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Abstract: The Guinean government has promoted the large-scale production of industrial crops
such as oil palm and rubber through the Guinean Oil Palm and Rubber Company (SOGUIPAH).
Smallholder-based production of these crops has also been promoted to boost rural development
but the food security outcomes are unclear. This exploratory study assesses the food security
outcomes of smallholder-based oil palm and rubber production at the household level using six
standardized metrics of food security. We compare households involved in industrial crop production
and households that only grow food crops under subsistence conditions through statistical tools
such as Propensity Score Matching (PSM) and Endogenous Treatment Effect Regression (ETER).
Overall, results suggest that oil palm and rubber smallholders perform better than subsistence
farmers on metrics that capture perceptions of hunger and coping behaviors but perform worse for
food diversity metrics. We hypothesize that this discrepancy can possibly be explained by the strong
sense of security that steady income provides across time, which outweighs the shortcomings of
diet diversity. The results of this exploratory study can inform the development of more detailed
assessments of the food security outcomes of interventions implemented by SOGUIPAH in the area
(and the mechanism through which these impacts emerge).
Keywords: food consumption score (FCS); household food insecurity access scale (HFIAS);
coping strategy index (CSI); industrial crops; Sub-Sahara Africa

1. Introduction
Industrial crops such as oil palm, rubber, sugarcane, cotton and jatropha, among others, have been
promoted in several countries of Sub-Saharan Africa (SSA) [1–3]. Often these crops are promoted to
boost rural development and alleviate poverty [2,4]. The recent surge in large-scale land acquisitions
for industrial crops in SSA [5] has raised concerns about the effects of large-scale industrial crop
expansion on local food security and rural livelihoods [6,7]. However, it is not always clear as to
what extent (and under which conditions) industrial crop production improves or compromises rural
livelihoods and household food security in SSA [8–10].
Wiggins et al. [1] have identified many mechanisms through which industrial crop production
interacts with the different pillars of food security—namely food availability, access, stability,
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utilization. For example, agricultural projects that have commercialized industrial crops, such as
sugarcane, oil palm, rubber and jatropha, have claimed extensive areas in many countries in
SSA [11,12]. Such projects have often converted agricultural land and reduced the available land
for food production [13–15]. Furthermore, involvement in industrial crop value chains has been
shown to divert labor from family farms and food crop production, sometimes compromising local
food availability [1,16]. On the other hand, waged employment in industrial crop plantations or
smallholder-based industrial crop production can generate employment and income opportunities in
rural areas of SSA [10,17,18]. Households can invest the obtained income to purchase food or improve
farm productivity increasing the yields of food crops (e.g., [9]. However, plantation wages can be low,
often marginally higher than the national minimum wage level [19]. Furthermore, some payment
schemes and loan arrangements can reduce substantially the income that eventually reaches industrial
crops smallholders (e.g., [20,21]. The above suggest the rather entangled nature of the mechanisms
that link industrial crop production and household food security in SSA.
Guinea, like many other countries in SSA, has experienced a declining and re-surging interest
in industrial crop production. Following the establishment of the Second Republic (in 1984) and
the liberalization of the economic system (in 1985), there have been several attempts to promote the
expansion of industrial crops such as coffee, rubber and oil palm [22,23]. In particular, since 1986
the national agricultural policy has emphasized the development of large export-oriented rubber
and oil palm plantations. Currently the Guinean Oil Palm and Rubber Company (SOGUIPAH) is
the largest rubber and oil palm producer in the country accounting for significant employment and
income generation at the national and the local level (see Section 2.1). However, despite these economic
benefits SOGUIPAH operations have been linked to substantial local environmental and socioeconomic
impacts [24]. Although SOGUIPAH has used in its plantations (and promoted among its smallholders)
improved oil palm varieties, most of the smallholder-based oil palm production in the country comes
from natural oil palm groves of the Dura variety [25]. In fact, even tough such natural oil palm varieties
and artisanal processing techniques have low productivity (and are considered antiquated), they still
account for 80% of the total national production [22,25,26]. Rubber is another major industrial crop
in the country and is produced both in large plantations (e.g., SOGUIPAH) and smallholders linked
to large estates (Section 2.1) [27]. There is also a renewed interest in coffee and cocoa production in
Yomou area but the production is still low compared to oil palm and rubber production.
At the same time, the government of Guinea as incorporated food security is a key policy goal
in various national strategies and programs. These include the National Agricultural Development
Plan (PNDA), the National Agriculture Investment and Food Security Plan (PNIASA) and the Poverty
Reduction Strategy (PRS), among others. However, these policies do not explicitly make provisions
on how to reduce any possible negative trade-offs between industrial crop production and food
security. Currently there is no study in Guinea that attempts to capture the interactions between
smallholder-based industrial crop production and household food security. The few existing studies on
the impact of oil palm and rubber production have focused on some environmental and socioeconomic
impacts (e.g., [24], rather than food security. It is important to establish a knowledge base in order to
understand whether there is a competition between industrial crop production in the country and
household food security.
This article aims to provide an exploratory assessment of the food security outcomes of
involvement in smallholder-based rubber and oil palm production in Guinea. For this exploratory
assessment we focus on a small sample of smallholders from communities around the SOGUIPAH
estate in the Diecke sub-prefecture, Yomou prefecture. Considering the many industrial crop-related
mechanisms that affect household food security, our rapid assessment employs complementary
standardized metrics of food security [28–30], to compare the food security status of oil palm and
rubber smallholders and smallholders not involved in industrial crop production. The selected metrics
elucidate different aspects of food security related to diet diversity, perceptions of hunger and coping
behaviors in the face of food scarcity [28–30]. Considering the relatively little literature empirically
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Between 1989 and 2002 through the support of several external donors, a contract-based farming
scheme for oil palm and rubber production on family farms was developed in areas around the core
plantations. At the same time lowland areas for irrigated rice production were developed. Farmers that
agreed to produce irrigated rice for their own consumption were prioritized for inclusion to these
schemes. In a sense this was to encourage local communities to abandon slash-and-burn practices
responsible for deforestation in the area. Accordingly, the plots that were no longer used for rainfed
rice production were planted with oil palm and rubber trees.
SOGUIPAH played a leading role in developing local capacity and infrastructure for
smallholder-based oil palm and rubber production in the area. In particular SOGUIPAH provided the
planting material (i.e., hybrid oil palm of the tenera variety, grafted rubber plants from various clones),
organized the upstream aspects of the value chain (e.g., supply of agricultural inputs) and provided
farmers with technical support. SOGUIPAH also provided training and advice for the appropriate
maintenance and management of the smallholder plantations. At the same time, SOGUIPAH developed
the lowland areas for rice cultivation and provided training, improved rice varieties and fertilizers for
the first three years. SOGUIPAH also opened and maintains feeder roads for the collection of oil palm
and rubber. The core plantations and factories are also significant employment options for many local
communities, with some locals receiving middle-management positions.
SOGUIPAH chose the areas for the smallholder schemes based on two criteria: (a) clear land
ownership/tenure and (b) favorable agro-ecological conditions. However, accessibility eventually
became an important third criterion, with inclusion priority given to plots alongside the existing
feeder roads. In order to develop the lowland rice areas, it was necessary for landowners to abandon
their land. This land then redistributed between several farmers, including the original landowners.
SOGUIPAH undertook plantation development and the plots were subsequently allocated to farmers
on credit.
Contractual agreements between SOGUIPAH and smallholder farmers bind the latter to sell their
entire oil palm and rubber production to SOGUIPAH. Smallholders are required to prepare the plot at
their own expense but SOGUIPAH can provide loans for the planting material and agricultural inputs.
Smallholders can also receive monetary compensation for the labor required to maintain the family
rubber and oil palm plots.
Overall, approximately 1866 ha and 1760 ha were developed for smallholder-based oil palm and
rubber production, respectively. An additional 1298 ha were developed for lowland irrigated rice
production. About 4200 smallholders were linked with the different SOGUIPAH schemes in 2002
but due to the lack of public information it is not clear how many farmers are currently linked to
these schemes.
2.2. Data Collection
To assess the food security outcomes of involvement in industrial crop production we conducted
household surveys in the vicinity of SOGUIPAH estate in Diecke sub-prefecture. In particular we
conducted household surveys in March 2016 with smallholders that cultivate rubber, oil palm and
food crops (subsistence farmers).
The survey followed a multi-stage sampling approach. Firstly, based on expert interviews we
selected three districts within Diecke, where the main livelihoods relate to subsistence crop cultivation
(Baala district), rubber cultivation (Baghei district) and oil palm cultivation (Gbeipah district).
Within each district we identified communities involved in the production of each crop and we
selected randomly households through transect walks in the study communities. We used transect
walks to identify responding households as it was not possible to secure lists of households engaging in
these activities. In total we conducted 180 household surveys, of which 67 surveys targeted subsistence
farmers, 76 rubber smallholders and 37 oil palm growers. Household interviews targeted either the
household head or the spouse, whoever was available during the visit. Interviews were conducted
in the local language using trained enumerators and were captured in hard copy questionnaires that
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were subsequently digitized after the end of the survey in the capital Conakry. In order to minimize
non-sampling errors (and thus to improve the quality of the captured data) we followed the same
quality-assurance procedures as other similar surveys conducted by members of the research team in
other industrial crop settings of SSA [2].
To assess the food security levels of the respondent households we employed a series of
standardized metrics, namely the Food Consumption Score (FCS), Household Food Insecurity Access
Scale (HFIAS), Household Hunger Scale (HHS), Coping Strategies Index (CSI), Reduced Coping
Strategies Index (rCSI) and the Months of Inadequate Household Food Provisioning (MIHFP) (Table 1).
The selected metrics elucidate different aspects of food security related to diet diversity, perceptions
of hunger and coping behaviors in the face of food scarcity [28–30] (see Table 1 for more details).
Thus, they can allow for a rapid and robust assessment of different aspects of food security aspects
at the household level [28]. Relying on multiple metrics is essential for multi-dimensional concepts
such as food security [31], with such standardized metrics being increasingly used to assess food
security impacts in industrial crop settings of SSA (e.g., [32–35]). Essentially such approaches can
reduce the complexity (and increase the consistency) of food security assessments considering the
multiple interacting mechanisms that that are often at play in such industrial crop settings of SSA,
for example, [1,8,9,36].
The household survey also included various independent variables that were used to describe
the study groups and to explain the determinants of food security at the group level (Table 1).
These variables were selected based on existing literature focusing on the multiple socioeconomic
factors affecting rural household food security such as the gender of household head, family size,
household income, household livelihoods, dependency ratio, (cultivated) land size and livestock
ownership among others, for example, [33,37–39] among several other studies.
2.3. Data Analysis
Data was analyzed in four stages (Step 1–4), using a series of statistical tools. Step 1 compares
the three study groups across the main household characteristics outlined in Table 1. We use an
independent t-test for the continuous variables as a means of comparing the different characteristics of
the surveyed groups (Table 1). Step 2 assesses the household food security status using the standardized
metrics described in Section 2.2. We provide both the mean value for each study group, as well as
the distribution of respondents across the different levels of food security. Considering that the HHS
and rCSI are derivatives of the HFIAS and CSI respectively (Table 1), we report their results in the
Supplementary Electronic Material.
Table 1. Analytical variables and their definition.
Variables

Definition and Measurement
Household Food Security Indicators

Food consumption score (FCS)

Composite measure of diet diversity. Includes
questions about the different food groups (and their
nutritional value) consumed by the household in the
7 days prior to the survey [40,41].

Household food insecurity access scale (HFIAS)

Composite measure of perceptions of hunger.
Includes questions about the prevalence, acceptability
and anxiety over insecure access to food in the four
weeks prior to the survey [30,42,43].

Household hunger scale (HHS)

Composite measure of perceptions of hunger. It
comprises the final three questions of the HFIAS, all
of which pertain to the consequences of severe food
insecurity [29].
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Table 1. Cont.
Variables

Definition and Measurement

Coping strategy index (CSI)

Composite measure of coping attitudes during
periods of food insecurity. It contains questions about
the frequency and severity of behaviors in which
households engage when not having enough food or
enough money to buy food [44,45].

Reduced coping strategy index (rCSI)

Composite measure of coping attitudes during
periods of food insecurity. It aggregates the five
(pre-weighted) coping strategies employed in
response to food shortages [44].

Months of inadequate household food
provisioning (MIHFP)

Number of months in the past year that a household
was not able to provide itself with enough food [46].
Household Characteristics

Household size

Number of persons living in the household

Gender of household head

1 = female-headed household, 0 = otherwise

Origin of respondent

1 = born in the community, 0 = otherwise

Dependency ratio

Percentage: Ratio of dependent household members
(i.e., members younger than 15 or older than 65) to
household members of working age (i.e., 15–65 years)

Off-farm income

USD: Income related to off-farm activities, such as
casual work or selling woodland products

Child mortality ratio

Percentage: Ratio of children deceased, to the total
number of deceased members in the household

Livestock ownership

Tropical Livestock Unit (TLU): Aggregate measure of
livestock ownership calculated based on the number
of livestock species using conversion factors for
livestock in Sub-Sahara Africa countries.

Total household income

USD: includes off-farm and farm income

Monthly food expenditure

USD

Amount borrowed to purchase food

USD
Agricultural Characteristics

Ratio of land given to SOGUIPAH to current land (%)
Size of cultivated land
Size of natural palm groves

Percentage: Ratio of the household cultivated land
that was given to SOGUIPAH to the current
cultivated land
ha
ha

Note: 1 USD = 8900 GNF (Guinean Francs) as per exchange rate during data collection.

Step 3 uses the propensity score matching (PSM) approach in a binary treatment variable [47],
to estimate the food security outcomes of involvement in smallholder-based rubber or oil palm
production. Several recent studies have used the PSM approach to assess the impact of different
agricultural interventions in Africa (e.g., see [38,48–51]. We use the three most commonly adopted
matching methods, that is, neighbor matching (NNM), caliper-based matching (CBM) and the
kernel-based matching (KBM) [52,53] (see Supplementary Electronic Material for more details).
Due to unobservable differences between the participants and non-participants in industrial crop
production, the PSM approach alone cannot conclusively elicit the impact of participation [52]. As all
biases have not been controlled for, it is possible to overestimate or underestimate the food security
outcomes of involvement in industrial crop production, eliciting erroneous conclusions. To avoid
such complications, we perform the test of balancing [52]. Matching quality is checked through
the examination of the standardized bias and t-Test. The standardized bias is a suitable indicator
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for assessing the distance in marginal distributions of the X-variables [54]. For each covariate X,
the standardized bias is defined as the difference of sample means in the treated and not treated
subsamples, as a percentage of the square root of the average of sample variances in both groups.
One possible problem with the standardized bias approach is that it is not possible to obtain a clear
indication of the success of the matching procedure, even though in most empirical studies a bias
reduction below 3% or 5% is considered sufficient [53]. A similar approach uses a two-sample t-Test to
check whether there are significant differences in covariate means for both groups [54]. Before matching
differences are expected but after matching the covariates should be balanced in both groups and hence
no significant differences should be found. The t-Test might be preferred if the analyst is concerned
with the statistical significance of the results but bias reduction before and after matching is not clearly
visible [53].
Step 4 uses the endogenous treatment effects regression (ETER) model to provide a consistent
estimate of the outcomes of engagement in industrial crop production on the standardized metrics
of food security. We estimate the Average Treatment Effect (ATE) of growing oil palm or rubber on
food security using the “etregress” function at the Stata software. This function estimates an average
treatment effect (ATE) and the other parameters of a linear regression model, augmented with an
endogenous binary-treatment variable. Estimation is by either full maximum likelihood or a two-step
consistent estimator. When there are no interactions between the treatment variable and the outcome
covariates, the etregress function directly estimates the ATE and the ATET. The ATET is the same as the
ATE in this case because the treatment indicator variable has not interacted with any of the outcome
covariates. More details about the endogenous treatment effect regression (ETER) model are included
in the Supplementary Electronic Material.
2.4. Ethical Considerations
The research protocol was developed as part of large study funded by the Belmont Forum and was
based on a similar protocol that elicited the impact of industrial crops in southern Africa [2]. Similarly,
for the development of the protocol of this study, we adopted the good practice recommendations of
the UK Economic and Social Science Research Council (ESRC). The research protocol was reviewed
and approved by the ethical review committee of the University of Tokyo (identification number
15-186). Approval was granted in December 2015, before fieldwork commencement.
To ensure smooth community entry, we undertook meetings with traditional authorities prior
to initiating the household survey. This was necessary as local chiefs are influential members of
local communities in Guinea. We sought oral informed consent from all respondents before each
interview, as it was deemed as the most appropriate approach considering the high illiteracy rates
in the local communities. We ensured that all respondents were fully aware about what their
participation in this study entailed and explained any concerns related to anonymity and disclosure of
personal information.
3. Results
3.1. Household Characteristicss
Table 2 compares the main household characteristics of the different study groups, that is, rubber
smallholders, oil palm smallholders and subsistence farmers. Households that grow oil palm tend to
be significantly larger than rubber growers and subsistence farmers. Both groups of industrial crop
producers tend to have substantially lower child mortality than subsistence farmers.

Agriculture 2019, 9, 41

8 of 19

Table 2. Key household characteristics and differences between the study groups.
Household Characteristics

Rubber
Growers
(Group 1)

Oil Palm
Growers
(Group 2)

Subsistence
Farmers
(Group 3)

Group 1 vs.
Group 2

Amount borrowed for food (USD)

Group 1 vs.
Group 2

(Mean difference) p-value

Mean score (Standard deviation)
Household size (number)
Dependency ratio (%)
Off-farm income (USD)
Adult mortality (number)
Child mortality (number)
Child mortality ratio (%)
Cultivated land (ha)
Land given to SOGUIPAH (ha)
Ratio of land given to SOGUIPAH
to current land (%)
Home garden area (ha)
Natural palm grove area (ha)
Livestock (TLU)
Income (USD)
Monthly food expenditure (USD)

Group 2 vs.
Group 3

8.20 (5.96)
7.80 (22.09)
64.95 (165.63)
2.28 (1.76)
0.65 (0.87)
22.96 (34.92)
7.17 (12.11)
17.50 (39.63)

10.84 (8.39)
12.01 (24.09)
75.13 (201.6)
1.82 (1.29)
0.58 (0.85)
30.45 (58.23)
7.51 (7.84)
28.95 (97.66)

6.34 (4.30)
16.68 (55.64)
28.07 (62.45)
2.68 (1.91)
1.12 (1.24)
23.83 (31.84)
5.07 (6.94)
23.79 (44.26)

(1.85) 0.037 **
(−8.88) 0.202
(36.88) 0.088 *
(−0.40) 0.211
(−0.46) 0.019 **
(−0.87) 0.877
(2.10) 0.213
(−6.29) 0.371

(4.49) 0.000 ***
(−4.67) 0.629
(47.06) 0.080 *
(−0.86) 0.022 **
(−0.54) 0.037 **
(6.62) 0.455
(2.43) 0.105 *
(5.15) 0.712

(−2.64) 0.057 *
(−4.21) 0.358
(−10.18) 0.776
(0.46) 0.176
(0.07) 0.706
(−7.49) 0.396
(−0.33) 0.879
(−11.45) 0.378

446 (1378)

732.6 (2469)

1262 (2557)

(−815.67) 0.017 **

(−529) 0.309

(−286.4) 0.430

3.25 (6.98)
2.53 (3.10)
1.16 (5.85)
754.30 (1075)
69.39 (112.10)

4.56 (9.48)
1.45 (2.01)
0.28 (0.88)
1406 (1429)
68.56 (111.8)

(−0.05) 0.957
(1.72) 0.000 ***
(0.513) 0.488
(332.7) 0.077 *
(31.17) 0.041 **

(1.25) 0.332
(0.64) 0.092 *
(−0.37) 0.189
(984.55) 0.000 ***
(30.34) 0.066 *

(−1.31) 0.410
(1.08) 0.056 *
(0.88) 0.365
(−651.8) 0.008 ***
(0.83) 0.971

52.33 (90.54)

34.16 (76.44)

3.31 (3.48)
0.81 (1.74)
0.65 (1.56)
421.58 (1156)
38.22 (54.95)
66.68
(155.19)

(−14.35) 0.495

(32.51) 0.235)

(18.16) 0.296

Note: *** p <0.01; ** p < 0.05; * p < 0.1.

Oil palm growers have slightly larger cultivated land areas compared to rubber growers
(7.51 vs. 7.17 ha), with the cultivated land of both groups of industrial crop growers being significantly
larger than that of subsistence farmers. Oil palm growers have given on average more land to
SOGUIPAH (28.95 ha), followed by subsistence farmers (23.79 ha) and rubber growers (17.50 ha).
Both groups of industrial crop growers tend to have access to larger areas of semi-wild oil palm groves
compared to subsistence farmers.
All groups derive most of their income from farming activities, with some minor income coming
from off-farm activities such as casual work. Oil palm growers have the highest overall income (USD
1406), followed by rubber growers (USD 754) and subsistence farmers (USD 422). Both groups of
industrial crop growers tend to spend more money to buy food but at the same time they borrow less
for food purchases compared to subsistence farmers. The above suggest the large importance of oil
palm and rubber production for rural in the study areas.
3.2. Food Security Status
Both groups of industrial crop smallholders have significantly lower FCS (p < 0.01) (and hence
lower food security) compared to irrigated farmers (Table 3). Patterns for the HFIAS are quite different,
with both industrial crop smallholder groups registering lower HFIAS (and hence higher food security)
compared to subsistence farmers but this difference is statistically significant only for oil palm growers
(p < 0.01) but all three groups have very similar levels of CSI, with no statistically significant differences
between them (Table 3). Interestingly there is some variation in the levels of the reduced versions of
the HFIAS and CSI (HHS and rCSI respectively). HHS levels improve for subsistence farmers and
become very similar to those of oil palm and rubber growers but rCSI levels do not change compared
to the patterns observed for the full version of the metric (see Table S1 and Figure S1, Supplementary
Electronic Material). On average subsistence farmers experience the fewest months of inadequate food
provisioning (2.24 months), compared to rubber (2.64 months) and oil palm growers (3.30 months).
However, these differences are only statistically significant between the subsistence farmers and oil
palm growers (p < 0.05).
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Table 3. Mean food security indicator scores and differences between study groups.
Metrics

Rubber
Growers
(Group 1)

FCS
HFIAS
CSI
MIHFP

35.03 (21.42)
10.53 (6.68)
30.53 (33.12)
2.64 (2.51)

Oil Palm
Growers
(Group 2)

Subsistence
Farmers
(Group 3)

Group 1 vs.
Group 2

45.18 (19.83)
11.37 (6.02)
32.75 (32.18)
2.24 (1.83)

Group 1 vs.
Group 2

(Mean difference) p-value

Mean score (Standard deviation)
34.43 (22.51)
7.78 (5.61)
40.51 (38.07)
3.30 (2.63)

Group 2 vs.
Group 3

(−10.15) 0.004 ***
(−0.85) 0.430
(−2.22) 0.686
(0.41) 0.277

(−10.75) 0.013 ***
(−3.59) 0.004 ***
(7.77) 0.273
(1.06) 0.018 **

(0.59) 0.892
(2.74) 0.033 **
(−9.99) 0.115
(−0.65) 0.204

Note: ***: p < 0.01; **: p < 0.05.

Figure 2 provides a more disaggregated view for the different food security metrics (see also
Table S1/Figure S1, Supplementary Electronic Material). In particular, they outline the proportion of
respondents who are food secure and food insecure within each study group. In terms of the FCS,
29.7% of oil palm growers, 46.6% of rubber growers and 59.7% of subsistence farmers are food secure
(i.e., falling within the “Acceptable” category) (Figure 2). Thus, in terms of diet diversity 53.4% of
rubber growers and a whopping 70.3% of oil palm growers are food insecure (i.e., “Borderline” and
“Poor”).
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3.3. Food Security Outcomes of Involvement in Industrial Crop Production
3.3.1. Propensity Score Matching
To understand the food security outcomes of involvement in oil palm and rubber production,
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3.3. Food Security Outcomes of Involvement in Industrial Crop Production
3.3.1. Propensity Score Matching
To understand the food security outcomes of involvement in oil palm and rubber production,
we estimate the average difference of the Average Treatment Effect on the Treated (ATT). First we
identify the determinants of involvement in industrial crop production (Table S3, Supplementary
Electronic Material) and then use the NNM, CBM and KBM matching methods for the different food
security metrics (Section 2.3) related to dietary diversity (FCS), perceptions of food insecurity (i.e.,
HFIAS) and coping behaviors (i.e., CSI) (Table 4).
For the FCS, the ATT difference of involvement in rubber production is: 15.8, −19.13 and
−6.99 points for the NNM, CBM and KBM methods, respectively. The CBM matching method gives
the only statistically significant difference (p < 0.05) (Table 4). The ATT difference for involvement in oil
palm production is 21.49, −7.60 and 27.82 points for the NNM, CBM and KBM methods respectively,
with the NNM and KBM estimating statistically significant differences (p < 0.1) (Table 4). The above
suggests that participation in rubber production could reduce diet diversity (and as extent food
security), while involvement in oil palm production has the opposite effect. However, in the latter case
the statistical significance is quite low, so caution needs to be exercised when considering this finding.
For the HFIAS the ATT difference of involvement in rubber production is −6.01, −0.95 and
−2.28 points for the NNM, CBM and KBM methods, respectively. Of these ATT differences estimated
through NNM and KBM are statistically significant (p < 0.1) (Table 4). When it comes to involvement in
oil palm production, the ATT difference for all matching methods indicates a negative and significant
effect for both the HFIAS (p < 0.05).
The above findings suggest that involvement in rubber and oil palm smallholder production leads
to a decrease of the food insecurity related experiential measures (HFIAS), which means a subsequent
increase in food security. However, the outcomes for oil palm are stronger, more significant and more
consistent between the matching techniques, compared to rubber growers.
For the coping strategies measure, most matching tests suggest that involvement in rubber and
oil palm production reduces the CSI, which implies an increase in food security. However, in almost
all cases the ATT differences are either not statistically significant or have a low level of significance
(Table 4).
Table 4. Impact of participation in industrial crop production on food security metrics.
Rubber Growers vs. Subsistence Farmers
Parameters Treated

Untreated Difference (S.E)

T-stat

Oil Palm Growers vs. Subsistence Farmers
Treated

Untreated Difference (S.E)

T-stat

NNM
Unmatched
ATT

35.03

45.18

−10.15 (3.47)

35.03

19.22

15.80 (14.41)

−2.93

34.43

45.18

−10.75 (4.26)

−2.52

1.10

34.43

12.95

21.49 (13.48)

1.59 *

CBM
Unmatched
ATT

35.03

45.18

−10.15 (3.47)

−2.93

34.43

45.18

−10.75 (4.26)

−2.52

33.68

52.80

−19.13 (8.07)

−2.37 **

22.80

30.40

−7.60 (14.95)

−0.51

KBM
Unmatched
ATT

35.03

45.18

−10.15 (3.47)

−2.93

34.43

45.18

−10.75 (4.26)

−2.52

32.78

39.77

−6.99 (5.98)

−1.17

37.19

9.37

27.82 (17.43)

1.60 *

HFIAS
NNM
Unmatched
ATT

10.53

11.37

−0.85 (1.07)

−0.79

7.78

11.37

−3.59 (1.20)

−2.98

10.53

16.54

−6.01 (4.15)

−1.45 *

7.78

16.62

−8.84 (4.39)

−2.01 **
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Table 4. Cont.
Rubber Growers vs. Subsistence Farmers
Parameters Treated

Untreated Difference (S.E)

T-stat

Oil Palm Growers vs. Subsistence Farmers
Treated

Untreated Difference (S.E)

T-stat

CBM
Unmatched
ATT

10.53

11.37

−0.85 (1.07)

−0.79

7.78

11.37

−3.59 (1.20)

−2.98

10.40

11.35

−0.95 (2.27)

−0.42

4.60

11.60

−7.00 (3.14)

−2.23 **

KBM
Unmatched
ATT

10.53

11.37

−0.85 (1.07)

−0.79

7.78

11.37

−3.59 (1.20)

−2.98

10.25

12.53

−2.28 (1.70)

−1.34 *

8.32

17.52

−9.20 (5.24)

−1.75 **

CSI
NNM
Unmatched
ATT

30.53

32.75

−2.22 (5.48)

−0.41

40.51

32.75

7.77 (7.04)

1.10

30.53

59.38

−28.86 (18.14)

−1.59 *

40.51

60.73

−20.22 (29.42)

−0.69

30.53

32.75

−2.22 (5.48)

−0.41

40.51

32.75

7.77 (7.04)

1.10

28.00

25.60

2.40 (10.16)

0.24

56.00

32.60

23.40 (30.50)

0.77

CBM
Unmatched
ATT

KBM
Unmatched
ATT

30.53

32.75

−2.22 (5.48)

−0.41

40.51

32.75

7.77 (7.04)

1.10

27.72

33.11

−5.39 (9.38)

−0.57

39.68

69.42

−29.74 (28.31)

−1.05

Note: ** = p < 0.05; * = p < 0.1; NNM = Nearest neighbor matching; CBM = Caliper-based matching;
KBM = Kernel-based matching.
Results for HHS and rCSI are included in Table S4, Supplementary
Electronic Material.

As outlined in Section 2.3 matching quality can be checked through the examination of the
standardized bias (SB) and t-Test. Both approaches and particularly the latter, suggest good matching
quality for the rubber and subsistence farmers (Table S5, Supplementary Electronic Material). For all
comparison (i.e., rubber growers vs. subsistence farmers and palm oil growers vs. irrigated subsistence
farmers) our results indicate that the matching quality obeys to the rules with the covariate income.
Furthermore, a visual inspection of the density distributions of the estimated propensity scores for the
compared groups indicates that the common support condition is satisfied, that is, there is a substantial
overlap in the distribution of the propensity scores of both groups of industrial crop producers and
subsistence farmers (Figures S2–S3, Supplementary Electronic Material).
3.3.2. Endogenous Treatment Regression Model
The estimated ATE of involvement in smallholder-based rubber production is −32.97 points for
the measure of dietary diversity (i.e., the FCS). This implies that involvement in rubber production
significantly reduces the FCS, having a substantial negative effect on food security. On the other hand,
participation in rubber production reduces the experiential measure of food insecurity (i.e., HFIAS by
−9.61 points) and the measure of coping behaviors (i.e., CSI by −52.65 points) (Table 5).
The estimated ATE of involvement in oil palm production is −22.04 points for the dietary diversity
metric (i.e., FCS), suggesting a statistically significant decrease in this metric of food security (Table 6).
Involvement in oil palm production reduces the experiential measures of food insecurity (HFIAS by
−9.77 points) and consumption behaviors (CSI by −0.95 points). However, only the results for HFIAS
are statistically significant (Table 6).
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Table 5. Linear Regression with Endogenous Treatment Effects for participation in rubber production.
Outcome Equation

FCS

HFIAS

CSI

Coefficient (Standard Error)
Household size
Dependency ratio
Ratio of land given to SOGUIPAH to current land
Home garden area
Natural palm grove area
Livestock
Monthly food expenditure
Annual food expenditure
Amount borrowed for food
Origin of respondent
Gender of household head
Participation in industrial crop production (1 = Rubber, 0 = Subsistence)
Constant

0.99 *** (0.30)
−0.09 ** (0.04)
0.0002 (0.001)
0.09 (0.27)
2.70 *** (0.61)
−0.29 (0.34)
0.004 (0.02)
0.003 ** (0.002)
−0.02 (0.01)
−0.24 (5.09)
2.64 (3.76)
−32.97 *** (9.18)
44.73 *** (6.07)

0.21 ** (0.10)
0.02 * (0.01)
7E-05 (0.0003)
0.08 (0.09)
0.28 (0.20)
−0.04 (0.11)
−0.002 (0.006)
0.0001 (0.001)
0.01 **(0.004)
−0.03 (1.89)
−0.03 (1.40)
−9.61 *** (3.50)
13.03 *** (2.29)

−0.46 (0.53)
−0.07 (0.06)
−0.002 (0.001)
−0.05 (0.47)
1.73 * (1.03)
1.11 * (0.59)
0.05 * (0.03)
0.001 (0.003)
−0.01 (0.02)
10.50 (9.82)
1.40 (7.27)
−52.65 *** (11.87)
49.14 *** (10.59)

0.002 (0.001)
0.09 ** (0.05)
0.0002 **(9E-05)
0.50 (0.33)
0.02 (0.25)
−0.81 ** (0.35)
0.59 * (0.33)
2.96 *** (0.11)
0.53 (0.24)
19.35 (2.12)
10.23 (5.59)
143
55.73 ***
−706.41

0.002 * (0.001)
0.06 (0.04)
0.0002 *** (8E-05)
0.47 (0.32)
0.06 (0.25)
−0.73 ** (0.34)
1.01 ** (0.44)
1.98 (0.15)
0.77 (0.18)
7.27 (1.09)
5.58 (2.11)
143
31.67 ***

0.003 ** (0.001)
0.07 (0.04)
0.0002 *** (8E-05)
0.49 (0.31)
−0.03 (0.24)
−0.71 ** (0.33)
0.995 *** (0.27)
3.63 *** (0.11)
0.76 (0.12)
37.83 (4.04)
28.74 (7.13)
143
30.48 ***
−784.44

Treatment Equation
Off-farm income
MIHFP
Income
Origin of respondent
Gender of household head
Constant
/athrho
/lnsigma
rho
sigma
lambda
Number of observations
Wald chi2(12)
Log likelihood

Notes: *** p <0.01; ** p < 0.05; * p < 0.1. Results for HHS and rCSI are included in Table S6, Supplementary
Electronic Material.

Table 6. Linear Regression with Endogenous Treatment Effects for participation in oil palm production.
Outcome Equation

FCS

HFIAS

CSI

Coefficient (Standard Error)
Household size
Dependency ratio
Ratio of land given to SOGUIPAH to current land
Home garden area
Natural palm grove area
Livestock
Monthly food expenditure
Annual food expenditure
Amount borrowed for food
Origin of respondent
Gender of household head
Participation in industrial crop production (1 = oil palm, 0 =
subsistence)
Constant

−1.45 *** (0.55)
−0.02 (0.06)
−0.001 (0.001)
1.43 *** (0.52)
2.58 (1.71)
−0.97 (2.29)
0.04 (0.04)
−0.002 (0.003)
−0.02 (0.03)
−1.47 (9.16)
8.82 (7.11)

0.17 (0.34)
−0.07 * (0.04)
−0.0002 (0.001)
0.53 * (0.31)
3.62 *** (1.03)
−2.12 (1.39)
−0.04 (0.02)
−0.0005 (0.002)
−0.02 (0.02)
12.27 ** (5.60)
−6.59 (4.32)

0.05 (0.09)
0.02 (0.01)
−6E-05 (0.0002)
0.33 *** (0.09)
0.39 (0.29)
−0.24 (0.41)
−0.004 (0.007)
−0.001 ** (0.0006)
0.01 ** (0.004)
3.49 ** (1.74)
−0.87 (1.35)

−22.04 *** (8.16)

−9.77 *** (2.74)

−0.95 (11.94)

38.84 *** (6.43)

8.84 *** (2.02)

40.51 *** (10.40)

0.002 (0.002)
0.22 *** (0.06)
0.0004 *** (0.0001)
0.94 ** (0.45)
−0.002 (0.32)
−2.16 *** (0.53)
0.26 (0.32)
2.91 *** (0.08)
0.25 (0.30)
18.44 (1.43)
4.63 (5.65)
104
34.69 ***
−503.57

0.003 * (0.002)
0.21 *** (0.06)
0.0003 *** (0.0001)
0.64 (0.45)
−0.03 (0.31)
−1.95 *** (0.55)
0.88 * (0.46)
1.75 *** (0.13)
0.70 (0.23)
5.78 (0.74)
4.07 (1.79)
104
41.49 ***
−369.88

0.002 (0.002)
0.19 *** (0.07)
0.0004 ***(0.0001)
0.91 ** (0.46)
−0.04 (0.31)
−2.08 *** (0.55)
0.23 (0.26)
3.41 *** (0.07)
0.22 (0.25)
30.35 (2.25)
6.81 (7.69)
104
29.99 ***
−555.67

Treatment Equation
Off-farm income
MIHFP
Income
Origin of respondent
Gender of household head
Constant
/athrho
/lnsigma
rho
sigma
lambda
Number of observations
Wald chi2(12)
Log likelihood

Notes: *** p < 0.01; ** p < 0.05; * p < 0.1. Results for HHS and rCSI are included in Table S7, Supplementary
Electronic Material.
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4. Discussion
The studied local communities experience high levels of food insecurity, as consistently suggested
by: (a) the mean scores of each food security metric (Table 3) and (b) the distribution of respondents
across food security thresholds (Figure 2). However, the involvement in smallholder-based rubber
and oil palm cultivation generates significantly higher on-farm income and allows industrial crop
smallholders spend on average more money to purchase food (Section 3.1). Yet, the relatively larger
family sizes of industrial crop grower households can possibly negatively affect their food security,
as study groups with smaller average family size (e.g., subsistence farmers) report fewer months of
inadequate household food provisioning (MIHFP) (Section 3.1). This finding reflects other studies in
SSA, which have found that household size negatively affects some food security aspects [55–59].
Overall the food security status of study groups varies among the different metrics (Table 3).
Both oil palm and rubber smallholders have significantly lower levels of diet diversity (FCS) than
subsistence farmers (Table 3). On the other hand, industrial crop smallholders have lower levels
of perceptions of hunger (HFIAS) compared to subsistence farmers, with oil palm growers having
significantly better HFIAS levels than the other study groups. When it comes to coping behaviors
in periods of food scarcity (e.g., CSI) there are mixed results between groups. In particular group
differences are not statistically significant (Table 3). When looking at the distribution patterns across
indicator thresholds (Table S1, Figure 2), subsistence farmers have the lowest proportion of respondents
in the highest food insecurity thresholds for FCS and HFIAS and the second lowest for CSI (only behind
rubber growers). Oil palm growers consistently have the highest proportion of respondents in the
highest food insecurity thresholds for all indicators.
Both the PSM and ETER analyses suggest that involvement in industrial crop production decreases
food security in terms of diet diversity (i.e., FCS) (Table 7). When it comes to perceptions of hunger
(HFIAS), the involvement in oil palm production improves food security as indicated by both the PSM
and ETER methods (Table 7). The PSM analysis reports similar findings and for rubber producers,
albeit with lower (or no) statistical significance (Table 7).
On the other hand, it is not possible to conclusively deduce the effect of involvement in industrial
crop production on coping behaviors (CSI). Although involvement in oil palm and rubber production
seems to improve the CSI across most of the techniques, there are some contradictions in the results
(i.e., when using the CBM matching technique or comparing the results of the PSM and the ETER
methods) (Table 7). Hence, it is not easy to establish a causal relationship between involvement in
industrial crop production and CSI improvement. It is worth mentioning, however, that the results
of the ETER are statistically significant and suggest that involvement in industrial crop production
improves the CSI and thus enhances food security.
Overall, Table 7 suggests that involvement in rubber and oil palm production largely enhances
the levels of food security metrics that have longer time scales and entail a subjective awareness of
food security, such as perceptions of hunger (HFIAS) and coping behaviors (CSI). On the other hand,
involvement in oil palm and rubber production reduces the levels of food security metrics that use
shorter time scales and measure food diversity (FCS). In this sense involvement in industrial crop
production does not enhance consistently food security across all metrics. This effect can possibly
be explained by the strong sense of security that steady and higher income provides across time
(food stability), that outweighs the shortcomings on diet diversity (food utilization).
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Table 7. Food security outcomes of involvement in industrial crop cultivation for all metrics and tests.
Analysis

Metric/Test

Rubber Grower vs. Subsistence Farmers

Oil palm Growers vs. Subsistence Farmers

Effect on Metric

Comment

Effect on Metric

Comment

NNM (ATT)

15.80 (14.41)

Positive effect on food
security (not significant)

21.49 * (13.48)

Positive effect on food
security (low significance)

CBM (ATT)

−19.13 ** (8.07)

Negative effect on food
security (significant)

−7.60 (14.95)

Negative effect on food
security (not significant)

KBM (ATT)

−6.99 (5.98)

Negative effect on food
security (not significant)

27.82 * (17.43)

Positive effect on food
security (low significance)

NNM (ATT)

−6.01 * (4.15)

Positive effect on food
security (low significance)

−8.84 ** (4.39)

Positive effect on food
security (significant)

CBM (ATT)

−0.95 (2.27)

Positive effect on food
security (not significant)

−7.00 ** (3.14)

Positive effect on food
security (significant)

KBM (ATT)

−2.28 * (1.70)

Positive effect on food
security (low significance)

−9.20 ** (5.24)

Positive effect on food
security (significant)

NNM (ATT)

−28.86 * (18.14)

Positive effect on food
security (low significance)

−20.22 (29.42)

Positive effect on food
security (not significant)

CBM (ATT)

2.40 (10.16)

Negative effect on food
security (not significant)

23.40 (30.50)

Negative effect on food
security (not significant)

KBM (ATT)

−5.39 (9.38)

Positive effect on food
security (not significant)

−29.74 (28.31)

Positive effect on food
security (not significant)

−32.97 ***(9.18)

Negative effect on food
security (significant)

−22.04 *** (8.16)

Negative effect on food
security (significant)

−9.61 *** (3.50)

Positive effect on food
security (significant)

−9.77 *** (2.74)

Positive effect on food
security (significant)

−52.65 *** (11.87)

Positive effect on food
security (significant)

−0.95 (11.94)

Positive effect on food
security (not significant)

FCS

HFIAS
PSM

CSI

FCS
ATE
HFIAS
ETER

ATE
CSI
ATE

Notes: *** = p < 0.01, ** = p < 0.05, * = p < 0.1; NNM = Nearest neighbor matching; CBM = Caliper-based matching;
KBM = Kernel-based matching.

However, this income can be precarious due to various reasons. For example, informal interviews
with community members during this survey suggest that smallholders are contractually obliged to
sell all their produce to SOGUIPAH. However, the company imposes its own pricing system, excluding
the opinions of rubber and oil palm smallholders in price negotiations. Moreover, SOGUIPAH does not
always respect signed agreements with smallholders or offer the agreed price. It is worth mentioning
that international commodity prices have fluctuated widely in the past years but even during times
of favorable international prices, SOGUIPAH has declined to increase the price offered for rubber
coagulum and fresh fruit bunches (FFB). Many of the interviewed oil palm and especially rubber
smallholders stated that their income has declined substantially in the past years due to this situation.
This has brewed a growing dissatisfaction to rubber and oil palm smallholders in the wider study area.
Due to this situation, some community members and key stakeholders initiated the Regional
Federation of Oil Palm and Rubber Producers (FEREPPAH). FEREPPAH is a farmer-led organization
founded in 2006 in Diecke. Its main goal is to facilitate access to quality planting material, defend the
interests of rubber and oil palm smallholders and strengthen their technical capability. FEREPPAH
is managed directly by smallholders and, among others, it defends the rights of producers to sell
their product in whatever market channel they chose, even if it is not SOGUIPAH. This has caused
some conflicts with SOGUIPAH (which is essentially a for-profit entity) that can possibly affect the
future stability of the oil palm/rubber market and the income that eventually reaches industrial
crop smallholders.
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Such issues have been raised and in other studies in Guinea and the wider region. For example,
the Famine Early Warning Systems Network (FEWS Net) has found that rubber remains an important
cash crop in Guinea, despite the current production decline, low world market price and the lack of
proper maintenance in many rubber plantations [60]. Actually, many rubber-producing households
have diverted much of their effort and resources on food crop production in order to compensate for
the lower incomes obtained through the rubber production [60]. The declining global rubber prices
during the past few years have become a major obstacle to the expansion of smallholder-based rubber
production in some parts of Guinea [61]. Even the rally in global rubber prices in the first half of 2016
(from 2000 GNF per kg in early 2016, to 2500 GNF per kg in July 2016) was not much of an incentive
to further invest in rubber production and/or the maintenance of rubber farms [61]. Similar reports
from Liberia have indicated that the steady decline in international rubber prices has influenced many
rubber-producing households to turn to charcoal production, migration, remittances and borrowing,
to meet their basic non-food expenditure [62].
As noted above involvement in industrial crop production has different effects for the different
metrics used in this study. For example, subsistence farmers seem to be more food secure in terms of diet
diversity (FCS), while rubber and oil palm smallholders to be better off in terms of perceptions of hunger
(HFIAS) and coping behaviors (CSI), however, with the latter two less pronounced. This discrepancy
between metrics suggests that they capture different aspects of food security and reflects several
other studies that have raised issues of comparability between the different metrics (e.g., [30,31,39,63].
Our study also reflects some of the studies that have shown variability between standardized metrics
of food security in industrial crop settings depending on the crop and type of involvement, (e.g.,
Thornhill et al., 2016; Anderman et al., 2014; Johnson et al., 2018). Considering this lack of consensus, it
is important to continue building this current evidence base in SSA countries [1], especially in countries
such as Guinea that experience both a renewed interest in industrial crop production and extensive
food insecurity.
However, it is important to point some shortcoming of this study. First, as this is an exploratory
rapid assessment, we used small samples for each study group. Even though we randomized to the
extent possible sample selection, the fact remains that the small sample might have caused some of the
inconclusive or contradictory results between some groups and tests. Future studies should aim to
increase sample sizes in order to achieve a more robust statistical analysis. Second, our study included
subsistence farmers as a non-intervention group. Even though the households in this group were not
treated in terms of industrial crop adoption, there is a likelihood of interaction with other SOGUIPAH
activities such as irrigation systems (for rice production) and road infrastructure. These are large-scale
interventions that might have had some effect to the subsistence farmers. In this respect subsistence
farmers might not have been a control group in the very strict sense of the term (this is why we do
not use this term in this study). Even though this does not affect the main focus of the analysis (i.e.,
food security outcomes of involvement in industrial crop production), future studies should seek to
include control groups that did not have any interaction with SOGUIPAH. This would possibly require
locating control groups in faraway communities to ensure that SOGUIPAH activities did not have
any effect on them. In such studies caution should be paid to find communities that have exactly
the same characteristics (or shared the exact circumstances) of the industrial crop growers prior to
interaction with SOGUIPAH. This would add more nuanced information about the actual food security
outcomes of involvement in industrial crop production in the region. Finally, our study employs
standardized metrics of food security. Even though such metrics can offer very powerful information
about the impacts of industrial crop production [1], there is a possibility that the obtained results
might be affected by the time of the year the survey has been conducted. Future studies should seek to
undertake data collection during multiple periods of the year and/or capture “ultimate” measures of
food security such as child stunting [1].
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5. Conclusions
This paper assesses the food security outcomes of the involvement in smallholder-based rubber
and oil palm production in the Forest Region of Guinea. We have conducted an exploratory rapid
assessment that has used multiple standardized metrics of food security to compare the food security
status of industrial crop smallholders and subsistence farmers. Our results suggest that subsistence
farmers have better food security levels in terms of diet diversity (FCS) but worse levels in terms of
perception of hunger (HFIAS). Results for coping behaviors (CSI) are mixed, without any clear pattern
or statistically significant differences between groups.
Propensity Score Matching (PSM) and Endogenous Treatment Effect Regression (ETER) analyses
indicate that involvement in industrial crop production has different food security outcomes depending
on the metric and the crop. Both PSM and ETER converge to reveal that involvement in rubber and
oil palm production has a positive effect on food security in terms of perceptions of hunger (HFIAS)
and coping behaviors (i.e., CSI). Both models also agree that involvement in rubber production fails to
improve dietary diversity (FCS).
Overall, our results suggest that involvement in rubber and oil palm production has different food
security outcomes for the different metrics. In particular involvement in industrial crop production
largely improves food security outcomes for metrics that entail a subjective awareness of food security
but have the opposite effect for measures that entail an objective assessment of food diversity patterns.
In this sense involvement in industrial crop production does not enhance consistently food security
across all metrics. This can possibly be explained by the strong sense of security that steady and
higher income provides across time (food stability), that outweighs the shortcomings of diet diversity
(food utilization).
However, caution should be used in interpreting these findings as the tests for some indicators
and groups are not statistically significant, possibly due to the small sample sizes used in this study.
Future studies should aim to build on this study by (a) increasing sample sizes, (b) including control
groups that properly reflect the situation prior to SOGUIPAH interventions, (c) conducting surveys
during different times of the year and/or including ultimate measures of food security such as
child stunting.
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