Metadata, citation and similar papers at core.ac.uk

Provided by Research Papers in Economics

Recycling Hybrid Maize Varieties. Is It Backward

Practice or Innovative Response to Adverse
Conditions in Kenya?

W. JAPHETHER

H. DE GROOTE

M. LAWRENCE
D. KENGO

L. MOHAMMED

Poster paper prepared for presentation at the
International Association of Agricultural Economists Conference,
Gold Coast, Australia, August 12-18, 2006

Copyright 2006 by W. JAPHETHER H. DE GROOTE, M. LAWRENCE, D. KENGO
and L. MOHAMMED. All rights reserved. Readers may make ver batim copies of this
document for non-commercial purposes by any means, provided that this copyright notice
appears on all such copies.


https://core.ac.uk/display/6614887?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Recycling Hybrid Maize Varieties: Isit backward practice or innovative responseto
adver se conditionsin Kenya?

Smmary

Hybrid varieties have ggnificantly contributed to increesed maize productivity in Kenya and
other Sub Saharan African SA countries. A number of factors like high cods low price of
maze gran and non-avalability of prefered varieties limit access of famers to improved
maze vaieties. Famers resort to the alternative option of recyding the hybrid maize seeds
Seeds are carefully sdlected based on cob and grain sze during or before harvest after which
they are presarved. Hybrid maize varieties (HMV) developers and disseminators observe that
there is a progressve yied decrease of recyding HMV and discourage famers from
recycling The quedion is ‘Is it uneconomica to recycle HMV or an innovation that farmers
can practice? This sudy was designed to evauate the yidd losses and bendfits of hybrid
maze recyding in Kenya. Through key informants, famers who grew both certified seed
and recyded maize were identified and randomly sdected. For on fam trids (OFTS), sixty
two (62 farmers who recycled hybrid maize varigties and 30 who grew certified seeds were
randomly sdected while for the on dation trid (OST), the trid was lad out in a completely
randomized block desgn replicated four time with plots messuring 100M square For the
OFT, two plots of 100 square meters were superimposed on farmers fields both on recycled
and fresh seed. Input and output leves in the plots were identified and vaued. The results
showed that the yield decreases & an increasing rate. Yidd losses for Double crosses were
low compared to the bp crosses. The yidd levels of recycled bp cross reduced by 16%, 17%

and 32 while that for double crosses decreased by 20%, 37% and 46% for the firgt, second



and third recyding generdions respectively. However, pogtive net benefits are attained in
recycling HMV. This implies that it is beneficid to recycde HMV up-to the third generation
levd. However, & regiond and naiond leve, food security objective is compromised. This
demands that incentives to discourage famers from recycing may be sought through
development of OPVs which can be recycled if naiond objective of food security hes to be
enhanced. From the logit results the magor dgnificantly influencing factors in recyding
HMVs are amount of credit, fertilizer, wedth and extenson contact which if addressed may

discourage farmers from recycling.



Recycling Hybrid Maize Varieties: Backward practice or innovative response to

adver se conditionsin Kenya?

1.0. INTRODUCTION

Despite technology developers and dissaminators empheszing tha hybrid maze varieties
devedoped from inbred lines should not to be recycled (Allan 1971; Hdlauer 1997; Ned
1995, Shumba 1990, Rice e d 1997), a dgnificant portion of famers in Kenya and other
sub-Saharan African countries dill practice (Heisey et d 1997; Morris e ad 1999). Currently,
it is edimated that about 30% of maze area in Lb-Saharan Africa is planted under hybrid
maze. The resx of the area is under recyded maze vaieies, which incdude high hybrid
maze vaidies (HMV), locd landraces (LL) and Open pollinated varieties (OPV) (Ligeyo,
1997, Onyango 1997 and Onyango et al 1998). The recyding of HMV is termed as a
backward practice among technology developers and disseminators. In Kenya, depending on
the price of maze gran among other factors, it is estimated that between 10-40% of farmers
dill recycle maize varieties and area under HMV has decreased compared to the 1992 Maize
Data bae survey (Hassan, 1998). According to Ochieng and Tanga (1995) recyding leads
to a yidd loss of aout 20% to 50%. The recyding is dtributed to both socio-economic and
biologicd factors (Morris and Rizopouluos 1999; Akulumuka et al 1997; Zambezi d. 1997)).
These factors include; lack of cash to purchase increasing cost of catified seed, preference to
specific HMVs not accessble on the maket and limited knowledge on the biology of

breeding (Mose et al 2002). For example the cost of maize seed has risen from KSh 4.40 per



kilogram in 1980 to about KSh 120.00 in 2005. Therefore with high cogt of maze production
one of cogt reducing drategy is to use recycled seed. Farmers prefer recycling specific hybrid
maze vaigy because of sweethess and dable yidds even with sub-optimd input use (low
yidding environments) (Ombakho et al 1998). According to Morris et al (1999) and Pixley
and Banssger 2002) recyding of maze vaiedies leads to loss of hybrid vigour due to
contamination, genetic drift, mutation, naturd sdection and segregation (Heisey et d 1997
and Morriset d 199).

Devdopment of maize varieties in Kenya dates back to 1950s with the fird variety released
in 1961 and in 1964 H611 was rdeasad (Gerhat 1975). HMVs are developed from crossng
pollen from mde plant with femde, which forms the seed with an isolation distance of not
less than 200 meters to avoid adulteration. This is amed a increesing the yidds among other
preferred traits embedded in the varieties The number of varieties has increesed dregticdly
from one in 1964 to about fauty in 2005. The increase could be attributed to market
liberdization of the seed indudry in 1994 (GoK 2002, GoK 1994 and Nyoro 1999). During
this period yidds were improved from 3 tons per ha to aout 7 tons per ha Vaieties from
bred outsde Kenya came in after liberdizng maze seed sector in 1994. The objectives of
the sudy are to: identify the criteria used to sdect recyded maize varieties for production
document the processng of the recycded maze vaidies for growing, and assessng the
profitability of growing the most recycded maze varidies Therefore based on this

underganding isit economicaly vidble to recycle HMV s?

20 MATERIALSAND METHODS



Conceptual Framework

Hybrid maze was stettificdly bred to regp maximum yidds from F1 geneaions. The
benefits and genetic make up and therefore vigour of the hybrids vary from variety to variety.
However, with recyding the hybrid vigour is los. Famers who recycde forgo some benefits
while on the other hand saving on some cods. Thus, farmers weigh the benefits and codts in
meking decisons on whether to recycde HMV or not. The decison by farmers to recycle is
assumed to be raiond and is driven by a number of factors which include fam famer and

other socio-economic in nature.
Data type and sour ces

Data for the dudy was generated from fam surveys (2003) and on-farm trids (2002-2003).
The survey was caried out in 2003/2004 and covered the Sx mgor maze agroecologicd
zones namdy; Low Tropics (LT); Moig Trandtiond (MT); Moig mid dtitude (MM), dry
trangtiond (DT), Dry mid trangtiond (DT), High tropics (HT) (Hassan, 1998). Farmers
were randomly sdected from a lig of fam households deveoped a village leved. Usng a
dructured quedtionnaire, a tota of 1800 households were randomly sdected usng smple
random sampling technique. Daa for the onfam trids were collected from 60 gtes
digributed in three didricts with a back-up trid a the research center. Plot Szes were
10meters by 10 meters (100m?). Agronomic and economic data were collected from the
paticipating famers. The data included: type and generation of variety, land preparation,
time of planting and weeding, harvesting and pos havest activities including yidd leves

Quditaive data on seed sdection and processng by famers were dso collected. In order to



quantify benefits and codts, dl inputs (seed, fertilizer, recyded HMV's, labour) and outputs
(grans) were identified and quantified and prices pegged on them through a semi-structured
guedionnaire. Farm gate prices including transaction cods (transportation costs) were added
to the purchase price. The quantification of benefits and cogs was done through monitoring
of dl production activities, inputs and outputs that went into the two plots. This was a famer
menaged trid but the desgn was done by researchextenson team. Thus the farmer
participated in dl the activities of the trid including harvesting.

Data analyss

Partid budgeting and logit regresson modd is used to evauate the quditative and

quantitetive implications of economic use of recyc  ling HMV's. The modes were specified

as shown in equations 1-3. For partia budgeting the benfits of using recyded HMV swere

compared to the codts, usng data of on-farm trids. The Grass benefits per hectare of product

I, isdefined astheyidd Y;, times price P,

Gross- Benefits = YP, Equation 1

The Net benefits (NB) are defined as Gross benefits (Y times maize price) minus Tota
variable cogs (TVC) which isasummeation of al inputs X times their respective prices Py

(equation 2) (CIMMYT, 1989).

Net - Benefits=Y,P, - X, P, Equation 2
Thelogit model was used to evauate factors influencing incidence of growing of recycled

maize varieties. Logit modd isalogigtic digtributiion bound between 0 and 1. The modd was

specified (Thell., 1979) and , Maddda, 1983) as shown in equetion 3.



€ Prob(event)

gPr ob(no - event)

Equation 3

Where (3s are estimated coefficients and X, are independent variables such as farmer and

farm characterigtics. The variable hypothesis and descriptionsin the modd are shown in

Tablel

Table 1. Variablesusad in theLogit modd for regression andyses of recycling HMV

Varigble name Nature of Unit Variable description Expecte
variables dsign
Dependent

RecyDumy Binary Adopters of grows recycled HMV's. 1=grows HMV; 0

otherwise
I ndependent

Acre Continuous | Ha Acreage under maize is an indicator of income source which -ve
may influence farmers to adopt pesticide use

YldMze Continuous | Kg Yield per hectares is an incentive for farmersto adopt +ve
pesticide use.

Herb Continuous | Kg/ha | Amount of Herbicide though a competitor for cash was a -ve
proxy to the importance farmers attach on maize and
hypothesized to negatively influence farmersto recycle

TotFert Continuous | Kg/ha | Amount of fertilizer use. Farmers useless of fertilizer on -ve
recycled maize hypothesized to negatively influence farmers
recycling

LabHa Continuous | Hours | Tota of [abour in maize production and it ishypothesized to +ve

per ha | positively flounce farmers to adopt pesticide use

QtyMzeSd Continuous | Kg/hh | Quantity of maize sold was hypothesized to negatively -ve
influence farmers recycling

Age Continuous | Years | Age of household head can be a proxy to experience and was | +ve
hypothesized to positively influence farmers to farmerswho
recycle.

Gender Binary Gender of household head. This was dichotomous variable -ve
(1=male; O=female), which influences access and control of
capital. Hypothesized to negatively influence recycling

Educ Continuous | Years | Education of household head in years. Was hypothesized to +ve
influence the farmer. More years in school meant less likely to
recycle HMV

%TimeOnF Continuous | % Time on-farm of household head was an indicator of sourcing | +ve
for cash to complement farm expenditures. Hypothesized to
positively influence recycling

ExtCont Binary Farmer training was hypothesized to negatively influence -ve
farmersto recycling

Wedlth Continuous Was hypothesized to negatively influence farmers recycling +ve




InsectHa Continuous

Kg/ha

Quantity of insecticide per ha. On recycled maize and was
hypothesized negatively influence recycling

Credit

Continuous

K&

Amount of credit hypothesized to positively influence farmers
recycling

tve

3.0 RESULTSAND DISCUSSON

General characterigics

The generd farm characterigtics are shown in Table 2. The average age of farm household

heads that recycle was 49.3 years while those who grow only fresh seed was 49.4 years. On

the other hand the average number of yearsin school for those who recycles was

sgnificantly lower than those who grow fresh seed. In addition that percentage time of those

farmers who recycle was sgnificantly higher than those grow fresh. This may be atributed to

engagement in off-farm income generating activities of farmers who grow fresh seed.

However from the data set there was no sgnificant difference in farm sizes of farmerswho

recycle and those growing fresh seed. The percentage of farmers recycling ranged from 10%

to 35% in dl the 9x maize zones in Kenya The variability could be attributed to differences

in resource base of farmers and yidd potentid.

Table. 2 Generd characteristics of Households heeds who grow recycle and fresh HMV

Vaide Recycles Fresh

Mean Sd| Mean sd
Age 49.3 44| 494 14.8
Education years 6.2 44 74 4.0




% timeon-farm 74.1 36.9 60.5 38.0

Digance to markets 2.2 55 25 15.7

Famgze 45 3.2 4.4 39

Selection and Processing of recycled maize Seed

Famers exert sdection pressure on recycded HMVs by carefully sdecting and processing
seed. This contributes to reduction in yield between fresh seed and recycled HMV materids.
The mgor sources of recycled seed were own farm crop (50%), neighbours (30%) and from
the open maket (20%). The seed from neighbours is ather given free by neghbours or
bought as acommercid crop from the market.

Farmers who sdect seed from own crop, did this @ther during harvesing of the whole fidd
or before. For those who sdected seed when harvesting the whole fidd, they picked good
looking big cobs and grains. Big socky sems were a good indicator of the above-mentioned
characteridics. After harvesting, the cobs were shdled and presarved using chemicds in bags
a wating planting season. Some farmers picked the seed when the maze crop had reached
physologicaly meturity and dill in the fidd. They sdected cobs and sored them above
fireplace. This maize was then shdled just before planting. In al cases famers shelled grans

from the centrd part of the cob and avoided the grains from the tip and base of the crop.

Input utilization in Recycledhybrid maizein Kenya
From the survey both recycledand fresh HMV production scenarios received externd inputs

but a varying rates (Table 3). In most of AEZS the seed rate was higher for the recycling



than fresh materid. This could be attributed to may be due to poor germination anticipated by

farmersand lower cost d the seed of recycled seed. In al casesfertilizer gpplication was

lower than the optima rates of 120 kg per ha. For basal and 150 kg for top-dress fertilizers.

The lower rates could be attributed to escaating cogt of fertilizers againg the relatively lower

output prices. On the contrast dl farmers hirein labour for both recycled and fresh HMV

production.

Table 3. Input utilization in recycled and fresh HMV production in Kenya

Inputs and yield levelels of farmers

Inputs and yield levelels of farmers

growing growing
Zones | Variable Recycled Fresh Zone [ Recycled Fresh
seed seed seed seed
Mean SE Mean SE Mean SE Mean SE
Seedrate/ha. 30.28 1.06 15.65 1.06 28.8 3.85 24.72 541
MT Total fertilizer rate/ha 82.14 12.31 191.6 253 | DT 81.11 31.61 147.7 42.6
n=418 | Hired labour hours/ha 51.63 17.7 134.18 23.6 | =100 | 641.65 148.9 | 1975 546
Total labour in maize prod/ha | 409.44 58.27 | 434.63 45.1 2608 388.1 | 6014 1292
Maximum maize yield kg/ha 5058 810.9 | 7204.9 700 3314.3 740.6 | 13110 4983
Minimum maize yield kg/ha 2798.3 60.46 | 464.73 119 462.04 83.2 3342 900
Seed rate/ha. 9.69 0.5 7.81 0.59 28.46 1.52 22.05 1.83
LT Total fertilizer rate/ha 11.27 4.47 40.44 125 | DM 2.18 0.79 14.49 3.67
n=300 | Hired labour hours/ha 162.5 23.75 | 213.23 46.1 | n=100 | 202.47 35.81 | 305.5 140
Total labour in maize prod/ha | 1075.9 69.77 1241.7 134 1425 105.8 2161 445
Maximum maize yield kg/ha 2198.4 172.6 | 2079.9 239 1771.9 102.9 | 2480 392
Minimum maize yield kg/ha 511.17 44.9 571.07 70.7 368.3 32.25 | 394.2 61.8
Seedrate/ha. 21.45 0.7 16.98 0.85 27.17 2.67 26.62 0.86
MM Total fertilizer rate/ha 17.04 2.93 51.51 6.56 | HT 167.25 29.96 | 228.3 12.6
n=250 | Hired labour hours/ha 226.18 35.67 | 155.06 40.3 | n=400 | 224.14 70.82 | 322.9 31.7
Total labour in maize prod/ha | 1483.9 71.29 | 1114.6 85.3 808.72 170.2 | 743.7 67.5
Maximum maize yield kg/ha 1826.3 105.4 2153 227 8474 2193 6802 679
Minimum maize yield kg/ha 700.52 49.74 | 1044.6 129 4650.6 1955 | 3109 303
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How much yield do far mer sloose when recycling HMV?

Asshownin Table 4, o dl the hybrid recycled, yidd losses for double crossesislowest
compared to the Top crosses. Theyidd leves of recyded Top cross (H614) reduced by 16%,
17% and 32 while that for double crosses (H625, H626, H627, H628) decreased by 20%,
37% and 46% for the firgt, second and third recycling generations respectively. Theyidd
losses are attributed to a number of factors which include loss of hybrid vigour and sub-

optimd input use of inputs (eg. fertilizers).

Table 4. Yidd lossesdueto recycling HMV sin Kenya

Generation level
Variable 3rd.
Certified 1st. Recycling | 2nd. Recycling | Recycling
Hybrid double cross 2199 1781 1430 1188
% Yield loss for double cross 20 37 46
Hybrid top cross 1788 1504 1489 1211
% Yield loss for top cross 16 17 32

How profitableisrecyclingHM Vs?

Theyield losses have economic implications to the producer, buyer, consumer and the whole
economy at large interms of food provison and lost revenue. Farmers, who recycdle hybrid
maize seed, therefore save on cost of purchasing seed. This gives postive net benefits for the
recycled Though there are positive net benefitsfrom recyclingHMV's (Table 5), thereisloss
of revenue at an increasing rate. This could be why most farmers do not recycle beyond the

third generation levels. Thusit is not economicd to recycle seed.

1



Tables 5 A partid budget andyss of recyded verses fresh high yidding hybrid maize.

(Exchange rate 1 US$=K Sh. 75.00)

Variety name/kind Profitability indicator by generation level
1st. 2nd. 3rd.

Double crosses Certified | Recycling | Recycling Recycling
Total Revenue (KSh)/ha 60328.75 | 47706.75 [ 37354.25 31536.75
Total cost (KSh)/ha 29774 24803.5 | 23117.75 23117.5
Net benefits (KSh)/ha 30554.75  22903.25 14236.5 8419.25
Top crosses

Total Revenue(KSh)/ha 58095 48879 48391 39370.5
Total cost (KSh)/ha 29774 24803.5| 23117.75 23117.5
Net benefits (KSh)/ha 28321.25 24075.5 | 25273.25 16253

Source: On-farm trias 2002-2004

Determinantsof recycling hybrid maize varieties

According to the logit results indicated in Table 6, the amount of fertilizersnegatively
influences the household head to recycle HMVs. The higher the amount of fertilizer to be
agopliedthelessthelikelihood of recycling Higher fertilizer goplication requires more cash
and mogt farmers who recyde are cash congrained and cannot afford or willing to invest in
fertilizers. The amount of Iabour hours for the family and hired Iabour positively and
sgnificantly influence the farmer to recycle. Thus, the higher the family labours the higher
the likdihood of recyding. Wedlth status of individuas negatively and sgnificantly
influences therecycling. The higher the wedth gatus the lesslikely the farmers will recycle
the seed. Wedthy farmers have the ability to purchase fresh seed. In addition amount of
credit pogtivey and sgnificantly influences the farmers to recycle. The higher the credit
recaved the less likely the farmer will recycle. Credit could be in terms of cash or kind (eg

fertilizers) so farmers who get more credit are likely not to recycle the seed. Contact with



extenson sarvice negatively influences the likelihood of recyding. Accessto extenson
services provides greater access to information concerning hybrid vigour, o they arelikdy
not to recycle. Education level of HHH negatively influences farmers not to recycle.
However, the coefficient is not Sgnificant. Also Pesticides and herbicides are high input
options for the farmer so if the farmer cannot afford to buy seed it is expected that heis

unlikdy to gpply the inputs. However the coefficients were not sgnificant.

Table 6. Logit modd factorsinfluencing adoption of Recyded maizein Kenya

Vaidble Cofficients |SE t-value
Quantity of seed per ha 00003 0001801700
Quartity of herbicide per ha 00049 0004211600
Quantity of insecticide per ha -0000§  0.0009-0.9600
Quantity of fertilizer per ha -0.0018***|  0.000g9-3.0100
Quantity of labour per ha 0.0002**|  0.0001/2.8200
Amount of maize 0ld in kg per househald -00000  0.000d-0.1000
Extension contact 02344*  0.134111.7500
Wedth per household (number of cettle) -0.3931***  0.1247-3.1500
Age of housshold heed in years 00019  000440.4300
Education of household head (years) -00005  0.0139-0.0400
Gender of household heed 02307 0.219881.1600
Amount of credit per Household per year (KSh) -04337**  0.1375-3.1500




Congtant 03114 0.35910.8700 ‘

*Log of likdihood function = 817.9451, Pseudo R-souared=0.576; chi-suare=<0.001;

Number of observation=1287.

4.0 CONCLUSION AND POLICY RECOMMENDATIONS

From the results, there islossin grain yields when recycdling maize HMV s. Despite postive
net benefits, thelossin yiddsincreases at an increasing rate. Thismay demand that for
incentives to farmers not to recycle HMV's , open-pallinated varieties (OPV) that have
recyding option be developed . These incentives can be in terms of favorable input—output
pricing strategies. The development of OPV that could have Smilar characterigticsto the
most preferredand recycled HMVsmay attract farmers to grow and recycle it without
sgnificantly loogng the grain yidd. It is possble that farmers are aware of reduction in
yields when they recycle the seed but the ability to invest in fresh seed is curtalled by socio-
economic condraints like the pricing dong with other high input production technologica

components.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the Sygenta foundation for sustainable agriculture for
providing funds through CIMMYT for this sudy. The director KARI and Centre director
KARI Kitde are acknowledged for providing full support for the work. The technical support

from CIMMYT, government ministries of agriculture and the provindia adminidration

14



sgnificantly contributing to the work. Farmers and other stakeholders who actively and

directly or indirectly contributed to this work are recognized.

REFERENCES
AkulumukaV., Mduruma Z., Kaswende J., and Nkonya E., 1997., Factors influencing maize
recycling and thar implications to hybrids. In CIMMY T maize propgram Maize
Productivity Gains Through Research and Technology Dissemination. Proceedings of
the Fifth Eastern and Southern Africa Regiond Maize Conference, Held in Arusha,
Tanzania 3-7 June 1996 pp 146-148.
Allan A. Y., 1971., Theinfluence of agronomic factors on maize yidds in Eagtern Kenya
with specid reference to the time of planting. Ph. D., Thess Makerere Universty
CIMMYT, 1988, From Agronomic deta to farmer recommendation. Mexico D F.
Gerthart J., 1975, The diffuson of Hybrid maize in Western Kenya-Abridged by CIMMYT.
Centro Internaciona de Mgoramiento de Maiz Trigo. Mexico City
GoK. 1994, Sessional Paper No. 2 of 1994 on National Food Policy. Government printer,
Nairobi/. Kenya
GoK. 2002, National Devel opment Plan 2002-2008. Government Printers, Nairobi.
Hdlauer, A.R. 1997. Heteross What have we learned, what have we done, where are we
headed? In:. CIMMYT, 1997. Book of abstracts. The genetics and exploitation of

heterosisin crops, An international symposium. Mexico, D.F., Mexico.

15



Heisey, P, M.L. Morris D. Byerlee, and M.A. LopezPerdra 1997. Economics of hybrid
maize adoption. In: M.L. Morris (ed). 1997a Maize seed industries in developing
countries. Boulder, Colorado: Lynne Rienner Publishers.

Hassan, R. M. (1998 ed.). Maize technology development and trandfer: A GIS gpplication for

reseerch planning in Kenya (pp. 121) CAB Internationd, CIMMY T and KARI.
IRMA.. 2001, Socio-economic Draft Report presented in Annua generd medting.
Held in November, 2001. in Hilton Hotel.

Ligeyo, D. O., 1997., The Kenya Maize Breeding Programme achievements and Strategies
for future Research. In Rees D. J,, Nkonge C. and Wandera, J. L. (Eds) 1997. A
review of agriculturd practices and condraintsin the north of Rift VValey Province,
Kenya

Maddda, G. S, 1983. Limited-dependent and quditative variables in econometrics.
Cambridge. Universty press. New York.

Morris M. L., Risopoulos J., and Beck D. 1999. Genetic Change in Farmer-Recycled Maize
Seed: A Review of the Evidence. CIMMY T Economics Working Paper No. 99-07.
Mexico, D.F.: CIMMYT.

Mose L.O, Wayama J. M., Kigen W. M., Gogo M and Mutoko M. 2002, Maze production
and maketing in Trans Nzoia didrict in a Liberdized maket. In KARI Socio-
economic conference held in KARI Hgs Conference hdl in April 2002. In press.

Ned, N.P. 1935. The decrease in yidding capacity in advanced generations of hybrid corn.

Journal of the American Society of Agronomy 27: 666-670.

16



Nyoro,, J. K. Kiiru, M. W., and Jyne, T. S; 1999, Evolution of Kenyds Marketing Sysems
in the Post-Liberdization era
Ombakho G. A., Ligeyo D. O. and Laboso A. K., 1998, Smdlholder farmers in Kenya prefer
H614 maze cultivar: A cultivar with smilar characterigics and adgptability responses
identified. In In CIMMYT and EARO 1999. Maize Production Technology for the
Future: Challenges and Opportunities. Proceedings of the Sxth Eastern and Southern
Africa Regional Maize Conference, Held in Addis Ababa, Ethiopia 21-25 September
1998. CIMMYT (Internationd Maze and Wheat Improvement Centre) and EARO
(Ethiopian Agricultural Research Organization). Pp 89-9L
Onyango R. M. A, 1997., A review of Practices and condraints for Maize production in the
North Rift part of Kenya InRees D. J.,, Nkonge C. and Wandera, J. L. (Eds) 1997. A
review of agriculturd practices and condraints in the north of Rift Valey Province,
Kenya
Onyango R. M. A.,, Mo L. O., Achieng' J. O., and Ng'eny J. M. 1998, Changing sdected
maize agronomic practices to suit farmer circumstances in the North Rift. InBezureh
T., Oedrango, S., Zongo J. and Ouedrango M. 1998. Towards Sudtainable Farming
system in Sub Saharan Africa. Publication of African Association of Farming
Systems Research-Extension Training Ouegadougou, Burkina Faso.
Ochieng J. A. W. and TangaH. M.,1995, Maize yidds losses due to farmers use of own
seed saved from previous maize crop. East African agro-forestry journd (1995) 60

92) pp 209-211.

17



Pixley K., and Banziger M., 2002., Opentpallinated maize varieties. a backward step or

valuable option for farmers? Paper presented at the 7:". Eastern Africa Regiond
Maize Conference, Nairobi, Kenya, 11-15 February 2002.

Ranson J. K., PAmer A. F. E., Zambez B. T., MdurumaZ O., Wadington S. R., Pixley K.

V., and Jewd| D. C., CIMMYT MAIZE PROPGRAM. Maize Productivity Gains
Through Research and Technology Dissemination. Proceedings of the Fifth Eagtern
and Southern Africa Regiond Maize Conference, Held in Arusha, Tanzania37 June
19%

Rice, E.,, M. Smde, and JL. Blanco. 1997. Famers use of improved seed sdlection practices
in Mexican maize: Evidence and issues from the Sera de Santa Mata CIMMYT
Economics Program Working Paper 97-03, Mexico, D.F.. CIMMYT.

Shumba, EM. 1990. Yidd comparison of firgt and second generation hybrid and open

pollinated maize cultivars under smilar growth.
Thell H., (1979)., Principles of Econometrics. Centre for Mathematicd Studies and Economics. The

Universty of Chicago. John Wiley & SonsNew Y ork.

Zambezi B. T., Nyondo F. K., Nkhono G., Mbingwani G. F.,, and Chakhuta T. F., 1997.,

Evduation of recycded hybrids a three levels of nitrogen in Mdawi. In CIMMYT
MAIZE PROPGRAM. Maize Productivity Gains Through Research and Technology
Dissemination. Proceedings of the Fifth Eastern and Southern Africa Regiond Maize

Conference, Held in Arusha, Tanzania 3-7 June 1996 pp 153-160.

18



