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 ENERGY ANALYSIS OF WET SEASON RICE PRODUCTION IN NORTHERN 
THAILAND 

 
 

Tanate Chaichana*, Sumpun Chaitep†, Wasan Jompakdee† and Natthawud Dussadee‡ 
 

ABSTRACT 
 

This study was designed to record the production factors, analyze energy consumption and formulated the 
mathematical model for prediction energy requirement in the future of wet season rice production. The study areas 
were located in six provinces of Northern Thailand. The rice production process comprised of soil preparation, 
cultivation, cultural practice and harvest. During these processes, production factors were determined and changed 
to an equivalent value of energy consumption per production area (MJ/Rai). Subsequently, they were calculated 
for a multiple correlation of production factors and energy consumption in order to estimating future energy 
requirement. It was found that in order to obtain an average paddy yield of 626.26 kg/Rai, the average commercial 
energy consumption was 2,246.65 MJ/Rai and non-commercial energy consumption was 181.11 MJ/Rai. So, the 
average energy consumption was 2,427.76 MJ/Rai. The majority part of energy is from chemical fertilizer of 
39.25% of total energy following by the energy from agriculture machinery of 35.46% and 17.23%, 3.39%, 4.07% 
and 0.06% for the energy from fuel, labor, seed and chemical substance respectively. Farmers should reduce the 
chemical fertilizer and use more organic fertilizer which is not only lower the energy consumption and cost but 
also save the environment and keep healthy. The mathematical model is accurately to predicting the energy 
consumption and planning to use the production factors in the future. The model is not depending on production 
factors price, but it is up to the quantity of using. 
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1. INTRODUCTION 
 
Agriculture is both a producer and consumer of 

energy. It used both commercial and non-commercial 
energy such as labor energy, animal energy, seed, 
fuel, fertilizer and chemicals etc. Efficient use of 
energy helps to activate planning and decreased or 
change production factor to increase the advantage 
and enjoy a happy life of rural living.         

 Rice is a primary cultivation for the yield 
which forms an important part of the staple food in 
many countries, especially in Asia. Grains are quite 
nutritious when not polished. The nutritional values of 
rice (white) have carbohydrate 71–77% and protein 5–
8%, brown rice vitamin contains in g/100g: 0.34 g B1, 
0.05g B2, 0.62 g Niacin, 1.50 titanic acid, 20.0g folic 
acid (Thanchotikan, 2546). 

Thailand has 57,740,000 Rai (1 Rai = 1,600 m2 or 
0.16 ha) of rice cultivated area in wet season of 2005 
(Department of Agricultural Extension, 2003). The 

major activities of rice cultivation process in Thailand 
are composed of 4 processes (Meajo University, 
2545). First the preparation process is involved of 3 
steps including rough plough for the first time, plough 
in regular furrows for the second time and plough up 
and over. Next the plantation or cultivation process 
consists of 2 systems including broadcasting 
cultivation system and transplanting cultivation 
system. Third the cultural practice process such as 
fertilizer, herbicide and irrigation etc. The last step is 
the harvesting, this process can be operate by 3 major 
working procedures, i.e. utilize all human labor, use 
mix labor in harvest but with machine in thresh rice 
thirdly use all machinery. 

The season of rice production in Thailand is to be 
decided by area and irrigation system such as; there 
are 3 times of rice production in irrigated area and 2 
times in non- irrigated area. Generally there are 2 
times of rice production in Northern Thailand, wet and 
dry season. The majority expenses for rice 
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production are land rent, fertilizer and machinery, 
secondary expenses are irrigation and herbicide 
(Herdt, 1987). 

The objective of this study is to record the 
production factor of rice production and analyze 
energy consumption and develop the mathematical 
model for estimating energy requirement in the future. 

 
2. EXPERIMENT AND ANALYSIS 
 

The sample sites chosen for this study were 44 
sites, 322.369 Rai in 6 provinces of Northern 
Thailand, i.e. CHIANG MAI, LAMPHUN, 
LAMPANG, PHICHIT, PHITSANULOK and 
SUKHOTHAI. The rice production processes are 

comprised of soil preparation, cultivation, cultural 
practice and harvest process.  

Production factors have been determined 
including engine type (Walking tractor, water-pump, 
chemical-pump, etc.), power output of the engine (hp.) 
and fuel consumption (liter), labor (man), seed-
quantity (kg), seed-price (Bath/kg), fertilizer(kg, N-P-
K), chemical substance (kg or liter), working time 
(hour), paddy yield (kg) and cultivation area (Rai). 
The field data transformed to an equivalent value of 
energy consumption per cultivated area (MJ/Rai) by 
using energy equivalent in Table 1.  

The production factors data changed to energy 
consumption in unit MJ/Rai by used equation (1) to 
(9) are: (Chaicana, 2004) 

Labor and animal  

(Rai)  AreaWorking
Unit x (hour) Time Working x nit)(MJ/hour/u Eq.-E  (MJ/Rai)Energy =          (1) 

Fuel  

(Rai)  AreaWorking
(Unit)Quantity  x (MJ/unit) Fual of Eq. - E  (MJ/Rai)Energy =              (2) 

Fertilizer   

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

+

+=

 (MJ/kg) K of Eq. - E x (kg/Rai) KUR 

(MJ/kg) P of Eq. - E x (kg/Rai) PUR

(MJ/kg) N of Eq. - E x (kg/Rai) NUR

  (MJ/Rai)Energy                   (3) 

100
N ofPresent  x i)TFUR(kg/Ra  (kg/Rai) NUR =          (4) 

100

)5O2(P P ofPresent  x (kg/Rai) TFUR
  (kg/Rai) PUR =        (5) 

100

O)2(P K ofPresent  x (kg/Rai) TFUR
  (kg/Rai) KUR =            (6) 

 
(Rai)  AreaWorking

(kg) Use Fertilizer ofQuantity  Total  (kg/Rai) TFUR, =                  (7) 

Chemical 

 
(Rai)  AreaWorking

(kg)Quantity  x (MJ/kg) Chemical of Eq. -E  (MJ/Rai)Energy =             (8) 

Seen 

(Rai)  AreaWorking
)price(B/kg g)Quantity(k x Seed(MJ/B) of Eq. - E  (MJ/Rai)Energy ×

=            (9) 

  When  
  E – Eq.  =  Energy Equivalent 
  TFUR    = Total Fertilizer Use Rate 
  PUR  = Phosphorus (P (P2O5)) Use Rate  
  NUR  = Nitrogen (N) Use Rate 
 KUR  = Potassium (K (K2O)) Use Rate 



ENERGY ANALYSIS OF WET SEASON RICE PRODUCTION IN NORTHERN THAILAND 81

3. RESULTS AND DISCUSSION 
 
3.1 Soil Preparation Process 

 
The soil preparation process are composed of 3 

steps including rough plough roughly for the first 
time, plough in regular furrows for the second time 
and plough up and over. The main type of agriculture 
machinery is walking type tractor. It has engine power 
rang from 5.0 to 15.0 hp. This process required 
average working – time of 3.86 hour/man/Rai, diesel 
consumption 3.32 liter/Rai and energy consumption 
was 362.05 MJ/Rai. The data show in Fig. 1. 

 
3.2 Cultivation Process 

 
There are two systems of operating in this process, 

i.e. broadcasting cultivation system and transplanting 
cultivation system, seed - sow in to transplant paddy 
seedlings area about 10% of total cultivated area, after 
25 – 30 day young plant can be pulled transplant in 
the field.  

From Table 2, broadcasting cultivation system 
required 0.21 hour/man/Rai in working time and 35.33 
kg/Rai in rice seed. The energy consumption was 
analyzed from labor energy and rice seed energy. It 
was 159.40 MJ/Rai. Transplanting cultivation system 
required working – time of 1.63 hour/Rai and seed 
7.57 kg/Rai and average energy consumption was 
93.85 MJ/Rai. 

3.3 Cultural Practice Process 
 
Rain is the main water sources to activation in wet 

season, but in some areas farmers have to use water – 
pump in order to sufficient water and use fertilizer for 
increasing yield as well as chemical substance 
eradicate epidemic and bugs.   There have 2 types of 
water-pumps; gasoline engine and diesel engine. 
There are 3 ways for chemical–pumping are gasoline 
engine, diesel engine and labor- sprayer. The 
fertilizer–formula (N-P-K) are 16–20–0, 21–0–0, 14–
14–21, 30–0–0, 17–12–6 and 18–8–6. The energy 
consumption in the cultural practice process is shown 
in the Table 3.  

 
3.4 Harvest Process 

 
In this report, the limited of harvest process is 

started from reap to thresh rice. There are three 
systems operated in the harvest process i.e. operation 
by whole human labor from reap to thresh rice, mixed 
human labor for reap but with machine thresh and 
total machine operated for reap and thresh rice. The 
production factor required and energy consumption in 
the harvest process is shown in Table 4. 

The total working–time for rice production 
process from soil preparation to harvest process was 
6.94–14.19 hour/man/Rai decided by cultural method, 
e.g. the plantation or cultivation process, it consisted 
of 2 systems including broadcasting and transplanting, 

Table 1: Energy Equivalent 
Energy Type  Energy Equivalent Referent 

Labor  
Animal 

weigh 350-450 kg  
Fuel 

diesel  
gasoline  

electricity 
Fertilizer 

N 
P (P2O5) 
K(K2O) 
manure  

Chemical 
Rice seed 
Machinery  

     Water and chemical – pump (4 – 6 hp.) 
     Working tractor (15 – 24 hp.) 
     Driving tractor (80 – 110 hp.) 
     Harvesting tractor (100 hp.) 

     Harvesting tractor (185 – 215 hp.) 

1.96 
 

 10.10 
 

43.3 
39.7 
14.4 

 
76 
14 
10 

0.303 
120 

0.674 
 

13.59 
70.31 

337.62 
423.41 
708.96 

MJ/man/hour 
 
MJ/ hour 
 
MJ/liter 
MJ/liter 
MJ/kW-h 
 
MJ/kg 
MJ/kg 
MJ/kg 
MJ/kg 
MJ/kg 
MJ/price (Bath) 
 
MJ/Rai 
MJ/Rai 
MJ/Rai 
MJ/Rai 
MJ/Rai 

[5] 
 

[5] 
 

[6] 
[6] 
[6] 

 
[7] 
[7] 
[7] 
[8] 
[9] 

[10] 
 

[11,12] 
[11] 

[12,13] 
[12,13] 
[12,14] 
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cultural practice process in some area do not use 
water–pump because the sufficiency of rainfall and 
the way in the harvesting process etc. Rice production 
process required total diesel fuel of 11.82 liter/Rai, 
gasoline fuel 4.78 liter/Rai. Transplanting cultivation 
required seed 7.57 kg/Rai but 35.33 kg/Rai for 
broadcasting cultivation. Fertilizer required 38.79 

kg/Rai and chemical substance of 1.13 kg/Rai. 
The total energy consumption ranged from 

1,644.36–2,666.26 MJ/Rai depends on cultural 
method, cultivation step, maintenance step and 
harvesting process. The average energy consumption 
was 2,115.18 MJ/Rai for transplanting cultivation and 
2,181.37 MJ/Rai for broadcasting cultivation. The 
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Fig. 1: Energy consumption in soil preparation process 

 
Table 2: Energy consumption in cultivation Process  

Cultivation 
system Step Working – tine 

(hour/man/Rai) 
Seed 

(kg/Rai) 
Energy consumption 

(MJ/Rai) 
Transplanting  Seed - sow 

Pull 
Transplant 

Total 

0.18 
0.69 
0.76 
1.63 

7.57 
- 
- 

7.57 

40.39 
15.11 
38.35 
93.35 

Broadcasting  Seed - sow 0.21 35.33 159.40 
 

Table 3: Energy consumption in the cultural practice process  

Process Working – tine 
(hour/man/Rai) 

Fuel 
(liter/Rai) 

Fertilizer 
(kg/Rai) 

Chemical 
(kg/Rai) 

Energy  
consumption 

(MJ/Rai) 
Water – pump 
      Gasoline 
      Diesel  

 
5.47 
2.03 

 
4.72 
2.31 

 
- 
- 

 
- 
- 

 
215.88 
167.49 

Fertilizer  0.44 - 38.79 - 954.73 
Chemical 
      Gasoline 
      Diesel 
      Labor  

 
0.10 
0.11 
0.24 

 
0.61 
0.17 

- 

 
- 
- 
- 

 
0.59 
2.42 
0.64 

 
23.05 

104.53 
11.59 
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commercial energy consumption, fuel, fertilizer, 
chemical substance and machinery were 2,246.65 
MJ/Rai and non–commercial, labor and seed was 
181.11 MJ/Rai.  

The ratio of energy consumption for rice 
production process is shown in Fig 2. The main 
energy is energy from fertilizer of 39.25% of total 
energy following by the energy from agriculture 
machinery 35.46 % and 17.23%, 3.39%, 4.07% and 
0.06% for energy from fuel, labor, seed and chemical 
substance respectively.  

From the energy consumption ratio we can save 
energy from fertilizer because the comical fertilizes it 
a high nitrogen component and the energy equivalent 

of nitrogen is very high farmer should be avoided or 
use manure or organic fertilizer and use nature 
chemicals substitute for example, lemongrass and herb 
etc., not only can save energy, but also can protect 
environment and keep healthy. Choose the agricultural 
machinery be compatible with characteristic of the 
work and maintenance on time.  

 
3.5 Mathematic Model  

 
Calculation energy consumption; The data of 

production factor, working-time (hour/man/Rai), fuel 
(liter/Rai), seed (kg/Rai), fertilizer (kg/Rai), chemical 
(kg/Rai) and paddy yield (kg/Rai) were used to 

 
Table 4: Energy consumption in the harvest process  

Factor required and 
Energy consumption 

System 
1 2 3 

Reap Thresh Reap Thresh Reap and  Thresh 
Working – tine    

        (hour/man/Rai) 1.44 1.10 1.19 0.03 0.06 

Fuel  (Diesel)   
(liter/Rai) - - - 3.39 3.64 

Paddy                (kg/Rai) 511.08A 588.46A 678.25B 

Energy              (MJ/Rai) 
            Labor 
             Fuel 

            Engine  

 
32.39 

- 
- 

 
22.28 

- 
- 

 
38.73 

- 
- 

 
5.63 

103.36 
423.41C 

 
3.24 

157.48 
708.96D 

Total energy  
(MJ/Rai)  

32.39 22.28 38.73 532.39 869.68 54.67 571.12 
A  Rice- humidity after Thresh is 17 – 19 % wb.                     B  Rice- humidity after Thresh is 23 - 25 % wb. 
C  Harvesting tractor (100 hp.)                                                     D  Harvesting tractor (185 – 215 hp.) 

 
 
 

       

Seed 
4.07 %

Labor
3.39 %

Fertilizer
 39.25 %

Engine
35.46 %

 Chemical
 0.60 %

Fuel  
17.23 %

 
Fig.2: Commercial and non – Commercial energy consumption 

Commercial Energy (MJ/Rai) 
Non-Commercial Energy (MJ/Rai) 
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analyzed math-model for calculate energy 
consumption (MJ/Rai) when we know all energy 
factor. The equation show relative between all 
production factor and energy consumption was done 
by used from the complex regression equation is; 

 
kk XXXE ββββ ++++= ...22110        (10) 

 
Where   

E is Energy consumption (MJ/Rai) 
iX is Energy Factor 

β0 is value of E when 0...21 ==== kXXX  
β0 is partial regression coefficient  
 
From energy factor data, equation 10 and using 

model of least square for determine partial regression 
coefficient (β0). The coefficient of determine (r2) of all 
production factor (quantity unit) and total energy 
consumption was 0.8920 as follow; 

 
Prediction energy consumption in the future; The 

statistic data of wet season rice cultivation area in 
Northern Thailand from 1977/78 and 2001/02 were 
2,434,000 Rai to 12,598,800 Rai respectively 
(Department of Agricultural Extension, 2003). The 
average energy consumption from 2003/04 was 
2,427.76 MJ/Rai. The converted rice cultivated area 
data (Rai) to energy consumption (MJ) and the invert 
equation. The result showed relative between energy 
consumption (E, MJ) and year (t, give 1 at cultivation 
year 1977/78). The coefficient of determine (r2) of 
cultivation year and total energy consumption was 
0.9568 as follow; 

 t
baE +=

    (12) 
 

4. CONCLUSIONS 
 

Rice production factor in wet season obtained an 
average paddy yield of 626.26 kg/Rai. It required 

working time of 6.91 – 14.19 hr./person/Rai, diesel 
11.82 liter/Rai, gasoline 4.78 liter/Rai, fertilizer 38.79 
kg/Rai, chemical substance 1.13 kg/Rai and seed 7.57 
kg/Rai for transplanting cultivation or 35.33 kg/Rai 
for broadcasting cultivation. The total energy 
consumption ranged from 1,644.36 – 2,666.26 MJ/Rai 
decided by cultural method, maintenance step and 
harvesting process. 

The average energy consumption was 2,115.18 
MJ/Rai and 2,181.37 MJ/Rai for transplanting 
cultivation and broadcasting cultivation, respectively. 
The average commercial energy consumption was 
2,246.65 MJ/Rai and non-commercial energy 
consumption was 181.11 MJ/Rai and average energy 
consumption was 2,427.76 MJ/Rai. The energy 
consumption of each process show in table 6: The 
mathematic model can predict the energy 
consumption from production factor and can predict 
energy in the future for rice productions at coefficient 
of determine (r2) was 0.8920 and 0.9568 respectively. 
The model could be still consider, although, the price 
of production factor will be change. Due to, the model 
is not depending on the price, but it’s up to the 
quantity of production factor using.     

The energy was mainly used is a commercial 
energy, especially engine and chemical fertilizers. 
These were imported and very expensive which led to 
higher the cost of cultivation. Therefore, the natural 
agriculture or organic agriculture is the best way for a 
farmer which is not only lower the energy 
consumption and cost but also keep healthy and save 
the environment. This method is corresponding to the 
sufficient economy and the new method agricultural 
idea. Also, this idea was established for an 
environmentally sustainable development. 
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Table 5: Energy consumption of wet season rice production in Northern Thailand  

Process and step Energy consumption (MJ/Rai) 
labor fuel machinery seed fertilizer chemical total 

Soil preparation 
plough first time 

plough second time 
plough up and over  

 
3.64 
2.61 
1.32 

 
70.33 
46.91 
26.30 

 
70.31 
70.31 
70.31 

 
- 
- 
- 

 
- 
- 
- 

 
- 
- 
- 

 
144.28 
119.84 
97.93 

Cultivation  
transplanting  
broadcasting  

 
53.81 
1.86 

 
- 
- 

 
- 
- 

 
40.03 

157.54 

 
- 
- 

 
- 
- 

 
93.85 

159.40 
Cultural practice  

Water – pump 
      Gasoline 

      Diesel  
Fertilizer 
Chemical 

      Gasoline 
      Diesel 
      Labor 

 
 

15.03 
5.62 
1.77 

 
0.37 
0.85 
0.99 

 
 

187.26 
91.56 

- 
 

2.22 
7.47 

- 

 
 

13.59 
70.31 

- 
 

13.59 
70.31 

- 

 
 
- 
- 
- 
 
- 
- 
- 

 
 
- 
- 

952.96 
 
- 
- 
- 

 
 
- 
- 
- 
 

6.88 
25.91 
10.60 

 
 

215.88 
167.49 
954.73 

 
23.05 

104.53 
11.59 

Harvest  
Type 1 
Type 2 
Type 3 

 
54.67 
44.35 
3.24 

 
- 

103.36 
157.48 

 
- 

423.41 
708.96 

 
- 
- 
- 

 
- 
- 
- 

 
- 
- 
- 

 
54.67 

571.12 
869.68 
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IMPACT OF PLANTING PATTERN AND WATER STRESS ON YIELD AND OIL 
QUALITY OF SUNFLOWER (Helianthus annuus L.) 
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ABSTRACT 
 

The field experiments were conducted for three years (2005-2007) to determine the effect of planting pattern 
and water stress on sunflower yield and oil quality. Experimental treatment included four different water stress 
levels under four planting patterns. The results of this study indicated that planting pattern has no significant 
impact on oil quality, whereas, water stress at pre anthesis and anthesis stage had significant impact on sunflower 
yield and oil quality. 
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1. INTRODUCTION 
 
Sunflower is a crop well adapted to drought and 

consequently it is being grown with increasing success 
in many semi-arid environments. The nutritional 
quality of sunflower oil is due to the high percentage 
of fatty acids, in particular linoleic and oleic acid, 
which together represent about 90% of the fatty acid 
total, with the remainder being made up of palmitic 
and stearic acid. In general, a diet rich in vegetable 
oils prevents heart disease (Krajcovicova- Kudlakova 
et al., 1997). 

Many agro-management practices have been used 
for several years to improve agricultural productivity. 
Raised bed and ridge planting have been found to be 
most effective measures to reduce the cost of 
cultivation. To obtain maximum storage of moisture 
under any irrigation (rainfall) condition, soil needs to 
absorb as much water as possible and bring 
evaporation and transpiration losses to a minimum. 
Ridges and raised bed systems can intercept water 
from light rains, retain surface runoff from heavy 
rains, and reduce unproductive evaporation (Tian et 
al., 2003; Jia et al., 2006). Raised bed planting and 
ridge planting had lower water consumption than the 
flat planting due to the decreased use of irrigation 
water and reduced evaporation from topsoil (Zhang et 
al., 2007)     

Yield responses to inter-row distances are 
variable. The uniform distribution decreases plant to 

plant competition for available water, nutrient and 
light and increases seed yield and biomass production 
(Andrade et al., 2002). Planting geometry not only 
affects plant growth and development by balancing 
the interplant competition (Malik et al., 1992) but also 
determines the distribution pattern of plants over a 
field. It directly affects solar energy interception and 
evaporation and indirectly affects water use 
efficiency. Narrow row spacing ensures more uniform 
distribution of plant over a given area and makes a 
plant canopy more effective in intercepting radiant 
energy and shading weeds (Saeed, 1994). 

Sunflower has the potential to be grown in both 
irrigated and rainfed areas where precipitation and soil 
water supply are limited, and sunflower responds 
positively to irrigation with respect to growth and 
yield (Unger, 1990).  

Among various factors responsible for low yield, 
the water requirement of the crop is most important 
because water has direct relationship with the growth, 
development and yield of crop. An efficient irrigation 
system is a pre-requisite for increasing agricultural 
production since water is a basic input for agricultural 
growth. Judicious and timely application of irrigation 
at critical growth stages of sunflower increases yield. 
Increase in the irrigation interval reduced crop yield 
(Kakar and Soomro, 2001). 

Even limited irrigation-water, applied at different 
growth stages of sunflower, can significantly increase 
seed yields (Stone et al., 1996), especially during the 
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three growth periods -    heading, flowering, and 
milking stages - or end of flowering (Osman and 
Talha, 1975; Alessi et al., 1977; Demiro¨ren, 1978; 
Unger, 1983 and Chimenti and Hall, 1992).  

In favour of impact of irrigation, Talha and 
Osman (1974) reported an increase in the ratio of 
oleic/linoleic acid ratio under water stress conditions. 
On the other hand, Unger (1982) found a positive 
correlation between oleic acid content and water use 
at the vegetative stage, while Salera and Baldini 
(1998) observed no effect of water management on 
oleic acid content. When water stress occurs during 
the grain filling period on standard and high oleic 
genotypes, an increase in the oleic/linoleic acid ratio is 
observed with respect to more favorable water 
regimes (Flagella et al., 2002). 

The overall objective of this study was to 
determine the effect of water stress and planting 
patterns on yield and sunflower oil quality. 

 
2. MATERIAL AND METHODS 
 

Field experiments were conducted for three years 
2005-2007 at the Agronomy Research Farm of the 
University of Agriculture, Faisalabad, Pakistan to 
determine the effect of planting patterns and water 
stress on sunflower yield and oil quality. The soil at 
this experimental site is sandy clay loam. Before 
sowing, soil analysis was carried out according to 
methods given in Handbook No. 60 (US Salinity Lab. 
Staff., 1954) except available P, which was 
determined by Olsen method (Watanabe and Olsen, 
1965), and texture by Moodie et al. (1959).     

Four planting patterns were selected for this study 
(sowing on flat with row to row distance of 60 cm; 
sowing on ridges with row to row distance of 60 cm: 
sowing on flat with double row strip of 90 cmx30 cm; 
and sowing on beds with 90 cm bed and 30 cm 
furrow) placed in main plots and four water stress (no 
stress, water stress at pre-anthesis stage, water stress 
at anthesis stage, Water stress at post-anthesis stage) 
in sub plots. 

The experiment was laid out in randomized 
complete plot design with split arrangement and 
replicated three times. Net plot size was 3.6 x 7.0 m. 
Buffer plots of 1.2 m between the sub plots were 
maintained to avoid the seepage/border effect of 
irrigation among various treatments. 

In each season the experimental field was wetted 
to field capacity by heavy irrigation (locally called 

rouni) and seedbed was prepared by cultivating the 
soil 2-3 times with tractor mounted cultivator, each 
followed by planking when the field was at proper 
moisture condition. Crop was sown on 14th February 
during all the years. Planting was done by dibbling 
and placing two seeds per hill at 25 cm distance from 
each other. After crop establishment, at 2-4 leaf stage 
one plant per hill was maintained. 

Fertilizer was applied @ 150 kg N and 100 kg 
P2O5 ha-1. Urea and Diammonium Phosphate (DAP) 
were used as a source of fertilizer. Half of N and full 
phosphorus were applied at sowing, remaining N was 
applied either with first irrigation in the plots to be 
irrigated or incorporated at the same time in plots not 
to be irrigated. All other agronomic practices were 
kept normal and uniform for all the treatments. Plant 
protection measures were adopted to keep the crop 
free from weeds, insect pests and diseases.  

Six siphon tubes were calibrated and shifted into 
three different plots. A water control barrier was 
prepared at the cross channel area to make and control 
the flow of water. Time measurement was done with 
the help of a stop watch and at a measured time, 
siphons were shifted to the other field. 

 
2.1 Statistical Analysis 

 
The data were statistically analyzed by using the 

computer statistical program MSTAT-C (Freed and 
Scott, 1986). Analysis of variance technique was 
employed to test the overall significance of the data, 
while the least significance difference (LSD) test at 
P=0.05 was used to compare the differences among 
treatments means. 

 
3. RESULTS AND DISCUSSION 
 
3.1 Weather Data 

 
All climatic data were obtained from a 

meteorological station situated at the experimental 
site. Climatic conditions were favorable for high yield 
of sunflower during 2005 in comparison to 2006 and 
2007. Average temperature was higher in 2006 as 
compared to 2005 and 2007. Total rain during 
growing season (15 February to 15 June) was 117.4 
mm, 81.2 mm and 83.8 mm in 2005, 2006 and 2007 
respectively. 
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3.2 Effect of Planting Pattern and Water Stress on 
Seed Yield (kg ha-1)  
 
Grain yield increase in response to narrow rows 

was closely related to the improvement in light 
interception during the critical period for grain set. 
Changes in response of grain number to reduce row 
spacing ranged from nil to 25% increase (Calvino et 
al., 2004). Malik et al., (2001) reported that the 
planting patterns ridge sowing (60 cm apart) produced 
the maximum seed yield (2600 kg ha-1) among various 
planting patterns (60 cm apart single rows, 90 cm 
apart double row strip planting, 60cm apart ridge 
sowing and 90/30cm bed sowing) were used for 
evaluation. 

Final seed yield is the function of combined effect 
of all the yield components under the influence of a 
particular set of environmental conditions. The seed 
yield variability of the years affected significantly 
which regards from a minimum of 2186 kg ha-1 in 
2007 to a high of 3674 kg ha-1 in 2005 and it is due to 
the difference between the treatments and variation in 
maximum and minimum temperature during the 
growing season. 

The planting pattern crop sown on ridges (3293, 
3190 and 3235 kg ha-1 in 2005, 2006 and 2007 
respectively) produced the maximum seed yield. 
Irrigation treatment significantly influenced seed yield 
of sunflower during the seasons of experimentation. 
Highest seed yield (3210, 3126 and 3150 kg ha-1 in 
2005, 2006 and 2007 respectively) was recorded in 
fully irrigated crops. On an overall average basis, pre-
anthesis produced 21.5%, 17.7% and 8.3% less seed 
yield than no stress, post anthesis and anthesis stress. 
Minimum seed yield was recorded from pre anthesis 
stress (2525, 2454 and 2469 kg ha-1 in 2005, 2006 and 
2007 respectively). 

Interaction of planting pattern and water stress for 
seed yield showed significant differences. Seed yield 
(3674, 3569 and 3584 kg ha-1 in 2005, 2006 and 2007 
respectively) resulted in combined effect of ridge 
sown crop with normal irrigation treatment. These 
results were at par with crop sown at ridges with post 
anthesis stress during 2005 and 2006. Minimum seed 
yield was recorded from the crop sown under flat 
90/30 with pre anthesis stress which produced 2270, 
2205 and 2186 kg ha-1 in 2005, 2006 and 2007 
respectively. Seed yield (Table 5) was positively and 
significantly correlated with leaf area index. 

Fereres et al., (1986) also reported that best 
correlation was found between grain yield and 
biomass yield. Hussain et al., (2001) stated that leaf 
area had positive and significant correlation with seed 
yield. Positive correlation was also reported between 
seed and oil yield. Positive and significant correlation 
existed between leaf area and seed yield reported by 
Tahir and Mehdi, 2001. 

Andrade et al., (2002) also reported that crops 
with more severe water deficit, yield response ranged 
from 25% reduction in yield. Results were also 
supported by Browne (1997) who concluded that seed 
yield was increased by 19 % when final irrigation was 
applied 22 days after mid flowering, rather than at mid 
flowering. The higher yield resulted principally from 
an increase in the number of harvestable seeds. Aiken 
and Lamm, (2006) reported that supplemental 
irrigation scheduled by the water balance method 
results in higher yields. Yield reductions depend on 
the degree of plant water stress at critical stages of 
growth. Irrigated sunflower yield ranged from 2200 to 
2900 kg ha-1. When supply of water limits crop water 
use, seed yields are frequently limited as well. 

There was a positive and linear relationship 
between biological yield and seed yield. The 

Table 1: Fifteen day mean weather data for the growing season of the study during 2005, 2006 and 2007. 
Date Max Temp. (oC) Min. Temp. (oC) Avg. Temp. (oC) Rain (mm) ET0 (mm) 

2005 2006 2007 2005 2006 2007 2005 2006 2007 2005 2006 2007 2005 2006 2007 
1-15 Jan 20.8 20.2 20.0 7.6 5.3 2.5 14.2 12.8 11.2 20.0 8.20 0.00 1.7 1.2 1.4 
16-31 Jan 18.1 21.4 21.3 6.1 7.2 6.1 12.1 14.3 13.7 12.8 0.00 0.00 1.6 1.5 2.0 
1-14 Feb 19.6 27.0 21.6 11.2 11.3 10.9 15.4 19.2 16.3 29.5 0.00 36.5 1.4 2.3 1.8 
15-28 Feb 20.5 28.1 20.0 8.3 14.7 9.6 14.4 21.4 14.8 5.6 14.6 19.4 2.0 3.0 1.8 
1-15 Mar 27.2 28.3 22.1 14.7 14.7 11.5 21.0 21.5 16.8 6.2 8.40 25.8 2.5 2.9 2.1 
16-31 Mar 28.3 28.0 28.4 15.9 14.5 15.1 22.1 21.3 21.8 42.4 28.6 15.5 3.0 3.4 2.8 
1-15 Apr 33.4 35.2 34.5 16.8 18.5 19.1 25.1 26.9 26.8 0.0 0.00 0.00 5.2 6.4 4.7 
16-30 Apr 36.7 40.1 40.1 19.6 22.8 22.5 28.2 31.5 31.3 10.8 0.00 0.00 6.2 7.6 6.8 
1-15 May 36.4 43.5 41.0 21.9 26.7 25.0 29.2 35.1 33.0 18.4 0.60 15.8 6.0 8.4 7.7 
16-31 May 39.7 41.1 39.5 24.8 27.8 25.4 32.3 34.4 32.4 0.0 23.4 0.30 8.4 7.6 8.3 
1-15 Jun 41.6 41.7 43.3 27.0 27.2 29.5 34.3 34.5 36.4 4.5 5.60 7.00 7.8 9.0 9.1 
16-30 Jun 45.0 38.9 36.4 30.4 26.8 26.6 37.7 32.9 31.5 58.0 50.0 22.9 9.6 6.9 5.7 
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regression accounted for 88% of the variance in the 
yield. Achene yield was also linearly and positively 
related to the no. of seed per head, 1000 seed weight 
and leaf area index. Regression accounted for 93%, 
95% and 82% variance in seed yield respectively. The 
correlation results are confirmatory to the findings of 
Contagallo et al., (1997) and Mercan et al., (2001) 
who reported that the number of seeds and seed 
weight were the components more closely associated 
with yield. 

 
3.3 Effect of Planting Pattern and Water Stress on 

Biological Yield (kg ha-1) 
 
It is the overall expression of biomass forces 

embodied in a production system which are affected 
by the treatment applied. The effect of planting pattern 
and irrigation treatments significantly affected 
biomass yield.  

Ridge sowing produced 14% more biomass yield 
over flat 90/30 sowing. The study showed that ridge 
sowing produced maximum biomass yield of 9058, 
8772 and 8893 kg ha-1 in 2005, 2006 and 2007 
respectively. Normal irrigation achieved better yield 
regarding all other treatments that produced 8934, 
8601 and 8731 kg ha-1 in 2005, 2006 and 2007 
respectively and the lowest was recorded from pre-
anthesis stress. 

A combined effect of planting pattern and 
irrigation treatment presented significant differences. 
Better biomass yield was recorded from crop sown 
under ridge sowing with no stress (9684, 9460 and 
9565 kg ha-1 in 2005, 2006 and 2007 respectively). 
Lowest biomass yield was produced by crop sown at 
flat 90/30 along with pre anthesis stress (7315, 6932 
and 7047 kg ha-1 in 2005, 2006 and 2007 
respectively). Biomass yield (Table 5) was positively 
and significantly correlated (Table 5) with seed yield 

Table 2: Effect of different planting pattern and water stress on seed yield and biomass yield of sunflower 
during 2005, 2006 and 2007 

TREATMENTS 
Seed Yield (kg ha-1) Biomass Yield (kg ha-1) 

2005 2006 2007 Average 2005 2006 2007 Average 
Planting Pattern (P) 
P1= Flat 60 cm 2937 b 2854 b 2866 b 2886 b 8405 b 8038 b 8173 b 8205 b 
P2 = Ridge 60 cm 3293 a 3190 a 3235 a 3239 a 9058 a 8772 a 8893 a 8908 a 
P3 = Flat 90/30 cm 2596 d 2521 c 2537 d 2551 d 7856 d 7550 c 7662 d 7689 d 
P4 = Bed 90/30 cm 2734 c  2657 c 2688 c  2693 c 8136 c 7858 b 7997 c 7997 c 
LSD (5%) 132 145 113 119 195 197 126 130 
Water stress (I) 
I0 = No Stress 3210 a 3126 a 3150 a 3162 a 8934 a 8601 a 8731 a 8755 a 
I1 = Pre Anthesis Stress 2525 d  2454 d 2469 d 2483 d 7670 d 7346 d 7461 d 7492 d 
I2 = Anthesis Stress 2756 c 2669 c 2698 c 2708 c 8256 c 7979 c 8090 c 8108 c 
I3 = Post Anthesis Stress 3069 b 2973 b 3008 b 3017 b 8594 b 8292 b 8443 b 8443 b 
LSD (5%) 78 75 60 46 106 101 96 103 
Interaction  (PxI) 
P1 I0 3363 b 3268 b 3289 c 3307 c 8863 cd 8400 c 8538 e 8601 d 
P1 I1 2481 h 2410 h 2396 h 2429 i 7760 hi  7389 ij 7545 k 7565 h 
P1 I2 2773 def 2695 def 2711 fg  2726 fg 8328 f 8018 de 8129 g 8159 e 
P1 I3 3130 c 3042 c 3068 d 3080 d 8665 de 8343 c 8478 e 8496 d 
P2 I0 3674 a 3569 a 3584 a 3609 a 9684 a 9460 a 9565 a 9570 a  
P2 I1 2842 de 2762 de 2814 ef 2806 ef 8050 g 7850 ef 7948 h 7950 f 
P2 I2 3121 c 3032 c 3081 d 3078 d  9053 c 8828 b 8913 c 8931 c 
P2 I3 3535 a 3397 a 3459 b 3464 b 9445 b 8950 b 9147 b 9181 b  
P3 I0 2890 de 2835 d 2864 e 2863 e 8503 ef 8058 d 8192 g 8251 e 
P3 I1 2270 i 2205 i  2186 i 2220 j 7315 j 6932 k 7047 m 7098 j 
P3 I2 2475 h 2372 h  2391 h 2413 i  7688 i 7477 hi 7563 k 7576 h 
P3 I3 2749 ef 2671 ef 2705 fg 2709 g 7917 gh 7733 fg 7845 i 7832 fg 
P4 I0 2912 d 2830 d 2864 e 2869 e  8685 de 8484 c 8628 d 8599 d 
P4 I1 2509 gh 2437 gh 2481 h 2476 i  7554 i 7213 j 7303 l 7357 i 
P4 I2 2653 fg 2578 fg 2608 g 2613 h 7954 gh 7594 gh 7754 j 7767 g 
P4 I3 2863 de 2782 de 2799 ef 2815 ef 8349 f 8142 d 8303 f 8265 e 
LSD (5%) 156 150 121 91 213 201 88 131 
Year Mean  2890 2805 2831 2842 8364 8055 8181 8200 
Means having different letters differ significantly at 5% probability. 
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and leaf area index. Significant correlation between 
grain yield, biomass yield and oil content was reported 
by Fereres et al., (1986). 

Ridge sowing facilitates more light penetration of 
the canopy thereby providing better conditions for 
establishment, growth and development. One of the 
other benefits of ridge sowing is to change from flood 
irrigation to irrigation in a partial areas decreased 
irrigation amount and controlled evaporation from top 
soil. Shafi and Khan (1992) reported the maximum 
yield was obtained in the crop sown on ridges. 
Calvino et al., (2004) apply more severe water deficit 
developed around anthesis. Crop exposed to mild 
water deficit in all three critical stages and water stress 
was most severe. Yield response to narrow row was 
significant. Crop response significantly to narrow 
rows and highlights the interaction between row 
spacing and water deficit. For crop with moderate or 
low deficit, yield did not respond to narrow rows 
when conditions were conductive to full interception 
in wide row crops and yield increased up to 15%.  

Mahal et al. (2000) concluded that sowing on 
ridges reduced the adverse effect of flooding and gave 
9.9% more yield than flat sowing. Sidhu et al. (1995) 

also present similar results and found that the highest 
seed yield was obtained from the crop sown on ridges. 

Values of biomass yield in these studies were 
similar to Rawson and Turner, 1983; Conner et al., 
1985; and Anderson et al., 1998, who concluded the 
reduction in biomass yield when sunflower was grown 
under dry land conditions without supplemental 
irrigation. Further they reported that if watering was 
commenced at or before budding, the crop still had the 
capacity to grow and accumulate substantial biomass. 
Rawson and Turner (1982) have ascribed this capacity 
to the ability to gain leaf area on commencement of 
irrigation which, in turn, depended on the time of 
commencement of irrigation. Sunflower irrigated 
before or at budding accumulated significantly more 
dry matter than those not irrigated or those initially 
irrigated at later growth stages. 

 
3.4 Effect of Planting Pattern and Water Stress on 

Seed Oil Contents (%) 
 
The strategic role of the sunflower crop depends 

mainly on the characteristics of the oil produced, 
which can be used, directly or after processing, in 
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Fig. 1.  Relationship of seed yield (kg ha-1) with biomass yield (kg ha-1), number of seeds head-1, 1000-seed 

weight and leaf area index of sunflower (average data). 
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many sectors of the food and non food industries. 
(Veer Meersh, 1996 and Santonoceto et al., 2002)  

A different planting pattern did not influence the 
seed oil contents (%) of sunflower. Effect of planting 
pattern, as well as interactive effect of planting pattern 
and irrigation treatment,was non significant on percent 
of seed oil. The data ranged between 34.2% to 44.7% 
during the years of experimentation. A different 
irrigation treatment had a significant influence on the 
seed oil content of sunflower and highest (44.7%, 
43.9% and 44.5% during 2005, 2006 and 2007 
respectively) was recorded in no stress and was the 
lowest under pre anthesis stress (34.9%, 34.2% and 
34.4% in 2005, 2006 and 2007 respectively). On an 
overall average basis, no stress produced 22.3%, 
15.1% and 9.6% more oil contents than pre anthesis 
stress, anthesis stress and post anthesis stress 
respectively. 

Seed oil content was not affected significantly by 
any of the planting patterns, in both the  seasons 
(spring and autumn) Nazir et al. (1991). Johnson et al., 
(2003) also reported that row spacing influenced seed 
oil contents but differences were not biomassly 
important. Ardakani et al., (2005b) reported that water 
stress treatments and no irrigation at any stage 
reduced oil percent. Flagella et al., (2002) reported 
that oil percentage increased with irrigation. The 
lowest value of oil percentage was recorded from 
severe stress. Oil content (Table 5) was significantly 
and positively correlated with seed yield, biomass 
yield and leaf area index. Fereres et al., 1986 and Razi 
and Assad, 1999 reported that seed yield had 

significant positive correlation with biomass yield and 
oil content. 

Findings do not correspond to Goksoy et al., 
(2004) who reported that oil percentage, an important 
quality component in sunflower was not affected by 
irrigation treatments applied at different growth 
stages. Mean oil percentage varied from 43.7 to 45.8% 
in all treatments. Sufficient water is necessary during 
grain filling to achieve a high oil concentration 
(Debaeke et al., 1998).  

 
3.5 Effect of planting pattern and water stress on 

seed protein content (%) 
 
Sunflower is grown mainly for oil, but following 

extraction the meal contains protein and offers a 
valuable source of protein for animal and human 
consumption.   

The results were statistically non significant 
among all the treatments for planting pattern.  Seed 
protein content values ranged from 13.9% to 16.6% 
during all growing seasons. Results were supported to 
those of Agha (1989) who evaluated the effect of 
different planting patterns.The seed protein content 
was not affected significantly by the different planting 
patterns. Nazir et al. (1991) conducted a field study to 
determine the effect of different planting patterns on 
seed yield, oil and protein content of sunflower at 
uniform plant population during the autumn and 
spring. Seed protein content was not affected 
significantly by any of the planting patterns during the 
growing seasons. 

Table 3:  Effect of different planting pattern and water stress on seed oil and protein content of sunflower 
during 2005, 2006 and 2007 

TREATMENTS 
Oil Contents (%) Protein Contents (%) 

2005 2006 2007 Average 2005 2006 2007 Average 
Planting Pattern (P) 

P1=Flat 60 cm 39.9 38.9 39.1 39.3 15.4 14.9 14.8 15.0 
P2=Ridge 60 cm 40.0 39.0 39.3 39.4 15.7 15.4 15.6 15.6 
P3=Flat 90/30 cm 39.6 39.2 39.0 39.3 15.0 14.7 14.7 14.8 
P4=Bed 90/30 cm 39.2 38.6 38.9 38.9 15.4 15.1 15.0 15.2 
LSD (5%) NS NS NS NS NS NS NS NS

Water stress (I) 
I0=No Stress 44.7 a 43.9 a 44.5 a 44.4 a 16.6 a 16.3 a 16.4 a 16.4 a 
I1=Pre Anthesis Stress 34.9 d 34.2 d 34.4 d 34.5 d  14.2 d 13.9 d 14.0 d 14.0 d 
I2=Anthesis Stress 38.1 c 37.4 c 37.5 c 37.7 c 14.9 c 14.5 c 14.5 c 14.6 c 
I3=Post anthesis Stress 41.0 b 40.2 b 40.5 b 40.6 b 15.7 b 15.3 b 15.6 b 15.5 b 
LSD (5%) 0.57 0.55 0.61 0.58 0.41 0.40 0.43 0.42 
Interaction (PxI) NS NS NS NS NS NS NS NS
Year Mean 39.7 38.9 39.2 39.3 15.4 15.0 15.1 15.2 

Means having different letters differ significantly at 5% probability. 



IMPACT OF PLANTING PATTERN AND WATER STRESS ON YIELD AND OIL QUALITY OF SUNFLOWER 
(HELIANTHUS ANNUUS L.) 

15

 Different irrigation regimes had a significant 
influence on seed protein contents of sunflower. 
Maximum protein content (16.6%, 16.3% and 16.4% 
in 2005, 2006 and 2007 respectively) was recorded for 
no stress. It decreased in the order of post anthesis 
stress > anthesis stress > pre anthesis stress. Minimum 
seed protein content was recorded for pre anthesis 
stress (14.2%, 13.9% and 14.0% in 2005, 2006 and 
2007 respectively). The combined effect of planting 
pattern and irrigation treatment was non significant. 
Protein contents (Table 5) shows the positive and 
significant correlation with seed yield, biomass yield, 
leaf area index and oil content. 

Results are in line with Debaeke at al., (1998) who 
reported that early sunflower growth was limited 
when the water availability was reduced during 
flowering. Protein concentration was negatively 
related with stress conditions. Protein concentration 
was decreased with the stress condition while it was 
maximum with normal irrigation. 

 
3.6 Fatty acid Profile Effect of Planting Pattern 

and Water Stress on Linoleic Acid (%) 
 
There is no significant impact of planting pattern 

on linoleic acid concentration. The data range varied 
between 59.8% to 64.1% among all the treatments. 

Irrigation regimes significantly influenced the 
linoleic acid concentration of sunflower seed oil. 
Maximum linoleic acid concentration was recorded 
from pre anthesis stress (64.1%, 61.9% and 62.3 in 
2005, 2006 and 2007 respectively). On an average 
basis, pre anthesis stress produced 3.34%, 2.87% and 
1.91% more linoleic acid than no stress, post anthesis 
stress and anthesis stress respectively. Minimum 
linoleic acid was obtained from no stress treatment 
(60.7%). Interactive effect of planting pattern and 
irrigation treatment was non significant. Linoleic acid 
(Table 5) showed significant but negative correlation 
with seed yield, oil contents, protein contents  and 

Table 4: Effect of different planting pattern and irrigation levels on Linoleic acid and Oleic acid contents of 
sunflower oil during 2005, 2006 and 2007 

TREATMENTS 
Linoleic acid (%) Oleic acid  (%) 

2005 2006 2007 Average 2005 2006 2007 Average 
Planting Pattern (P) 

P1=Flat 60 cm 62.9 60.6 60.9 61.5 25.5 26.2 26.4 26.0 
P2=Ridge 60 cm 62.6 60.6 61.2 61.5 25.1 26.0 25.8 25.6 
P3=Flat 90/30 cm 62.7 60.1 61.1 61.3 24.8 25.9 25.3 25.3 
P4=Bed 90/30 cm 62.6 61.1 61.4 61.7 25.7 26.6 26.5 26.3 
LSD (5%) NS NS NS NS NS NS NS NS

Water stress (I) 
I0=No Stress 61.8 c 59.8 c 60.4 c  60.7 c 26.6a 27.5a 27.2 a 27.1 a 
I1=Pre Anthesis Stress 64.1 a 61.9 a 62.3 a 62.8 a 23.7c 24.6c 24.3 c 24.2 c 
I2=Anthesis Stress 62.7 b 60.7 b 61.5 b 61.6 b 24.6b 25.6b 25.2 b 25.1 b 
I3=Post anthesis Stress 62.2 bc 60.1 bc 60.7 c 61.0 bc 26.0a 27.0a 26.7 a 26.6 a 
LSD (5%) 0.75 0.66 0.69 0.71 0.82 0.84 0.81 0.80 
Interaction (PxI) NS NS NS NS NS NS NS NS
Year Mean  62.7 60.6 61.2 61.5 25.2 26.2 25.9 25.8 

Means having different letters differ significantly at 5% probability 
 
Table 5: Correlation coefficients among different characters of spring  sunflower 

 Biomass 
Yield LAI Oil 

Contents 
Protein 
Contents 

Stearic 
Acid 

Palmitic 
Acid 

Linoleic 
Acid Oleic Acid 

Seed Yield 0.942*** 0.875*** 0.690*** 0.729*** -0.119ns 0.280** -0.329** 0.419*** 
Biomass  0.755*** 0.427*** 0.533*** -0.142 ns 0.348** -0.177 ns 0.223* 
LAI   0.773*** 0.776*** -0.10 ns 0.174 ns -0.391*** 0.561*** 
Oil Contents    0.858*** -0.049 ns 0.035 ns -0.478*** 0.665*** 
Protein Contents     -0.017 ns 0.231* -0.342** 0.573*** 
Stearic Acid      0.038 ns 0.276** -0.063 ns 
Palmitic Acid       0.178 ns -0.005 ns 
Linoleic Acid        -0.543*** 
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oleic acid. There was non significant and negative 
correlation found with biomass yield. 

Santonoceto et al., (2002) reported the approving 
results by examining the variation in the content of the 
four major fatty acids (Oleic, linoleic, palmitic and 
stearic). It showed that the fatty acid composition of 
the oil in the initial phases of seed formation differed 
substantially from that of the mature seed. Treatment 
I67 and I100 gave, at all samplings, a significantly lower 
linoleic acid concentration than that of treatments I0 
and I33. The values were always significantly higher in 
the less irrigation treatments. 

 
3.7 Effect of Planting Pattern and Water Stress on 

Oleic Acid (%) 
 
Contradictory results were reported by Unger 

(1983) Linoleic and oleic acid concentrations in oil 
increased and decreased. Water stress at a seed 
development stage and mean temperature probably 
affected linoleic and oleic acid concentration of the 
oil. Average linoleic and oleic concentrations of the 
oil were not statistically affected by irrigation 
treatments. 

Planting pattern presented a non significant 
difference among all the treatments. The data ranged 
from 23.7% to 27.5% during the growing season. 

Oleic acid concentration of sunflower seed oil 
under different irrigation treatments varied 
significantly and the highest was recorded under no 
stress (26.6%, 27.5% and 27.2% during 2005, 2006 
and 2007 respectively). These results were statistically 
at par with post anthesis stress (26.0%, 27.0 and 
26.7% in 2005, 2006 and 2007 respectively). Lowest 
oleic acid was recorded from pre anthesis stress 
(23.7%, 24.6% and 24.3% in 2005, 2006 and 2007 
respectively). The combined effect of planting pattern 
and irrigation treatment were found to be non 
significant. Oleic acid (Table 5) was significantly and 
positively correlated with seed yield, biomass yield, 
leaf area index, oil contents and protein contents. 

Encouraging results by Santonoceto et al., (2002) 
examined the variation in the content of the four major 
fatty acids (Oleic, linoleic, palmitic and stearic) and 
showed that the fatty acid composition of the oil in the 
initial phases of seed formation differed substantially 
from that of the mature seed. The values were always 
significantly higher in the three irrigation treatments 
than in the rainfed one. Unger (1983) reported that 
Linoleic and oleic acid concentrations in oil increased 

and decreased. Water stress at a seed development 
stage and mean temperature probably affected linoleic 
and oleic acid concentration of the oil. In conclusion 
of Flagella et al., (2002) supplemental irrigation 
resulted in a notable rise in seed yield and in a 
decrease in the oleic and linoleic ratio in high oleic 
sunflower genotype.  

 
4. CONCLUSIONS 

 
There is an urgent need to improve irrigation 

efficiency by combining the best planting pattern and 
irrigation management. This study indicated that ridge 
sowing with no water stress (P2I0) produced 38% more 
seed and 26% more biomass yield in comparison to 
the flat 90/30 with pre anthesis stress (P3I1). Oil 
quality parameters (oil contents and protein contents) 
were not affected by planting pattern but significant 
changes were observed under different water stress 
levels. Concerning all the treatments of planting 
pattern and water stress levels, ridge sowing with no 
stress is suitable to achieve the maximum yield of 
spring sunflower. 
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IRRIGATION AND FERTIGATION EFFECTS ON NITROGEN USE EFFICIENCY 
AND TOMATO YIELD 
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ABSTRACT 
 

The primary objective of this study was to determine the best irrigation and fertigation practice for tomato 
crop (Lycopersicon esculentum Mill.) in order to achieve highest yield with maximum fertilizer use efficiency. 
The field experiments were conducted during the period of May to September in 2002, 2003 and 2004. Five 
experimental treatments investigated in this study included the following: The first three treatments (T1, T2, T3) 
included a combination of drip irrigation and fertigation, treatment #4 (T4) included drip irrigation, but with 
conventional application of fertilizer, and the fifth treatment, (T5), included furrow irrigation practice with 
conventional application of fertilizer. To determine fertilizer use efficiency, part of nitrogen was applied as 
labelled urea with 15N stable isotope. The results of this study indicated that the tomato crop positively responded 
to the simultaneous application of water and fertilizer under a drip system of irrigation in comparison with 
conventional application of fertilizer. Overall conclusion of this study indicated clearly that to obtain 
acceptable/maximum tomato yield with high nitrogen fertilizer use efficiency (NFUE) the practice of drip 
irrigation in combination of fertigation with irrigation frequency of either two (T1) or four (T2) days is 
recommended. 
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1. INTRODUCTION 
 
The application of fertilizer through the drip 

irrigation system (fertigation) is a common practice in 
modern irrigated agriculture. This practice has several 
advantages over the conventional methods. The 
advantages of drip fertigation are: The supply of 
nutrients can be more carefully regulated and 
monitored (Burt et al. 1995), minimal losses of water 
and plant nutrients (Papadopoulos 1985), decrease 
leaching and volatilization losses and minimize the 
chances for ground water pollution (Miller et al. 1982, 
Gardner et al. 1984), improved fertilizer use efficiency 
– FUE (Miller et al. 1981, Papadopoulos 1995), 
improved yield and water use efficiency (Al-Wabel et 
al. 2002), improved yield quality parameters (Aleantar 
et al. 1999) etc. 

Geographic location and climatic conditions in the 
Republic of Macedonia enable high quality 

agricultural production, but the limiting factors for 
high and more profitable yield is improper use of 
water and fertilizers.  

Therefore, the main objectives of this study were 
to compare conventional irrigation and fertilization 
method with drip fertigation; to evaluate nitrogen 
fertilizer use efficiency (NFUE) in both methods of 
application; to determine best fertigation practice for 
tomato crop and to evaluate yield quantity as affected 
by methods of application. With these results we plan 
to increase interest among Macedonian farmers for 
higher usage of drip fertigation in their fields in order 
to increase their income and to reduce the cost of the 
production and to protect the environment from agro-
chemical pollution. 

 
2. MATERIAL AND METHODS 
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A field experiment was carried out on a small 
experimental field near the Faculty of Agricultural 
Scinces and Food in Skopje (42o 00' N, 21o 27' E). The 
experiment was carried out during the period of May 
to September in 2002, 2003 and 2004. The 
investigated crop was tomato (Lycopersicon 
esculentum Mill.), hybrid Optima. The soil type is 
coluvial (deluvial) soil (FAO Classification) disturbed 
with urban activities. The soil pH was 7.5. The soil 0-
60 cm layers contained respectively 2.40 mg/100 g 
available forms of N, 19 mg/100 g available P2O5 and 
18 mg/100g available K2O. According to the 
recommendations and literature data for the region, 
tomato planted in an open field in our condition yields 
up to 80 t/ha (in good growing season with good 
agricultural practice). That yield needs the following 
amount of nutrients: N 260 kg/ha, P2O5 160 kg/ha and 
K2O 320 kg/ha. The common practice to split 
application of fertilizer in two portions (before 
planting and in the growing season) was followed. 
Application of the most common fertilizer in the 
country, NPK 15:15:15 in amount of 333 kg/ha (or 
about 50 kg of each macronutrient) was done before 
planting of tomato. The rest of the fertilizer needed for 
achieving the targeted yield was planned to be applied 
through the fertigation system for drip fertigation 
treatments (spread during the growing season) and 
conventional fertilization on soil for control 
treatments (spread in two phases, flowering and fruit 
formation). The fertigation equipment for drip 
fertigation treatments was Dosatron 16, with a plastic 
barrel as reservoir for concentrated fertilizer. The 
whole amount of fertilizer was dissolved in the barrel 
and barrel was sealed to avoid evaporation of the 
water. The dilution of the concentrated fertilizer in 
irrigation water was 1%. The source of water was the 
water supply system for the city of Skopje (very high 
quality of water).The irrigation of the experiment was 
scheduled according long-term average daily 
evapotranspiration for tomato in Skopje area. Long 
term average evapotranspiration was calculated by 
FAO software CROPWAT for Windows 4.3 using 
crop coefficient (kc) and stage length adjusted for 
local condition by Faculty of Agricultural Sciences 
and Food. Because the use of drip irrigation and 
application of the water was only on part of the total 
surface, the daily evapotranspiration of drip irrigation 
treatments was decreased for 20% (coefficient of the 
coverage). The irrigation scheme used in the 
experiment was designed according to randomized 

block design for experimental purposes with five 
treatments in three replications.  

Experimental Treatments: Experimental 
treatments were set up according to the daily 
evapotranspiration rate. The idea was to investigate 
frequency of fertigation and its effect on crop yield 
and NFUE.  

• Treatment 1 (T1). Fertigation according to daily 
evapotranspiration with application of water and 
fertilizer every two days. 

• Treatment 2 (T2). Fertigation according to daily 
evapotranspiration with application of water and 
fertilizer every four days. 

• Treatment 3 (T3). Fertigation according to daily 
evapotranspiration with application of water and 
fertilizer every six days. 

• Treatment 4 (T4). Drip irrigation according to 
daily evapotranspiration with application of 
water every four days and conventional 
fertilization (spreading of fertilizer on soil). 

• Treatment 5 (T5). Furrow irrigation according 
to daily evapotranspiration with application of 
water every seven days and classic fertilization 
(spreading of fertilizer on soil). 
 

The size of each plot (replication) was 7.2 m2 (18 
plants in 0.8 m of row spacing and 0.5 m plant spacing 
in the row). Each plot (replication) was designed with 
three rows of crop. There were six plants in each row. 
The rows from left and right hand side were border 
rows. The middle row was assumed for experimental 
purposes. The two plants from each end of the middle 
row were border plants. Experimental plants were just 
two plants in the middle of the experimental row and 
these plants were used for sampling of 15N. All 
material of these two plants was collected (leaf, steam, 
fruits) and yield of the fresh and dry weight (at 70oC 
for 48 hours) was measured. Samples were ground to 
pass a 0.2 mm sieve. The average samples were 
prepared and used for analysis (FAO/IAEA sample 
preparation techniques of biological material for 
isotope analysis). The experiment with labeled urea  
was conducted only in years 2002 (3 % 15N a.e. urea 
as isotope) and 2003 (2.5 % 15N a.e. urea as isotope), 
as results of limitation with labeled urea and 
application of fertilizer to whole plot in order to 
eliminate side effect in the experiment. The total N 
analysis was done with micro-Kjedahl method and the 
15N abundance was measured with emission 
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spectrometry by the Institute for Nuclear Techniques 
in Ankara, Turkey.  

Collected data were subjected to statistical 
analysis of variance and means were compared using 
the least significant difference (LSD) at the 5% level 
of probability (P<0.05) test. 

 
3. RESULTS AND DISCUSSION 
 
3.1 The Meteorological Conditions During the 

Investigation 
 

Air temperature, rainfall and relative humidity for 
the experimental site during 2002, 2003 and 2004 are 
presented in Table1. 

The average seasonal temperature (average in the 
growing period) in 2002, 2003 and 2004 was 21.0oC, 
22.2oC and 20.5oC respectively. During the period of 
the biggest fructification (June-August) the average 
temperature in all three years was in the frame of the 
optimum values. It is well known that tomato is most 
sensitive to water shortage (drought) during the 
flowering and fruit formation. The Skopje area in that 
period is characterized with highest temperatures and 
insolation, so evapotranspiration is highest. Usually 
rainfalls are in minimum in that period. Data 
presented in the table shows that years 2002 and 2004 
were characterized as very wet years with a lot of 
rainfall in the growing season (316.7 mm in 2002 and 
250.3 mm in 2004) and is extraordinary unusual. 
Especially unusual was very high rainfalls in the 
period July-September, 2002 and May-July, 2004. 
This created a favorable condition for plant diseases. 
Another problem was that experiment was set up 
according to the average evapotranspiration rate, so in 
a very wet period we had problems with too much 
water. In the case of fertigation, avoiding each 
application of water meant less readily available 
nutrients for the crop. This created problems with the 
application of the total amount of nutrients with 
fertigation, especially in 2002, while in 2004 the total 
amount of nutrients was applied as a result of better 
time disposal of rainfall. Year 2003 was about 
average. There was a little bit higher rainfall in May-
June, but the other period was much lower than 
average. In the period of most active yielding there 
was a huge shortage of water and very high 
temperatures, so fertigation had a much higher effect 
in this year.Tomato crop is characterized as crop that 
is tolerant to low relative air humidity, even though 

optimal values are in the rank of 55-65%. The average 
relative humidity values during the all three years of 
investigation were close to normal. 

 
3.2 Yield and Effect of Fertigation Treatments on 

Tomato Yield  
 
It is interesting to see yield and differences in 

yield among different treatments because each of the 
treatments receive the same amount of fertilizer and 
water. Differences are results of differences in 
application regime of water and fertilizers. The yields 
achieved in the experiment are shown in Table 2. 

There is not a statistically significant difference in 
yield between treatment T1 (118.03 t/ha) and 
treatment T2 (114.94 t/ha). So, in this case, decision 
of the frequency of fertigation in a range two to four 
days should be done according other parameters, not 
according to the yield. If  two days frequency is 
applied instead of four days frequency, the design of 
irrigation system can be done with pipes with smaller 
diameters, so it can be less expensive. Fertigation 
frequency of every two or four days achieves a yield 
that is significantly higher than the yield if fertigation 
is applied with six days frequency (T3). Doorenbos et 
al. (1986) reported that prolonged water deficit limits 
growth and reduces yields of tomato crop. So, our 
results show that going in time difference between 
two applications of water and fertilizers higher than 
four days will significantly decrease the yield of 
tomato due to increased water deficit and water stress. 
Phene (1995) reported better tomato yields with high-
frequency surface drip irrigation in comparison with 
low frequency surface drip irrigation.  

As seen in Table 2, the drip fertigation treatments 
(T1, T2, T3) shows a statistically significant 
difference compared with treatment with drip 
irrigation and spreading of fertilizer (T4). This can be 
explained by the fact that with drip fertigation the root 
zone of the plant in the same time is provided with 
water and readily available nutrients. Our research 
data concur with literature reporting that fertigated 
tomatoes produced fruit yield of 72 t/ha while those 
under conventional drip irrigation and fertilization 
yielded only 44 t/ha (Pan et al. 1999). Tomato yields 
were significantly higher when fertilizers were 
injected through the drip system in comparison with 
conventional application (Locascio and Myers 1974). 
Also, to see the effect of drip fertigation, it is more 
interesting to present yield differences among 
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treatment T2 and treatment T4, where each of the 
treatments receives the same amount of fertilizer and 
water, but differences are in the method of application 
of fertilizers.Yield difference between treatments 
when application of water was every four days shows 
that if part of the fertilizer is applied through the drip 
irrigation system the yield is higher by about 22% in 
comparison with spreading of fertilizer on the soil. 
These results are related to the fact that under drip 
irrigation only a small part of volume around each 
plant is wetted, so, crop root growth is essentially 
restricted to this volume of soil and nutrients within 
that volume can be depleted by crop uptake. Haynes 
(1985) reported that if nutrients are applied outside the 
wetted soil volume they are generally not available for 
crop use.  

Finally, the treatment with drip irrigation and 
spreading of fertilizers on soil (T4) show a statistically 
significant difference compared with treatment with 
furrow irrigation and same application of the 
fertilizers (T5). This can be explained by the fact that 
with drip irrigation the plants are permanently 
provided with readily available water related with 
crop water requirement. Increased yields using drip 
irrigation can be attributed to several factors: higher 
water use efficiency because of precise application 
directly to the root zone and lower losses due to 
reduced evaporation, runoff and deep percolation; less 
fluctuations in soil water content resulting in the 
avoidance of water stress and etc. (Dasberg and Or 
1999). The effect of drip irrigation on increasing of 
tomato yield is about 12%. Changing of irrigation 
system from furrow irrigation to drip irrigation and 
gaining just 12% higher yield seems like a topic for 
discussion if application of fertilizer is not through the 
drip system. The agricultural growers indicate the 
importance of fertigation under micro irrigation 
systems in producing higher yielding and better 
quality of tomato crop (Burt et al. 1995). Generally, 
the results from our investigation clearly show that if 
drip irrigation is applied then fertilizers or part of the 
fertilizers should be applied by drip irrigation system. 

 
3.3 Nitrogen Fertilizer Use Efficiency 

 
The experiments with FUE were conducted only 

in years 2002 and 2003, as results of limitation with 
15N labeled urea and application of fertilizer to whole 
plot in order to eliminate side effects in the 
experiment.  

The effect of conventional application of water 
and fertilizer, drip irrigation with spreading of 
fertilizer and drip fertigation method with different 
frequency of water application on the nitrogen uptake 
by tomato is presented in Table 3. 

From the results shown in Table 3, it can be 
concluded that the total dry matter yield (D.M.yield 
t/ha) under the drip fertigation method showed a 
statistically significant difference compared with 
control treatments T4 and T5. The total dry matter 
yield shows the same pattern as a fresh fruit yield, 
which would once again indicate yield increase with 
simultaneous application of water and nutrients 
through the drip irrigation system. Sagheb and Hobbi 
(2002) reported that with the same quantity of 
fertilizer but different methods of application, drip 
fertigation shows about 2.7 times more total dry 
matter in comparison with treatment with furrow 
irrigation and spreading of fertilizers on soil.  

The total N percentage (% N Total) of the dry 
matter for the treatments was 2.11%, 2.20%, 2.09%, 
1.95% and 1.87%, respectively. There was a 
statistically significant difference between the 
treatments under drip fertigation and treatments with 
conventional application of fertilizer. From the table 
we can conclude that, even if the percent of nitrogen is 
higher in T2, the treatment T1 in interaction with 
higher yield dictates the highest amount of total 
nitrogen uptake (N yield kg/ha) of about 210.80 kg/ha. 
The lowest N uptake was found in T5 with 136.51 
kg/ha or 54.4% less in comparison with the treatment 
T1, which shows a close connection of total N 
percentage with yield. All treatments under drip 
fertigation showed a statistically significant difference 
compared to control treatments T4 and T5. Some 
research data (Zuraiqi et al. 2002) have also shown 
that with drip fertigation total N percentage and 
amount of total nitrogen uptake of the dry matter are 
the highest in comparison with spreading of fertilizers 
on soil. 

From the data obtained from analysis of percent of 
15N atom excess, once again it is clear that the 
treatments under drip fertigation indicated the best 
results with a statistically significant difference in 
comparison with T4 and T5. Hence, the highest values 
for the percent of nitrogen derived from the urea 
fertilizer (% N d.f.f.) have the treatments T1, T2 and 
T3 while control treatments T4 and T5 have the 
lowest one. The results show a significant difference 
between the treatments under drip fertigation and 
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treatments with conventional application of fertilizer. 
Also, the total quantity of 15N kg/ha uptake by the 
whole plant is in relation with previously mentioned 
results. The nitrogen (15N kg/ha) taken up by the 
whole plant for the respective treatments was 80.0, 
76.7, 64.9, 26.6 and 17.4 kg/ha. The value for 
treatments T1, T2 and T3 were almost 5, 4 and 3.5 
times higher than treatment with conventional 
application of water and fertilizer. Generally, this is 
presumably because the water and fertilizer are 
applied directly into the small volume of soil where 

the active crop roots are concentrated, so there are 
minimal chances for leaching of nutrients, especially 
of nitrogen. Persaud (1976) reported that when 
fertilizers are simply broadcast over the entire soil 
area may become limiting to plant growth. Also, this 
could be because the fertilizer is leached from the root 
zone during irrigation as well as because of 
volatilization losses (Miller et al. 1981). 

Calculations of nitrogen fertilizer use efficiency 
confirm all results mentioned above. The nitrogen 
fertilizer use efficiency (%NFUE) for whole plants 

Table 1: Monthly and growing season temperature, precipitation and relative humidity for Skopje, 
Macedonia in 2002, 2003 and 2004  

Months 
Temperature  Precipitation  Relative humidity  

2002 2003 2004 2002 2003 2004 2002 2003 2004 
oC mm % 

May 18.0 18.1 .3 47.4 93.0 4.6 66 60 5 
June  23.2 23.8 .3 16.1 62.3 5.2 56 57 5 
July 24.9 25.2 4.1 71.0 2.3 .4 58 51 6 
August 21.9 26.2 .0 99.1 11.5 6.1 70 49 7 
September 17.0 17.7 .8 83.1 21.3 3.0 75 64 2 
Total/Average 21.00 22.2 0.5 316.7 190.1 0.3 65 56 1 

 
 

Table 2: The response of irrigation and fertigation treatments on tomato yield and comparison of the 
treatments 

Treatments Yield 
(t/ha)  

Increased tomato yield in 
comparison with furrow 

irrigation  
(%) 

Increased tomato yield in comparison 
with drip irrigation and spreading of 

fertiliser 
(%)  

T1 118.03a 138.91 124.33 
T2 114.94a 135.27 121.08 
T3 106.55b 125.39 112.24 
T4   94.93c 111.72 100.00 
T5   84.97d 100.00  

*Values in rows followed by the same letter are not significantly different at the 0.05 probability level 
 
Table 3. Nitrogen uptake by tomato plant (fruits and shoots) 

Treatment D.M.yield 
t/ha 

N yield 
kg/ha  

% N 
d.f.f. 

% N 
d.f.s. 

% N 
(Total) 

% 15N 
excess 

Quantity of 15N 

kg/ha 
NFUE 

(%) 
Whole plant 

T1 9.99a 210.80a 38.91a 61.09a 2.11a 1.07a 80.02a 30.80a 
T2 9.50a 209.00a 36.73a 63.27a 2.20a 1.01a 76.70a 29.53a 
T3 8.71b 182.04b 35.64a 64.36a 2.09a 0.98a 64.90a 24.96a 
T4 8.16c 159.12c 16.73b 83.27b 1.95b 0.46b 26.62b 10.24b 
T5 7.30d 136.51d 12.72b 87.28b 1.87b 0.35b 17.36b   6.68b 

 *Values in rows followed by the same letter are not significantly different at the 0.05 probability level 
 

D.M. yield = dry matter yield per unit area; N yield kg/ha = the total amount of N contained in the crop;   
Ndff = percentage of nitrogen derived from fertilizer; Ndfs = percentage of nitrogen derived from soil;  
% N (Total) = total N concentration (%) in dry matter; % 15N excess = percentage of 15N excess in plant; Quantity of 15N kg/ha = the 
amount of 15N fertiliser taken up by the crop; NFUE = nitrogen fertilizer use efficiency; 



JAVEED S. DAR, M.A. CHEEMA, R.S. KANWAR, A. WAHID AND N.S. DAR 24

showed that treatments T1, T2 and T3 under drip 
fertigation had a higher statistically significant 
difference than treatments T4 and T5. Similarly, 
Miller et al. (1981) found that nitrogen was used more 
efficiently by tomato plants, when applied through the 
drip irrigation, than when banded and furrow irrigated 
or banded and drip irrigated. Also, our results 
correspond with those of Halitligil et al. (2002), which 
reported that the percentage of NFUE was 
significantly increased when the N fertilizer was 
applied in irrigation water (drip fertigation) as 
compared to the soil N application at the same level. If 
our results for the percentage of NFUE are presented 
in comparative values, then the NFUE in the 
treatments T1 and T2 were more than four times 
higher in comparison with T5, while in comparison 
with T4 the value for NFUE was about three times 
higher. Also, the treatment T3 obtained more than two 
times higher nitrogen fertilizer use efficiency in 
comparison with T4 and about three times in 
comparison with T5, as a result of application of 
fertilizer through the system of irrigation.  

Generally, the results from our study indicate that 
simultaneous application of water and fertilizer 
through the system of drip irrigation not only caused 
an increase in yield, but also enhanced the NFUE. 
This is very important especially if we want to protect 
the environment from nitrogen pollution. Various 
research reports indicate that drip fertigation create 
high fertilizer use efficiency and at the same time 
decreases leaching of fertilizers and minimizes the 
chances for soil or ground water pollution (Gardner et 
al. 1984, Papadopoulos 1995). 

 
4. SUMMARY AND CONCLUSIONS 

 
A three year long experiment on tomato crop was 

conducted to compare performance of the drip 
fertigation treatments (T1, T2, T3) with surface 
broadcast of fertilizer with drip irrigation (T4) and 
furrow irrigation. 

The results of this study show that the drip 
fertigation treatments (T1, T2, T3) yielded 
significantly higher tomato yields in comparison to 
surface broadcast of fertilizer under drip and furrow 
method of irrigation. The drip fertigation method 
yielded 39 % more tomato yield in comparison with 
surface broadcast of fertilizer under furrow irrigation 
and 24 % more drip irrigation. The effect of different 
method of fertilizer application shows significant 

differences in tomato fruit yield among treatment T2 
and treatment T4. Yield difference between these 
treatments (when same ammount of water was applied 
with same frequency - every four days) shows that if 
fertilizer is applied through the drip irrigation system 
(T2) the yield is higher by about 22% in comparison 
with surface spreading of fertilizer on the soil (T4).  

The nitrogen fertilizer use efficiency (%NFUE) 
for the entire plant (fruit plus the biomass) showed 
that treatments T1, T2 and T3 under drip fertigation 
had a higher and statistically significant nitrogen use 
efficiency in comparison to treatments T4 and T5. The 
treatment T3 resulted in more than two times higher 
nitrogen fertilizer use efficiency in comparison with 
treatment T4 and about three times higher in 
comparison with treatment T5. 

Therefore, this resulted in making a recommended 
to farmers that, if drip irrigation system is used with 
fertigation not only an increase in tomato yield was 
obtained but also resulted in increasing the NFUE. In 
addition, fertigation is an effective method to protect 
the environment from nitrogen pollution Finaly, the 
best option is drip irrigation with application of 
fertilizers through fertigation with frequency of 
irrigation application of two to four days. 
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TOOL (CSIDAT) 
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ABSTRACT 
 

A simulation model, CSIDAT, is developed for assessing the existing variations in water supply-demand-gap 
and rescheduling of the canal operation to meet the demand within the existing irrigation system. The model was 
applied to Banahil distributary in India where canal is flowing continuously throughout the cropping season. The 
model require input data on crop, soil, weather and water in its different forms for estimating daily volumetric crop 
evapotranspiration (ETc), gross irrigation requirement (GIR) and total irrigation demand (TID) for served area 
(SA), target area (TA) and potential area (PA) of the irrigation command. The model estimated GIR 145 cm for 
summer rice which had close agreement to the experimentally determined value of 150 cm of the region. On 
average, seasonal applied water (216 cm) was about 78% and 60% more than the seasonal TID of summer rice for 
the SA and TA, respectively. The saving of irrigation water can brought more area (an additional area of 1750 ha) 
under summer rice with the rescheduling of canal operation, with the same amount of seasonal water supply. The 
model was also tested for other rabi crops (wheat, sunflower, mustard, gram and safflower). Simulation results 
showed that covering 100% of cultural command area (CCA) under wheat will save 43% of irrigation water 
supply that can be used for tail-end commands. 
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1. INTRODUCTION 
 

1.1 General 
 
Irrigation is directly responsible for complete self-

sufficiency in food production of developing countries 
such as India, Pakistan and Sri Lanka (Chambers, 
1998). It has also increased employment opportunities 
and improved the economic conditions of the 
agricultural labourers (Chitale, 1994). However, most 
of the major irrigation projects in the developing 
countries have failed to provide the benefits envisaged 
at the time of their commissioning. A high degree of 
mismatch between the irrigation water supply and 
crop water demand is commonly reported, this leads 
to waterlogging, salinity and other environmental 

hazards in the irrigated command (Sanmugnathan and 
Bolton, 1988). Moreover, growing population of 
India, which is expected to reach 1395 million by 
2025 (United Nation, 2005), may result in increasing 
municipal, industrial and hydropower sectors and will 
need to share the water available for irrigation. In 
India, the irrigated areas are likely to shrink from the 
present 93% to 83% by 2025 (Biswas, 1994). Thus, in 
future, irrigation needs to be more efficient and 
produce more crop yield per unit of water use which 
requires proper planning based on simulation and 
optimization techniques, considering the location 
specific conditions. Several possible approaches and 
technologies have been used in irrigation scheduling 
for effective and rational uses of water. The delivery 
system, which needs to operate as per the irrigation 
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requirement, is the immediate necessity for simulating 
actual situation of the command area. 

 
1.2 Problems of the study area 

 
The Hasdeo-Bango irrigation project is one of the 

major projects in the state of Chhattisgarh, India that 
provides irrigation facilities to about 255,000 ha in 
801 villages of 3 districts (Korba, Janjgir, and 
Raigarh) and also generates 120 MW hydel power. 
The kharif (monsoon) rice occupies almost 100% of 
the CCA but the area under rabi (winter)-summer 
season varies according to the availability of water in 
the reservoir. Banahil Distributary, originated from 
RD 3415 m of Akaltara Branch Canal of Hasdeo-
Bango Irrigation Project, was selected for the present 
study (Fig. 1). The distributary lies between latitude of 
21°51’30” and 21°59’15” North and longitude of 
82°16’50” and 82°26’30” East. The distributary 
started in 1991 to irrigate 11106.43 ha of kharif rice in 
22 villages comprising of 14 villages of Pamgarh and 
8 villages of Akaltara Blocks in Janjgir district. The 
length of the distributary is 12.78 km with 5 sub-
distributaries and 10 minors. The present average 
target of summer rice is about 20% of the CCA of the 
distributary, which shows that each irrigator can 
cultivate summer rice, in the rotation, once in 5 years 
in the studied command. Further, the farmers of the 
area are completely dependent on the mercy of the 
State Water Resources Department (SWRD) with 
respect to canal release schedule. Since the SWRD 
presently does not possess any decision support 
system, the water allocation is frequently subjected to 
negotiations with the farmers and politicians. Such 
practices lead to poor performance of the irrigation 
system because of large deviation between the crop 
water demand and supply. Therefore, a study was 
required to assess the existing variations of water 
supply-demand and to provide a suitable tool, which 
can optimize the canal release to meet the crop water 
demand within the existing infrastructures. In the light 
of the aforesaid problems and possible technologies, a 
computer based water allocation model, CSIDAT 
(Crop Staggered Irrigation Demand Assessment 
Tool), was developed for simulating canal water 
distribution and providing suggestions on 
economically viable cropping pattern for the study 
area where canals are flowing continuously 
throughout the cropping seasons. 

 

 
 

Fig. 1: Index map of the Hasdeo-Bango irrigation 
project 

 
2. MATERIALS AND METHODS 
 
2.1 Development of CSIDAT 

 
Estimation of irrigation requirement of rice is 

different from other field crops because it requires 
extra irrigation water not only to meet the 
evapotranspiration demand but also the seepage and 
percolation losses from the fields. Hence, in 
formulating the water balance, the focus changes from 
soil moisture approach to water level approach (Fig. 
2). The gross irrigation requirement of rice, on daily 
basis, can be expressed as (Azhar et al., 1992; Singh et 
al., 1997): 

 
cst c, cst cst cstcst

GIR = ET + DP +DR - ERF        (1) 
          

where, GIR is the gross irrigation requirement; ETc is 
the crop evapotranspiration; DP is the deep 
percolation and seepage; DR is the runoff; ERF is the 
effective rainfall; c is the unit command index; s is the 
crop stagger index; and t is the time index. 
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Fig. 2: Water balance components of a rice field 
 

In kharif rice, water flows from one field to 
another as runoff and finally enters to the lowest point 
(natural drain). However, in case of summer rice, 
runoff water (if any) is fully utilized by the dike rice 
field or the lowland fields due to low rainfall and 
inadequate supply of the irrigation water. Therefore, 
the GIR of the summer rice can be calculated without 
considering the runoff component (DR = 0). 

Daily ETc, ERF and DP for all the three crop 
staggers are estimated and these values are used to 
estimate total irrigation demand at the supply system 
source that consists of 15 unit commands (sub-
distributaries and minors) of each distributary under 
study, using the following equations: 

 

( )
15 3 T T

UC D
ctcst t

c=1 s=1 t=1 t=1
TID = GIR +CS + CS∑∑∑ ∑         (2) 

 
where, TID is the total irrigation demand; T is the 
total number of simulation days; CSUC is the canal 
seepage in unit command; and CSD is the canal 
seepage in distributary level. 

The components of the field water balance are 
estimated by the standard methods as follows. 
 
2.1.1 Reference evapotranspiration 

 
The reference crop evapotranspiration was 

calculated by the Penman-Monteith equation (Allen et 
al., 1989)  
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where, ETo is the reference crop evapotranspiration, 
mm/day; Δis the slope of the saturation vapour 
pressure temperature curve, kPa/°C; ϒ is the 
psychometric constant, kPa/°C; Rn is the net solar 
radiation, MJ/m2/day; Tm is the mean daily air 
temperature, °C; (ea-ed) is the vapor pressure deficit of 
air, kPa; G is the soil heat flux density, MJ/m2/day; 
and U2  is the wind velocity at 2 m height, m/s. 

The wind velocity adjustment is made as (Allen et 
al., 1993) 

 

⎟
⎠
⎞

⎜
⎝
⎛ −

=

0.015
0.08zln

U4.852U z
2                                       (4)   

 
where, Uz  is the measured wind velocity at a height of 
z (m) above the ground surface, m/s. 

 
2.1.2 Crop evapotranspiration 

 
The volumetric daily crop evapotranspiration is 

estimated by 
 
ETc = Kc × ETo× A × 10                             (5)   
 

where, ETc is the crop evapotranspiration, m3/day; Kc 
is the crop coefficient; and A is the crop area, ha. 
 
2.1.3 Effective rainfall 
 

The volumetric daily effective rainfall (ERF) is 
calculated by the fixed-percentage approach as 
proposed by Smith (1992) 

 
ERF = 0.8 (RF × A × 10)                            (6) 
 

where, ERF is the effective rainfall, m3/day; RF is the 
rainfall, mm/day. 
 
2.1.4 Deep percolation and seepage 
 
DP = DPR × A × 10 

 
where, DP is the volume of deep percolation and 
seepage losses in the rice field, m3/day; and DPR is 
the depth of deep percolation and seepage losses 
under rice cultivation, mm/day.  

CSIDAT is developed using the above procedure 
for estimating volumetric daily GIR and TID. The 
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flow chart of CSIDAT is shown in Fig. 3. The 
procedure is coded in Visual Basic Programming 
language with graphical user interface. CSIDAT 
consisted of input window and two output windows. 
The input window requires information on soil, 
texture, area, deep percolation and seepage; on crop, 
crop growth stages, stage duration and crop 
coefficient, number of staggers; start and end date of 
stagger (duration); on water, canal flow, canal 
seepage, rainfall, and evapotranspiration. The output 
(results) window consists of stagger wise estimation 
of ETa, EFR and DP; and the daily supply-demand-
gap. The graphical output of the model is obtained by 
clicking the “Graph” button seen at the bottom. The 
model estimated daily TID and the gap were assessed 
for SA and TA areas. Further, PA, i.e. the extent of 
the maximum possible area that can be brought under 
irrigation with the available trend of the canal flow, 
was also assessed. 

 
2.2  Data Collection and Preliminary Analysis 
 

The data on crops, soils, weather and canal 
pertaining to the study area were collected from 
various state government departments/agencies like 
SWRD, Agriculture Department and Indira Gandhi 
Krishi Vishwavidyalaya (IGKV), College of 
Agriculture and Research Station (CARS), Bilaspur 
and from personal contact with farmers of the 
command area. The collected data, for six rabi-
summer seasons of the study period (1995- 2000), 
were analyzed for using in CSIDAT. 
 
2.2.1 Crop, cropping pattern and agronomic data 
 

Data on crop, cropping pattern and agronomic 
management for the study period were obtained from 
the local office of the Agriculture Department. Crop 
staggers (different planting dates adopted at various 
locations to suit their crop rotation) were determined 
with personal contact with the officers of the 
agriculture department, local experienced personals 
and farmers of the area. Rice is the pre-dominant crop 
and occupies almost 100% of CCA in kharif season. 
Whereas, some of the farmers grow wheat, sunflower, 
mustard, gram and safflower and most of the area 
remains fallow in rabi season. Summer rice is being 
grown as second crop since1994 and covers about 
20% of the CCA by replacing almost all rabi crops in 
the area. This is because, summer rice requires less 

expenditure towards the application of pesticide and 
labour as compared to the kharif rice and rabi crops. 
The other reason is the low cost of canal water (i.e., 
Indian Rupees 494/ha), which is fixed, based on crop 
grown area but not on the frequency of irrigation. The 
average yield of summer rice is about 3864 kg/ha. 
Normally, summer rice sowing (either sprouted or 
germinated seeds) starts from the first week of 
January and continues up to the first week of 
February. The summer rice and rabi crops sowing 
period was divided in to three staggers of 10-day (5th 
to 14th January, 15th to 24th January and 25th January to 
3rd February) and 5-day interval (1st to 5th November, 
6th to 10th November, and 11th to 15th November) with 
sown area of 30, 50 and 20%, respectively. The crop 
was assumed to have five different growth stages 
(establishment, vegetative, flowering, yield formation, 
ripening) according to the FAO (Doorenbos and 
Pruitt, 1977 and Doorenbos and Kassam, 1979).  

 
2.2.2 Soil data 
 

Soil data of 22 villages of Banahil Distributary 
command were obtained from the local government 
offices of Soil Survey, Soil Testing, and CARS, 
Bilaspur. The soil texture of the command area varied 
from sandy clay loam to clay. The reaction of soil is 
neutral with no salt problem. The available soil 
moisture is 13.28, 15.14 and 16.01 cm/m for sandy 
clay loam, clay loam and clay soils, respectively. The 
DP losses can be considered as constant throughout 
the growth period (Bolton and Zandstra, 1981). The 
DP losses in summer rice fields values are 9, 5 and 3 
mm/day for sandy clay loam, clay loam and clay soil, 
respectively (Seasonal Research Reports, 1997). 

 
2.2.3 Weather data 
 

The daily weather data, that included minimum 
temperature (MNT), maximum temperatures (MXT), 
relative humidity (RH), sunshine hour (SSHR), wind 
velocity (WV), collected from the Agro-
meteorological observatory of CARS, Bilaspur, were 
used for calculation of ETo by Penman Monteith 
method (Allen et al., 1989). The daily rainfall (RF) 
collected from the Akaltara Block head quarter of 
Janjgir district, was used for estimation of effective 
rainfall in the simulation model. The daily ETc was 
determined by model with calculated ETo multiplied 
by the Kc for each growth stages of the crop. 
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2.2.4 Canal operational data 
 
The SWRD, Distt. Janjgir, Chhattisgarh provided 

the canal configuration and operational data of the 
Banahil distributary including dates of canal openings 
and closing, daily flow (discharge), and SA and TA of 
the distributary for the study period. The distributary 
is started operating from 1995 for summer rice. 
Normally, the supply starts in the first week of 
January and continues till the first week of May and 
on an average it runs for about 122 days. The SA of 
the distributary is increased from 1600 ha in 1995 to 
2250 ha in 1999. The average SA of the distributary is 
about 2046 ha. The design discharge of Banahil 
distributary is 9.498 m3/s and its supply varies from 
0.68 to 5.116 m3/s with an average of 3.851 m3/s 
during the study period. The canal running days range 
from 114 to 133 days with an average of 122 days. 
The seepage losses in canal, range from 1.5 to 4.0 ha-
m/day/million-m2 of wetted area as recommended by 
the Ministry of Water Resources (GWREC, 1997), 
was taken into consideration.  

 
3. RESULTS AND DISCUSSION 
 
The CSIDAT estimated stagger-wise daily ETc, GIR, 
TID and supply-demand-gap at the system supply 
source level for a cropping season on a volume basis. 
The seasonal ETc of summer rice was found to be 55, 
54, 53, 52, 53, and 67 cm for the year 1995 to 2000, 
respectively. For the corresponding periods, the values 
of GIR for summer rice were 152, 146, 144, 128, 142, 
and 156 cm (including 20 cm for the land 
preparation). The average seasonal ETc and GIR were 
56 and 145 cm, respectively. The model estimated 
GIR (145 cm) was very close to that reported by the 
All India Coordinated Research Project on Water 
Management, operational in the study area (150 cm) 
(Annual Progress Report, 2000).  
The CSIDAT estimated daily water supply and 
demand at the supply system source of summer rice 
for the SA during the study periods (Fig. 4 and Table 
1) showed that the supply was more than the demand 
in most of the days. Only for a few days, the supply 
was less than the demand. The maximum and 
minimum SA was 2304 and 1600 ha in the years 1997 
and 1995, respectively, where as, maximum and 
minimum water delivered was 55.945 and 35.34 Mm3 
in the years 2000 and 1995, respectively. The applied 
depth of water varied from 188 to 252 cm with an 

average of 216 cm. On seasonal basis, the water 
delivered (44.249 Mm3) was 78% higher than of the 
demand (24.903 Mm3). This is also reflected in the 
water management indices (WMI, ratio of water 
delivered by the required). The water supply-demand 
trend analysis was also performed for the TA (Fig. 5 
and Table 1) and observed that the supply-demand 
trends were same as in the case of SA with average 
supply was 59% more than the demand (WMI = 1.59). 
These results clearly indicate that the supply is 
sufficient for meeting the irrigation demand of TA and 
further, the 59% excess supply can be used for 
increasing the more area (PA) of summer rice in the 
command. Similarly, the analysis for supply-demand 
patterns was also performed for PA and the estimated 
supply-demand trends were not similar with the 
previous cases of SA and TA (Fig. 6 and Table 1). 
Most of the days, the demand is greater than the 
supply but the total seasonal supplies were almost 
matching with the seasonal demand (WMI = 1.0). 
This means that the supply were sufficient for meeting 
the irrigation demand of PA with the change in the 
canal flow pattern as per the demand (keeping same 
amount of total seasonal water delivery).On an 
average, 3778 ha (about 1732 ha more than the 
average SA, 2046 ha) can be brought under summer 
rice cultivation. The CSIDAT was also used to select 
the alternative rabi crops for the distributary with the 
average canal flow and weather data for the PA. The 
simulation results showed that the supply was more 
than the demand for all the chosen rabi crops (wheat, 
sunflower, mustard, gram, and safflower) and 
covering 100% of CCA under wheat will save 43% of 
irrigation water supply that can be used for tail-end 
commands (Fig. 7). 

 
4. CONCLUSIONS 

 
The CSIDAT estimated seasonal GIR (145 cm) 

for summer rice was in close agreement with the 
experimentally determined value (150 cm) of the 
region. Therefore, the CSIDAT can be used as a tool 
for determining stagger wise crop water requirement 
of the canal command. On an average the seasonal 
canal water supply (44.249 Mm3) was about 78 and 
60% more than the seasonal water demands of 
summer rice for the SA and TA, respectively. 
Therefore, more command area can be brought under 
summer rice cultivation. The CSIDAT simulation 
shows that the  daily   canal   supply   fell   below   the  
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Fig. 3: Flow chart of CSIDAT 
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Fig. 3: Flow chart of CSIDAT (continued) 
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Fig. 4: Daily water supply and demand pattern of SA for 1995-2000 
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Fig. 5: Daily water supply and demand pattern of TA for 1995-2000 
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Fig. 6: Daily water supply and demand patterns of PA for 1995-2000 



DEVELOPMENT OF CROP STAGGERED IRRIGATION DEMAND ASSESSMENT TOOL (CSIDAT) 37

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Water supply-demand scenario for alternative rabi cropping pattern 
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demand of PA for several days, however, the total 
seasonal canal supply was almost matching with the 
demand. Therefore, using the same seasonal quantity 
of canal water supply with the changing flow patterns, 
an additional area of 1750 ha can be brought under 
summer rice cultivation. Among the rabi crops 
(wheat, sunflower, mustard, gram and safflower), 
covering 100% of CCA, wheat, which is relatively 
highest water requiring crop, can save 43% of average 
seasonal canal supply (44.249 Mm3). The saved water 
can be used for tail-end commands. 
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