


“Without weeding do not expect any harvest. Theklbeas to ache to conquer the
weeds!” ~ Women'’s group, Zimbabwe

“Oh, weeding is the most taxing job, both in eneagg time, because you have to bend
down and work carefully not to damage the cropl pui the weeds and shake them. At
the same time, you want to finish the operatiorof@iveeds outgrow the crops.”

~ Women'’s group, Zimbabwe

“It is weeding that almost kills women!” ~ Men’s disssion group, Uganda

“Hoes with short handles make weeding easier astéifabut they give us backache.

There is nothing we can do about that, because jugt complain and don’t work, we’ll
starve!” ~\Women'’s group, Zambia

~ IFAD, Agricultural Implements used by Women Farsnier Africa, 1998.

Photo Credit: E.A. Heinrichs, IAAPS, “Weeding ateNa Village Women'’s Rice
Project,” Mali, 2009.

This report was prepared with financial supportrfrGropLife International.



Introduction

Food production in Africa needs to increase to kggewith the growing population. One key
constraint to increasing crop production and imprgWarmer’s lives is poor weed control. Current
weed control methods in Africa are inadequate lggath low crop production and lives of drudgery
for farmers. This Report provides an overview @& pmoblem of weeds and the inadequacy of
current methods of weed control in Africa. A sumynigrprovided of research that has
demonstrated the potential for herbicides to ovaeethe weed problem. Finally, the Report
provides quantitative estimates of the potentiataase in crop production and reduction in the
drudgery of handweeding if herbicides became widslyd by smallholders.

Crop Production

There are 180 million farms in sub-Saharan Afrmaling 170 million crop hectares. About
70% of the food production in the region comes fimmall farms with the remainder produced on
large commercial plantations and government-opératens (Olofintoye, 1987). The typical
smallholder farm consists of several mixed cromsnresgrown for food (maize, sorghum) and some
for cash (groundnuts, cotton). The typical one &wectarm is divided into 8-9 individual fields
which are planted sequentially (Tittonetlal, 2007). There is approximately one farm worker per
hectare in sub-Saharan Africa.

Most farms in Africa are engaged in both subsisteartd market agriculture. Areas where
production is used entirely for subsistence, anatlivare completely self-contained and cut off
from the rest of the economy, are very rare, ikd any remain at all (Cleave, 1992). Smallholder
families often survive by means of off-farm emplagmh, principally in other sectors outside the
area. Nonfarm income is a significant factor irafurouseholds and provides cash for productivity-

enhancing inputs, thus easing credit constrainastghte & Young, 2004). A recent survey in



Zimbabwe determined that farm households have arage of two members residing off the farm,
providing some monthly remittances from off-farm@ayment (Daltoret al, 1997).

Current food production in sub-Saharan Africaulbstantial including maize (43 million tons),
rice (14 million tons), groundnuts (8 million tonsassava (118 million tons), and sorghum (20
million tons).Total production of all crops is akd@b0 million tons per year.

Crop yields per hectare in sub-Saharan Africa grafgcantly lower than the global averages.
For maize, rice, groundnuts, and sorghum, yieldsulmSaharan Africa are one-third to one-half of
the global average. In fact, the global averagesansiderably reduced as a result of the low
African yields.

Average yields obtained by smallholder farmerscargesiderably less than yields demonstrated
in African research plots utilizing best managenpattices. Smallholder maize yields are
typically 1-2 tons per hectare in comparison to8hens per hectare achieved in research plots in
the region (Tittonelét al, 2007; Bishop-Sambrook, 2003). Typical rice yiedds 25% of the
experimental plot yields (Devries & ToenniesserQD0Cassava yields on experimental sites are
often four times greater than the average natigiesds for many countries (Ambet al, 1992).
Average groundnut yields are one-fifth of the ysettthieved on well-managed plots (Pagal,
2002). Smallholder cowpea yields are about ondrskthose achieved in experimental plots
(Obuoet al, 1999).

Optimal yields on small experimental plots are aegbd by carrying out farming operations
(such as planting, weeding, and fertilizing) atdpéimal time and in the optimal amounts. Clearly,
smallholder farmers are constrained in replicatigoptimal practices conducted in experiments.

The key operation that needs improvement is thelyimemoval of weeds. Until weeding is

improved, farmers in Africa will not obtain the optim from their crops.



Weed-Crop Interactions

Weeds are the most universal of all crop pestdifgrating each year on every farm in Africa
(Obuoet al, 1997). African soils contain 100 to 300 millionrked weed seeds per hectare of
which a fraction germinate and emerge each year.sbll seed population in a Nigerian
experiment was estimated at 20,130 seeds per souetes (200 million per hectare (Chikoge
al.,1997). A review of crop pests in Sub-Saharan Afiidicated that weeds are the most important
pest to control in all zones studied (Sibuga, 199Xer 286 species of common weeds have been
identified in crop fields in some West African coues (Njoku, 1996). A total of 263 weed species
belonging to 38 families were found in crop fielddVest Africa. Broad-leaved weeds( 72%) and
grasses ( 24%) dominated the total weed spectrin@raas sedges ( 4%) were minor. Mean weed
species richness per field was similar acrossgatiecological zones and averaged about 16 per
field (Chikoye & Ekeleme, 2001).

A survey of smallholder wheat fields in Ethiopiaifml that the weed population reached 743
weeds per square meter in contrast to a crop stbonly 149 wheat plants per square meter
(Tanner & Sahile, 1991). Unweeded fields in Niggniaduced between 17 and 30 tons per hectare
of fresh weed weight (Adiguet al, 1991). Weed problems are more severe in Africaical
regions than in Europe and North America becauszlsvgrow more vigorously and regenerate
more quickly because of the heat and higher ligtansity. High humidity and high temperature,
conditions characteristic of sub-Saharan Africapfaapid and excessive weed growth (Akobundu,
1980b).

Weeds compete with crops for nutrients, spacet agl water thus reducing crop vyields.
Numerous studies have documented the negativa®etiacyield of season-long weed competition
in Africa. Under unweeded conditions, crop lossagehbeen measured for: maize (55-90%),

common bean (50%), sorghum (40-80%), cowpea (40}6f€ée (50-100%), cotton (80%), wheat



(50-80%), groundnut (80%), and cassava (90%) (Aetlz, 1992; Akobundu, 1987; Olowet al,
1987; Ishayaet al, 2007b; Ngouaji@t al, 1997; Chikoyeet al, 2004; Dadari & Mani, 2005).

One kilogram of weeds reduced the yield of ricebB9-900 grams in a Nigerian experiment
(Adeosun, 2008).

Weeds need to be cleared from a field prior to tohlgra crop and weeds need to be removed
from the field during the growing season for optiyialds to be achieved.

Weed competition is most serious when the croisg. The critical period of crop-weed
competition is approximately equal to the first @higd to one-half of the life cycle of the crop. |
weed-crop competition studies, the “critical peti®ithe stage after which weed growth does not
affect crop yields. Keeping the crop free of wefmighe first third of its life cycle usually ases
near maximum productivity (Doll, 2003).

African crops have been studied at experimentat$an order to define the weed-free period
required to prevent yield reduction: (weed-freequkfdays] required after planting) maize, 56;
rice, 42; sorghum, 35; cassava, 84; cowpea, 40¢@bal, 1999; Akobundu, 1987; Amlet al,
1992).

Handweeding

Hand weeding is the predominant weed control praan smallholder farms (Visseh al,
2004). Hand weeding is the oldest method of weadraband consists of hand-pulling, hand-
slashing and hoeing of weeds. Smallholder farmeead 50-70% of their total labor time
handweeding (Chikoyet al.,2007a).Women contribute more than 90% of the heeeding labor
for most crops (Ukekje, 2004). 69% of farm childextween the ages of 5-14 are forced to leave
school and are used in the agricultural sectoraaiheat peak period of weeding (Ishagtal,

2008D).



In Africa, 80% of the cultivated land is currengyepared by hand; on 16% of the land animal
draught power is used and only 4% is prepared mgbhanical power (Adolfsson, 1999). Family
sizes have, in many traditional African societlasgn increased to cope with weeding activities
(Adegoroyeet al, 1989).

The contrast between research recommendationsaameifs’ practices is particularly stark in
the case of weed management. Researchers haveedotlear-cut recommendations for optimal
time of weeding. Research on experimental plotardisated that to produce maximum yields, a
large number of hours of handweeding must be uaklent groundnuts (378 hours/ha), maize (276
hours/ha), and sorghum (150 hours/ha) (Akobund&7L200-400 hours per hectare are required
to weed cotton and 200-418 hours/hectare to weed Ishayaet al, 2007a; Mavudzet al, 2001).

A total of 324 and 309 hours of labor are requicetiand weed one hectare of sorghum and maize
fields respectively in northern Nigeria (Ishagtaal, 2008b).

A recent study of women in African agriculture comfed that weeding took up more days in
the field than any other operation (IFAD, 1998)niWium estimates of the days spent weeding
were 60. In Uganda, this figure increased to ashnasc120 because of the country’s two cropping
seasons. In Zambia, with a single cropping seabkergstimated time spent weeding was in the 90-
120 day range. For maize, weeding by hand tookibAour weeks per acre. Several interviews
with specialists confirmed that it was impossilde dny woman to keep more than one hectare free
of weeds in a typical cropping season (IFAD, 1998).

Research has demonstrated the impacts on yieldrtdrming fewer than the optimal number
of handweedings. With three properly spaced handings, the highest cotton yields (549
kg/Ha)were obtained; with two handweedings, thédyreas reduced by 27%(401 kg/Ha); one
handweeding resulted in a loss of 55%(249 kg/Hag;zero handweeding resulted in yields that

were 87% lower(73 kg/Ha) than the optimal yieldee(Rice, 1972).



30-90 hours per hectare are required to remove sMeeidre planting (Kienzie, 2002).

Generally, two properly spaced hand weedings wiggint weeks of planting of maize (at three
weeks and six weeks) give yields comparable toikgepe crop weed-free for the first eight
weeks after planting (Omt al, 2002). One week’s delay in first weeding may e=lmaize yields
by one-third, and two week’s delay in second wegdray reduce maize yields by one-quarter.

A delay of the first weeding in cotton by a weekrgased the initial weed growth 600% and
doubled the initial labor demand. Delay of thetfugeding by two weeks increased the initial weed
growth 2000% and trebled the initial labor demabdi(jff & Kerkhoven, 1970).

Although a lot of energy is expended in removingdseby hand, crop yields are generally very
low due to weed competition, as a result of untinagld ineffective weed control (Chikogeal,
2004). On most farms, weeding usually competes atltler farm activities and is postponed to a
later date. Farmers will not weed crops that avensfrst until they complete the seedbed
preparation and sowing of all other fields. Farmgefer to go on planting to take advantage of
moisture in the soil (Makanganiséal, 1999). This usually results in delayed weediragel
weeding results in crop losses, especially if dasried out after the critical period of weed
competition.

Poor weed management in cassava fields causeceaagawyield gap of 5t/ha and restricted
production in farmers fields in Kenya in 2004 by@itiha (Fermonet al, 2009).

Several constraints limit the effective use of hameding, including limited cash for hiring
labor and labor not being available for hire dunpegk periods (Johnson, 1995).The supply of labor
in rural areas has been significantly reduced inyrwsrican countries due to AIDS and migration
to urban areas which has led to less weeding qisc{Bisikwaet al, 1997). AIDS is causing the
loss of at least 10% of the agricultural workfonecenost countries and, in at least five countries,

more than 20% (Bishop-Sambrook, 2003).



The scarcity of labor and the concurrent rise endbst of handweeding make timely removal of
weeds by direct labor difficult and expensive. Ehsran acute shortage of labor at the beginning of
the wet season for land preparation, planting aledjaate first weedings. No pool of landless rural
laborers can be called upon during periods of paladr demands (Byerlee & Heisey, 1996).There
Is a shortage of male labor for weeding due to ceting labor activities such as wage employment,
livestock tending and fencing (Shaxsetral.,1993. People usually prefer alternative jobs to hand
weeding, if they are available. It is often assurthed family labor is free but labor in all actieis
has an “opportunity cost.”

During the peak period, farmers have little resttniers are often too sick or fatigued to
complete weeding (Oet al, 2002). African women point out that crop manageincan be
neglected during pregnancy, with tasks requiringl lpdnysical work (such as weeding) particularly
affected (Webb & Conroy, 1995). In addition to famgresponsibilities, African women farmers
have considerable family responsibilities- typigalaring for six children, elderly parents and sick
family members. As a result of these conflictingdidemands, weeding is not always carried out in
a timely fashion or in the right amounts. Malasalso a common problem on farms, reducing the
availability of productive labor. The scarcity ablor coupled with early season rains often impede
timely removal of weeds.

The sowing time of some crops coincides with ot precedes periods of heavy rain, and wet
soil conditions do not permit efficient hand weegpor hoeing. For those farmers with heavy soils,
excessively wet conditions do not permit efficieahdweeding to be done resulting in long periods
of crop-weed competition and yield reduction (Chge, 1990).

In sub-Saharan Africa, the once readily availabie i@liable cheap labor force has disappeared
in the face of rapid urbanization, improved livisigandards, and increased educational

opportunities. Landless young people have shiftech fagricultural activities to off-farm activities



(Vissohet al, 2004). Labor for handweeding is therefore vearese and, when available, too
expensive for the average farmer to afford (Akohwyrd®79). As a result, it is often impossible to
carry out timely weeding by hand. In many instantasor constraints force farmers to plant their
crops after weeds have begun to grow. Such crapsasmily smothered by weeds and give an
extremely poor yield; in such cases, these fieltdsahandoned (Ndahi, 1982). Family labor is
seriously stretched on farms and has to be deplogetinuously for weeding, as the first weeded
plots are re-infested by the time the last plogsceaned.

One effect of the large demand for handweedingrlabtihat a considerable portion of a
farmer’s fields may be left fallow and not planteda crop (Tittonelet al, 2007). The area
cultivated is often reduced by 50% because ofdlhmér's assessment that not enough labor would
be available to weed the additional fields (Bist&nbrook, 2003).

The principal limiting factor to the size of farnmsAfrica is the number of necessary weedings
during the period following planting (Kest al, 2001). 80% of farmers said that if weeds wers les
of a problem, they would increase the area of lamder cultivation (Johnson, 1995). African
farmers tend to plant as much as they think thélybeiable to weed. As a result, weeds can be
considered as the main constraint on agricultuiadyction.

In Malawi, nationwide survey data suggests thattbirel of the area planted to maize by
smallholders is either left unweeded or weeded #iftecritical six weeks (Oet al, 2002). Maize
is generally the first crop to be planted and wegdiecomes necessary at a time when labor is
critical for planting cash crops such as groundfMisza-Banda, 1997). Shortage of labor early in
the season results in delayed weeding and subseaaére yield losses of 15-90% due to weed
competition (Kibataet al, 2002). In Nigeria, maize farmers’ weeding praeijone weeding)

resulted in 42% yield loss in comparison to fieldseded three times (Chikoge al.,2004).



Delayed weed removal is the primary cause of mgidd loss in smallholder agriculture
(Rambakudzibget al, 2002; Chikoyeet al, 2005).

A survey of farmers in Malawi revealed that a m&yoweeded groundnuts late (later than 30
days after sowing) because their limited labor ueses were used for other crops (Luhanhal,
1994). The yield penalty for late weeding groundnstup to 40%.

Most Nigerian cowpea farmers rarely weed the crapiwthe first six weeks of growth
because of instability in labor supply, cost anthdeds on their time for other activities, and hence
the low yields on most farms (Olofintoye & Adesiyur990).

Time-of-planting trials have shown the vital im@orte of planting at the start of the rains. In
Zimbabwe one third of the maize is planted latealise of labor constraints with a yield loss of up
to 75% on late-planted fields (Byerlee & Heisey9ap

In West Africa, yields of upland rice with farmerséed control were 44% lower than on
researcher weeded plots (Johnson, 1995). In ayofugce farmers in Cote d’'lvoire, 53% said that
their fields were not always weeded (Johnson & Adesl993). A reason given for this by almost
two-thirds of these farmers was that weed infestaitn the crop may be so severe that weeding was
not always worthwhile; therefore, the field would &ffectively abandoned. Other reasons given for
not weeding included lack of cash to hire labarkisess, and lack of labor.

In Uganda, 87% of the farmers believed that theyeculy lose yield to weeds, mainly due to
late or inadequate weeding (Webb & Conroy, 199%5Yimbabwe, 21% of the cotton farmers
abandon more than 20% of their cropped area eatagea result of weed infestation (Mavuelzi
al., 2001).Weeds are a major factor in reducing ctiefuly in Zambia, many farms recording an
average 30% vyield reduction. Indeed some farmers lust entire crops due to heavy weed

infestation (Masole & Kasalu, 1997).



In Africa, yield losses in farmers’ fields rangerin 25% to total crop failure because farmers
are unable to perform the necessary weedings afptiv@al times (Vissolet al, 2004). Weeds are
perceived by most smallholder farmers as the gsegield-limiting constraint (Fofana & Rauber,
1999; Vissolet al, 2004). In Africa yield losses due to weeds averd@fo but losses of 50% or
more are frequently reported in some parts of satla&n Africa (Sibuga, 1999).

Since handweeding demands a relatively wider sgathere is little chance to optimize crop-
spacing in favor of higher yields.

An econometric analysis of labor decisions by sedle farmers concluded that farmers are
unable to allocate sufficient weeding labor foriogat yields in years when rains are abundant
because weed growth is rapid and prolific and lahartages preclude the availability of sufficient
weeding (Fafchamps, 1993). As a consequence ofHaasoptimal weeding, yields do not achieve
their full potential- even in years of consideratdanfall. Farmers do not undertake overly
ambitious production plans since they are likelletad to weeding manpower constraints.

There is a widespread belief that weeding can bpesty performed only if the worker is bent
double and armed with a short-handled hoe (IFAD®8)9lt is common that the handle is short to
allow the farmer full control of the hoe while siwerks around the plants, leaving the other hand
free to pull out weeds and shake the roots frem goil (Adolfsson, 1999). Hand hoes and other
weeding tools are known for high prevalence of baxke among users. Sharp pains result low in
the back from the use of the short-handled hoeuféw& Kaul, 1986). Farmers can be seen to be
suffering as they often rise and stretch their bagk weed one hectare of maize a farmer would
have traveled a distance of ten kilometers in astd position (Mangoshet al, 1999).
Handweeding in a stooped position for long perioisme results in permanent spinal deformation

(Oyedemi & Olajide, 2002).
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African Weed Science Programs

Weeds are an underestimated crop pest for whichrgawent spending in Africa on training,
research and education is minimal and appropriaevmanagement technologies remain largely
unavailable and/or undeveloped (Sibuga, 1997). Greses caused by weeds are “invisible” and
are not as spectacular as those caused by othesrgasisms (Labrada, 1996).

In some cases, research in weeds is under thengbpity of researchers in other disciplines
of crop protection. Such set-ups relegate weeadhseias a discipline behind the other plant
protection disciplines of entomology and patholdgiewise, crop protection extension
concentrates on solving insect and disease probMthdittle attention paid to weed problems
apart from the emphasis on traditional methods ssalveeding using hand tools (Sibuga, 1997).

Because weeds do not strike as violently as inséatge is a tendency to underestimate their
economic importance. Even when a farmer is foroembandon a crop to weeds, such incidents do
not attract attention. Consequently, the lowegirfiyi is assigned to weed science research in
practically all of Africa. There is a lack of graate level education in weed science (at the masters
and doctoral levels) for nationals from Sub Sah#@fmita. Consequently, research in weed science
is still lagging behind the other disciplines oipl protection (Sibuga, 1997).

The emphasis on entomology and pathology has laddespread use of fungicides and
insecticides by African farmers. For example, 90698 the cotton farmers in Uganda, Zambia,
and Zimbabwe spray insecticides (ICAC, 2005). Shaddlers rapidly adopted the use of
insecticides and fungicides to control pests asdalies of cash crops such as cocoa, coffee, tea,
and cotton (Padwick, 1968). Fungicides and insielgd#care purchased and applied because they are
the only practical way to save an infested crop.

One of the reasons for lack of interest in the wemtrol problem has been a gross

underestimation of the fragile nature of the lalmoce (Akobundu, 1979). It has generally been
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assumed that smallholders have excessive handdabdable. Consequently, research into
methods of improving weed control has been assignesty low priority.

Weeding is seen as women'’s work of little importaaad does not receive priority attention. In
much of Africa, weeds are accepted as the natoraaenuences of crop production efforts and little
thought is given to improving their control (Akoluu 1980b).

Less has been done for weeds because (i) weedspmpeasts are largely taken for granted and
their biology is poorly understood, (ii) weedindasgely done by women and children, (iii) weed
control as a science is in its infancy, and (i8réhis an absence of trained weed scientists to
address weed problems in the region (Akobundu, 1991

Herbicides

The spraying of chemical herbicides to remove weeds alternative to handweeding African
fields. Herbicides can be used before plantingetoave weeds from a field, they can be applied to
the bare soil at-planting for residual control efiminating weed seeds, and they can be directly
applied to weeds during the growing season. Rekitaraicides applied to the soil before the crop
and weeds emerge from the ground remain activentralling germinating weeds until the critical
period of weed competition has passed.

Experiments with herbicides to control weeds irpsrbave been conducted in Sub-Saharan
Africa since the 1950s (Idris, 1970). Most of tlalg herbicide work was focused on the needs of
the large-scale commercial farmers (Chivinge, 1990)

In Africa, herbicides have been widely-adoptedangé plantations of cash crops: coffee,
cotton, sugarcane, cocoa, and tea. Herbicides idedyaused on government-run large farms
(Berhanu, 1985). Faced with rising costs and sgaoilabor for handweeding, these plantations
largely adopted herbicide technology in the 196986k (Terry, 1996). Estate farmers have been

able to use herbicide technology because they gntipér own researchers/agronomists
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(Magyembe, 1997). Herbicides have been widely amtbpt East Africa for weed control especially
in fruit orchards and flower production (Njorog®9B). State-run farms consider herbicides an
essential component of wheat production (Tanneg&il8, 1991).

Smallholder farmers in Africa generally do not heebicides with less than 5% adoption
(Overfieldet al, 2001; Mavudzet al, 2001). In some countries (such as Uganda) thptemhoof
herbicides is very low at .1% of the acres tredkddgyembe, 1997). Herbicides are used on 5-10%
of Zambia’s and Zimbabwe’s cotton acres (ICAC, 20@brecent survey determined that 4% of
groundnut growers in Ghana use herbicides (Bolkegu et al, 2006).

Herbicides have been extensively studied in weadkcbresearch in Africa. However, there
has been no mechanism to disseminate the techntwaygallholders once the research process
was over. This scenario has led to the non-adoptidine herbicide technologies on the small-scale
farms even though the research has shown thaeticlde technologies were cost-effective and
yielded higher returns than conventional methodstfidmiaet al, 2001).

This research has shown that herbicides productagrgield at less cost than the typical
practice of handweeding (Chikogé al, 2007b). Comparisons of the economics of diffeveetd
control technologies indicate that herbicides redihe labor requirement for control to between
one-tenth and two-thirds of the requirement for canveeding (Benson, 1982). The overall
reduction in production costs associated with logdbs is caused by a massive reduction in the
labor required for weeding from 39.2 to 1.3 perslays per hectare (Overfiedd al, 2001). The
use of herbicides to remove weeds required onlgwshof labor per hectare (Gousteal, 2006).
Research with maize herbicides in Nigeria demotesdrthat the use of herbicides reduced the need
for labor at the peak period by 29-42% (Ogungbileaoke, 1986).

Some people have expressed the concern that ltEbiare too costly to be used by the

majority of farmers in sub-Saharan Africa. Howewecreasing labor costs and the unavailability of
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labor at critical times are rapidly causing the akberbicides to become more economical than
hand labor.

Chemical control is a better alternative to manuetding because it is cheaper, faster and
gives better weed control (Chikogeal, 2005). Numerous experiments have been conducted t
demonstrate the potential positive impacts of g af herbicides by smallholders:

Maize yields doubled and production costs fell k®%in Nigeria when atrazine was
used (Benson, 1982).

In Zimbabwe, research with herbicides resultedétdyincreases of up to 55% in maize
and 75% in cotton (Chivinge, 1990).

A recent maize experiment in Kenya determined ¢hamical weeding was one-third
the cost of two hand weedings (Maietzal, 2003).

The use of preemergence herbicides in cowpea eestyields equivalent to those
from two handweedings (Ishagaal, 2008a).

In a Nigerian experiment, preemergence herbiciéps &owpea plots virtually weed
free up to 35 days after planting (Oloeteal, 1987).

An Ethiopian study showed that herbicides resulte@i7% greater wheat yield in
comparison to the farmer practice of one handwee@ianner & Sahile, 1991).

The weed control labor requirement for groundnodprction in Zimbabwe was
estimated at 107 hours/ha on a plot without hetlbiepplication and .4 hours/ha on a
plot treated with herbicides. (The yields were sighificantly different) (Benson, 1982).
In a weed control experiment in Nigeria the costveed control with herbicides was .5
and .25 times the cost of using labor for handweg@\dekpeet al, 2007).

Groundnut yield with herbicides was equal to ywith three handweedings (Ayeni,

1997).
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About 61% of labor time required in sorghum foditeonal hoe-weeding was saved by
the use of herbicides (Ogungbile & Lagoke, 1989).

Research with metolachlor in cowpeas resultedetdgicomparable to those receiving
the recommended two weedings (Lagekal, 1982).

In a cotton experiment, the use of a complete htbiprogram for field preparation, at-
planting preemergence, and postemergence treatmeehised the number of hours by
700 per hectare, while the use of the preemergeeaenent with handweeding for field
preparation and postemergence reduced the laboireetent by 255 hours per hectare
(Lagokeet al, 1992).

A maize study in Zimbabwe compared the cost of ibile usage versus handweeding
and determined that the herbicide treatments pleshandweeding cost 50% less than
two handweedings (Chivinge, 1990).

The cost of weed control in rice with herbicidessve8% lower than hoe weeding in an
experiment in Nigeria (Shave & Avav, 2004).

Labor use decreased by 54-96% in Nigeria by swiggifiom hoe weeding to chemical
control in cassava, yams, and soybeans. Chemin&idot@ave 38-55% higher crop
yields, and had a 28-50% lower cost than farmetrobmethods (Chikoyet al.,

2007a).

In maize-cassava, maize-yam, and maize-cassavanyaroropping systems, a single
application of an atrazine-metolachlor herbicidetomie was observed to be as effective
as three handweedings in minimizing weed compaetiffckobundu, 1980b).

In cassava, research showed that chemical weetbtars over three times cheaper

than two timely handweedings (Akobundu, 1980a).
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Two properly timed handweedings were enough togedinss caused by weeds in
maize plots. However, this weeding method waslydaree times as expensive as the
combined cost of herbicide and labor for sprayifsgopundu, 1980a).

Recent experiments with preemergence herbicidesrghum resulted in yields 45%
higher than yields resulting from three handweeslifighayeet al, 2007b). The
herbicide treatments reduced the weed weight freht/Bectare to .4 t/hectare while
sorghum vyield increased from .2t/hectare to 5.8dre. Three handweedings reduced
the weed weight t01.7 t/hectare with a sorghundyal3.7t/hectare.

Use of herbicides in Kenyan weed trials resulte83%6 higher maize yields than farmer
practice of hand-weeding due to better weed cofathamiaet al, 2001).

The greatest obstacle between herbicide techn@odyAfrican farmers is lack of awareness
and training. In 1998 and 1999, herbicide evaluati@ls in Zimbabwe were funded by the
Rockefeller Foundation (Makanganiseal, 1999). In these trials, a residual herbicide bheasded
down the crop row at planting and controlled weeetgence for eight weeks. Forty-nine farmers
participated in the demonstration trials and 6%€rated field day demonstrations. The use of the
herbicides reduced weed dry matter by 47% and asex maize yield by 16% in comparison with
farmer practice (Makanganis¢ al, 1999). The use of the herbicide reduced weeding &nd cost
75% less than hand weeding labor. Farmers wondengdhey were not being taught about
herbicide technology. Some had not even heard dimbicides before. Farmers asked for more
demonstrations in order to gain practical expegefite study determined that lack of knowledge
is the most limiting factor in the adoption of hieide technology (Makanganis al, 1999). The
study concluded that if the smallholder farmersgaven technical support, they would take

advantage of herbicide technology and improve propluction (Makanganiset al, 1999).
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Herbicide use is highest among smallholders whe tiear agricultural research stations where
there are staff who can answer their questionstairoper application (Tanner & Sahile, 1991). A
recent survey of rice farmers in the Senegal Ritadley determined an average cost of 20€/hectare
for herbicides (Demordt al, 2009). Farmers using herbicides in rice redubechecessary amount
of manual weeding labor from approximately 64 perdays per hectare to 13. Manual weeding
labor was estimated at 1€ per day which meanghka20€ expenditure for herbicides substituted
for 51€ per hectare of weeding cost.

Herbicide use is also high among smallholders vanmfin cooperatives. For example, in
Northern Cameroon an extensive program of weedalontth hand sprayers was introduced by
the national cotton organization which has an distadxd extension network for farmers (Matthews
& Clayton, 1999). Herbicides are used on 70% of €aon’s cotton acres (ICAC, 2005). Research
in cotton in Cameroon demonstrated that herbiaidsslted in an increased yield of 400kg/hectare
at a reduced cost of 50% and a reduction of 12/Hegtare of labor (Matthews & Clayton, 1999).

Recently, the breeding of a traditional West Afnicace speciesd. glaberrimg with the Asian
rice species@ryza sativaresulted in a series of new varieties known as Réce for Africa
(NERICA). One of the characteristics of the NERIC#Yieties is that they are more competitive
with weeds requiring 25% less labor for weedingdlEkneet al, 2009). With no weeding, the
NERICA varieties yield 40% more than unweeded tradal varieties. Optimal yield of the
NERICA varieties requires two weedings which insesayield by 220% over NERICA varieties
unweeded. One weeding increases NERICA yield by 6vVé6 unweeded NERICA plots (Ekeleme
et al, 2009). Although the NERICA vyields approach thpatential when weeded twice, most rice
farmers are known to avoid a second weeding owangdufficient time and high labor costs.
Research has shown that a pre-emergence herbpidieaion plus one handweeding is sufficient

to control weeds in fields growing NERICA (Akintgy2007).
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Constraints on Herbicide Use

Chemical weed control has great potential andl@tiome more widely-adopted by
smallholders as solutions to the major constrdimi$sing herbicide use in Africa are found. These
constraints include (a) inadequate knowledge otiwhierbicide to use in a given weed-crop
situation, (b) poor timing of application (c) undaaility of herbicides in farmer-usable packages
(d) uncertainty of availability of herbicides (&hited knowledge of herbicides and their use (f)
lack of extension services and (g) scarcity ohedipersonnel in weed science (Mavugizal,
2001).

For herbicides to be successfully introduced, sdvagjor infrastructure systems must be
improved (Benson, 1982):

The credit system: The low-income farmer often isaéadxpensive credit.

The extension system: The effectiveness of thensida system depends on the
level of training and competence of its agentsftbguency of visits, demonstrations, and
communications and its credibility.

Transport and distribution: In order for herbicidedbe useful, they must be
available on time. Also, they must be availablgumantities suitable for use on small farms.

Marketing and storage: Crops must be transportedatdxet quickly and be sold at a
fair price.

Recommendations on how to use herbicides are depend which weeds are present and
many agronomic, soil and crop factors-all of whiged careful study and communication to
farmers.

Training of personnel for research and extensi@ssential to weed control. There is a need for
subject matter specialists capable of evaluatint) eauntry’s weed problems and formulating

herbicide recommendations (Akobundu, 1980b). Weezhfists are scarce in most African
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countries which has limited the necessary reseémdome countries, the number of professionally
trained weed scientists is too few to make any nmgdul impact on research, extension or policy.
There are more weed scientists in the state ofdZaia than in all of Africa (Akobundu, 1980Db).

There is a need to train extension workers on helbitechnology, who would in turn train the
farmers. There is a need to develop extension raktdor farmers. If the smallholder farmers are
given technical support, they would take advantadeerbicide technology and improve crop
production (Makanganiset al, 1999).

The lack of well-trained weed specialists and thnetéd funding available for related research
and extension activities are major constraints nieatd to be overcome in the near future. Field
projects are required to develop research and sxteand raise awareness among agricultural
officials and farmers of the problems caused bydsdeabrada, 1996).

Efforts must be made to enlighten governments emnrdle of weed science in the crop
production equation so as to bring governmenteto bn the need to address the problem with
plans of action on training, research and exten&daouga, 1997).

The Universities do not have adequate weed scienmncieula. What is urgently needed is
graduate-level education in weed science (at thetaria and doctoral degree levels) for nationals
from the region (Akobundu, 1991). The need fordyedind more readily available extension advice
on weed control remains a perennial recommendéiiboza-Banda, 1997). The government
agricultural extension agencies are ill-staffechwatofessionally trained chemical weed control
specialists who can demonstrate the effectiverielserbicides and effectively transfer the
technology to the farmer (Ayeni, 1997).

There are many US-funded agricultural developmeujepts in Africa with several US

universities as contracting institutions. Nearlyadithem have training in agricultural economics,
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plant breeding, and agronomy, but hardly any ofpitegects have included training in weed science
for any of the nationals (Akobundu, 1991).

A systematic study of the biology and ecology opartant weeds in the individual countries
and use of this knowledge is necessary in develpgificient weed control methods (Sibuga,
1999).

Fertilizer Usage Potential

Increased use of fertilizers has been promoteddweral decades as a way of significantly
increasing crop yields in sub-Saharan Africa. A& &frican Fertilizer Summit of 2006, the African
Union member states set a goal of increasingitegtiuse by 500% by 2015 (IFDC, 2007). Current
use of inorganic fertilizers is low in sub-SahaAdrica with only 5% of smallholder farmers
applying them. Application rates are typically bsmlow recommended rates (50kg/ha vs 250-350
kg/ha) (Dar & Twomlow, 2004). Fertilizer tends te bsed mainly on cash crops and plantation
crops.

The benefits of fertilizer applications are deparide weed control. Applying fertilizer is a
labor intensive task with farmers in a stooped omsiapplying fertilizer directly to the plants by
hand. Applying fertilizer competes for labor witleading and planting of additional crops. As a
result, fertilization is either not done or perf@uat the wrong time and crops may not respond to
fertilizer applied late (Makanganige al, 1999).

Many weeds absorb nutrients faster and in largerusms than crops (Okafor, 1987). In an
experiment in Zimbabwe, weeds removed three timaawch potassium and two times as much
nitrogen from the soil as did maize. Maize tri@sSouth Africa ascertained that increased
fertilization on weedy plots increased yield lossassed by weeds by 62% (Benson, 1982).

A Nigerian sorghum experiment found that the agpion of 60 and 120 kg N/ha caused

increases of 32% and 78% respectively in weed dighis (Okafor & Zitta, 1991). In an
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experiment in Ethiopia, wheat receiving 138 KG op& hectare required 23 more work days for
hand weeding than non-fertilized wheat. The appboeof 41 kg/ha of N increased the weed
population by 500,000 per hectare (Taneteal.,1993. Fertilizer application increased the labor
required during peak season by 64 hours per heict@@ghum which included increased weeding
time (Wubeneh & Sanders, 2006).

Handweeding only can take place when the weedé i@atanageable size-say 2-4 weeks after
crop planting. Those fertilizer quantities whichvladeen taken up by weeds during those first 2-4
weeks are utilized by the weeds at the expendeeafrop (Makanganisst al, 1999).

In 2006/7 the government of Malawi provided sulesdior smallholders to purchase fertilizers
which led to widespread use. An evaluation of trmgRam showed that the cost of weeding
increased an average of 22-57% (Dorwetrdl, 2008).

Without weed control, increased fertilization simf@ads to more weeds with the subsequent
need for more labor to pull them. Farmers are tahtdo increase fertilizer use because of the need
for more handweeding. African farmers will not ggeater amounts of fertilizer until the weed
problem is brought under control.

Potential Impacts of Herbicide Use

By reducing the labor requirement for weed contnetbicide use could allow additional
resources to be invested in food crops to the Iltevfdbod security in the area (Mavudai al,

2001). The potential benefits of herbicide useudelincreased incomes, reduced drudgery, and
improved food security and nutrition. These beseditcrue to women, young people, and the very
poor who often bear the brunt of weeding (Chikeyal.,2007a). A social benefit is realized when
herbicide use releases children from the daily geug of weeding crops so that they may attend
school. The small number of farmers who use hatbgsend a higher proportion of their children

to school (Overfieleet al, 2001). Millions of women have been destined tenspmost of their
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lives in the endless drudgery of manual weed carttterbicide use would provide release from
much of this toil, enabling more time for educatand other activities and alleviation of chronic
back pain and spinal deformation. It is unnecesg&argierbicidal control to be complete. A very
considerable reduction in weeding labor is obtaimgdontrolling 80-90% of the weeds.

One concern is that herbicide use in African caastwill tend to increase unemployment. This
may have been true in regions with large farms,leyimgy a substantial work force, but not for the
vast majority of small-scale farmers who do not Epputside workers (Labrada & Parker, 2003).
Rather, farm families spend a large proportiorhefrttime in weeding operations, time which
could be more productively used (Labrada & Parke6g3).

The economic benefits of herbicides can be realiizé labor released from hand weeding is
gainfully employed elsewhere. There is ample warkther crops which is delayed or often
skimped due to lack of labor. Additionally, in amtand groundnuts, there is much work other than
hand weeding which requires hand labor early instgson. Better attention to such work should
result in higher yields from all crops (ldris & Timas, 1970). Increasing the area that is harvested
through improved weed control will provide more dayment opportunities for hired labor during
the harvest (Mavudat al, 2001).

Farmers in participatory weed control trials in Kamwere all in favor of herbicide use and said
that the saved labor is used in some other farmites (Muthamiaet al, 2001). In Kenyan maize
experiments, there was no appreciable differenetsden the total labor requirements on the
herbicide-treated and the control plots. This wesalise the time saved in weeding was used up in
harvesting increased yield on the herbicide plogungbile & Lagoke, 1986). A system of
chemical weed control in tea has evolved in EagtAfwhich has cut weeding costs by 75%.
Harvesting the increased crop has absorbed aldbwe released by the cessation of manual

weeding; productive work has replaced the drudgéhandweeding (Willson, 1972).
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Using herbicides in groundnut production would stwve to three weeks of time, allowing
timely attention to other tasks including potefyiagignificantly increasing the area planted with
groundnuts (Schilling, 2003).

If farmers used herbicides they could alleviatertlador bottleneck during the peak period with
labor being released for operations on other c(dpaner & Sahile, 1991).

It is the use of time and the return to family labwat is of prime importance to the African
farmer. If the farmers can use time saved from rabweeding to carry out other profitable
operations (extension of farmed area, more timelyirsg of later crops, planting and tending a cash
crop) then there is a good case for using herlsgiBenson, 1982).

Herbicides can be useful to the smallholder usamgilfy labor even though there is no direct
saving in labor cost since they may be used teceas® the production of cash crops by releasing
labor from the food crops at the correct sowingqeis. Labor is the most limiting resource for the
household (Tittonelkt al, 2007).

The results of a research program in Kenya indicHtat herbicides can improve the economic
returns of smallholder farms (Kibagd al, 2002). The main reasons for this were increassldsy
of maize and beans due to more effective weed alothtiring the critical period of crop growth
when there is a shortage of labor for manual wegedihe removal of this constraint by use of
herbicides increased the yields by 53% in maize2#8d in beans in the maize/bean intercrop and
38% in the maize monocrop. The net benefits ine@as a result of reduction in production costs
associated with herbicides. The herbicides allolagge reductions in labor required for weeding.
The net benefits increased by 61% in the maize/bearcrop and 46% in the maize monocrop.
The potential impact of these findings is that l@de use in maize can improve the economic

status of rural communities, enhance food secantyimprove livelihoods. The reduced drudgery

-23-



for weeding would also increase the ability of farsito cultivate more land with higher economic
returns.
The various possible benefits of herbicide useuiahel(Parker & Vernon, 1982):

1. improved yields due to more effective weed condgpecially early in the crop’s life, when
the critical period of weed competition occurs aiten wet conditions may preclude
effective removal by manual weeding.

2. anincreased area of crops within the scope aiglesfamily

3. anindirect increase in yields achieved by relegkbor from one crop, in which herbicides
have been used, for the more timely planting orrowed care of another crop, such as
cotton

4. improved yields achieved by permitting a largeaaebe planted at the optimum time,
instead of having to spread out planting to avavditg too large an area requiring weeding
at any one time.

Evidence from on-farm participatory trials condutcie Kenya and Uganda indicate that
herbicides can increase the net benefits to farofersltivating maize by up to 80%. When this is
combined with their ability to alleviate seasonadl @ender-based labor constraints, their potential
contribution to a more successful and economicalitainable farming system is substantial
(Overfieldet al, 2001).

A 2009 assessment from the US National Academ\cigi8es identifying technologies to
benefit farmers in sub-Saharan Africa pointed bat tightweight herbicide sprayers would
transform agriculture in the region (NRC, 2009)eTReport noted that a woman can farm twice the
area and farm with far less drudgery with an hedeisprayer than with hand weeding, and the
yields are greater. The Academy Report also ndtedhterbicide-tolerant maize has been released

in South Africa and is increasingly popular amontal scale farmers because the use of herbicides
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has eliminated drudgery associated with hand weedilowed cultivation of larger areas, and
substantially increased yields (NRC, 2009).
Recent Demiatgin/Control Projects

The parasitic wee8trigais the focus of considerable stand-alone reseandireatment
programs including the breeding of resistant catsvand use of herbicide seed treatments (Ejeta &
Gressel, 2007).

Oxfam has provided herbicides to African farmerarneas where AIDS has reduced the
available supply of labor for weeding. In Malawixf@m initially supplied herbicides to 1450 farms
in 81 villages (Oxfam).

Herbicides are being supplied in programs that ptemeduced tillage (Seward, 2007). There
are many groups such as Sasakawa Global 2000, ktonsand Winrock International that have
promoted conservation tillage with herbicides repig tillage for clearing weeds from fields
before planting (Findlay, 2004). Labor requiremeand erosion have been shown to be reduced
under the conservation tillage program while cragddg have increased. It was estimated that in
2000, no-till was used by 100,000 small scale fasnreGhana (Ekboiet al.,2002).

In 2008, 25 herbicide demonstration plots wereldistaed in both Kenya and Malawi through a
network of agrodealers supported by CNFA. The Rtojas coordinated by the CropLife
Foundation with funds from four multinational hegidie Companies. 3700 farmers visited the
demonstration plots during field days. The plotthwierbicides yielded 26% more maize than the
plots that were handweeded. The cost of herbiasddes50% lower than the cost of handweeding
and there was a reduction of 150 hours of labohpetare in the herbicide-treated plots (Gianessi

& Kiingi, 2009).
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Potential Aggate Impacts of Herbicide Use

There are approximately 180 million one-hectarelbmlaer farms in sub-Saharan Africa. Of
these approximately 20% are cultivated with tra&tmranimals. The remaining 80% are cultivated
by hand. Herbicides are currently-used on approteéin®% of the smallholder farms. The
assumption is made that 75% of the smallholder $aepresenting 135 million hectares are
handweeded. It is assumed that one woman is regpeisr handweeding each hectare which
implies that 135 million women are currently handdag.

The optimal amount of handweeding required perdreads estimated to be 400 hours which
implies that 54 billion hours of handweeding wobklrequired to produce optimal crop yields.
However, it is assumed that only one-half of thermal weeding is currently performed which
means that 27 billion hours of handweeding is aulyaundertaken. It is estimated that herbicide
use would eliminate the need for 90% of the laboréeding for an aggregate reduction of 24
billion hours.

Approximately 70% of the 250 million tons of crog®wn in sub-Saharan Africa is produced
on smallholder farms. 75% of the smallholder faareshandweeded. It is estimated that 131
million tons of crops are currently produced on 188 million hectares that are handweeded. It is
assumed that crop yield loss on handweeded hedaes® poorly-controlled weeds averages 30%
in sub-Saharan Africa. By preventing this yielddalsrough the use of herbicides, an additional 40
million tons of crops could be produced.

It is believed that the estimate of potential cpopduction increase is conservative since it does
not account for the planting of additional fieldslethe use of fertilizer; both practices would

increase as a result of herbicide use and furtitoeease aggregate crop production.
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Summary

Weed infestation and reinfestation are heavy apdir@lowing no breathing space for the
African farmer. The subsistence nature of Africgn@ilture can be largely attributed to the
presence of weeds and the absence of improved dseti@ontrolling them (Adegoroyt al,

1989). The inability to control weeds by hand, deob labor availability due to AIDS, food
shortages, and the drudgery involved in weedingahconditions means that the use of herbicides
Is going to be increasingly justified (Mashingaid#el, 2003).

Even when other inputs such as fertilizer and impdoseeds are available, it will be difficult to
raise agricultural output much above subsistengd s long as the hand-hoe remains the primary
means of tillage and weeding (IFAD, 1998). Afridanmers are reluctant to use fertilizer because
of worsening weed problems and higher labor demands

Shortage of labor for weeding limits total aralaed that can be cultivated and this limits total
food production (Akobundu, 1991). It is difficuti tmagine how African countries can achieve
economic, industrial and educational developmetitafmajority of its populace is engaged in the
provision of back-breaking labor for food productiguch as weeding..

If weed management is not improved, sustainabld fooduction will not be realized and
farming in general will continue to be full of drgeky and unattractive to the younger generations
(Akobundu, 1991). This is one of the underlyingsess for urban migration.

Herbicides have great potential for solving the dvpblem in Africa. Herbicides are less
expensive than the hiring of labor for handweediterbicides reduce the need for labor during
planting time allowing for more fields to be pladitend fertilizer to be used. Herbicides are more
effective than the current practice of handweedihgs, crop production would increase with
herbicide use. Herbicide use would improve thesligewomen by eliminating the need for back

breaking labor which leads to lifetime back defdres.
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Herbicides are used on more than 90% of the crdgladeveloped countries- the US, EU
countries, Japan Australia. Herbicides are useahdne than 90% of large-scale commercial
farmers in Africa. It is the smallholder farmerAfrica that currently is not benefitting from
herbicide technology. If given the choice, Africemallholders are likely to adopt herbicide usage

as their counterparts have all over the world.
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