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    Chapter 2   
 On the Determinants of Low Productivity 
of Rice Farming in Mozambique: Pathways 
to Intensifi cation       

       Kei     Kajisa    

    Abstract     This chapter analyzes a rice farmer panel data set that was collected in 
2007/2008 and 2011 in Mozambique. We found that in a rainfed area, farmers 
expanded their cultivated area as local paddy prices increased in parallel with inter-
national  rice price   trends. However, the average yield decreased as the farmers were 
approaching to marginal land of their land frontier. To improve yield for further 
production increases, the production mode must shift from  extensifi cation   to  inten-
sifi cation   through the introduction of land-saving technologies, such as irrigation 
development. A lesson learnt from the Chokwe Irrigation Scheme, the largest 
scheme of the country, is useful for this aim. A key lesson is that assuring water 
access is crucially important because timely water application directly increases 
output and also increases the returns to chemical fertilizer use. In Chokwe, a recent 
increase in the real price of modern inputs, such as fertilizer and tractors, saw farm-
ers substitute  family labor   for modern inputs, that is, a return to traditional farming. 
To recapture the momentum of modernization, our analyses suggest that training 
and  market access   are important because those farmers who received a  management 
training   program did not give up using  animal traction  . Additionally, those who had 
access to rice buyers kept using chemical fertilizer.  

  Keywords     Rice farming   •   Mozambique   •   Irrigation   •   Modern inputs   •   Rice 
  production management   training  

        K.   Kajisa      (*) 
  School of International Politics, Economics, and Communication ,  Aoyama Gakuin 
University ,   4-4-25 Shibuya-ku ,  Tokyo ,  Japan   
 e-mail: k.kajisa@sipeb.aoyama.ac.jp  

mailto:k.kajisa@sipeb.aoyama.ac.jp


14

2.1         Introduction 

 Rice consumption in Mozambique has increased rapidly from 86 thousand tons in 
1990 to 519 thousand tons in 2010, at an annual growth rate of 8.6 % (USDA  2011 ). 
The growth rate of  rice consumption   has been faster than the three other major cere-
als: maize (5.5 %), wheat (7.4 %), and sorghum (4.7 %) (United States Department 
of Agriculture  2011 ). Initially, local rice production stagnated, resulting in a rapid 
increase in  rice import  s. Although it has started rising since 2008, local rice produc-
tion is still one third of consumption. Faced with an increase in  rice price  s on the 
world market, it is crucially important for the country to design effective strategies 
to accelerate the ongoing trend of rice sector development. For example, under the 
initiative of the  Coalition for African Rice Development (CARD)  , the country has 
drafted a national development strategy report emphasizing the modernization of 
the rice sector (CARD  2011 ). 

 However, it is not yet clear what strategies will push through the  intensifi cation  . 
A fi rst step toward a strategy for development is a clear understanding of the con-
straints on the current production mode, which will help fi nd ways to achieve inten-
sifi cation of rice farming. A major reason for diffi culties in this task is the lack of 
detailed and representative data on rice. The  International Rice Research Institute 
(IRRI)   conducted a household survey in irrigated and rainfed areas in 2007/2008 
and 2011 to construct a panel data set on rice farmers. Although national level gen-
eral surveys of farmers had been carried out, this was the fi rst data set designed 
specifi cally for rice. 

 Utilizing this data set, we begin by exploring what occurred in the rice sector 
between the two periods in the irrigated and rainfed areas. We then aim to identify 
what the constraints to an increase in rice production are. In the irrigated area, modern 
varieties and chemical fertilizer are moderately used, achieving the paddy yield of 
about 2 tons per hectare. Hence, we try to identify the constraints that were placed on 
 intensifi cation  , which has to some extent already taken place. Meanwhile, the rainfed 
areas that have followed a traditional style with no application of modern inputs, have 
achieved a paddy yield of around 1 ton per hectare. Boserup ( 1965 ) argues that the 
modernization of agriculture starts once farmers reach the frontier of arable land and 
when the relative cost of  extensifi cation   becomes more expensive than that of intensi-
fi cation. In line with this, our analysis of the rainfed areas focuses on the examination 
of the extensifi cation process and possible pathways to intensifi cation. 

 The organization of this chapter is as follows. After providing a brief overview of 
 rice consumption   and production in Mozambique in Sect.  2.2 , Sect.  2.3  explains the 
nature of data used in this study and Sect.  2.4  examines changes in production and 
technology in study sites from 2007/2008 to 2011. While Sect.  2.5  explains the 
estimation methodology, Sect.  2.6  discusses the determinants of rice cultivation and 
the performance in the  Chokwe irrigation scheme   and Sect.  2.7  examines rice pro-
duction performance in the rainfed area. Section  2.8  analyzes the impact of rice 
cultivation on household welfare. Finally Sect.  2.9  concludes this chapter by consid-
ering pathways to  intensifi cation   in rice farming in Mozambique.  
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2.2      Rice in Mozambique 

 As a result of an increase in urbanization and the convenience of preparing rice 
meals, Mozambique, like other African countries, has seen a shift in consumer pref-
erence for rice (Hossain  2006 ). Demand for rice in Mozambique has, therefore, 
been rapidly increasing. In response to this increase, production grew initially at 
12.1 % annually between 1993 and 1998, but then stagnated until 2008. The growth 
of production between 1993 and 1998 was largely attributed to area expansion 
resulting from the resettlement of rural populations after the peace agreement in 
1992, rather than to an increase in yield (Zandamela  2008 ). Therefore, as shown in 
Fig.  2.1 , the paddy yield had been around 1 ton per hectare in this period. Once 
resettlement was completed, production growth lost its momentum in the period 
from the end of the 1990s to the early 2000s. Growth resumed in 2008 when the 
international commodity markets, including rice, suffered a price surge. However, 
the increase in rice production is still reliant on area expansion, keeping the paddy 
yield at around 1 ton per hectare throughout the period (Fig.  2.1 ).

   Rice in Mozambique is produced mostly under  rainfed lowland   ecology 
(Table  2.1 ), where the farmers follow traditional  cultivation practice  s. Among rain-
fed lowland areas, Zambézia (57 %) is the dominant area, followed by Cebo Delgado 

  Fig. 2.1    Paddy yield in Mozambique from 1981 to 2011 (Source: USDA PS&D Online  downloaded 
from   http://worldfood.apionet.or.jp/index-e.html    )       
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(14 %), Nampula (10 %), and Sofala (9 %). Irrigated areas are concentrated in Gaza 
where the largest irrigation scheme in the country, the  Chokwe irrigation scheme  , is 
located. Chokwe is located about 220 km north of the capital, Maputo, in an area 
considered to be the most favorable in terms of its agro-ecological and economic 
conditions. However, due to a lack of rehabilitation investment and proper manage-
ment of the system since its construction during the Portuguese colonial period, 
irrigation water from the scheme (which supplies water by a gravity system and is 
managed by the state) is limited and unreliable. Even worse, the system was severely 
damaged by the catastrophic Limpopo river fl oods in 2000, and has not yet fully 
recovered. As a result, only 4,000 ha out of 26,000 ha of planned command area are 
irrigated. We have therefore looked at a wide variation in access to water as well as 
the extent of modernization within the irrigation scheme.

2.3         Data 

 The  International Rice Research Institute (IRRI)   conducted three household surveys 
in order to collect two-period panel data both in irrigated and in rainfed areas. The 
fi rst survey, in 2007, was conducted on the  Chokwe irrigation scheme   in Gaza 
(Fig.  2.2 ). For this survey we randomly sampled small and medium-size farmers 
stratifi ed by tertiary canal, and excluded commercial plantations with a land area 
larger than 8 ha. After data cleaning 441 of the 451 sample farmers remained. Our 
sample included farmers who received a  rice production management training   form 
Japan International Cooperation Agency (JICA) that was implemented in two water 
user groups between March 2007 and March 2010. The contents of the program 
included the training on modern farming practices such as seed selection, seedling 

   Table 2.1    Area of rice production in 2005 and agro-ecology by province in Mozambique   

 Province 
 Area of rice production 
in 2005 (000 ha)  Proportion (%) 

 Predominant agro-ecology 
in major rice provinces 

 Niassa  5.9  2 
 Cebo Delgado  38.2  14  Rainfed lowlands/uplands 
 Nampula  28.1  10  Rainfed lowlands/uplands 
 Zambézia  158.2  57  Rainfed lowlands 
 Tete  1.6  1 
 Manica  3.2  1 
 Sofala  24.9  9  Rainfed lowlands 
 Inhambane  6.0  2  Rainfed lowlands/uplands 
 Gaza  11.8  4  Irrigated 
 Maputo  0.4  0  Rainfed lowlands 
 Total  278.3  100 

   Source : TIA 2005 for area and proportion and Agrifood Consulting International ( 2005 ) for agro- 
ecology    
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preparation, transplanting, fertilizer use, water management, and  animal traction  . 
Additionally, the introduction of rice-related businesses, such as a micro fi nance 
program for rice farmers and a rice milling service, were also included.

   The second survey was conducted in parallel with the National Agricultural 
Survey of 2008 ( Trabalho de Inquérito Agrícola  2008 [hereafter, TIA08]) in 
 collaboration with the Department of Statistics within the Directorate of Economics 
of the Ministry of Agriculture. TIA08 is a nationally representative data set covering 
all provinces. We chose Zambézia and Sofala as the provinces representing a rainfed 
sample. Based on the TIA08 survey, 33 villages in 9 districts, out of 151 villages in 
17 districts in these provinces, were identifi ed as rice growing villages. TIA08 

  Fig. 2.2    Location of survey districts (Source: IRRI Social Science Division)       
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 sampled around 8 households in each village, generating a sample of 270 farmers in 33 
villages. IRRI additionally conducted a detailed rice survey of these sample farmers. 

 The third round of surveys, conducted in 2011, was undertaken simultaneously 
in both the irrigated and the rainfed areas. We added a number of detailed questions 
on rice, the importance of which was recognized after the analysis of the previous 
round of surveys. The survey team tried their best to identify the sample farmers in 
the previous round, and collected data from 323 farmers in Chokwe and 212 farmers 
in Zambézia and Sofala. The attrition rate of each site was 27 % and 21 %, 
respectively.  

2.4      Changes Between 2007/2008 and 2011 

 This section reviews the changes in production and technologies between the two 
time periods in each agro-ecological site. Table  2.2  shows the changes in rice pro-
duction, technology, and water access conditions. The fi gures for the variables that 
were not asked in the 2007/2008 round of the survey are missing from the tables. 
We report not only the changes in the survey plots but also those of the aggregated 
rice plots, including non-survey plots. 1  This is particularly important for rainfed 
areas as they have multiple rice plots and expansion of the area is occurring. 2  A 
contrast is observed in the aggregated cultivated area between the irrigated and the 
rainfed areas: the former almost fully utilized the entire lowland and thus experi-
enced little change in the size of cultivated area from 1.12 to 1.20 ha; in contrast, the 
latter increased the size from 0.86 to 1.04 ha (using upper limit fi gure).

   In the irrigated area, paddy production and the yield of the survey parcel went 
down (from 2.19 tons to 1.9 tons for production and from 2.04 tons per hectare to 
1.56 tons per hectare for yield), indicating a declining performance. 3  However, at 
the  JICA training   sites the decline was smaller than the others and the gap between 
the average at the JICA site and the overall average became wider; the ratio changed 
from 2.64/2.04 = 1.15 to 2.32/1.56 = 1.48. The farmers in the training sites seemed to 
be able to mitigate adverse effects more effectively. In the rainfed area, although 
rice cultivation became more active in that the cultivated area of survey parcel 
expanded from 0.36 to 0.43 ha, it was associated with small yield decline (from 1.00 
ton per hectare to 0.80 ton per hectare) and little change in production (from 0.29 

1   The survey plot is the plot recognized as the most important one by the interviewed household, 
for which we collected detailed input and output data. 
2   Note that the cultivated area of non-survey plots is based on farmers self-claim and we asked this 
type of question in different manners for double checking purposes. That being said, we received 
a wide range of answers as reported in the table. For the survey plot we measured the size with a 
GPS device. 
3   We compute the yield based on farmers’ recall of their harvest. Usually, they reported the harvest 
in terms of container they used (e.g., bags). We convert their answer to kilograms using a converter. 
For example, the most common container for rice is a 50 kg bag, which is converted to 38 kg of 
paddy rice (24 % depreciation). 
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tons to 0.25 tons). The possible reasons for these features in irrigated and rainfed 
areas will be explored later, together with other summary statistics. 

 The middle part of Table  2.2  shows the adoption of new rice varieties and 
 improved management practice  s (such as  bund construction   and transplanting as 
opposed to direct seeding) which did not change much in either area. In this period, 
these technologies were not the factors underlying the observed production changes. 

 The data on weather and irrigation in the irrigated area shows that the farmers 
suffered drought and irrigation water shortage in 2007, while fl ood and too much 
water was the problem in 2011. As we will discover later, water access is the crucial 
determinant for rice production performance. The fact that the proportion of farmers 
who claimed insuffi cient water (14 % in 2007) was lower than that of drought expe-
rience (53 % in 2007) in the irrigated area indicates that to some extent, the irriga-
tion system mitigated the impact of weather shocks on water access. The same 
applies in the case of fl oods and too much water in 2011. Nevertheless, we will fi nd 
out later that the scheme can make further improvements on  irrigation performance  . 
In the rainfed area, as indicated by the experiences of drought or fl ooding, weather 
shocks were more rampant than in Chokwe, which is located in a better agro- 
ecological zone. 

    Table 2.2    Changes in rice production, technology, weather, and irrigation conditions in 
Mozambique from 2007/2008 to 2011   

 Chokwe  Zambézia and Sofala 

 2007  2011  2008  2011 

 Rice production—aggregated over all rice plots 
   Land holding (lowland) (ha.)  1.84  1.80  1.92  1.40 
   Rice cultivated area (ha.)  1.12  1.20  0.50–0.86  0.60–1.04 
 Rice production—survey plot 
   Rice cultivated area (ha.)  1.12  1.20  0.36  0.43 
   Paddy production (t)  2.19  1.90  0.29  0.25 
   Paddy yield (t/ha)  2.04  1.56  1.00  0.80 
   Paddy yield of  JICA training   sites 

(sub-sample) (t/ha) 
 2.67  2.32 

 Rice technology and practice 
   Plot with bund (%)  68  98  45  47 
   Plot subdivided by bund (%)  94  41 
   Bund height (cm)  28.80  38.75 
    Bund construction in survey year (%)  97  61 
   Major variety (name and %)  TIA312, 

61 % 
 TIA312, 
74 % 

 Nene, 
16 % 

 Mamia, 22 % 

   Transplanting (%)  77  74  28  23 
 Weather and irrigation 
   Drought experienced farmers (%)  53  19  74  65 
   Flood experienced farmers (%)  3  58  26  12 
   Insuffi cient water experienced farmers (%)  14  9 
   Too much water experienced farmers (%)  7  13 
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 Table  2.3  shows the changes in prices, inputs, income, and profi t between the two 
periods. We start with a review of the irrigated area. Refl ecting the trend in the 
 international rice market, the paddy price at a local market increased over the period. 
More importantly, however, the wage rate of agricultural labor, the  nitrogen   price, 
and  tractor   rental cost increased at a faster pace, resulting in an increase in the real 
price of these inputs (the nominal price of the input divided by the paddy price) and 
the decline in the profi tability of rice production. It is worth noting that, for exam-
ple, on the international markets the fertilizer price increased but at a slower pace 
than that of rice. 4  Accordingly, a faster increase in input prices must stem from 
domestic factors. As we will see later, the high input prices seem to be a reason for 
the stagnation of modernization. An investigation of the domestic input market 
structure would be an important agenda for future research.

   The levels of real input prices (the price divided by the paddy price) have been 
very high in comparison with those in Asia. For example, from the 1960s to the 

4   For example, FOB price of Thai rice (A1 Super grade) increased from 272 USD/ton to 466 USD/
ton by 71 % from 2007 to 2011, while Arabian Gulf FOB price of urea increased from 310 USD/
ton to 400 USD/ton (29 %) in the same period. 

    Table 2.3    Changes in price, inputs, income, and profi ts in Mozambique from 2007/2008 to 2011   

 Chokwe 
 Zambézia and 
Sofala 

 2007  2011  2008  2011 

 Price 
   Paddy price (MT/kg)  3.97  6.36  6.67  10.83 
   Wage rate (av. all ag labor works) (MT/day)  45.60  84.50  31.68  44.61 
   Price of  nitrogen   (MT/kg)  30.40  57.10 
   Tractor rental cost (MT/ha)  1,432  2,800 a  
   Real wage rate (in paddy)  11.80  13.40  5.27  4.40 
   Real  nitrogen   price (in paddy)  7.84  9.04 
   Real  tractor   rental cost (in paddy)  369  440 
 Input 
   Fertilizer (NPK) amount (kg/ha)  21.00  9.63  0.00  0.00 
   Fertilizer payment, at the time of purchase  0.78 
   Fertilizer payment, after harvest  0.14 
   Animal use (%)  45  1  1  0 
   Tractor use (%)  55  0  0  0 
   Thresher use (%)  7  0  1  0 
   Family labor input excl. bird scaring (days/ha)  50  94  159  119 
   Hired labor input excl. bird scaring (days/ha)  34  33  16  16 
 Income and profi t 
   Rice income per ha. (MT/ha)  3,771  3,871  5,703  6,770 
   Rice profi t per ha. (MT/ha)  269  −2,173  453  1,797 
   Total  rice income   from the survey plot (MT)  3,322  4,992  2,677  6,358 

   a Obtained from secondary source  
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2000s the real price of  nitrogen   in the Philippines was between 2 and 3 with a few 
exceptional years. The corresponding fi gure in Mozambique was 7.84 in 2007 and 
9.04 in 2011. In this regard, the already high real price of fertilizer in 2007 rose even 
higher in 2011. This must be the main reason why the low NPK use at 21.00 kg/ha 
(recommended level of nitrogen, 50 kg/ha) was further reduced to 9.63 kg/ha in 
2011. The real rental cost of tractors increased from 369 to 440 and we suspect that 
a similar increase in prices was seen for animal and threshing  machine rental  . 
Accordingly the fi gures show the disappearance of the use of animals, tractors, and 
threshing machines, although animal use survived to a small extent. As a substitute 
for these power sources,  family labor   input increased remarkably. The use of hired 
labor, however, changed little presumably due to an increase in the real wage rate. 
Because of this substitution strategy, the farmers reduced the paid-out cost and 
ensured slightly higher levels of income, even though they gave up the yield gain 
(see the lower part of Table  2.3 ). 

 An interesting feature observed in 2011 was the emergence of an informal credit 
arrangement for fertilizer transactions. Amongst fertilizer users the dominant mode 
of payment was cash at the time of purchase (78 %). Meanwhile, 14 % of users paid 
for the fertilizer after the harvest. This proportion is higher than for similar arrange-
ments for seed (4 %) or machine/animal (2 %) transactions (not shown in the table). 
This kind of arrangement is very common in Asia where rice millers or buyers also 
deal in fertilizer. Thus the  access to credit   was not the critical bottleneck for the 
progress of the  Green Revolution   in Asia (David and Otsuka  1994 ). Meanwhile, the 
number of millers and buyers in Africa is limited and they do not usually deal in 
fertilizer. It is alleged that in Africa credit constraints may not easily be solved. 
However, our case may indicate that such arrangement can emerge. This is most 
likely because the production risk is lower and payment after harvest is more cred-
ible in the irrigated area. 

 In the rainfed area, as a net importer of rice, the  rice price   at local markets became 
higher than that in the irrigated area (6.67 in 2008 and 10.83 in 2011), refl ecting the 
remoteness of the villages in the rainfed area. Although the nominal wage rate was 
also higher in the rainfed area, the real wage rate became slightly lower in 2011 due 
to a faster increase in rice prices, implying an increase in profi tability. These changes 
in the markets could be a signifi cant stimulus to the production increase. 

 Regarding input use, rice production in the rainfed area relied mostly on  family 
labor   with little use of animals or machines and no use of fertilizer in 2008. In 2011 
animals, machines and fertilizer were not used at all. Only 9–12 % of the total labor 
input was hired labor. Under such a production mode the paid-out cost account for 
only a small portion of total cost and the revenue becomes almost equal to the 
income. Therefore, despite very low yield, farmers still earn a substantial amount of 
income. Note that, taking advantage of the  rice price   increase, the income per hect-
are increased from 5,703 to 6,770 MT/ha and the total income from 2,677 to 
6,358 MT in the rainfed area. 

 In Table  2.4 , we review the conditions of output and factor markets. Even in the 
irrigated area the number of rice millers and buyers was low. The activeness of a labor 
market is approximated by the proportion of hired labor. Because landless house-
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holds are not common -a remarkable difference between Mozambique and 
Asia – hired labor is not the major source of power. 5  With regard to the land rental 
market, only 2 % of rice plots in the irrigated area were rented by the farmers in 2011. 
In the rainfed areas the fi gures were 12 % in 2008 and 5 % in 2011. In summary, both 
the agricultural labor and the land rental markets were very thin in Mozambique.

   Lastly we examine the changes in household characteristics (Table  2.5 ). Among 
 human capital   and other asset endowments, the number of working age household 
members changed little in both areas. The average number of years of schooling 
increased slightly. In the rainfed area the number of cattle increased. With regard to 
welfare, the fi gures from the irrigated area show that households experienced an 
improvement in their asset position. Non-agricultural job opportunities did not improve 
considerably, as indicated by the rather declining proportions of salary or cash earners.

   Summarizing the features discussed above, the changes in rice production have 
been schematically summarized in Fig.  2.3 . The graph shows the  production 
 function   of rice with only the land size dimension of input on the horizontal axis. 
The change in the rainfed area is characterized as an area expansion with little 

5   For example, in the Philippines the proportion was 49 % in 1966 and 71 % in 1976 in Laguna, and 
60 % in 1967 and 43 % in 1971 in Central Luzon. In Tamil Nadu, India, the proportion was 73 % 
in 1971. 

   Table 2.4    Changes in output, labor, and land markets in Mozambique from 2007/2008 to 2011   

 Chokwe 
 Zambézia and 
Sofala 

 2007  2011  2008  2011 

 Output market 
   Rice miller (number)  0.22  0.05 
   Rice buyer (number)  0.44  0.17 
 Labor market 
   Proportion of hired labor (%)  33  22  9  12 
   Exchange labor for crop establishment a  (%)  9 
   Hired labor for crop establishment a  (%)  26 
   Exchange labor for harvesting a  (%)  14 
   Hired labor for harvesting a  (%)  26 
 Land transaction 
   How land obtained (%) 
    From traditional/formal authority  56  6  8 
    From relative  5  22  17 
    Rent-in or borrow  12  10  8 
    Occupied  2  22  24 
    Purchased  0  14  20 
    Inherited  23  26  24 
    Others  0  0  0 
   Proportion of rented-in plot of all rice plots (%)  2  12  5 

   a Data are from the village level questionnaire  
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 progress in technology adoption (no shift in the production curve). Hence, the 
expected outcome is a production increase with more land but at a lower yield. The 
main reason for change in this direction during our survey period could be the stim-
ulus created by the sharp increase in the local  rice price  . In the expansion process, 
some farmers would have started rice cultivation in the lowland, which had not yet 
been used for rice. If this was the case, some lowland parcels may not have been 
fully prepared for rice cultivation in the survey year, particularly where the plot was 
in a remote area or where the environmental conditions of the plot were very severe. 

   Table 2.5    Changes in household characteristics in Mozambique from 2007/2008 to 2011   

 Household characteristics 

 Chokwe 
 Zambézia and 
Sofala 

 2007  2011  2008  2011 

 No. of working age members  4.1  3.7  2.2  2.5 
 Female-headed HH (%)  34  38  23  23 
 Head’s schooling years  2.90  2.69  3.07  3.06 
 Average schooling years  4.03  4.44  3.02  3.32 
 Credit experience in survey year (% of farmers)  6  7  2  3 
 Extension service, received in survey year (% of 
farmers) 

 39  17  8  17 

 Value of asset (MT)  35,977  61,914  6,544 
 Cattle number  3.14  3.54  0.07  0.21 
 Proportion of salary earner in a family (%)  16  9  9  6 
 Proportion of cash earner in a family (%)  23  21  24  17 

  Fig. 2.3    The change in rice production due to land expansion in irrigated area and rainfed area       
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Under such a transition process a newly expanded area might not be able to achieve 
its potential yield and farmers may even fail to harvest any rice crop. This situation 
could have resulted in, on average, an insignifi cant or a marginal increase in output 
(in the short-run) and may have made the low yield in the rainfed area even lower.

   Meanwhile, in the irrigated area (the upper  production function  ), as a result of 
the adverse effect of increases in the real price of fertilizer and machinery, the use 
of these inputs was reduced and, accordingly,  land productivity   declined. This situ-
ation resulted in a yield decline from 2008 to 2011. However, those farmers who 
were trained by JICA could mitigate these adverse and maintain a high yield. In the 
following sections we statistically examine these propositions.  

2.5      Methodology 

 We have taken different estimation approaches between the irrigated and the rainfed 
areas. Table  2.6  shows the transition matrix of rice cultivation where the fi gures 
indicate the number of rice cultivators or non-cultivators in each survey round. The 
matrix of the irrigated area indicates that only 76 farmers cultivated rice in both 
years, while 56 did not and 52 started/resumed in 2011. Our fi eld observations show 
that farmers make decisions of rice cultivation each year based on their expectations 
about water availability from irrigation as well as other constraints. If they decide 
not to cultivate rice, they either allow the land to lie fallow, or they cultivate vegeta-
bles or less-water demanding crops – usually at a small portion of the parcel. We 
therefore begin by estimating the determinants of rice cultivation by year. We then 
go on to estimate the determinants of rice production performance among the rice 
cultivators. The most important performance indicator in the irrigated area is yield. 
In addition, we estimate the determinants of the use of major inputs such as fertil-
izer, labor, animal power, and tractors. 6 

6   The use of thresher in 2007 is not estimated because only 7 % of the farmers used it. Tractor use 
and thresher use in 2011 are not estimated because farmers used neither method at all. 

   Table 2.6    Rice cultivator transition matrix in Mozambique   

 Chokwe 

 2011 

 Total  Cultivator  Non-cultivator 

 2007  Cultivator  76  56  132 
 Non-cultivator  52  139  191 

 Total  128  195  323 

 Zambézia and Sofala 

 2011 

 Total  Cultivator  Non-cultivator 

 2008  Cultivator  195  15  210 
 Non-cultivator  1  0  1 

 Total  196  15  211 
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   In the rainfed areas, most of the farmers who cultivated rice in 2008 also  cultivated 
rice in 2011 (195 out of 211 farmers). Additionally, our descriptive tables indicate 
that what occurred in the area was not a structural change associated with technol-
ogy adoption but rather an adjustment of resource use with the same technology set. 
Therefore, taking advantage of the panel structure we apply household  fi xed effect   
models to estimate the determinants of rice production performance. To capture the 
 extensifi cation   process, the main performance indicators in the rainfed area are: the 
area cultivated, the output, and the yield of the entire rice parcels including 
 non-survey parcels. As it is related to the yield, we also estimate the size of the 
 fallowed land area.  

2.6      Analysis of the Chokwe Irrigation Scheme 

2.6.1     Determinants of Rice Cultivation 

 We apply a Probit model to estimate the equation of a binary dependent variable 
which becomes one for a rice cultivator and zero otherwise. The explanatory vari-
ables include: (1)  credit access   (the dummy of credit use in the survey year); (2) 
 extension service   (the dummy of service received in the survey year); (3) labor 
endowment (the number of working-age household members, the average number of 
schooling years, a female headed household dummy, the proportion of salary earn-
ers); (4) land endowment (total landholdings); (5) power source endowment (the 
number of cattle owned); and (6) water access (downstream dummy, drought dummy, 
and fl ood dummy). In order to capture differential impacts of water access shocks in 
the irrigated area, we include interaction terms of the downstream dummy with the 
drought dummy or the fl ood dummy. Since  access to credit   and access to the exten-
sion service are possibly endogenous variables, we estimate additional models by 
replacing these two variables with the value of assets and travel time to the nearest 
town – assuming that they are given to the household for the short term at least. 

 Firstly, the results in Table  2.7  clearly indicate the importance of water access. In 
2007 (a year of severe drought), the coeffi cient of the drought dummy is negative 
and highly signifi cant but its interaction term with the downstream dummy is not so. 
Meanwhile, in 2011 when the drought was mild, only the downstream farmers who 
were affected by the drought (i.e., interaction term of drought and downstream) had 
to give up rice cultivation. This indicates that unless weather shocks are severe, an 
improvement in the capacity of a system and stricter water management would 
reduce the number of downstream farmers who have to give up their rice 
cultivation.

   Another interesting fi nding is that credit was important in 2007 but not so in 
2011. Possible reasons for this change will be discussed later in this chapter. Access 
to  extension service  s was infl uential in both years, implying the usefulness of 
knowledge about modern rice  production management   in the irrigated area.  
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   Table 2.7    Probit analysis of rice cultivation in 2007 and 2011,  Chokwe irrigation scheme   in 
Mozambique   

 Dep. var.: Rice cultivation=1 

 2007  2011 

 Credit use in survey year  1.409***  0.257 
 (2.817)  (0.804) 

 Extension service received  0.437***  0.456** 
 (2.722)  (2.206) 

 Value of assets  −4.82e-07  −4.86e-07 
 (−0.413)  (−0.630) 

 Travel time to the nearest town  −0.00747**  −0.00240 
 (−2.316)  (−0.938) 

 No of working age HH members  −0.00338  −0.0174  −0.0212  −0.0319 
 (−0.0939)  (−0.474)  (−0.552)  (−0.819) 

 Ave. schooling years  −0.00507  0.00401  0.0404  0.0352 
 (−0.130)  (0.0948)  (1.222)  (1.010) 

 Female-headed HH dummy  −0.0126  0.0327  0.0622  0.0649 
 (−0.0759)  (0.193)  (0.375)  (0.396) 

 HH head age  −0.00658  −0.00569  −0.00329  −0.00270 
 (−1.262)  (−1.021)  (−0.960)  (−0.789) 

 Total land holdings  0.101**  0.148***  0.155***  0.170*** 
 (2.449)  (3.700)  (3.813)  (4.218) 

 No of cattle, owned  −0.0194*  −0.0164  0.000870  0.00607 
 (−1.670)  (−1.182)  (0.120)  (0.709) 

 Prop of salary earners  −1.213**  −1.376**  −0.178  −0.0562 
 (−2.059)  (−2.305)  (−0.286)  (−0.0905) 

 Downstream dummy  −0.481  −0.647**  −0.105  −0.122 
 (−1.555)  (−2.067)  (−0.310)  (−0.363) 

 Drought experience dummy  −0.458***  −0.533***  0.0113  0.0550 
 (−2.606)  (−3.068)  (0.0515)  (0.254) 

 Drought*downstream  0.124  0.348  −0.950*  −0.961* 
 (0.297)  (0.807)  (−1.776)  (−1.813) 

 Flood experience dummy  −0.104  −0.192  0.277  0.302* 
 (−0.243)  (−0.456)  (1.629)  (1.780) 

 Flood*downstream a   0.534  0.556 
 (1.257)  (1.314) 

 Constant  0.235  0.650  −0.790***  −0.641** 
 (0.601)  (1.576)  (−2.781)  (−2.155) 

 Observations  323  303  323  321 

  The numbers in parentheses are  z -statistics 
 ***, **, and * indicate signifi cance at 1, 5, and 10 %, respectively 
  a Not included in 2007 regression due to the drop of two observations by the perfect prediction by 
this variable  
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2.6.2     Determinants of Rice Production Performance 

 The composition of explanatory variables is slightly different from the previous 
model. Firstly, we replaced household-level water condition variables (the drought 
dummy and the fl ood dummy) with the plot-level ones (the insuffi cient water 
dummy and the too-much water dummy). Secondly, we included the dummy of 
those who received  JICA training  . Thirdly, in the second round of our survey we 
collected information about access to rice-related markets such as the number of 
accessible rice buyers, rice millers, and seed sellers. This information is included in 
the analysis of the 2011 data. As these variables are missing for some of the farmers, 
to check for robustness we also ran models without these new variables. 

 Table  2.8  shows the estimation results in 2007. They indicate that the farmers in 
the downstream area or those suffering from insuffi cient irrigation achieved a lower 
yield in the severe drought year. We would like to stress again the importance of 
access to water. In 2007, the use of chemical fertilizer was positively associated 
with credit use in a structural form or with the value of assets in the reduced form 
regression. This indicates the importance of having cash in hand in order to pur-
chase the fertilizer. The negative infl uence of insuffi cient water on the use of chemi-
cal fertilizer indicates a complementary effect between the two. The number of 
working-age household members is signifi cant in the total (i.e., the sum of family 
and hired) labor input function. This implies the existence of allocative ineffi ciency 
due to inactive factor markets, because if household with a shortage of labor were 
able to hire as much labor as they wished, the household level labor endowment 
would not have a signifi cant effect on labor input. The likelihood that animals will 
be used increases among those who own more cattle. The  access to credit   looks to 
be important for  tractor   use; however, the result is not robust as the asset variable in 
the alternative model is not signifi cant.

   It is critically important to fi nd that the  JICA training   dummy is signifi cant in the 
structural form model in relation to total labor hours. This dummy is also signifi cant 
in the reduced form  yield function  , indicating that the yield is about 0.7 tons per 
hectare higher at the training sites. This is presumably due to the implementation of 
more labor-intensive farming practices at the project sites. Note, however, that since 
this is the result for the year that the project started, we cannot yet be sure of the 
sustainability of this impact. 

 The results in 2011 are reported in Table  2.9 . The corresponding results with the 
full sample excluding the newly collected variables are placed in the Appendix 
Table  2.11 . Since the qualitative results are the same, our discussion relies on the 
results in Table  2.9 . An important change from the 2007 results is that the impact of 
the  JICA training   becomes greater and more robust in 2011. First, the impact on 
yield became greater and the coeffi cients became signifi cant both in structural and 
reduced forms. The model predicts that the trained groups can achieve a yield that 
is higher by about 1 ton per hectare. Second, this dummy is also signifi cant in the 
animal use function, both in structural and reduced forms. This indicates that among 
other things the  animal traction   component was practically effective and was 
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 therefore remained adopted to help improve yield. Note also that our survey was 
conducted a year after the completion of the project, which implies the sustainabil-
ity of the impact of this component.

   Another interesting contrast to the 2007 results is that the use of credit and the 
value of assets are no longer associated with the use of chemical fertilizer. A pos-
sible reason for this is the emergence of post-harvest payment arrangements. This 
idea is supported by a positive and signifi cant coeffi cient of the number of accessi-
ble rice buyers who may be the ones to accept such a payment arrangement. It 
should, however, be noted that the insignifi cant effect of credit may simply be due 
to the fact that the demand for fertilizer decreased when its price increased in 2011. 
Since the fertilizer is a crucial factor for yield improvement, a further investigation 
is worthwhile. The number of working-age household members is still highly sig-
nifi cant in the total labor input function, indicating that the inactive labor market has 
remained.   

2.7      Determinants of Rice Cultivation Performance 
in the Rainfed Area 

 Table  2.10  presents the results of household-level fi xed-effect models on the deter-
minants of rice production performance. We make a few remarks about the differ-
ences between this and the analysis of the irrigated area data. Firstly, because our 

   Table 2.10    Determinants of rice cultivated area, output, and yield in 2008 and 2011, Zambézia 
and Sofala in Mozambique (HH fi xed-effect model)   

 Variables  Cultivated area  Paddy output  Paddy yield  Fallowed lowland size 

 Land holding 
(lowland) 

 0.132***  0.0265**  −0.0680**  0.0312*** 
 (7.448)  (2.126)  (−2.583)  (3.441) 

 No. of working 
household members 

 0.0456  −0.0153  −0.108  0.0290 
 (0.872)  (−0.414)  (−1.380)  (1.078) 

 Village paddy price  0.0180*  0.00160  −0.0559***  −0.00609 
 (1.597)  (0.201)  (−3.334)  (−1.055) 

 Drought experience 
dummy 

 −0.00484  −0.122  −0.444***  0.0357 
 (−0.0433)  (−1.542)  (−2.663)  (0.622) 

 Flood experience 
dummy 

 −0.116  0.191**  0.281  0.0266 
 (−0.937)  (2.193)  (1.527)  (0.419) 

 Constant  0.0991  0.484***  2.131***  −0.0278 
 (0.496)  (3.434)  (7.164)  (−0.271) 

 Observations  390  390  390  390 
 R-squared  0.232  0.070  0.142  0.074 
 Number of hhid  195  195  195  195 

  The numbers in parentheses are  t -statistics 
 ***, **, and * indicate signifi cance at 1, 5, and 10 %, respectively  
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focus in the rainfed area is on the  extensifi cation   process, the dependent variables 
measure the levels or amounts aggregated over all rice plots, rather than those of 
survey plot only. Secondly, we exclude the explanatory variables that are employed 
mainly to explain the  adoption of modern technologies   because this aspect has not 
emerged in the rainfed area. An advantage of this treatment is that our models 
become less likely to suffer endogenous variable problems. 7  Thirdly, in order to 
capture the price effect, we include the village-level paddy price. In contrast to the 
data from one irrigation scheme, we have wide geographical price variations in the 
rainfed area. The available data points for input prices and wage rates are too few 
because no modern input is used and most of the farmers rely solely on  family labor   
in the rainfed area. We therefore decided not to use these as explanatory variables in 
our estimation models.

   The results show that the cultivated area becomes larger with a greater land 
endowment and where the paddy price is higher. Our expectation based on Fig.  2.3  
is that these two key determinants affect the paddy output in the same manner. 
Although both have correct signs (i.e., positive signs), only the coeffi cient of land-
holding is statistically signifi cant in the paddy output model. This is probably 
because the area expanded with the price stimulus has yet contributed much to the 
total output. Figure  2.3  predicts that yield decreases with the expansion of the area 
if the process is at the  extensifi cation   stage. The coeffi cient of the landholding size 
and that of the price in the  yield function   have negative signs in the yield regression. 
The last column shows that the larger the land endowment, the greater the chance of 
land being put to fallow. The large landholders have room to selectively cultivate 
their parcels depending on the agronomic, weather, and market condition of each 
parcel in a particular season. If they cultivated favorable plots of land that season, 
yield would not largely decline. This could reduce a negative impact on paddy yield 
among the large landholders.  

2.8      Impact of Rice Sector Development on Household 
Welfare 

 Our ultimate goal is to identify pathways for welfare improvement and poverty 
reduction among Mozambican farmers. Can the acceleration of rice sector develop-
ment contribute to this goal? Figs.  2.4  and  2.5  present non-parametric regression 
curves on X-Y diagram, where Y measures welfare and X measures rice production 
performance. 8  The welfare is measured either by the  rice income   per household 
member in panel (a), or by the log of non-agricultural asset values per household 
member in panel (b). The performance indicator in the irrigated area is paddy yield 

7   The variables excluded are average schooling years, number of cattle, credit use,  extension ser-
vice  received, and proportion of salary earners. 
8   We use a locally weighted scatterplot smoothing method setting bundwidth at 0.8. 
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  Fig. 2.4    Relationship of paddy yield with ( a )  rice income   per capita or ( b ) non-agricultural asset 
values per capita in  Chokwe irrigation scheme   in Mozambique       
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  Fig. 2.5    Relationship of paddy output with ( a )  rice income   per capita or ( b ) non-agricultural asset 
values per capita in Zambézia and Sofala in Mozambique       
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and it is paddy output in the rainfed area. There is only asset data for the rainfed for 
2011. All fi gures show a positive association globally, supporting rice as a 
 strategically important commodity for the improvement of farmers’ welfare.

2.9          Concluding Remarks 

 Our analyses of a rice farmer panel data set collected in 2007/2008 and 2011  identify 
the constraints on Mozambique’s rice sector development. In reaction to the increase 
in paddy prices, the farmers in the rainfed area are approaching to marginal land of 
their land frontier, experiencing lowering yield. Most of the farmers in the rainfed 
area had been relying solely on  family labor   for their rice production with little use 
of modern seeds, inputs, animals, and machines. Further increases in rice produc-
tion in the rainfed area should come from a shift of their production mode from 
 extensifi cation   to  intensifi cation   through the introduction of  land saving technolo-
gies  . One of these technologies is the irrigation development. 

 Lessons from the  Chokwe irrigation scheme   are useful for this purpose. Assuring 
water access through proper irrigation system management is crucially important 
because timely water application not only directly increases output but also indi-
rectly through its impact on the returns to chemical fertilizer use. An obvious path-
way to  intensifi cation   therefore is the investment in irrigation facilities. Strengthening 
marketing system is also important judging from the fact that a recent increase in 
real prices of modern inputs such as fertilizer and tractors made the farmers substi-
tute  family labor   for modern inputs, that is, the recurrence of traditional farming. 
The fi nding that the farmers with access to many rice buyers kept using chemical 
fertilizer also suggests the importance of marketing. Another critical fi nding of our 
analysis is that the farmers who received a  rice production management training   
program achieved a high yield with the use of  animal traction  . These fi ndings sug-
gest that  management training   and market development are important for recaptur-
ing the momentum of modernization, particularly if irrigation water is available.      
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