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ABSTRACT 
 

Present study was carried out in Social Sciences Research Institute PARC, 
AARI Campus, Faisalabad during 2012 with the objective to work out the total 
factor productivity growth of minor crops i.e. gram, millet, sorghum and 
rapeseed & mustard in Punjab, Pakistan. The Tornqvist Theil Index number 
approach was used, which is the most frequently used approach. The average 
annual growth rate of total factor productivity of minor crops remained 1.5 
percent during the whole study period (1980-2012). During this period, the 
study showed that 54 percent growth in output was due to growth in total 
factor productivity while remaining 46 percent growth was due to the 
contribution of inputs to the output growth. This showed the large contribution 
of total factor productivity in the output growth. Total factor productivity growth 
was highest during 2001-10 when TFP growth rate was 1.9 percent. The 
contribution of TFP to output growth was 73 percent, while the remaining 27 
percent was the contribution of inputs whereas. TFP growth was lowest during 
1991-2000 when TFP growth remained 1.3 percent and contribution of 
productivity to output growth was 69 percent, while, the remaining 31 percent 
was the inputs contribution. So, the gap between output and input growth was 
bridged by the total factor productivity. Output growth of 2.6 percent was 
maximum during 2001-2010 while it remained minimum (2%) percent during 
1991-2000. Input growth of 1.2 percent was maximum during 1981-90 while it 
remained minimum 0.6 percent during 2001-10. This shows the large 
proportional decline in use of inputs in comparison with substantial gain in 
production during the study period. The reason of this large yield gain is that 
TFP has become major factor contributing towards output growth. 
 
KEYWORDS: Total factor productivity; growth rates; minor crops; tornqvist 

index; conventional inputs; output performance; Punjab, 
Pakistan. 

 

INTRODUCTION 
 
 

The successful industrialization is dependent on the resources released from 
improved agricultural productivity which is the key strategy adopted by the 
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developed economies to provide raw material and financial resource base to 
the growing sectors of economy. Thus, agricultural development acts as a 
pre-requisite for industrial development. Therefore, the role of agricultural 
productivity cannot be underestimated. Kiani et. al. (24) and Stern (32) 
illustrated that successful industrialized countries have only modest bias  
through pricing and trade policies towards agriculture. A consistent and well-
built evidence is given by the economists that high returns per dollar spent 
are yielded from investment made in agricultural research (28).  
 
One of the basic questions faced by all economies is that how much 
economic growth is caused by growth in physical and human capital and how 
much proportion is caused by factors such as technology and institutional 
reforms. The economists have the view that sustained institutional and 
technological growth is a major contributor to sustained high growth with 
special focus on issues of agricultural development and productivity growth. 
Productivity growth is the fraction of the growth in production that is not the 
result of use of the conventional inputs (10). So, the productivity growth is 
caused by the factors such as improvements in human capital, investment in 
research and development, institutional and infrastructural development.  
 
Improvements in the resource use efficiency and technology increase 
productivity (14). With the current population of the country is (184 millions) 
having the growth rate of 2% it is expected that Pakistan will be ranked fifth 
among the most populous countries by 2050 (11). To feed such a large 
population, agricultural productivity must increase, because due to higher 
cost of production, the utilization of conventional resources cannot be 
increased beyond a certain limit (4). Elis (19) pointed out that productivity 
growth in agriculture increases income for the rural communities, which 
promotes their spending on the non-farm sector. Total factor productivity 
(TFP) can play a key role in the alleviation of rural poverty in developing 
countries (18). In 21st century, facing the problem of food security Pakistan 
has to show outstanding performance through productivity growth to compete 
the world under WTO scenario (31). The productivity growth due to 
technological change can be explained by upward shift of the production 
frontier so that same quantity of inputs produce more amount of output. 
 
Allowing market signals to transmit to producers and removal of market 
imperfections is the principal aim of the structural adjustment programme. 
New framework in Pakistan for economic growth stresses and identifies the 
need to raise productivity growth by development of vibrant markets, 
improving governance quality and vitalizing youth (20). The growth in 
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agriculture sector accelerates local demand for industrial goods and services 
and supply raw material to agro-based industry in particular textile industry, 
which is the most prominent subsector of manufacturing sector.  
 
Muragi et al. compared TFP growth between Indian and Pakistani Punjab for 
the period 1961 to 1994. Indian Punjab performed better, with five percent 
rate of output growth and 1.9 percent rate of TFP growth. In contrast, 
Pakistani Punjab showed output growth rate of 1.3 percent and TFP growth 
rate of 1.5 percent. It was concluded that low TFP growth in Pakistan was 
due to the problem of soil degradation. The study also identified a number of 
factors contributing to TFP growth. These factors included investment in 
agricultural research, roads, education and subsidies on inputs. 
 
Pasha et al. (29) examined the role of different factors influencing agricultural 
TFP in Pakistan on a long-term basis, (1972-73 to 1997-98). They concluded 
that human capital improvement accounted for 1.6 to 1.8 percent 
annualincreases in TFP. They found that faster growth in TFP in recent years 
was largely due to the enhanced contribution of non-factor inputs. They 
concluded that there existed a substantial scope for increasing total factor 
productivity by investing more in education, especially at primary and 
secondary level. 
 
Ali (57) estimated TFP index from 1960 to 1996 for Pakistan agriculture using 
Arithmetic and Tornqvist-Theil indexes. During this entire period average 
annual rate of growth of total factor productivity was 2.3 percent that cause 
58 percent of total output growth. It was concluded that TFP was an 
important factor in raising agricultural performance. The highest growth rates 
of TFP were found during early green revolution period (1965-70) and the 
lowest growth rates were found during 1971-75. 
 
Saboor, et al. (31) estimated TFP growth of agriculture in Pakistan and 
concluded that there was a substantial gain in TFP although, considerable 
increase in poverty was also observed during this period. The reason behind 
this contradiction was that this high growth in TFP was achieved only by land 
lords and could not be trickled down to the rural poor. 
 
Ahmad et. al. (1) estimated the growth trends of TFP in agriculture sector of 
Pakistan from 1950 to 2004 when the estimated TFP growth was 0.28 
percent and the contribution of TFP to growth of agricultural value addition 
was 7 percent. Timely provision of inputs and extension services may lead to 
increases in TFP growth. 
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Kiani et. al. (24) measured TFP in the crops sub-sector of Punjab, Pakistan 
from 1970-2004.The results indicated that agricultural research investment, 
number of tractors, and tube wells had positive and significant impact on 
TFP. Empirical evidence showed attractive marginal rates of return to 
investments in agriculture. 
 
Total Factor Productivity (TFP) growth in different agro-ecological zones of 
Punjab. The highest TFP growth rate of 3.63 percent was observed in cotton-
wheat zone, while minimum was found in rice-wheat zone. The low growth 
rate of TFP in this zone was due to the increasing problem of soil 
degradation in the area.  
 
A few studies have been conducted on TFP of agriculture in Pakistan 
especially in the minor crops sector. As the resources are changing due to 
different resource use efficiencies together with government policies, fresh 
estimation of TFP is to be traced. The present study was conducted with the 
objectives to estimate total factor productivity growth of minor crops and its 
contribution to output growth in Punjab, Pakistan. 
 

MATERIALS AND METHODS 
 

This study was carried out in Social Sciences Research Institute (PARC) 
AARI, campus, Faisalabad. For the study secondary data on the output 
quantities of minor crops and their prices was collected through different 
sources for the period (1980 to 2012). These minor crops included gram, 
bajra, jawar and rapeseed mustard. The data on inputs used and their prices 
was collected from different sources of official statistics. The inputs included 
land, labour, capital fertilizers and pesticides. The capital stock included 
draught animals, tractors and tube wells. Various methods are in use for the 
computation of the TFP index. Tornquist-Theil index approach is considered, 
a superior one (30). Assuming the competitive framework, the Tornquist-Theil 
index gives steady aggregation of outputs and inputs, constant returns to 
measure input-output separability and Hicks neutral technical change. It also 
accounts for some quality changes of inputs. For the construction of weights, 
current input prices were used so that improvements in quality of inputs may 
be reflected by high rental rates and wages. Tornqvist index is usually 
presented and applied in its log-change form. The log-change form offers a 
convenient computational form. In log-change form, the Tornqvist Index is an 
average of logarithmic changes which is measured as the difference between 
the rate of output change and the costshare-weighted sum of input rates of 
change. If time-series data is available at discrete intervals, the continuous 
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time derivation of this index cannot be implemented empirically. The 
commonly practised formula is given below (14, 17, 33). 
 
                                                                  Yit                                                                     Xjt 
    Ln (TFPt /TFPt-1) = ½ ∑i (Rit + Rit-1) In (——) – ½ ∑i   (Sjt + Sjt-1) In (——)  
                                                                 Yit-1                                                                   Xjt-1  
Where;  
 

Rit = is contribution of i-th output in the total revenue, 
Yit, = is output i,  
Sjt = is the share of j-th input in total input cost,  
Xjt, = is j-th input and 
t = time consumed 

 
It is clear in the specification of equation that output index’s share of revenue 
and input index’s share of cost were every time updated in comparison to the 
use of fixed weight. As a result, it avoids underestimation or overestimation of 
the results, which is inherent in fixed weight evaluation method. The gross 
output index included minor crops (gram, bajra, jawar, and rapeseed & 
mustard). The input index included land, labor, capital stock, purchased 
inputs such as pesticide and fertilizer consumption. The capital inputs 
included tube wells (electric and diesel) and tractors. The input and output 
indexes are based upon the input and output aggregates and are explained 
by above equation. TFPIP software version 1.0 was used to estimate TFP 
index for minor crops. 

 
RESULTS AND DISCUSSION 

 
The calculated input, output and TFP indices using Tornqvist-Theil indexing 
approach were fixed at 100 in the base year 1980 and are presented in 
Appendix 1. Output index indicates steady increase in output; however, it 
increased rapidly at the start of decade of 1990s. The output index shows a 
decreasing trend during the years of 1992-93, 1996-97, 2006-2007 and 
2010-11. Which might be due to unfavourable weather conditions. The input 
index shows upward trend during the decade of 1980s, however, it stayed 
below both output and TFP indices. It shows that proportional use of inputs 
declined over time in the production process. Therefore, over time, increase 
in production is due to increase in TFP. During the study period, TFP 
demonstrates a positive trend and it indicates a declining trend only in the 
years in which output falls. 
 

Output index approached approximately from 100 to 290 in the last year of 
study. While the series of input index also started from 100 in the base year 
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and reached to 184 in thirty three years of study period. Total factor 
productivity index of minor crops touched to 196 during the study period, 
which is higher than input index. These indices clearly depicted that increase 
in output index of minor crops was maximum when their increase in 
aggregate input index was minimum. The gap between output and input 
indices was bridged by TFP. 
 
Output, input and total factor productivity average annual growth rates 
 
The average annual rates of growth, calculated from these indices are 
presented in appendix2. Growth rates starts from the year 1981 as the year 
1980 serves as the base year. It clearly depicts the more volatility in the 
growth rates in the later part of the study period i.e. during 1990s and 
afterwards. The output, input and TFP growth rates showed somewhat 
consistent growth pattern during the early part of the study period (i.e before 
1990). 
 
Decade wise average growth rates of input, output and TFP. 
 
The decade of 1990s has average annual growth of 1.4 percent in Total 
Factor Productivity (TFP) (Table 1). During the study period, average annual 
rate of growth in TFP in Punjab remained 1.5 percent. The results of present 
study are consistent with those of Ali (4) and Khan (20). Their  estimates  of  
average  annual  TFP growth  rates  are  2.2  and  2.1  percent, respectively. 
The difference may be due to time lag between studies or different data set 
they used and because their study covered only irrigated areas, while this 
study covered both irrigated and barani areas. The average annual TFP 
growth rate in this study is also close to the findings of Ali and Byerlee (4). 
They conducted their study at Punjab level, estimated growth rate of TFP of 
1.5 percent for the period from 1966 to 1994. The results indicate that growth 
in productivity remained an important factor in better performance of the 
minor crop sector in the Punjab during these 33 years. In the view of Byerlee 
(16) evidence from a number of countries shows 1.5 to 2.0 percent 
productivity growth rates. This, prior anticipation, is fulfilled by TFP growth 
rate of 1.5 percent per year during this study period. The estimates of this 
study are in line with previous studies conducted in other developing 
countries [(Hayami and Runan (1979), TFP growth rate 0.70, Cornejo and 
Shum way (1997), TFP growth rate 2.5, Saboor, et al. (31), TFP growth rate 
2.5 and Evensonet al. (1999), TFP growth rate 1.3) the decade wise analysis 
of TFP)] has been given below (Table 1) to show the reasons for fluctuations 
in TFP growth during different periods. 
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Table 1.  Decade wise average growth rates for input, output and TFP 1980-2012. 
 

Decade wise average growth rates 
Period Output index Input index TFP index 

1980-1990 2.5 1.2 1.4 
1991-2000 2.0 0.7 1.3 
2001-2010 2.6 0.6 1.9 
1980-2012 2.9 1.3 1.5 

 
Contribution of inputs and productivity growth to output growth 
 
The percent contribution of TFP to output growth was maximum in the 
decade of 2000 and it was minimum in the decade of1980. The percent 
contribution to output growth was maximum in the decade of 1980 and it was 
minimum in the decade of 2000. This shows that output growth rate was 
maximum, when input growth rate was minimum.  
 
Table 2.  Percentage of contribution of inputs and productivity growth to output growth of minor 

crops: (1980-2012). 
 

Period Output index Input index TFP index Input (%) TFP (%) 
1980-1990 2.5 1.2 1.4 47 53 
1991-2000 2.0 0.7 1.3 31 69 
2001-2010 2.6 0.6 1.9 27 73 
1980-2010 2.9 1.3 1.5 46 54 

 
TFP growth of minor crops: 1980-81 to 1989-90 
 
In the decade of 1980, TFP average annual rate of growth was 1.4 percent, 
its contribution in output growth was 53 percent, the rate of growth in output 
was 2.5 percent, the rate of growth in input was 1.2 percent. The findings of 
this study for the said decade also find support from the estimates of 
previous researchers of (5, 22, 23). They also calculated TFP growth of 2.6 
percent and 0.8  percent  for  this  period  showing  a  positive  growth  trend 
compared with the previous decade. Prior to green revolution. Industry was 
the government’s priority sector could not perform well and remained 
inefficient (8). High rate of output growth was due to policy shift from industry 
to the agriculture (elimination of biasness against the agriculture sector). The 
other factor including the announcement of National Agricultural Policy in 
1980, when main emphasis was given to the restructuring of pricing policy 
and shift away from the input subsidies towards output prices of agricultural 
commodities also played a significant role in increasing TFP and output 
growth rates. The establishment of Agricultural Price Commission (APCom) 
and restructuring of Pakistan Agricultural Research Council (PARC) in 1981 
had favourable impact on agricultural productivity growth. Denationalization 
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policy was started during the decade of 1980s. Elimination of fertilizer 
subsidy in Structural Adjustment Programme (SAP) also improved TFP 
growth in agriculture by increasing efficient use of fertilizer and other inputs. 
(22), showed that direct input subsidies to agriculture reduced productivity 
growth and were a source of technical inefficiency. The subsidies 
encouraged the wasteful use of subsidized materials at the expense of other 
inputs. It was found that with each l0 percent increase in subsidy, the cost of 
production increases by 1.8 percent. 
 
The change from a fixed exchange rate to managed float rate in 1982 
devalued the currency by 30 percent. With the real exchange rate moving 
closer to its equilibrium value and because of large nominal exchange rate 
devaluation, there was a reduced burden of indirect taxation that agriculture 
sector faced in the past on account of overvaluation of the real exchange 
rate. The system of mill zones was also abolished in 1987 and the farmers 
started reaping benefits in the form of prices higher than government prices. 
The price system became more flexible due to substantial deregulation of 
markets during this period. With the judicious resource allocation among 
sectors, there was an increase in the efficiency of resource use that provided 
the base for increased growth in agricultural productivity. During fifth five-year 
plan from1979 to 1983 and sixth five-year plan from1984 to 1988, agricultural 
sector average rate of growth was 4.4 percent and 3.5 percent, respectively. 
Heavy utilization of inputs in this decade that is evident from 1.2 percent input 
growth rate which was due to provision of subsidy on pesticides, fertilizers 
and installation of tube wells (6). Productivity response was mainly due to 
technological innovations in crop varieties and greater efficiency by 
complementary inputs. The returns of higher investments during the decade 
of the 1970s were visible during 1980s. Thus, contribution of total factor 
productivity growth to growth of output was higher due to the favourable 
weather conditions, sufficient accessibility of basic inputs that improved the 
use efficiency, in combination with policy change for price structure. 
 
Total factor productivity growth of minor crops: 1990-91 to 1999-2000 
 
During 1990s, the average annual rate of growth in TFP of minor crops was 
1.3 percent and its share was 69 percent in output growth. The rate of input 
growth decreased from 1.2 percent to 0.7 percent. Whereas, rate of output 
growth decreased from 2.5 percent to 2 percent. The productivity is higher in 
this decade because, the decline in use of inputs in production process is 
more than decline in the output. The study of Faruqee (14) reveals that the 
performance of agricultural sector was quite low in 1990s, after the good 
performance in 1980s. Due to decrease in research spending at the 
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provincial and federal level nearly about one third from 1991 to 1994 (9). The 
average annual growth rate in agricultural research spending during the 
decade of 1990s was the lowest in Punjab as the destructive flood in 1992 
caused huge crop losses (6). Political restlessness, adverse weather 
conditions and bad governance were the major contributing factors for low 
rate of output growth. Average annual growth rate of agriculture sector 
declined from 5.4 percent to 4.4 percent and it is still over reported because 
livestock sub-sector was over reported during the year 1996 which pushed 
the overall growth rate up (27). In addition, natural resource degradation such 
as water and soil contributed towards low growth of agriculture sector (3). 
During this decade, the growth of factor inputs was low which was one 
reason for low output growth (Sabir and Ahmad, 2003). 
 
Total  factor  productivity  (TFP)  growth  of  minor  crops:  2000-01 to 
2011-12 
 
From 2000 to 2010, the estimated average annual rate of input, output and 
TFP growth was 2.6 percent, 0.6 percent and 1.9 percent, respectively. Both 
the output and TFP growth rates were the highest and use of inputs was the 
lowest in minor crop sector. During the year 2003 both major and minor crops 
showed tremendous growth rates (5). Prior to the establishment of PIDA, one 
of the major reasons of low agricultural productivity of the farms situated at 
the tail of watercourses. The good performance during this decade was also 
due to increase in agricultural research investment up to 12 percent which is 
considerably higher as compared to previous decade of 1990s. Ahmad and 
Bukhari (2) showed that average TFP growth rate of 2.8 percent from 2003 to 
2006. They concluded that TFP growth added about 72 percent to the growth 
in agricultural output. The results of this study are nearly same (2). The minor 
differences in the findings were due to different output and factor inputs used 
in the construction of output and input indices.  
 
The government policies at macroeconomic level played a pivotal role in 
increasing TFPin these years. The volume of credit disbursed to agriculture 
sector increased tremendously during these years. The volume of agricultural 
trade has also been increased during early years of this decade. 
Development of infrastructure particularly in rural roads showed better results 
during these years. 
 

CONCLUSION 
 
Present study showed higher growth rate of TFP than expected. It is due to 
the reason that minor crops have less insect-pest infestation as compared to 
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major crops. Minor crops can also tolerate harsh weather and drought 
conditions. These crops also require less labor, irrigation water, fertilizers and 
pesticides. Yet they have much higher TFP. Then why only major crops are 
preferred by farmers and policy makers. All research investment is in the 
major crop field. Once major crops fail due to unfavorable weather or insect 
pest attack the economy of the country collapses, so farmers should diversify 
agriculture. Moreover, research investment funds should also be allocated to 
this field as pulses and oilseed crops have much higher demand and price 
both at national and international level. 
 
Due to shortage of irrigation water marginal lands in the country are not 
under cultivation. These may be allocated to minor crops without reducing the 
area of major crops. Government should provide subsidy to farmers on tube 
well installation. 
 
Farmer is reluctant to grow minor crops because of non availability of 
improved varieties and extension services in this sector. There are no 
developed markets and pricing system as well. Hence researchers and policy 
makers attention is required in this regard.  
 
During the decade of 1990 research investment spending declined to one 
third both at federal and provincial levels. So productivity and output was low 
in this decade. Government should bring more research investment, fair 
pricing system along with good market channels, water course lining, 
introduction of laser land leveler, credit disbursement, infrastructural 
development like roads and markets in this sector as there were the 
contributing factors of the highest growth in the decade of 2000s.      
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Appendix 1.  Indices of output, input and total factor productivity (TFP): (1980-2012). 
 

Year Output index Input index TFP index 
1980 100.00 100.00 100.00 
1981 104.17 97.25 100.80 
1982 101.46 97.00 102.40 
1983 103.62 98.65 99.70 
1984 104.28 105.50 100.59 
1985 107.79 101.63 107.30 
1986 108.92 103.22 100.22 
1987 110.48 104.34 100.57 
1988 118.44 106.09 106.02 
1989 125.89 110.48 108.23 
1990 128.20 108.50 115.00 
1991 148.00 116.50 127.00 
1992 139.65 114.24 115.96 
1993 131.24 112.59 110.59 
1994 148.08 114.67 122.46 
1995 161.13 118.14 131.15 
1996 160.27 116.79 131.93 
1997 166.14 118.23 133.95 
1998 179.44 120.04 142.40 
1999 184.27 123.22 143.28 
2000 178.00 123.82 145.00 
2001 206.61 138.91 148.50 
2002 204.77 129.70 151.25 
2003 206.58 134.96 145.74 
2004 225.21 131.42 163.50 
2005 248.41 130.26 181.56 
2006 227.14 143.95 151.05 
2007 250.06 147.99 161.61 
2008 254.72 147.87 164.69 
2009 278.08 151.22 175.69 
2010 261.10 149.00 177.00 
2011 270.45 170.70 185.25 
2012 290.07 183.54 195.65 
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Appendix 2.  Average annual growth rates (%): (1980-2012). 
 

  Year Input  Output  TFP  
1980-1981 4.2 -2.8 0.8 

1982 -2.6 -0.3 1.6 
1983 2.1 1.7 -2.6 
1984 0.6 6.9 0.9 
1985 3.4 -3.7 6.7 
1986 1.0 1.6 -6.6 
1987 1.4 1.1 0.3 
1988 7.2 1.7 5.4 
1989 6.3 4.1 2.1 
1990 1.8 -1.8 6.3 
1991 15.4 7.4 10.4 
1992 -5.6 -1.9 -8.7 
1993 -6.0 -1.4 -4.6 
1994 12.8 1.8 10.7 
1995 8.8 3.0 7.1 
1996 -0.5 -1.1 0.6 
1997 3.7 1.2 1.5 
1998 8.0 1.5 6.3 
1999 2.7 2.6 0.6 
2000 -3.4 0.5 1.2 
2001 16.1 12.2 2.4 
2002 -0.9 -6.6 1.9 
2003 0.9 4.1 -3.6 
2004 9.0 -2.6 12.2 
2005 10.3 -0.9 11.0 
2006 -8.6 10.5 -16.8 
2007 10.1 2.8 7.0 
2008 1.9 -0.1 1.9 
2009 9.2 2.3 6.7 
2010 -6.1 -1.5 0.7 
2011 3.6 14.6 4.7 
2012 7.3 7.5 5.6 

1980-2012 2.9 1.3 1.5 
 


