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ABSTRACT
The relationship between fertilizer use and wheat productivity was studied at Social Science 
Division, Pakistan Agriculture Research Council (PARC), Islamabad using secondary data on 
fertilizer off-take and wheat productivity in Pakistan during 1991- 2018. Two prominent production 
dips of 2012 and 2018 shown that there was a decline of 1741 and 1598 thousand tons of wheat, 
respectively due to low use of fertilize. The fertilizer use for wheat crop decreased from 239 kg/
ha in 2009-10 to 199 kg/ha in 2017-18. The prices of urea fertilizer increased by 336 percent 
from Rs. 394 per 50 kg in 2001-02 to Rs. 1718 per 50 kg in 2018-19. Economic analysis of 
fertilizer use revealed that the amount of wheat required to buy one ton (nutrient) of N fertilizer 
fluctuated from 1.29 to 2.90 tons during 2002-18. The reason for decline in wheat productivity 
was mainly attributed to less use of fertilizer due to soaring prices. Concerted efforts could be 
used to improve the parity ratio between market prices of wheat and fertilizers by lowering the 
prices of fertilizers.
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INTRODUCTION
Wheat is the largest crop and main staple food of 
Pakistan (GoP, 2019). Wheat is also the largest crop 
of the country in terms of area where, on the average, 
it contributes 8.9 per cent to agriculture’s value added  
and 1.6 per cent to the GDP.  Wheat crop occupies 
around 38.6 per cent of total cropped area where, it is 
cultivated on average of about 9 million hectares with 
an annual average production of 24 million tons (GoP, 
2018). Among the world wheat producing countries, 
Pakistan is the 7th largest producer of wheat but 60th 
in terms of yield (FAOSTAT, 2019). The yield potential 
of high yielding wheat varieties is 6 tons per hectare at 
Research Farms in Pakistan, while the national average 
yields is only 2.7 tons per hectares. This huge gap in per 
hectare yield can be narrowed through adoption of the 
latest technology and better management on  farmers’ 
fields. If 60 per cent of the yield potential is achieved 
at farm level the country can spare around 2 million 
hectares for oilseed production after meeting national 
wheat requirements (GoP, 2018). The productivity gap 
between the progressive and resource poor farmers in 
Pakistan is still significant. The resource poor farmer 
cannot use quality seed, fertilizer, herbicides and other 
inputs to the optimum level for want of funds. This 
would require the timely supply of inputs and production 
technology at the grassroots level along with ensuring 
reasonable output  prices .

Fertilizer has significant impact on wheat yield. Studies 
show that  Phosphatic  fertilizers enhance both growth 
and yield of wheat (Jamal and Fawad, 2019) .  Over 
90 percent of Pakistan’s soils have a deficiency of 
available Phosphorous while phosphatic fertilizers can 
mitigate the negative effects of drought (Ahmad and 
Jalil, 1992).
Due to limited acreage under wheat cultivation, the 
best option for an increase in wheat production is use 
of  more fertilizer particularly urea fertilizer (Zhu and 
Chen, 2002). This paper establishes the contribution 
of use of urea fertilizer to the wheat production in 
Pakistan. 

MATERIALS AND METHODS 
In order to understand the factors contributing for 
declining the wheat productivity in the country, 
changes in  yield of wheat and economics of wheat and 
competing crops are reviewed. Relationship between 
fertilizer use and wheat productivity was studied at 
Social Science division, PARC, Islamabad by using 
data during 1991-2018. Secondly fertilizer off take, 
fertilizer use for wheat crop and economic of fertilizer 
use are also reviewed. Time series has been used 
from 1990-2018 from Agricultural Policy Institute (GoP, 
2018). Basic trends are studied to see changes over 
time. Losses have been calculated using the already 
established rates.
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RESULTS AND DISCUSSION
Yield can be affected by breeding and using the 
best available  wheat cultivars and utilizing the best 
available fertilizer regime for wheat (Hassanein et al., 
2018).Cultivars play a significant role in crop yield (El-
Esh, 2007);  Zaki et al., 2012; Salam, 2012; Zaki et al.,  
2016).  

Wheat area, production and productivity   
During the 1990s wheat production increased by 45 
percent, later it stagnated around 18-19 million tons, 
before crossing 23 million tons during 2006-07 (Table 
1). The jump during the 1990s was mainly due to an 
increase in yield (35 percent), from 1.84 tons to 2.49 
tons in 1999 – 2000. 
During the decade ending 2011-12, wheat production 
in Pakistan has increased at the rate of 2.8 per cent 
per annum. About 87 per cent of wheat area is irrigated 
which accounts for about 95 per cent of the annual 
production. Bumper wheat production was recorded 
during 2008-09 and 2010-11 which resulted the 
economy shifting from importer to exporter position. 
Wheat production was 23.47 million tons in 2011-12 
which was 7.4 per cent (1.88 million tons) less than 
the previous year’s record level of 25.21 million tons. 
This decline in production was due to downfall of 2.8 
per cent in area and 5 per cent in yield of wheat (Table 

1). However, the country has maintained over 3 million 
tons of surplus stock annually owing to the bumper 
harvests during the last 6 years, 2018 again saw a 
dip of 6 percent in production with a 4.1 percent drop 
in yield and a 2 percent area shrinkage  (GoP, 2019). 
Thus there is a need to understand the relationship 
between the fertilizer use and wheat yield in Pakistan. 

Fertilizer use on wheat crop in Pakistan
The off-take of fertilizer had increased from 1.893 
million tons to 2.834 million tons in the 1990s and it 
had increased from 2.834 million tons to 4.360 million 
tons in the end of next decade i.e. during 2000s (Table 
2). The fertilizer use for wheat crop has increased 
from 107 Kg/ha in 1990-91 to 239 Kg/ha during 2009-
10. Then it has suddenly decreased to 221, 209 Kg/
ha during the year 2010-11 and 2011-12, respectively. 
In the 1990s, the price of urea fertilizer had increased 
by 68% from Rs.195 to Rs.327 per 50 kg over a 10 
year period, but in the next seven years it went up by 
71% - from Rs.327 to Rs.560 per 50 kg (Pakissan, 
2013). The prices of nitrogenous fertilizers (urea) have 
increased by 336 percent from Rs. 394 per 50 kg in 
2001-02 to Rs. 1718 per 50 kg in 2018-19 (GoP, 2019).  
The support price of wheat saw a rise over time, it was 
168 percent between 1990 and 1999 was 250 percent 
between 2000 and 2012 (GoP, 2013). 

Table 1.  Wheat area, production and productivity

Year
Area Production Yield

(000, hectares) Percent change (000, tons) Percent change (Kgs/hectare) Percent change
1990-91 7911 - 14565 - 1841 -
1991-92 7878 -0.42 15684 7.68 1990 8.09
1992-93 8300 5.36 16157 3.02 1946 -2.21
1993-94 8034 -3.20 15213 -5.84 1893 -2.72
1994-95 8170 1.69 17002 11.76 2081 9.93
1995-96 8376 2.52 16907 -0.56 2018 -3.03
1996-97 8109 -3.19 16651 -1.51 2053 1.73
1997-98 8355 3.03 18694 12.27 2238 9.01
1998-99 8230 -1.50 17858 -4.47 2170 -3.04
1999-00 8463 2.83 21079 18.04 2491 14.79
2000-01 8181 -3.33 19024 -9.75 2325 -6.66
2001-02 8058 -1.50 18226 -4.19 2262 -2.71
2002-03 8034 -0.30 19183 5.25 2390 5.66
2003-04 8216 2.27 19500 1.65 2373 -0.71
2004-05 8358 1.73 21612 10.83 2591 9.19
2005-06 8448 1.08 21277 -1.55 2512 -3.05
2006-07 8578 1.54 23295 9.48 2723 8.40
2007-08 8550 -0.33 20959 -10.03 2454 -9.88
2008-09 9046 5.80 24033 14.67 2657 8.27
2009-10 9132 0.95 23311 -3.00 2553 -3.91
2010-11 8901 -2.53 25214 8.16 2833 10.97
2011-12 8650 -2.82 23473 -6.90 2714 -4.20
2012-13 8660 0.12 24211 3.14 2796 3.02
2013-14 9199 6.22 25979 7.30 2824 1.00
2014-15 9204 0.05 25086 -3.44 2726 -3.47
2015-16 9224 0.22 25633 2.18 2779 1.94
2016-17 8972 -2.73 26674 4.06 2973 6.98
2017-18 8797 -1.95 25076 -5.99 2851 -4.10
2018-19 8740 -0.65 25195 0.47 2883 1.12

Source: GoP (2019) 
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Relationship between fertilizer use and wheat yield 
in Pakistan
The information on fertilizer use and wheat yield is 
presented in Table 3. The fertilizer use has increased 
by 42 and 45 percent in 1990s and 2000s, respectively. 
However, fertilizer use has decreased by 7.53 percent 
from 2009-10 to 2010-11. The wheat yield has increased 
by 35 and 10 percent in 1990s and 2000s respectively. 
However, wheat yield has also declined by 5 percent 
from 2010-11 to 2011-12 the first major dip in the 2010s 
decade. The higher the fertilizer use, the higher will be 
the wheat yield and vice versa in Pakistan. Zhu and Chin 
(2002) have reported a significant positive correlation 
between the annual food production and fertilizer  use 
which is similar to the findings of this study.

Fig. 1. shows prominent dips in yield during the later 
years viz. 2012 and 2018 can be seen to tally with dips 
in fertilizer use. 2010 dip in yield does not coincide with 
the change in fertilizer use as the causal factor was a 
major flood in 2010. The reason for decline in wheat 
productivity are summarized as (i) corresponding 
decline in area under wheat crop, (ii) low use of 
fertilizer due to high prices, (iii) shortage of rainfall and 
less canal withdrawal.

Challenges for declining wheat productivity and 
fertilizer use
There are two major factors resulting in the decline of 
wheat productivity and fertilizer use in case of wheat 
during the year 2012 and 2018, a  brief description of 
these factors is given in the following sub sections.

Impact of low fertilizer use on wheat production
The information on changes in fertilizer use and wheat 
production is given in Table 4 while  the impact of low 
fertilizer use on wheat production is presented in Table 
5. There was decline of 288 thousand tons of wheat 
due to low use of fertilizer with a value of Rs 9 billion. 
The value of wheat loss due to other factors was Rs 

Table 2.  Fertilizer off-take per hectare of wheat (kgs per hectare)

Years Total fertilizer off-take 
(000 nutrients tons)

Fertilizer off-take for wheat 
(000 nutrients tons)

Area 
(thousand/ha) 

wheat

Fertilizer use
(kg/ha)

1990-91 1893 844 7911 107
1991-92 1884 840 7878 107
1992-93 2148 958 8300 115
1993-94 2147 958 8034 119
1994-95 2183 974 8170 119
1995-96 2515 1122 8376 134
1996-97 2413 1076 8109 133
1997-98 2646 1180 8355 141
1998-99 2583 1172 8230 142
1999-00 2834 1286 8463 152
2000-01 2966 1345 8181 164
2001-02 2929 1329 8058 165
2002-03 3020 1370 8034 171
2003-04 3222 1461 8216 178
2004-05 3694 1847 8358 221
2005-06 3804 1902 8448 225
2006-07 3672 1836 8578 214
2007-08 3582 1791 8550 209
2008-09 3710 1855 9046 205
2009-10 4360 2180 9132 239
2010-11 3933 1967 8901 221
2011-12 3861 1931 8650 209
2012-13 3621 1811 8660 236
2013-14 4089 2045 9199 235
2014-15 4316 2158 9204 201
2015-16 3699 1850 9224 273
2016-17 5040 2520 8972 265
2017-18 4763 2382 8797 199
2018-19 3497 1749 8740 236

Source: GoP (2019)
Note: Salam (2012) Assumed for 1990-91 to 1997-98; wheat=44.6%, assumed for 1998-99 to 2003-04, wheat = 45.36% and assumed for 2005-
06 and onward, Wheat = 50%
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45 billion. Similarly for the year 2018 the decline in 
wheat production due to low use of fertilizer was 1104 
thousand tons with a value of Rs.35.88 billion.

Parity ratio between wheat prices and fertilizer 
prices 
The economics of fertilizer use in the form of the 
parity ratios between the fertilizer and wheat prices in 
Pakistan for a decade is presented in Table 6.  The 
parity ratios indicate the wheat quantity required 
to buy a ton of fertilizer (nutrient). According to the 
parity ratio criteria, higher parity ratio indicates, lower 
wheat purchasing power in terms of fertilizer and 
vice versa. Therefore, there is a need to monitor and 
analyze parity ratios between prices of wheat and 
fertilizer. In order to study the overtime changes in the 
purchasing power of wheat in terms of nitrogenous 
and phosphorous based fertilizers, the parity ratios 
between fertilizer nutrients and wheat have been 
calculated for the period of 2001-02 to 2011-18 (GoP, 
2019). These ratios are interpreted as; (i) the parity 

ratios between market prices of Nitrogenous fertilizer 
and wheat has fluctuated between 1.29 and 2.90 tons 
during the period under considerations. Similarly, the 
parity ratios between prices of wheat and those of 
phosphatic fertilizer have fluctuated from 1.16 to 6.26 
units. The parity ratio for N wheat prices generally 
hovered around 2 until 2006-07. It dipped to the lowest 
level of 1.29 in 2008-09 owing to hike in wheat prices 
as a result of global food crises. However, the parity 
ratio has jumped to the highest level of 2.90 in 2011-12 
from 1.67 in 2010-11, a rise of 74 per cent. It implies 
that the purchasing power of wheat for N fertilizer had 
deteriorated by 74 per cent. Prior to 2011-12, it was 
estimated at the maximum  level of 2.41 in 2001-02. 
The situation generally improved after 2012 with few 
spikes.
(ii) The parity ratio for P wheat prices generally hovered 
around 2.79 uptil 2007-08. It jumped to 5.21 in 2008-
2009 due to hike in P fertilizer as a results of global 
energy crises. In 2011-12, the parity ratio peaked at 
6.26 owing to record high prices of P fertilizer in the 

Table 3. Percent changes in fertilizer use and wheat yield (1990-91 to 2018-19)
Years Fertilizer use (kg/ha) Percent change Wheat yield (kg/ha) Percent change
1990-91 107 - 1841 -
1991-92 107 0.00 1990 8.09
1992-93 115 7.48 1946 -2.21
1993-94 119 3.48 1893 -2.72
1994-95 119 0.00 2081 9.93
1995-96 134 12.61 2018 -3.03
1996-97 133 -0.75 2053 1.73
1997-98 141 6.02 2238 9.01
1998-99 142 0.71 2170 -3.04
1999-00 152 7.04 2491 14.79
2000-01 164 7.89 2325 -6.66
2001-02 165 0.61 2262 -2.71
2002-03 171 3.64 2390 5.66
2003-04 178 4.09 2373 -0.71
2004-05 221 24.16 2591 9.19
2005-06 225 1.81 2512 -3.05
2006-07 214 -4.89 2723 8.40
2007-08 209 -2.34 2454 -9.88
2008-09 205 -1.91 2657 8.27
2009-10 239 16.59 2553 -3.91
2010-11 221 -7.53 2833 10.97
2011-12 209 -5.43 2691 -5.01
2012-13 236 12.92 2796 3.90
2013-14 235 -0.42 2824 1.00
2014-15 201 -14.47 2726 -3.47
2015-16 273 35.82 2779 1.94
2016-17 265 -2.93 2973 6.98
2017-18 199 -24.91 2851 -4.10
2018-19 236 18.59 2883 1.12

Source: (GoP, 2019 )

Table 4.  Changes in fertilizer use and  wheat production during 2011-12 and 2017-18 (for consumption years
               2012-13 and 2018-19).

Items 2010-11 2011-12 Decline in 2011-
12 over 2010-11 2016-17 2017-18 Decline 2017-18 

over 2016-17
Fertilizer consumption for 
wheat crop (000 tons) 1967 1931 36 2520 2382 138

Wheat production (000 tons) 25214 23473 1741 26674 25076 1598

Source: (GoP, 2019)
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world. It implies that the purchasing power of wheat 
for P fertilizer deteriorated by 20 per cent over the last 
year. The situation however eased till 2018.  

Domestic demand, supply, stocks for wheat in 
Pakistan 
The domestic production of wheat from 2011-12 crop 
was 23.34 million tons while in 2018 it increased to 
25.08 million tons (Table 7). The carry over stocks were 
3.51 and 4 million tons for the years 2012 and 2018 
respectively while total wheat supply in the country for 
the relevant consumption years was 27.08 and 29.58 
million tons, respectively. 
The estimated consumption requirement of wheat for 
2012-13 and 2018-19 consumption years is based 
on Pakistan Bureau of Statistics’ estimated per 

capita requirement of 96 and 92 kg/person/annum, 
respectively, (GoP, 2019) and arrived at 18.34 and 20 
million tons, respectively.  The estimated seed, feed 
requirements and wastages were 2.36 and 3.5 million 
tons and total demand for wheat after allowing for the 
normal food reserves becomes 24.2 and 27.56 million 
tons, respectively. This analyses revealed that there is 
no emerging wheat crises in the country. 

 
CONCLUSION
There was a decline of 288 thousand tons of wheat 
due to low use of fertilizer with a value of Rs 9 billion 
in 2012 while the figures for 2018 were 1104 tons  and 
Rs.36 billion respectively. The value of wheat loss due 
to other factors was Rs 45 billion in 2012 and Rs.16 
billion in 2018 . The fertilizer use for wheat crop has 

Table 5. Impact of low fertilizer use on wheat production during 2011-12 and 2017-18 (for consumption years 2012-13 and 2018-19)
 
 
 

Decline in 2011-12 
over 2010-11

Decline 2017-18 over 
2016-17

Decline of wheat production @ 8 kgs for of 1 kg less use of fertilizer (000 tons) 288 1104

Decline of wheat production due to other factors (000 tons) 1453 494
Value of wheat loss due to fertilizer (@ Rs 31250 / tons for 2012 and @ Rs 32500 / 
tons for 2018) - price of wheat (Rs billion) 9 35.88

Value of wheat loss due to other factors (Rs. billion) 45 16.06
Value of total wheat loss (Rs. billion) 54 51.94

Source: Authors’ calculations

Table 6. Parity between prices of fertilizers and wheat: 2001-02 to 2017-18

Year
Fertilizer price Wheat market 

price/ton
Units of wheat needed to buy one 

unit of fertilizer
N P N P--------------Rs. per ton------

2001-02 16956 21626 7025 2.41 3.08
2002-03 17870 25181 7750 2.31 3.25
2003-04 18000 28740 9625 1.87 2.99
2004-05 19565 31474 10800 1.81 2.91
2005-06 21260 36180 10275 2.07 3.52
2006-07 22870 37220 11050 2.07 3.37
2007-08 23200 43750 15675 1.48 2.79
2008-09 30260 122290 23475 1.29 5.21
2009-10 34320 70240 22262 1.54 3.16
2010-11 37700 97987 22625 1.67 4.33
2011-12 68913 148600 23750 2.90 6.26
2012-13 74783 138324 29125 2.57 4.75
2013-14 78700 137330 31250 2.52 4.39
2014-15 82043 147104 29525 2.77 4.98
2015-16 59565 97916 30162 1.97 3.24
2016-17 59780 78780 29900 2.00 2.63
2017-18 69560 109735 59475 1.84 1.16

Source: (GoP, 2019)

Table 7. Domestic demand for and supply of wheat for 2012-13 and 2017-18 (May-April)
S. No. Items 2011-12 2017-18

1. Domestic production 23.34 25.08
2. Carry over stock from previous crop 3.51 4
3. Wheat production in Azad Kashmir and Northern Areas 0.23 0.5
2. Total supply of wheat  27.08 29.58
5. Human consumption requirement 18.34 20.06
6. Allowances for seed & feed 2.36 3.5
7. Food reserves 3.51 4
8. Total demand for wheat 24.20 27.56
9. Wheat surplus 2.87 2.02

Source: (GoP. 2019)
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decreased from 209 kg/ha. in 2012 to 199 kg/ha. in 
2017-18.
The prices of nitrogenous fertilizers have increased 
by 336 percent from Rs. 394 per 50 kg in 2001-02 to 
Rs. 1719 per 50 kg in 2011-12.  The increase in the 
support price of wheat was 168 percent between 1990 
and 1999 and it was 250 percent between 2000 and 
2012. This obviously did not compensate the farmers 
for the 336 percent increase in fertilizers prices. 
Economic analysis of fertilizer use revealed that the 
quantity of wheat needed to buy one nutrient ton of N 
fertilizer has fluctuated from 1.29 to 2.90 tons during 
2001-18. Higher prices of N fertilizer have resulted in 
its lower use.  The amount of wheat needed to buy 1 
nutrient ton of P fertilizer has fluctuated between 2.79 
to 6.26 tons during 2001-18. The  year 2011-12 had  
a production dip, this perhaps could be attributed to 
changes  in the  price parity ratio (wheat - phosphatic 
fertilizers) which went against wheat and  decreased 
the use of phosphatic fertilizers for wheat crop.  The 
situation however improve thereafter. The reason for 
decline in wheat productivity  is mainly attributed to 
corresponding decline in area under wheat crop and 
less use of fertilizer due to high prices. The higher 
fertilizer use has shown to have moved with higher 
wheat  yields and vice versa in Pakistan.
There has been a supply demand gap of positive 2.87 
and 2 million tons during the years 2012 and 2108 
respectively indicating wheat surpluses. This study 
revealed that there is no emerging wheat crises in the 
country. 
 
Way forward
The relationship between fertilizer use and wheat yield 
has shown direct positive relation between them which 
implies that higher prices of fertilizer resulted in its lower 
use and resultantly lower yield. The prices of fertilizers 
have increased proportionately more than the support 
price of wheat which deteriorated the fertilizer – wheat  
parity ratio. Therefore, urgent efforts are required to 
improve the parity ratio (market prices) of fertilizers 
and wheat, this can be done by lowering the prices of 
fertilizers or backing wheat through raising  its support 
price. Increasing support price of  wheat can have 
adverse effects on real income of the masses hence 
attention may be focused on the input side . 
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