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Abstract 

 

Efficient use of sustainable soil management techniques has proven to be a panacea for poverty reduction among 

farmers. Hence this study examined the Impact of sustainable soil management techniques on poverty levels of arable 

crop farmers in Imo State, Nigeria. Multi-stage sampling technique was used to select 209 arable crop farmers. 

Information on the objectives of this study was elicited from the sampled respondents through a well structured 

questionnaire. Data were analyzed using descriptive statistical tools, poverty index, average treatment effect (ATE) 

and local average treatment effect (LATE) models. Results  showed  that  the  mean  per capita consumption 

expenditure among the farm households was N360.30 ($1.81)  while  the  poverty  line  was N240.20 ($1.21) per 

person, per day. Over 70% of the respondents accounted for the number of poor in the area, while 21.5% accounted 

for the non-poor people. The result further showed that the use of sustainable soil management techniques reduced 

the poverty level of the farmers by 13.1 percent and 18.9 percent from WALD and IV estimators. Hence, appropriate 

government policies should be directed towards encouraging the rural farmers to embrace the use of improved 

farming techniques for increased output and poverty reduction. 
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INTRODUCTION  
 

Sustainable soil management technique is the 

application of soil management techniques that 

support plant growth without degrading the 

soil for further use [16]. It involves the 

application of soil management practices that 

sustain food crop production without posing 

any adverse effect either immediately or in 

future.  

The relevance of sustainable soil management 

to agriculture  includes the maintenance of soil 

productivity and economic viability over time 

without being depleted while maintaining and 

meeting the food demands of the present and 

future generations [14]. It is the adoption of 

land use and crop management strategies that 

enable soil users to maximize the economic 

and social benefits of the soil, enhance 

ecological support and maintain a balanced soil 

ecosystem [4]. Managing our soils sustainably 

is very crucial for agricultural production and 

ecosystems. Methods of  protecting and 

enhancing the productivity of the soil include 

the use crop rotation, organic manure, 

minimum tillage, erosion control, avoiding 

traffic on wet soils and maintaining soil cover 

with plants and/or mulches [5].  

This requires the combination of soil fertility 

treatment (perhaps including application of 

organic fertilizers) with soil and water 

conservation measures, implementation of 

agronomic principles, soil management and 

physical measures such as contour ridging, 

terracing, tied ridges or providing ground cover 

through mulching, use of leguminous plants 

and crop residues [6].  

According to [11] poverty can be reduce 

through the application of sustainable soil 

management techniques which build up soils 

using products and by products from own 

property or a local source that is added directly 

to the soil for long term benefit. Poverty on its 

own, depicts lack of  basic necessities of life 

[1] intensified by insecurity, deprivation of 

well-being assests and vulnerability to shocks 
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of climate change and food price fluctuations 

[26].  

It is pervasive and manifests through social and 

pyschological deprivation from access to 

speech, decision making or accessement of 

cultural values, rights and freedom as well as 

the lack of dignity, self respect, security and 

justice [20] which engenders variant soil 

practices.  

The poor adapts to shocks by using some 

copping strategies that are concomitant to soil 

degredation that reduced efforts of sustainable 

environmental management [2].  

Hence the quick spread of land degredation. 

Poverty is often associated with low income 

[27] and low standard of living.  

The incidence of poverty has plagued the rural 

farming households in Nigeria. Over 70% of 

the farmers cannot afford some modernfarming 

techniques [22].  

Majority of the farmers still engage in the use 

of crude implements which is sine-qua-non to 

drudgery, low productivity and poor income. 

Consequently, poverty leads to low 

agricultural productivity and which further 

reinforced poverty incidence of the farmers. 

Most rural farmers in Imo State are resource-

poor owing to the fact that they lack the ability 

to buy high yielding seeds, fertilizers, 

irrigation equipments and other tools needed to 

increase soil nutrients and land productivity 

[23].  

[7] noted that apart from poverty incidence, the 

farmers’ decision on the techniques of farming 

and tools to use especially in land preparation 

affect the bio-physical quality of the soil and 

the speed of soil depletion. Therefore, 

persistent use of some unsustainable soil 

management techniques by food crop farmers 

that dominate the crop production of the state 

could be the reason for the poor performance 

on food crop production, increased poverty and 

declining agricultural productivity in the State 

[9]. 

However, the extent to which the use of 

sustainable soil management techniques 

(SSMT) by arable crop farmers to reduce 

poverty especially in Imo State has not been 

documented, hence the need for this study. 

 

MATERIALS AND METHODS  

 

This research was conducted in Imo State of 

Nigeria, which is located in the South Eastern 

part of Nigeria with a land area of 5,530 sqkm. 

The State lies between latitudes 4045IN and 

7015IN and Longitudes 6050IE and 7025IE. The 

State shares boundaries with Abia and Cross 

Rivers State to the East, Delta State to the 

West, Rivers State to the South and Enugu and 

Anambra State to the North [10]. The State has 

Owerri as its capital and made up of 27 

(twenty-seven) Local Government Areas 

which are grouped into three agricultural zones 

namely Owerri, Orlu and Okigwe. Farming is 

the predominant occupation of the rural 

inhabitants. Multi-stage sampling technique 

was used for this study. In the first stage, two 

local government areas (LGAs) were 

purposively selected from each of the three 

agricultural zones of the State namely (Owerri, 

Okigwe and Orlu). The selection of these 

LGAs was based on their predominant 

agricultural activities and use of sustainable 

soil management techniques (SSMT). The 

LGAs selected were Ngor-Okpala and Ohaji-

Egbema from Owerri zone, Nwangele and Isu 

from Orlu zone while Isi-ala Mbano and 

Obowo were selected from Okigwe zone 

respectively. A total of six (6) local 

government areas were used for this study. The 

second stage involved a random sample 

selection of arable crop farmers from the list of 

registered arable crop farmers using SSMT, 

kept with the zonal ADP’s in each of the 

selected LGAs from the various zones of the 

State. Owerri zone has 122  registered arable 

crop farmers while Orlu and Okigwe zones 

have 130 and 109 arable crop  farmers. This 

shows that there are unequal numbers of arable 

crop farmers across the three zones, hence an 

equal representation of sample was made from 

a proportion of 70 percent of the total 

population from each zone. This gave a sample 

size of 85 for Owerri zone, 91 for Orlu zone 

and 76 for Okigwe zone giving a total of 252 

arable crop farmers across the six LGAs. 

However, the study eventually used only 209 

valid questionnaires for analysis. Data were 

analyzed using descriptive statistical tools, 
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poverty index model, average treatment effect 

(ATE) and local average treatment effect 

(LATE) models following [8] and adapted by 

[24]. 

Poverty index model is stated as follows: 

MPCE = 
𝑇𝐻𝐶𝐸

𝐻𝐻𝑆𝑍

𝑇𝐻𝐶𝐸

𝐻𝐻𝑆𝑍
                                   (1) 

Where poverty line or threshold is the 

minimum level of income deemed necessary to 

achieve adequate standard of living in a given 

society [21]. This is shown as the mean per 

capita consumption expenditure (MPCE), 

which becomes a relative standard for poverty 

line usually measured as two-third of the 

MPCE of the household in the population 

under study. It is estimated using the total 

household consumption expenditure (THCE) 

which is an aggregate total expenditure on 

utility, service, food and durable assets of the 

household relative to the household size 

(HHSZ). 

Average Treatment Effect models were 

specified thus: 

 ATE = 
1

𝑛
∑ −𝑛

𝑖=1
(𝑑𝑖−𝑝(𝑋𝑖)𝑦𝑖

𝑝 (𝑋𝑖)(1−𝑝(𝑋𝑖)
   

(2)                                                                    ATE1 

= 
1

𝑛1
∑ −𝑛

𝑖=1
(𝑑𝑖−𝑝(𝑋𝑖)𝑦𝑖

(1−𝑝)(𝑋𝑖)
  ---------------- (3)        

 ATE0 = 
1

1−𝑛1
∑ −𝑛

𝑖=1
(𝑑𝑖−𝑝(𝑋𝑖)𝑦𝑖

𝑝(𝑋𝑖)
 --- -----------(4) 

Where n is the sample size, 𝑛𝑖 =∑ 𝑑𝑖
𝑛
𝑖=1   is the 

number of treated (i.e. number of SSMT users) 

P(𝑋𝑖) represents the PSM evaluated at Xi 

ATE = Average treatment effect 

ATE0 = Average treatment effect on the 

untreated 

ATE1 = Average treatment effect on the 

treated 

Yi = Outcome variable,  

di =  Use status of the farmers. 

The LATE Model is further expressed as 

follows: 

E(𝑦1 −
𝑦0

𝑑1
= 1) = 𝐿𝐴𝑇𝐸 =  

𝑐𝑜𝑣(𝑦,𝑧)

𝑐𝑜𝑣 (𝑑,𝑧)
   (5) 

= 
𝐸 (

𝑦

𝑧
=1)− 𝐸(

𝑦

𝑧
=0)

𝐸(
𝑑

𝑧
=1)− 𝐸(

𝑑

𝑧
=0)

  ----                                (6) 

 = 
𝐸(𝑦𝑖∗(𝑧−𝐸(𝑧𝑖)

𝐸(𝑑𝑖∗(𝑧−𝐸(𝑧𝑖)
  ----                                    (7) 

The right hand side of eqn. (7) can be estimated 

by its sample analogue: 

(
∑ 𝑦𝑖𝑧𝑖

𝑛
𝑖=1 

∑ 𝑧𝑖
𝑛
𝑖=1

− 
∑ 𝑦𝑖(1−𝑧𝑖)𝑛

𝑖=1

∑ (1−𝑧𝑖
𝑛
𝑖=1 )

) X (
∑ 𝑑𝑖𝑧𝑖

𝑛
𝑖=1

∑ 𝑧𝑖
𝑛
𝑖=1

−

 
∑ 𝑑𝑖(1−𝑧𝑖)𝑛

𝑖=1

∑ (1−𝑧𝑖
𝑛
𝑖=1 )

)                     (8) 

Where:  

Z = binary outcome variable  

y1 = high users of SSMT 

y0 = low users of SSMT 

di = use status of the farmers 

E = mathematical function  

This is well known as the Wald and IV 

estimators, which can be estimated using two-

stage least squares. The framework was 

designed by [17] and [15] in treating a set of 

heterogeneous population like the use of 

sustainable soil management techniques that 

has two possible outcomes denoted by y1 and 

y0 as high and low use of SSMT. High using 

status is denoted as d1, otherwise d0. The causal 

effect of use of SSMT on observed outcome is 

the difference between the two potential 

outcomes (y1-y0). But the realization is 

mutually exclusive for individual farmers, 

hence making it impossible to obtain the 

individual effect of using SSMT on the 

population. [8] noted that the impact parameter 

that identifies the causal effect of SSMT users 

in the presence of non-compliance as well as 

remove both overt and hidden biases is the 

local average treatment effect (LATE) which 

remedy the shortcomings associated with the 

computation of the average treatment effect. 

 

RESULTS AND DISCUSSIONS 

 

Estimated Poverty Line in Imo State 

The estimated poverty line of the arable crop 

farmers is presented in Table 1. The Table 

depicts the estimated poverty line of the arable 

crop farmers which was based on per person, 

per day. Results showed that the mean per 

capita consumption expenditure among the 

farm households was N360.30 ($1.81) while 

the poverty line was N240.20 ($1.21) per 

person, per day. This implies that the farm 

households were living on N240.20 ($1.21) per 

person, per day. This differs from the findings 

from [19] and [11] which reported different 

poverty lines across arable farm households. 

This amount could be too low to meet the daily 
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needs of the entire farm household heads. 

Moreover, considering the poverty line 

obtained  and the mean household size of 6 

persons per  household, these values N240.20 

($1.21) and N40.03 ($ 0.20)  were lower than  

the international  poverty threshold of ($1.25) 

per person, per day for people living in Sub-

Saharan  Africa  and  Asian  countries  as  

viewed  by [25], [19] and [28]. The results tend 

to suggest problems of food insecurity among 

poor farm households. In other words these 

amounts may not be able to meet the minimum 

daily calorie in-take of 2,250 Kcal required per 

person per day. Hence, any household 

spending less than the amount obtained above 

on consumption is described as being  poor 

while  any  other  household  spending  exactly 

the stipulated  amount or higher  than  that on 

consumption imply that  the  respondent  is  

non-poor. 
 

Table 1. Estimated Poverty Line 

MPCE   N360.30 ($1.81 ) 

Poverty Line                                                                           N240.20 ($1.21) 

Mean Household Size (6 

persons)                                           

N40.03 ($ 0.20) 

Source: Computed from Field survey data, 2015  

Note: The Dollars equivalents were given in parenthesis. 

The exchange rate was N199 per US Dollar in 2015. 

 

Poverty Status of the Farmers with respect 

to Poverty Line 

Table 2 shows that over 70% of the 

respondents accounted for the number of poor 

in the area, while 21.5% accounted for the 

number of the non-poor people in the study 

area implying that the percentage of the non-

poor is too low compared to the percentage of 

poor people.  

   
Table 2. Distribution of Farmers According to Poverty 

Status with Respect to Poverty Line 

Poverty Status                                       Frequency Percentage 

Poor   164 78.5 

Non-poor                                                    45 21.5 

Total 209 100 

Source: Field Survey, 2015. 

 

This further corroborates with the findings of 

[22] and [30] who reported that majority of the 

farmers in the State are resource poor which 

engenders the application of variant soil 

techniques.  

According to the poverty line, anyone earning 

below ($1.21) per day is living in poverty and 

otherwise. 

Impact of Sustainable Soil Management 

Techniques on Poverty Levels of Farmers  

The impact of sustainable soil management 

techniques on poverty levels of arable crop 

farmers is shown in Table 3. Relative poverty 

line was used in this study to classify the 

respondent farmers as non-poor and otherwise 

poor. The proportion of poor or non-poor 

formed part of this estimate. This is different 

from [3] and [23] who adopted the per capita 

household consumption expenditure. 

The propensity score matching and inverse 

propensity score weighing were -0.1235 and -

0.0586 respectively. The estimates are negative 

and not significant even at P≤0.1 critical level. 

However, it could be deduced from the result 

that increase in the use of SSMT will reduce 

poverty by 12.35% and 5.86% respectively 

using these estimators.  It is important to note 

that while overt bias were removed from the 

farmers self selection problems, the hidden 

bias still exist within the problem hence, 

making such estimators an inconclusive 

estimation procedure as far as impact studies is 

concerned. The intension to treat effect may 

not have been corrected using PSM and IPSW 

as non-compliance problems may persist. The 

use of SSMT is endogenous hence, the removal 

of non-compliance cannot be possible with 

PSM, because of its limitations as it does not 

account for hidden / decision bias and does not 

have causal interpretation on our outcome of 

interest [18] and Javier and [13]. However, the 

local average treatment effect was used in this 

study to curb the limitations of PSM and IPSW. 

Hence, the LATE estimator using WALD or 

IV becomes very efficient in elimination of the 

hidden bias from self selection problem. The 

WALD estimator while accommodating the 

oversights of PSM and IPSW has its estimate 

as -0.1313. While, the LATE estimator using 

IV has its value as -0.1894 as shown in Table 3 

below. Hence, these estimates differs from the 

one obtained by [23]. The estimates are 

negative and significantly different from zero 
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at P≤0.01, hence, the inverse relationship of the 

sustainable soil management techniques with 

the poverty level of the farmers implies that the 

higher the use of sustainable soil management 

techniques, the lower the probability of the 

farmers being poor.  The result further showed 

that the use of sustainable soil management 

techniques reduced the poverty level of the 

farmers by 13.1 percent and 18.9 percent from 

WALD and IV estimators respectively. Thus a 

unit increase in the use levels of sustainable 

soil management techniques would lead to a 

corresponding decrease in the poverty level of 

the farmers. This finding is consistent with a 

priori expectations and supports the findings 

from; [12], [15], [18], [23] and [29]. 

Furthermore,  the finding also revealed  that 

apart from the sustainable soil management 

techniques impact on farmer’s net income, the 

use of SSMT also have significant impact on 

relative poverty levels of the farmers. Hence, 

the IV (Extension contacts) may have guided 

this finding. It therefore follows that the use of 

SSMT will not only increase farmer’s net 

income; it can also reduce the poverty levels of 

arable crop farmers in the State.

 
Table 3. Impact of Sustainable Soil Management Techniques on Poverty Levels Arable Crop Farmers 

LATE Estimators 

PARAMETER LATE (WALD) LATE (IV) ATE (IPSW) PSM 

ATE -0.1313 -0.1894 -0.0586 -0.1235 

-(15.16)*** -(21.04)*** -(0.16)  

ATE 1 

 

ATE 0 

 

  -0.0748 

-(2.26)** 

-0.0419 

-(0.35) 

 

Source: Computed from field survey data, 2015 

***; ** indicates statistical significance at 1 percent, and 5 percent respectively 

 

CONCLUSIONS 

 

Poverty induces farmers to employ variant soil 

management techniques that are quite 

unsustainable and this approach has adversely 

affected the productivity and income of the 

farmers. 

The findings of the study reveal a poverty line 

of N240.20 ($1.21) per person, per day using 

the relative poverty approach. This implies that 

the farm households were living on this income 

per person, per day. Thus, this amount suggests 

problems of food insecurity among poor farm 

households as evidenced in the poverty status. 

The Late model was used to remove both overt 

and hidden biases associated with the use of 

sustainable soil management 

techniques   which helped in increasing the 

income of the farmers and thus, reducing their 

poverty levels in the area. Therefore; 

appropriate government policies should be 

directed towards encouraging the rural farmers 

to embrace the use of improved farming 

techniques for increased output and poverty 

reduction. 
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