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1 | INTRODUCTION

Sieglinde Snapp?> | Felicia Wu!"*

Abstract

Food insecurity, child malnutrition, and land degradation remain persistent problems
in sub-Saharan Africa. Agricultural sustainable intensification (SI) has been proposed
as a possible solution to simultaneously address these challenges. Yet there is little
empirical evidence on if agricultural management practices and inputs that contribute
to SI from an environmental standpoint do indeed improve food security or child
nutrition. We use three waves of data from the nationally-representative Tanzania
National Panel Survey to analyze the child nutrition effects of rural households’ adop-
tion of farming practices that can contribute to the SI of maize production. We group
households into four categories based on their use of three soil fertility management
practices on their maize plots: “Nonadoption”; “Intensification” (use of inorganic
fertilizer only); “Sustainable” (use of organic fertilizer, maize—legume intercropping,
or both); and “SI” (joint use of inorganic fertilizer with organic fertilizer and/or
maize—legume intercropping). The results from multinomial endogenous treatment
effects models with the Mundlak—Chamberlain device suggest that use of practices
in the “SI” category is associated with improvements in children’s height-for-age
and weight-for-age z-scores relative to “Nonadoption,” particularly for children aged
25-59 months. These effects appear to come through improvements in both crop

income and productivity.
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and WFP, 2015; Godfray et al., 2010; Koppmair, Kassie, &
Qaim, 2017). Hunger and child malnutrition are especially

Food insecurity and malnutrition continue to be urgent global
problems. Although increases in agricultural productivity
have dramatically improved food and nutrition security in
many parts of the world over the past five decades, approxi-
mately 795 million people worldwide remain undernourished
and most of them live in developing countries (FAO, IFAD,

serious problems in sub-Saharan Africa (SSA). For example,
in 2017, globally about 151 million children under age five
were stunted and more than one-third of these children lived
in Africa (UNICEF, WHO, and World Bank Group, 2018).
Moreover, approximately 45% of global deaths of children
under age five are linked to malnutrition and the mortality
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rate of children in SSA is the highest in the world (Black et al.,
2013).

Agriculture and nutrition are closely linked because the
majority of undernourished people live in rural areas and
many of them are smallholder farmers (Pinstrup-Andersen,
2007; Sibhatu, Krishna, & Qaim, 2015). This linkage sug-
gests that agricultural intensification via farmers’ adoption
of improved inputs and management practices may improve
the nutritional status of nutritionally vulnerable household
members including young children by enhancing the house-
hold’s agricultural production, productivity, and/or income,
as well as by providing better access to more diverse or
nutritious foods (Hawkes & Ruel, 2006; Jones, Shrinivas, &
Bezner-Kerr, 2014). However, there is an emerging consen-
sus that conventional agricultural intensification via high-
yielding crop varieties and inorganic fertilizer may be insuffi-
cient to sustainably raise agricultural productivity and could
have negative environmental consequences (Montpellier
Panel, 2013; Pingali, 2012). Moreover, in many parts of SSA,
rapidly growing populations and a lack of new land to farm has
led to continuous cultivation of plots and reduced fallowing,
thereby degrading soils and adversely affecting crop yields
and yield response to inorganic fertilizer (Jayne, Mason,
Burke, & Ariga, 2018; Kassie, Jaleta, Shiferaw, Mmbando,
& Mekuria, 2013; Tully, Sullivan, Weil, & Sanchez,
2015).

Agricultural sustainable intensification (SI) has been
proposed as a possible solution to address these challenges
(Montpellier Panel, 2013; Petersen & Snapp, 2015). At the
core of SI is the goal of “producing more food from the
same area of land while reducing the environmental impacts”
(Godfray et al., 2010, p. 813). Broader definitions of SI also
encompass the complex social dimensions of sustainability,
including nutrition and food security (Loos et al., 2014;
Musumba, Grabowski, Palm, & Snapp, 2017). It is an open
question, however, whether the use of agricultural inputs
and management practices that contribute to SI from an
environmental standpoint do indeed improve nutrition and
food security. In this study, we contribute to the thin evidence
base on this topic by estimating the effects of SI of maize
production on the child nutrition outcomes of maize-growing
households in Tanzania. We focus on maize due to its impor-
tance as a staple food in Tanzania and because it accounts
for approximately 75% of total cropped area in the country
(Tanzania National Bureau of Statistics (TNBS), 2014).

To our knowledge, only two previous studies have exam-
ined the relationship between SI of maize production and
child nutrition (Manda et al., 2016a and Zeng et al., 2017),
and both focus on adoption of improved maize varieties.
Yet there are numerous other agricultural practices that can
contribute to the SI of maize production and potentially
affect child nutrition. In this study, we extend the existing
literature and focus on three soil fertility management (SFM)
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practices: the use of inorganic fertilizer, the use of organic
fertilizer, and maize—legume intercropping. We group house-
holds into four “SI categories” based on their use of these
practices on their maize plots: “Nonadoption” (use of none
of the practices); “Intensification” (use of inorganic fertilizer
only); “Sustainable” (use of organic fertilizer, maize—legume
intercropping, or both); and “SI” (joint use of inorganic
fertilizer with organic fertilizer and/or maize-legume
intercropping, which is a form of integrated soil fertility
management [ISFM; Place, Barrett, Freeman, Ramisch, &
Vanlauwe, 2003]). Using nationally representative household
panel survey data from Tanzania, we then estimate how the
adoption of these SI categories by maize-growing households
affects the nutrition outcomes (height-for-age z-score [HAZ]
and weight-for-age z-score [WAZ]) of household members
under age five.!

This study further contributes to the literature in several
ways. First, to our knowledge, it is the first empirical investi-
gation of how combinations of agricultural practices in gen-
eral (as opposed to single technologies) and ISFM in par-
ticular affect child nutrition. Second, we explore whether
these effects operate through the crop productivity and/or
income pathways. Third, we use household-level panel data,
whereas Manda et al. (2016a) and Zeng et al. (2017) use
cross-sectional data. This enables us to control for time-
constant unobserved heterogeneity, which should improve the
internal validity of our estimates. And fourth, we contribute
to the production diversity—dietary diversity/nutrition litera-
ture (see, for example, Hirvonen & Hoddinott, 2017; Jones
et al., 2014; Kumar, Harris, & Rawat, 2015; Parvathi, 2018;
Sibhatu et al., 2015) by studying whether production diversity
(proxied in this study by maize-legume intercropping), inten-
sification (proxied by inorganic fertilizer use on maize), or a
combination of the two is most beneficial for child nutrition
outcomes.”

Our results suggest that, compared to the base category of
“Nonadoption,” adoption of the “SI” treatment group is con-
sistently associated with improvements in children’s HAZ and
WAZ, particularly for children beyond breast-feeding age (i.e.,
those age 25-59 months). We find evidence that these effects
come through both the productivity and income pathways,
and that the combined use of maize—legume intercropping
and inorganic fertilizer is a key driver of the effects on child
nutrition.

! Several recent studies in Agricultural Economics have examined the deter-
minants of adoption (and/or impacts on outcomes other than child nutri-
tion) of some of these practices or other land management practices in SSA
(e.g., Abdulai, 2016; Amare & Shiferaw, 2017; Manda, Alene, Gardebroek,
Kassie, & Tembo, 2016b; Schmidt, Chinowsky, Robinson, & Strzepek, 2017;
Wainaina, Tongruksawattana, & Qaim, 2016; Wossen, Berger, & Di Falco,
2015).

2 We thank an anonymous reviewer for highlighting this.
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2 | SI OF MAIZE PRODUCTION IN
TANZANIA

This study focuses on Tanzanian farm households’ use of inor-
ganic fertilizer, organic fertilizer, and maize-legume inter-
cropping on their maize plots. As mentioned above, we define
use of inorganic fertilizer alone as “Intensification”; use of
organic fertilizer only, maize—legume intercropping only, or
both as “Sustainable”; and joint use of inorganic fertilizer
with organic fertilizer, maize—legume intercropping, or both
as “SL.” The rationale is as follows.

Inorganic fertilizer is a key input associated with conven-
tional agricultural intensification and it has been a major rea-
son for the dramatic increase in food production globally over
the past 50 years (Crews & Peoples, 2005; Pingali, 2012).
However, overuse of inorganic fertilizer can result in pollu-
tion of ground and surface water (Byrnes, 1990; Hart, Quin,
& Nguyen, 2004), and chemical fertilizer application with-
out the use of complementary soil building practices (e.g.,
maize—legume intercropping and organic fertilizer) may lead
to a decrease in soil pH, soil organic carbon, soil aggregation,
and microbial communities (Bronick & Lal, 2005).

Maize-legume intercropping and the use of organic fertil-
izer in the form of manure or compost are widely recognized
as “sustainable” agricultural practices by agronomists and
soil scientists (Droppelmann, Snapp, & Waddington, 2017,
Mpeketula & Snapp, 2018; Ollenburger & Snapp, 2014).3
Organic fertilizer can be produced in a renewable manner,
locally, and can enhance soil structure and water retention
capacity, encourage the growth of beneficial microorganisms
and earthworms, and decrease bulk density (Bronick & Lal,
2005; Chen, 2006,). However, there is often limitation in
terms of locally sourcing large quantities, it has a long-time
horizon for observed benefits, and it is often not sufficient to
substantially raise productivity.

Maize-legume intercropping is another local and renew-
able source of soil fertility. Moreover, compared to continuous
sole-cropped maize, it can improve soil properties for nutrient
and moisture-holding capacity, and reduce weeds, pests, and
diseases (Snapp, Blackie, Gilbert, Bezner-Kerr, & Kanyama-
Phiri, 2010; Tilman, Cassman, Matson, Naylor, & Polasky,
2002; Woodfine, 2009). Legumes can also benefit household
nutrition, providing needed protein and micronutrients
such as iron, zinc, or vitamin A (Messina, 1999). Because
of these benefits, some authors consider maize—legume
intercropping to be an SI practice (Rusinamhodzi, Corbeels,
Nyamangara, & Giller, 2012). However, maize yields in
certain contexts may be negatively affected by intercropping
(Agboola & Fayemi, 1971; Waddington, Mekuria, Siziba, &
Karigwindi, 2007), and intercrop systems generally require

3 We recognize that this designation may not be universally accepted.
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complementary investments in order to support high crop
yields. For these reasons, we categorize organic fertilizer
and maize-legume intercropping as “Sustainable” practices
but not sufficient to sustainably intensify maize production
without joint use with inorganic fertilizer.

Table 1 shows the prevalence of each of the eight possi-
ble combinations of the three SFM practices and each of the
four SI categories on Tanzanian households’ maize plots. Of
6,383 maize plots pooled across three rounds of survey data
(the Tanzania National Panel Surveys [TNPS] of 2008/2009,
2010/2011, and 2012/2013, described below), 38% fall in the
“Sustainable” category, 7% in “Intensification,” 8% in “SL,”
and 47% in “Nonadoption.” For the empirical approach used
in this study and described below (a multinomial endoge-
nous treatment effects [METE] model), we need to define a
household-level SI category variable based on the plot-level
SI category information. (This is because the METE model
requires that the ‘treatment’ variable be a mutually exclusive
categorical variable.) To do so, we calculate the total area
of a household’s maize plots in each SI category and then
choose the SI category that has the largest area. The preva-
lence of these household-level SI categories is summarized
in Table 1 and is very similar to the plot-level results. This is
because 64% of households in the sample have only one maize
plot, and those with multiple maize plots tend to use the same
SEM practices on all maize plots. Overall, 87% of the maize
plots in the sample have the same SI category at the plot- and
household-level.*

3 | CONCEPTUAL AND
ECONOMETRIC FRAMEWORK

3.1 | Conceptual framework

Tanzania is the third worst affected country in SSA based
on the prevalence of stunting (UNICEF, 2009). As of
2012/2013, 37.4% of children under age five were stunted
(i.e., HAZ < -2) and 12.5% were underweight (i.e.,
WAZ < -2), with the prevalence of malnutrition markedly
higher in rural than in urban areas (TNBS, 2014).> HAZ

4 There is considerable variation in a household’s SI category over time,
which is important for the panel data methods used here. Of sample house-
holds that appear in only two survey rounds, 43% changed categories between
rounds; of sample households in all three rounds, 56% changed categories at
least once.

5 HAZ and WAZ measure nutritional status in the form of z-scores derived by
comparing a child’s height-for-age and weight-for-age, respectively, with that
of areference population of well-nourished children. The World Health Orga-
nization (WHO) Child Growth Standards and WHO Reference 2007 compos-
ite data files are used as the reference data. See Headey, Stifel, You, and Guo
(2018) for an analysis of differences in child nutrition between rural and urban
areas throughout SSA.
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TABLE 1 SI of maize production categories and prevalence on maize plots and among maize-growing households in Tanzania
Inorganic Organic Maize-legume % of % %
Case fertilizer fertilizer intercropping maize plots SI category Plot level HH level

1 46.5 Nonadoption 46.5 443

2 \/ 7.3 Intensification 7.3 6.1

3 \/ 6.3 Sustainable 38.1 40.8
4 \/ 26.8
5 \/ \/ 5.0

6 \/ \/ 1.7 SI 8.1 8.8
7 \/ \/ 52
8 \/ \/ \/ 12

Use of inorganic fertilizer 15.4 16.1

Use of organic fertilizer 14.2 18.1

Use of maize—legume intercropping 38.2 46.6

Notes. Figures in the plot level column are based on all maize plots (N = 6,383) cultivated by rural households pooled across the three waves of the TNPS (2008/2009,
2010/2011, and 2012/2013). Figures in the HH level column are based on the total number of maize growers (N = 4,269) in rural areas across these surveys. Legume crops

for maize—legume intercropping are beans, soybeans, groundnuts, cowpeas, pigeon peas, chickpeas, field peas, green grams, bambara nuts, and fiwi.

and WAZ reflect long-term factors such as deficiencies
in nutrition, frequent infections, and inappropriate feeding
practices (Alderman, Hoogeveen, & Rossi, 2005; TNBS,
2014).

Recent studies suggest that agricultural interventions or
technologies can affect child nutrition through two main
pathways: (a) food production/productivity; and (b) agricul-
tural income (Herforth & Harris, 2014; Kumar et al., 2015).
Figure 1 depicts these pathways in the context of this study.
First, relative to “Nonadoption,” adoption of practices in the
other SI categories may directly increase production and/or
productivity of maize, a key food staple. Adopting maize—
legume intercropping (via the “Sustainable” and “SI” cate-
gories) could directly affect households’ diet composition by
providing leguminous crops with a range of essential nutri-
ents. More diverse and larger quantities of produced foods
could also mean less needs to be purchased to meet house-
holds’ consumption needs, thereby freeing up cash to pur-
chase other items. Practices in the “Intensification,” “Sus-
tainable,” or “SI” categories may also increase households’
crop income through generating larger marketable surpluses
of maize and/or legume crops, which, in turn, could raise
expenditures on high calorie and protein-rich foods as well
as nonfood expenditures on health services, sanitation, and
access to clean water. Adoption of the various SFM prac-
tices may also affect women’s labor burden and time alloca-
tion, which could affect child nutrition outcomes directly or
indirectly through effects on the mother’s health and nutri-
tion. As described below, we estimate the effects of a house-
hold’s adoption of the various SI categories on: (a) the HAZ
and WAZ of children under age five in the household, and (b)
crop income from and productivity on their maize plots. The

purpose of (b) is to explore the pathways through which (a)
occurs.

3.2 | METE model

Because farmers often self-select into agricultural technology
adopter groups or some technologies are targeted to certain
groups of farmers, selection bias and endogeneity may arise
(Kassie, Teklewold, Marenya, Jaleta, & Erenstein, 2015b;
Manda et al., 2016a). In the context of this paper, these
problems occur if unobserved factors affecting a household’s
SI category adoption decision are correlated with children’s
HAZ and WAZ. For example, suppose the head of household
is highly motivated and curious, and as a result of these traits,
actively seeks out information not only on the benefits of var-
ious SFM practices but also on how to improve his/her chil-
dren’s nutrition. If omitted, the household head’s motivation
could make it appear that the adoption of certain SI categories
is associated with child nutrition outcomes even if there is no
causal relationship.

To address these concerns, we use an METE model (Deb
& Trivedi, 2006a, 2006b) because it allows us to evalu-
ate alternative combinations of practices (SI categories) and
corrects for both self-selection and the potential interdepen-
dence of adoption decisions over SFM practices (Manda et al.,
2016b; Wu & Babcock, 1998). We combine the METE model
with Mundlak—Chamberlain correlated random effects (CRE)
techniques to further control for time-invariant unobserved
household-level heterogeneity that may be correlated with
observed covariates (e.g., motivation in the example above),
where the household means of time-varying household-level
explanatory variables are included as additional regressors
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Adoption of practices in a given maize ST
category (Intensification, Sustainable, or SI)
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FIGURE 1 Conceptual pathways between SI of maize production and child nutrition

Source. Adapted from Herforth and Harris (2014).

(Wooldridge, 2010). As a benchmark to the CRE-METE mod-
els, we also report household fixed effects (FE) and CRE-
pooled ordinary least squares (POLS) results for the main
model below.5

The METE model involves two stages. In the first stage,
household i chooses one of the four SI categories. Following
Deb and Trivedi (2006a, 2006b), let E V; denote the indirect
utility obtained by household i from selecting the jth SI cate-
gory,j = 0,1, 2, 3:

EV =zia; +6l;; +ny. (1)

Without loss of generality, let j = O denote the control
group (“Nonadoption”) and E Vl;‘ = 0.

z; is a vector of exogenous covariates (described below)
with associated parameters a ;; #;; are independently and iden-
tically distributed error terms; and /; J is unobserved character-
istics common to household i’s adoption of the jth alternative
and the outcome variables (HAZ and WAZ).

EV is not directly observed but we do observe a vector
of binary variables, d; = (d;,d;,, d;3) , representing whether
a household adopted a given SI category. The probability of
treatment can be expressed as:

Pr (d

g= Nzoly) = g(zla;+6;0;),j =1,2,3. (2

6 Note that if all explanatory variables are time-varying, FE and POLS-CRE
are algebraically equivalent in linear models. However, several household-
level regressors in our models are time-invariant for almost all households
(e.g., education of the household head, distance to the nearest market, and
a binary variable for livestock ownership); per guidance from J. Wooldridge
(personal communication, 2017), we exclude the time averages of these vari-
ables from models that use CRE.

Following Deb and Trivedi (2006a), we assume that g has
a mixed multinomial logit structure, that is:

'a; +6;1;;
= lznly) = ejp (52, + 5t - 3
1+ X exp (Z;“k + 5k1fk)

Pr (d

In the second stage, we estimate the impact of the adoption
of the various SI categories on HAZ and WAZ using OLS
with a selectivity correction term from the first stage.” The
expected outcome equation is written as:

3 3
E(yialdyx, 1) =x] B+ Y yydy+ Y Al )
Jj=1 Jj=1

where y;, is the nutrition outcome of interest for child
n in household i. x; is a vector of exogenous covariates
including two subvectors: household i’s characteristics h; and
child n’s characteristics c; ,. The associated parameter vec-
tor is B. Parameters y; (for j = 1, 2, 3) denote the treat-
ment effects relative to the control group (“Nonadoption™).
E(y; ,ld;, x;,1;) is a function of each of the latent factors /;;;
that is, the outcome variable may be influenced by unob-
served characteristics that also affect selection into treatment.
If 4; is positive (negative), treatment and outcome are pos-
itively (negatively) associated with unobserved variables—
that is, there is positive (negative) selection. We assume that
the outcome variables (z-scores) follow a normal distribu-
tion. The model is estimated using a maximum simulated

7 We also wanted to estimate models for the probability of being stunted and
underweight but these models do not converge.
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likelihood approach and 700 Halton sequence-based quasi-
random draws.?

In principle, the parameters of the semistructural model
are identified through nonlinear functional forms; however,
including some variables in z; that do not enter in x; is the
preferred approach for more robust identification (Deb &
Trivedi, 2006a, 2006b). We therefore include the following as
excluded instrumental variables (IVs): the proportion of other
households in the household’s ward (excluding the house-
hold itself) that (a) received agricultural production advice,
(b) that used inorganic fertilizer, and (c) that used maize—
legume intercropping; (d) electoral threat at the district level;
and (e) the number of the National Agricultural Input Voucher
Scheme (NAIVS) subsidized fertilizer vouchers allocated to
the household’s region.® The first three IVs are related to
access to information on and the potential for social learning
about SFM practices.!? We expect these variables to be posi-
tively correlated with household i’s adoption of SFM practices
but not to directly affect the household’s child nutrition out-
comes. Regarding IVs (d) and (e), a household’s SI category
decision could be affected by its receipt of subsidized fertil-
izer vouchers; however, this is likely to be endogenous, so we
instead use (d) and (e) because these are likely to affect the
household’s receipt of such vouchers but are exogenous to an
individual household. Electoral threat, as defined by Chang
(2005), is the proportion of votes for the runner-up divided by
the proportion of votes for the presidential winner. Previous
studies indicate that the spatial allocation of subsidized inputs
in some SSA countries, including Tanzania, may be linked to
voting patterns during the most recent election (see, among
others, Mason, Jayne, and Van De Walle (2017) for Zambia;
Mather and Minde (2016) for Tanzania; and Mather and Jayne
(2018) for Kenya). We therefore use Mather and Minde’s elec-
toral threat variable, which is based on data from the 2005 and
2010 Tanzania presidential elections.!! Subsidized fertilizer
vouchers for maize in Tanzania are also targeted based on the
suitability of different areas for maize production.'> We there-
fore include as another IV the number of vouchers allocated
to the household’s region per the World Bank (2014).

Although there is no formal test for the validity of exclu-
sion restrictions in a nonlinear setting (Deb & Trivedi, 2006a),

8 500 Halton sequence-based quasi-random draws are used for the WAZ mod-
els in the full-sample analyses in Table A5 because the models do not con-
verge when 700 are used.

9We also considered the proportion of other households that used organic
fertilizer but it did not pass the falsification test described below.

10 Similar variables have been used as selection instruments by Di Falco and
Veronesi (2013), Di Falco, Veronesi, and Yesuf (2011), and Manda et al.
(2016a, 2016b).

1 The authors thank Dr. David Mather for sharing these data.

12 Recall that we are controlling for time-invariant heterogeneity, including
suitability for maize production, via CRE.
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we follow Di Falco, Veronesi, and Yesuf (2011) and per-
form a simple falsification test where these candidate I'Vs are
included as additional explanatory variables along with z; in
a CRE-POLS regression, whereas the dependent variable is
the HAZ or WAZ of children in households in the “Nonadop-
tion” group. If the candidate I'Vs are not statistically signif-
icant in this regression, this lends support to the validity of
the exclusion restrictions. All IVs used here pass this simple
falsification test (see Table A1l in the online appendix); how-
ever, we acknowledge that this is not ironclad evidence that
the exclusion restrictions are valid. A useful extension of this
study would be a randomized controlled trial that generates
exogenous variation in the adoption of the SI categories (e.g.,
through different information treatments) and measures the
effects on child nutrition.

4 | DATA

With the exception of IVs (d) and (e) above, the data
come from the TNPS, which is a nationally-representative
household survey that contains detailed information on
socioeconomic characteristics, consumption, agricultural
production, and nonfarm income generating activities, inter
alia. The TNPS is a four-wave panel survey conducted in
2008/2009, 2010/2011, 2012/2013, and 2014/2015 but only
the data from the first three waves are used here because the
sample in the fourth wave was refreshed for future rounds.
The TNPS is based on a stratified, multistage cluster sample
design and the clusters within each stratum are randomly
selected as the primary sampling units, where there are
four different strata: Dar es Salaam, other urban areas on
mainland Tanzania, rural mainland Tanzania, and Zanzibar.
The TNPS baseline (2008/2009) sample of 3,265 households
is clustered in 409 enumeration areas. These households and
their members were tracked and reinterviewed in the second
(TNPS 2010/2011) and third waves (TNPS 2012/2013) with
very low attrition rates between waves (TNBS, 2014).

We start with observations of children under age five (0—
59 months) in rural households that grew maize in the main
farming season (i.e., the long-rainy season) in a given wave
but drop children age 0—5 months because they are typically
exclusively breastfed during that period (Tanzania Food and
Nutrition Centre, 2014) and thus less likely to be directly
affected by diet changes associated with their household’s SI
adoption decisions. There are 1,871 total household obser-
vations meeting these criteria across the three waves of the
TNPS (532 observations in 2008/2009, 560 in 2010/2011, and
779 in 2012/2013). These households contain a total of 2,486
children age 6-59 months (693 observations in 2008/2009,
727 in 2010/2011, and 1,066 in 2012/2013).

As per Table A2, among children in our sample, the mean
values of HAZ and WAZ are —1.82 and —0.98, respectively;
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47% are stunted and 15% are underweight. (This table and
Table A3 also show descriptive statistics by SI category.)
Anthropometric data to calculate nutritional status were col-
lected from children an average (and median) of 10 months
after the household began harvesting the maize (and this tim-
ing is controlled for in the econometric models). This implies
that most children’s WAZ and HAZ in our sample are mainly
influenced by the household’s SFM adoption decisions cap-
tured in the data and not by such decisions in the following
year.

Tables A2 and A3 further provide summary statistics for
the control variables used in the analysis. These variables were
selected based on careful reviews of the technology adop-
tion and child nutrition literatures and include child-level vari-
ables (age and gender, whether or not the child had diarrhea
in the past 2 weeks, mother’s education, monthly difference
between maize harvest and collection of anthropometric data,
and dummy variables for number of times the child appears
across survey rounds); household characteristics (age and gen-
der of the household head, education level of the household
head and spouse, family labor [as defined in Table A3], num-
ber of female adults/elderly/children/siblings in the house-
hold, marital status of the household head, off-farm income,
access to a safe drinking water source, use of safe drink-
ing water, basic sanitation [toilet]); agricultural characteris-
tics (total cultivated land; maize plot, farm equipment, and
livestock ownership; distance to the nearest market); input
and output prices; and community characteristics (whether or
not a government health center/hospital is available within the
community).

A child’s biological parents’ height and weight could also
affect his/her nutritional status. However, such data on the
child’s biological father (mother) are missing for approxi-
mately 36% (15%) of the observations in our sample because
the individual is no longer a household member or was other-
wise not present when measurements were taken. Many mod-
els fail to converge with these reductions in sample size; how-
ever, we do report, as a robustness check, estimates that con-
trol for the mother’s body mass index (BMI) (and age).'?
An important caveat is that BMI could be affected by if the
woman is pregnant or not, but the TNPS data do not capture
information on current pregnancy; thus there is likely to be
measurement error in the BMI variable for at least some obser-
vations. Our inability to fully control for these biological par-
ent characteristics is a limitation of this study. However, note
that if height (of adults) is reasonably assumed to be constant
over the survey waves, then our use of CRE indirectly controls
for the parents’ height.

I3BMI is equal to weight (in kilograms), divided by height (in meters)
squared.
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TABLE 2 FE, CRE-POLS, and CRE-METE estimates: Impacts
on nutritional outcomes of children aged 6-59 months (full sample)

Variables HAZ WAZ

FE

Intensification 0.069 —0.128
(0.303) (0.235)

Sustainable 0.043 0.030
(0.118) (0.098)

SI —0.194 -0.271
(0.291) (0.215)

CRE-POLS

Intensification 0.052 0.093
(0.132) (0.114)

Sustainable 0.039 0.020
(0.069) (0.055)

SI —-0.070 0.007
(0.106) (0.093)

CRE-METE

Intensification —0.463%** —0.266
(0.176) (0.170)

Sustainable 0.116 0.200
(0.160) (0.133)

SI 0.355%* 0.453%**
(0.155) (0.125)

Selection terms (A)

Intensification (4;) 0.443%* 0.647%%*
(0.177) (0.125)

Sustainable (Ag) -0.232 —-0.103
(0.151) (0.188)

SI (Agy) —0.5927%** —0.557%**
(0.125) (0.155)

Notes. N =2,486. Base category is “Nonadoption.” ***_** and * denote statistical
significance at the 1%, 5%, and 10% levels, respectively. Standard errors clustered
at the household level in parentheses.

5 | RESULTS

Table 2 presents the CRE-METE estimates of the local aver-
age treatment effects of the various SI categories on chil-
dren’s HAZ and WAZ for the full sample of children aged
6-59 months. See Tables A4 and AS5 for the full first- and
second-stage results for this model. (Also note in Table A4
that two of the IVs associated with an increased probability
of adoption of practices in the SI category by a given house-
hold are increases in the proportion of other households in the
household’s ward that use inorganic fertilizer or that practice
maize-legume intercropping. We return to this point in the
final section of the paper on policy implications.) For compar-
ison purposes, we also report FE and CRE-POLS results that
are estimated under the assumption that a household’s SI cat-
egory decision is exogenous after controlling for the observed
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TABLE 3 CRE-METE estimates: Impacts on child nutritional outcomes with subsample analysis

Variables

Full-sample (V = 2,486) with interaction terms

Intensification

Sustainable

SI

Intensification X 6-24 months

Sustainable X 6—24 months

SI X 6-24 months

Subsample (N = 1,411): children aged 25-59 months

Intensification

Sustainable

SI

KIM ET AL.
HAZ WAZ
—0.400%* ~0.238
(0.192) (0.176)
0.038 0.191
(0.174) (0.139)
0.314%% 0.423%%%
(0.170) (0.134)
—0.129 —0.083
(0.227) (0.168)
0.182 0.026
(0.119) (0.090)
0.077 0.062
0.172) (0.146)
—0.162 —0.104
(0.207) (0.158)
0.004 0.235
(0.187) (0.168)
0.365%* 0.439%%
(0.184) (0.145)

Notes. Base category is “Nonadoption.” *** ¥ and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. Standard errors clustered at the household

level in parentheses. Selection terms (4) excluded to conserve space.

covariates and time-invariant heterogeneity. The results of
both the FE and CRE-POLS models suggest that there are
no statistically significant nutritional effects for any of the
SI treatment groups. However, we reject the null hypothesis
of joint exogeneity of the SI category variables in all CRE-
METE models estimated here, which suggests that endogene-
ity is indeed an issue.!* In subsequent parts of this section, we
therefore focus on the CRE-METE results, which correct for
self-selection.

The CRE-METE results in Table 2 suggest that, on aver-
age, use of practices in the “SI” category is associated with
increases in children’s HAZ and WAZ of 0.36 units and 0.45
units, respectively, compared to those in nonadopting house-
holds. These are sizeable increases relative to the sample
mean HAZ and WAZ of —1.82 and —0.98, respectively.'?
Moreover, the estimated increase in HAZ (WAZ) would lift
26% of stunted children (53% of underweight children) in our
sample to the —2 cutoff. In contrast, use of inorganic fertilizer

14 This test, following Deb and Trivedi (2006b), is a likelihood-ratio test
where the null hypothesis is that the As (selection terms) are jointly equal
to zero (exogeneity of treatment). We reject the null in all cases (p < .01),
which suggests that treatment is endogenous. To conserve space, we do not
report the estimated As in subsequent tables.

15 Zeng et al. (2017) find that a 0.25-hectare increase in improved maize vari-
ety area is associated with average HAZ and WAZ increases of 0.25 and 0.18
units, respectively, relative to sample means of —1.51 and —0.63.

only (“Intensification”) is associated with a decrease in chil-
dren’s HAZ of 0.46 units, and there are no statistically signif-
icant effects for the “Sustainable” category.

In addition to estimating the CRE-METE models for the
full sample of children aged 6-59 months, we also estimate
models for: (a) children aged 6-59 months with interaction
terms between the SI treatment groups and an indicator vari-
able for children aged 6-24 months; and (b) children aged
25-59 months only. The major rationale behind these addi-
tional analyses is that the growth faltering patterns of chil-
dren under age five differ across ages (see Figure Al in the
online appendix). Victora, De Onis, Hallal, Blossner, and
Shrimpton (2010) find that rapid growth faltering of HAZ was
observed until 24 months of age, then plateauing from 25—
59 months, while WAZ showed progressive and slow falter-
ing through months 0-59, with the most rapid declines from
0 to 24 months. As a result, the child nutritional impacts of
SI adoption decisions may also vary. In particular, the inclu-
sion of the 6-24 months interaction terms allows us to test
for differential effects of the SI treatment groups on the nutri-
tional outcomes of children who are in the “critical window
of opportunity” for the promotion of optimal growth, health,
and development, which is the 1,000 days from conception
through the first 2 years of life.!6

16 We also attempted to estimate models for children aged 6-24 months; how-
ever, these models do not converge.
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TABLE 4 CRE-METE estimates: Impacts on crop income and productivity

Variables Crop income (Tanzanian Shillings) Output index per acre
Intensification 350,835.572%*%* 487.756%**
(114,258.251) (131.930)
Sustainable —114,241.755%** 19.272
(41,691.292) (37.026)
SI 720,637.260%** 531.401%%*
(163,209.116) (134.278)
Notes. N = 1,871. Base category is “Nonadoption.” *** *%* and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. Standard errors clustered at

the household level in parentheses.

In Table 3, the results including the interaction terms are
presented in the upper panel and the results for children aged
25-59 months only are in the bottom panel. Together these
results suggest that the positive effects of the “SI” category
occur mainly among children aged 25-59 months. We con-
tinue to find no evidence of statistically significant effects for
the “Sustainable” category. The negative effects of the “Inten-
sification” category on HAZ are not robust to the model spec-
ification, as they cease to be statistically significant when we
limit the sample to children aged 25-59 months. The lack
of statistically significant effects of any SI categories on the
HAZ and WAZ of children aged 6-24 months may be because
these children are still being breastfed and largely dependent
on complementary/weaning foods instead of consuming adult
foods (Stephenson et al., 2017; Tanzania Food and Nutrition
Centre, 2014; Zeng et al., 2017). Consistent with our find-
ings, a recent study (Jain, 2018) finds that nutrient intake has
no association with the HAZ of children aged 6-23 months in
rural Bangladesh.

Table A6 shows the results for models that include the
mother’s BMI and age. These results suggest that the mother’s
BMI is positively correlated both child nutrition outcomes.
Moreover, we still find that “SI” is positively correlated with
both HAZ and WAZ.!”

Overall, the robust finding across model specifications
is that “SI” substantially enhances both HAZ and WAZ.
This could be for the following reasons. First, note that
79% of the “SI” maize plots in Tanzania involve maize—
legume intercropping (Table 1) and based on the results in
Table A7, which exclude organic fertilizer, the combined use
of maize—legume intercropping and inorganic fertilizer is a
key driver of the positive “SI” effects on child nutrition.'8
The legume crops produced as a result may directly affect the
diet composition of adopting households by providing needed
protein and micronutrients (Messina, 1999); this, in turn, may

17 Table A6 also suggests that “Intensification” is negatively associated with
HAZ and WAZ for children aged 6-59 months. However, we could not con-
firm that this holds for children aged 25-59 months because the model does
not converge.

18 We tried to estimate a similar model with only organic fertilizer, inorganic
fertilizer, and their combined use (excluding maize-legume intercropping)
but it does not converge.

positively affect child nutrition. Indeed, as shown in Table AS,
90% of sample households in the “SI” group produce legumes,
whereas only 19% and 31% of households in the “Nonadop-
tion” and “Intensification” groups, respectively, produce
legumes.!® The table also indicates that maize-legume
intercropping is the dominant way in which maize-growing
households in Tanzania produce legumes. In addition,
Stahley, Slakie, Derksen-Schrock, Gugerty, and Anderson
(2012) report that the mean quantity of legumes consumed by
producing households in Tanzania is double that consumed
by purchasing households. Furthermore, these legume crops
could help farmers to increase their crop income since per-
kilogram prices for legumes are higher than maize prices (see
Table A3). Second, relative to farmers in the other treatment
groups, households in the “SI” treatment group may have
higher crop productivity or incomes due to synergistic effects
when “Sustainable” practices are used jointly with inorganic
fertilizer. Indeed, a review by Place et al. (2003) indicates
that there is considerable evidence demonstrating positive
effects on overall yields and net financial returns of combined
use of inorganic fertilizer and organic soil fertility practices
including animal manure and intercropping with legumes.

To explore if the “SI” effects come through the crop income
and/or productivity pathways, we estimate CRE-METE mod-
els for two additional outcome variables: (a) gross value of
crop production from the household’s maize plots as a proxy
for crop income; and (b) an index of crop output per acre on
those plots as a proxy for productivity.? The associated CRE-
METE results are shown in Table 4 and suggest that “SI” is
indeed associated with increases in crop income and produc-
tivity on households’ maize plots. “Intensification” is as well
but the crop income effects are considerably and statistically
larger for “SL.” In contrast, “Sustainable” is associated with
negative effects on crop income and no significant effects on
productivity.

19 The correlation between use of maize—legume intercropping and produc-
tion of legumes in other ways is extremely low (—0.02).

20 The denominator of the latter is the total acreage of the household’s maize
plots. The numerator (index Y;) is calculated following Liu and Myers (2009)

Z/ Yii b

as Y, = , where Yj; is the kilograms of crop j produced on farmer i’s

1
maize plots, P; is the regional market price of crop j, and crop 1 is maize.
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These results are consistent with the findings above of posi-
tive “SI” effects on HAZ and WAZ and no statistically signifi-
cant “Sustainable” effects. Our results overall also suggest that
not all income and productivity increases are created equal.
Simply producing more maize via “Intensification” without
involving legume crops may be insufficient to enhance child
nutrition.

6 | CONCLUSIONS AND
IMPLICATIONS

In this study, we empirically estimated the effects of Tan-
zanian farm households’ use of various SFM practices on
their maize plots on the nutrition outcomes of young chil-
dren in the household. The results consistently suggest that
“SI” of maize production (joint use of inorganic fertilizer
with maize—legume intercropping and/or organic fertilizer) is
associated with increases in children’s HAZ and WAZ com-
pared to households that adopt none of the practices. These
effects are mainly among children aged 25-59 months who,
compared to younger children, are less likely to be breastfed
and may be more directly affected by household diet changes
associated with changes in agricultural practices. Joint use of
maize—legume intercropping and inorganic fertilizer is a key
driver of these results, and the effects appear to come through
both crop income and productivity pathways. We also find
no evidence that “Intensification” (use of inorganic fertilizer
only) or “Sustainable” agricultural practices (use of organic
fertilizer and/or maize—legume intercropping but no inorganic
fertilizer) improve child nutrition outcomes. These results also
link to the production diversity—dietary diversity/nutrition lit-
erature and suggest that crop diversification (proxied here by
maize—legume intercropping) combined with intensification
produces the most favorable child nutrition outcomes.

Our results have two main implications for agricultural
policy and future research. First, given the potential bene-
fits of joint use of inorganic fertilizer with maize—legume
intercropping (and possibly organic fertilizer) for soil fertility,
crop income, productivity, and child nutrition outcomes, it is
important for policy makers to identify ways to promote use of
such practices by Tanzanian maize farmers. (At present, Tan-
zania has much lower adoption rates of these practices than
other countries in eastern and southern Africa such as Kenya,
Malawi, and Ethiopia (Kassie, Teklewold, Jaleta, Marenya,
& Erenstein, 2015a).) Further research is needed to identify
cost-effective SI promotion strategies and our results do not
speak directly to this question in a major way. However, based
on our results, one general approach that may warrant further
investigation (among others) is leveraging social learning to
encourage SI of maize production. (Recall that the first-stage
results in Table A4 suggest that increases in the proportion
of other households in a household’s ward using inorganic

KIM ET AL.

fertilizer and maize—legume intercropping are associated with
an increased probability of adoption of practices in the “SI”
category by the household itself.) A second area in need of
further research is if and how SI of agricultural systems more
broadly (i.e., beyond maize) contributes to food security and
child nutrition outcomes.
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