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On the Road to Overcoming Soil Acidity

in Upland Rice

IL ACIDITY isamajor probleminmost of theuplandsinthehumidforest zone, resultingin phosphorus
eficiency ingrowing crops. WARDA islooking at the possibility of using acombination of tolerantrice
varieties, rock-phosphateand nitrogen-fertili zer applicationtoenablefarmerstoimprovethe r riceproductioninthe

uplands.

Nearly 70% of the upland ricein West and Central Africa
isgrown in the humid forest zone. However, the produc-
tivity of riceintheuplandsof thehumidforestisprobably
the lowest among all the ecosystems in which rice is
grown throughout West and Central Africa, averaging
about onetonne per hectare. These upland soilsareacidic
and acid-soil-relatedinfertility istheprincipal causeof the
problem. Theacidiccomponentsinthesoil (aluminumand
iron oxides) react with phosphorus and render it unavail-
ableto plants. Since phosphorusisavital element in plant
growth, this effective deficiency in the soil has a direct
impact on crop yield.

WARDA Soil Chemist, Kanwar Sahrawat, takes up
the story: “if we look at a cross-section of soilsin West
Africaonanorth—southaxis, wefind that thefurther south
wetravel, the higher therainfall and the stronger the soil
acidity. At the sametime, wefind adecreasein phospho-
rus in the soil, to the extent that phosphorus-deficiency
becomesthe most serious soil nutrient problem for grow-
ing cropsin the humid forest zone.” Acidity isaproblem
initsown right, in that rice varieties that are not tolerant
of soil acidity give no yield at all. Farmers' varieties
(commonly known as ‘landraces’) are acid-tolerant be-
cause they have been selected over many generationsin
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acid soils. Improved upland varieties are a so tolerant of
soil acidity, since the breeders have built on the work the
farmers started, and the plants are then specifically
selectedinacidicuplands. Itiswell knownamongagricul -
tural researchersand many farmersthat nitrogenisalmost
alwaysalimitingfactorincrop production, butinthehumid
forest of West and Central Africa the soil phosphorus
level issolow that thecropscannot respondtotheaddition
of nitrogenfertilizer alone. However, oncethe phosphorus
deficiency is overcome, the crop will respond well to
nitrogen fertilizer, which should never be far away from
the crop-manager’s armory.

“Phosphorusdeficiency wasknowntobeaproblemin
tropical acid soilsby theearly 1970s,” explains Sahrawat.
“However, acid soils are also often deficient in other
nutrients—cal ciumand magnesium.” Inoneearly experi-
ment, therefore, WARDA investigated the effects of
applying these nutrients (along with nitrogen) in various
combinationsto seewhat rolethey play in alleviating the
acidity-related infertility of the soil. The results were
conclusive: theaddition of phosphorusal oneor in combi-
nation with cal cium, magnesium, or both, increased both
grainandstraw yieldsof uplandrice; however, application
of calcium, magnesium, or both, without phosphorusdid
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not increase yields (Table 1). In fact, the addition of the
calcium and magnesium to the suite of fertilizers had no
greater effect onyieldsthantheapplication of phosphorus
aone.

Other nutrient problems may arise, however, in the
longer term. WARDA Soil Physicist Sitapha Diatta ex-
plains: “since 1997, we have been studying the effects of
long-termricecropping onsoil nutrient reserves. Thishas
confirmed that nitrogen and phosphorus are deficient in
the acidic uplands of the humid forest zone. In addition,
latest results indicate that potassium may also become
deficient in the third season of cropping. In traditional
dlash-and-burnfarming, thiswouldn’t beaproblem, but as
farmers are forced to crop the same land for more
seasons, and to return to land after shorter and shorter
fallow periods, potassium may become aseriouslimiting
factor.”

It is important for subsistence-oriented farmers to
know if they need to add fertilizer to their soilsand, if so,
how much. A next step was, therefore, to assess the
relationship between theavailability of phosphorusinthe
soil and the yield of the rice crop. The experiment was
conducted onasoil that had received phosphorusfertiliza-

Compare same rice variety receiving Mali rock-phosphate
(left) with control receiving no P fertilizer (right) on acidic
upland soil. Note reduced tillering (more soil is visible between
plants) and fewer panicles of unfertilized plants

tion (in the form of commercially available triple super-
phosphate) in the preceding season. For each experimen-
tal plot, available phosphorus was determined in the
laboratory. Owing to the vagaries of acid soils, plots
fertilizedinthepreviousseasonhadwidely differinglevels
of phosphorusthat wasavailableto growing plants(known

Table 1. Effects of calcium, magnesium and phosphorus fertilization on yield (t/ha) of rice variety WAB 56-50, Ultisol,

Man, Coéte d’Ivoire, 1994,

Treatmentt Grain yield Straw yield
Controlt 2.02 2.14
P 3.14 2.99
Ca 2.11 2.43
Mg 2.28 2.86
P+ Mg 2.87 2.72
P+ Ca 2.79 2.79
Ca + Mg 2.12 2.28
P + Ca + Mg 2.98 2.81
LSD (0.05) 0.364 0.712

T All freatments received 100 kg N and 80 kg K per hectare.
FNo P, Ca or Mg added.

. ,,——_nrimeeP



as'availablephosphorus’). This, however, wasapositive
aspect and enabled usto calibrategrainyield (in theform
of relative grain yield—a percentage of maximum yield
achieved) against available phosphorus. The results es-
tablisheda’critical limit’ of availablephosphorus(for the
varieties tested) at 12.5 to 15 mg of phosphorus per
kilogram of soil. If asoil test givesareading for available
phosphorus below this critical limit, the farmer needsto
apply phosphorusfertilizer.

“Another indicator for grain yield—and a potentially
moreaccurate one—istheamount of phosphorusactually
accumulated by the rice plants,” explains Sahrawat.
“Therefore, we conducted a series of experiments to
relate plant phosphorus content to final grainyieldandto
measure available phasphorusin the soil.” For the plant
test, whole plant tops (that is, all of the plant above the
ground) werecollected at maximumtillering stage, that is
when the plants have maximum vegetative growth just
beforethey put out spikesto bear flowersandgrains. Like
the soil, plants were tested for phosphorus content in the
laboratory. Again, resultswere positive, demonstrating a
linear relationship between phosphorus taken up by the
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crop (as measured at maximum tillering) and final grain
yield, and also between plant phosphorus uptake and
available phosphorusin the soil (Figure 3). Thus, arela-
tionshipwasestablished from avail ablephosphorusinthe
soil, notjust torelativeyield, but (through plant uptake) to
actual grainyield. Thismeansthat the soil test can act as
adirect indicator of likely crop yield, and phosphorus-
fertilizer requirement.

Towards affordable phosphorus

A serious problem with al this need for phosphorus,
however, isthe cost of commercial phosphorusfertilizer
(triple superphosphate, TSP). The experiment that con-
firmed phosphorusasthelimiting nutrient used some50kg
of phosphorus per hectare, and other experiments gave
even better responsewith higher ratesof fertilization (e.g.
90 kg P/ha). Fertilizer is sold by the sack, each sack
containing 50 kg of fertilizer, inthiscase TSP, but TSPis
only 20% phosphorus, so 50 kg of phosphorus would be
five sacks of TSP! Each sack of TSP may cost about
10,500 FCFA—that is simply too much investment for
subsistence farmers!
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Figure 3. Relationship between grain yield and plant tfotal P uptake (a), and plant total P uptake and extractable Pin

the soil (b) of four upland rice varieties
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“Tocompoundtheproblemof cost,” explainsSahrawat,
“thereisthefactthat TSPisonly really effectiveinthesoil
for one or two seasons. Our experiments on the soil test
for phosphorus availability demonstrated a significant
yield response to TSP applied in the first year by the
second-year crop, but only asafraction of the'immediate’
response.” By the fourth year, residua effect of applied
TSPisnegligible, except for plotsthat received very high
doses of TSP (Figure 4). “With these facts in mind,”
Sahrawat continues, “we started looking for alternative,
and potentially affordabl e, sourcesof phosphatefor useon
thisrice crop.”

Diatta takes up the story again: “we were aware of
work on phosphorus-demanding cropsinthehumidforest,
savanna and Sahel zones—groundnut, maize, millet and
sorghum—involving the use of loca rock-phosphate.
These crops give a good response to rock-phosphate
applied as a fertilizer.” Much of this ground-breaking
work had been conducted by the International  Fertilizer
Development Corporation (IFDC), which is headquar-
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Figure 4. Residual effects of friple super phosphate fertilizer after single application in 1993 on yield in two

upland rice cultivars on acid soil, Man, Cote d'lvoire

Grain yield response is additional yield over control that received no P fertilizer. WAB 56-125 demonstrates
over-riding effects of season weather seen on some cultivars

teredin Alabama, USA, with an AfricaDivision based in
Lomé, Togo. Rock-phosphate occurs naturally through-
out the dry savannaand Sahel zones of West Africa, and
IFDC had characterized many of thesefor their reactivity
and solubility inacid soils. In1997, WARDA established
trials to compare the effects on rice yield of rock-
phosphate from six sources—BurkinaFaso, Mali, Niger,
Senegal (two sources) and Togo—with that of TSP.
“Plots receiving TSP significantly out-yielded those re-
ceiving rock-phosphate,” explains Sahrawat. “ However,
among the rock-phosphate sources, that from Mali gave
good results and showed potential as a substitute for
expensive TSP.” The following year (1998), atria was
established at Man, Cote d'Ivoire, to compare residual
effectsof asingleapplication of rock-phosphatewith that
of annual application of TSP. That year, the Mali rock-
phosphate treatment performed as well asthe TSP treat-
ment (Figure 5). In the second year of the experiment
(1999), dl rock-phosphate treatments gave significantly
higher riceyieldresponsesthaninthefirstyear—aclearly
demonstrated ‘residual effect.’
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What we are building on—the work of IFDC

The Inferational Fertilizer Development Corporation (IFDC)
has a mandate for detailed research and development in
soil fertility management. Its headquarters are in Alabama,
USA, and there is an Africa Division based in Lomé, Togo.
IFDC has a database containing characteristics of rock-
phosphate sources throughout the world, including many
from West and Central Africa. Particularly important qualities
of rock-phosphate are how easily it reacts with acidic soils,
and how soluble it is in such soils. These are used as measures
of the appropriateness of rock-phosphate from a particular
source being used as a direct-application fertilizer. These
data were used earlier in IFDC tests on the use of rock-
phosphate fertilizer in drier-zone crops of West Africa, such as
groundnut, millet and sorghum. The Mali rock-phosphate that
appears promising in WARDA frials has an IFDC designation of
‘medium reactive’ and, as such, was potentially the most
useful source of those tested. “The IFDC ground-work enabled
us to target our own research and resources,” explains
Sahrawat, “but we are working on a crop and environment
combination [upland rice in the humid forest zone] that had
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SitaphaDiattaexplains: “rock-phosphateisrelatively

not been researched by IFDC. Rice reacts very differently to |

: i uplands.
soils and phosphate fertilization than dry-area crops.
Compared to the dry-area crops tested by IFDC, rice is acid-

soil folerant and less demanding of fertilizer phosphate;
however, it is still responsive to applied phosphate, especially

in acid sails.”
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Figure 5. Rice response to rock-P from Mali and Burkina Faso (left) and to

friple super phosphate (right) in an acid Ultisol

varieties

insoluble, sowearenot surprisedthat, generally, inthefirst
year yields from rock-phosphate fertilized plots fail to
match thosefrom plotsfertilized with soluble TSP. How-
ever, the solubility of TSP works against its potential
residual effect, asit can be progressively immobilized by
the aluminum and iron oxides that are so common in the
acidicsoils.

“Chemical reactions are not one-way events,” ex-
plains Sahrawat, “but rather reactions occur until a state
of equilibriumisreached.” Thus, intheabsenceof soluble
phosphorus, the acid elements are free to react with the
rock-phosphate, slowly but continuously releasing phos-
phorus. Some phosphorus therefore becomes available
for plant nutritionintheseasonsfollowing rock-phosphate
application. Thus, rock-phosphatel ooksincreasingly like
aviablealternativeto TSPforricefertilizationinthehumid

Improving acidity tolerance in rice

Alongside the fertilizer management trials, breeders are
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trying toimprovetheacidity tolerance
of availablevarieties. Threeof thefour
varietiesusedinthesoil- and plant-test
diagnostic trials were WARDA-bred
materials, which are more acid-toler-
ant than the local traditional variety
IDSA 6. These improved rices have
formed the basisfor assessing the per-
formance of WARDA interspecific
hybrid progenies (recently dubbed
NERICA for New Rice for Africa).
“Theinterspecifichybridization project
wasinitially establishedtodevel opnew
plant types for the uplands,” explains
upland-rice breeder and Rainfed Rice
Program Leader Monty Jones, “so we
should not be surprised to find the
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NERICAsdoingwell onacidic, phosphorus-deficient soils
inthe humid forest zone.” At the acidic Man sitein Cote
d'Ivoire, 15 NERICASs gave an average yield of 1.16
tonnes per hectare without phosphorus fertilizer, com-
pared to 0.89 t/ha for the best Oryza sativa variety. In
fact, the best NERICA gave astaggering 2.9 t/hawithout
application of phosphorus! In 1999, two NERICAs
gavegrainyieldsin excess of 3t/hain unfertilized soil at
Man. One of these is scheduled to be one of the first
NERICAstobeofficially releasedintheregion—NERICA
1[=WAB 450-1-B-P38-HB] in Céte d' Ivoire in 2000.

“What we really want is to encourage farmers down
the road of development,” explains Monty Jones. “First,
we need an acidity- and low-phosphorus-tolerant variety
that will increase farmers yields, and therefore their
incomes. But then we want to encourage them to take the
next step—applying fertilizer. Thus, we want varieties
that perform well under no inputs, but then respond
positively toinputswhenthefinancial statusof thefarmer
allowstheir use.” Accordingly, WARDA isalso testing
the response of the acidity-tolerant NERICAsto applied
phosphorus. In 1999, again at Man, four NERICAswere
tested for their response to phosphorus application in the
form of both TSPand Mali rock-phosphate. Andthe good
news—all four NERICAs responded positively to rock-
phosphate application, one of them even giving alinear
response to application of up to 450 kg P/ha (Figure 6).
What' s more, the yields of these NERICASs were higher
thanthoseof thetraditional check at all levelsfrom0t0450
kg P/ha.

Outstanding questions

o, it can be seen that we are devel oping athree-pronged
approach to the soil-acidity related infertility problemin
upland rice in the humid forest zone. We are developing
varietiesthat aretol erant to both soil acidity and phospho-
rusdeficiency, but that are al so responsiveto theaddition
of phosphorus oncefarmerscan affordto buy it. Thenwe
are working towards a long-term phosphorus-fertilizer

strategy involvinglocal rock-phosphate, possibly withthe
useof TSPinthefirst year of ricecropping. After that, we
may be in a position to refine nitrogen-fertilizer recom-
mendations to improve the benefit—cost ratio of upland
rice farming further.

“We are well along the road,” Sahrawat cheerfully
explains, “but westill havealongway togo. Sofar al this
research has been an academic exercise to examine the
possibilities, but we are still afew years off from making
concrete recommendationsto farmers.” Resultsfrom on-
going trials—which may be available as soon as the end
of 2000—should determineonceandfor all theagronomic
viability of rock-phosphate as afertilizer for uplandrice,
thenwewill havetoserioudly ook intothesocio-economic
aspects. Rock-phosphateisavailableinlargequantitiesin
the northern Sahel and dry savanna zones of the region,
butitisneededinthesouthernhumidforest. Todate, Mali
rock-phosphate has not been commercially exploited asa
fertilizer, so there are outstanding questions of logistics.
Can the rock-phosphate be formulated whereit ismined
into aproduct that isboth easily transportable and imme-
diately usable on the farm?

The only rock-phosphate available commercialy in
Coted’ Ivoirecomesfrom Senegal, andisdistributed by a
company in Abidjan—a fortunately suitable center for
distribution to the humid forest zone. The other rock-
phosphates used in the WARDA experiments were car-
riedinfromtheir sources. “1nour experiments,” explains
Diatta, “we used powdered rock-phosphate. However,
this has several disadvantages. First, it is bulky and
difficult to transport. Second, and perhaps more impor-
tantly, itislabor-intensiveto apply—application by hand
resultsin the farmer being covered with white dust, so it
is better if the powder isfirst mixed with humid soil and
then applied. It can take a whole day to fertilize one
hectare, but then again, weare not talking about an annual
event! We believethat it should be possible to formulate
the rock-phaosphate as granules.” These would be both
easier to transport and easier to apply.
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Figure 6. Response of two NERICA rice varieties and
control to Mali rock-phosphate in humid forest acid soil

Once we have a suitable formulation, transport costs
will then determine the viability of using the product as
proposed. If transport costs are too high, farmersin the
humidforestwill not beableto affordtherock-phosphate,
and therefore will not use it. We believe that rock-
phosphate fertilizer made and distributed within the
region will be much cheaper than imported fertilizers
like TSP. But TSP is so expensive, that it remainsto be
seen whether a mechanism can be found to make the
rock-phosphate product available at a cost affordable to
resource-poor farmers.
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Future avenues

“Qur studies are far from complete,” says Diatta. “One
thing we need to doisto study plant uptake of phosphorus
from fertilizer rock-phosphate in much the same way as
we calibrated yield to plant uptake with TSP. A further
avenue is the possibility of P-32 isotope analysis to
determine the rate of immobilization of soil phosphorus
fixation by the action of aluminum and iron oxides.”
WARDA does not have the facilities for this work, but
Diatta has contacts in France with whom he hopes to
collaborate on thiswork.

Thefirst on-farm trialswith rock-phosphate will take
place at three sites in Céte d'Ivoire (humid forest and
savanna zones) in 2000. These will be an addition to the
ongoing participatory varietal selectionprogram (see‘ New
Ricefor Africa... with aLittle Help from our Friends’ in
this Report) and will involve 25 farmers at each site.

Another potential avenue for the future isto combine
our agronomicwork on fallow-replacement legumesinto
the ‘package.” Using legumesin place of natural (weed)
fallow has the double benefit of reducing the weed
population and not depleting the nitrogen reserves of the
soil. Infact, if acover-crop legumeisused and thewhole
crop plowed back into the soil, the legumes actually
replenishthesoil’ snitrogen, reducingtheneedfor nitrogen
fertilizers (see WARDA Annual Report 1998, pages 36—
37).“Evenwhat nitrogenisheldintheleavescanimprove
soil nitrogenstatus,” explainsDiatta. So, heislookinginto
thepossibility of starting rotationtria swith cowpea—the
seeds of which can be harvested for food—in the 2001
season.
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