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In a field study, crop responses were investigated under three treatments; firstly 
irrigation system (bed-furrow irrigation and drip irrigation systems), secondly water 
quality (good, marginal and poor quality waters), and thirdly irrigation 
frequency/interval (2, 4 and 6 days). The experiment was laid out in a completely 
randomized design arrangement with three replications of all levels of different 
treatments in the experiment. Field observations suggest that plant height, dry matter 
weight, grain yield and harvest index were all quadratically related with irrigation 
frequency. The variables performed better in 2 and 6 day frequency plots compared 
with those of 4-day plots. Good quality water upgraded plant dry matter weight by 
11.7%. The main effect of irrigation quality on plant dry matter weight was observed 
statistically significant. Similarly grain yield were 7.5, 6.38 and 5.33t/ha respectively 
for good, marginal and poor quality water. The main effect of irrigation water 
quality tested highly significant for grain yields. Crop parameters registered better 
performance for bed-furrow irrigated plots compared with drip irrigated ones in 
respect of plant height (1.0%), dry matter weight (5.8%) and corn yield (21.9%). It is 
conclude that good quality irrigation water produces better crop yield under 2 and 6-
day irrigation frequency, followed by 4-day irrigation frequency. 
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INTRODUCTION 
 
The importance of irrigated agriculture to Pakistan’s 
economy is explained by the fact that irrigated land 
supplies more than 90% of agricultural outputs and 
contributes about 22% of the Gross Domestic 
Production (GDP) and employs 45% of the 
employment strength of Pakistan (Anonymous, 
2008a,b). It is estimated that the population increase 
rate has considerably reduced from over 3% in 1980s to 
2.09% in 2009-10, but still high (Ahmad and Farooq, 
2010). The population increase stresses more food and 
fiber and put huge pressure on water resources of 
Pakistan (Blood, 1994). The existing availability of 
water per capita of Pakistan is 1200 m3 and it will 
become 855 m3 in 2020 (Kamal, 2008). Geographical 
area of Pakistan is 79.6 million hectares. Out of this, 
21.9 million hectares is cultivated (Blood, 1994). About 
70% of this cropped area lies in Punjab, 20% in Sindh, 

below 10% in KPK Province, while only 1% in 
Baluchistan. In this view, Pakistan ranked among the 
highest magnitudes of irrigated area for crops in the 
world. The culturable waste areas contributing the 
worthy potential of crop production add up to 8.9 
million hectares. However, Cultivated land is 
expanding remarkably from 11.6 million hectares in 
1947 to 22.6 million hectares in 1997 (Ahmad and 
Farooq, 2010). Fresh water availability for irrigated 
agriculture is becoming a huge challenge now a day in 
the world as well as in Pakistan. The consequences of 
the use of marginal and poor quality water for crop 
production can be control by the use of proper irrigation 
application method. Keeping in view, the present study 
was undertaken to investigate the impacts of irrigation 
water qualities and frequencies on corn growth 
parameters during 2011-2012 under drip (drip laterals 
on raised beds) and raised bed irrigation systems with 
furrows.  
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MATERIALS AND METHODS 
 
Study site: Research study was conducted at the farm 
of the Postgraduate Agricultural Research Station 
(PARS), University of Agriculture, Faisalabad, Pakistan 
during the Rabi period of 2011-12 on corn. The site 
represents irrigated agricultural area of central Punjab 
of Pakistan at 31o North (longitude) and 73o East 
(latitude); 184m above sea level (ASP, 2006). The 
research site consists of alluvial deposits having 
calcareous characteristics. Topography of research site 
was fair with semi-arid climate. The climatic data were 
collected from automatic weather station installed at the 
research site. It was found that summer was hottest and 
winter was coldest month. During the summer season, 
the maximum temperature and minimum temperature 
was 50 and 27°C, respectively. During the winter 
season the maximum and minimum temperature was 23 
and 6°C, respectively. The highest rainfall occurred in 
July to September. The average rainfall recorded was 
439 mm/year. 
Treatments: Treatments include two main irrigation 
methods i.e. drip and bed-furrow irrigation methods.  
Treatments for Bed- Furrow irrigation 
Bed-furrow irrigation method was taken as 
conventional irrigation method to be tested for three 
water qualities (good, marginal and poor).  
Treatments for drip irrigation 
T1: Irrigation Water Quality; T2: Irrigation Frequency/ 
Interval 
Replications: 3 (R1,R2,R3); Total Sample size: 36 plots 
W1 = Good quality water; W2 = Marginal quality 
water; W3 = Poor quality water 
D1 = 2-day Irrigation interval;  D2 = 4-day Irrigation 
interval;  D3 = 6-day Irrigation interval R.B = Bed-
furrow irrigated plots 
 
RESULTS AND DISCUSSION 
 
Soil physical characteristics 
Soil physical properties like texture, structure, 
infiltration, bulk density, field capacity etc., were 
determined using their standard procedure. Soil texture 
was determined using hydrometer method for various 
layers (0-15, 15-30, 30-45 and 45-60 cm).Soil texture 
was established using textural triangle by Moodie et al. 
(1959) developed at United States Department of 
Agriculture. Soil texture turned up as sandy loam.  
Infiltration rate 
Soil infiltration rate at the experimental site was 
measured prior to the initiation of the study. In order to 
prevent runoff, it is essential that the emitters’ irrigation 
rate is equal to or less than the infiltration rate (Alberta 
Agriculture, Food and Rural Development, 2004). The 
infiltration rates ranged from 0.74 - 0.80 cm/h. In fact, 
soil   infiltration  rate  describes  the  behavior  of  water  

 
 
Fig. 1: Layout of research study 
 
movement in the soil profile. Infiltration rates in the 
present study are in accordance with the ranges of 
infiltration rate recorded by Rawls et al. (1982) and 
Gupta (1990) where they evaluated the effects of saline 
water use on physical characteristics of soil and 
reported the worsening of physical characteristics of 
soil using poor quality water for irrigation and resulting 
in the decline of porosity owing to dispersion and 
swelling of clay minerals by the presence of more Na 
ions in irrigation water. 
Soil bulk density 
Singh et al. (1992) and Hur et al. (1992) and Patel and 
Singh (1981) have reported increasing bulk densities 
with decreasing infiltration rates. In present study, bulk 
densities were measured at various points in the 
experimental fields using ASAE Standard S269.4. The 
bulk densities varied from 1.51 to 1.54 g/cm3 (Rawls et 
al., 1982; Meek et al., 1988, 1992). 
Field capacity 
Measurement of field capacity was done by pressure 
plate apparatus. The soil moisture contents vary from 
21.6 to 21.9% (Jabro et al., 2009 and Rawls et al., 
1982) for the field soils in present experiments (Table 
1). Field capacity is influenced by many factors such as 
initial soil–water content, soil texture and structure, 
type of clay, presence of or amount of organic matter, 
presence of impeding layer and evapotranspiration 
(Kirkham, 2005). 
Permanent wilting point (PWP) 
Permanent wilting point was measured by taking 
different soil samples from plots at 0-45cm depth using 
Pressure Plate Apparatus (Table 2). Permanent wilting 
point obtained after analysis is 8.4 percent by volume 
(Rawls et al., 1982; Hanson et al., 2000). 
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Table 1: Soil physical characteristics 
Location Field capacity 

percent  
moisture content 
(dry wt. basis) 

Bulk 
Density  
(g/cm3) 

Field capacity 
percent  

moisture content
(vol. basis) 

1 14.1 1.53 21.6
2 14.4 1.51 21.7
3 14.3 1.54 21.9

] 
Table 2:   Permanent   wilting    point    moisture    content  
                 measurement 
Location Wilting point 

percent moisture 
content 

(wt. basis) 

Bulk Density 
(g/cm3) 

Wilting point 
percent moisture 

content 
(vol. basis) 

1 5.5 1.53 8.42
2 5.3 1.51 8.00
3 5.2 1.54 8.00

 
Table 3: Chemical properties of irrigation water 
Source EC (dS/m) pH SAR RSC
Fresh water 0.25 – 0.65 7.6 3.3 1.67
Marginal water 2.00 – 2.15 7.7 14 3.23
Poor quality water 3.2 – 3.40 7.8 18 5.25

 
Table 4: Chemical properties of soil water extract 

Location Depth (cm) EC (ds/m) pH SAR
1 0-45 2.02 8.04 3.98
2 0-45 1.83 8.17 4.01
3 0-45 1.92 8.10 4.75
Average 0-45 1.92 8.1 4.25

 
Table 5: Mean germination rate of corn for various 

treatments 

Water  
quality 

Drip irrigation frequency (days) Bed Furrow 
system 2 4 6 

Total emergence counts / m2

Good 11 11 11 11
Marginal 12 13 12 11
Poor 11 12 12 12

 
Table 6: Mean  plant heights for different irrigation water 
               qualities and frequencies 

Water  
quality 

Drip irrigation Frequency  
(days) Average

Raised 
bed  

system 2 4 6 
Plant Height (cm) 

Good 191.1 179.2 189.1 186.9a 188.3
Marginal 188.2 175.9 185.4 183.6b 184.8
Poor 179.5 174.6 179.9 179.0c 182.1
Average 186.3a 176.6b 184.8a - 185.1

Note: Levels with different letters are statistically significant 
at α = 0.05 
 
Chemical characteristics of soil and water 
Chemical analyses of water 
Groundwater samples were collected after 15minutes of 
tube well operation and investigated for EC (electrical 
Conductivity), pH, residual sodium carbonate (RSC) 
and sodium absorption ratio (SAR) (Table 3). 

Chemical analyses of soil 
Chemical analyses of soil samples were carried out to 
estimate the electrical conductivity (EC), pH, and SAR 
at three points in a field at a depth of 0-45cm. The 
values these parameters are given in Table 4. 
Impacts of irrigation water quality and frequency 
on corn growth parameters 
Both the water quality and its frequency of application 
affect the development of corn plants. The parameters 
studied in the present investigation included 
germination rate, plant height, dry matter weight, grain 
yield and harvest index. The data values were 
statistically analysed for testing the significance of 
irrigation water quality and frequency parameters.  
Germination rate 
Germination rates for corn seedlings were observed on 
completion of germination in various experimental 
plots. It may be kept in view that the germination rates 
were recorded prior to application of irrigation water 
quality and frequency treatments, therefore the results 
were independent of the treatment effects (Table 5). 
Plant heights 
Effects of irrigation water quality and frequency on 
plant heights were statistically analyzed. The main 
effect of irrigation frequency was statistically 
significant for plant heights. Plant heights were 186.3, 
176.6 and 184.8 cm for 2, 4, 6 day irrigation frequency 
respectively. The plant height decreased as the 
irrigation frequency increased from 2 to 4-days while 
the height increased as the irrigation frequency further 
increased from 4 to 6-days (Table 6). Balaswamy et al. 
(1986), Sachan and Gangawar (1996), Jiotode et al. 
(2002), Hussaini et al. (2001, 2002), Kumar and 
Mugalkhod (2005), Riaz et al. (2007),), and Inamullah 
et al. (2011) observed plant heights of corn under 
varying conditions of soil, crop, salinity, frequency 
climate. It is, perhaps, due to the fact that soil salts 
remain in diluted form in 2-day irrigation frequency and 
do not retard growth as compared to the 4-day irrigation 
frequency. In case of 6-day frequency, the applied 
water quantity is enough to leach down the salts out of 
root zone making soil environment friendly for plant 
growth. However, 6-day frequency cannot be 
appreciated for drip irrigation system as it approaches 
the conventional flood irrigation and results in small 
number of irrigation. The practices has been 
discouraged by other researchers (Kara and Biber, 
2008). In view of all this discussion, the 2-day 
frequency is recommended as the most appropriate 
practice under the conditions of present 
experimentation. A desirable effect of decreasing the 
irrigation frequency on crop growth has also been 
observed by Kara and Biber (2008) where 13 irrigations 
performed well compared with 4 irrigations under drip 
system while total amount of water applied remained 
the same. The present study along with Kara and Biber  
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Table 7: Mathematical models for irrigation frequency 
and plant heights 

Irrigation  
frequency Model Coefficient of 

determination 
2-day y = 3.1x2 - 25.1x + 228.9 R² = 0.89 
4-day y = 2.7x2 - 22.6x + 222.4 R² = 0.73 
6-day y = 1.1x2 - 8.4x + 192.1 R² = 0.89 

 
Table 8: Mean plant dry matter weight for different 

irrigation water qualities & frequencies 

Water  
quality 

Drip irrigation Frequency  
 (days) Average

Raised  
bed  

system 2 4 6 
Plant dry matter weight (t/ha) 

Good 20.41 18.84 20.11 19.7a 19.40 
Marginal 17.16 15.04 16.60 16.7b 18.01 
Poor 15.61 13.88 15.07 15.5c 17.44 
Average 17.73a 15.92b 17.26a - - 

Note: Levels with different letters are statistically significant 
at α = 0.05 
 
Table 9: Mathematical models for irrigation frequency 

and plant dry matter weight 
Irrigation  
frequency Model Coefficient of 

determination 
2-day y = 0.34x2 - 2.82x + 24.69 R² = 0.90 
4-day y = 0.41x2 - 3.37x + 22.29 R² = 0.94 
6-day y = 0.36x2 - 3.05x + 20.25 R² = 0.97 

 
(2008) conclude that frequent irrigation in drip 
irrigation is paying in terms of crop growth. Their study 
also indicated a quadratic response of growth with 
irrigation frequency, that is, crop performance 
decreased as the number of irrigations increased from 4 
to 6, but the crop response improved when irrigations 
were increased from 6 to 13.  
The main effect of water quality also tested statistically 
significant and the plant height linearly decreased with 
deteriorating water quality. When averaged across all 
the treatments, plant height decreased from 186.9 to 
179.0 cm (Table 6) as the water quality changed from 
good (EC=0.25dS/m) to poor (EC=3.4dS/m) which 
amounts to 4.5% reduction in growth of plants. Overall 
results of the study indicate that sustained application of 
poor quality water deteriorates soil health in the long 
run and proves counter-productive to growth. Many 
researchers (Oster, 1994; Shalhevet, 1994; Shani and 
Dudley, 2001; Gideon et al., 2002; Katerji et al., 2003, 
2004) have advocated a continued and reasonably 
successful agriculture with saline water provided the 
leaching of salts out of root zone is managed. 
Alternatively, such a method of irrigation should be 
selected that can supply just sufficient quantity of water 
to the root zone to meet the evaporative demand and 
minimize salt accumulation inside (Bresler et al., 1982; 
Munns, 2002).  
Another team of scientists (Stanghellini et al., 2003; 
Jones, 2004; Kirnak and Demirtas, 2006) have reported 

from their researches that the efficient use of irrigation 
water; for instance, drip contributes substantially to the 
best use of water for agriculture and improves irrigation 
efficiency; especially, in the areas with dry and hot 
climates, drip irrigation has improved water use 
efficiency mainly by reducing evapotranspiration 
losses. Thus, the present study and referenced 
researches clearly indicate that increasing salinity levels 
of irrigation water adversely affect crop growth. The 
average plant heights in the raised bed furrow plots, 
conventionally irrigated through furrows, were 
generally higher compared with the heights averaged 
across all the varying irrigation frequencies and water 
qualities for drip irrigation (Table 6). 
It may, however be seen that the plant heights for drip 
irrigation system with good and marginal quality waters 
with '2-day frequency' were higher than those of raised 
bed system. This certainly establishes the superiority of 
drip irrigation system with 2-day frequency over all the 
other counterparts included in the experiment. In fact, 
2-day frequency represents the true sense of drip 
irrigation since it applies water in small amounts and 
keeps the nutrients and water available to the plant and 
the chances of dry stress are altogether eliminated. 
The quadratic relationship of frequency with the plant 
height was further studied to seek mathematical 
relationship between them for different irrigation water 
qualities. Equations for the three water qualities are 
given in Table 7. A strong relationship exists between 
the plant height and irrigation frequency as depicted by 
a high R2 equaling 0.89. 
Plant dry matter weight 
Plant dry matter weights were measured three times 
during the cropping season. Dry matter weights at 
harvest time were statistically analyzed to investigate 
the effects of different treatments. The main effect of 
irrigation frequency was statistically significant 
suggesting that the irrigation efficiency had a clear 
impact on plant dry matter weight. Generally the effect 
of frequency, like that of plant height, was quadratic 
with 11.4% higher dry matter weight for 2-day 
frequency compared with 4 day frequency (Table 8). 
The reason for this differential response may be 
associated with better response of crop growth under 
frequent irrigation which keeps the salts of soil and 
water mix in diluted form as compared to 4-day 
irrigation frequency. It may also be observed that the 
plant dry matter weights were same for 2-day and 6-day 
irrigation frequency. The result of the study compares 
two important irrigation management practices i.e. 
frequent irrigation under 2-day interval and leaching 
impact of salts under 6-day interval. However, 2-day 
frequency shall be recommended for the drip irrigation 
as the 6-day interval is undesirable in drip irrigation 
because it behaves like flood irrigation. 
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Table 10:  Grain  yield  for  different  water  qualities  and    
                  irrigation frequency 

Water  
quality 

Drip irrigation frequency  
(days) Average 

Raised 
 bed  

system 2 4 6 
Grain yield (t/ha) 

Good 8.01 6.58 8.09 7.54a 8.78 
Marginal 6.85 5.61 6.75 6.38b 8.03 
Poor 5.75 4.73 5.58 5.33c 6.64 
Average 6.87a 5.64b 6.81a - - 
Note: Levels with different letters are statistically significant 
at α = 0.05 
 
Table 11: Mathematical models for irrigation frequency 

and grain yield 
Irrigation  
frequency Model Coefficient of  

determination 
2-day y = 2.29x2 - 18.16x + 76.25 R² = 0.98 
4-day y = 1.75x2 - 13.95x + 62.23 R² = 0.86 
6-day y = 1.42x2 - 11.647x + 52.85 R² = 0.89 

 
Table 12: Harvest index for different water qualities and 

irrigation frequencies 

Water  
quality 

Irrigation frequency (days) 
Average 

Raised  
bed  

system 2 4 6 

Harvest indices 
Good 0.39 0.35 0.40 0.38 0.45 
Marginal 0.40 0.37 0.41 0.39 0.44 
Poor 0.37 0.34 0.37 0.36 0.38 
Average 0.39 0.35 0.39 - 0.42 
 
The responses shown by the dry matter weight are 
similar to those produced by the plant heights. Both 2-
day and 6-day frequency plots produced equivalent but 
better dry matter weights compared with 4-day 
frequency plots. It appears that salts in the 4-day 
frequency plots neither remained in solute form nor 
they could leach down from root zone and that is why 
these plots showed a poor performance in respect of 
plant growth both in plant height and dry matter. 
Once again the relationship between the frequency of 
irrigation and plant dry matter weight resulted in a 
nearly quadratic form for all the three water quality 
levels for the reasons discussed earlier under plant 
height. The quadratic equations drawn for the 
relationships are shown (Table 9). The effect of raised 
bed on dry matter weight was comparatively better than 
drip irrigated plots. 
The effect of water quality on dry matter weight tested 
statistically significant. Water quality was linearly 
related with the dry matter weight (Table 9). Dry matter 
weight, on the average, was 19.7, 16.7 and 15.7 tons/ha 
respectively for good, marginal and poor quality waters 
respectively.  The dry matter weight increased by 
25.5% as the water quality improved from poor 
(EC=3.4 dS/m) to good (E=0.25 dS/m). Effects of 
irrigation water salinity on crop dry matter weight have 

been reported by Katerji (2000). Similarly many 
researchers have shown negative effects of salinity of 
irrigation water on crop growth (Oster, 1994; 
Shalhevet, 1994; Shani and Dudley, 2001; Gideon et 
al., 2002; Katerji et al., 2003, 2004).  In general, 
research supports that drip irrigation is an ideal way of 
doing successful agriculture with a range of saline 
waters. The raised bed plots irrigated through furrows, 
showed higher dry matter weights compared to 
averaged values of other plots irrigated with drip 
laterals (Table 9). However, drip irrigated plots with 2-
day frequency and good / marginal water quality have 
higher dry matter weight of crop compared with rest of 
the treatment combinations. Once again the superiority 
of 2-day frequency with light application of water 
produced best results. 
Grain yield 
The data were statistically analyzed using completely 
randomized design (CRD). The main effect of irrigation 
water quality tested highly significant suggesting that 
the varying water qualities produced different grain 
yields. The yield reductions were 1.16 and 2.21ton/ha 
respectively for marginal (EC=2.15 dS/m) and poor 
quality (EC=3.40 dS/m) water compared with that of 
good quality (EC=0.25 dS/m) water (Table 12). This is 
a noticeable difference and discourages the use of both 
marginal and poor quality waters for irrigation of corn 
plots. In addition to yield losses the obvious salt 
buildup resulting from the poor quality water is another 
factor aggravating the gravity of problem resulting from 
the continuous use of poor quality waters over a long 
period of time. 
In the present study, adverse effects of poor quality 
water on yields have been observed for waters with ECs 
varying from 2.15 to 3.40 (Karlberg et al., 2012; Al-
Tahir, 2001). Bernstein and Francois, (1973a, b) 
compared the effects of sprinkling and drip irrigation of 
high, medium, low-salt waters. Sprinkling with the 
medium-salt water reduced yields appreciably only at 
the highest frequency (2.3 days) but sprinkling with the 
high-salt water reduced yields more than 50% at all 
sprinkling frequencies, compared to a yield loss of only 
14% by drip irrigation with this water (Bernstein and 
Francois, 1973 a, b). This suggests the drip irrigation as 
a better practice compared with sprinkler irrigation as 
regards the ill effects of saline water.  
The main effect of irrigation frequency also registered a 
significant impact on grain yield (Table 10). Again the 
effect of 2-day and 6-day frequency were similar but 
they were 1.23 and 1.17 tons/ha greater in yield 
compared to 4-day irrigation frequency for the reasons 
discussed earlier. Once again this trend is quadratic 
suggesting that the crop yields of plants is better for 2 
and 6-day frequencies compared to 4-day. In 2-day and 
6-day irrigation frequencies, the 2-day frequency can be 
recommended for the irrigation since 6-day frequency 
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approaches flood irrigation. Phene and Beale (1976) 
reported 12-14% more corn yields in drip plots than did 
the furrow and sprinkler irrigated plots. They reported 
availability of more NO3-N in the root zone of drip 
irrigated plots. Increased irrigation frequency produces 
better results in terms of crop growth; and a similar 
finding has also been reported by many other 
researchers (Karlberg et al., 2012; Shrivastava and 
Parikh, 1994; Sammis, 1981; Istanbulluoglu et al. 2002; 
Dagdelen et al. 2006; Payero et al., 2006; Cetin et al., 
1996; Howell et al., 1995; Cosculluela and Faci, 1992; 
Al-Tahir, 2001).  
A short irrigation interval has been beneficial in drip 
irrigations system as it suppresses salt effects by 
avoiding concentration impact of salt on crop growth. 
Three drip irrigations resulted in 9920 kg ha-1 as against 
9650 kg ha-1 for two irrigations (Istambulluoglu et. al., 
2002) for corn and grain size also improved with 
number of irrigations. Crop performance improves as 
the interval of irrigation shortens (Kanber et al., 1989; 
UI 1993, 1990; Yildirim 1993, Ogretir 1994). The drip 
and trash mulch in sugarcane produced highest yield of 
about 51 t/ha with 44% water saving and the highest 
yield of 163 kg/ha/mm of water compared with many 
other treatment combinations of mulching and 
irrigation. Similarly, largest root length of corn was 
found in the light and frequent irrigation treatment by 
Robertson, (1980). In another study, results showed that 
yield variables and water use efficiencies (WUEs) 
increased with increasing irrigation frequency and rate 
(El-Hendawy and  Schmidhalter, 2012). 
The relationship between the frequencies is again 
quadratic function (Table 11). This is clearly suggesting 
that increased frequency for drip irrigation is beneficial 
in respect of water saving, nutrient and water uptake, 
plant dry matter weight, grain yield and above all larger 
water use efficiency. It should be kept in view that 
these experiments were conducted using drip laterals on 
the raised beds and they were compared with the raised 
bed system where irrigation was applied in furrows. 
In the present study, a quadratic relationship of 
irrigation frequency with corn yield is similar to the 
findings of  Kara and Biber, (2008) who report corn 
yield of 21.59, 19.15 and 29.16 tons/ha for 4, 6, 13 
irrigations with drip system, whereas the water quality 
was same for each treatment. It is apparent that yield in 
their study was maximum with the shortest interval of 
drip irrigation. This establishes that shortest interval of 
drip irrigation provides the best plant development and 
finally the yield of crop. 
Harvest Index 
The harvest index describes ratio of grain to plant dry 
matter weight. In other words index translates the 
efficiency of system to convert the fraction of dry 
matter weight into grain. Harvest index is a cumulative 
descriptor of the system (water quality and frequency, 

nutrient uptake, climate, soil properties etc.) that helps 
estimating physiological efficiency of plant and 
environment it found during its life cycle. The effects of 
water quality and irrigation frequencies on harvest 
indices in corn were examined (Table 12). In case of 
drip irrigation, the maximum harvest indices 
(0.40/0.41) were observed for good/marginal quality 
waters especially for 2/6 day frequencies. However, 
plants irrigated with poor quality water with irrigation 
frequency 4-day produced least harvest index (0.34). 
Raised bed with furrow irrigation method produced 
highest harvest index for all the water quality levels. 
However, difference was comparatively higher for good 
quality water, followed by marginal and poor quality 
waters. 
CONCLUSIONS 
It was concluded that irrigation method, irrigation 
frequency and water quality considerably influenced 
corn yield. Drip irrigation system was found very 
efficient irrigation system over raised bed irrigation 
system even in marginal and poor quality water. It was 
concluded that the corn yield was high in drip system 
with good quality water. Good quality water under the 
drip irrigation system improved plant dry matter weight 
by11.4% when irrigation frequency changed from 2 and 
6 to 4day.Similarly the difference in grain yields 
between the plots irrigated through good and poor 
quality waters was 7.5 and 5.33t/ha. It was also found 
that Crop parameters registered better performance for 
bed-furrow irrigated plots compared with drip irrigated 
ones in respect of plant height (1.0%), dry matter 
weight (5.8%) and corn yield (21.9%), However the 
bed-furrow irrigation cannot be preferred as it 
consumes more water for crop maturity.  It is 
recommended that drip irrigation could be adopted 
where groundwater quality is marginal to poorto catch 
acceptable corn yield. 
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