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Figure 3. Geueral layout of trials iu Gadza valley, Bida, Nigeria, 1987, 
1988, aud 1989. 

7 







Table 1. Grain yield (I ha·1 al 14% molslure) of rice varieties planled on 
fringe and bottom of inland valley near Makenl, Sierra Leone, 1987. 
From Jallob and Palada (1989) 

Bottom Fringe 

Variety y",ld Variety YIeld 

ITA 222 4.72 ITA 230 1.92 
ITA 312 4.76 ITA 315 1.93 
ROK 14 2.64 ROK 11 1.80 
ROK5 3.65 ROK 12 1.60 
PJLV 2.37 PJLV 1.77 

SE 0.66 0.23 

Table 2. Yield of grain (I ha-1 al 14% molslore) In rice varlely Irlal along 
loposequenee of Inland valley Dear Makenl, Sierra Leone, 1988·89. 
From Palada el al. (1990) 

T<>pasequence 

Variety Fringe Middle Bottom Mean 

TOX 3114-10-1-3-2 2.02 1.89 3.96 2.62 
TOX 3118-6-E2-3 1.63 2.17 5.34 3.23 
TOX 3118-47-4-2-2 1.62 2.97 4.40 3.00 
TOX 3118-18-56-1-2-1 1.15 2.90 4.42 2.83 
TOX 3133-56-1-3-3 1.32 258 4.90 3.27 

TOX3142-1-1-1 1.44 229 5.19 2.97 
TOX 3142-7-2-3-4 2.56 2.90 5.11 352 
ITA230 1.01 2.69 499 3.16 
ITA312 2.18 2.54 3.84 2.86 
Local check (pa Alpha) 1.54 2.15 4.41 2.70 

Mean 1.73 2.56 4.76 • 
SE 0.16 021 0.36 026 

Mean yield ofTOX 3ll8-6-E2-3 (the only line common 10 both sludies) was higher 
in 1989-90 than in 1988-89. This was mainly due to the higher yield at the middle 
position of the toposequence (3.9 t ha-I in 1989-90 and 2.2 t ha-I in 1988-89). The two 
trials were conducted in the same valley but nOI in the same spot. The 1989-90 trial was 
transplanted much later (29 September) than the 1988-89 trial (30 July). Thus, the two 
trials were conducted under different conditions. Otherwise the fertilizer management was 
similar and the depth of flood at transplanting was nearly identical. It is not clear what 
caused the increase in 1989-90. 

Several of the lines grown in 1989-90 were selections from populations tested in the 
1988-89 trial. In theory, the increases in yield recorded in the 1989-90 trials (Table 3 vs. 
Table 2) could be due to genetic improvement, bul the increase in the control yield 
indicates that experimental conditions were responsible for the difference between years. 
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Table 3. Grain yield (t ba·1 at 14% moIsture) or rice varieties grown along an 
Inland valley toposequenee near Makenl, Sierra Leone, 1989-90. 

Variety 

TOX 3114-10-1-1-2-1 
TOX 3142-7-2-34-2 
TOX 3142-1-1-1-3-1 
TOX 3118-56-1-2-2-3 
TOX 3118474-2-2-2 

TOX 3118-6-E2-3 
TOX3133-56-1-3 
TOX 3081 -56-14-1-3 
TOX 3091-30-1-1-2-2 
TOX 30934-54-2-1 

Mean 
SE (foposequence) 
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Figure 5. Stability of selected varieties along an inland valley 
toposequeuee near Makeni, Sierra Leone, 1988-89. Sonrce: 
Carsky (1991). 
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Table 4. Productive tillers (m·2) of rice varieties grown along an inland valley 
toposequeoce near Makenl, Sierra Leone, 1989~90. 

Toposequence 

Variety Fringe Middle Bottom Mean 

TOX 3114-1()'1·1·2·1 126 156 271 186 
TOX 3142·7·2·34-2 124 189 271 195 
TOX 3142·1·1-1-3-1 132 161 282 192 
TOX 3118-56-1-2-2-3 115 191 247 184 
TOX 3118-474-2-2-2 143 157 229 171 

TOX 3118-6-E2-3 162 176 230 189 
TOX 3133-56-1-3 173 143 261 192 
TOX 3081-56-14-1-3 147 154 229 171 
TOX 3091-3()'1-1-2-2 158 141 290 196 
TOX 30934-5-4-2-1 119 172 205 165 

Mean 140 164 252 
SE (foposequence) 10 

(Variety) 9 
(foposequencex Variety) 16 

Bida trials 

1986-87 
In the 1986 trial, conducted in Gara valley, fertility and water management were included 
as factors in addition to toposequence position. Five rice varieties were grown at three 
positions with two fertilizer levels with a high level of water control. Four varieties were 
grown at two positions with a moderate level of water control. The grain yields for all 
varieties, toposequence positions, and fertilizer levels, are presented in Table 5. There 
was no treatment replication, so analysis of variance was not possible. By comparing the 
mean yields, it is possible to evaluate, albeit without statistical backing, the effect of 
toposequence, fertility management, and water management 

The most dramatic effect of toposequence occurred within the fringe paddy with water 
control level 4 which was divided into two portions for rice harvest because rice growth' 
was observed to be poor on the upper portion (Fig. 2). Within the same paddy, mean 
yield varied from 1.8 to 4.6 t ha-l without fertilizer and from 4.0 to 6.7 t ha-l with 
fertilizer. The soil properties observed to be most indicative of rice performance are 
presented along with the mean yields in the lIT A paddies (Table 6). Clay and organic 
carbon content increased with yield from valley fringe to bottom, but relatively high 
available P also appears to contribute to relatively high yields in the lower portion of the 
fringe paddy. 

It is probable that the leveling operation in paddy improvement required transfer of 
topsoil from the upper portion of the paddy to the lower end. This would explain the 
poor yields in the upper portion of the fringe paddy, even under well-watered (level 4) 
conditions, and the response to fertilizer which was observed (an increase from 1.8 to 4.0 
t ha-l ). It is also possible to see the effect of toposequence position in the adjacent 
farmer's fields. There, the yields were 2.3 and 3.6 t ha- l in the fringe and bottom 
portions, respectively with low fertilizer, and 2.6 and 5.1 t ha-l with a high dose. 
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Table 6. Mean rice yield (t ha'! at 14% moisture) and selected soU (O·10cm 
depth) properties in two selsa of paddies arranged along a valley 
toposequeuce Gara valley, Bida, Nigeria, 1986·87. 

Toposequence Grnin Clay Organic BrayP 
position yield (%) Carbcn(%) (mgkg·l) 

Set B (No N-P-K) 
Upper fringe 1.8 6 0.25 5.7 
Lower fringe 4.6 8 0.37 8.2 
Middle 4.4 18 1.46 4.0 
Bottom 4.6 19 1.26 4.9 

Set A (With N-P-K) 
Upper fringe 4.0 9 0.42 18.6 
Lower fringe 6.7 15 1.18 23.6 
Middle 5.8 19 1.23 12.6 
Bottom 5.2 24 1.63 6.3 

Note: a. See Figure 1 for location of paddies. 

Table 7. Rice yields (t ba" at 14% moisture) in newly constructed paddies, 
dependable water supply located in different positions along a valley 
slope in Gadza valley, Bida, Nigeria, 1987-88.Wakatsuki et al. (1989). 

Fringe Bottom 

Variety I n ill W V Mean 

ITA 230 4.7 3.6 5.7 6.4 7.6 5.6 
ITA 306 4.9 4.1 4.3 6.6 75 5.4 
ITA 312 3.0 55 5.3 6.9 6.9 55 
TOX 3109-75-4-1 33 4.2 5.4 6.2 5.6 4.9 
TOX3114-I().I-1 2.6 3.8 2.8 4.7 45 3.7 
TOX 3118-2-E2-2 5.0 5.0 55 6.6 55 

TOX 3118-6-E2-3 33 63 4.7 7.6 7.1 5.8 • 
TOX311847-1-1 3.0 53 5.2 5.8 6.0 5.1 
TOX 3118-78-2-1 3.0 6.4 5.6 5.6 65 5.4 
TOX3I33-56-1-3 2.1 5.3 3.4 6.7 62 4.7 
ITA 308 2.7 5.9 6.9 4.8 5.0 5.1 
FAROlO 2.1 4.9 43 4.8 6.2 45 

Mean 3.3 5.0 4.9 6.0 63 

There were some important differences among the varieties tested. The current 
commonly grown variety (FARO 15) served as a check to indicate the potential of the 
environment for rice production. Few of the materials perfonned better than the check. 
In the improved paddy system, ITA 306 and TOX 3118-6-E2-3 yielded 0.5 to 1.5 t ha-1 
more than the check. In the fanners' system, TOX 3118-6-E2-3 again showed promise by 
yielding much more than all other varieties in the valley bottom. Another promising 
new variety was TOX 3118-87-4-2, which gave a unifonnly higher yield than the check. 
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Table 9. Effect of degree of water control" and variety on rice grain yield (I ba·1 
at 14% molstnre) on tbe Gadza vaney fringe and bottom, Blda, 
Nigeria, 1988·89. From raw data of Palada el al. (1990) 

Level 4 Level 2·3 

Variety Fringe BOI1Dm Fringe BoI1Dm 

ITA 306 4.66 4.30 2.34 3.30 
ITA 312 3.01 4.41 3.38 3.25 
TOX 3118.(j·E2·3 3.92 4.18 2.71 5.24 
TOX 3118-874-2 3.32 438 3.86 3.40 
TOX3088.3·1·1 1.84 3.50 1.34 2.68 
TOX 305246·E2·1 3.93 3.68 2.88 4.36 
TOX 3133..59·1·3 3.24 3.32 2.40 3.94 
FARO 15 3.00 351 2.49 3.04 

Mean 3.36 3.91 2.67 3.65 
SE(Valley position) 0.15 0.05 

(Variety) 039 0.26 
(Position x Variety) 056 0.37 

Note: a Water conttol level 4 is dependable water delivery to large. levelled, puddled paddies 
with large bunds. Water CODlrollevel 3 is irregular water delivery to small paddies 
with small bunds. 

Table 10. Mean rice yield (1988.89 crop) and selected soli fertility Indicators 
(O·IS, sampled In 1989) presented by toposeqnence and repRcalion for 
tbe paddles with water control level 4 In Gadza Inland vaJley, near 
Blda, Nigeria. 

Replication 
Topes.qUl,"':. 
position I II 

Yield (th.·I) 

Fringe 2.93 3.82 
Bol1Dm 3.66 4.16 

C1ay(%) 

Fringe 6 10 
BOI1Dm 10 12 

Orgamccarbon(%) 

Fringe 0.45 0.74 
BOI1Dm 057 0.77 

Effective CEC (cmol kg·l) 

Fringe 1.6 2.1 
BOI1Dm 1.8 2.0 
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Table 12. Grain yield and selected soil properties (0·15 cm) in Improved 
paddies along the Gadza inland valley slope from valley fringe 
(position I) to bottom (position IV), Blda, Nigeria, 1989·90. 

Gmin Organic Clay Total CEC Ca Mg 

Position yield C(%) (%) N( ---(cmolkgl) 

I 2.88 0.59 8 0.043 1.85 0.73 0.08 
H 2.02 0.60 8 0.032 1.95 0.73 0.06 

ill 3.85 0.55 9 0.034 1.70 0.66 0.06 
N 4.46 0.79 13 0.061 2.10 0.89 0.07 

The effect of toposequence on grain yield, while significant, did not follow a trend 
along the slope. Position n, in particular, gave a lower mean yield than expected, based 
on toposequence position alone. Soil properties in the top 15cm were determined to aid 
explanation of yield diferences. It is easy to see that better soil fertility was at least partly 
responsible for the high yield at position IV (Table 12). All soil properties were 
favorable in these paddies, compared with positions I through ill. However, the soil 
properties in positions I through ill were almost identical. Only total N content and 
exchangeable K were slightly higher in position I than in positions n and ill. 

Another reason for lower yield in position n may be related to water availability. 
Although rainfall was nonnal in the 1989 eropping season, the rice paddies depended on a 
diversion dam and canal for water delivery. The dam broke and was only partially rebuilt 
by the farmers, resulting in low flow in the canal. Several farmers abandoned their fields 
in Gadza valley in 1989-90 because of drought stress. In the experimental area, the 
position n paddies depended on the position I paddies for water delivery (shown in RCMP 
Annual Report, 1987, p.188). The valley bottom paddies, position ill and IV, had 
independent water supplies. Thus, although water availability (surface or ground water 
depth or soil moisture) was not measured in the paddies, it may have been an important 
factor. 

In the farmers' fields, the effect of toposequence was not significant (Table 13). The • 
mean yield in the valley bottom fields (3.6 t ha- l ) was only slightly higher than on the 
fringe (3.0 t ha-1). Low yield in the lower fringe position, corresponding to position n in 
the improved paddies, was observed. As in the improved paddies, low yield in this 
toposequence position may have been due to irregular water snpp1y. 

Variety had a significant effect on yield in the farmers' fields. 10X 3118-6-E2-3 was 
again outstanding, especially on the valley fringe. The varieties had roughly the same 
rank at both toposequence positions. 

Rice yield in the farmers' fields compared favorably with those in the improved 
paddies (Table 14). It must be noted, however, that yields on farmers' fields were 
calculated on the assumption that the entire field would be planted to rice, when in fact, 
10 to 20% of each field was not planted, due to the presence of bunds. In the improVed 
system, only 1 or 2% of the field is occupied by bunds. Therefore, a true comparison of 
the two systems must be adjusted for the ftaction of cleared land which was actually 
planted. 

19 





IV. General Discussion 

The objective of the loposequence trials was to identify rice varieties for inland valley 
conditions. One variety (TOX 3118-6-E2-3) performed consistently well at all 
toposequence positions in two years in central Sierra Leone and three years in central 
Nigera. This is remarkable considering the difference between the two areas, mostly in 
tenns of rainfall but also in term s of waler control levels used in the two sileS. A further 
selection from this population is now called ITA 326. 

An important toposequence by variety interaction (TxV) would indicate the need to 
select varieties for specific toposequence positions. An interaction would be more likely 
when toposequence effect is strong. The toposequence effect, in turn, was most related to 
the level of waler control which was different at each site. Yields were relatively slable 
between valley fringe and bottom at Bida, especially in the improved paddies with a high 
level of waler control. An important Tx V was never observed in the improved paddies, 
while some TxV was observed in the farmers' paddies in Gadza which had a low to 
moderate level of water control. Under minimum water control, as practiced in the 
Makeni area. the toposequence effect was strong and Tx V was important In spite of this, 
some varieties (such as TOX 3142-7-2-3-4, now called ITA 342) were observed to 
perform well at all toposequence positions. Thus, breeding for different positions on the 
toposequence is not justified. Screening of new varieties along the toposequence is, 
however, still needed to identify varieties which perform well. These trials provided a lest 
of rice varieties under well-managed conditions. A major test will come when varieties 
are grown by farmers under real conditions of little fertilizer input and less labor input for 
weeding. These tests have also not addressed grain quality, a major constraint to the 
adoption of improved varieties by fanners. 

This synthesis provides an opportunity to analyze the methodology used to screen 
varieties along IV slopes. This would allow easier and more definitive comparison of 
results from different valleys in different environments. An important need in trials of 
this type, especially in areas with a minimum level of waler control, is to 
depth of surface or ground water periodically during the growing season. This, along with 
some basic soil characteristics, would allow eXlrapolation of results to other IVs in other 
environments. The critical soil properties to be determined depend, to some extent, on 
the level of water control in use. Clay and organic carbon content are determinants of 
water relention and availability in systems with a low level of waler control. Properties 
related to nutrient supply (total N, Bray P, exchangeable K, and cation exchange capacity) 
are most imporl3nt when water control is improved, and soil fertility becomes limiting. 

Future trials should be conducted using a methodology based on past experience. 
From the trials reported here, it is clear that it is necessary to replicate varieties at each 
toposequence position. This allows an estimate of the variance to distinguish slatistically 
between varieties and toposequence positions. Another important issue, especially in 
valleys with relatively steep slopes, is the orienlation of the rows of rice. Since a 
gradient along the toposequence is likely, rice plants from the same toposequence position 
should be compared. If the rice rows follow the contour, then one variety will be 
compared to another which is higher or lower on the toposequence. Rather, the rice 
should be planted along the slope, so that every plant along the row will have a 
counterpart in any other row. If it is necessary to orientale the rows along the contour, 
then covariance should be used to adjust the means. The covariate can be an inleger 
representing the position of the plot from upper to lower, or a value such as the distance 
from a fixed Object such as a stream or canal. 
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v. Summary 

To realize the potential of the West African inland valleys (IVs) for rice production, there 
is a need to screen varieties in differing agroecological zones and under the variable 
conditions found along IV slopes. Seven such trials, conducted in Sierra Leone and 
Nigeria from 1986-87 to 1989-90, are analyzed here. 

Water control was a major determinant of the effect of toposequence. Water control 
teduced differences in rice yield from valley fringe to bottom, making toposequence by 
variety interaction (TxV) less likely. TxV was only evident in minimum or moderate 
water control systems, where the toposcquence effect was also strong. 

One variety, TOX 3118-6-E2-3, stood out in the five trials in which it was grown in 
a wide range of climates, water control systems, and toposequence positions. Another 
variety, TOX 3142-7-2-3-4, grown only in the Sierra Leone trials, was equally good. 

Soil analyses proved valuable in helping to explain differences in rice yield along the 
toposequence. Surface and ground water table depth are critical data, which should be 
collected in screening studies of this kind. 
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ERRATA 

Table 1. Grain yield (t ba·1 at 14 % moisture) orr-ice varieties planted on fringe and bottom of 
Inland vaDey near Makeni, Sierra Leone, 1987. From Jalloh and Parada (1989). 

Variety 

HTA222 
ITA 312 
ROK14 
ROK5 
PJLV 

SE 

Bottom 
Yield 

4.72 
4.76 
2.64 
3.65 
237 
0.66 

Fringe 
Variety Yield 

ITA 230 1.92 
ITA 315 1.93 
ROKll 1.80 
ROK12 1.60 
PJLV 1.77 

0.23 

Table 2. Yield of gram (t ba·I ) at 14% moisture) m rice variety trial along toposeqoence of 
Inland vaney near Makeni, Sierra Leone. 1988-89. From Palada et aI. (1990). 

Toposequence 
Variety Fringe Middle Bottom Mean 

TOX 3114-10-1-3-2 2.02 1.89 3.96 2.62 
TOX 3118-6-E2-3 1.63 2.17 534 3.23 
TOX 3118-47-4-2-2 1.62 2.97 4.40 3.00 
TOX 3118-18-56-1-2-1 1.15 2.90 4.42 2.83 
TOX 3113-56-1-3-3 132 258 4.90 3.27 

TOX 3142-1-1-1 1.44 2.29 5.19 2.97 
TOX 3142-7-2-3-4 2.56 2.90 5.11 2.52 
ITA 230 1.01 2.69 4.99 3.16 
ITA 312 2.18 2.54 3.84 2.86 
Local check (pa Alpha) 1.54 2.15 4.41 2.70 

Mean 1.73 2.56 4.76 
SE 0.16 0.21 0.36 0.26 

Table 14. Mean pelds (t ha·I at 14% moisture) of rice in upper and lower portions offringe and 
bottom toposequence pOSitions under two water control systems at Gadza IV, Bida, 
Nigeria, 1989·90. 

Water Control Level& 
Position 2·3 4 

Fringe 
Upper 324 2.88 
Lower 2.77 2.02 

Bottom 
Upper 3.76 3.85 
Lower 3.45 4.46 

Note: & Water control level 2-3 on farmers' paddies adjacent to improved paddies with level 4. 




