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Introduction: While crop diversification indices are relatively simple and useful for

quantifying the extent of crop diversification, they may not account for the potential

di�erences in the types of crops grown. This study shows the need to complement

crop diversification indices with an enterprise structure approach to improve index-

based crop portfolio decision making.

Methods: The study uses linear regression models and nationally representative

farm survey data from 7,934 farmers in Zambia. The study compares the enterprise

approach and the Simpson index of diversification which is commonly used in crop

diversification studies.

Results and discussion: We find that complementing the enterprise structure

approach with the Simpson index of diversification can increase profitability by as

high as 77.89% for farmers. The cassava enterprise structure had the most returns

for farmers. It had a gross margin of ZMW 3,887 per hectare and was trailed by the

maize/groundnuts/cotton/rice enterprise structure with a gross margin of ZMW3,681

per hectare. These results suggest that the use of aggregation crop diversification

indices, without an additional enterprise structure analysis, may obscure the necessary

insights needed to practically help farmers.

KEYWORDS
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1. Introduction

Crop diversification indices are used to measure the number and evenness of crop species

or varieties in a farm’s crop portfolio (Mzyece and Ng’ombe, 2020, 2021). Due to their relative

simplicity and usefulness as a comparison method, diversification indices have become popular

for quantifying the extent of crop diversification. However, given their focus on the number and

proportion of crops in a portfolio, crop diversification indices may not account for the potential

differences in the types of crops grown. That is, a farmer growing crops A and B would be

considered to have the same degree of diversification as another farmer growing crops C and

D if the proportion of the two crops in their portfolios are the same (Mzyece, 2020). The failure

to account for differences in the types of crops involved in diversification suggests that the indices

cannot capture the effects of economies of scope among crops in a portfolio.

Economies of scope imply that the joint cost of producing two or more crops in a given

portfolio is less than the sum of the costs of producing each crop by itself (Nayyar, 1993).

For example, economies of scope for a smallholder farmer producing two crops such as maize

and groundnuts exists when the cost of producing maize and groundnuts together (i.e., in one

field/plot) is lower than the cost of producing the two crops separately (on different fields/plots).

This is because the farmer may cost save by using the same inputs for both crops. For example,

one weeding would apply to two crops, whereas if the two crops were produced separately,
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weeding costs would double as each crop would require its own

weeding. In general, cost savings (or economies of scope) arise when

two enterprises or crops share some unique factor of production

(Ansoff, 1965; Rumelt, 1974; Teece, D. J., 1980; Chavas and Kim,

2010).

The failure of diversification indices to capture such economies

of scope implies that indices cannot be insightful in helping farmers

identify superior diversification strategies (Mzyece, 2020; Maggio

and Sitko, 2021). The numerical focus of diversification indices

also makes it difficult to translate the results of their effects into

practical recommendations for practitioners. For example, if the crop

diversification index is found to have a positive (negative) significant

effect on farm performance, a follow-up recommendation may be to

encourage farmers to grow more (less) of the crops in the portfolio.

But the index does not suggest which crops should be included or

excluded in a recommended production portfolio leaving farmers

with the responsibility of choosing which crops to add or remove.

Thus, giving production recommendations based on a diversification

index is analogous to a medical doctor issuing a prescription without

specifying the dosage.

Fortunately, a complementary approach to crop diversification

indices called the enterprise structure approach has recently been

introduced by Mzyece (2020). The enterprise structure approach is

touted to override some of the limitations of diversification indices.

Mzyece (2020) defines an enterprise structure as a farmer’s chosen

combination of crops and cropping systems. For example, a farmer

growing maize on one field and soybean on another would have a

maize/soybean enterprise structure, which would be different from

that of a farmer growing maize and soybean in the same field as

a mixed crop. Also, the maize/soybean enterprise structure would

be different from that of a farmer growing sunflower and cassava

on different plots even though the proportion of sunflower and

cassava was the same as that of maize and soybean in these respective

portfolios. The enterprise structure approach also recognizes farmers

specializing in different crops as using different enterprise structures.

Compared to the diversification index, the enterprise structure

approach accounts for heterogeneity in different crop portfolios and

provides clearer and more detailed information on which specific

crop portfolios are associated with identified performance indicators.

Thus, the enterprise structure approach can facilitate the provision of

useful recommendations to improve desired outcomes from index-

based crop diversification decisions. That is, once a diversification

index has been used to assess whether growing more or fewer crops

is more beneficial for farmers, the enterprise structure approach can

then be used to guide the construction of crop portfolios that produce

desired objectives.

The objective of this study is to expound on how the

two approaches are complementary for evaluating diversification

decisions. Specifically, we show that a diversification index (in

this case the Simpson index) and the enterprise approach play

complementary roles by increasing profitability for farmers when

used together. While there are many diversification indices, we use

the Simpson diversity index (Simpson, 1949) because it is one of

mostly commonly used diversification indices in agricultural and

applied economics (e.g., Jarvis et al., 2008; Rajendran et al., 2017;

Deng et al., 2018; Muthini et al., 2020; Mzyece and Ng’ombe, 2020,

2021; Ecker and Hatzenbuehler, 2022; Momeni and Antipova, 2022;

and many others). Other diversification indices that have been used

in the applied literature are summarized in Table 1. In Table 1, the

variable Ai is defined as the land area allocated to crop Ai or

the income contributed by crop i, and S is the number of crops.

Table 1 shows that a common characteristic of diversification indices

is that they only take into account the number and the relative

proportion of crops in a portfolio (Tabner, 2007). Our study can

help practitioners and researchers understand the forgone benefits

they should consider when evaluating crop diversification decisions

using crop diversification indices alone in lieu of complementing the

diversification indices with an enterprise structure approach.

2. Literature review

In principle, crop diversification is considered as a sustainable

agricultural strategy because of its potential ecological benefits

(Lin, 2011) that translate into cost savings (Rahman, 2009; Arslan

et al., 2018) and increased incomes (Guvele, 2001; Makate et al.,

2016). Given its potential implications on farmer welfare, several

governments and international development agencies/organizations

[e.g., US Agency for International Development, the Food and

Agricultural Organization (FAO), World Bank (WB), and the

Intergovernmental Panel on Climate Change (IPCC)] have

continuously increased their support for crop diversification

(Mzyece, 2020). Given this increased support, many empirical papers

have evaluated impacts of crop diversification on various outcomes

using diversification indices (e.g., Llewelyn and Williams, 1996;

Coelli and Fleming, 2004; Haji, J., 2007; Rahman, 2009; Di Falco

et al., 2010; Maggio et al., 2018, and Arslan et al., 2018; Mzyece and

Ng’ombe, 2020, 2021 and others).

In evaluating diversity decisions by economic agents,

Diversification indices have become useful because of their simplicity

and aggregation advantages. Prominent diversification indices

include the Herfindahl index (Herfindahl, 1950), the Simpson index

(Simpson, 1949), and the Margaleaf index (Margalef, 1958). These

indices have been adopted to study the effects of crop diversification

on farm performance by many researchers (e.g., Llewelyn and

Williams, 1996; Coelli and Fleming, 2004; Haji, J., 2007; Rahman,

2009; Di Falco et al., 2010; Arslan et al., 2018; Maggio et al., 2018). In

addition to diversification and performance, others have used indices

to explain the role of diversification in risk management (Just and

Candler, 1985; Smale et al., 1998; Di Falco and Chavas, 2009; Arslan

et al., 2018; Maggio et al., 2018).

Diversification indices are however limited in providing useful

insights about diversification decisions. Herfindahl (1950), the

pioneer of the Herfindahl index cautioned that his index would to

some extent, misrepresent situations whose outcome was actually

dependent on many other factors. Adelman, M. A. (1969) also

consented that two different portfolios would have the same index

and therefore the index could mask the real structure of the portfolio.

Green (1979) and Ludwig and Reynolds (1988) also criticized

diversification indices as approaches that over-simply highly complex

systems into simple measures.

Maggio et al. (2018) attempted to improve upon the

diversification indices by using an approach that considered

combinations of crops from different crop groups (legumes,

staples, cereal, cash crops) as being different forms of

diversification. They examined the determinants and
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TABLE 1 List of common diversification indices.

Diversification
index

Formula Characteristics Selected citations

Herfindahl index Let pi =

(

Ai
∑k

i=1 Ai

)

, where Ai is the land area allocated

to each crop or income contributed by each crop.

The Herfindahl index is calculated as
∑k

i=1 p
2
i .

It is based on the number of crops

grown and their relative abundance in

the crop portfolio.
Culas and Mahendrarajah (2005);

Manjunatha et al. (2013), Li et al. (2016).

Simpson index Let pi =

(

Ai
∑k

i=1 Ai

)

, where Ai is the land area allocated

to each crop or income contributed by each crop.

The Simpson index is calculated as 1−
∑k

i=1 p
2
i .

It is based on the number of crops

grown and their relative abundance in

the crop portfolio.

Di Falco and Perrings (2003),

Mofya-Mukuka and Hichaambwa

(2016); Arslan et al. (2018).

Margalef index Given that S is the number of crops grown by a

household, N is the total number of crops in the

sample and ln is the natural logarithm, the Margalef

index is measured as S−1
lnN

.

It is based on the number of crops

grown

Di Falco and Chavas (2009), Di Falco

et al. (2010).

Entropy index
∑

k

pk log pk It is also based on the number and

relative abundance of crops.

Pope and Prescott (1980); Culas and

Mahendrarajah (2005).

Index of maximum

proportion

The index of maximum proportion is the ratio of land

area allocated to the main crop to its total crop area. It

is calculated asMaxpi where i= 1, 2. . .n

It is based on the proportion of the

main crop

Pope and Prescott (1980); Culas and

Mahendrarajah (2005)

Ogive index It is calculated as:
∑N

i

[

(yi− 1
N )

2

1
N

]

where N is the

number of the crops grown and yi is the land area or

revenue share from the ith crop

It is based on the number of crops

grown and their relative abundance

Coelli and Fleming (2004); Rahman

(2009).

Number of crops grown Sum of individual crops being grown It is based on the number of crops

grown

Pope and Prescott (1980); Culas and

Mahendrarajah (2005)

impacts of the following diversification portfolios: (i) a

maize-only portfolio; (2) a maize/legume portfolio; (3) a

maize/staples portfolio; (4) a maize/cash crop portfolio; (5)

a maize/legume staples portfolio; (6) a maize/legume/cash

crop portfolio; and (7) a maize/legume/staples portfolio. Their

results showed that portfolios that had legumes resulted in

better outcomes.

The approach by Maggio et al. (2018) is an improvement

upon the diverfication index approach in that it accounts for

heterogeneity in crop groups. However, it does not account for

differences in crops within a crop group because it assumes

that all crops in a particular crop group are similar. That is,

their approach would consider growing maize and groundnuts

on different fields to be the same diversification strategy as

growing maize and soybeans on different or on the same field

because both groundnuts and soybeans are legumes. However, based

on market characteristics, profitability from a maize/groundnuts

portfolio may be very different from that of a maize/soybean

portfolio. Therefore, for a more complete understanding of the effects

of crop diversification, a more detailed dissaggregation of crops

is required.

The enterprise structure approach provides this required

depth of disagregation by considering each unique crop, crop

combination and cropping system used, to result in different

diversification strategies. This approach complements the index

approach as well as the approach by Maggio et al. (2018), by

facilitating more specific recommendations regarding which crops

to diversify into or out of. This paper aims to shed light on the

benefits of complementing the index approach with the enterprise

structure approach. We hypothesize that the profitability is higher

for farmers when diversification recommendations are based on

both the enterprise structure approach and the index approach

compared to when recommendations are based on the index

approach alone.

3. Methods and materials

3.1. Theoretical framework

This study is based on the theory of economies of scope (Panzar

and Willig, 1981). Suppose a profit-maximizing farm operator is

producing m outputs using n inputs. Let yi and pi be the output and

price of good i, respectively and let xj andwj be the quantity and price

of input j, respectively. Y is a vector of outputs
(

y1, yi···ym
)

and X

is a vector of inputs
(

x1, xj···xn
)

. A farm operator is faced with the

following optimization problem:

maxx
∑m

i=1
piyi −

∑n

j=1
wjxj (1)

s.t Y =f (X) (2)

By solving this optimization problem, we can find the optimal

input levels xi
∗ which can then be used to determine the cost function,

c
(

yi, pi
)

for a firm producing one output and the cost function,

c (Y , P) for a firm producingm outputs.

Economies of scope exist if:

∑m

i=1
c
(

yi, pi
)

> c (Y , P) (3)

or if:

∑m
i=1 c

(

yi, pi
)

− c (Y , P)

c (Y , P)
> 0 (4)

A sufficient condition for a multiproduct cost function to exhibit

overall economies of scope is the existence of cost complementarities

(synergies) among the different outputs being produced (Baumol

et al., 1982). If crop portfolios differ in their extent of cost
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complementarity, then different crop portfolios may be expected to

differ in scope economies and, therefore, in profitability even if the

portfolios have the same number of crops. Therefore, in the context of

this study, economies of scope advantages in a given portfolio would

show up as cost savings and therefore as higher profitability. The

underlying assumption in the enterprise structure empirical analysis

is, therefore, that crop portfolios with stronger scope economies are

more profitable than those with weak scope economies.

3.2. Data and procedures

This study uses secondary data from Zambia’s 2015 Rural

Agricultural Livelihoods Surveys (RALS). The RALS is a nationally-

representative survey designed and implemented by the Indaba

Agricultural Policy Research Institute (IAPRI), the Central Statistical

Office and the Ministry of Agriculture in Zambia. The goal of the

survey was to study alternatives for improving crop production,

marketing and food consumption among smallholder farmers in

Zambia. The sample of the survey focused on households cultivating

less than 20 hectares.

The 2015 RALS had a sample size of 7,934 households randomly

sampled using a two-stage stratified sample design. The first stage

involved identifying the Primary Sampling Unit (PSU) based on

Zambia’s 2010 population census sampling frame. A PSU is defined

as one or more Standard Enumeration Areas (SEAs) with a minimum

of 30 agricultural households. The second stage involved identifying

agricultural households from a list of all households in the PSU.

Thereafter, systematic sampling was used to select 20 agricultural

households in each PSU. A total of 476 PSUs across all the 10

provinces of Zambia were covered during sampling. We preferred to

use the RALS dataset because of its national representation, wide crop

coverage, and high quality of data.

Table 2 shows that, on average, farmers realized a gross margin

per hectare of ZMW 2,485.09/ha, equivalent to about $388.3/ha.

About 76% were male-headed households with an average age of

48 years and formal education years of 5.8 years, all of which

compare well with Zambia’s 2013–2014 Post Harvest Survey. The

production characteristics of farmers in the sample show that the

average quantity of fertilizer applied was 111.81 kg/ha. This is

close to the national average fertilizer application rate of between

100.7 and 120.7 kg/ha as reported by Chapoto and Chisanga

(2016). To account for variability among households who used

improved seed, we computed the proportion of area planted onwhich

households used improved seed. Table 2 shows that, on average,

households used improved seed on 56% of the land area planted.

With respect to crop rotation, 48% of households reported rotating

cereals with nitrogen fixing crops between the 2013 and 2014

agricultural seasons.

Table 2 shows farmers’ location by their agro-ecological zone

(AEZ). Zambia has heterogenous environmental and climatic

conditions that vary by four AEZs (FAO, 1973; Ng’ombe, 2017).

These include AEZ I, AEZ IIa, AEZ IIb, and AEZ III. AEZ I is steep

and flat by topography and has river valleys in both the east and

south. It has an annual rainfall distribution of up to 700 millimeters

(mm) (FAO, 1973; Ng’ombe, 2017). AEZ IIa has annual rainfall

distribution of between 800 and 1,000mm and has haplic lixisol soils

with central plateaus while AEZ IIb has ferrallic arenosols soils on

western plateaus with rainfall of around 1,000mm. annually. AEZ

III is characterized by acidic haplic acrisols soils and covers most of

Zambia’s north and north-western parts. In terms of rainfall, AEZ III

receives annual rainfall of at least 1,000mm (FAO, 1973).

Table 2 indicates that majority of farmers were located in AEZ

IIa and III, with 40% and 43% of the farmers in the sample

being located in these zones, respectively. This could be attributed

to the large surface areas of regions AEZ IIa and III [42% and

46% of the country’s surface area, respectively (Zamseed, 2019)]

which allow them to accommodate more households. AEZ I and

IIb, on the other hand, individually account for only 8% of the

sample each.

The variables of interest in this study are the Simpson index of

diversification (SID), the enterprise structure (EP), and profitability

(gross margin per hectare). To construct the enterprise structure that

each household was using, we used plot-level data from RALS to

identify what crop or crops were grown in each plot and the cropping

pattern being used in the plot. A plot with a single crop grown was

categorized as a monocrop plot. A plot with a mixture or intercrop of

more than one crop was categorized as a plot with mixed cropping.

The collection of all monocrop and/or mixed crop plots formed the

enterprise structure of the firm. There were thousands of unique

enterprise structures in the data because each crop portfolio would

result in a unique enterprise structure when a different cropping

system was used on either all plots or just some of the plots.

The 33 EPs that were analyzed in this study are presented in

Table 3. Table 3 shows that the most popular EP was the maize (Mz)

EP which was used by 19.47% of the households. This EP represents

farmers who are specializing in producing maize only. In the context

of Zambia, the country’s policy direction on crop diversification is

to encourage farmers who are specialized in producing maize to

diversify into other crops for purposes of managing climate change

risks (Government of the Republic of Zambia, 2010). In estimating

the effects of EPs on profitability, therefore, the Mz EP is the base

variable against which other crop portfolios are compared. Besides

the Mz EP, the cassava (Cs) EP is the only other EP that involves

specialization in this study. Among the rest of the 30 Eps, 12 involve

diversification with two crops, another 12 involve diversification with

three crops, five involve diversification with four crops while only two

involve diversification with five crops. Table 3 further shows that, of

the 33 EPs, 30 include maize in the crop portfolio suggesting that

Zambia is a maize-centric country. Table 3 also shows the average

gross margin associated with each EP. These descriptive statistics

show that Cs is the most profitable EP with a gross margin per hectare

of ZMW 3,887.22 followed by Mz/Gn/Ct/R which has a gross margin

per hectare of ZMW 3,681.31. The high gross margin per hectare

associated with the Cs EP should be interpreted with caution because

it wasmeasured as the total amount of mature cassava produced, both

harvested and unharvested. The least profitable EP is Mz/Ml with a

gross margin per hectare of ZMW 1,350.54 followed by Mz/Sf with a

gross margin per hectare of ZMW 1,780.73.

3.3. Empirical framework

To estimate the change in profitability associated with a crop

diversification index and enterprise structure, we compare results

Frontiers in Environmental Economics 04 frontiersin.org

https://doi.org/10.3389/frevc.2023.1074865
https://www.frontiersin.org/journals/environmental-economics
https://www.frontiersin.org


Mzyece et al. 10.3389/frevc.2023.1074865

TABLE 2 Sample summary statistics (N = 7,393).

Variable Mean Std. Dev. Min Max

Dependent variable

Gross margin (ZMW) per hectare∗ 2,485.09 1,942.53 −15,062.3 36,286.78

Demographic variables

Male 0.76 0 1

Age 48.04 15.27 16 105

Household size 6.63 2.80 1 30

Years of education 5.80 3.84 0 19

Socio-economic variables

Value of assets 677.68 4,046.67 0 160,100

Amount of subsidy 275.48 692.50 0 19,470

Small farm (0–1.99 hectares) 0.72 0 1

Medium farm (2–19.99 hectares) 0.28 0 1

Production variables

Kgs of fertilizer per hectare 111.81 130.15 0 1,275

Improved seed 0.56 0 1

Crop rotation 0.48 0 1

Geographical location (proportion of farms)

AEZ I 0.08 0 1

AEZ II a 0.40 0 1

AEZ II b 0.08 0 1

AEZ III 0.43 0 1

∗Exchange rate: $1= ZMW6.4 (Exchange-rates.org, 2019).

from three models that examine the effect of crop diversification on

profitability. The first model measures crop diversification using the

Simpson index of diversification structured as a continuous variable,

the second model measures crop diversification using the Simpson

index structured as a dichotomous variable [Specialized (0 ≤ SID

≤ 0.5) and Diversified (0.5 ≤ SID ≤ 1)]. The third model measures

crop diversification using the enterprise structure. The dependent

variable in this study is crop profitability, defined as gross margin

per hectare. For all three model, we estimate linear models using

Ordinary Least Squares (OLS) after testing and correcting for all

classical linear assumptions except for potential endogeneity. Testing

for endogeneity would require collapsing the enterprise structure

variable (a dummy variable with 33 categories in this study) into an

index for which an instrumental variable can be identified. Since the

goal of the study is to compare the results of the index approach

alone to the results of complementing the index with an enterprise

structure, we proceed to estimate the models without accounting for

endogeneity. In the presence of endogeneity, this study would only

provide suggestive results (Michler and Josephson, 2017) and would

provide a springboard for future studies considering the enterprise

structure framework.

The dependent variable, gross margin per hectare is calculated as

gross margin divided by hectares planted. Gross margin is calculated

as crop revenue (based on harvested output) less total variable costs.

Calculating crop revenue based on harvested output eliminates the

need to separate home consumption from the analysis. Production

cost is determined using only purchased inputs: fertilizer; hired

labor; and transportation. Seed and herbicide costs were unavailable

and were, thus, not included. The two independent variables of

interest are the SID and EP. The formula for the SID is as shown

in Table 1, where 0 ≤ SID ≤ 1, in which 0 means no diversification

and 1 means maximum diversification. The EP is a unique crop

portfolio constructed as the combination of the different crops that a

household grew. It is expected that the number of potential EPs in this

study would be large making it difficult to compare each EP to a base

category. However, to be able to draw statistical inferences, we focus

on the EPs that were adopted by at least 30 farm households because

a sample size of at least 30 often increases the confidence interval for

the respective parameters in statistical inference (Hogg et al., 2015).

This limits our empirical analysis to 33 EPs and reduces our sample

size from 7,393 to 4,895. The list of these 33 EPs are presented in

Table 3.

Given that π is gross margin per hectare, SID is the Simpson

index, EP is the enterprise structure, βi and αi are the parameters

being estimated, xi are the control variables while u and e are

IID normally distributed error terms with zero mean and constant

variance, the models estimated are as follows:

Model 1: lnπ = β0 + β1SID+

∑n

i=2
βixi + u (5)

Model 2: lnπ = α0 + α1SID_Diversified +
∑n

i=2
αixi + ε (6)

Model 3: lnπ = δ0 + δjEPj +
∑n

i=1
αixi + e (7)
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TABLE 3 Names of enterprise structures and percentage of households using them.

Enterprise structure (EP) name Abbreviated enterprise
structure name

Percentage of households
using the EP

Gross margin per
hectare

Maize Mz 19.47 2,388.03

Cassava Cs 2.53 3,887.22

Maize/groundnuts Mz/Gn 15.42 2,531.97

Maize/cassava Mz/Cs 6.33 2,896.63

Maize/cotton Mz/Ct 4.62 2,647.42

Maize/sweet potato Mz/Sp 2.37 2,157.31

Maize/sunflower Mz/Sf 2.08 1,780.73

Maize/mixed beans Mz/Mb 2.00 2,693.77

Maize/soybeans Mz/Sb 1.57 2,375.69

Maize/rice Mz/R 1.06 2,373.16

Cassava/groundnuts Cs/Gn 0.86 2,787.87

Maize/sorghum Mz/Sg 0.88 2,217.06

Cassava/rice Cs/R 0.61 1,827.85

Maize/millet Mz/Ml 0.92 1,350.54

Maize/groundnuts/cotton Mz/Gn/Ct 6.95 2,580.57

Maize/groundnuts/sunflower Mz/Gn/Sf 5.31 2,251.20

Maize/cassava/groundnuts Mz/Cs/Gn 4.25 2,399.93

Maize/groundnuts/sweet potatoes Mz/Gn/Sp 3.86 2,195.21

Maize/groundnuts/mixed beans Mz/Gn/Mb 2.84 2,603.84

Maize/groundnuts/soybeans Mz/Gn/Sb 1.7 2,478.37

Maize/cassava/rice Mz/Cs/R 1.51 1,921.35

Maize/cassava/mixed beans Mz/Cs/Mb 1.18 2,997.52

Maize/groundnuts/rice Mz/Gn/R 0.67 3,492.32

Maize/cassava/sweet potatoes Mz/Cs/Sp 0.92 2,526.78

Maize/cotton/sunflower Mz/Ct/Sf 0.9 2,329.93

Maize/groundnuts/millet Mz/Gn/Ml 0.74 1,970.86

Maize/cassava/groundnuts/mixed beans Mz/Cs/Gn/Mb 1.82 2,135.39

Maize/groundnuts/cotton/sunflower Mz/Gn/Ct/Sf 2.53 2,586.01

Maize/groundnuts/cotton/rice Mz/Gn/Ct/R 0.74 3,681.36

Maize/groundnuts/soybeans/sunflower Mz/Gn/Sb/Sf 0.94 2,649.35

Maize/cassava/groundnuts/sweet potatoes Mz/Cs/Gn/Sp 1.00 2,328.93

Maize/groundnuts/cotton/soybeans/sunflower Mz/Gn/Ct/Sb/Sf 0.61 2,433.69

Maize/cassava/groundnuts/mixed beans/sweet

potatoes

Mz/Cs/Gn/Mb/Sp 0.80 2,390.63

Total Total 100 2,497.44

From Model 1, if β1 is positive and significant, then as farmers

become more diversified, their gross margin per hectare increases

significantly. A policy recommendation from such a result would be

to encourage farmers to grow more crops, without specifying which

crops those should be. Likewise, if β1 is negative and significant, then

gross margin per hectare may be increased by growing fewer crops. In

Model 2, the Simpson index has been dichotomized into a categorical

variable (Specialized andDiversified) by creating a threshold in which

an index of between 0 and 0.5 implies specialization while an index

of between 0.5 and 1 implies diversification. If α1 is positive and

significant in this model, it would imply that being diversified is

associated with higher profitability than being specialized, and vice

versa if α1 is negative. From Model 3, EPj is a categorical variable

of the different crop portfolios. Therefore, δj represents a series of

parameters which compare the effect on gross margin per hectare of

each crop portfolio to a base category. We estimate profitability/loss
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from diversifying on the basis of recommendations from an index by

examining the size of δj that would be foregone if farmers diversified

on the basis of an aggregate effect (β1).

The control variables included in this study include: gender,

age, household size, asset value, access to input subsidy, and farm

size. Gender represents differences in production choices between

male and female farmers because of their differences in access to

institutional services and opportunities (The World Bank, 2008;

Addai et al., 2022) while age of the household head, has been shown

to positively affect profitability (Purdy et al., 1997; Mishra et al.,

1999). Household size is a proxy for the production and consumption

situation facing each household while education of the household

head is included as it has been shown to influence productivity and

management ability among farmers (Randela et al., 2008). Asset value

is used as a proxy for wealth and access to subsidy is considered as

it can reduce the out-of-pocket expenditure on production. We use

farm size to control for differences in economies of scale (Poon and

Weersink, 2011). FollowingNg’ombe et al. (2017) and Lu et al. (2021),

we also control for fertilizer use, improved seeds and crop rotation

which affect crop yields.

To account for the effect of weather and soil conditions on the

profitability of different crop portfolios and of the Simpson index, we

refrain from simply controlling for agro-ecological location. Instead,

we estimate Models 1, 2 and 3 in each AEZ so that the results of the

study are applicable to farmers in those locations.

The enterprise structure does not show how differences in

proportions of crops in a portfolio would affect profitability. To

shed light on how the proportions of individual crops affect

profitability, we explore the effects of portfolio rebalancing (changing

the proportions of crops in a portfolio) on its profitability. We do

this by regressing the proportions of individual crops in an EP on

the gross margin per hectare of the EP while controlling for other

explanatory variables.

4. Results

4.1. How enterprise structures and the
Simpson index of diversification relate with
profitability and crop revenue

Table 3 showed the average profitable associated with each EP.

Besides differences in demographic, socio-economic, production, and

environmental characteristics, the differences in profitability of the

EPs are also due to differences in cost complementarities among crops

in the respective portfolios. This study examines the effects of EPs

on profitability, but does not examine the sources of potential cost

complementarities among crops in the different EPs.

The empirical results of how SID and EP relate to farm

profitability in AEZ I are presented in Table 4. The results show

that SID has no statistically significant relationship with profitability

in AEZ I, whether SID is measured as a continuous or categorical

variable. The coefficient on SID_Diversified is not statistically

significant in the second model showing that there is no statistical

difference in gross margin per hectare between farmers who are

diversified and those who are not. Based on the EP model, the results

show that two out of the three EPs in AEZ I have a statistically

significant relationship with gross margin per hectare. From among

the three EPs (Mz/Ct, Mz/Gn and Mz/Gn/Ct) in AEZ I that were

TABLE 4 Marginal e�ects (%) of the e�ects of the Simpson index and

enterprise structure on gross margin per hectare in agro-ecological zone I.

Variables SID model
(continuous)

SID model
(categorical)

EP
model

SID 27 (35.66)

SID_Diversified 7.25 (17.35)

Mz/Gn −17.94

(16.53)

Mz/Ct 63.23∗∗

(23.24)

Mz/Gn/Ct 48.88∗

(23.12)

Controls and intercept Yes Yes Yes

R2 0.08 0.13 0.14

N 334 334 334

∗p < 0.1; ∗∗p < 0.05.

Standard errors in parenthesis.

compared to the Mz EP (base category), the results show that

profitability from the Mz/ct and Mz/Gn/Ct EPs was statistically

different from that of the Mz EP at 5% and 10% significance levels,

respectively. On the other hand, the results for the Mz/Gn EP were

not statistically different from the Mz EP at 10% significance level.

The results show that, relative to the Mz EP, using the Mz/Ct EP

significantly resulted in increased GM/ha by 63.23% in AEZ I at 5%

significance level, holding all else constant. Further, relative to the Mz

EP, using the Mz/Gn/Ct EP significantly led to an increase in GM/ha

by 48.88% in AEZ I at 10% significance level, holding all else constant.

The results of the relationship between SID, EP and gross margin

per hectare in AEZ IIa are presented in Table 5. The results show

that SID has a positive and statistically significant relationship with

profitability in AEZ IIa. Specifically, a one-unit increase in SID is

significantly associated with a 43.62% increase in profitability in AEZ

IIa (p < 0.001). When SID is categorized in the second model,

the results also show that farmers who are diversified have 13.88%

more profitability than those who are specialized in AEZ IIa at 1%

significance level. Based on the EP approach, among the 14 EPs

analyzed in AEZ IIa, the results for seven EPs were statistically

significant at 10% significance level. For example, the results in

Table 5 show that relative to the Mz EP, using the Mz/Gn/Ct/Sf EP

significantly leads to a 54.34% increase in profitability in AEZ IIa

at 1% significance level, holding all things constant. Other EPs that

significantly lead to an increase in GM/ha (at 10% significance level)

relative to the Mz EP in AEZ IIa are Mz/Gn/Ct, Mz/Ct, Mz/Gn/Sb,

Mz/Ct/Sf as well as Mz/Gn. In line with the SID model results, these

portfolios that are statistically more profitable than Mz involve a

minimum of two crops. The results of the EP model show that other

diversified portfolios in AEZ IIa have a gross margin per hectare

that is not statistically different from that of the Mz EP. These EPs

includeMz/Sp,Mz/Sf,Mz/Sb,Mz/Gn/Sf,Mz/Gn/Sp,Mz/Gn/Mb, and

the Mz/Gn/Sb/Sf.

For AEZ IIb, the results in Table 6 show that the SID has no

statistically significant association with profitability. Based on the

model in which SID is categorized, the results show that farmers

who are diversified have 31% less profitability than those who are

specialized. In this regard, the dichotomous SIDmodel shows slightly
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TABLE 5 Marginal e�ects (%) of the e�ects of the Simpson index and

enterprise structure on gross margin per hectare in agro-ecological zone IIa.

Variables SID model
(continuous)

SID model
(categorical)

EP model

SID 43.62∗∗∗ (10.85)

SID_Diversified 13.88∗∗∗ (4.08)

Mz/Gn 23.99∗∗∗ (7.57)

Mz/Ct 38.54∗∗∗ (10.08)

Mz/Gn/Ct 47.55∗∗∗ (8.00)

Mz/Sp −19.96 (18.89)

Mz/Sf −18.89 (12.41)

Mz/Sb 18.06 (11.63)

Mz/Gn/Sf 12.98 (8.65)

Mz/Cs/Gn 52.04∗∗∗ (11.07)

Mz/Gn/Sp 5.87 (10.85)

Mz/Gn/Mb 14.11 (16.88)

Mz/Gn/Sb 33.38∗∗∗ (9.20)

Mz/Ct/Sf 32.31∗∗ (13.20)

Mz/Gn/Ct/Sf 54.34∗∗∗ (9.20)

Mz/Gn/Sb/Sf 17.35 (19.24)

Mz/Cs 23.99∗∗∗ (7.57)

Mz/R 38.54∗∗∗ (10.08)

Constant 159,938.58∗∗∗

(10.85)

189,974.27∗∗∗

(8.33)

167,137.49∗∗∗

(11.18)

Intercept and

controls

Yes Yes Yes

R2 0.04 0.18 0.07

N 2,186 2,186 2,186

∗∗p < 0.05; ∗∗∗p < 0.01. Standard errors in parenthesis.

TABLE 6 Marginal e�ects (%) of the e�ects of the Simpson index and

enterprise structure on gross margin per hectare in agro-ecological

zone IIb.

Variables SID model
(continuous)

SID model
(categorical)

EP model

SID −2.43 (38.54)

SID_Diversified −31.00∗ (16.18)

Mz/Cs/Gn 42.33∗ (28.02)

Mz/Cs 40.07∗ (24.73)

Mz/R 51.13∗∗ (29.56)

Mz/Cs/R −15.72 (30.34)

Intercept and

controls

Yes Yes Yes

R2 0.08 0.12 0.13

N 273 273 273

∗p < 0.1; ∗∗p < 0.05, Standard errors in parenthesis.

different results from the continuous SID model. Using the EP

approach, the results show that four EPs have a positive significant

TABLE 7 Marginal e�ects of the e�ects of the Simpson index and enterprise

structure on gross margin per hectare in agro-ecological zone III.

Variables SID model
(continuous)

SID model
(categorical)

EP model

SID −14.57 (11.07)

SID_Diversified −1.01 (4.08)

Mz/Gn −1.61 (11.74)

Mz/Sp −0.50 (11.96)

Mz/Cs/Gn 0.30 (9.75)

Mz/Gn/Sp 2.22 (11.52)

Mz/Gn/Mb 7.68 (9.86)

Mz/Cs/Gn 0.30 (9.75)

Mz/Cs 16.42∗ (9.64)

Cs 77.89∗∗∗ (12.75)

Mz/Mb 2.12 (14.80)

Cs/Gn 20.44 (15.84)

Mz/Cs/Mb 6.93 (16.30)

Mz/Cs/Sp −8.22 (16.88)

Mz/Cs/Gn/Mb −18.18 (14.68)

Mz/Cs/Gn/Sp −10.41 (16.07)

Mz/Cs/Gn/Mb/Sp −4.39 (16.88)

Intercept and

controls

Yes Yes Yes

R2 0.03 0.14 0.07

N 1,479 1,479 1,479

∗p < 0.1; ∗∗∗p < 0.01. Standard errors in parenthesis.

relationship with gross margin per hectare, relative to the Mz EP.

Using theMz/Cs EP orMz/Cs/Gn EP results in increased profitability

by 40.07 and 42.33%, respectively, both with p < 0.1. On the other

hand, profitability from using the Mz/Cs/R EP is not statistically

different from that of the Mz EP.

From Table 7, the results of the SID model suggest that the extent

of crop diversification has no relationship with profitability, both

using the continuous SID variable and the dichotomous SID variable

in AEZ III. By accounting for heterogeneity in crop portfolios using

the EP approach, the results show that specializing in Cs results in

statistically higher profitability than specializing in Mz. The results

show that relative to the Mz EP, using the Cs EP significantly leads

to increased GM/ha by 77.89% in AEZ III at 1% significance level,

holding all things constant. The EP model also shows that Mz-only

farmers may increase their profitability by 16.42% by diversifying into

the Mz/Cs EP.

4.2. Portfolio rebalancing of the enterprise
structure

Clearly, one of the shortcomings of the EP approach is that it

does not account for differences in the proportion of crops grown in

each EP. A necessary step in using enterprise structures is to explore
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portfolio rebalancing. Portfolio rebalancing is the process of adjusting

the proportions of assets (in this case, crops) in a portfolio to achieve

a certain desired level of asset allocation (Willenbrock, 2011).

In our portfolio rebalancing analysis, we checked for statistical

differences in profitability across farmers with different proportions

of crops in the same EP. Because of the small number of farmers

who were using the exact same proportions of crops in a given EP,

we categorized farmers into four groups based on the proportion of a

given crop in the EP. These four groups were: (1) farmers with <25%

of a given crop in the EP; (2) farmers with more than 25% but <50%

of a given crop in the EP; (3) farmers with more than 50% but <75%

of a given crop in the EP; and (4) farmers with more than 75% of

a given crop in the EP. The proportions were calculated based on

the contribution of individual crops to the revenue of the EP. For

example, for farmers using the Mz/Sb EP in AEZ I, we compared

the profitability of farmers with <25% of maize in the portfolio to

those with more than 25% but <50% of maize, to those with more

than 50% but <75% of maize and to those with more than 75% of

maize revenue in their portfolio. In the context of this study, portfolio

rebalancing implies that, in the next growing season, farmers may

choose the same EP but may adjust the proportion of crops in the

EP. The change in the proportion of crops in the EP could be due to

various reasons such as responding to changes in prices or weather. A

rebalanced portfolio may lead to an incremental return if well-done

(Willenbrock, 2011). The portfolio rebalancing analysis attempts to

predict potential effects on profitability of changing the proportion of

crops in the same EP.

Table 8 shows the OLS results for the effect on profitability

of different maize proportions in each EP in AEZ I. The results

show that changes in the proportion of maize or groundnuts

have no statistically significant relationship with the profitability

of the Mz/Gn EP at 10% significance level. That is, maize and

TABLE 8 E�ect of crop proportions on enterprise structure profitability in

agro-ecological zone I.

Variables (Mz/Gn) (Mz/Ct) (Mz/Gn/Ct)

Maize 0.419 (0.703) 0.204 (0.629) 0.756 (0.956)

Groundnut 1.725 (3.569)

Constant 6.917∗∗∗

(0.764)

7.560∗∗∗ (0.960) 6.883∗∗∗ (1.287)

Control variables Yes Yes Yes

R2 0.15 0.31 0.51

N 89 54 35

∗∗∗p < 0.01. Standard error in parenthesis.

groundnuts have similar profitability profiles, such that a Mz/Gn

EP with more maize and less groundnuts or vice versa would have

similar relationships with profitability. Similarly, in the Mz/Ct EP,

the profitability of Mz/Ct EPs with different proportions of maize

and cotton are not statistically different at 10% significance level. The

Mz/Gn/Ct EP also shows that the proportions of maize, groundnuts

and cotton have no statistically significant effect on profitability of

the EP at 10% significance level. This suggests that, for the Mz/Gn EP,

Mz/Ct EP, and Mz/Gn/Ct EP in AEZ I, the size of contributions of

the individual crops to the profitability of the EP are similar such that

changing the proportion of crops in the EP does not statistically affect

the profitability of the EP.

The OLS results for the effect of crop proportions on the

profitability of EPs in AEZ IIa are presented in Tables 9, 10. Table 9

presents results for EPs that consist only of two crops while Table 10

presents results for EPs that consist of more than 2 crops. Like in AEZ

I, Table 9 shows that the effects on profitability of the proportions of

individual crops in AEZ IIa are not statistically significant except in

the case of the Mz/Sp EP. In the Mz/Sp EP, the contribution of maize

is statistically higher than that of sweet potato suggesting that farmers

who adopt the Mz/Sp EP in AEZ IIa may increase their profitability

by increasing the proportion of maize (and reducing the proportion

of sweet potato) in the EP.

Table 10 shows that, increasing the proportion of cotton and

reducing the proportion of groundnuts in the Mz/Gn/Ct EP may

increase the profitability of this EP in AEZ IIa. Table 10 also shows

that increasing the proportion of maize and groundnuts and reducing

the proportion of sunflower in the Mz/Gn/Sf EP positively affects

profitability of this EP at 1% significance level. Further, increasing

the proportion of groundnuts and reducing the proportion of mixed

beans in the Mz/Gn/Mb EP significantly increases profitability of this

EP in AEZ IIa. The results therefore suggest that rebalancing crop

portfolios in the Mz/SP, Mz/Gn/Ct, Mz/Gn/Sf, and Mz/Gn/Mb in

AEZ IIa may result in higher profitability.

The results in Table 11 show that, in AEZ IIb, the proportion of

crops in most EP does not have a statistically significant effect on the

profitability of EPs at 10% significance level, except in the case of the

Mz/Cs EP. An increase in the proportion of cassava and a reduction

in the proportion of maize in the Mz/Cs EP in AEZ IIb has a positive

association with profitability of this EP. A similar result is found in

AEZ III, in which increasing the proportion of cassava and reducing

the proportion of maize in the Mz/Cs EP also significantly leads to

increased profitability of the EP.

Likewise, increasing the proportion of cassava relative to other

crops in the Cs/Gn, Mz/Cs/Mb and Mz/Cs/Sp also positively and

significantly affects profitability in AEZ III. For other EPs, such as

the Mz/Cs/Gn/Mb and the Mz/Cs/Gn/Sp, the proportion of crops

TABLE 9 E�ect of crop proportions on enterprise structure profitability in agro-ecological zone IIa.

Variables (Mz/Gn) (Mz/Ct) (Mz/Sp) (Mz/Sf) (Mz/Sb)

Maize 0.383 (0.273) 0.123 (0.363) 2.221∗∗∗ (0.656) 1.640 (1.384) 0.390 (0.829)

Constant 7.651 (0.278)∗∗∗ 8.304∗∗∗ (0.311) 4.678∗∗∗ (0.899) 6.313∗∗∗ (0.951) 6.362∗∗∗ (0.646)

Control variables Yes Yes Yes Yes Yes

R2 0.09 0.20 0.64 0.20 0.32

N 468 147 43 93 60

∗∗∗p < 0.01. Standard error in parenthesis.
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has no significant effect on the profitability of the EP. The effects

of crop proportions on EP profitability in AEZ III are presented

in Tables 12, 13. The results suggest that because proportions are

important, the EP approach to analyzing crop diversification needs

to be accompanied with a portfolio rebalancing analysis to better

determine the contributions of individual crops to profitability.

5. Discussion

On average, we found that the Cs enterprise structure has

the most returns for farmers in Zambia with a gross margin of

ZMW 3,887.22 per hectare followed by the Mz/Gn/Ct/R enterprise

structure with a gross margin per hectare of ZMW 3,681.31. It

is plausible that the Cs enterprise stands out because it may be

less costly to produce to produce than other enterprise structures

for farmers. This result is consistent with Barratt et al. (2006)

and Poole et al. (2013) who found that cassava is financially most

profitable for smallholder farmers as it requires no purchased inputs

and has more flexible planting and harvesting calendar seasons

that befit labor requirements and other obligations more than

other crops.

The results of the effect of the Simpson index on profitability

imply that, holding all else constant, the extent of diversification as

measured by the index does not statistically influence profitability

in AEZ I. This suggests that in AEZ I, growing more or fewer

crops does not affect profitability. Based on this result, a follow-

up recommendation for practitioners would be that growing

more or fewer crops would not be expected to influence their

profitability. Results from the EP approach however show that

the Mz/Ct EP and the Mz/Gn/Ct EP increase gross margin per

hectare by 63.23 and 48.88% respectively, compared to the Mz

EP. This implies that recommendations on the basis of the SID

only would result in foregone profitability increases, a result which

is consistent with Maggio et al. (2018) and Maggio and Sitko

(2021). Recommendations based on the EP approach would prevent

such potential losses by clearly recommending the Mz/Ct and the

Mz/Gn/Ct EPs as the crop portfolios associated with the highest

profitability in AEZ I. Therefore, guidance on portfolio selection from

the enterprise structure approach would supplement index-based

recommendations in improving crop portfolio decision-making.

In AEZ IIa, the results from the Simpson index models, suggest

that adding crops to a farmer’s portfolio increases gross margin per

hectare, regardless of which crop is added. On the other hand, results

from the EP model suggest that the Mz/Gn/Ct, Mz/Ct, Mz/Gn/Sb,

Mz/Ct/Sf as well as Mz/Gn statistically increase gross margin per

hectare relative to the Mz EP. This could be due to the increased

ecological benefits from leguminous crops such as groundnuts or

higher prices associated with cotton, or soybeans which have the

potential to alleviate farmers’ exposure to price fluctuations effecting

a single commodity (Hahn et al., 2009; Lin, 2011; Mulwa et al.,

2017; Maggio and Sitko, 2021). Additionally, the Mz/Sp, Mz/Sf,

Mz/Sb, Mz/Gn/Sf, Mz/Gn/Sp, Mz/Gn/Mb, and the Mz/Gn/Sb/Sf EPs

do not statistically offer higher profitability than specializing in Mz

which could be due to biological and economic attributes of the

crops and their combinations (Tilman et al., 2005). Rather than just

recommending that farmers grow more crops on the basis of the SID,

the EP helps to offer more specific guidance on which portfolios to
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TABLE 11 E�ect of crop proportions on enterprise structure profitability in agro-ecological zone IIb.

Variables (Mz/Cs) (Mz/R) (Mz/Cs/Gn) (Mz/Cs/R)

Maize −1.603∗∗∗ (0.425) −0.984 (1.749) −0.398 (0.914) −1.700 (1.719)

Groundnut −0.386 (1.496)

Cassava −0.993 (1.047)

Constant 7.945∗∗∗ (0.564) 7.336∗∗∗ (1.781) 8.291∗∗∗ (0.931) 8.444∗∗∗ (0.847)

R2 0.39 0.48 0.44 0.34

N 95 29 33 52

∗∗∗p < 0.01. Standard error in parenthesis.

TABLE 12 E�ect of crop proportions on enterprise structure profitability in agro-ecological zone III.

Variables (Mz/Gn) (Mz/Cs) (Mz/Sp) (Mz/Mb) (Cs/Gn)

Maize 0.377 (0.572) −1.385 (0.197)∗∗∗ −1.032 (0.690) 0.062 (1.087)

Cassava 1.583 (0.342)∗∗∗

Constant 7.002 (0.492)∗∗∗ 8.194 (0.385)∗∗∗ 9.443 (0.544)∗∗∗ 7.845 (1.098)∗∗∗ 6.592 (0.659)∗∗∗

Control variables Yes Yes Yes Yes Yes

R2 0.09 0.33 0.36 0.24 0.59

N 171 186 62 69 41

∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01. Standard error in parenthesis.

TABLE 13 E�ect of crop proportions on enterprise structure profitability in agro-ecological zone III.

Variables Mz/Gn/Sp Mz/Gn/Mb Mz/Cs/Gn Mz/Cs/Mb Mz/Cs/Sp Mz/Cs/
Gn/Mb

Mz/Cs/
Gn/Sp

Mz/Cs/Gn/
Mb/Sp

Maize 0.837 (0.681) −0.484 (0.435) −1.111∗∗∗

(0.254)

0.104 (0.470) 0.884 (1.055) −0.701 (0.728) −0.279(1.521) −1.654∗∗

(0.676)

Groundnut 1.097 (0.883) −0.278 (0.546) −1.074∗∗

(0.450)

−0.617 (0.892) 0.594 (1.698) −1.552 (1.828)

Cassava 1.690∗∗∗

(0.497)

2.078∗∗ (0.781) 0.763 (0.627) 1.547 (1.184)

Mixed beans −1.573 (2.592)

Sweet potato −1.470 (1.264)

Constant 6.684∗∗∗

(0.736)

7.782∗∗∗

(0.367)

8.298∗∗∗

(0.334)

6.682∗∗∗

(0.428)

6.361∗∗∗

(0.801)

7.245∗∗∗

(0.451)

7.561∗∗∗

(1.177)

9.038∗∗∗

(0.883)

R2 0.18 0.36 0.28 0.77 0.52 0.46 0.62 0.75

N 54 94 143 57 42 86 41 33

∗∗p < 0.05; ∗∗∗p < 0.01. Standard error in parenthesis.

select. In AEZ IIb, the SIDmodels suggest that growing fewer ormore

has a negative or no significant influence on gross margin per hectare.

A follow-up recommendation from this result would either be

that the number of crops grown has no impact on profitability or that

farmers can increase profitability by growing fewer crops. Again, the

EP approach is more specific in showing exactly which crop portfolios

would result in higher profitability. The EP model shows that the

Mz/Cs EP and the Mz/Cs/Gn EP increase profitability by 40.07% and

42.33% relative to the Mz EP while the Mz/Cs/R EP is not statistically

different from that of the Mz EP. This further provides empirical

evidence that recommendations based on the EP model may increase

crop profitability for farmers.

For AEZ III, the results of the SIDmodel suggest that the extent of

crop diversification has no effect on profitability whereas, the results

of the EP model show that specializing in Cs results in statistically

higher profitability than specializing inMz. By not specifying the crop

portfolios into which to diversify or specialize, recommendations

from the SID model alone could cost Mz-only farmers a foregone

profitability increase of 77.89% for not choosing to specialize in Cs.

Further, while the SID model suggests that the Mz EP and the Mz/Cs

EP would statistically have the same profitability, the EPmodel shows

that Mz-only farmers may increase their profitability by 16.42% by

diversifying into the Mz/Cs EP.

Although the EP approach accounts for differences in the type

of crops in a portfolio, it does not account for differences in the

proportion of crops within a portfolio. The portfolio rebalancing

analysis shows that the same EP could be associated with different

levels of profitability based on the differences in the proportion of

the crops in the portfolio. The results in AEZ I show that a Mz/Gn

EP with more maize and less groundnuts or vice versa have the same
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levels of profitability. Similarly, in the Mz/Ct EP and the Mz/Gn/Ct

EP, profitability is not statistically different across farmers who have

different proportions of the two crops in the portfolio. This suggests

that, for these three EPs in AEZ I, differences in the proportion of

crops in the EP does not result in differences in profitability of the

EP. For AEZ IIa, the results suggest that increasing the proportion

of maize and groundnuts and reducing the proportion of sunflower

in the Mz/Gn/Sf EP positively affects profitability of this EP at 1%

significance level. Further, increasing the proportion of groundnuts

and reducing the proportion of mixed beans in the Mz/Gn/Mb

EP significantly increases profitability of this EP in AEZ IIa. The

reason could be that AEZ IIA is more favorable for groundnuts and

maize production in Zambia (Manda et al., 2017; Ng’ombe, 2017)

resulting in more yields and eventual profitability. An increase in the

proportion of cassava and a reduction in the proportion of maize in

the Mz/Cs EP in AEZ IIb has a positive effect on the profitability of

this EP. A similar result is found in AEZ III, in which increasing the

proportion of cassava and reducing the proportion of maize in the

Mz/Cs EP also significantly increases profitability of the EP. Thus,

as in Maggio and Sitko (2021), variations between these AEZs with

regard to the region-specific dominant cash crop may contribute to

this kind of heterogeneity.

Generally, our results imply that differences in the proportions

of crops in a given crop portfolio may be important in crop

diversification decisions. Instead of simply telling farmers to grow

more or fewer crops based on the index approach, or telling farmers

which specific crop portfolios to select, further guidance on how

to proportion the crop portfolio may be necessary. Therefore, it

would be helpful for policy makers and researchers to understand the

profitability characteristics of each crop to be able to guide farmers on

proportions of crops in their respective portfolios.

6. Conclusion

This study estimated potential profitability/loss that would result

if farmers made diversification decisions on the basis of generic

recommendations from diversification indices only. This study was

based on an analysis of the influence of a crop diversification index on

profitability as opposed to specific recommendations from an analysis

of the effects of an enterprise structure on profitability. An enterprise

structure is a unique crop portfolio being grown by each farmwhereas

a crop diversification index is a “numbers” approach which measures

diversification on the basis of the number and relative abundance

of crops in a portfolio. Using secondary data from the 2015 Rural

Agricultural Livelihood Survey in Zambia and a semi-log ordinary

least square regression, we show that the diversification index lacks

the necessary insight needed for farmers to make diversification

decisions and may result in substantial opportunity costs if not

augmented with an enterprise structure approach.

Recommendations based on an index approach would be to

either increase or decrease the number of crops in a portfolio without

clear guidance on what crops can be added or subtracted from

the portfolio. This ambiguous recommendation means that farmers

would have to decide for themselves which crops to add or subtract

which may result in losses (in terms of opportunity cost) for farms

who select sub-optimal portfolios. The enterprise structure approach

improves upon the shortfalls of the index by providing a better

understanding of how different crop portfolios compare to each other

in terms of profitability. Therefore, supplementing an index-based

analysis with an enterprise structure approach can allow farmers to

more effectively select portfolios that best suit their objectives.

For policy makers and practitioners, these results caution against

the reliance on oversimplified index-based analyses when making

diversification decisions. For researchers, this study provides a

sobering result that an abstract analysis of crop diversification may

result in substantial losses for farmers if not coupled with a more

disaggregated portfolio analysis. Due to their limited insight on

diversification decisions for farmers, crop diversification indices may

be best used in tandemwith enterprise structure analyses. For applied

researchmeant to inform policy or help practitioners, “diversification

is in the details” and these details are not adequately captured by an

index but by an enterprise structure analysis (Mzyece, 2020; Maggio

and Sitko, 2021).

7. Limitations

There are several limitations associated with this study. First,

while we used a useful and unique dataset, the data are cross-sectional

and could not capture farmers’ decisions on EPs overtime and thus,

we were unable to account for potential unobserved heterogeneity.

Using panel data remains an interesting research area in this aspect.

Panel data could capture the dynamic changes in both input and

output prices which this study could not. Our approach assumes a

static analytical framework assuming perfect knowledge about input

and output prices. This may be problematic, especially concerning

output prices, as they are generally very variable and unknown when

making crop planting decisions. Thus, some enterprise combinations

may be identified as most (or least) profitable only because prices

were high (or low) the year the survey was conducted. Sometimes

there seems to be a lot of inertia in farmers’ decisions regarding crop

selection. Still, it is well-documented that farmers make decisions

with a long perspective (i.e., they know that some years’ crops

are more profitable than others) and use expected (long-term)

prices for crop selection decision-making (Nerlove and Arrow,

1962). While this is an important caveat, our study still provides

a valuable launchpad for agricultural and applied economists to be

more careful when evaluating crop diversification decisions. Second,

potential endogeneity from the absence of certain key variables that

influence costs or from self-selection of the enterprise structures is an

important caveat that future studies should consider. In this realm,

readers should interpret our results with caution.

Third, we assume a farmer’s objective is profit maximization. But

it is possible that farmers may be producing for other objectives,

such as nutrition or social utility maximization. This study did not

differentiate these other objectives. Therefore, a recommendation to

alter a portfolio may not be practical if profit maximization is not

the objective.

Fourth, we were not able to examine the effects of crop

diversification on risk management because of the cross-sectional

nature of our data. Comparing the effects of the Simpson index of

diversification and of the enterprise structure on income variability

could inform diversification decisions that are aimed at reducing

income and yield variability. Moreover, this study did not examine

the sources of complementarities among crops in an enterprise

structure. Therefore, future research can examine the sources of
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complementarities in enterprise structures so that the identification

of superior enterprise structures can be easily generalized to other

countries or settings.
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