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Synergistic Impacts of agricultural credit and extension on adoption of climate-smart agricultural

technologiesin southern Africa

Abstract

Institutional credit and extension services argaal inputs that can reduce scaling challenges in
agricultural development interventions if accedsgdarmers. Using household level survey data from
Zimbabwe and Malawi, this article seeks to contielto the existing literature by examining impauts
separate and joint access to credit and extensiorces on climate-smart agricultural (CSA)
technologies adoption. Using inverse-probabilityghéng regression adjustment and propensity score
matching this study found out that access to egleznsion or credit significantly progresses CSA
technology adoption. However, access to extengorices only proved to be more effective in
enhancing CSA technology adoption than acces=tlitalone. More importantly, results show
enhanced collective impact of simultaneous acaessedit and extension on CSA technology adoption.
Further, joint impacts of credit and extension dogion were found to be less pronounced in youithfu
and women farmer groups compared to their old aalé farmer group counterparts respectively.
Results call for prudent policy and institutionabgegies in improving access to credit and extnsi
services in Malawian and Zimbabwean smallholdeniag that are mindful of disadvantaged groups
such as youth and women farmer groups in ordenpwave adoption and upscaling of CSA
technologies. Possible options include; improviagber of extension workers at village level,
increasing youth and women extension agent numbapscity building of extension personnel and

institutions, and increasing financial support &ional extension programs.

Key words: climate smart agriculture technologies; instdnal services; impact; gender and youth;

southern Africa



23

24
25
26
27
28
29
30
31
32
33

34
35
36
37
38
39
40
41
42

43
44
45
46
47
48
49
50
51
52
53

54
55
56
57
58
59
60
61
62

1. Introduction

Climate-Smart Agriculture (CSA) is an agricultudgvelopment paradigm widely promoted in
developing regions including Southern Africa taysBrm agriculture under a changing climate (FAO,
2013; Hansen et al., 2018; Nkonya et al., 201853 approach, aims to transform agricultural
systems and support food security under a charegimgonment by providing context-specific, socially
acceptable and flexible solutions for adaptatiosh iitigation to the changing environment (Lipper et
al., 2014). The approach works on three basic jpie including (a) increasing agricultural
productivity in a sustainable way, supporting eafolé improvements in farm productivity, income,doo
security and overall development, (b) strengthetiegesilience of agricultural and food systems to
climate change and variability effects, and (chphieting net greenhouse emissions from agricultural
activities where possible (Lipper et al., 2014; MctBy and Brubaker, 2014).

Numerous agricultural technologies and practicet s1$ improved water management technologies,
stress-tolerant livestock and crop species (eaught tolerant maize), conservation farming,
agroforestry, crop and livelihood diversificationgex insurance, improved soil health and fertility
management practices and others are componerits GfSA approach. In Zimbabwe and Malawi for
instance, stress adapted crop varieties, improwgdestility and health management, conservation
farming, diversified cropping systems, intercrogpiand small scale irrigation are amongst top fyior
CSA practices promoted to improve climate resileeatsmallholder agriculture. The aforementioned
CSA practices have the potential to improve sinm@tausly farmer socioeconomic outcomes and

environmental benefits.

Encouraging enough, evolving evidence from studased out in developing countries where various
CSA practices have been promoted is showing pesitipacts of CSA practices on biodiversity, and
livelihood outcomes including poverty reduction (isan et al., 2018). For instance, in Zimbabwe and
Malawi literature have shown positive impacts ainelte stress adapted maize varieties (e.g. Drought
tolerant maize) on crop productivity, householdmes and food self-sufficiency (Katengeza et al.,
2019; Lunduka et al., 2017; Makate et al., 201Fhbythermore, cereal and legume intercropping and
crop or livelihood diversification have been repdrto yield positive dividends on farm productiyity
livelihood outcomes and environmental benefitsathlzountries (Kassie et al., 2015; Makate et al.,
2016; Smith et al., 2016). Conservation agricultuhgch is also highly promoted in the two southern
African countries is reported to yield positive romic, social and environmental dividends at farm
household level (Senyolo et al., 2018; Tambo andKdbell, 2018; Thierfelder et al., 2016).

Developing evidence of significant social, econoand environmental benefits from adoption of CSA
in developing regions particularly southern Afrisaa welcome development for agricultural
transformation under augmented climate relatedsirenfronting agricultural systems. However,
adoption of the various CSA technologies includmgroved legume varieties, drought tolerant maize
varieties, cereal-legume intercropping, conservadigriculture among others in developing regiorgs an
particularly in Zimbabwe and Malawi are still repeat to be low (FAO, 2018; Makate et al., 2017a;
Westermann et al., 2015). An exception is thatrotight tolerant maize in Zimbabwe and Malawi
which has relatively higher adoption rates compaoeather countries in the southern Africa region.

Government support programs such as command agrieuth Zimbabwe and intensive subsidy
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programs in Malawi are often attributed to higheéogation rates of drought tolerant maize. Low
adoption rates can be attributed to failure to er®ICSA practices of demonstrated effectiveness int
agricultural systems, donor funding dependency ymd on CSA scaling activities, weak formal and
informal information systems (e.g. weak extensiervise systems), lack of effective agricultural
supportive policy and institutional strategies (ergdit, property rights and market institutioag)ong
other challenges (Ajayi et al., 2018). Of intertesthis study are weak institutional support seesi
particularly credit and extension which are impottdeterminants of innovative technologies adoption
in smallholder agriculture in Africa (Hassan andeRfachena, 2008).

Access to agricultural extension and credit sesvisecritically important for improving the propétys

for farmers to adopt CSA technologies. On one hagdgultural extension services are important for
availing information on new technologies and hemckicing information asymmetries associated with
new technologies (Anderson and Feder, 2007). Ootter hand, credit access is an important gateway
for easing smallholder farmer liquidity constraimtdinancing farming operations. Credit accesstiier
farmer increase her/his economic opportunities (&vBank, 2001) and it is the most important
pathway a farmer can access much needed complamargats for CSA such as fertilizers, germplasm
(seed) among other inputs (Swaminathan et al., 2@tiberefore implies that access to credit and
extension can lower scaling challenges and impaalaption of CSA technologies of demonstrated
effectiveness in smallholder farming in Zimbabwe &alawi. Much of the literature on CSA practices
adoption have shown access to credit and exteasiamportant determinants of CSA adoption (e.g.
(Mango et al., 2018; Partey et al., 2018; Totialet2018; Ugochukwu and Phillips, 2018)) however,
little focus in literature has been put on evahgthe impact of access to extension and credit

particularly, simultaneous access to both insthal services on adoption of CSA technologies.

Given this brief background, this study seeks tl@ate the impact of (i) access to credit only, (i
access to extension services only and (iii) thesipdes synergistic impact of simultaneous access to

credit and extension on adoption of climate smguicalture technologies.

The rest of the paper is organized as follows:i@edtvo (2) outlines the research methodology, @hil
section three (3) present study results and dismssSection four (4) concludes the article anak gi

study recommendations.

2. Research methodology
2.1.Data and study area

Data for this study comes from 1173 smallholdemiag households gathered from Zimbabwe and
Malawi. Six hundred and one (601) farming housemaddke up the Zimbabwean sample whilst 572
smallholder farming households make up the Malawignsample (See Figure 1). The data was
collected in Zimbabwe and Malawi in 2011/12 perasdpart of the European Commission (EC) through
the International Fund for Agricultural DevelopméitAD) funded project titled: Increasing

smallholder farm productivity, income and healtfotigh widespread adoption of integrated soill

fertility management (ISFM) in the great lake regi@nd southern Africa (EC-IFAD project). The
simple random sampling technique was used to seisiricts in selected provinces in both Zimbabwe
and Malawi. The lowest sampling unit was the hookkh-inal data collection was done at the

individual farm household level.
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[insert Figure 1 here]

Resident agricultural extension officers in randpsdmpled districts provided a list of villages and
households found in respective districts. Simplelosn sampling techniques were then used to select
villages and farming households that were intere@vwbData collection was in the form of face-to-face
administration of structured questionnaires. Theeys collected vital information on several aspext
crop production, crop management, adoption of imgdcoagricultural technologies including climate
change adaptation technologies, returns from fagnfarmer livelihoods, access to institutional ses,
and various other aspects. Adoption of droughtamlemaize varieties, conservation agriculture and

improved legume varieties was part of the inforaraglaborately gathered by the survey.

2.2 Variable selection

2.2.1. Explanatory variables

Following literature that have explicated corresabé access to extension services (Aker, 2011; ¥Afoss
et al., 2017) and credit services (Petrick, 200%jiSand Aoyagi, 2012), a number of variables were
used as covariates to explain access to extensgboradit services in the multinomial logit regiess
used as the first stage in evaluating impact otipial treatment. Precisely, land size holding, omghig
of a bicycle, income, distance to the nearest t@ge,and education of household head were used as

explanatory variables. Further details on definisi@f the variables are shown in Table 1.
2.2.2. Treatment variables

In this study access to credit only, access tonsid@ only, access to both extension and credit
simultaneously and no access to both are the featmhent variables used. Farmers who had no access
to both extension and credit services are usedeasantrol group. Access to credit was measured as
dummy variable with a value of 1 indicating whetttex farmer had accessed credit through formal (e.g
government microfinance institutions) or inform@astitutions (e.g. community groups, family and or
friends) and 0 otherwise. As for extension, thegttonsidered both government and private extension
services access. Access to agricultural extensamtierefore measured as a dummy variable eqdal to
indicating farmers who had received extension afriem any of the considered sources and zero
otherwise. Access to both extension and creditmeasured as a dummy variable indicating those
farmers who accessed both extension and creditssrin the two preceding seasons considered for

this study. Table 1 give a full description of theee treatment variables used in this study.
2.2.3. Outcome variables

Adoption of climate smart agriculture (CSA) techogiks is the main outcome variable used in this
study. Precisely, adoption of conservation agrnoel{CA), drought tolerant maize (DTM), improved
legume (IL) varieties (e.g. groundnut, and commear), intercropping (INTER) (maize-legume
intercropping), and CSA adoption index are useduisome variables in this study. Adoption of CA,
DTM, IL and INTER were measured as dummy variaklgl a value of 1 indication adoption and 0
otherwise. CSA Adoption index was measured as tineer of CSA practices the farmer adopted in

two preceding seasons. A full description of thecome variables is also given in Table 1.

2.3.Empirical approach
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This study employed regression adjustement witkrse probability weighting (IPWRA) and
Propensity score matching (PSM) to control for staléy bias likely in estimating impact of
institutional extension and credit services acoes€SA technology adoption. Access to institutional
services (extension or credit) is not randomlygssd, and many farmers may receive or may not
receive institutional services depending on unolzg#e or observed characteristics. Consequently,
those who receive treatment (extension or credi€pmbination of the treatments (e.g. extension +
credit ) may differ systematically with those whd dot receive which can bring self-selection bias
when estimating the impact of access to the ingiital services. Accurate appraisal of impacts
therefore, requires controlling for both unobsetgand observable characteristics through random
assignment of individual farmers into treatmentevercome selection bias. Unlike many studies that
rely on binary treatments, this analysis involh@gsrfpossible scenarios ((i) no access to eithemsibn
or credit (ii) credit access only, (iii) extensiaocess only, (iv) access to both extension andtgred
treated as treatments. As a result, this studyiegpphe IPWRA method and PSM (as a robustness fheck
which are two matching estimators capable of cdiimgpfor selectivity bias with multiple treatments
(StataCorp, 2015; Tambo and Mockshell, 2018). FWRA estimator simulataneously estimates
treatment and outcome equations to account forandem treatment assignment or selection bias. It
make use of weighted regression coefficients toprgmtreatment effect and the weights used are
inverse probabilities of treatment (Wooldridge, @DIThe IPWRA is advantageous in estimating impact
of multi-valued treatment due to its double-rokqustperty, which allows the treatment effect to be
consistently estimated as long as either the treatior outcome model is correctly defined (StatgCor
2015; Tambo and Mockshell, 2018; Wooldridge, 20Tbe IPWRA estimator estimate impact of
treatment in the following three steps (StataCagd,5):

a) Suppose that the CSA adoption outcome model igfggeas a linear regression function of the
formY; = B; + 0,X; + €; fori = {0 1}! and the propensity scores estimated using multigdom
logit regression are given lp)(X; ?). Socioeconomic, demographic, institutional, arzitmn
defining (regional) variables guided by relevatdriture were used as predictors in the
multinomial logit regression model as stated earliecation defining variables were included to
control for regional heterogeneities.

b) The second step will then employ linear regrestiogstimate the parametdys,, 6, ) and

(B, 61) using inverse probability weighted least squassobows:

(Y; = Bo — 60X)) if D, =0 [1]

minﬁ»o,e0 Z?’ p( X; ?)

(Y; = B1 — 6,1X1) if D; =1 [2]

minﬁ»l,e1 Z?’ p( X; ?)

c) The third step involve calculating the Average Timeant Effect on the Treated (ATET) by

subtracting the two equations (1& 2) as follows:

1

ATET = = 5"{(B1 = o) — (61 — Bo) X} [3]

1 Where 0 is the control (no access to both extersia credit) and 1 is the treatment (multiplettrent in our case (i)
access to credit only; (i) access to extension;antd (iii) access to both extension and credit).
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Where(E, @I) are the estimated inverse probability weightecdupeaters for treated farming
households whilép,, 8,) are estimated inverse probability weighted pararseor the
untreated farming households (control group), thers the treatment indicator; henbg= 1
andD; = 0 represent treated and control groups respectitahally, the total number of treated

households is represented y.

After estimating the main results using IPWRA ai@MPestimation approach, IPWRA estimates were
then estimated by country, age and gender statizgroing households. This was done to compare the
results among women farmers and young farmenrgpgravhich are often reported to be disadvantaged
in African agriculture (Murray et al., 2016; Sumpet al., 2014).

The IPWRA approach due to its unique doubly rolpugperty was preferred and hence was treated as
main estimation approach, however, PSM was alsbeabip assess the robustness of the main findings.
PSM as an approach is commonly used to assese#tmént effects of interventions or technology
adoption. It involves matching treated observatmith a control group based on observable
characteristics. Following Lechner (2002) and Tarabd Mockshell (2018) PSM with multiple
treatment was applied. With PSM ATET is estimatedodlows:

ATET = E[Y(1) - Y(0)|D = 1] [4]

whereY (1) andY (0) are outcome indicators (CSA adoption) for treated untreated observations
respectively and D is a treatment indicator asipresty defined. However, we can only observe
E{Y(1)|D = 1} in our data set and n&{Y (0)|D = 1} . This implies that, we cannot observe outcomes
(CSA adoption levels) of treated households (iigh access to institutional services) had they not
received treatment, once they have already recéhestteatment. Simple comparison of CSA adoption
levels of smallholder farmers with and without treant status will introduce bias in estimating ircijsa
due to selection bias (Caliendo and Kopeinig, 20@8hner, 2002; Makate et al., 2017b; Wossen gt al.

2017). The magnitude of selection bias is offigia#presented as follows:
E{y(1) —Y(0)|D = 1} = ATET + E{Y (0)|D = 1 - Y(0)|D = 0} [5]

By creating comparable counterfactual household#déated households, PSM reduces the bias due to
observables. Given the assumption of conditiordgrendence and overlap conditions, ATET is

computed as follows:
ATET = E[Y(1)|D = 1,p(x)] — E[Y(0)|D = 0,p(x) [6]

In the PSM with multiple treatment method, sepacataditional probabilities between those farmers
who accessed institutional services and those whaat receive were estimated using logit regressio
following Lechner (2002). The nearest neighboutamiag algorithm (Caliendo and Kopeinig, 2008)

was used. All analysis was done in STATA versiorl15

3. Resultsand discussion
3.1.Sample characterization

3.1.1. Socioeconomic characteristics of studied households



211 Descriptive statistics of explanatory, treatmernt antcome variables are presented by country and
212 overall sample in table 1. Average age of the hiooisehead within the analysed sample is 47.4 years.
213 However, farmers in Zimbabwe were comparably o&deevidenced by an average age of 51.4 years
214 compared to 43.1 years in the Malawian sub-sanhpleddition, about 23.4% of the sampled farmers
215 could be classified as youth @%<35 years of age), with more representation of youitMalawi

216 (30.4%) compared to 16.6% in Zimbabwean samplereatgr proportion of sampled farmers had

217 attained at least primary education (56.2%). Mareners from Malawi had attained at least primary
218 education (69.8%) compared to 43.3% in the Zimbawsib-sample. Also, male farmer representation
219 inthe analysed sample is high (78.8%), with evighdr proportion of male farmers in Malawi (82.0%)
220 compared to 75.7% in the Zimbabwean sub-samplerafyecland size holding in the whole sample,
221 Malawi and Zimbabwe are 2.0, 1.6 and 2.3 hectaggeactively. Ownership and use of a bicycle for
222  transport seemed to be a common practice in tlikestisample and in Malawi with respective

223 ownership percentages at 51.6 and 66.3%. Owneo$tiigycle was relatively low in Zimbabwe with
224  about 37.6% ownership rate. Mean annual househotihme was within the same range in the whole
225 sample, Zimbabwe and Malawi of USD 607-619. Alsonfers in Zimbabwe travelled slightly more
226 distances to the nearest town (97.8km) comparéd.®km in Malawi.

[Insert Table 1 here]
227 3.1.2. Access to extension, credit, and CSA technologieption

228 Access to agricultural credit in the whole sampéswnly 4.5%. Credit access in Zimbabwe and

229 Malawian sub-samples was at 1.8 and 7.3% respécthack of insurance, collateral for farmers, high
230 transaction costs for screening credit applicanssibly explains why formal credit access is low in
231 Malawi and Zimbabwe. Credit access in studied aoesis mainly a problem for cereal and food crops

232 as most credit lenders prefer high value enterpsseh as tobacco and livestock.

233 However, access to agricultural extension serwieEsrelatively higher compared to credit within the
234 sample (39.3%) and was even higher in Zimbabwe @)l compared to 26.7% in Malawi (Table 1).
235 Access to both credit and extension was at 14.7#imtihe whole sample, 10 and 19.6% in Zimbabwe
236 and Malawian sub-samples respectively. Accessriowdtyral extension services have improved in
237 Malawi and Zimbabwe through time. This can be ladgtied to the shift from earlier extension models
238 (e.g. the train and visit approach) in thd'2@ntury that were mainly linear, top-down anddigi

239 (Hanyani-Mlambo, 2000; Knorr et al., 2007) to mpeeticipatory and Information Communication

240 Technology (ICT) based approaches.

241 The bottom part of Table 1 shows the descriptichraspective statistics for adoption of CSA

242  technologies considered in this study. Results sthaivadoption of CA was at 30.3, 30.8 and 29.7% in
243  the whole sample, Zimbabwean and Malawian sampkgsectively. DTM adoption was relatively

244  higher compared to all the CSA technologies comsaievith adoption rates in Malawi, Zimbabwe and
245 whole sample at 57.3, 68.7 and 63.2% respectilsgg. of intercropping as a CSA practice was low
246  with respective mean adoption rates at 12.8, 4d58a6%6 in Malawi, Zimbabwe and the overall sample.
247  Also, adoption of improved legume varieties wa&6% in the studied sample and 32.9 and 24.5% in

248 Malawi and Zimbabwe sub-samples respectively. TBA @doption index was almost similar in the
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respective countries (1.3). The CSA index commuaitizat farmers on average adopted at least one

CSA practice.

Linking the three treatment categories with CSAmim, it can be seen that all the treatment catego
significantly explain adoption of CSA practices bl&@2). Presented in Table 2 are Analysis of vagan
(ANOVA) results of mean differences between adapgtiof CSA technologies by the three treatment
categories. It can be observed from the resultsathaption of CSA technologies is related to actess
credit and extension services. Significant p-vafoeshe ANOVA results (equality of group mean)
revealed that mean adoption rates by the fournresat clusters ((i) no credit and extension, (i§dst
only, (iii) extension only and (iv) extension anedit) significantly differ. Precisely stated, measA
adoption rates significantly differ by the treatrheategories which suggests differential effedihef

treatment categories on CSA adoption.
[Insert Table 2 here]

Also, in Figure 2 which further relates CSA adoptrates to the four treatment categories, it can be
seen that access to credit, and extension corselatle higher adoption of CA, DTM, IL, INTER and
the CSA adoption index. A positive correlation ¢dennoticed in the Figure 2 between access to ¢redit
and extension to higher technologies adoption ealbhgdor CA, improved legume, DTM and CSA
adoption index. Important to note is the fact tatess to both credit and extension correlatestiwth

highest levels of CSA adoption (Figure 2).
[Insert Figure 2 here]
3.1.3. CSA adoption and the links to productivity and imeo

Smallholder farmers are assumed to be rational thaththey adopt innovative technologies (e.g. CSA)
if the expected difference in utility between adoptand non-adoption is positive. In other words, b
adopting CSA technologies farmers expect produgtamd livelihood outcome gains from their
farming enterprises. Here the analysis relates @$#ption to efficiency (cereal and legume
productivity) and income for the farmer. Cereal éaglime productivity are measured as harvested
cereal (legume) output divided by area put undezatlegume) in kg/ha. In Figure 3 CSA adoption
rates are plotted against logarithms of cerealytdty, legume productivity and total household
income. From the plotted figure it is seen thatidm of the various CSA practices considered (CA,
DTM, IL, INTER) correlate positively with producity and household income. Part A, B, C, D & E of
the figure respectively relate CA, DTM, INTER, Ibé&CSA adoption index to household income,
cereal and legume productivity. The positive catieh of CSA adoption and productivity and income
is more visible in panel (E) of Figure 3 which teproductivity and incomes to the CSA adoption

index. However, for intercropping the relationstgmot clear and as consistent to other CSA prextis
[Insert Figure 3 Here]
3.2.Deter minants of access to credit and accessto extension services

The parameter estimates of the multinomial logitlelpwhich is used to predict treatment status are
presented in Table 3. The parameters are intetpestéactors that influence access to extensiedljtcr

and credit and extension simultaneously. The batgory in all cases is zero access to both extensi
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and credit. The results show that access to coedjtwas chiefly influenced by land size holdingres
and household income. Precisely, an increase thdeme and income augments chances of accessing
credit in the studied sample. Farmers with rel&gibégger arable land size holding may have larger
budgets for their planned farming activities whicbrease their need for credit services. Also, lsiad
increases propensity to diversify crops and hehe@ces of producing high value crops with access to
credit. In both Zimbabwe and Malawi, farming budgedlate positively with land put under cultivation
so farmers putting more land under cultivation welfjuire more resource hence the need for creldib, A
farmers with relatively more incomes may seek c¢readowing very much that they can easily pay it
back even when returns from the farming entergieesn’t allow them to payback. Results imply that
more affluent households and those with relatiVedger land size holdings are more likely to gedar
from both formal and informal lending credit ingtibns. This explain the importance of land owngrsh
and affluence as collateral for accessing credit.

[Insert Table 3 here]

Results show that access to extension serviceschieztty explained by land size holding, ownersbip

a functional bicycle, education and household ineofhe results imply that access to an additional
hectare of land and income enhance farmers’ chaf@scessing extension services. This could be
because farmers with larger tracts of land are rilkedy to adopt and try new technologies on their
farm and are more likely to expand their productetivities which may increase their propensity to
seek for agricultural extension advice. In Zimbapfge instance, farmers with relatively more resasr
at their disposal (such as income) may have anrgidga in accessing extension as they can invite and
pay individual extension agents to visit their fargiplots. The payment is done in cashkind’. Also,
more affluent farmers maybe more likely to meettthasaction costs incurred in receiving extension
advice which explains why income is a significaadtbr on extension access. For instance, in both
Zimbabwe and Malawi, farmers at times must visit litcal extension agent’s offices or homes to seek
advice or visit lead/champion farmers to their fatm seek advice. Richer farmers are thereforee mor
likely to meet the costs for transport and othevises required to make successful visits which
improves their odds of accessing extension servinesddition, the more educated farmers were more
likely to access extension services possibly bexthesy may know and value extension services more
than their less educated counterparts which inraises their propensity to seek for agricultuchtiee.
Furthermore, the relatively more mobile farmerstifvaiccess to functional bicycles) were more likely
access extension services. This simply stressripertance of mobility in accessing key agricultural
institutional services like agricultural extensiarrural farming communities. Extension agents in
Zimbabwe and Malawi are not very mobile due to vese constraints and hence, for farmers to
increase their chances of getting extension adwiece government for instance, require them to be

mobile to at least visit the district or villagetemsion office.

Further, results showed that access to both extesid credit is positively and significantly irgluced
by land size holding, primary education, bicyclenenship, income and distance to nearest town. As

explained before, results show the importancergelaland size holding, mobility (through accessa to

% The farmer can give cash for transport, lunchsoa éoken of appreciation to the invited extensigant)
% The payment can be in goods e.g. basic food sififgar, cooking oil, salt etc.) or farm producegetables, maize grain
etc.)
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bicycle), education, and income in enhancing actebsth credit and extension services. Results als
show distance to town to positively explain acdessxtension and credit services. This could be
explained by the availability of localised extemsand credit services in rural communities in stddi
countries that no longer limits access to instwioal services with further distances from main tewn
For instance, government extension officers aradaat district and village level in both Zimbabweda
Malawi which makes distance to town less importené constraint for extension access. However,
extension worker to farmer ratios remain high ithbaountries. Also, formal credit services from ksn
in towns are strict on lending requirements (éng.rteed for collateral) for smallholder farmersathi
discourage them from seeking credit services itadigowns but rather from their social networkg (e
friends, relatives or other community groups). Tésult also implies that improving localised extens
and credit services in rural communities will redwonstraints imposed by transaction costs in

accessing both credit and extension.
3.3.Synergistic impacts of accessto credit and extension

Table 4 presents the results of the doubly rollRIRA estimator on the impact of credit, extensind a
the synergistic impacts of extension and creditcMunterest was on those subjects who received
treatment and hence reported are average treagfieat on the treated (ATET) estimates which shows
how CSA adoption outcomes changes as a resukathtient in the treated sub-population. In all cases
IPWRA estimates are interpreted with referencénéopotential outcome mean of the control group (no
access to both extension and credit). A positiegétive) ATET estimate will therefore, be interpiet

as an increase (decrease) in CSA adoption outctyoreghe potential outcome mexrthat would have
occurred if farmers had no access to both extersidrcredit (i.e. were in the Control group). Teess
the robustness of the main results on the impdd@saalit, extension and both on CSA technologies
adoption, results from propensity score matchirgadso presented in table 5. The kernel density
distribution plots showing overlap between farmeith access to Credit and Extension services and
those without access (Figure 4) revealed that dnencon support assumption was satisfied. Reported in
tables 4 and 5 are average treatment effects angéieed (ATET) sample.

[Insert Figure 4 here]

Results presented in Tables 4, shows that accesddnsion only positively impacted on: CA adoption
by 34.3%, DTM by 9.52%, improved legume by 21.3%) Hrat access to extension improved CSA
adoption index by 0.61 CSA practices. RobustnessTAd@stimates from PSM in Table 5 confirm the
results and shows that access to extension imp@#dsy 15%, IL adoption by 9.1% and that access to

extension improved CSA adoption index by 0.22 units

[Insert Table 4 here]

Further, results in Table 4 show that access th éxtension and credit improves CA adoption by
50.2%, Intercropping by 6.2%, Improved legume bys#d and CSA adoption index by 1.05 units. PSM
results in table 5 also show that access to ba#gmeion and credit improve CA adoption by 24.8%,
improved legume adoption by 28.8% and CSA adoptidax by 0.551 units results all significant at
1%. Both IPWRA and PSM estimates point to conststaperior impacts of simultaneous access to
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credit and extension services on CA, improved legiatoption and CSA adoption index. ATET
estimates for impact of extension only are lesa thaimpact of access to both extension and credit

access implying some synergy in impact for acoef®th extension and credit.
[Insert Table 5 here]

3.4.Heter ogeneities of synergistic impacts of credit and extension access on CSA technologies

adoption

The study further analysed the impacts of credigmsion access and simultaneous adoption of credit
and extension on adoption of CSA technologies mntry, age group status and gender. Results are

presented in Tables 6-8.
3.4.1. Regional heterogeneities

Table 6 present IPWRA estimates on impact of craulit extension on CSA technology adoption by
studied country. Scrutinising impact of the treattseéby studied country reveal that in the Malawian
sub-sample, access to credit only improved CA adofty 10.8% and that access to extension only
improved CA adoption, DTM adoption and IL adoptimn41.1, 17.1 and 18% respectively. Also,

access to extension improved CSA adoption inde@. B3 units.

On the other hand, in the Zimbabwean sub-sampbtesado credit improved legume adoption by 34.8%
and access to extension positively improved CAand CSA adoption index by 24.2%, 18.8% and 0.36

units respectively. However, access to extensidy r@dauced intercropping adoption by 3.8%.
[Insert Table 6 here]

The results of the synergistic impacts of credd artension access on CSA adoption show that in the
Malawian sub-sample, simultaneous access to aadiextension services positively and significantly
improves: CA adoption by 59.9%, IL adoption by 39.&nd CSA adoption index by 1.23 units. Further,
in the Zimbabwean sub-sample, results also shotstimultaneous access to credit and extension
services significantly improves CA, IL and CSA atlop index by 25.7%, 32.4% and 0.49 units

respectively.

Overall results point to the importance of crediadoption of CA in Malawi and importance of cradit
enhancing IL adoption in Zimbabwe and that extemsiccess significantly improves CA, IL adoption
and CSA adoption index in both countries. In additiextension access improves DTM adoption in
Malawi but negatively affect intercropping adoptiorZimbabwe. More importantly, results point to
enhanced synergistic impacts of simultaneous a¢oasgedit and extension on CA, IL and CSA

adoption index in both Zimbabwe and Malawi whiclroborate to main findings in tables 4 & 5.
3.4.2. Age heterogeneities

The IPWRA estimates presented in Table 7 showrtipact of credit and extension services by young
and older farmers. Results show that in the yoangérs’ group, access to credit only improved CA
adoption by 17.4% and that access to extensioniomgyoved CA adoption by 43%. While, within the
old farmer group access to extension servicesiomyoved CA, DTM, IL adoption and CSA adoption
index by 29.8%, 11.1%, 24.9% and 0.64 units respsygt
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[Insert Table 7 here]

On synergistic impacts of credit and extensionjiteshow that access to both extension and credit
expands CA adoption by 70.4% and CSA adoption inme®.98 units in the youthful farmer group. In
the older farmer group access to both credit anehsion positively and significantly enhanced CA,
INTER, IL and CSA adoption index by 43.9%, 7.3%,138 and 1.0 units respectively. Results show
slightly differentiated impact results by farmegio status with access to credit and extensioncesv
having greater evident impacts on CSA technologptdn in the older farmer group than the youthful

farmer group.
3.4.3. Gender heterogeneities

The IPWRA estimates by gender of farmer are shawrable 8. Results show that access to credit only
significantly improves CA adoption by 12.7% andadoption by 57.9% in the male and female sub-
samples respectively. Access to extension seraiclsimproves CA, DTM, IL and CSA adoption

index in the male sub-sample by 34%, 11.7%, 21.4&0a61 units respectively. Also results show
negative significant impact of extension only otersropping in the male sub-sample. On the contrary
in the female sub-sample, access to extensionsgyficantly improves CA, IL and CSA adoption
index by 26.1%, 30.6% and 0.60 units respectively.

[Insert Table 8 here]

Results also show that access to both extensiocradd in the male sub-sample enhanced adoption of
CA, and IL adoption by 55.9 and 42.5% respectiagig CSA adoption index by 1.1 units. In the female
sub-sample simultaneous adoption of credit andnexta did not have significant impact on CSA
technology adoption. Results here report diffeegat impacts of simultaneous access to credit and
extension on CSA technology adoption with pronodnogpacts of credit and extension access jointly

in the male farmer sub-sample.
3.5.Discussion: impact of credit and extension on CSA technology adoption

Results point to the importance of both extensiwh @edit in improving CSA technology adoption in
smallholder farming systems of Zimbabwe and Mala&wgriculture extension individually proved to be
more effective in promoting CSA technology adoptrdmen compared to credit access only. This could
possibly be due to constrained access to creditelatively higher access to extension advice én th
studied sample. In Zimbabwe and Malawi, extensbrcg is so relevant in numerous aspects and in
some cases it also helps the farmer in accessiogration relevant for them to access credit among
other important farming resources. Credit accessdreal and food crops in both Zimbabwe and
Malawi is currently a big problem and this coulddeastraining adoption of CSA technologies. Formal
credit lending institutions in both countries ofiemrefer secure property occupancy (i.e. land op@riy
title deeds) as collateral for accessing crediweler, most smallholder farmers in Zimbabwe and
Malawi are poor and lack such secure property sigind this at present is a major obstacle for sougs
credit through formal channels. Farmers often tesanformal means including savings and credit
mobilization to access agricultural credit. Theomnfial credit access channels are mainly based on ow
farmer social networks and trust rather than ocaldtas required by formal credit institutions. oo

the common sources for smallholder farmers inclusle savings, credit associations, relatives and



432
433
434

435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451

452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468

friends, merry go roundsand informal money lenders. However, informalrotels are not easily
available to all farmers and may not offer sufiitieredit quantities required by farmers. This axp

continued low rates of credit access in Zimbabwa Malawi.

In previous studies access to extension have lmegdfto improve technologies adoption and livelihoo
outcomes. For instance, Donkor et al. (2016) foacress to extension to impact positively on fesili
adoption in Ghana, and Wossen et al. (2017) fowsttipge impacts of extension access on improved
technology adoption in Nigeria. More so, RagasaMadunda (2018) and Owens et al. (2003) found
positive technology access driven impacts of agjtical extension on livelihood outcomes in Malawi
and Zimbabwe respectively. Results in previousistudnd in the current study both point to the
importance of extension in aiding technologies @idopn agriculture. Agricultural extension is
important for CSA technology adoption in agricuétwas it is one of the central ways of conveying
information on new technologies, improved farmimggbices and better management. This is achieved
through reducing information asymmetry often assed with new technologies (Christoplos and Kidd,
2000; Ghimire and Huang, 2015; Makate et al., 2038gcifically, agricultural extension transfer
information of new technologies from the global wiedge base and from researchers to farmers,
enabling farmers to clarify their own goals andgdoiities (Anderson and Feder, 2004). In addition,
extension services access facilitates adoptiorsprehd of CSA technologies by exposing farmers to
the technologies and by educating them about bestiig management practices (Anderson and Feder,
2007; Wossen et al., 2013), which can eventuady i improved farm productivity and better

livelihood outcomes.

Most importantly, results reveal enhanced impadimiultaneous access to credit and extension on
adoption of CSA technologies in both Zimbabwe araldwi particularly, on adoption of conservation
agriculture, improved legume varieties and on nunob€SA technologies adopted by the smallholder
farmer. The result suggests important collectifeatfof accessing both credit and extension on CSA
technology adoption. This is in line with otherdis that have found extension access to haveegreat
impacts on livelihood outcomes for farmers withesscto credit (see for example Wossen et al. (2017)
Also, Hassan and Nhemachena (2008) stressed tluetanpe of extension and credit services in
technology transfer and adaptation to climate chamge two institutional services are crucial for
farmers (in both Zimbabwe and Malawi) to accessiireq resources for their farming activities
including information (production, marketing, tr@ast information etc.), farming inputs (seed, fezér,
agrochemicals, etc.) among other needs which exgptheir effectiveness in aiding adoption of CSA.
For instance, with access to credit, the farmabis to access the much needed complementary inputs
for CSA such as seed, fertilizers (Swaminathan. e2@10), and can make meaningful investments on
the farm e.g. building water reservoirs for smaéls irrigation and buying farm tools and equipment
Simultaneous access to credit and vital informagfoom extension) will enhance propensities for
farmers to adopt CSA technologies even those wiaighire high initial capital (knowledge and

finance).

* Merry go round is a practice in which farmers f@mall groups (based on their social networks)\aiticin those groups
they give one of the members at a time (monthiyweekly) a certain amount of money and that is doreecycle (merry go
round fashion) until every member receives thearsh
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Further, results point to youth and gender difféegad impacts of simultaneous access to credit and
extension on CSA technology adoption. Impacts vi@sad to be comparably inferior for youthful and
women farmer groups compared to older and malediagroups respectively. The inferior impacts of
access to extension and credit within the youtfaiuher group could partly be explained by youth
challenges in both Zimbabwe and Malawi. Youths feeeeral challenges including unemployment
(UNESCO, 2011), and despite them being one of thst productive groups (Mangal, 2009), they are
often left out in various key policies and programduding in agriculture (FAO et al., 2009). For
instance, in Zimbabwe youths lack employment opputies, and secure land tenure security and this
has affected their propensities to access farmaagurces (including credit) and make meaningful
investments in agriculture. Lack of land and owtensecurity by youth farmers is also believedeo b
forcing a number of youths out of agriculture imbiabwe, Malawi and other developing regions
(Maiga et al., 2017).

Also, women remain disadvantaged in accessingra&itutional support services for agricultural
development in both Zimbabwe and Malawi. Womenlehgles in agriculture include but are not
limited to lack of access to complementary CSA uveses (labour, capital, information, transport,
energy) (Murray et al., 2016; Sims et al., 2012;-Wdmen et al., 2015) and this could explain inferio
impacts of simultaneous access to extension amlit anehe female farmer sub-sample. In both
Zimbabwe and Malawi, agricultural labour produdinaof women is heavily constrained by lack of
access to resources including labour saving teolgies, credit and basic farm tools. For instante, i
Malawi, Murray et al. (2016) found smallholder wamfarmers to have limited access to basic
agricultural equipment, energy, transport amongiotesources which affects their adaptation toatan
variability and change. Such unique women probleoupled with other general challenges affecting
smallholder agriculture (in Zimbabwe and Malawiluee propensities of women to adopt beneficial

climate smart agricultural technologies.
4. Conclusionsand recommendations

In conclusion, simultaneous access to agricultnedit and extension have far greater impacts o CS
technology adoption in smallholder farming systerhg&imbabwe and Malawi. However, impacts are
slightly inferior in women and youth farmer groypsssibly due to common women and youth farmer
challenges in the two countries in accessing kegurces for full participation in agriculture (labo
capital, information, energy, transport. Study hesscalls for prudent policy and institutional $agies
aimed at improving access to both extension amditdiee improved CSA technology adoption and
spread. Further, targeted extension and creditawgmnent strategies should be gender and age inelusi
Possible, strategies to improve extension accegsmde: improving number of extension workers
per village,mproving coordination of extension messages reldgdarmers, making extension systems
more gender and age inclusive (i.e. increasinghyantt women extension agents’ numbers), capacity
building of extension institutions and personnetréased financing for national extension programs
among others. Also, making credit easily availdbtdarmers should be a priority. Prohibitive codieal
requirements in both countries can be revised toramodate smallholder farmers in accessing credit.
Moreover, government non-governmental organizateomsother private players can also in various

ways support farmers in accessing credit by expanaind strengthening rural formal and informal



509
510
511
512
513
514
515
516

517
518

519
520
521
522
523

524
525

526

527

528
529

530
531
532

533
534

535
536

537
538
539

540
541
542

543
544
545

546
547
548

549
550

credit markets (e.g. by strengthening rural colecaction such as, community saving groups,
cooperatives through offering some training in groynamics related subjects) and decentralizing

formal financial institutions. Most importantly, jpgy and institutional strategies in improving ass¢o
extension and credit services should be cognidasisadvantaged groups such as the youth and women.
Participatory policy and institutional forums (thatlude women and youth) in designing and

developing appropriate agricultural policies areréfiore, recommended. Improving access to credit an
efficient agricultural extension services will géoag way in minimising CSA scaling challenges in
Zimbabwe and Malawi.
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677 Figure 1: Study area



o |
s}
o | -7
© | == — - A
c L
o i —
= S e -
=4 et /2//
_8 S)r i .07
& o e
O\° — — - .- - - -
~ — .- AT
R -y
=TT o
AT T et T - P L
._.._._.--'
o —
T T U !
1 3 4
1= no access; 2=Credit access; 3=Extension access; 4=Credit + Extension access
- - -@- - - Conservation agriculture ——®— - Drought tolerant maize
- -4 - - Intercropping — A - Improved legume

— —»— — Adoption index (%)

678

679 Figure 2: Adoption of CSA technologies by Extensioredit access regimes (Treatment)
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683  Figure 4: Kernel density distribution showing oegrbetween farmers with access to Credit and Extens

684 services and those without access.
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Tables
Table 1: Summary statistics of analysed variabjesduntry

VARIABLES Variable description and measurement Mala Zimbabwe Overall
Sample

mean mean mean
Explanatory variables
Age Age of household head in years 43.135 51.420 3747
Primary education Binary variable =1 if farmer tathined at least 0.698 0.433 0.562

primary education; 0 otherwise
Youth Binary variable=1 if farmers is in the Youth 0.304 0.166 0.234
category 18X<35; 0 otherwise
Male Binary variable=1 if household head is male; 0  0.820 0.757 0.788
otherwise
Land size Land size holding owned in hectares 1.570 2.344 1.967
Bicycle Binary variable =1 if household head owns a 0.663 0.376 0.516
bicycle; 0 otherwise
Income Annual household income per in US$ 618.950 07.499 613.083
Distance to town Distance to the nearest town lorkéters 61.268 97.796 79.984
Treatment variables
Credit Binary variable =1 if household accesseditre 0.073 0.018 0.045
through formal or informal institutions; O othereis
Extension Binary variable =1 if household accessed 0.267 0.512 0.393
government or private extension services; 0
otherwise

Extension & Credit Binary variable =1 if farmer assed both credit 0.196 0.100 0.147

and extension; O otherwise
Outcome variables: Adoption of CSA technologies

Conservation Binary variable =1 if farmer adopted conservation 0.297 0.308 0.303
agriculture agriculture; 0 otherwise

Drought tolerant Binary variable=1 if farmer adopted drought 0.573 0.687 0.632
maize tolerant maize; 0 otherwise

Intercropping Binary variable if farmer adoptedenrtropping; O 0.128 0.045 0.085

otherwise
Improved legume Binary variable =1 if farmer adapit@proved 0.329 0.245 0.286
legume; 0 otherwise

CSA technology Number of climate smart agriculture technologies 1.327 1.285 1.305
adoption index adopted by the farmer

N 572 601 1173

Data Source: Data for this study comes from housgdeoel surveys carried out by the Internationah@e for
Tropical Agriculture (CIAT) in Zimbabwe and Malawi 2011/12
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Table 2: Characteristics of smallholder farmersrbgtment (credit and extension access clusters)

VARIABLES No extensionor  Credit Extension Extension + Credit ~ Overall ANOVA
credit
Cluster Cluster Cluster Cluster Cluster Cluster Cluster Cluster Cluster  Cluster  p-value
means SD means SD means  SD means SD means  SD
Conservation 0.113 0.317 0.226 0.423 0.403 0.491 0.593 0.493 030.3 0.460 0.000***
agriculture
Drought 0.587 0.493 0.566 0.500 0.683 0.466 0.640 0.482 320.6 0.483 0.0151*
tolerant
maize
Intercropping 0.094 0.293 0.170 0.379 0.043 0.204 0.145 0.353 850.0 0.279 0.0000***
Improved 0.140 0.347 0.226 0.423 0.334 0.472 0.587 0.494 860.2 0.452 0.0000***
legume
CSA 0.934 0.877 1.189 1.057 1.464 0.974 1.965 1.081 051.3 1.021 0.0000***
adoption
index
N 487 53 461 172 1173

Notes: *** p<0.01, ** p<0.05, * p<0.1, SD = Standbdeviation; ANOVA=Analysis of Variance. Data was
collected from selected smallholder farmers in Zinlve and Malawi.
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Table 3: Parameter estimates of factors influenagaess to extension and credit in the studied lgamp

VARIABLES Credit only Extension only Extension &etdit
Land size 0.170** 0.188**
(0.083) (0.086)
Age household head 0.007 -0.006
(0.005) (0.007)
Primary education 0.290** 0.594***
(0.146) (0.192)
Bicycle 0.432%** 0.604***
(0.148) (0.201)
Income 0.112*** 0.315%**
(0.041) (0.075)
Distance to town 0.001 0.003**
(0.001) (0.001)
Constant -2.331%** -3.854***
(0.363) (0.576)
Region fixed effects Yes Yes
Observations 1,173 1,173

Robust standard errors in parentheses; *** p<0t®p<0.05, * p<0.1



694 Table 4: Impact of extension and credit accessmegi(treatment) on CSA technology adoption

IPWRA estimates
VARIABLES CA DTM INTER IL Adoption index
ATET ATET ATET ATET ATET
Credit only 0.098 -0.017 0.071 0.032 0.196
(0.062) (0.074) (0.054) (0.064) (0.150)
Extension only 0.343*** 0.095* -0.035 0.213*** 0.1+
(0.044) (0.049) (0.026) (0.046) (0.100)
Extension & Credit 0.502*** 0.042 0.062* 0.415%** .Q49***
(0.055) (0.053) (0.037) (0.054) (0.143)
Potential outcome mean 0.129***  (0.583***  0.100*** , IP5*** 0.992***
(0.023) (0.037) (0.019) (0.027) (0.065)
Observations 1,173 1,173 1,173 1,173 1,173

695 Robust standard errors in parentheses; *** p<0t9p<0.05, * p<0.1; CA=Conservation agriculture;
696 DTM=Drought tolerant maize; INTER=IntercroppingAlmproved legume; ATET=Average treatment
697 effect on the treated; IPWRA=Regression adjustmait Inverse probability weighting
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Table 5: Impact of extension and credit accessmegion CSA technology adoption PSM
Propensity score matching estimates (NNM)
VARIABLES CA DTM INTER IL Adoption index
ATET ATET ATET ATET ATET
Credit only 0.055 -0.082 0.093 0.020 0.085
(0.077) (0.080) (0.062) (0.096) (0.164)
Extension only 0.150 0.044 -0.070 0.091 0.215
(0.035) (0.035) (0.018) (0.031) (0.069)
Extension + Credit 0.248 -0.020 0.035 0.288 0.551"
(0.060) (0.057) (0.031) (0.065) (0.134)
N 1173 1173 1173 1173 1173

Standard errors in parenthes€g® p<0.01, ** p<0.05, * p<0.1;NNM=nearest neighbor matching; PSM=Propensity
Score matching; ATET=Average treatment effect enttbated
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Table 6: Impact of credit and extension regimesduyntry

IPWRA Estimates IPWRA Estimates
MALAWI ZIMBABWE
VARIABLES CA DTM INTER IL Adoption CA DTM INTER IL Adoption
index index
Credit only 0.108* 0.0424 0.0905 -0.0651 0.170 0.20 -0.162 0.0289 0.348* 0.417
(0.0648) (0.0868) (0.0650) (0.0709) (0.177) (0)137 (0.154) (0.0898)  (0.153) (0.284)
Extension only 0.411** 0.171* -0.0392 0.180** @3** 0.242** -0.0215 -0.0379* 0.188** (0.355***

(0.0584) (0.0689) (0.0324) (0.0718) (0.131) (0948 (0.0535) (0.0198) (0.0446) (0.107)
Extension & Credit  0.599*** 0.0839 0.119 0.395***] 229*** (0.257**  -0.0478 -0.0150 0.324*** (0.488***

(0.0731) (0.0781) (0.0729) (0.0796) (0.221) (0DBY (0.0906) (0.0339) (0.0842) (0.182)
Potential outcome 0.0827*** 0.529*** (0.0999*** (0.232*** (0.949*** (0.154** 0.707*** 0.0620** 0.106*** 1.038***
means

(0.0251) (0.0456) (0.0245) (0.0425) (0.0800) (B3 (0.0419) (0.0177) (0.0244) (0.0657)
Observations 572 572 572 572 572 601 601 601 601 1 60

Robust standard errors in parentheses; *** p<0t0p<0.05, * p<0.1; CA=Conservation agriculture;
DTM=Drought tolerant maize; INTER=IntercroppingAlmproved legume; IPWRA=Regression

adjustment with Inverse probability weighting



702

703
704
705

Table 7: Impact of credit and extension regimegabyer age group

IPWRA Estimates IPWRA Estimates
Young Old
VARIABLES CA DTM INTER IL Adoption CA DTM INTER IL Adoption
index index
Credit only 0.174*  -0.0521 0.106 -0.168 0.0511 om8 -0.0520 0.0431 0.0350 0.128
(0.101) (0.113) (0.106) (0.170) (0.269) (0.0764)0.0939) (0.0597) (0.0793) (0.176)
Extension only 0.430*** -0.0386 -0.0470 -0.104 0.197  0.298**0.111** -0.0193  0.249*** (0.644***

(0.0960) (0.119) (0.0860) (0.123)  (0.235) (0.0495p.0555) (0.0243) (0.0537)  (0.102)
Extension & Credit  0.704** -0.144  0.0721  0.173  0.982**0.439** 0.0963  0.0733* 0.391** 1.001***
(0.150)  (0.122) (0.0912) (0.198)  (0.376) (0.0691(D.0618) (0.0416) (0.0614)  (0.167)
Potential outcome ~ 0.0756* 0.702%* 0.144** 0.418%* 1.349%* 0.123** 0.567+* 0.0781%* 0.177%* 0.933**
means
(0.0399) (0.0677) (0.0508) (0.128)  (0.150) (0.024%0.0455) (0.0177) (0.0294) (0.0706)
Observations 274 274 274 274 274 898 898 898 898 8 89

Robust standard errors in parentheses; *** p<0t®p<0.05, * p<0.1; CA=Conservation agriculture;
DTM=Drought tolerant maize; INTER=IntercroppingAlmproved legume; IPWRA=Regression
adjustment with Inverse probability weighting
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Table 8: Impact of credit and extension regimesSkbynder of farmer

IPWRA Estimates IPWRA Estimates
MALE FEMALE
VARIABLES CA DTM INTER IL Adoption CA DTM INTER IL Adoption
index index

Credit only 0.127* -0.00361 0.0701  0.00210 0.196 .07@1 -0.142 -0.0537 0.579** 0.309

(0.0653) (0.0788) (0.0583) (0.0635) (0.158) (046 (0.312) (0.0361) (0.277) (0.576)
Extension only 0.340** (0.117** -0.0548* 0.211*** 0.607*** 0.261* 0.0612 -0.0328 0.306* 0.596***

(0.0489) (0.0544) (0.0281) (0.0508) (0.112) (0)151 (0.163) (0.0406) (0.175) (0.222)
Extension & Credit  0.559*** 0.0389 0.0587 0.425*** 1,113*** 0.161 -0.241 0.712 0.147 0.778

(0.0585) (0.0617) (0.0442) (0.0587) (0.156) (0)528(0.612)  (0.528)  (0.516) (1.125)
Potential outcome ~ 0.113** 0.584** 0.110%* 0.198%* 1.004** 0.0741 0.476** 0.0537  0.0873 0.691**
means

(0.0257) (0.0416) (0.0211) (0.0303) (0.0752) (B@4 (0.131)  (0.0361) (0.0565) (0.165)
Observations 923 923 923 923 923 249 249 249 249 9 24

Robust standard errors in parentheses; *** p<0t®p<0.05, * p<0.1; CA=Conservation agriculture;
DTM=Drought tolerant maize; INTER=IntercroppingAlmproved legume; IPWRA=Regression
adjustment with Inverse probability weighting



Highlights

» Credit and extension access enhance adoption of climate-smart agriculture (CSA) in
Zimbabwe and Malawi

« Simultaneous access to credit and extension have far greater impacts on CSA
adoption than in isolation
Joint access to credit and extension have less pronounced impacts in youth and female
farmer groups

»  Education, access to transport services, land size and income improve simultaneous access to
extension and credit

* Gender and youth sensitive policy and institutional strategies are recommended to enhance
impact of institutional services on CSA adoption



