.C. Erumah, /02D brecder, Program Natenad Manioc
(PRONAM ). Zans

P.H. Havnes, AN, project leader i agrosonnst, Progrun
Natione! Marwe t PRONAN ), Zare

G. Hevs, BS. production agrmomant

K. Leuschner, P40 entomalesist

K.V, Nwanze, Ph D, entoniotasnt, Prograne Natwal Mane
(PRONAM i, Zawre

R.P. Pacumbaba, PhD. pathelogie, Progrom Natinal Manioc
(PRONAM 1, Zaue

Sidki Sadik, PAD. physilogistitiane cultoe

E.R. Terry, PhD., pathologist

JE Wilson, PAD. breeder

G.J. Peesley, pathologist ( Research Fellow )

AK. Howland, rescarch assacrate - breeding

J.O. Kalabare, research assistant - breeding

M.O. Akoroda, research assistant - breeding

POSTDOCTORAIL FELLOWS -~
APQO. Dede, PAD.. patholugist

W. Clavssen, PRD., physislagist

R.B. Kagbo, PA.D., agronomist

E.N. Maduagwu, PhD., biochemust

fanzami
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TRAINING

W.H. Reeves, 20D, assistant divector and head of training
D.W. Sirinavake, production tramming officer (unglophone )

L. Babadoudou, Ing. Tk, production traamg officer (francophone )
G. Cambier, Lo, tansbator Jinterpoeter

RESEARCH AND TRAINING
SUPPORT UNITS

COMMUNICATIONS AND
INFORMATION

R.A Waoadis, MN dead?

J.O. Oyekan, BN covomuwications officer, editortal
C. Achode, Pi D maditn

J. Loudon, AN i

VISITING SCIENTISTS
E. Bortei-Doku, M.oS.
W.B. Ward, M8

FARM MANAGEMENT
D.CL Couper, BSL farm numager

S.L Claassen, MOS awatant tanm manager
E. Bamidele, forn supenmtendent

LIBRARY AND DOCUMENTATION
CENTER '
SML Lawani, MLS, bead

GO Thekswe, BSL proveipal {inam
F.N.O. Adumorah, B8 docicnrntalint
B Nwajeb, Bt acpatmms libvarian
Lynctte Yip-Young, dounentalist, IDRC*
B.OL Adenaike, BN, Wiblwarapher, IDRC

BIOMETRICS/STATISTICS
B. Gilliver, MN. bronsc b vin
ML Jaiveolas vomfoaer programner

A NT g N e ; v
ANALYTICAL SERVICES
B.O. Nana, L5 rosenrdh asvstant
O. Fapojuwo, B8 rovarch asastant

T I G , 1
PHYSICAL PLANT SERVICES
J-G.HL Craiw, assistundt director
AC. buler, baldings and side serveces officer
Donald Cockbarn, refniperation services officer
LML Ferguson, jabrication services officer
C.W. Robertsan, electrical services officer
N. Georgallis, scrntific and electronic services officer
0.0. Fawole, automotive services officer
H.C. Kinnersly, heacy equipment services officer
S.0. Odetayo, electronics superimtendent

*Lefl during the year.
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COLLABORATION AND TRAINING

FARMING SYSTEMS PROGRAM
COLLABORATORS

Dr. J.N. Saseer, Pl Pathodogy Department, Noth Carolina State
Universaty, Boleosk. Neath Cardina, Internntional Melowdogyne
/’Ill]u f.

EMBRAPA/MANAUS, and EMBRAPA/BELAN
University of Mowasan, Tanzania

Dr. E.De Langhe, Katholicke Uriorsitut Lewen, Leween, Belgium

Mro Lo Abialeghedji, Metiorologial Sevcace, Lomé, Togo

Mro AL Ussher, Meteaologreal Severce, Acera, Ghana

RESEARCH FELLOWS AND SCHOLARS
DL Friesan, sorl chennsin

E. Bachman, agra. cconmmnics

L. Diehl, agcnee. cconmmes

B. Mambani, ol physicy

G.E. Okovo, ol fornility

H. Pleifer, il chemicn

G Agbahuneba, sorf microbiology
AL Azontonde, ol physics
LML Spiro, agree. economics

G.B. Douacbeu, weed science
Naku-NMbumba, agronomy, plantain
D. Akangbe, amic, cconomics

P. Fotzo, agric. economics

B. Fawcett, amric. cconomics

L. Scarlett, agric. ecomomics

C. Dixon, sl chemast

1. Boware, coronomy, plantain

S, Osci-Yeboah, soif physics

LS. Barric, sl physics

P. Mondialis, suil physics

N.O. Aisueni, i/ microbiology
JAML Crawray, pedology

J-N. Scllahewa, soil physics
RMK. Wickremasin, soil physics
M. Armon, soil physies

KM Setsoalia, soid fertility

C. Mongkulsawat, soif physics

N. Sachak, agrie. economics

Betty L Okob, soil microbiolngy
N.O. Fazckwesili, nematology

A. Kaba, agrie. engineering

S.T. Ghanya, agric. engineering

J. Alegre, soil physics

Al Khatib, soil physies

S.B. Adesanmi, agrnie. engineering
A. Famogbicle, agric. engineering

CEREALS IMPROVEMENT-
PROGRAM

COLLABORATORS

Dr. 8. Fagade and | Olufowote, NCRI Thadan, Nigeria

De. Be Leesehik, G- Gharivm A oncuituml Development Project,
Tamale, Ghana

Dr. A.G. Carson, Cropn Resewrch Dnstitute, Tumale, Ghana

Dro AN Arveetey, Dwcerity of Ghana, Kpong, Ghana

Mreo N Ayvama, NORCAP, Abalalihe, Anambia Siate. Nigeria

Mro N Arega, Ko Producton Comipany Lid.. Ada, Anambra
State, Nigeria

Me. Limtbure, vwization oo
Repubdic v Rown

Mr. C.H. Riedel, Prosoct tothon Fuate. S, Repubiie of Benm

Mr. Schalbroeck, Dostiute e Science Aevonomie de Bunundy,
(ISABL s Bwnds

Mr. Van Gils Lambert, [iciven of Apr Extonn, 1ENSA,
Unee, of Yaounde, Cameroon

Dr. JM. Menvonga, Pstide jur Poenal Coops, Cameraom

Mr. E. Limbure, Action Gale, BE 5 Sice, Repuddic of Benin

Dr. M.K. Akposoe, Crogre Research Istarnte, Counetd for Seientific
and Industrial Reseach, PO Boy 3705 Kunasi, Ghana,

Mr. Carlos Schwars de Silva, Dope de oxperimenta canse
Producan dr Anaz (DEPLY Q2 71 Bisau, Rep. Guinea Bivsau

Mr. EJ.R. Hazelden, Koo Soed Coo Lid, PO By 357,
l\’l‘lﬂ/r‘_ Kr'rllvl P AI/IIHI.

Mr. W.R. Dingle, (OND P PO Bex 278 Monrorwa, Liberia

Mr. Pouclas Knapp., Baptive Demonstation Farm, .0, Boy 200),
Kyela, Tunzania

Mr. J. Marquete, (RAT Mivson an Togn, B.P 1103 Lonte-
Togo

Mr. J. Fracyhoven, FAO Progect Contre di experimentation du
Riz et de Cultures Drgues. Faraboba, Bobo  Diouliasso, Upper
Voltu

Dr. D.W. Sperling, Natwna! Marze Res. Program, Nonga, AR 1.,
Private Mail Bag Kilosa, Tunzana

Dr. Q. Haque, Condinatur, Fowd Legwnes and Cereals Program,
CARDI. University of West Indies, St. Augustine, Trinidad—West
Indies

Dr. 8. Parasvam, Conumodity-Leader-Maize, CARDI University
Campus, 8. Augustene, Trinidad, West Indies

Dr. Thomas G. Hart, CIMMYT Lubumbashi, /o Food and
Agriculiwal Officer. USAID American Embassy, Kinshasa, Zaire

Mr. R.Q. Craufurd, Dept. of Aenicnlture, Research Branch, Mount
Makulu Res. Station, P.O. Box 7, Chilunga, Rep. of Zambia

Dr, Carlos de Leon, Maize Pathologist, CIMMYT, Londres-40,
Mexico 6 D.F.

Valurctaves, Neerlanda ., .\‘{l('f',



Dr. R.L. Paliwal, Associate Director, Maize Program, CIMMYT,
Londres-+0, Mexico 6, D.F.

Dr. James L. Brewbaker, Centro Inter. Agric., Tropical Apartado
Arreo 67175 Calt Colombra, N4, ( Colombia)

Chief P.U. Ohunvon, Sie/l-BP, Warri, Bendel State, Nigeria

Muastry of Acvicwdture cnd Naturad Resowrces, Bendel State, Nigeria

Muastry of Avinltwe ead Natwal Resmaces, Rivers State, Nigera

M. Arraudean, IR T Bowake, Trary Caast

Mr, K.\ Aotade, NCRE Badeggn, Niger State

RESEARCH FELLOWS AND RESEARCH

SCHOLARS

LN Timd, reseirch pedivoe, muze pathafogy

AN Alghali, sevench pellzes entomaligy

S.R. NVodouhe, research scholar, 1ice breeding! physiolugy

C.A Dixon, revarch sy coaciate, sord chemistry (FSPRice
Phyvology +  CFF)

SN Vowba, v v,

Z.L. Kanveka, s s

GRAIN LECGUME IMPROVEMENT
PROGRANM]
COLLABORATORS

D. Boulter, Deparimens of Botany, Unieerstty of Durham, England

M Evans, Detartraent of Botany, Umieersity of Durham, England

R.J. Summerficld, Plant Encironment Laboratory, Reading
niienity

F. Minchin, Plane Ercivonment Laboratory, Reading Universtly

H.E. van Ymden, Department of Hoticulture and Agriculture,
Rewding Unaiersity

K.AL SKipp, Plant Grocoth Substances and Systemic Fungicides Unat,
Wye Colleze, University of Londan

Cier pithalogy

H. Marschner, Institute of Crop Science, Technical University of

Berlin

R. Marechal, Faoulte des Sciences Agronomiques de 1'Etat, Gem-
blowx, Belgmm

C. le Marchand, Faculte des Scrences Agronomiques de {’Etat,
Gembloux, Belonm

P. Dobie, Tropicai Products Institute, Londom Road, Slough Berks,
England

RESEARCH FELLOWS/RESEARCH
SCHOLARS

Mofli Ta'Ama. entanology
B.M. Khaemba, agronomy
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S.B.C. Wanki, agronomy
C. Roesingh, entomology
M. Sadiq, plant brecding
A, Vander Reijden, plant breeding
P. Swain, plant breeding

ROOT AND TUBER
IMPROVEMENT PROGRAM

COLLABORATORS

O.B. Areae, Program Leader of Cassaca and Pathologist, National
Ruont Crop Research Instutute, Umudike, Nigeria

I Baldry, Tropiea! Product Institute, London, UK.

D. Boulter, Deparbacnt of Botany, University of Durham, UK.

R.D. Cooke, Tropucal Product Instutute, London, UK.

L.S.0. Eney Assistant Director and Breeder, National Root Crop
Research Institute, Umudike, Nigeria

AAAL Favemi, Depariment of Agronomy, Unieersity of Ihadan,
Nigerna

D.J. Greathead, Commomeealth Institute of Biological Control,
Londun, UK.

G.G. Henshaw, Department of Plant Bislogy, University of
Bimungham, Birmmgham, UK.

R.AD. Jones, Rice Research Statton, Ruokupr, Sierra Leone

T.A.0. Ladeinde, Department of Agricultural Biology, Unwversity
of Ibadan, Nigeriu

S. Lvonga, Coordmator, National Keat Crop Improvement Progrom,
Njombe, Cameroon

H. Maraite, Laburatoire de Phytopathologie, Universite Catholique
de Lowrain, Belgium

J. Meyer, Laboratore de Phytopathologie, Unversite Catholique de
Lowain, Belgium

H.H. Shorey, Division of Biological Control, University of
Californta, Riverside, Californua, U7.S.A.

RESEARCH FELLOWS AND SCHOLARS
MUT. Dahniya, Research Fellaw, breeding

MM Msabaha, Research Scholar, breeding

LL. Ezckwe, Research Scholur, boch:mustry

W. Olusanya, Research Schalar, entomology

J. Kasirivu, Research Scholar, pathulogy

C. Makambila, Research Scholar, pathology

M. Akoroda, Research Scholar, breeding

V. Lawin, Research Scholar, breeding

K.D. Kpeglo, Research Scholar, breeding



- CONFERENCE AND SEMINAR PAPERS

FARMING SYSTEMS PROGRAM

Aina, PO, R. Lal, and G.S, Taylor. 1977. Efects of Vegetal Cover on Soil Erosion, In Rule of Soil Physical: Properties in Maintainin
Productivity of Tropical Soils, held at HITA, Ibadan, Nigeria. 6-10 December, 1977, .

Caveness, F.E. Cassava Seedling Susceptibility and Damage by the Root-knot Nematode, Meloidogyne Incognita. Occasional Publication
Number 2. The Nigerian Society for Plant Protection, Ibadan, Nigeria, 1977, ' :

Caveness, F.E. Limited Plant-Parasitic Nematode Control with Slash-and-bum Farming. Occasional Publication Number 2. The Ni-
gerian Society for Plant Protection. Ibadan, Nigeria, 1977. - :

Caveness, F.E. Cowpea, Lima bean, Cassava, Yams and Meloidogyne spp. in Nigeria. Paper :..esented at the Internaticnal Seminai
on Meloidogyne. Bari, Italy. October, 1977. - .

Caveness, F.E. Nematology at the International Institute of Tropical Agriculture. Seminar 2. the University of California, Riverside,
California. 30 September, 1977 . i

Caveness, F.E. Root-knot Nematode in West Africa and the International Melndogyne Project. Seminar. at the Institute of Agricultural
Rcscnrch, Ahmadu Bello University, Zaria, Nigeria. 19 November, 1977. »

Caveness, F.E. Cassava Seedling Susceptibility and Damage by Root-knot Nematode. Seventh Annual Conference, Nigerian Society for
Plant Protection. IART, Moor Plantation, Ibadan, Nigeria. 7-9 March, 1977.

Falayi, O. and R. Lal. 1977. Crust Characteristics and Seedling Emergence. Conference on “Role of Soil Physical Properties in
Maintaining Productivity of Tropical Soils,” held at HITA, Ibadan, Nigeria. 6-10 Deceniber, 1977, .
Harrison-Murray, R., and R. Lal. 1977. High Soil Temperature and the Response of Maize to Mulching in the Lowland Humid Tropics,
Conference on “Role of Soil Physical Propertics in Maintaining Productivity of Tropical Soils,” held at IITA, Ibadan,

Nigeria, 6-10 Dccember, 1977,

Juo, AS.R. Chemical Characteristics of Sutl in the Humid Tropics as Related to Soil Management and Classtfication. Paper presented at
the Review Seminar of IITA Soil Research Collaborators, held at University of Reading, England. 29 March—2 April, 1977,

Juo, AS.R. Te haportance of Surface Reactivity of Sesquioxides, Phosphate and Silica Surption and Solubility to Classification of Soils in
the Tropics. Presented at the International Soil Classification Workshop held at Rio de Janeiro, Brazil. 20 June—1 July, 1977.

Lal, R. 1977. Cruteria jor Screening Rice Varieties for Drought Tolerance. Rice in Africa Conference held at ITTA, Ibadan, Nigeria,
7-11 March, 1977.

Lal, R. 1977. Modification of Fertility Characteristics by Management of Soil Physical Properties. Conference on **Role of Soil Physical
Properties in Maintaining Productivity of Tropical Soils,” held at [ITA, Ibadan, Nigeria. 6-10 December, 1977,

Lal, R. 1977, Climatic Aspects of Suil and Water Conservation in the Humid Tropics. WMO/FAO Technical Conference on the Ap-
plication of Meteorology in Africa, 11TA, Ibadan, Nigeria. 12-16 April, 1977.

Lal, R. 1977, Evosivity in Tropical Countries. Expert Consultation for Assessing Methodology for Soil Degradation, FAO, Rome,
Ttaly, 18-20 January, 1677,

Lal, R. 1977. Soil Management in the Humid Tropees of West Africa. Third Annual Review of Collaborative Research on Soils of
the Humid Tropics. University of Reading, UK. 29 March—2 April, 1977,

Lal, R. 1977. Physical Properties of Tropical Soils in Relation to their Classtfication. Third Annual Review of Collaborative Research
on Soils of the Humid Tropics. University of Reading, U.K. 29 March—2 April, 1977, ,

Lal, R. 1977, Effects of 6 years of No-Tillage and Conventional Plowing on Fertilizer Response of Maize. A.S.A. Meeting, Los Angeles,
UU.S.A,, 13-18 November, 1977.

Lal, R., and D.}. Cummings. 1977. Changes in Soil and Micro-Climate by Different Methods of Forest Removal. A.S.A. Meeting, I.us
Angeles, U.S.A,, 13-18 November, 1977.

Lal, R. 1977. No-Tillage System and Residue Requirement. FAO/UNDP, Conference on Organic Recycling, 6-12 December, 1977,
Beau, Cameroon.

Lal, R. 1977, Research Consideration for Soil and Water Conservation and Management. Food and Agriculiure, Malaysia 200:87-100,

Lal, R. 1977, Physical Properties of Tropical Soils. Conference on “Role of Soil Physical Properties in Maintaining Productivity
of Tropical Soils,” held at HTA, Ibadan, 6-10 December, 1977,

Lawson, T.L. 1977. Possible impact of Agroclimatological Studies on Food Production in the Humid Tropics with Particular Reference to
West Africa. WMO/FAO Technical Conference on the Application of Meteorology to Agriculture in Africa, IITA, Ibadan,
Nigeria, April 12-16, 1977,

Lawson, T.L., R.G. Dumsday, and J.C. Flinn. 1977. An analysis of the effects of weather on maize yields in a Humid Trwpical En-
vironment. WMO/FAO Technical Conference on the Application of Meteorology to Agriculture in Africa, IITA, Ibadan,
Nigeria, April 12-16, 1977,
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Lawson, T.L., and B.-Lal. 1977, Response of maize (Zea mays L.} 1o surfuce and buried straw mulck on a Tropical Alfisol. International
Conferensc on “Role of Soil Physical Properties in Maintaining Productivity of Tropical Seils,” IITA, Ibadan, Nigeria,
December 6-10, 1977,

Lawson, T.L. 1977, Cansuwnptive water we for coiopea. International Conference on “Role of Soil Physical Propertics in Maintain-
ing Productivity of Tropical Soils,™ IITA, Ibadan, Nigeria.

Maurya, P.R. and R. Lal. 1977, Effects of Shaie Mulch and Soil Moisture Regimes on Upland Rice Groweth and Production. Rice in
Africa Conference held at ITTA, Ibadan, Nigeria. 3-11 March, 1977, ‘

Maurya, P.R., and R, Lal. 1977, Effects of Gravel Concentratron, Inter-Gravel Density, and Soil Moisture Regime on Radical Elongation,
In “Role of Soil Physical Properties in Maintaining Productivity of Tropical Soils,” held at IFTA, Ibadan, Nigeria, 6-10
December, 1977

Wicn, C., R. Lal, and E.L. Pulver. 1977, Effects of Transient Flouding on Growth and Yield of Some Tropreal Crops. Conference on
“Role of Soil Physical Properties in Maintaining Productivity of Trapical Soils,” held ar II'TA, lbadan, Nigeria. 6-10 De-
cember, 1977

Wilson, G.F. 1977, Putentiol for no-tillage in vegetable production in the tropics. Filth Africa Svmposium on Horticultural Crops,
Khartoum University, Sudan.

Wilson, G.F. 1977, The potenteal far legume cover crops in no-tillage cropping - the tropicy. International Conference on “Role of
Soil Physical Propertics in Maintaining Productivity of Tropical Soils,” II'TA, Ibadan, Nigeria.

Winch, F.E. and C.D. Kivunja. 1977, Rice m Trvopreal Africa: The Relatwe Inportance of Rice in Tropical Africa and the need to -
increase the Farm Lecel Economic Data Base. Invited paper for Rice in Africa Workshop, II'TA, Ibadan, March 7-11, 1977,

Winch, F.E. and C.D. Kivunja. 1977 Rereie of Production and Trode of Rice, Maize, Cassaca, Yam and Sweet Patato in Selected
Countries of Tropical Africa. Paper prepared for the Techuical Advisory Committee mission to II'TA, Ibadan. October, 1977,

Winch, F.E. 1977, Selection, Training and Supercision of Field Enumerators Employed for Village-Leiel Fconomue Surceys. Village-Level
Socio-Economic Studies Workshop held at HTA, Ibadan. November 1425 1977,

CEREALS IMPROVEMENT PROGRAM

Alluri, K., R.S. Vodouhe, K.J. Treharne and LW. Buddenhagen. 1977, Evaluation of drought avordance of rice carieties. Rice in
Africa Conference held at ITTA, Ibadan, Nigeria, March 7-11, 1977,

Alturi, K. 1977, Effect of methods of fertilizer application on traditisnal and broadeastable seediings. Rice in Africa Cenference held at
II'TA, Ibadan, Nigeria. March 7-11, 1977,

Perez, AT, and 1.C. Mahapatra. 1977, Case studies of technology transfer in West Africa: Nigeria and Sierra Leone. Presented at the
Rice in Africa Conference, IITA, Ibadan, Nigeria. March 7-11, 1977,

Pereze AT, 1977, NAFPP swamp rice program for 1976, Presented at the NAFPP National Swamp Rice Workshop, Moor Plan-
tation, Ibadan, Nigeria. January 25-26, 1977,

Virmani, S.8., AF. Tubman, and PAL Worzi. 1977, Rice development and Research ectwities i Liberia, Paper preserted at Rice
in Africa Conference held at IITA, Ibadan, Nigeria. March 7-11, 1977, .

Virmani, $.5., J.O. Olufowote and A.O. Abifarin. 1977, Rice improvement in tropical anglophone Afnca. Paper presented at the Rice
in Africa Conference, II'TAL Ihadan, Nigeria. March 7-11, 1977,

Virmani, $.8., F. Sumeo and P.M. Worzi. 1977, The 1976 highlights of rice research activities in Liberia, Paper presented at the
WARDA Annual Research Review Meeting, Monrovia, Liberia. May 23-27, 1977,

GRAIN LEGUME IMPROVEMENT PROGRAM

Nangju, .D. and K.O. Rachic. 1977, Effect of genotype and encionment on yield and some agronomic characteristics of cowpea. Proc,
Sabrao's Third Iternational Congress, Canberra, Australia, :

Nangju, D. 1977, Effect of tillagr methods on growth and yield of cowpea and soybean. Proc. International Conference on “Role of
Soil Physical Properties in Maintaining Productivity of Tropical Soils,” IT'TA, Ibadan, Nigeria. December 6-12, 1977,

Pulver, E., F. Brockman, D. Nangju and H.C. Wien. IITA’s program on nitrogen fixation. Proccedings of Advisory Mceting on
potential uses of isotopes in the study of biological, dinitrogen fixation. Vienna, Austria. November, 1977,

Wicn, Lal and Pulver. 1977, Effects of transient flonding on growth and yield of svme tropical crops. International Conference on “Role
of Soil Physical Propertics in Maintaining Productivity of Tropical Soils.” II'TA, Ibadan, Nigeria. December, 1977,

ROOT AND TUBER IMPROVEMENT PROGRAM

Hahn, S K., A.K. Howland, and J.E. Wilson. 1977, Breeding of oot and tuber crops. Paper presented at the National Seminar on
Root and Tuber Crops held at the National Root Crop Research Institute, Umudike, Nigeria,

Terry, ER. 1977, Cavsaca bacterial dissase. Paper presented at the Cassava Protection Workshop held CIAT, Cali, Colombia.

Terry, E.R. and O.B. Avere. 1977, Ldentification of cassava diseases and scoring for susceptibility of cultivars. Paper presented at
NAFPP Workshop. NRCRI, Umiudike, Nigeria,

GENETIC RESOURCES UNIT

Steele, W.M. and S.D. Sharma. Organization of African rice exploration, conservation and evaluation. A paper presented at the Meet-
ing on African Rice Specics, Paris (IRAT/ORSTOM), January, 1977.

Sharma, 8.D. and W.M. Steele. Collection and conservation of the existing rice species and varieties in Africa. “Rice in Africa” In:
Buddenhagen, L, and G.J. Persely. (Fds. London: Academic Press.) :
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