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TITLE: INTEGRATED SALINE WATER MANAGEMENT IN MAIZE    

(ZEA MAYS L.)FODDER PRODUCTION     
 
   The scarcity of good quality irrigation water is a severe problem in dry 
areas of Pakistan, which has forced growers to widely explore the possibility of using 
salty water for irrigation. The shortage of irrigation water has increased since last 
decade, it is incumbent on agriculture to maximize the use of water of all qualities. 
Irrigating crops in presence of saline groundwater presents unique opportunities and 
challenges. Some studies reported that use of saline water for irrigation is feasible, 
especially when saline water is blended or alternated with good quality water. A series 
of experiments was conducted in laboratory, glass-house and field conditions at Sindh 
Agriculture University, Tandojam and Universiti Putra Malaysia from 2004 to 2007. 
Ten maize cultivars (Hicorn, Agaiti-2002, Margalla, Akbar, Sahiwal 2002, EV-5098, 
EV-3001, EV-1098, EV-6098 and EV-4001) were screened for salt- tolerance under 
different water qualities (EC 0.4, 2, 4, 6 and 8 dS m-1). Four maize cultivars were 
selected (EV-1098 and Agaiti-2002 as salt-tolerant and EV-4001 and Akbar as most 
salt-sensitive) and were further tested under saline irrigation scheduling and farmyard 
manure levels. The cultivar screening studies showed that out of ten maize cultivars, 
EV-1098 and Agaiti-2002 were salt-tolerant and EV-4001 Akbar were most salt-
sensitive. It was observed that increase in salinity of water from EC 2.0 to 8.0 dS m-1 
significantly affected all agronomic traits as well as soil and plant chemical 
properties. Maximum plumule, radical length, plumule, radical fresh weight, plumule, 
radical dry weight, plant height, stem girth, green leaves plant-1, green fodder and dry 
fodder yield  were found under application of canal water (EC 0.40 dS m-1) and water 
quality having EC 2.0 dS m-1. Both treatments were at par with each other. It was 
further observed that application of saline water beyond EC 2.0 dS m-1 significantly 
reduced all the plant parameters and minimum values were exhibited under EC 8.0 dS 
m-1. Results indicated that soil salinity increased with increasing salinity levels of 
irrigation water. Same trend was observed in case of soluble cations (Na+, Ca2+, and 
Mg2+), anions (Cl- and SO4

2-), sodium adsorption ratio and exchangeable sodium 
percentage. However, soluble K+ decreased in soil profile with increase in water 
salinity. Over all results further indicated an increased contents of EC, soluble cations 
(Na+, K+, Ca2+ and Mg2+), soluble anions (HCO3

-, Cl-, and SO4
2-), SAR and ESP at 

surface soil layer compared to lower layers, however, pH was more in lower soil 
depths.  Among the cultivars, EV-1098 and Agaiti-2002 had good performance 
containing lower concentrations of Na+ and Cl- and higher K+, Ca2+ and Mg2+, 
resulting in higher K+/ Na+ ratio. The cultivar EV-4001 and Akbar accumulated 
maximum concentration of Na+ and Cl- and minimum concentration of K+, Ca2+ and 
Mg2+ and were identified as salt-sensitive. A pot study on saline irrigation scheduling 
showed that application of canal water (EC 0.18 dS m-1) at all growth stages of maize 
and treatments comprising canal water application during soaking and at early whorl 
stage and saline water (EC 4.0 dS m-1) during late whorl stage were at par with each 
other and produced taller plants, maximum stem girth and green leaves plant-1, green 



 

 xviii

and dry fodder yield. In contrast, these plant traits decreased in the treatments where 
sole application of saline water was applied at all growth stages. In this irrigation 
scheduling study,EV-1098 and Agaiti-2002 were salt-tolerant with better performance 
compared to EV-4001 and Akbar as salt-sensitive. The values of EC, soluble Na+, Cl-, 
SO4

2-, SAR and ESP in soil increased where crop received saline water throughout 
growing period. The soluble K+, Ca2+ and Mg2+ contents in soil increased where canal 
water was applied from sowing to harvest. FYM reduced the negative impact of saline 
water on crop parameters including fodder yield. Maximum response was obtained at 
FYM 25 tons ha-1, beyond this non-significant increase in the agronomic values was 
noted. Sole application of saline water reduced the growth and fodder yield of maize 
cultivars and increased salt contents in soil and caused accumulation of toxic ions 
(Na+ and Cl-) in plant. The salt-tolerant cultivars (EV-1098 and Agaiti-2002) 
responded better under saline condition compared to salt-sensitive (EV-4001 and 
Akbar) cultivars by maintaining more concentration of K+, Ca2+ and Mg2+ in plants. 
Regression analyses across maize cultivars, water qualities, irrigation scheduling and 
FYM showed positive relationships of plant height, green leaves, and K+ 

concentration in plant and negative relationship of dry leaves, Na+ and Cl- 
accumulation in plant with maize fodder yield. The unit increase in various traits 
resulted in corresponding increase in maize green fodder yield. It was concluded that 
EV-1098 and Agaiti-2002 were most salt-tolerant cultivars and EV-4001 and Akbar 
were more salt-sensitive against saline irrigation water. Canal water application to 
maize and canal water application during soaking + early whorl stage + brackish 
water (EC 4.0 dS m-1) during late whorl stage were equally efficient where lower 
accumulation of toxic ions in plants were noted. The saline water could also be 
applied to maize at later growth stages when canal water is scarce. The adverse effects 
of the saline water could also be minimized by the application of canal water or 
incorporation of FYM at the rate of 25-30 tons ha-1 in the soil. 
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CHAPTER-I 

INTRODUCTION 

 
The major challenge facing the agriculture sector is to fulfill the needs of 

food and fiber of the ever increasing population of Pakistan. To meet this 

challenge, sustainability of this sector rests largely on arresting soil and water 

resource degradation and increasing crop yields (Malik, 2004). The scarcity of good 

quality irrigation water is a serious problem in arid and semiarid zones of the world 

which comprise one-third of the earth. In most of the areas in the Pakistan, the quality 

of groundwater is marginal to extremely hazardous which hampers its large scale 

exploitation and use. The future water requirements for irrigation and non-irrigations 

purposes would be 266 Bm3 against the assessed shortfall of 133.7 Bm3 by the year 

2013 (Planning Commission of Pakistan, 1990). Efforts are being made to supplement 

the requirement through exploitation of groundwater and in this context large scale 

development is underway by means of tube wells (Afzal, 1997) because utilization of 

ground water has become necessary to overcome the shortage of fresh water. 

According to Ahmad (1993), about 2 billion acre-feet of ground water is stored in the 

alluvial deposits of Pakistan. About 61 MAF of ground water are being applied to 

grow crops (Anonymous, 2001). Unfortunately, the major portion (75%) of this water 

is saline/sodic and requires special management practices or prior amelioration 

(Hussain et al., 1990).   

 

The scarcity of water has also forced farmers to extensively explore the 

possibility of using brackish water for irrigation of agricultural crops (Oron, 1993) 

which helps to overcome drought and increase crop yields but also increases the risk 

of soil salinization (Wenjun et al., 2008 ). Many researchers including Rhoades 
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(1982) and Abdelgawad (1995) have concluded that use of saline water for irrigation 

is feasible, especially when saline water is blended or alternated with good quality 

water and drainage conditions of soil are adequate. Saline irrigation water has a 

negative impact on the yield potential of crops (Irshad et al., 2009; Keren and 

Shainberg, 1981), adverse ecological impacts (Mao et al., 2003) and thus, affect plant 

from germination to harvesting (Phogat et al., 2001).  

 
The concentration of salts in irrigation water had increased 

accumulation of salts in the soil (Nadler et al., 1996; Kandil et al.,2003). Presence of 

NaCl in soil affects crop water relations and osmotic stress in maize plants (Cramer et 

al., 1994; Hasegawa et al., 2000). High Na+ concentrations in the soil causes a 

decrease in both K+ and Ca2+ concentrations in the tissues of plant species (Hu and 

Schmidhalter, 1997).  Use of saline water significantly increased salt build up in soil, 

decreased growth of plants and yield (Irshad et al., 2004). However, inclusion of 

canal water for irrigation along with saline water decreased salt build up in soil and 

improved plant growth which resulted in appreciably lower build up of ESP in soil 

than that observed under saline irrigation alone (Kumar and Bajwa, 1997).  

 
Irrigation scheduling is the practice to timely and correctly apply water 

to plants (Manal et al., 2007). Irrigation scheduling is a planning and decision making 

activity that the farm manager or operator of an irrigated farm is involved in before 

and during most of the growing season. Irrigation scheduling has been described as 

the primary tool to improve water use efficiency (WUE), increase crop yields, 

increase the availability of water resources, and provoke a positive effect on the 

quality of soil and groundwater (FAO, 1996). Irrigation requirement of maize varies 

with soil type, and agro climatic conditions (Tariq  et al., 2003). The knowledge of 
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water requirement of maize is important for planning water management practices at 

farm level. Under scarce and costly water supplies, it may sometimes be advantageous 

to stress the crop to some degree. Water stress may reduce the crop yield to some 

extent but it will remain economically feasible as long as the marginal benefit from 

reduced cost of water is equal or greater than marginal cost of reduced yield                

(Tariq  et al., 2003). 

 
Irrigation scheduling (Heermann, 1996) requires knowledge on (a) the 

crop water requirements and yield responses to water (Kang et al., 2003), (b) the 

constraints specific to each irrigation method and irrigation equipment (Liu et al., 

2000a, 2000b), (c) the crop sensitivity to salinity when water of inferior quality is 

used (e.g. Rhoades et al., 1992; Minhas, 1996), and (d) the financial and economic 

implications of the irrigation practice (El- Amami et al., 2001).  
 

Organic matter is very essential for sustaining structural strength in 

soils (Nelson and Oades, 1997). The application of manure has long been known to 

preserve and improve soil physical, chemical, and biological properties besides 

providing several nutrients, including nitrogen (Irshad et al., 2002). Manure is a 

valuable resource as a fertilizer and soil amendment in crop production (Irshad et al., 

2002). Compared to gypsum, application of FYM proved more useful when irrigation 

water had relatively low EC than high residual sodium carbonate. But there is a need 

to determine the effectiveness of FYM as soil ameliorant for use with saline and 

saline-sodic irrigation water (Yadav et al., 1996). Manure application maintained the 

amounts of soil available NO3-N, phosphorus and potassium at desirable levels. Corn 

grain and silage yields, N, P and K plant concentration, and uptake were significantly 

increased by manure or inorganic fertilizer addition. Soil application of liquid dairy 
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cattle manure at a rate equivalent to the recommended inorganic fertilization can 

enhance corn yield and composition and maintain soil fertility without increasing soil 

salinity (Lithourgidis et al., 2007). Organic wastes application decreases soil bulk 

density and increases total porosity. Water holding pores and fine capillary pores  

increase with addition of organic wastes (Noufal, 2005).  

Maize is an important crop of the country and is grown for fodder and 

grain purposes and is sensitive at early stages but could withstand at later growth 

stages to hazardous effect of saline irrigation water (Sherazi et al., 1971). 

There is usually no single way to safe use of saline irrigation water but 

many different approaches and practices can be combined into satisfactory systems. 

The appropriate combination depends on soil and canal water situations. Keeping in 

view the importance, this research explored saline water technological measures for 

maize production.  

 

 
The objectives of this study were to: 
 
 
1. Screen maize cultivars for salt-tolerance. 
  

2. Determine the appropriate irrigation scheduling for satisfactory maize fodder 
production. 

 
3. Assess the impact of farmyard manure under saline condition on maize fodder 

production. 
 
4. Observe the effect of  water qualities on soil and plant chemical composition. 
 
5. Determine the relationship of growth, soil and plant parameters with maize 

green fodder yield. 
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CHAPTER- II 

REVIEW OF LITERATURE 

 
Globally agriculture production depends on better water management, 

but due to inadequacy of good quality water, farmers are compelled to use poor 

quality groundwater to meet irrigation water requirements of crops. In maize, poor 

quality water management is based on experimental trials together with the results of 

soil, plant and water analysis. However, there is still room for more precise 

recommendation on this aspect of research. In this regard, latest findings of various 

researchers are given as under: 

 
Use of saline water in agriculture 

Fresh water sources are limited now a days and needs attention and 

urgent challenges of decade (Steiner, 2006). The scarcity of fresh water sources forces 

to use of saline ground water for the agriculture purposes, but this increases the risk of 

soil salinization (Wenjun et al., 2008). The high salt build-up in soils has adverse 

effect on maize growth and yield. (Pasternak et al., 1995).  Saline water, even though 

is unsuitable for irrigation, but could be used successfully without adverse impacts on 

environment, crops and soils by improving management practices (Qadir et al., 1998 

and Ghafoor et al., 2001). 

 
Previous studies show that there is good potential for safe use of saline 

water for crop production with integrated management of water of different qualities 

at the levels of farm, irrigation system and drainage basin (Rhoades, 1992). Pereira et 

al. (2002) reported that the use of water for agricultural production in water scarcity 

regions requires innovative and sustainable research, and an appropriate transfer of 
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technologies. There is an urgent need to adopt emerging technologies for water 

management as well as to develop appropriate methodologies for the analysis of 

social, economic, and environmental benefits of improved irrigation management. For 

proper use of brackish water, several water quality guidelines have been developed by 

many scientists (US Salinity Laboratory Staff, 1954; Rhoades and Merill. 1976; 

Ayers and Westcot, 1985). 

 
Effect of salts on crops     

 
Salinity is a major problem which exert negative impacts on 

agricultural activities in many regions of the world. The salinity problems increase 

with increasing salt concentration in irrigation water (Cengiz, 2008). Crop growth 

reduction and certain phenological changes due to saline water in plants are reported 

by Abou-Hadid (2003) and environmental impacts of saline water use by Kandiah  et 

al. (1998). Further, Hamdy et al. (1999) reported that the future of irrigated 

agriculture poses the need to develop irrigation strategies using poorer quality water 

to fulfill the food and fiber production gap, in order to ensure long-term sustainability 

in irrigated agriculture. Ragab et al. (1998) observed that more investigation on how 

plants respond to temporal and spatial variations in water and salinity stress for more 

realistic crop water production must be evaluated. In this regard, Shalhevet (1994) 

observed that mean salinity in the root zone provides the best estimate of effective 

salinity when salts are non-uniformly distributed and leaching salt from the soil is 

essential for the use of saline water for irrigation. 

 
Shah et al. (2000) reported that salinization of agricultural land in 

Pakistan needs the development of alternate methodologies for agricultural 

production. The previous research shows that freshwater resources will become 
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limited, and that currently used agricultural irrigation systems will steadily increase 

soil salinity in the near future and Razzaq and Razzaq (1999) examined various ways 

and means of using salt-affected soils to the best of their viable and sustainable 

economic capacity for both field and crop growth and recommended various 

management practices for continuous crop productivity. The reports of Tekinel and 

Hamdy (2000) indicate that saline and wastewater resources could be used for 

irrigation, and special care and monitor should be noticed since they can have various 

negative effects on the soil, groundwater, environment and human health. Sadeh and 

Ravina (2000) also found that with the increasing usage of brackish water in 

agriculture there is a need to quantify the water quantity and quality relationship 

during irrigation of crops. Ayars (2003) observed that salinity in soil and water is 

irrevocably associated with irrigated agriculture throughout the world and salt 

management becomes an integral part of the production system. With careful water 

management, it is possible to sustain irrigated agriculture in areas with saline soil 

and saline groundwater. However, Kijne et al. (2003) reported that the opportunity 

for increasing water productivity under saline conditions is contingent on the 

determination and accurate implementation of the leaching requirement needed to 

prevent unnecessary percolation below the root zone to maintain soil salinity at an 

acceptable level.  

 
Effects of saline water on maize 

 
The study of many researchers shows that saline irrigation reduced the 

growth and yield of many crops (Pasternak et al., 1995;  Li et al., 2006; Wichern, et 

al., 2006; Irshad et al., 2009), slow down growth and injure leaf cells               

(Munns, 2005) and causing saline stress (Hasegawa et al., 2000).  
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Increase in salinity level increases the levels of Ca, Na and Cl in the 

plants and decreases levels of K, N and maize yield (Akhtar et al., 2003). It may be 

possible to use saline water for irrigation on some maize cultivars at later growth 

stages when non-saline water availability is limited (Kostandi and Soliman, 1993). 

The reports of Maas and Hoffman (1977) indicate that maize grown for fodder is 

moderately salt sensitive. Many researchers, Bakhati et al. (1976); Bhatti et al. (1980) 

and Soliman   et al. (1980) indicated that saline water affects maize yields. The 

salinity of water affected maize germination, however, irrigation with alternatively 

saline, fresh and saline water did not reduce yield significantly, even when the highest 

level of salinity was used (EC 10.5 dS m-1). The osmotic potential of the leaf sheats 

decreased with plant age, which may be an explanation for the higher resitance to 

salinity at late growth stages (Pasternak et al., 1985b).  

 
Continuous application of saline water, increased the salinity in the soil 

profile during the initial years, but after five years the average soluble salt 

concentration in the 0-90 cm soil profile did not vary appreciably and the mean ECe 

values under saline water treatment remained almost similar to ECiw. Saline irrigation 

increased pH and Na saturation of the soil, reduced water infiltration rate and 

decreased yields of maize, rice and wheat. Application of gypsum increased the 

removal of Na from the profile, appreciably decreased the pH and Na saturation, 

improved water infiltration rate and raised crop yields. Application of non-saline and 

saline waters alternately was found to be a useful practice (Bajwa et al., 1986).  

 
 
Izzo et al. (1993) grew maize cv. Summer II in a half-strength 

Hoagland's 2 solution for 14 d and then subjected the plants to NaCl stress for 3, 6 or 

9 d by increasing the NaCl concentration in the solution to 0.24 M. NaCl stress 
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reduced maize growth, chlorophyll, chlorophyll b and total chlorophyll contents, leaf 

water potential and leaf solute potential, but leaf turgor potential remained constant. 

The Cl-, Ca2+, Na+ and K+ contents were substantially higher in the NaCl stressed 

seedlings. The K+ content increased while the Na+ content decreased with increasing 

duration of NaCl stress, and after 9 d of NaCl stress the Ca2+:K+ ratio was more than 

twice that found in controls, indicating that the increase of K+ might oppose the 

uptake of Na+. Further, Abu-Awwad (1994) observed that the soil-water depletion and 

seasonal evapotranspiration (SEt) decreased, while soil-water content and average 

crop root zone salinity (ECe) increased with increasing irrigation water salinity, for 

total water applied less than crop evapotranspiration. Crop-salinity production 

functions indicated that for adequate irrigation with less than 3.5 dS m-1 irrigation 

water salinity, there was no significant reduction in sweetcorn yield. Since irrigation 

water partially compensates for the adverse effect of salinity, then the nonlinear crop-

salinity production function models should be used. 

 
Hamada (1994) germinated maize on absorbant pads in petri dishes 

with nutrient solution containing 00, 5.81, 11.62, 17.43 or 23.24 dS m-1  NaCl salinity 

with or without 5 m  CaCl2 or CaSO4 and reported that root and shoot lengths, FW, 

DM yields and the contents of insoluble carbohydrates and free amino acids were 

reduced as NaCl concentration increased but when NaCl was combined with Ca2+, the 

reductions in these parameters were less marked or not apparent. Contents of soluble 

carbohydrates, proline and quaternary ammonium compounds increased with 

increasing NaCl concentration, but with CaCl2 or CaSO4, contents of these 

compounds were decreased. Low NaCl concentrations stimulated production of 

soluble proteins, but higher concentrations decreased the content of soluble proteins. 

Addition of Ca2+ did not increase soluble protein production. Insoluble proteins 
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increased with increased salinity and these effects were more pronounced in the 

presence of CaCl2 or CaSO4 than with NaCl alone. In this context, Miyamoto et al. 

(1994) suggested that  production of halophytic plants (which include halophytes and 

salt tolerant non-halophytes) by irrigation may enable the utilization of brackish water 

to supplement fodder needs. Salt tolerance of most halophytic plants at germination is 

not usually higher than that of conventional crops, therefore careful management is 

required for establishment. Forage yields and quality of some halophytic plants are 

comparable with conventional forage crops. However, excessive uptake of salts and, 

in some instances, toxic substances such as Se and Mo may reduce nutritive values 

unless the halophytes are blended with conventional fodder. Under ordinary leaching 

fractions (>0.25), irrigated production of halophytic fodder is optimum at irrigation 

water salinity of <15.6 dS m-1, and is reduced substantially when salinity of irrigation 

water approaches 31.3 dS m-1. Halophytic plants can be raised in conventional single 

culture systems using sprinklers or surface irrigation, especially if salinity of water is 

too high for conventional crops (typically above 7.8  dS m-1). Multiple crop culture 

using strip planting of halophytic crops between conventional forage crops or 

irrigated silvipastoral systems could also be used, especially for reducing drainage 

water handling.  

 
  Willadino et al. (1994) conducted experiment on different maize 

cultivars sown in a saline area (EC 9.88 dS m-1) and a non-saline area (EC 2.01           

dS m-1) and found that the concentrations of Na and K as well as their ratio were 

higher for plants subjected to salinity. The effect of saline stress was more marked for 

productivity than for vegetative growth. The cultivars studied showed no differences 

in salinity tolerance, although there was a tendency towards greater tolerance in Jatinã 

C-3 anão, Dentado Composto, CMS22 and Pioneer 6875 as shown by a relative yield 
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under saline conditions that exceeded 50% of that under non-saline conditions. 

Pasternak et al. (1995) also worked on different maize cultivars and applied drip 

irrigation with fresh (ECi= 1.2 dS m-1) or brackish (ECi= 6.2 dS m-1) water. They 

reported that there were significant differences between cultivars for absolute yield 

and salt tolerance. Under saline conditions cv. N.K. Rogers 2572 had both the highest 

absolute ear yield (18.1 kg/10 m2) and the highest relative ear yield (82%). Salinity 

affected all major yield parameters. The results indicated that early flowering cultivars 

were more salt tolerant than late flowering cultivars. Salinity had an inconsistent 

effect on grain quality parameters. In some cultivars it increased soluble 

carbohydrates and sucrose contents, while in others these parameters were reduced. 

 

Patil et al. (1996) conducted a field trial at Dharwad, Karnataka and 

irrigated maize cv. Deccan 103 with saline water. They reported that saline water 

significantly reduced the leaf growth and grain yield at 4.0 dS m-1 or higher levels of 

salinity in irrigation water, but the reduction in the rate of photosynthesis was more 

gradual and was significant only beyond 6 dS m-1. Leaf osmotic potential, leaf area, 

leaf expansion rate, and leaf area duration were also reduced as the salinity increased. 

The number of stomata did not change with salinity. Leaf sodium (Na) content 

increased markedly with concomitant decrease in potassium (K) content at higher 

salinity. Wang BaoShan and Zhao KeFu (1997) also reported that shoot and root 

elongation in etiolated maize seedlings were stimulated by low levels of salinity          

(50 mol NaCl/m3) but inhibited by 100 or 150 mol NaCl/m3. Water content of roots 

and shoots was unaffected by treatment. Salinity increased Na concentration of roots 

and shoots but decreased Ca concentration. Na concentration in the apoplast was 

increased by salinity more in the roots than the shoots. Ca concentration in both the 
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apoplast and symplast of the shoots was decreased by all salinity levels, whereas Ca 

concentration in the root apoplast was increased in some salinity treatments.  

   
   Khan and Srivastava (1998) while working on maize found that NaCl 

inhibited biomass accumulation, chlorophyll and carotenoid contents in leaves, nitrate 

content, uptake and nitrate reductase activity. The application of kinetin, ascorbic acid 

and ABA at concentrations of 10 and 50 micro M in the first experiment and 50 and 

100 micro M abscisic acid in the second experiment induced a substantial increase in 

the measured parameters, with ABA having the greatest effect irrespective of NaCl 

treatment. Ahmed-Hamad et al. (1998) reported that irrigation with saline solutions 

(50, 100, 150 or 200 m salinity levels) decreased growth and photosynthesis, but 

increased respiration as salinity increased. Soliman and Kostandi (1998) also found 

that increasing salinity exhibited significant increases in leaf Cl- and induced marked 

inhibition on growth and yield data. The salt sensitivity of corn genotypes, as revealed 

from the comparison of the slope of linear regression equations, was related to 1.00: 

1.19:1.42 for cvs Taba, 310 and 320, respectively. The differential yield response with 

respect to SI data proved that smut disease susceptibility was inversely related to salt 

tolerance concept. The data of Cl-disease interaction showed that smut reactions of 

highly susceptible and resistant genotypes (cvs 320 and Taba) were hardly monitored 

by plant Cl- content, revealing that disease resistance is genetically controlled. 

Conversely, the progressive modifications of smut reaction, accompanied by CI- 

accumulation in the moderately susceptible genotype 310 proved that disease 

resistance was environmentally conditioned by salt stress.  Hassan (1999) conducted 

field studies at Siwa Oasis, Egypt on maize cv. S.C. 103, T.W.C. 310, D.C. 204 and 

Giza 2 where maize was sown on 1 or both sloping sides of furrows, with furrow 

irrigation with brackish water at salinity levels of 2.73 and 6.72 dS m-1. High salinity 
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significantly decreased plant height, grain yield and most yield attributes in both plant 

distribution systems. However, the differences in most yield components between 

plant distribution systems were more pronounced at low salinity, and were not 

significant at high salinity. 

 
Jiang XingYu et al. (1999) grew maize in half-strength Hoaglands 

solutions and it was subjected to NaCl salinity at 0, 5, 10 or 15 dS m-1. They observed 

that Na+ contents increased under salt stress, while those of K+ decreased. Maize 

growth was inhibited and plant FW and DW were decreased under salinity. Ashraf 

and Wahid (2000) reported out comes of the study in which seeds of maize cv. Sultan 

were incubated for seven days in solution culture containing 0.0, 4.7, 9.3 or 13.9      

dS m-1 NaCl salinity. They observed that fresh weights of seeds decreased 

significantly with increase in NaCl concentration of the growth medium whereas seed 

dry weights remained almost unaffected. Fresh and dry weights of both shoot axis and 

radicle increased consistently with time but this increase was considerably higher in 

non-saline conditions than in saline substrate. Sodium concentrations in the 

germinating seeds increased with time in all salt treatments except the control 

treatment and a marked effect of time was observed at the highest salt regime (13.9 dS 

m-1). The same pattern of Na+ transport was observed in the shoot axis, whereas in the 

radicle Na+ concentrations decreased considerably with time. Saline medium caused a 

significant increase in Cl- concentration of the seeds, plumule and radicle and the 

time-course increase in Cl- was also significant in these plant parts. K+ concentrations 

in the germinating seeds and shoot axis decreased with time and a significant 

reduction in K+ level was observed on day 7 of germination in all treatments. Saline 

growth medium had no effect on K+ concentrations of radicles but in contrast, there 

was a significant time-course reduction in radicle K+ concentration regardless of NaCl 
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treatment. A similar effect of salt and time was observed on Ca2+ concentration of the 

germinating seeds. No significant effect of salt or time was observed on Ca2+ 

concentrations in the radicles but in contrast, the time-course decrease in shoot axis 

Ca2+ was observed only at the highest salt level. Soluble proteins of seeds, plumule 

and radicle decreased significantly with increase in time or external salt regimes 

whereas no effect of salt or time was observed on free amino acids of the germinating 

seeds. However, a slight time-course decrease in these compounds was found in both 

plumule and radicle. In contrast, a time-course increase in soluble sugars of seeds, 

plumule and radicle was significant. Total lipids decreased significantly in the 

germinating seeds with time but this decrease was more pronounced in the control 

treatment than that in the saline conditions. The time-course change in lipid content 

was negligible at the highest salt level. The salt sensitivity of maize at the germination 

stage was found to be associated with high transport of Na+ and Cl- to the growing 

shoot axis and time-course decrease in K+ and Ca2+ concentration in the embryonic 

tissues. In addition, the adverse effect of salt on seed germination is partly due to 

impairment in breakdown of seed lipids so as to supply soluble sugars to the 

respiratory metabolism of the growing embryo. 

 
Emdad and Fardad (2000) reported that both salinity and water stress 

reduced the maize leaf area, dry matter weight, and plant height of maize hybrid 704. 

However, saline water treatments reduced the crop yield more effectively than the 

water regime treatments. Salinity of 4, 6 and 8 dS m-1 reduced the yield by 

approximately 17, 34 and 49%, respectively, compared with the control treatment  

(0.5 dS m-1). In addition, increasing water stress reduced the crop yield by 

approximately 31%. The highest crop yields were obtained with 30 and 50% depletion 

of soil water and salinity of 0.5 and 2 dS m-1. Similarly, Xia Yang et al. (2000) 
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reported that high application of NaCl stress (11.6 dS m-1 or above), the biomass of 

maize decreased, while under low NaCl stress (5.9 dS m-1) the biomass of salt-tolerant 

cultivars did not decrease. The decrease in biomass was greater in shoots than in 

roots. The Na+ concentration in maize increased with NaCl stress and with a higher 

rate in salt-sensitive cultivars than in salt-tolerant cultivars. The Na+ content in shoots 

was negatively correlated with the dry weight of the shoots. The K+ content decreased 

with increasing NaCl stress, and the content was higher in salt-tolerant cultivars. The 

Ca2+ content and the Na+:Ca2+ ratio increased with increasing NaCl stress. The Na+, 

K+ and Ca2+ contents in shoots were higher than in roots. The selective absorption 

ratio between K+ and Na+ by shoots increased with increasing NaCl stress, while the 

ratio by roots increased initially and then decreased. The order of salt tolerance of the 

four cultivars was Z31>5005 more than or equal to ND>GY. Further, (Salama,  2001) 

found that NaCl in water or soil exhibited decrease in shoot and root dry weight, 

while shoot-root ratio were significantly increased. Mineral content varied between 

the different treatments. K and Mg decreased in the shoots and roots with increasing 

NaCl level, while the content of Ca increased. Na increased more in the shoots than in 

the roots. The content of Fe, Mn, and Cu were depressed with the increment of NaCl 

level. Roots accumulated much more micronutrients than shoots.  

 
Sokei et al. (2001) reported that salt distribution in beds showed the 

highest salinity at the peak or in areas surrounding the peak of sloping beds, and in the 

surface and shoulder of flat-top beds. The early seedling growth of maize was closely 

related with the salt distribution in beds. Li-FaHu, et al.(2003) reported that plant 

yield and height were inversely correlated with soil salinity. Among the grain yield, 

dry matter weight and plant height, the grain yield was most negatively affected by 
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soil salinity. Therefore, utilizing rainfall in winter to leach soil salt is necessary to 

maintain sustainable irrigation agriculture in this region. 

 
Yazar et al. (2003) observed that saline irrigation water with electrical 

conductivities of 3.0, 6.0, 9.0, and 12.0 dS m-1, along with canal water of 0.5 dS m-1 

indicated no significant difference in corn grain yields. Generally, the salt 

concentration in the soil profile increased with increasing salinity of irrigation water 

used. Higher salt concentration in the top layer was due to higher evaporation rate 

from the wetted surface. Applying a leaching fraction of 10% after flowering did not 

affect the profile salt distribution significantly in treatments. There were no significant 

differences in dry matter production levels, water use efficiency (WUE), 1000-grain 

weight, and harvest index (HI) among the salinity treatments. The study concluded 

that saline irrigation water may be used for trickle irrigation of maize under 

Mediterranean climatic conditions. Yazar et al. (2005) further expressed that salt 

concentration in the profile increases with increasing salinity of irrigation water. 

Higher salt concentration in the top layer is due to higher evaporation rate from the 

wetted surface. Thus, saline irrigation water may be used for trickle irrigation of 

maize under Mediterranean climatic conditions The reports of Dehghan and Naderi 

(2007) also concludes significant difference among water salinity levels for yield, 

thousand kernel weight, percentage of corn fertility and percentage of plants 

containing corn. The highest and lowest grain yield were obtained for salinity levels 2 

and 8 dS/m treatments respectively. Differences among varieties and interaction of 

treatments were significant for grain yield, and highest grain yield was obtained for 

704 and 711 varieties on saline water 2dS m-1. Consequently, hybrids 704 and 711 

were more sensitive than the 647, but the obtained yield, suggests that 704 and 711 

hybrids can be cultivated under these conditions. 
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In maize, increased soil salinity due to irrigation with saline water 

significantly reduced the dry matter yield of both the aerial part and roots, as well as 

the rates concerning net assimilation, both absolute and relative growths, both total 

and effective leaf area, photosynthesis, stomatal conductance, transpiration, water use 

and efficiency of productivity, kernel weight by lysimeter and average weight of the 

huskless ear, following the increase in the leaf area ratio (Garcia  et al., 2007).  

Further they reported that increased soil salinity promoted by irrigation with saline 

water also increased the Na+ content, the relationships Na+/Ca2+, Na+/Mg2+, Na+/K+, 

but decreased the contents of Ca2+, Mg2+ and K+, therefore, characterizing the 

unbalance and the nutritional stress consequent to the progressive saline stress. Seed 

germination trial and pot trial were conducted to investigate the effect of increasing 

concentrations (EC 0, 0.16, 0.78, 1.56, 7.81, 15.62 dS m-1) of salts (NaCl) with cv. 

Shandan 16. Seed germination rate, the growth of root and sprout, the number of roots 

increased with NaCl at less than or equal to EC 0.78 dS m-1 and decreased 

significantly as the concentration increased. The growth of seedlings inhibited and the 

survival rate decreased with the salt water solution irrigation at more than or equal to 

EC 0.23 dS m-1. The dry weight of plant and roots, water content and root:canopy 

ratio with irrigation at EC 0.16 dS m-1 were better than the control and other 

treatments. It was suggested irrigation at EC 0.16 dS m-1 improved the growth and 

yield of maize. 

 
Khan and Hanjra (2008) reported that sustainable land and water 

management practices are vital for sustaining agricultural productivity and regional 

development. Unsustainable land and water management practices that violate the 

system's carrying capacity constraint over long periods can impose significant costs in 

terms of lost opportunities in farm production and regional development, say by 
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causing waterlogging and salinity. The results show that policies such as restrictions 

on area under certain crops, and tradable groundwater recharge/salinity credits both 

offer higher total gross margin and net present value than the business as usual 

scenario, specifically in the long run - win-win options for the farmers and the 

environment. Their modeling results confirmed the widely held view that 

unsustainable land and water management practices that violate the system's carrying 

capacity can impose significant costs on regional communities. Further, Ma et al. 

(2008) also concluded that the scarcity of fresh water forces farmers to use shallow 

saline ground water, which helps to overcome drought and increase crop yields but 

also increases the risk of soil salinization. They found that use of saline water causes 

the ECe of the topsoil (0-100 cm, Cv: 0.196-0.330) to be higher and more variable 

than the subsoil (100-180 cm, Cv: 0.133-0.219). The salt load rapidly increased, 

notably in the upper 80 cm and especially during the season of October 1999 to June 

2000. They concluded that maximum soil depth to which the soil was leached during 

the wet season was about 150 cm. The relative yields of winter wheat could be ranked 

Fresh Sufficient (FS, 100%) > Fresh Limited (FL, 91.80%) > Saline Sufficient (SS, 

91.63%) > Saline Limited (SL, 88.28%) > Control (C, 69.58%) and for maize FS 

(100%) > FL (96.37%) > SS (93.05%) > SL (90.04%) > C (89.81%). The best 

irrigation regime was Saline Limited for winter wheat and maize, provided rainfall is 

sufficient. The experiments confirm that saline irrigation water appears to be 

economically attractive to farmers in the short term and ecological hazards can still be 

controlled with proper leaching. Ouda et al. (2008) also conducted that in salinity 

conditions (EC=2 dS m-1), the potential maize yield could reduced by 3.29 - 4.21%.  
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Effect of saline water on soil properties 

Excessive salts affected physical and chemical properties of the soil 

and made it unfavorable for crop growth (Qadir et al., 2000). Soil irrigation with 

low quality water causes soils salinization (Rhoades et al., 1992) and soil 

deterioration (Nath et al., 1981 and Chaudhry et al., 1983). Application of saline 

irrigation increased soil pH (Alawi et al., 1980 and Mostafa et al., 1992), EC (El-

Boraie, 1997), SAR (Zein El-Abedine et al., 2004), soluble Ca2+, Mg2+, K+ and Na+ 

(Abd El-Nour, 1989; El-Boraie, 1997) and soluble anions (Abo El-Defan, 1990). 

The most severe deleterious effect of sodium ions in irrigation water 

on the physical properties of soils is reported as in the decreased hydraulic 

conductivity (HC) of soil. These adverse effects are aggravated by the presence of 

CO3
2- and HCO3

- ions in irrigation water leading to promoted adsorption of 

sodium. Increasing amounts of exchangeable sodium adversely affect structural 

changes of the soil matrix by two main mechanisms (a) clay swelling and (b) soil 

particle dispersion. These two mechanisms are strongly interrelated to decrease the 

HC of soils. It may be deduced from the Diffuse Double Layer theory (Bohn el al., 

1985; Gapon, 1933) that both swelling and dispersion of particles increases as the 

concentration of electrolyte in soil solution decreases and the sodium to calcium 

ratio of the soil solution is increased (Bresler, 1972; Oster et al., 1980). 

Experimental results (McNeal and Coleman, 1966; Frenkel et al., 1978; Shainberg et 

al., 1981; Quirk, 2001) have confirmed that the HC behaves accordingly, i.e. 

higher HC in concentrated solution and at low Na:Ca ratios, and lower HC in dilute 

solution and at high Na:Ca ratios.  
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Deleterious effects of exchangeable sodium are more pronounced 

during the rainy season because the electrolyte concentration of the rainwater is 

generally very low. This aspect is very prevalent in Indo-Pak subcontinent as most of 

the saline-sodic soils are lying barren which may further get deteriorated by the 

monsoon rains from July to September. However, examination of the soil 

permeability data in literature showed that soils with similar texture and CEC might 

vary considerably their susceptibility to the deleterious effects of exchangeable 

sodium and electrolyte concentration (McNeal and Coleman, 1966; Rhoades and 

Ingvalson, 1969; Frenkel et al., 1978; Shainberg el al., 1981). In a long-term study 

(Bethune and Batey, 2002), use of saline-sodic water (EC=2.5-4.5 dS m-1 SAR=12.5-

17.1) on a normal loam soil for 10 years resulted in a high level of soil sodicity 

(ESP up to 45%). Agassi et al. (1981) and Kazman et al. (1983) concluded that 

chemical dispersion is limited in calcareous soils or when a high electrolyte 

concentration is present in the applied water. The intensity of chemical dispersion 

increased sharply with an increase in soil sodicity. However, application of water of 

high salinity (EC > 5.6 dS m-1) diminished strongly the chemical dispersion and 

maintained an IR four times higher that of the soil exposed to rain water. 

 

Water depletion in saline soils leads to the accumulation of salts in the 

soil (Schleiff, 1980). Application of non-saline and saline waters alternately was 

found to be a useful practice but irrigation with 50% extra water to meet the leaching 

requirement did not control salinity and hence lowered crop yields (Bajwa et al., 

1986). Sharma and Dubey (1988) also supported the above findings that irrigation 

with saline water increased soil salinity and alkalinity (ESP) and decreased yields of 

crops. The upper soil layer was more severely affected than the lower layers. On the 

basis of 25% reduction in yield, critical limits of salinity of irrigation water for wheat 
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and maize were 8.6 and 3.0 dS m-1 and those of soil ESP values were 35 and 14, 

respectively. In contrast, El-Guindy et al. (1989) observed that irrigation with saline 

water decreases soil salinity as long as the salt concentration in the water is less than 

that of the soil. Among the crops, wheat could tolerate salinity in irrigation water up 

to EC 2.66 dS m-1 where soil salinity was greater than 4 dS m-1 without appreciable 

decrease in yield, but was affected by ESP higher than 13. Maize was very sensitive 

to soil salinity values higher than 2.4 dS m-1, when the effect of water salinity could 

not be observed. 

 
The salt content of irrigated soils is likely to increase, particularly 

where drainage is poor, resulting in marked yield reductions. Thus, the use of the 

groundwater should be reduced and that irrigation should be adapted to the drainage 

capacity of the soils (Soderstrom and Soderstrom, 1989). Further,                         

Bajwa et al. (1993) observed that irrespective of the irrigation intervals, sustained 

use of sodic and saline-sodic waters increased pH, electrical conductivity and 

exchangeable sodium percentage  of the soil and significantly decreased crop yields. 

Application of gypsum decreased ESP and significantly improved crop yields. There 

were no significant beneficial effects of increasing the frequency of sodic and saline-

sodic irrigation, both with and without applied gypsum, on the yields of wheat and 

millet crops grown during winter and monsoon seasons, respectively. Decrease in 

irrigation interval significantly improved yields of maize grown during the hot dry 

summer period. Frequency of irrigation did not appreciably alter the effectiveness of 

applied gypsum in wheat and millet, but in maize, the gypsum treatment was more 

effective under more frequent irrigation.  
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Abu-Awwad (1995) also reported that increasing irrigation water 

salinity resulted in a significant increase in sweet corn root zone salinity. Highest salt 

concentration in the root zone occurred when the amount of water applied was close 

to the crop evapotranspiration. Salt accumulation was minimum close to the trickle 

line and increased with both vertical and horizontal distance reaching a maximum at 

the soil surface and at the edges of the wetted area between trickle lines. Soil water 

availability decreased with increasing salinity of irrigation water ((Ashraf and Saeed, 

2006).). They found that saline groundwater increases salinity in root zone therefore, 

appropriate amount of pumped water should be applied. Salt accumulation in root 

zone in alternate furrow field was less than that in regular furrow field. 

 
Rajesh and Bajwa (1997) suggested that irrigation with saline water 

alone significantly increased salt build up in soil and decreased growth of plants of 

all three crops. Inclusion of canal water for irrigation in the saline water irrigation 

system decreased salt build up in soil and improved plant growth. Use of canal water 

in conjunction with saline waters having high or low SAR under low or high EC 

resulted in appreciably lower build up of ESP in soil than that observed under saline 

irrigation alone  

 
Shainberg et al. (2002) reported that irrigation with saline water may 

introduce sodium into the exchange complex of soils. Exchangeable sodium 

deteriorates soils structure and permeability. The susceptibility of soils to sodicity 

depends on (1) soil permanent properties (such as texture and mineralogy) and (2) 

time dependent variables such as cultivation (and time since cultivation), irrigation 

methods and wetting rates. The effect of ESP and PWR depended on soil texture. In 

soils with low clay content (9%), the effect of PWR on soil permeability was 



 

 23

negligible, whereas the effect of ESP was significant. The permeability of the soils 

with > 9% clay increased with a decrease in PWR, and the effect increased with 

increase in clay content. High PWR caused aggregate slaking, lower permeability, 

more sealing and higher susceptibility to sodicity. In the clay soils PWR had a 

predominant effect on permeability and runoff, while the effect of ESP on these 

properties was small. It is concluded that no-till conditions and irrigation with slow 

application rates maintain stable aggregates and decrease the susceptibility of soils to 

sodicity and seal formation.  

 
Mao et al. (2003) also suggested that irrigation with brackish water 

resulted to rapid accumulation of salts, notably in the upper 80 cm soil layer. 

Maximum electrical conductivity (EC) in the 20-40 cm soil layer exceeded 20 mS/cm. 

Salts were leached from the 150 cm layer during the wet season. All the salts in the 80 

cm soil layer of the sandy loam soil were leached with total precipitation of 550 mm 

and additional 250 mm irrigation water. The average yield of winter wheat and 

summer maize under brackish water irrigation was 91 and 92%, respectively, of  

maximum recorded values, but only 67 and 89% in non-irrigated treatments. The 

yield of winter wheat after 3 years of brackish water irrigation was approximately 

92% of maximum value. Results confirmed that brackish water irrigation was 

economically attractive to farmers for a short term. Ecological hazard may occur in 

long term use of the water. An average EC lower than 8 mS/cm in the 20-60 cm soil 

had no significant effect on the yield of summer maize. Maize yield would 

significantly decrease if the EC was 10-15 dS m-1 at dry year, while winter wheat 

would decrease by 10%. 
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Li FaHu et al. (2003) found that irrigation with marginal water for an 

extended period of time could result in potential secondary soil salinization and 

sodification. The lateral movement of saline and sodic groundwater and its 

evaporation resulted in a significant difference in salt and sodicity distribution 

between the experimental sites. The salt in the 0 to 1.2 m soil depth increased by an 

average of 7.5% and sodicity by 19.6% during the maize growth season. Plant yield 

and height were inversely correlated with soil salinity. Dry matter, plant height, and 

grain yield were affected by soil salinity. Therefore, utilizing rainfall in winter to 

leach soil salt is necessary to maintain sustainable irrigation agriculture in this region.  

 
Turky  and Sallam (2005) while working on some environmental 

issues and invasion of some inhabits to the soil, they reported that irrigation with 

drainage water increased the nutrients in soil. The statistical correlation between 

nitrate content in irrigation water and that of soil was not high where r2=0.430, while 

the correlation values for ammonia and phosphate were high where the values of r2= 

0.80 and 0.84 respectively. The significant values between heavy metal load of the 

irrigation water and those of soil were low. The result of statistical correlation also 

indicated that r2 values of heavy metals follow an ascending order for Zn, Cd, Pb, Fe 

and Cu, where the values were 0.1643, 0.2654, 0.021, 0.3396 and 0.0255, 

respectively. This means that the impact of irrigation with different water qualities for 

soil heavy metal content was not highly significant. The correlation values of the 

relation between irrigation water and soil for total, bacterial counts total coliform and 

faecal coliform were not highly significant, where the r2 values were 0.4356, 0.3478 

and 0.3872, respectively. The results indicated that the drainage water could be used 

in irrigation either directly for the tolerant crops or after mixing with fresh water for 

semi-tolerant crops. 
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Irrigation scheduling 
 

  Irrigation scheduling is the technique to timely and accurately apply 

water to a crop (Jensen, 1981). Irrigation scheduling is a the primary tool to improve 

water use efficiency, crop yields, the availability of water resources, and provoke a 

positive effect on the quality of soil and groundwater (FAO, 1996).  

 

Shortening irrigation intervals with saline water is expected to reduce 

salinity damage by increasing the mean soil water content and thereby reducing the 

mean solute potential. Shalhevet and Hsiao (1986) reported that regression of absolute 

yield on mean electrical conductivity (EC) of the soil saturation extract, EC, showed a 

steeper yield decrease with increasing EC, for the 3.5 day than for the 7. 0  and  21-day 

intervals. On the other hand, the relative yield, Y, response to salinity showed the 

same benefit of shortening the irrigation interval with saline as with nonsaline water. 

This lack of interaction on relative yield was due to an increase in mean EC from 4.4 

to 5.4 dS m-1 as irrigation interval was shortened from 21 to 3.5 days. Leaf Cl- and 

Na+ content tripled from 1.12 and 0.04 to 3.74 and 0.11% dry matter, respectively. 

The K+ content increased from 1.94 to 2.64%, while the Ca content was unaffected as 

EC, increased from 1.7 to 10.2 dS m-1. Report of Bras and Seo (1987) in general, 

correspond well with expected irrigation schedules under different conditions and 

provide valuable information on both short- and long-term aspects of irrigation 

control under saline conditions. Similarly, Srinivas  et al. (1991) reported that soil 

electrical conductivity increased with increased use of saline water. It was suggested 

that saline water could be utilized for irrigation by alternating one irrigation with 

canal water with two irrigations of saline water. 
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Bradford and Letey (1992) reported various strategies to use the saline 

waters that are often found in irrigated areas of the world. Their results showed that 

simulated lucerne yields were similar for the cyclic and blending strategies that 

applied the same amount of salt and water. The cyclic strategy produced higher yields 

for salt-sensitive maize than the blending strategy, whereas the yield of salt-tolerant 

cotton was not affected by the two strategies. The beneficial effects of the cyclic 

strategy on maize production decreased under deficit irrigation. In this regard, 

Caliandro et al. (1994) conducted study on the influence of two types of water        

(EC 1.13 and 5 dS m-1) mixed together in different proportions and used with 5 

irrigation regimes, on sunflower yields under a four-year rotation (maize-sunflower-

maize-wheat), showed that irrigation for 2 successive years reduced plant heights but 

did not affect yields. Instead both seed and oil yields per unit area increased.  

 
Belhouchette et al. (1997) studied maize under two types of water from 

saline to freshwater and reported that plant growth parameters viz. leaf area, dry 

matter weight and plant height were reduced by salinity. The reductions were 

compared with chemical analyses of the mineral composition of the leaves and 

showed a lack of nutrients. The release of freshwater reduced chlorine and sodium 

levels, and increased potassium and phosphorus contents. This improvement was 

more pronounced in the case of the least saline case, than for the others. Irrigation 

with freshwater on treatments initially irrigated with saline water, created a water 

uptake which was important for yields from saline treatments. In the same year, 

Rajesh and Bajwa (1997) reported that use of saline water alone significantly 

increased salt build up in soil and decreased growth of plants. Inclusion of canal water 

for irrigation in the saline water irrigation system decreased salt build up in soil and 

improved plant growth. Use of canal water in conjunction with saline waters having 
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high or low SAR under low or high EC resulted in appreciably lower build up of ESP 

in soil than that observed under saline irrigation alone. 

 
   Differential sensitivity during growth stages is one of the major issues 

in the management of saline water for irrigation (Zeng et al., 2001). Regarding this 

issue, he reported that salinity-induced reductions in plumule dry weights of plants 

harvested before PI were significant, but there were no significant differences among 

timing treatments. These results also indicate that the differential sensitivity at growth 

stages can be clearly shown when stages are well defined in the timing treatments and 

the stress is quantified at growth stages based on the same duration of salinization. The 

interaction between cultivar and timing treatment was not significant. Uniform 

management options can be developed for irrigation using saline water for the 

cultivars with similar genetic backgrounds.  

 
Yu ZhenRong et al. (2002) while working on irrigation scheduling, 

observed that the risk analysis of soil salinity under different irrigation schemes by 

using brackish water for maize had the influences of irrigation water quality and soil 

salinity level on crop yield potentials. Their results suggests that there is no salinity 

hazard to the use of shallow groundwater for irrigation if only once irrigation is 

needed during the crop season. If more than twice irrigations are needed, it is 

preferable to alternate applications of (poor quality) shallow and (fresh) deep 

groundwater followed by leaching of the soil with deep groundwater after harvest.  

 
Feng et al. (2003) reported that increasing salinity is a significant 

factor affecting the future agricultural productivity in semiarid irrigated regions of the 

world. Computer simulation models, which can be used to evaluate the consequences 

of differing management strategies on crop yield and salt distribution in the soil 
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profile, would be valuable. Their result is explained by the fact that the model does 

not separate the transpiration (T) from the evaporation (E) component of 

evapotranspiration (ET), and assumes that all water is lost by T. The E:T ratio would 

be expected to increase as the irrigation frequency increases, and E would carry salts 

to the soil surface. Except for nonsaline conditions with frequent irrigation, the 

simulated yields were increased by having a deeper root distribution. The effect of a 

deep root system was greater for the longer irrigation interval when the water storage 

capacity within the root zone becomes more important.  

 
Yadav  et al. (2004) reported that irrigation with canal water resulted in 

a 115% increase in forage yield compared with the saline drainage water. The results 

suggested that alternate irrigation with saline drainage water increased the yields of all 

the forage crops compared with using saline drainage water only. Further, alternate 

irrigation, starting with canal water, was superior to alternate irrigation starting with 

saline drainage water because less salt was added in total. Oat produced the largest 

green-forage yield (32300 kg ha-1) in the first year while rye grass gave its maximum 

in the second (34600 kg ha-1) and third years (37000 kg ha-1). Persian clover 

performed better than did Egyptian clover in all the three years. Interaction between 

species and irrigation treatments was significant. In comparison with canal irrigation 

water, there was a 36%, 42%, 54%, 68%, and 85% yield reduction in rye grass, oat, 

Persian clover, Egyptian clover and senji, respectively when only saline drainage water 

was used for irrigation reflecting their relative tolerances of salinity. Yields declined 

linearly for all crops with increases in the quantity of salt applied.  
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Effect of FYM under saline conditions 

 
  Farmyard manures improves soil properties such as water holding 

capacity and soil aeration (Tate, 1987; Patel  et al., 1993; Schoenau et al., 2004), 

regulate soil pH, decreases harmful effect of salts, improve nutrient availability 

(DeLuca and DeLuca, 1987; Singh et al., 2000), nutrient recycling (Cook, 1982) and 

serve as a source of plant nutrients (Freeze et al., 1985; Campbell et al., 1986).  

 
Addition of FYM has been shown to increase maize green fodder yield 

by 25% (Mehta et al., 1994). The application of mulched straw, gypsum, and 

phosphogypsum (especially in combination with manure) can to some extent 

compensate for the unfavourable effect of the saline irrigation (Anikanova, 1998). 

Further, organic waste application decreased soil bulk density and increased total 

porosity. Water holding pores and fine capillary pores were increased with addition of 

organic wastes, with pronounced increase in plots with PM. Organic matter content 

increased and soil pH decreased due to addition of these organic wastes. It was 

concluded that the effect of waste materials on soil properties depended on their type 

and rate of application (Noufal, 2005). 

 
Lithourgidis et al. (2007) reported that corn grain and silage yields,   

N-P-K plant concentration, and uptake was significantly increased by manure or 

inorganic fertilizer addition relative to the control. During the 4-yr corn experiment, 

the amounts of available NO3-N in the soil profile of manure plots were higher than 

control, but similar to both inorganic fertilization treatments. Manure application 

maintained the amounts of soil available NO3-N, P, and K at desirable levels, almost 

each year of the total 8-yr application. However, soil organic C and Kjeldahl N 

remained unchanged. At the end of the experiment, soil salinity below 30 cm was 
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significantly increased on manure or inorganic fertilizer addition relative to the 

control, but at levels acceptable for most crops. In conclusion, soil application of 

liquid dairy cattle manure at a rate equivalent to the recommended inorganic 

fertilization can enhance corn yield and composition and maintain soil fertility at 

desirable levels, without increasing soil salinity at unacceptable levels.  

 
Abou El-Magd (2008) observed  that organic manure treatment 

increased all the vegetative growth parameters expressed as plant height, leaf number, 

fresh and dry weight of the total plant and its organs, green yield, nutrient contents of 

the leaves and bulbs of sweet fennel (N, P and K). Also, K/Na ratio, calcium and 

proline content of bulbs were increased by organic manuring. Sodium content in bulbs 

was lowered by organic manure application. Growth and green yield parameters were 

adversely affected even at EC 1.56 dS m-1 which gave the standard characters of bulbs 

(mean bulb weight < 250 gm plant-1) and there was a proportionate effect with each 

increase in salinity to a maximum at EC 7.81 dS m-1. On the contrary, increasing 

salinity of irrigation water decreased vegetative growth, green yield and nutrient 

contents in a descending order up to the highest level (EC 7.81 dS m-1). Also, under 

saline irrigation water conditions, fennel bulb length, width and thickness were 

significantly reduced. Interactions between organic manure and salinity levels of 

irrigation water gave positive results with respect to some of the abovementioned 

parameters and negative results with others. Thus, sweet fennel plant is sensitive to 

salt stress. 

 

Effect of salinity on nutrient elements 

 
Application of fertilizers generally increases maize yields and quality 

grown in saline soils (Radi et al., 1989). Bhatti et al. (1980) grew maize cv. Neelam   
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and Akbar in pots containing sandy clay loam treated with a mixture of Na salts to 

give a salinity of 0, 0.5, 1.0, 2.0 or 4.0 meq 100 g-1 and provided with 0, 23 or 45 kg 

N + 0 or 23 kg P + 23 kg K ac-1 in 6 combinations. They reported that ash content 

increased significantly with increasing P, K and salinity but decreased with increasing 

N application. Nitrogen content increased significantly with increasing N or K and 

salinity but decreased in response to P. Phosphorus content increased with increasing 

N, P and a salinity of 2 or 4 meq but was not affected by K. Soliman and Kostandi 

(1992) reported that maize average DM yield was reduced by 12.8, 28.4 and 69.7% at 

2, 4 and 8 dS/m, respectively. The higher N rate increased yield by an average of 

16.6% and had relatively more effect at higher salinity levels.  

In calcareous saline-alkali soil, maize crops showed response to 

increasing N rates with more frequent irrigations at 0.8 and 1.0 ratios and to only 100 

kg N ha-1 with irrigation at 0.6 ratio. LAI increased with increasing irrigation 

frequency and with increasing N rates. N uptake was the highest with irrigation at 1.0 

ratio and 150 kg N ha-1 (Prasad et al., 1987).  

 

The findings of Irshad et al. (2004) showed that saline irrigation water 

has a tremendous impact on the yield potential of crops. In saline water the roots 

contained the highest Na content; Ca and Mg were higher in the leaf, whereas K and 

Cl were highest in the stalk. In non-saline water, Na and Cl were highest in the root 

and the remaining elements were greatest in the stalk. The K and Cl contents were 

significantly reduced by an increase in the N level, whereas the reverse was true for 

the Ca, Mg and Na contents. An inverse relationship was noted for the plant biomass 

versus both Na uptake and the Na/Ca, Na/Mg and Na/K ratios in plants irrigated with 

saline water. The mineral elements, with the exception of K, appeared to be highly 



 

 32

correlated in the plant parts. Ferreira et al. (2007) found that with the application of 

saline irrigation, chlorine contents of leaves increased from 120 days after planting 

(DAP), whereas the nitrogen and phosphorus contents decreased from 90 and 120 

DAP, respectively. The sulfur contents of leaves decreased from 120 DAP onwards. 

The chloride/nitrogen, chloride/phosphorus, and chloride/sulfur ratios increased from 

120, 60 and 120, and 60, 90 and 120 DAP, respectively.  

 

Kandil et al. (2003) worked on safe use of low quality water for 

irrigation. They indicated that highly significant differences were found between the 

composition of irrigation water used in studied area including; soluble salts, pH, 

sodium adsorption ratio, macronutrients (N, P, K), micronutrients (Zn, Cu, Mn, Fe) 

and some heavy metals (Cd, Pb, Co, Ni, Cr,) content. Highly significant correlations 

were found between the chemical composition of irrigation water used and soil 

chemical properties (whole profile), which predict the soil contamination due to 

irrigation with low quality water. Highly positive significant correlations were found 

between organic matter, calcium carbonate and soil salinity, available macro- and 

micronutrients and some available heavy metals. Soil reaction has a highly negative 

significant effect. Highly significant correlations were found between the soil content 

of macro-, micro-nutrients and heavy metals, and its accumulation in shoots of 

berseem (Trifolium alexandrinum) and shoots and grains of maize. This statistical 

evaluation represents the expected hazards to human or animal health and pollution to 

the environment as a whole. Therefore, to protect public health, the effluent should 

either be properly treated in advance before discharging it into the waterways and 

used for irrigation, or its use must be restricted to certain crops.  
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Yuncai et al. (2008) reported that saline irrigation recorded reduction 

in evapotranspiration, maize growth, such as plumule fresh weight and dry weight, 

and leaf fresh weight and dry weight under drought and salinity, the application of 

foliar fertilization did not improve plant growth under short-term drought or salt 

stress. An increase or no change in the nutrient concentration in leaves under saline 

conditions suggests that an osmotic effect may be responsible for the plant reduction. 

 
Salt tolerance of crops 

 
Salt-sensitive crops do not perform well when salinity is above a 

certain limit (Maas and Hoffman, 1977; Grattan et al., 1987). Among the other crops, 

maize is also considered a salt-sensitive crop (Maas & Hoffman, 1977) and its 

yield could be low as 50% at ECiw 3.9 dS m-1 (Ayres and Westcot, 1985). 

Maize has variability towards salinity tolerance according to growth stage 

(Kaddah and Ghowail, 1964; Maas et al., 1983; Pasternak  et al., 1985). In this 

regard, Cramer et al. (1994) observed that vegetative growth phase is more salt 

sensitive compared to reproductive phase. Maize is more sensitive to salinity at the 

early than at the later growth stages (Sherazi et al., 1971). Their reports also indicate 

that maize dry matter yield decreased with increase in salinity level. Plant contents of 

protein, P, Na and ash increased, but those of Ca and Mg decreased with increased 

salinity. In this regard, Gupta and Yadav (1986) reported the critical limits of barley, 

wheat, mustard, pearl millet, sorghum and safflower and observed tolerance limit 

(ECiw up to 10.0 dS m-1). Sunflower, cotton, cluster bean, fenugreek, sesamum, rice, 

maize and okra are semi-tolerant (ECiw up to 5.0 dS m-1). Groundnut, pigeon peas, 

cowpea, onion and finger millet are sensitive crops as these could be grown with 

waters having EC only up to 3.0 dS m-1. The critical tolerance limits of salinity of 
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irrigation waters decrease as the texture of the soil becomes finer, and annual and 

seasonal rainfall decrease. Due to higher rainfall and reduction in number of 

irrigations, the same crop seems to be more tolerant in summer than in winter.  

 
Maize cultivars showed less germination and seedling growth with 

increasing salinity (Farida et al., 1997). In this regard, Khoibhutta was the most 

tolerant of salinity stress, while Shuvra was the most susceptible. Ashraf and Yasmin 

(1997) observed the degree of salinity tolerance of 3 forage grass species of deserts in 

Pakistan. They found that L. fusca accumulated relatively greater concentrations of 

Na, Cl, K and Ca in the shoot than the other species, whereas C. pennisetiformis 

absorbed relatively greater amounts of Na and Ca. Intermediate Na and Cl 

accumulation in the shoots was seen in P. turgidum, but it was highest in the 

accumulation of Na, Cl and K in the roots. The poorest species in biomass production, 

P. divisum, contained relatively moderate amounts of Na in the shoots, but it had high 

K and Cl following different treatments. In conclusion, C. pennisetiformis and P. 

turgidum were intermediate in salt tolerance, whereas P. divisum is sensitive in 

relation to L. fusca and P. distans.  

 
Katerji et al. (2000) carried out a long-term experiment on the use of 

saline water were used to compare crop tolerances to salinity. The higher the salinity, 

the lower the yield, evapotranspiration, pre-dawn leaf water potential and stomatal 

resistance. The crop classification, based on soil salinity, corresponds with the 

classification of Maas and Hoffman (1977): sugarbeet and durum wheat as salt 

tolerant, broadbean, maize, potato, sunflower and tomato as moderately salt sensitive. 

The difference with respect to soyabean, classified as moderately salt sensitive instead 

of moderately salt tolerant, can be ascribed to difference in variety. Weather 



 

 35

conditions strongly affected the salt tolerance of broadbean. The water stress day 

index was used for salt tolerance classification. According to this method, maize, 

sunflower and potato were included in the same salt tolerance group as sugarbeet and 

durum wheat. The previous classification of maize and sunflower as moderately 

sensitive is due to the fact that these crops are grown during a period of higher 

evaporative demand than when sugarbeet and durum wheat are grown. The change of 

potato from moderately sensitive to salt tolerant may be ascribed to its shallow root 

system. 

Low irrigation levels (approx. equal to 70% of potential evaporation), 

maize yields were unaffected by the salinity level. At the higher irrigation levels, the 

salinity level caused significant differences in yield (Shani and Dudley, 2001). Thus, 

the reportes of Pesqueira  et al.  (2003) suggested that maize is one of the most 

sensitive crops to soil salinity. Their results indicated an improved tolerance of the  Z. 

mays x T. dactyloides hybrid to salinity stress, in vitro and in vivo, compared with 

results from previous reports using other maize genotypes under similar conditions. 

 

Mansour et al. (2005) studied two maize cultivars (Giza 2 and 

Trihybrid 321). NaCl stress resulted in accumulation of GB and free Pro in shoots of 

both cultivars. The magnitude of increase in both osmolytes was higher in Giza 2 than 

in Trihybrid 321. Salt stress induced Na+ and Cl- accumulation while it decreased K+ 

and Ca2+ levels in shoots and roots of both cultivars. The increase in Na+ and the 

decrease in K+ and Ca2+ was greater in Giza 2 than in Trihybrid 321. Chloride was 

increased more in Trihybrid 321 compared to Giza 2. NaCl increased plasma 

membrane permeability in both cultivars. Salt stress decreased cell in both cultivars, 

especially in Giza 2. It was concluded that Na+ exclusion from the shoot was not 

correlated with salt tolerance and that Pro and GB accumulation in the shoot was a 



 

 36

possible indicator for salt tolerance in the maize genotypes studied. Maiti et al. (2006) 

determined the levels of tolerance in different sorghum, pearl millet, rice, maize, 

cotton and sunflower cultivars to salinity. In all the crops, increasing salinity 

decreased seedling emergence. Significant variations were observed in salinity 

tolerance in all these crops. Among the crops, pearl millet and cotton were more 

tolerant to salinity compared to other crops, while sunflower was highly susceptible to 

salinity.  

Siegel et al. (2006) in their screening trials reported that maize 

tolerated up to 3.2% NaCl. The best performances were given by the cultivars Mo 17 

and commercial Hawaiian Super Sweet Hybrid. Growth and chemical data for Mo 17 

at 12 weeks show reduced growth but the same percentage dry matter. Ash, protein 

and total sulfur were higher in saline plants, silica and total phosphorus lower. Na, K. 

Mg, and Cl were elevated and Ca reduced slightly. Yao et al. (2007) reported that root 

growth of salt-resistant maize was greatly reduced under osmotic stress arising from 

polyethylene glycols (PEG) and NaCl. Lower osmotic stress caused by NaCI or PEG 

decreased root length and no effect on root diameter of salt resistant varieties, could 

be due to an adaptive capacity of salt-resistant cultivar to saliferous environment.  

Hua et al. (2008) reported that the salt stress affected the absorption of 

NO3
- and K+. The salt-tolerant maize at normal condition had smaller uptake rates of 

Na+, NO3
-, and K+ than the salt-sensitive maize. In salt stress condition, salt-tolerant 

varieties maintained higher uptake rate of nutrients. 



 

 37

CHAPTER-III 

   MATERIALS AND METHODS 

 
   In order to investigate the development of saline water management 

technology in relation to crop tolerance, saline water scheduling and use of farmyard 

manure for achieving sustainable crop yields without deteriorating soil. The research 

studies were performed in laboratory, pot and in field at the Department of Soil 

Science, Experimental Farm of Sindh Agriculture University Tandojam and 

Department of Land Management, Faculty of Agriculture, Universiti Putra Malaysia. 

The details of experiments are as under: 

 
Screening of maize cultivars for salt tolerance 

 
The laboratory experiment was conducted at Seed Testing Laboratory, 

Department of Agronomy, Sindh Agriculture University Tandojam (25° 25′ 35.68″ N 

68° 32′ 22.31″ E) during 2004 to assess the salt tolerance of  10 maize cultivars under 

different water qualities. The experimental was set in RCBD (factorial) having three 

replications. The treatments were: five water qualities ( Q1=   EC=  0.4 dS m-1 (canal 

water), Q2 =  EC=  2.0 dS m-1, Q3= EC=  4.0 dS m-1, Q4 =   EC=  6.0 dS m-1 and Q5 = 

EC=  8.0 dS m-1 were applied to ten maize cultivars (Hicorn, Agaiti-2002, Margalla, 

Akbar, Sahiwal 2002, EV-5098, EV-3001, EV-1098, EV-6098 and EV-4001. All the 

cultivars except Akbar were provided by National Coordinated Maize, Sorghum and  

Millet Programme of National Agricultural Research Council, Islamabad. Akbar was 

locally managed. 
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Germination procedure 

 

Ten seeds of each maize cultivar were surface sterilized to avoid fungal 

infection by soaking the seeds with 0.01% HgCl2 followed by washing several times in 

tap water and finally with distilled water. The sterilized seeds were placed on double 

layer of Whatman filter paper No.1, soaked with different water qualities (EC 0.4 (canal 

water as control), 2.0, 4.0, 6.0 and 8.0  dS m-1) in petridishes and were incubated at 25oC 

in the dark. The seed germination percentage was recorded after 24, 36 and 48 h of 

incubation, while radical and plumule length and their fresh and dry weights were 

recorded after 96 h of incubation. 

 
Preparation of desired water qualities 

The desired water qualities were prepared by mixing the canal water with 

poor quality tube well water. The preparation of desired water qualities were done as 

follows:  

Desired ECw = [ECw (T.W). a] + [EC w (C.W). b] 

Where,  

             ECw (T.W) = Electrical conductivity of tubewell water (dS m-1). 

             ECw (C.W) = Electrical conductivity of canal water (dS m-1). 

                             a =  Proportion of tubewell water to be used. 

                             b =  Proportion of canal water to be used. 
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Salt- tolerance of maize cultivars under different water qualities 

 
This experiment was conducted at wire-house of the Department of Soil 

Science, Faculty of Crop Production, Sindh Agriculture University, Tandojam for two 

consecutive seasons i.e Spring (February-April) and Autumn (August- October) of 

2005. The experiement was set in RCBD (factorial) with three replications. The ten 

maize maize cultivars (Hicorn, Agaiti-2002, Margalla, Akbar, Sahiwal 2002, EV-5098, 

EV-3001, EV-1098, EV-6098 and EV-4001 were treated with five water qualities 

(Q1= EC=  0.4 dS m-1 (canal water), Q2 =  2.0 dS m-1, Q3 = 4.0 dS m-1, Q4 = 6.0 dS m-1 

and Q5 = 8.0 dS m-1.  

Pot preparation 

 

The fertile soil (plow layer) was collected from Latif Experiemntal 

Farm, Sindh Agriculture University, Tandojam. The soil was silty clay loam in texture 

with organic matter of 0.88%, EC 0.67 dS m-1, pH 7.82, soluble Ca2+ 6.52 meq L-1, 

soluble Mg2+ 2.94 meq L-1, soluble Na+ 5. 94 meq L-1, soluble K+ 3.78 meq L-1, Cl- 5.0 

meq L-1,  HCO3
- 1.96 meq L-1, SO4

2- 11.95 meq L-1, SAR 2.74 and ESP 3.87.  Ten kg 

pot-1 air dried soil was placed in earthen pots containing drainage holes in the bottom. 

Analytical results of  canal (EC 0.4 dS m-1) and highest salinity level of brackish 

water (EC 8.0 dS m-1) used in this experiment had soluble Na+ of 1.60 and 60.8     

meq L-1, K+ 1.20 and 3.6 meq L-1, Ca+2 1.4 and 10.8 meq L-1, Mg+2 0.6 and              

9.2 meq L-1, Cl- 1.1 and 56.6 meq L-1 , SO4
2- 2.6 and 23.6 meq L-1, HCO3

- 1.1 and 4.2 

meq L-1, SAR 2.3 and 27.2 and pH 7.43 and 7.11, respectively (Table 1). 

Seed sowing, fertilizer and irrigation    

 

   Ten seeds of each maize cultivar were sown in pots. After emergence, 

5 seedlings were allowed to grow in each pot up to tasselling. Saline ground water 
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was brought from Detha Station in plastic containers and designed water qualities 

were prepared by mixing saline water with canal water (same procedure as in 

Experiment-1). The pots were given irrigation water as per treatments and on the basis 

of crop requirement. The recommended dose of NPK was applied to each pot. 

Nitrogen from urea (46% N) at the rate of 130 kg N ha-1 was applied in three equal 

splits, at time of sowing, 1st irrigation and 2nd irrigation. Phosphorus from Di 

ammonium phosphate (N 18%, P2O5 46% ) and K from Sulphate of potash (K2O 50%)  

were applied at the rate of  80 and 40 kg ha-1, respectively at the time of sowing.  

 

Harvesting 
 

 

Harvesting was done at tasseling. Observations like plant height, stem girth, 

days to tasseling, number of green and dry leaves, green fodder and dry fodder yield 

were determined.   

Soil analysis 
 

Soil samples collected from each treatment before sowing and after harvesting 

were analysed for texture, organic matter (before sowing), EC, pH, Na+, K+, Ca2+, 

Mg2+, CO3
2-, HCO3

-, Cl-, and SO4
2-. Sodium Adsorption ratio and exchangeable 

sodium percentage were calculated using the standard method.  

 

Plant analysis  
 

   Prior to tasseling plant samples from all the replications of each 

treatment were sampled and processed for the analysis of  Ca2+, Mg2+, Na+ and  K+ 

using Acid wet digestion method and Cl- by dry ash method. The K+/Na+ ratio was 

also calculated from the values of K+ and Na+.  
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Table 1.  Chemical characteristics of irrigation water used in pots. 
 

Na+ K+ Ca2+ Mg2+ HCO3
-
 Cl- SO4

2- SAR Water 
qualities 

E.C 
(dS  m-1) pH meq L-1  

Q1 *CW 0.40 7.43 1.60 1.2 1.4 0.6 1.1 1.10 2.6 2.3 

Q2 2.00 7.40 10.4 2.7 3.6 2.2 4.6 9.7 4.6 8.6 

Q3 4.00 7.32 29.7 2.9 5.9 4.1 4.3 24.6 13.7 18.8 

Q4 6.00 7.17 46.5 3.4 8.7 7.1 4.6 43.8 17.3 23.4 

Q5 8.00 7.11 60.8 3.6 10.8 9.2 4.2 56.6 23.6 27.2 

 **TW 11.00 7.00 76.9 4.4 17.1 13.5 5.3 75.3 31.3 27.8 

*CW= Canal water 
**TW= Tube well water 
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Effect of different water qualities on  soil and plant characters 

  
The experiment was conducted at Students Experimental Farm, Sindh 

Agriculture University, Tandojam during 02 consecutive seasons of 2006 in the field 

conditions.  The soil was silty clay loam in texture having organic matter of 0.98%, 

EC 0.90 dS m-1, pH 7.72, soluble Ca2+ 3.10 meq L-1, soluble Mg2+ 1.44 meq L-1, 

soluble Na+ 4. 09 meq L-1, soluble K+ 2.38 meq L-1, Cl- 5.0 meq L-1,  HCO3
- 1.86 meq 

L-1, SO4
2- 4.6 meq L-1, SAR 2.71 and ESP 3.84.  However, CO3

2- were absent. Canal 

(EC 0.40 dS m-1)  and saline water (EC 8.0 dS m-1) used in this experiment had 

soluble Na+  of 1.7 and 61.0 meq L-1, K+ 0.4 and 3.3 meq L-1, Ca2+ 1.2 and 11.0 meq 

L-1, Mg2+ 0.9 and 10.0 meq L-1, HCO3
- 1.4 and 4.4 meq L-1, Cl- 1.18 and 57.2 meq L-1 

, SO4
2- 0.8 and 18.4 meq L-1, , SAR 1.66 and 18.83, pH 7.61 and 7.13 (Table 2).  The 

experiment was laid-down in RCBD (factorial) with three replications. Four maize 

cultivars (EV-1098 and Agaiti-2002 (highly salt- tolerant) and EV-4001 and Akbar 

(most salt- sensitive) were treated with five water qualities (Q1=  0.4 dS m-1 (canal 

water), Q2 = 2.0 dS m-1,  Q3 =4.0 dS m-1, Q4 = 6.0 dSm-1 and Q5 = 8.0 dSm-1). 

 
Preparation of desired water qualities:  The desired water qualities were  prepared by 

the same method as described in Experiment-1. 

 
Land preparation 

  A piece of land was plowed twice with disk harrow, followed by two 

rounds of cultivator and leveled properly. Soaking dose of irrigation was applied. The 

bunds and channels were prepared separately for each treatment of the experiment. 
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Harvesting 
 

When crop received tasseling, harvesting was done. Agronomic 

observation were taken for plant height, stem girth, days to tasseling, number of green 

and dry leaves, green fodder and dry fodder yield.   

 

Soil analysis 

 

Soil samples were collected before sowing and after harwesting from 

0-15, 15-30, 30-45 and 45-60 cm soil depth from each treatment and were analysed 

for texture, organic matter (before sowing), EC, pH, soluble Na+, K+, Ca2+, Mg2+, 

CO3
2-, HCO3

-, Cl-, and SO4
2-. Sodium Adsorption ratio and exchangeable sodium 

percentage were calculated using the standard method.  

 

Plant analysis  

 
   Plant samples from each treatment were sampled at tasseling and 

processed for the analysis of  Na+, K+, Ca2+, Mg2+ and Cl-. The K+/Na+ ratio was 

calculated from the values of K+ and Na+.  
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Table 2. Chemical characteristics of irrigation water used in the experiment. 
 

Na+ K+ Ca2+ Mg2+ HCO3
-
 Cl- SO4

2- SAR  Treatment E.C 
(dS  m-1) pH meq L-1  

Q1 *CW 0.40 7.61 1.7 0.4 1.2 0.9 1.4 1.18 0.8 1.66 

Q2 2.00 7.60 12.9 2.0 4.8 2.6 4.2 10.5 5.3 6.71 

Q3 4.00 7.43 30.1 2.4 6.6 4.6 4.2 25.9 9.9 12.72 

Q4 6.00 7.25 45.3 3.0 9.0 7.0 4.4 42.4 13.2 16.02 

Q5 8.00 7.13 61.0 3.3 11.0 10.0 4.4 57.2 18.4 18.83 

 **TW 11.00 7.10 78.6 4.1 18.0 15.0 5.8 74.9 28.5 19.35 

*CW= Canal water 
**TW= Tube well water 
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Effect of saline irrigation scheduling on the soil and crop parameters 
 

 
 
  The experiment was conducted at glass-house complex, Faculty of 

Agriculture, Universiti Putra Malaysia during 2007. The soil used in this experiment 

was of Munchong soil series (Typic Haplothox), clay in texture, non-saline (EC 0.10 

dS m-1), high (3.90 %) in organic matter, normal soluble Na+, (1.08 meq L-1), K+ 

(3.141 meq L-1), Ca2+(0.55 meq L-1), Mg2+ (0.069 meq L-1), Cl-(1.30 meq L-1), HCO3
- 

(1.20 meq L-1), SO4
2- (2.34 meq L-1), SAR (1.94), ESP (2.95) and CO3

2- were absent. 

Whereas, pH was acidic (4.98). To increase the pH of the soil to near neutral, the 

dolomite was added in the soil to become pH 6.80 (Table 3).  Canal (EC 0.18 dS m-1)  

and brackish (EC 4.0 dS m-1)  water used in this experiment had soluble Na+  1.87 and 

37.78 meq L-1, K+ 4.1 and 4.20 meq L-1, Ca2+ 1.26 and 1.40 meq L-1, Mg2+ 0.17 and 

0.17 meq L-1, Cl- 1.50 and 34.64 meq L-1 , SO4
2- 4.74 and 7.75 meq L-1, HCO3

- 1.16 

and 1.18 meq L-1, SAR 2.21 and 42.52, pH 7.30 and 7.21 (Table 3).  
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Table  3.  Physico-chemical properties of soil and chemical properties of 
irrigation water used in pot experiment. 

 
Values 

Parameters 
Soil Saline water 

NaCl (EC 4.0 dS m-1) Canal water 

Clay (%) 
Silt (%) 
Sand (%) 
Textural Class (USDA) 

66 
8 
26 

Clay 

 
- 
 
 

 
- 
 
 

Organic Matter (%) 3.90 - - 
E.C (dS m-1) 0.10 4.0 0.18 
pH 
pH with Dolomite 

4.98 
6.45 

7.21 
- 

7.30 
- 

Ca2+ (meq L-1) 0.55 1.41 1.261 
Mg2+ (meq L-1) 0.07 0.17 0.170 
Na+ (meq L-1) 1.08 37.78 1.87 
K+ (meq L-1) 3.14 4.21 4.10 
CO3

2-(meq L-1) 0.00 0.00 0.00 
HCO-

3 (meq L-1) 1.20 1.18 1.16 
Cl- (meq L-1) 1.30 34.64 1.50 
SO2-

4 (meq L-1) 2.34 7.75 4.74 
SAR 1.94 42.52 2.21 
ESP 2.95 - - 
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The experimental was set in RCBD (factorial), replicated three times. 

Four cultivars selected from previous pot and field experiments viz. salt-tolerant (EV-

1098, Agaiti-2002) and salt-sensitive (EV-4001 and Akbar) were grown with various 

irrigation scheduling (Table 4) i.e. I1=irrigation by canal water (EC 0.18 dS m-1) 

during growing periods (soaking, early and late  whorl stages), I2 =irrigation by canal 

water for soaking and at early whorl stage and by saline(NaCl) (EC 4.0 dS m-1) water 

at  the late whorl stage, I3=irrigation by canal water for soaking and at late whorl 

stage and saline water at early whorl stage, I4 =irrigation by saline water for soaking 

and by canal water at early whorl and late whorl stages, I5=irrigation by canal water 

for soaking and by saline water during the early whorl and late whorl stages, 

I6=irrigation by saline water for soaking and at late whorl stage and by canal water at 

early whorl stage, I7=irrigation by saline water for soaking and at early whorl stage 

and by canal water at late whorl stage, and I8 =irrigation by saline water during the 

growing period (for soaking, early whorl and late whorl growth stages). 



 

 48

Table 4. Description of irrigation patterns. 

Irrigation Patterns 

Growth stages  I1 I2 I3 I4 I5 I6 I7 I8 
Soaking doze X X X Qi X Qi Qi Qi 
Early whorl  X X Qi X Qi X Qi Qi 
Late whorl X Qi X X Qi Qi X Qi 
X = Irrigation by canal water,  Qi = Irrigation by NaCl salinized water. 

 
Pot preparation, irrigation and fertilizer 
 

 
Twelve seeds of each cultivar were sown in each pot. After emergence, 

six plants  pot-1 were grown to tasseling. Saline water was prepared by mixing NaCl  

with canal water to obtain EC 4.0 dS m-1. The canal water was collected from Ladang 

Sepeuloh, near Faculty Pertanian, UPM, Malaysia. Phosphorus and potassium were 

applied before sowing as single super phosphate and potassium sulphate at the rate of 

60 and 130 kg P2O5 and K2O ha-1, respectively. Nitrogen fertilizer was applied as urea 

at the rate of 130 kg N ha-1 in two equal splits at time of sowing and at 2nd  irrigation.  

 
Harvesting 

  
When crop recieved tasseling, the experiment was terminated and 

agronomical observations were taken viz. plant height, stem girth, days to tasseling, 

number of green and dry leaves and green fodder and dry fodder yield. 

 

Soil analysis 

After harvesting soil and plant samples were collected from each 

treatment and processed for physical and chemical determinations viz. texture, total 
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carbon, EC, pH, soluble cations (Ca2+, Mg2+, Na+, K+), anions  (CO3
2-, HCO3

-, Cl-, 

SO4
2-), while  K+/Na+ ratio, SAR and ESP were calculated. 

 
Plant analysis 

 

 Plant samples were kept in an Oven at 700C for 48 h. Dry samples 

were  processed for the determination of Na+, K+, Ca2+, Mg2+ and Cl- .Whereas 

K+/Na+ ratio was calculated.  
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Effect of farmyard manure and saline water on maize fodder production 

 
 
 

The experiment was conducted at glass-house complex, Faculty of 

Agriculture, Universiti Putra Malaysia during 2007. The analysis of agricultural plow 

layer of Munchong soil series, Malaysia showed  that it was clay in texture with ECe 

of 0.15 dS m-1, organic carbon 1.28%, Na+ 1.28 meq L-1, K+ 4.10 meq L-1, Ca2+ 0.58 

meq L-1, Mg2+ 0.077 meq L-1, Cl- 1.39 meq L-1, HCO3
- 1.22 meq L-1, SO4

2- 3.44 meq 

L-1 and SAR 2.23. The pH of the soil was very low (4.77) hence dolomite was added 

to increase the soil pH to near neutral. Canal (EC 0.18 dS m-1)  and saline    (EC 4.0 

dS m-1)  water used in this experiment had soluble Na+  of 1.98 and 36.44 meq L-1, K+ 

4.13 and 4.10 meq L-1, Ca2+ 1.22 and 1.43 meq L-1, Mg2+ 0.19 and 0.23 meq L-1, Cl- 

1.75 and 35.20 meq L-1 , SO4
2- 4.86 and 7.70 meq L-1, HCO3

- 1.11 and 1.30 meq L-1, 

SAR 2.36 and 40.04, pH 7.36 and 7.25 (Table 5). Farmyard manure(cattle manure) 

used in the experiment had organic carbon of 14.3%, pH 6.9, total N 0.8%, P2O5 0.3% 

and K2O 0.7%.  
 

Four maize cultivars viz. salt - tolerant (EV-1098, Agaiti-2002), salt- 

sensitive  (EV-4001 and Akbar) already selected from pot and field experiments were 

treated with canal water (EC 0.18 dS m-1) alone, saline water (EC 4.0 dS m-1) alone, 

FYM 15 t ha-1 +  saline water , FYM 20 t ha-1 +  saline water, FYM 25 t ha-1 + saline 

water, and FYM 30 t ha-1 + saline water. Recommended doses of N (urea) P (SSP) K 

(K2SO4) (130-60-130 kg ha-1  respectively) were applied in each pot. Twelve seeds 

were sown in each pot. After emergence 6 plants pot-1 were grown to tasseling with  

irrigations applied as per plant water requirement. The experimental design laid-down 

in RCBD (factorial) with three replications.   
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Harvesting 

  
At tasseling, the experiment was terminated and agronomical 

observations were taken for plant height, stem girth, days to tasseling, number of 

green and dry leaves and green fodder and dry fodder yield. 

 
Soil analysis 

After harvesting soil and plant samples were collected from each 

treatment and processed for physical and chemical determinations like texture, total 

carbon, EC, pH, soluble cations (Ca2+, Mg2+, Na+, K+), anions  (CO3
2-, HCO3

-, Cl-, 

SO4
2-), while  K+/Na+ ratio, SAR and ESP were calculated. 

 
Plant analysis 

 
 Plant samples were kept in an Oven at 700C for 48 h. Dry samples 

were  processed for the determination of Na+, K+, Ca2+, Mg2+ and Cl- .Whereas 

K+/Na+ ratio was calculated from the values of K+ and Na+.  
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Table 5. Physico-chemical properties of soil and chemical analysis of water 
          used in pot experiment. 
 

Values 
Parameters 

Soil Saline water 
 NaCl (EC 4.0 dS m-1) Canal water 

Clay (%) 
Silt (%) 
Sand (%) 
Texture class (USDA) 

63 
12 
25 

Clay 

 
- 
 
 

 
- 
 
 

Organic carbon (%) 1.28 - - 

EC (dS m-1) 0.15 4.0 0.18 

pH 
pH with dolomite 

4.70 
6.40 

7.25 
- 

7.36 
- 

Ca2+ (meq L-1) 0.58 1.43 1.22 
Mg2+ (meq L-1) 0.08 0.23 0.19 
Na+ (meq L-1) 1.28 36.44 1.98 
K+ (meq L-1) 4.10 4.10 4.13 
CO3

2-(meq L-1) 0.00 0.00 0.00 
HCO-

3 (meq L-1) 1.22 1.30 1.11 
Cl- (meq L-1) 1.39 35.20 1.75 
SO2-

4 (meq L-1) 3.43 5.70 4.86 
SAR 2.23 40.04 2.36 
ESP 3.28 - - 
RSC - NIL NIL 
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Data Collection 
Determination and methodology adopted 
 
Determination Methods 

Soil sample preparation Soil samples were collected before sowing and after 

harvest of the crop from different depths (0-15, 15-30, 

30-45 and  45-60 cm (Field Experiment 3)). Samples 

were air dried, crushed, sieved through 2 mm sieve and 

kept in plastic bags for determination of some physico-

chemical properties. 

Texture Bouyoucous Hydrometer method (Kanwar and Chopra, 

1959). 

Organic matter  Walkely-Black method (Jackson, 1958). 

Organic carbon Modified Walkley and Black procedure (Nelson and 

Sommers, 1982). 

pH  1:2 soil water extract using Suntex pH meter, Model SP-

34. 

EC  1:2 soil water extract using digital conductivity meter 

Model Hi-8333. 

Soluble Na+ and K+ (soil 

and water samples)  

Through EEL-flame photometer having Na or K-filter in 

place, standardized with a series of Na+ or K+ solutions 

as described by US Salinity Laboratory Staff (1954) 

(Experiment 2 and 3). 

Through Atomic absorption spectrophotometery 

(Perkin–Elmer Atomic Absorption Spectrophotometer, 

Model 5000 pc) )(Experiment 4 and 5). 
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Soluble Ca2+ and Mg2+ 

(soil and water samples)  

Titrating the saturation extract against EDTA solution. as 

described by US Salinity Laboratory Staff (1954). 

(Experiment 2 and 3). 

Through Atomic absorption spectrophotometery 

(Perkin–Elmer Atomic Absorption Spectrophotometer, 

Model 5000 pc) (Experiment 4 and 5). 

Soluble CO3
2-, HCO3

-  and 

Cl- (soil and water 

samples)  

By titrating with  standard H2SO4 and Cl-  by titration 

with AgNO3 as described by US Salinity Laboratory 

Staff (1954). 

Sodium Adsorption Ratio 

(SAR) 

Using formula (Rowell, 1994) 

   SAR=Na+/ √Ca2+ + Mg 2+/2    

Exchangeable Sodium 

Percentage (ESP)  

 

Using formula (Rowell, 1994) 

ESP = 100 ESR/ (1 + ESR) 

Residual Sodium 

Carbonate (RSC)  

 

Using formula (Eaton, 1950) 

RSC = (CO3
2- + HCO3

-) - (Ca2+ + Mg2+)  

Plant analysis 
Plant sample preparation The plant samples were collected from each treatment 

before tasseling. Plant samples were kept in an oven at 

700C for 48 h. Dry samples were  ground and samples of 

1.0 g were ashed for 5 h at 550°C in a muffle furnace.  

Ca2+, Mg2+, Na+, K+  Using acid wet digestion method (Rowell, 1994). 
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Cl- in plant By dry ash method (Richards, 1954) 

K+/Na+ ratio The K+/Na+ ratio was calculated from the values of K+ 

and Na+.  

Agronomic observations 

Emergence (%) Emergence percentage was calculated in the plots at 

80% emergence of seedlings. 

Plant height  Plant height (cm) was measured at the time of tasseling 

(at harvesting). Measuring tape was used for measuring 

the height in cm from the ground level to the top of flag 

leaf. 

Stem girth  Stem girth was measured with the help of measuring 

tape at three places of each plant i.e., bottom, middle 

and top of plants and averages were worked out. 

Days to tasseling Total days were counted from sowing of seeds to 

tasseling 

Number of green and dry 

leaves plant-1 

Visual counting of leaves on randomly selected maize 

plants was done and thus number was counted in each 

treatment. 

Green fodder yield In field, green fodder yield was recorded from harvest 

of 1 m2 area. However, in pots, whole pot was harvested 

and green fodder yield was recorded. 

Dry fodder yield Harvested green fodder was determined by keeping the 

harrvested materials for 6-7 days under sun and 

estimated on the basis of per m2 and per pot. 
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Data analysis 
 

 
All the data collected were statistically analyzed for analysis of 

variance (ANOVA). The mean values were compared with the least significance 

difference test (LSD 5%). For mean discrimination, Duncan’s Multiple Range Test 

(DMRT) was applied only for significant data. Regression analysis was performed 

with dependent variable (green fodder yield) on some soil and plant parameters 

following the procedures of Gomez and Gomez (1985) through MSTAT-C package.  
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CHAPTER-IV  

RESULTS 
 

 
Screening of maize cultivars for salt tolerance. 

 
Germination after 36 h 

 
   The statistical analysis of variance for germination after 36 h of 

incubation of various maize cultivars as affected by different water qualities showed 

significant differences in maize cultivars, water qualities and their interaction 

(Appendix-II). Increase in water salinity from EC 0.40 to 8.00 dS m-1 significantly 

reduced the germination after 36 h of the incubation of various maize cultivars (Table 

6). Maximum mean germination of (59.86 and 59.48%) was found under application 

of canal water (0.40 EC dS m-1) and water quality having EC 2.0 dS m-1, respectively. 

Minimum germination (27.39%) was noted in the seeds irrigated with water havng 

EC 8.0 dS m-1 .  

 
   Maize cultivars EV-1098 and Agaiti-2002 had higher germination of 

50.22 and 49.90%, respectively after 36 h as compared to the rest of cultivars. 

However, EV-4001 (41.87%) and Akbar (42.27%) were found more sensitive to 

saline irrigation and showed less values of 41.87% and 42.27%, respectively after 36 

h. 

 
   Interaction of water quality by cultivars (Q x C) indicated that cultivars 

EV-1098 and Agaiti-2002 at EC 0.4 (canal water) and 2.0 dS m-1 was better than 

others. Whereas, EV-4001 and Akbar remained most salt-sensitive. 
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Table 6.  Germination (%) afetr 36 h of incubation of maize cultivars as affected  
water  qualities. 

 

Water Qualities EC (dS m-1) 
Cultivars 

0.4 2.0 4.0 6.0 8.0 
Mean 

Hicorn 59.89a 59.80a 44.93c 37.05de 26.99i 45.73B 

Agaiti-2002 59.96a 59.90a 51.22b 44.81c 33.62ef 49.90A 

Margalla 59.77a 59.70a 45.30c 37.35de 27.10i 45.85B 

Akbar 59.88a 58.90a 39.59d 31.84fg 21.15j 42.27C 

Sahiwal-2002 58.89a 58.78a 45.92c 37.56de 27.28i 45.69B 

EV-5098 59.90a 59.67a 45.83c 37.74de 27.65hi 46.16B 

EV-3001 59.90a 59.70a 46.03c 36.93de 27.39i 45.99B 

EV-1098 60.57a 60.23a 51.35b 44.90c 34.04ef 50.22A 

EV-6098 60.00a 59.90a 45.74c 37.04de 27.95ghi 46.13B 

EV-4001 59.88a 58.22a 39.07d 31.45fgh 20.73j 41.87C 

Mean 59.86A 59.48A 45.49B  37.67C  27.39D - 

% decrease over control 0.63 24.00 37.06 54.24 - 
 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test.. 
  
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.4192      0.5928      1.326      
LSD (5%) 1.176      1.664      3.720     
LSD (1%) 1.557 2.202 4.924 
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Germination after 48 h 
 
 
   The analysis of variance for germination after 48 h of different maize 

cultivars under various water qualities showed significant differences for cultivars, 

water qualities and interaction (Appendix II, Table 7).  

 
   Germination (%) after 48 h was significantly increased as the salinity 

level of water decreased. Maximum germination (98.69 and 98.08%) was noted in the 

Petri dishes irrigated with canal water (EC 0.4 dS m-1) and irrigation water having EC 

2.0 dS m-1 respectively. The results also showed that beyond EC 2.0 dS m-1, the 

germination after 48 h decreased and was found minimum (51.25%) under EC 8.0 dS 

m-1 (48.07 % decrease over control ). Among the cultivars EV-1098 and Agaiti-2002 

found outstanding performance for germination (81.31 and 81.07%, respectively) as 

compared to other maize cultivars. But EV-4001 (70.76%) and Akbar (71.11%) were 

more susceptible to saline irrigation.  

 
 The interaction of water qualities by cultivars (Q x C) showed that application 

of canal water and water quality having EC 2.0 dS m-1 were most efficient treatments 

for better germination after 48 h. The decrease in germination was noted when EC of 

irrigation water increased from 2.0 dS m-1. Cultivar EV-1098 and Agaiti-2002 

responded better as compared to EV-4001 and Akbar. Rest of cultivars found 

medium. 
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Table 7.  Germination (%) at 48 h of incubation of maize cultivars as affected  
  by water qualities. 

 

Water Qualities EC (dS m-1) 
Cultivars 

0.4 2.0 4.0 6.0 8.0 
Mean 

Hicorn 98.96a 97.67a 73.11cd 59.90f 51.44g 76.22B 

Agaiti-2002 99.33a 98.60a 79.90b 67.90e 59.61f 81.07A 

Margalla 98.96a 98.89a 73.20cd 59.88f 51.67g 76.52B 

Akbar 98.99a 97.93a 66.90e 50.66g 41.08h 71.11C 

Sahiwal-2002 98.28a 98.67a 73.41c 59.77f 52.00g 76.43B 

EV-5098 97.92a 97.67a 73.52c 58.84f 50.99g 75.79B 

EV-3001 98.58a 97.66a 73.80c 59.00f 51.34g 76.08B 

EV-1098 98.99a 98.30a 80.81b 68.11de 60.33f 81.31A 

EV-6098 98.63a 97.78a 73.00cd 58.99f 52.00g 76.08B 

EV-4001 98.33a 97.67a 65.80e 50.00g 42.00h 70.76C 

Mean 98.69A 98.08A 73.35B 59.31C 51.25D - 

% decrease over control 0.62 25.68 39.90 48.07 - 

  
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
  
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.5346      0.7560      1.690      
LSD (5%) 1.500      2.122      4.744      
LSD (1%) 1.986 2.809 6.280 
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Plumule length 
 
   The statistical results for plumule length (mm) revealed that maize 

cultivars as affected by different water qualities and interaction found significantly 

different results for this trait (Appendix II).  

 
   The mean data presented in Table 8 for plumule length of various 

maize cultivars under different water qualities showed that use of saline water 

significantly affected plumule length of different maize cultivars. Maximum plumule 

length (45.40 and 45.38 mm) was noted under application of canal water and brackish 

water with EC 2.0 dS m-1, respectively. Minimum plumule length (12.32 mm) was 

observed with application of EC 8.0 dS m-1 (72.86 % decrease over control).  

 
   Among the cultivars, EV-1098 and Agaiti-2002 recorded taller 

plumule length of 33.35 and 33.31 mm, respectively. However, EV-4001 and Akbar 

produced small plumuls (27.90 and 28.79 mm, respectively). 

 
   The interaction of water qualities x cultivars proved that canal water 

and brackish water having EC 2.0 dS m-1 were efficient treatments for all studied 

cultivars. Further increase in EC of water significantly reduced the plumule length of 

different maize cultivars. 

 

Radical length 
 
 

   The mean data regarding radical length of various maize cultivars as 

affected by different water qualities are presented in Table 9 and their statistical 

analysis of variance as appendix II. The analysis of variance for radical length showed 

significant differences for cultivars, water qualities and their interactive effect.  

 



 

 62

   Increasing salinity level significantly reduced the radical length of all 

maize cultivars. Maximum radical length (91.57 and 91.41 mm) was recorded with 

the application of canal water and saline water with EC 2.0 dS m-1, respectively and 

beyond this level the radical length decreased sharply, and minimum radical length 

(35.12 mm) (61.65 % decrease over control ) was noted under EC 8.0 dS m-1. 

 
   The application of saline water significantly exerted negative effect on 

all maize cultivars, however, all the cultivars performed better with the application of 

canal water (EC 0.4 dS m-1) and EC 2.0 dS m-1. Among the maize cultivars, EV-1098 

and Agaiti-2002 were at par with each other and found maximum radical length of 

70.78 and 70.59 mm, respectively. However, EV-4001 and Akbar were found more 

sensitive and recorded less radical length (64.30 and 64.75 mm, respectively). 

 
   The interaction of maize cultivars x water qualities showed that 

application of canal water and water quality having EC 2.0 dS m-1 were most effective 

treatments for recording maximum radical length in all the maize cultivars studied. 
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Table 8.   Plumule length (mm) of maize cultivars as affected by water qualities. 
 

Water Qualities  EC (dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 45.40a 45.38a 31.51c 19.20e 12.48f 30.79B 

Agaiti-2002 45.40a 45.39a 35.85b 24.00d 15.89ef 33.31A 

Margalla 45.41a 45.38a 31.52c 19.22e 12.49f 30.81B 

Akbar 45.40a 45.36a 26.22d 14.53f 12.48f 28.79CD 

Sahiwal- 2002 45.42a 45.37a 31.52c 19.20e 8.30g 29.96BC 

EV-5098 45.39a 45.37a 31.50c 19.21e 12.50f 30.79B 

EV-3001 45.40a 45.38a 31.51c 19.19e 12.49f 30.79B 

EV-1098 45.41a 45.40a 35.87b 24.10d 15.99ef 33.35A 

EV-6098 45.40a 45.37a 31.49c 19.22e 12.51f 30.79B 

EV-4001 45.40a 45.35a 26.20d 14.50f 8.05g 27.90D 

Mean 45.40A 45.38A 31.32B 19.24C 12.32D - 

% decrease over control  0.04 31.01 57.62 72.86 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.3580      0.5063      1.132      
LSD (5%) 1.005      1.421      3.177      
LSD (1%) 1.330 1.881 4.206 
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Table 9.   Radical length (mm) of maize cultivars as affected by water qualities. 
 

Water Qualities EC (dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 91.43a 91.41a 70.98c 50.67f 35.12i 67.92B 

Agaiti-2002 91.44a 91.42a 75.55b 54.20e 40.33h 70.59A 

Margalla 92.76a 91.41a 70.97c 50.64f 35.10i 68.18B 

Akbar 91.43a 91.40a 64.62d 46.12g 30.18j 64.75C 

Sahiwal- 2002 91.44a 91.42a 70.98c 50.67f 35.22i 67.95B 

EV-5098 91.43a 91.41a 70.96c 50.66f 35.21i 67.93B 

EV-3001 91.42a 91.41a 70.97c 50.67f 35.20i 67.93B 

EV-1098 91.44a 91.42a 75.61b 55.00e 40.41h 70.78A 

EV-6098 91.43a 91.41a 70.96c 50.66f 35.20i 67.93B 

EV-4001 91.44a 91.40a 63.84d 45.57g 29.24j 64.30C 

Mean 91.57A 91.41A 70.54B 50.49C 35.12D - 

% decrease over control  0.18 22.97 44.86 61.65 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.3851      0.5446      1.218      
LSD (5%) 1.081      1.528      3.418      
LSD (1%) 1.431 2.023 4.524 
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Plumule fresh weight 
 

 
   The mean data for plumule fresh weight (g 10 plants-1) of different 

maize cultivars under various water qualities are shown in Table 10 and its analysis of 

variance is given as Appendix II. The analysis of variances showed that maize 

cultivars, water qualities and interaction of cultivars x water qualities were 

significantly different (P ≤ 0.05).  

 
   The results of plumule fresh weight showed that different water 

qualities exhibited significant differences. The increase in salinity of water showed 

adverse effect on the plumule fresh weight. Maximum plumule fresh weight (1.90 and 

1.90 g 10 plants-1) was noted with application of canal water (EC 0.4 dS m-1) and 

water quality having EC 2.0 dS m-1). Minimum plumule fresh weight (0.38 g 10 

plants-1) was observed in the plants treated with EC 8.0 dS m-1 (80% decrease over 

control).  

 
   Among the maize cultivars, EV-1098 and Agaiti-2002 produced higher 

plumule fresh weight of 1.37 and 1.36 g 10 plants-1, respectively. However, the lower 

plumule fresh weight (1.16 and 1.17 g 10 plants-1) was observed in EV-4001 and 

Akbar respectively. The interaction of cultivars by water qualities (C x Q) showed 

that all the maize cultivars recorded higher plumule fresh weight with the application 

of canal water and brackish water having EC 2.0 dS m-1. Further increase in salinity 

of irrigation water significantly reduced the values of plumule fresh weight. 

 
Radical fresh weight 
 
   The analysis of variance (Appendix 11) for radical fresh weight 

showed significant differences for maize cultivars, water qualities and interaction of 

cultivars x water qualities (Table 11).  
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   The results of the experiment revealed that increasing salinity level of 

water significantly reduced the radical fresh weight of all maize cultivars. The highest 

radical fresh weight (0.59 and 0.58 g 10 plants-1) was recorded with the application of 

canal water and brackish water with EC 2.0 dS m-1 respectively, and beyond this level 

the radical fresh weight decreased linearly. The lowest radical fresh weight (0.17 g 10 

plants-1) was noted under treatment having EC 8.0 dS m-1 (70.89 % decrease over 

control ).  

 

   The application of different water qualities significantly produced 

negative effect on all maize cultivars, however, all the cultivars performed better with 

the application of canal water (EC 0.4 dS m-1) and brackish water with EC 2.0 dS m-1. 

Among the cultivars, EV-1098 and Agaiti-2002 recorded higher radical fresh weight 

(0.44 and 0.43 g 10 plants-1 respectively). The results of the experiment further 

revealed that EV-4001 and Akbar were less efficient cultivars and found minimum 

values of radical fresh weight (0.38 and 0.39 g 10 plants-1 respectively). The 

interaction of cultivars x water qualities showed that all the maize cultivars recorded 

higher values of radical fresh weight where canal water and brackish water with EC 

2.0 dS m-1 were applied. However, increasing EC beyond 2.0 dS m-1, the radical fresh 

weight showed decreasing trend and minimum radical weight was noted under 8.0 dS 

m-1. 
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Table 10.   Plumule fresh weight (g 10 plants-1) of maize cultivars as affected by 
water qualities. 

 
Water Qualities EC (dS m-1) 

Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 1.90a 1.90a 1.33b 0.86e 0.38h 1.28B 

Agaiti-2002 1.91a 1.90a 1.43b 1.02d 0.57g 1.36A 

Margalla 1.90a 1.90a 1.33b 0.86e 0.38h 1.28B 

Akbar 1.91a 1.90a 1.14c 0.68f 0.19i 1.17C 

Sahiwal- 2002 1.90a 1.90a 1.33b 0.86e 0.38h 1.28B 

EV-5098 1.90a 1.90a 1.33b 0.86e 0.38h 1.28B 

EV-3001 1.90a 1.90a 1.33b 0.86e 0.38h 1.29B 

EV-1098 1.91a 1.90a 1.43b 1.02d 0.57g 1.37A 

EV-6098 1.90a 1.90a 1.33b 0.86e 0.38h 1.28B 

EV-4001 1.90a 1.90a 1.14c 0.68f 0.19i 1.16C 

Mean 1.90A 1.90A 1.31B 0.86C 0.38D - 

% decrease over control  0.00 31.05 54.74 80.00 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.01155     0.01633     0.03651    
LSD (5%) 0.03241    0.04583    0.1025     
LSD (1%) 0.04290 0.6067 0.1357 
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Table 11.  Radical fresh weight (g 10 plants-1) of maize cultivars as affected by 
  water qualities. 
 

Water Qualities EC (dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 0.591a 0.588a 0.411cd 0.295f 0.170ij 0.411B 

Agaiti-2002 0.592a 0.589a 0.470b 0.330e 0.204h 0.437A 

Margalla 0.590a 0.587a 0.410cd 0.296f 0.172ij 0.411B 

Akbar 0.590a 0.586a 0.382cd 0.249g 0.142ij 0.390C 

Sahiwal- 2002 0.589a 0.588a 0.413c 0.297f 0.170ij 0.411B 

EV-5098 0.591a 0.587a 0.412cd 0.297f 0.171ij 0.412B 

EV-3001 0.590a 0.587a 0.412cd 0.296f 0.172ij 0.411B 

EV-1098 0.592a 0.590a 0.472b 0.332e 0.206h 0.438A 

EV-6098 0.590a 0.588a 0.414c 0.297f 0.173i 0.412B 

EV-4001 0.591a 0.585a 0.380d 0.247g 0.140j 0.389C 

Mean 0.591A 0.588A 0.418B 0.294C 0.172D - 

% decrease over control  0.51 29.27 50.25 70.89 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 

 Water Quality (Q) Cultivars (C) Q x C 
 

SE 0.003194    0.004517    0.01010    
LSD (5%) 0.008963   0.01268    0.02834    
LSD (1%) 0.01186 0.01678 0.03752 
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Plumule dry weight 
 

 
   The mean data for plumule dry weight of different maize cultivars 

under various water qualities are shown in Table 12 and its analysis of variance is 

given as Appendix II. The analysis of variances showed that maize cultivars, water 

qualities and interaction of cultivars x water qualities were significantly different ( P≤ 

0.05).  

 
   The results of the experiment for plumule dry weight showed that 

various water qualities exhibited significant differences. The increase in salinity of 

water showed adverse effect on the plumule dry weight of maize cultivars. Maximum 

plumule dry weight (0.266 and 0.264 g 10 plants-1) was noted with application of 

canal water (EC 0.4 dS m-1) and water quality with EC 2.0 dS m-1). Minimum 

plumule dry weight (0.053 g 10 plants-1) (80.07 % decrease over control ) was 

observed in the plants treated with EC 8.0 dS m-1.  

 
   Among the maize cultivars, EV-1098 and Agaiti-2002 produced higher 

plumule dry weight of 0.192 and 0.191 g 10 plants-1, respectively. However, the lower 

plumule dry weight (0.161 and 0.162 g 10 plants-1) was observed in EV-4001 and 

Akbar respectively.  

 
   The interaction of cultivars x water qualities showed that all the maize 

cultivars recorded higher plumule dry weight with the application of canal water and 

brackish water having EC 2.0 dS m-1. Further increase in salinity of irrigation water 

significantly reduced the values of plumule dry weight. 
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Radical dry weight 
 
 
   The mean data on dry radical weight of various maize cultivars as 

affected by different water qualities are presented in Table 13 and their statistical 

analysis of variance as appendix II. The analysis of variance for radical dry weight 

showed significant differences for maize cultivars, water qualities and interaction of 

cultivars x water qualities.  

 
   The increasing salinity level of water significantly reduced the radical 

dry weight of all maize cultivars. Maximum radical dry weight (0.088 and 0.087 g 10  

plants-1) was observed with the application of canal water and brackish water with EC 

2.0 dS m-1 respectively. Minimum radical dry weight (0.026 g 10 plants-1) was noted 

under treatment having EC 8.0 dS m-1 (70.45 % decrease over control ). 

 
   Among the maize cultivars, EV-1098 and Agaiti-2002 recorded higher 

radical dry weight (0.067 and 0.066 g 10 plants-1, respectively). Cultivars        EV-

4001 and Akbar recorded minimum values of dry radical weight (0.057 and 0.058 g 

10 plants-1, respectively). The interaction of cultivars x water qualities showed that all 

the maize cultivars documented higher values of radical dry weight where canal water 

and brackish water with EC 2.0 dS m-1 were applied. However, increasing EC beyond 

2.0 dS m-1, the radical dry weight showed decreasing trend and minimum radical dry 

weight was noted under 8.0 dS m-1. 
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 Table 12. Plumule dry weight (g 10 plants -1) of maize cultivars as affected by 
  water qualities. 
 

Water Qualities EC (dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 0.266a 0.263a 0.186b 0.121d 0.053f 0.178B 

Agaiti-2002 0.267a 0.266a 0.198b 0.143c 0.080e 0.191A 

Margalla 0.266a 0.264a 0.185b 0.121d 0.052f 0.178B 

Akbar 0.266a 0.261a 0.161c 0.095e 0.027g 0.162C 

Sahiwal- 2002 0.267a 0.265a 0.185b 0.121d 0.053f 0.178B 

EV-5098 0.265a 0.264a 0.184b 0.122d 0.052f 0.177B 

EV-3001 0.266a 0.264a 0.184b 0.122d 0.052f 0.178B 

EV-1098 0.267a 0.266a 0.200b 0.145c 0.081e 0.192A 

EV-6098 0.266a 0.264a 0.185b 0.121d 0.053f 0.178B 

EV-4001 0.266a 0.260a 0.160c 0.093e 0.026g 0.161C 

Mean 0.266A 0.264A 0.183B 0.120C   0.053D - 

% decrease over control  0.75 31.20 54.90 80.07 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.001932    0.002733    0.006110   
LSD (5%) 0.005423   0.007669   0.01715    
LSD (1%) 0.007178 0.01015 0.02270 
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Table 13.  Radical dry weight (g 10 plants-1) of maize cultivars as affected by 
  water qualities. 
 

Water qualities EC (dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 0.088a 0.087a 0.061c 0.043fg 0.025jk 0.061B 

Agaiti-2002 0.089a 0.088a 0.070b 0.050e 0.031ij 0.066A 

Margalla 0.088a 0.087a 0.060c 0.044f 0.025jk 0.061B 

Akbar 0.088a 0.086a 0.056cd 0.037gh 0.020k 0.057C 

Sahiwal- 2002 0.087a 0.086a 0.061c 0.043fg 0.026jk 0.061B 

EV-5098 0.087a 0.086a 0.061c 0.043fg 0.026jk 0.061B 

EV-3001 0.088a 0.087a 0.060c 0.042fg 0.026jk 0.061B 

EV-1098 0.090a 0.089a 0.071b 0.051de 0.032hi 0.067A 

EV-6098 0.088a 0.087a 0.061c 0.043fg 0.026jk 0.061B 

EV-4001 0.089a 0.085a 0.055cde 0.036hi 0.021k 0.057C 

Mean 0.088A 0.087A 0.062B 0.043C 0.026D - 

% decrease over control 1.13 29.54 51.13 70.45 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.0005774  0.0008165   0.001826   
LSD (5%) 0.001620  0.002291   0.005124   
LSD (1%) 0.002145 0.003033 0.006783 
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Salt tolerance of maize cultivars under different water qualities 

 
Agronomic traits as affected by different water qualities 
 
Emergence (%) 
 
 
   The analysis of variance for emergence showed non-significant 

differences between the water qualities, maize cultivars and their interaction 

(Appendix III). Emergence ranged between 84.25 to 84.67% under different water 

qualities and 83.73 to 85.10% in different maize cultivars. The uniform germination 

was due to the fact that soaking dose was applied with canal water in all the pots for 

homogenous emergence of the seeds. 

 
Plant height 
 
 
   The statistical analysis of variance for plant height showed significant 

differences among the water qualities, cultivars and interaction of cultivars x water 

qualities (Appendix III). The results of the experiment showed that application of 

canal water (EC 0.4 dS m-1) and saline water with EC 2.0 dS m-1 produced taller 

plants of 80.4 and 79.2 cm heights, respectively. Increase in salinity of water beyond 

EC 2.0 dS m-1 reduced the height of plants and dwarf plants (31.4 cm) were observed 

under EC 8.0 dS m-1 (61% decrease over control). Regarding cultivars performance, 

EV-1098 and Agaiti-2002 exhibited taller plants (62.4 and 62.2 cm respectively), both 

of these cultivars were at par with each other. The results of the experiment further 

revealed that, among the 10 maize cultivars EV-4001 and Akbar were more sensitive 

to saline water beyond EC 2.0 dS m-1 and recorded dwarf plants (52.4 and 52.5 cm 

respectively). The interaction of cultivars x water qualities showed that all the 
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cultivars irrigated with canal water (EC 0.40 dS m-1) or water quality having EC 2.0 

dS m-1 recorded tall plants as compared to rest of the treatments  (Table 14).  

 
Stem girth 
 
 
   The statistical results for stem girth showed significant effect of 

different water qualities, maize cultivars and interaction of water qualities x cultivars 

(Appendix III). The results of the study revealed that increase in salinity of water, 

gradually decreased stem girth. Maximum stem girth (3.9 and 3.9 cm) was noted 

under canal water (EC 0.4 dS m-1) and saline water having EC 2.0 dS m-1, whereas, 

minimum stem girth (1.5 cm) (61.54% decrease over control) was noted with the 

application of EC 8.0 dS m-1. The mean data for the cultivars performance showed 

that EV-1098 and Agaiti-2002 produced thicker stems (2.9 cm each). These cultivars 

showed non-significant differences with each other. The interaction of water qualities 

x cultivars showed that all the maize cultivars recorded higher values of stem girth in 

the pots where canal water or the pots receiving EC 2.0 dS m-1. The increase in the 

EC beyond EC 2.0 dS m-1 significantly reduced the stem girth of all the maize 

cultivars (Table 15).  
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Table 14.   Plant height (cm) of maize cultivars as affected by different water 
qualities. 

 
Water Qualities EC (dS m-1) 

Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 80.2a 80.2a 56.0c 41.7e 31.2f 57.9B 

Agaiti-2002 80.9a 79.8a 64.5b 47.5d 38.4e 62.2A 

Margalla 80.5a 79.4a 56.2c 41.0e 32.2f 57.8B 

Akbar 80.1a 77.3a 47.1d 34.0f 24.1g 52.5C 

Sahiwal- 2002 80.5a 79.1a 56.3c 41.6e 31.2f 57.8B 

EV-5098 80.4a 79.4a 56.4c 41.6e 31.3f 57.8B 

EV-3001 80.5a 80.5a 56.2c 41.7e 31.3f 58.0B 

EV-1098 80.9a 79.9a 65.1b 47.7d 38.5e 62.4A 

EV-6098 80.4a 79.6a 56.3c 41.6e 31.1f 57.8B 

EV-4001 80.1a 77.6a 46.8c 32.9f 25.2g 52.4C 

Mean 80.4A 79.2A 56.1B 41.1C 31.4D - 

% decrease over control  1.50 30.22 48.88 61.00 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test..  
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.3733      0.5280      1.181 
LSD (5%) 1.041      1.472      3.293      
LSD (1%) 1.373 1.942 4.343 
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Table 15. Stem girth (cm) of maize cultivars as affected by different water 
qualities. 

 
Water Qualities EC (dS m-1) 

Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 3.9a 3.9a 2.3cd 2.0fg 1.4kl 2.7B 

Agaiti-2002 4.0a 3.9a 2.7b 2.1ef 1.7hi 2.9A 

Margalla 3.9a 4.0a 2.4c 1.9gh 1.5jk 2.7B 

Akbar 3.9a 3.9a 2.1de 1.6ij 1.3kl 2.6C 

Sahiwal- 2002 4.0a 3.9a 2.3c 1.8ghi 1.4kl 2.7B 

EV-5098 3.9a 3.9a 2.4c 1.8ghi 1.4jkl 2.7B 

EV-3001 3.9a 3.9a 2.4c 1.8ghi 1.5jkl 2.7B 

EV-1098 4.0a 4.0a 2.6b 2.1def 1.7hi 2.9B 

EV-6098 3.9a 3.9a 2.7b 1.8gh 1.4kl 2.8A 

EV-4001 3.9a 3.9a 2.1def 1.6ij 1.3l 2.6C 

Mean 3.9A 3.9A 2.4B 1.8C 1.5D - 

% decrease over control  00 38.50 53.84 61.54 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.01958     0.02769    0.06191    
LSD (5%) 0.05460    0.07722    0.1727     
LSD (1%) 0.07202 0.1018 0.2277 
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Days to tasseling  
 

The statistical results for days to tasseling of different maize cultivars 

under various water qualities showed significant effect (Appendix III). The increase in 

salinity of water, gradually delayed tasseling. The delayed tasselling (61.3 and 61.2) 

(7.17 and 7.00% increase over control, respectively) were found with the application 

of EC 8.0 and 6.0 dS m-1, respectively. However, earlier tasseling (57. 2 and 57.3) 

were noted under canal water (EC 0.4 dS m-1) and saline water having EC 2.0 dS m-1. 

The mean data in the same table for the cultivars performance showed that EV-1098 

and Agaiti-2002 reached to tasseling earlier (57.3 and 57.3) and showed non-

significant differences with each other. Whereas, EV-4001 and Akbar delayed the 

tasseling (61.5 and 61.2) (Table 16). 

 
Number of green leaves plant-1 

 

 
   The statistical analysis showed significant differences among cultivars, 

water qualities and their interaction (Appendix III). Saline water exhibited adverse 

effect on the production of green leaves plant-1. More number of green leaves plant-1 

(8.17 and 8.06) were found with the application of canal water having EC 0.4 dS m-1 

and blended EC of 2.0 dS m-1, respectively. The green leaves decreased as the salinity 

level of water increased and were minimum (3.6) under EC 8.0 dS m-1 (56 % decrease 

over control). Among the cultivars EV-1098 and Agaiti-2002 produced more number 

of green leaves (6.7 and 6.6, respectively). However, EV-4001 and Akbar were 

sensitive to brackish water and exhibited less green leaves plant-1 (5.5 and 5.3, 

respectively). The interactive effect of cultivar x water qualities showed that all the 

maize cultivars responded well for green leaves plant-1 where canal water or water 

quality having EC 2.0 dS m-1 were applied (Table 17). 
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Table 16. Days to tasseling of maize cultivars as affected by different water  
qualities. 

 
Water Qualities EC (dS m-1) 

Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 57.2 57.3 59.3 61.0 61.3 59.2 B 

Agaiti-2002 55.3 55.3 57.3 59.0 59.3 57.3 C 

Margalla 57.0 57.3 59.2 61.27 61.2 59.2 B 

Akbar 59.2 59.3 61.2 63.0 63.3 61.2 A 

Sahiwal- 2002 57.3 57.3 59.2 61.0 61.2 59.2 B 

EV-5098 57.0 57.3 59.2 61.0 61.2 59.1 B 

EV-3001 57.0 57.2 59.3 61.2 61.2 59.2 B 

EV-1098 55.3 55.3 57.2 59.3 59.3 57.3 C 

EV-6098 57. 2 57.3 59.3 61.3 61.3 59.3 B 

EV-4001 59.3 59.5 61.5 63.5 63.5 61.5 A 

Mean 57.2 C 57.3 C 59.3 B 61.2 A 61. 3 A - 

% increase over control 0.18 3.67 7.00 7.17 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.3032 0.4288 0.9587 
LSD (5%) 0.8455 1.196 2.674 
LSD (1%) 1.115 1.577 3.526 
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Table 17. Number of green leaves plant-1 of maize cultivars as affected by 
different water qualities. 

 
Water Qualities EC (dS m-1) 

Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 8.2 abcd 8.2a-d 5.9h 4.6jk 3.6l 6.1B 

Agaiti-2002 8.5abc 8.5abc 6.7g 5.1i 4.1kl 6.6A 

Margalla 8.1bcd 8.1bcd 6.0h 4.6jk 3.7l 6.1B 

Akbar 7.5ef 7.3f 5.0ij 3.8l 3.0m 5.3C 

Sahiwal- 2002 8.1bcd 7.8de 5.9h 4.4k 3.6l 6.0B 

EV-5098 8.1bcd 8.0cde 5.9h 4.5jk 3.6l 6.0B 

EV-3001 8.2 abcd 8.2abcd 5.9h 4.6jk 3.7l 6.1B 

EV-1098 8.7a 8.7ab 6.7g 5.1i 4.1kl 6.7A 

EV-6098 8.1bcd 8.2abcd 5.9h 4.6jk 3.7l 6.1B 

EV-4001 8.0cde 7.8de 5.0ij 3.8l 3.0m 5.5C 

Mean 8.2A 8.1A 5.9B 4.5C 3.6D - 

% decrease over control  1.22 28.04 45.12 56.0 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.05553     0.07853     0.1756     
LSD (5%) 0.1549     0.2190     0.4897     
LSD (1%) 0.2042 0.2888 0.6459 
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Number of dry leaves plant-1 

 

 
  The statistical analysis of variance for number of dry leaves plant-1 of 

maize cultivars as affected by different water qualities and their combined interaction 

exhibited significant differences (Appendix III). The number of dry leaves plant-1 

were found more where plants received higher levels of saline water EC 4, 6 and 8.0 

dS m-1 (45.23, 78.57 and 100 % increase over control, respectively) whereas, less dry 

leaves plant-1 appeared in the plots irrigated with canal water or saline water with EC 

2.0 dS m-1 level. Maximum number of dry leaves plant-1 (8.4 and 7.5) were 

documented under saline water with EC 8.0 and 6.0 dS m-1 respectively, however, dry 

leaves decreased with the application of canal water or irrigation having  EC 2.0 dS 

m-1 respectively. Among the maize cultivars, EV-4001 and Akbar recorded more dry 

leaves plant-1 (6.6 and 6.6) as compared to EV-1098 and Agaiti-2002 which produced 

less dry leaves plant-1 (5.7 and 5.7, respectively). The interactive effect of maize 

cultivars x water qualities showed that all the cultivars were equally affected with the 

water qualities and recorded less values as the EC of water increased from 0.04 to 8.0 

dS m-1 (Table 18).  
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Table 18. Number of dry leaves plant-1 of maize cultivars as affected by 
different   water qualities. 

 
Water Qualities EC (dS m-1) 

Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 4.3g 4.4g 6.1e 7.5c 8.4b 6.1B 

Agaiti-2002 4.1g 4.1g 5.4f 6.9d 7.9b 5.7C 

Margalla 4.3g 4.3g 6.1e 7.5c 8.4b 6.1B 

Akbar 4.4g 4.4g 7.0d 8.2b 9.0a 6.6A 

Sahiwal- 2002 4.2g 4.2g 6.1e 7.5c 8.4b 6.1B 

EV-5098 4.2g 4.2g 6.1e 7.5c 8.4b 6.1B 

EV-3001 4.2g 4.2g 6.1e 7.5c 8.4b 6.1B 

EV-1098 4.0g 4.1g 5.4f 6.9d 7.9b 5.7C 

EV-6098 4.2g 4.2g 6.1e 7.5c 8.4b 6.1B 

EV-4001 4.4g 4.4g 7.0d 8.2b 9.1a 6.6A 

Mean 4.2D 4.3D 6.1C 7.5B 8.4A - 

% increase over control  2.38 45.23 78.57 100.00 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.04546     0.06429     0.1438     
LSD (5%) 0.1268     0.1793     0.4009     
LSD (1%) 0.1672 0.2365 0.5288 
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Green fodder yield  
 

  The green fodder yield of different maize cultivars as affected by 

varying levels of saline water is shown as appendix- III. The statistical results for 

green fodder yield showed significant differences among cultivars, water qualities and 

their interaction. The results of the study revealed that increasing water salinity 

decreased green fodder yield and was minimum (52.1 g 5 plants-1) with the 

application of saline water having EC 8.0 dS m-1 (65.88 % decrease over control). 

Maximum green fodder yield (152.7 and 152.2 g 5 plants-1) was observed with the 

application of canal water and EC 2.0 dSm-1,  respectively. Both these treatments were 

non-significant with each other.  

 
   Among maize cultivars EV-1098 and Agati-2002 were salt tolerant and 

produced equally highest green fodder (115.1 g 5 plants-1, respectively) as compared 

to EV-4001 and Akbar which exhibited less green fodder yield (103.9 and 103.2 g 5 

plants-1, respectively). The interaction of water qualities x cultivars pointed out that 

maximum green fodder was obtained when all cultivars received canal water or water 

quality with EC 2.0 dSm-1 (Table 19). 

 
Dry fodder yield 
 
 
   The statistical results for dry fodder yield (g 5 plants-1) indicated that 

there was significant differences among the cultivars, water qualities and their 

interaction (Appendix III). Maximum dry fodder yield (30.5 and 30.4 g 5 plants-1) was 

observed in the pots treated with canal water or saline water with EC 2.0 dS m-1, 

where as further increase in salinity of water beyond EC 2.0 dS m-1, the dry fodder 

production decreased to a minimum of 9.3 g 5 plants-1 (70% decrease over control) 
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with the application of saline water having EC 8.0 dSm-1. Among the  cultivars, EV-

1098 and Agaiti-2002 produced more dry fodder yield (23.1 and 23.0 g 5 plants-1 

respectively). However, EV-4001 and Akbar recorded less dry fodder yield (17.6 and 

17.5 g 5 plants-1). The interactive effect of cultivars x water qualities further revealed 

that all the cultivars significantly recorded higher values of dry fodder yield where 

canal water or blended water with EC 2.0 dSm-1 were applied to maize plants (Table 

20).  
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 Table 19.  Green fodder yield (g 5 plants-1) of maize cultivars as affected by  
 water qualities. 

 
Water Qualities EC (dS m-1) 

Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 152.8a 152.1a 115.7bc 74.8de 52.5e 109.6B 

Agaiti-2002 153.7a 153.9a 121.0b 82.3d 64.7e 115.1A 

Margalla 152.5a 152.0a 114.8bc 74.8de 52.6f 109.3B 

Akbar 152.4a 150.1a 109.5c 68.2e 35.9g 103.2C 

Sahiwal- 2002 153.0a 153.1a 114.6c 74.5de 52.8f 109.6B 

EV-5098 150.6a 152.2a 115.0bc 74.7de 52.7f 109.0B 

EV-3001 153.5a 153.2a 115.1bc 74.6de 52.5f 109.8B 

EV-1098 153.9a 154.3a 120.8b 82.5d 64.2e 115.1A 

EV-6098 153.3a 151.8a 115.2bc 74.7de 52.4f 109.5B 

EV-4001 151.9a 149.9a 109.2c 67.9e 40.8g 103.9C 

Mean  152.7A 152.2A 115.1B 74.9C 52.1D - 

% decrease over control  0.32 24.62 51.00 65.88 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 1.099       1.555       3.476      
LSD (5%) 3.066      4.335      9.694      
LSD (1%) 4.043 5.718 12.79 
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Table 20. Dry fodder yield (g 5 plants-1) of maize cultivars as affected by 
different water qualities. 

 
Water Qualities EC (dSm-1) 

Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 30.5a 30.4a 19.5c 12.5f 9.3g 20.5B 

Agaiti-2002 30.9a 30.8a 24.0b 16.4d 12.8f 23.0A 

Margalla 30.5a 30.4a 19.3c 12.3f 9.2g 20.3B 

Akbar 30.0a 30.0a 14.5e 7.6h 5.4i 17.5C 

Sahiwal- 2002 30.6a 30.3a 19.2c 12.4f 9.3g 20.4B 

EV-5098 30.4a 30.4a 19.3c 12.3f 9.4g 20.4B 

EV-3001 30.6a 30.6a 19.2c 12.5f 9.5g 20.5B 

EV-1098 30.9a 30.8a 24.2b 16.5d 12.9f 23.1A 

EV-6098 30.4a 30.3a 19.5c 12.6f 9.6g 20.5B 

EV-4001 31.0a 30.0a 14.4e 7.5h 5.3i 17.6C 

Mean 30.5A 30.4A 19.3B 12.3C 9.3D - 

% decrease over control 0.33 36.72 60.00 70.00 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.1603      0.2267      0.5070     
LSD (5%) 0.4471     0.6323     1.414      
LSD (1%) 0.5897 0.8339 1.865 
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 Chemical properties of soil as affected by water qualities 
 
 
   The statistical analysis for soil chemical properties as affected by 

different water qualities recorded significant differences (P≤ 0.05) (Appendix IV). 

The highest EC (4.5 dS m-1), soluble Na+ (33.5 meqL-1), Cl- (31.2 meq L-1), SO4
2- 

(10.8 meqL-1), Ca2+ (4.9 meq L-1), Mg2+ (4.0 meq L-1), SAR (15.8) and ESP (20.4) 

under the application of brackish water with EC 8.0 dS m-1. However, soluble K+ (2.7 

meq L-1) was  higher in the treatment where soil received canal water. The pH of the 

soil ranged from 7.3 to 7.9 being higher under canal water and lower in brackish 

water with EC 8.0 dS m-1. The HCO3
- ranged from 1.98 to 2.01 meq L-1 and did not 

show any trend of increase of decrease with application of different water qualities 

(Table 21). 
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Table 21.  Chemical properties of soil as affected by different water qualities. 
 

Water 
qualities 

EC  
(dS m-1) 

pH EC 
(dS m-1) 

Na+ 
(meq L-1) 

K+ 
(meq L-1) 

Ca2+ 
(meq L-1) 

Mg2+ 
(meq L-1) 

HCO-
3 

(meq L-1) 
Cl- 

(meq L-1) 
SO42- 

(meq L-1) SAR ESP 

0.4 7.9 A 1.1 E 6.2 E 2.7 A 2.0 E 1.6 E 2.01 A 5.8 E 5.7 E 4.6 E 6.4 E 

2.0 7.9 A 1.5 D 110.0 D 2.6 B 2.4 D 1.7 D 2.01 A 8.8 D 6.8 D 7.6 D 10.1 D 

4.0 7.7 B 2.7 C 18.7 C 2.4 C 3.7 C 2.6 C 1.98 B 17.5 C 7.7 C 10.5 C 13.8 C 

6.0 7.5 C 3.9 B 27.8 B 2.2 D 4.6 B 3.5 B 1.98 B 26.1 B 9.6 B 13.8 B 18.0 B 

8.0 7.3 D 4.5 A 33.5 A 2.0E 4.9 A 4.0 A 2.01 A 31.2 A 10.8 A 15.8 A 20.4 A 

S.E 0.05 0.01 0.12 0.01 0.01 0.02 0.01 0.11 0.04 0.04 0.06 

L.S.D5% 0.12 0.030 0.32 0.04 0.03 0.055 0.023 0.30 0.117 0.110 0.175 

L.S.D1% 0.16 0.040 0.43 0.05 0.05 0.072 0.030 0.39 0.155 0.138 0.230 
     



 

 88

Plant analysis of maize cultivars as affected by different water qualities 
 
Chemical composition of cultivars  
 
 

Sodium and chloride 
 

  
  The statistical analysis of variances for Na+ and Cl- accumulation in the 

maize straw of various cultivars as affected by different water qualities showed 

significantly different results (Appendx V). The Na+ and Cl- content in straw of 

different maize cultivars was higher with the use of brackish water especially in 

higher salinity levels of irrigation water. Maximum Na+ and Cl- (2.49 and 1.65%) 

concentration was noted in the plants treated with EC 8.0 dS m-1 (852.67 and 280.64 

% increase over control, respectively), followed by water quality with EC 6.0 dS m-1, 

respectively. The lower values of Na+ and Cl- were exhibited in the plants irrigated 

with canal water or EC 2.0 dS m-1, these treatments were non-significant with each 

other. Among the cultivars, EV-4001 and Akbar accumulated more Na+ (1.35 and 

1.34%) and Cl- (1.06 and 1.05%). However, EV-1098 and  Agaiti-2002 recorded less 

Na+ and Cl-  accumulation (Tables 22 and 23). 
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Table 22.  Sodium (%) concentration of maize straw as affected by different 
water qualities. 

 
Water Qualities EC (dSm-1) 

Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 0.269lmn 0.359ijk 0.927g 1.694d 2.531b 1.156B 

Agaiti-2002 0.209n 0.309jklm 0.728h 1.425e 2.003c 0.935C 

Margalla 0.259 lmn 0.378ij 0.917g 1.704d 2.521b 1.156B 

Akbar 0.329jkl 0.409i 1.096f 1.983c 2.910a 1.345A 

Sahiwal- 2002 0.249mn 0.369ijk 0.917g 1.704d 2.531b 1.154B 

EV-5098 0.259 lmn 0.359ijk 0.897g 1.714d 2.521b 1.150B 

EV-3001 0.269 lmn 0.369ijk 0.917g 1.694d 2.511b 1.152B 

EV-1098 0.199n 0.299klm 0.718h 1.415e 1.993c 0.925C 

EV-6098 0.249mn 0.359ijk 0.907g 1.714d 2.521b 1.150B 

EV-4001 0.324jkl 0.417i 1.106f 1.993c 2.920a 1.352A 

Mean 0.262E 0.363D 0.913C 1.704B 2.496A - 

% increase over control 0.38 248.47 550.38 852.67 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test.. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.007071    0.01000     0.02236    
LSD (5%) 0.01972    0.02789    0.06236    
LSD (1%) 0.02601 0.03678 0.08225 
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Table 23.  Chloride (%) concentration of maize straw as affected by different 
water qualities. 

 
Water Qualities EC (dS m-1) 

Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 0.439l 0.509j 0.809g 1.158e 1.677bc 0.918B 

Agaiti-2002 0.419l 0.449kl 0.669h 0.998f 1.328d 0.773C 

Margalla 0.429l 0.499j 0.809g 1.168e 1.687b 0.918B 

Akbar 0.439l 0.579i 0.988f 1.348d 1.926a 1.056A 

Sahiwal- 2002 0.439l 0.479jk 0.798g 1.158e 1.677bc 0.910B 

EV-5098 0.439l 0.509j 0.789g 1.158e 1.667bc 0.912B 

EV-3001 0.449kl 0.489j 0.789g 1.168e 1.657bc 0.910B 

EV-1098 0.429l 0.439l 0.659h 0.988f 1.338d 0.771C 

EV-6098 0.429l 0.499j 0.779g 1.158e 1.637c 0.900B 

EV-4001 0.429l 0.589i 0.998f 1.358d 1.928a 1.060A 

Mean  0.434E 0.504D 0.809C 1.166B 1.652A - 

% increase  over control 16.12 86.40 168.66 280.64 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.004082    0.005774    0.01291    
LSD (5%) 0.01139    0.01610    0.03600    
LSD (1%) 0.01502 0.02124 0.04749 
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Potassium, calcium and magnesium 
 

  
  The statistical analysis of ion concentration as affected by different 

water qualities showed significant differences (Appendix V). The K+, Ca2+ and Mg2+ 

content in maize straw increased with the application of canal water (EC 0.4 dS m-1) 

which recorded 2.41, 0.38 and 0.15% followed by water quality with EC 2.0 dS m-1 

which exhibited 1.99, 0.31 and 0.12% respectively. However, application of saline 

water with higher EC 8.0 dS m-1  recorded less values of K+, Ca2+ and Mg2+ (78.90, 

82.63 and 66.67 % decrease over control, respectively). Among the maize cultivars, 

EV-4001 accumulated less K+ 1.22%, Ca2+ 0.18% and Mg2+ 0.08% and Akbar K+ 

1.24%, Ca2+  0.19% and Mg2+  0.08%. The higher accumulation of K+ 1.68%, Ca2+ 

0.26% and Mg2+ 0.12% was noted in EV-1098 followed by Agaiti-2002 which 

exhibited K+  1.67%, Ca2+ 0.26% and Mg2+ 0.11% (Tables  24, 25 and 26).  
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Table 24.  Potassium (%) concentration of maize straw as affected by different 
  water qualities. 
 

Water Qualities EC (dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 2.423a 2.002c 1.521f 1.021h 0.520k 1.497B 

Agaiti-2002 2.433a 2.292b 1.812d 1.201g 0.630j 1.674A 

Margalla 2.411a 2.002c 1.531f 1.011h 0.520k 1.495B 

Akbar 2.423a 1.692e 1.021h 0.751i 0.342l 1.246C 

Sahiwal- 2002 2.412a 2.002c 1.521f 1.021h 0.541k 1.499B 

EV-5098 2.412a 1.982c 1.512f 1.011h 0.531k 1.489B 

EV-3001 2.423a 1.992c 1.548f 0.991h 0.520k 1.495B 

EV-1098 2.423a 2.303b 1.822d 1.211g 0.651j 1.682A 

EV-6098 2.412a 2.002c 1.521f 1.001h 0.520k 1.491B 

EV-4001 2.412a 1.681e 1.001h 0.731i 0.320l 1.229C 

Mean  2.418A 1.995B 1.481C 0.995D 0.510E - 

% decrease over control  17.49 38.75 58.85 78.90 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.007071    0.01000     0.02236    
LSD (5%) 0.01972    0.02789    0.06236    
LSD (1%) 0.02601 0.03678 0.08225 
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Table 25.  Calcium (%) concentration  of maize straw as affected by different 
  water qualities. 
 

Water Qualities EC (dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 0.390ab 0.301c 0.220g 0.130i 0.070kl 0.222 B 

Agaiti-2002 0.381ab 0.390ab 0.271de 0.170h 0.090jk 0.260 A 

Margalla 0.381ab 0.310c 0.210g 0.130i 0.070kl 0.220 B 

Akbar 0.390ab 0.250ef 0.170h 0.110ij 0.040lm 0.192 C 

Sahiwal- 2002 0.371ab 0.310c 0.220g 0.130i 0.060kl 0.218 B 

EV-5098 0.381ab 0.301c 0.220g 0.130i 0.070kl 0.220 B 

EV-3001 0.371ab 0.310c 0.210g 0.130i 0.060kl 0.216 B 

EV-1098 0.390ab 0.400a 0.280cd 0.160h 0.100ij 0.266 A 

EV-6098 0.361b 0.291cd 0.220g 0.130i 0.070kl 0.214 B 

EV-4001 0.381ab 0.240fg 0.160h 0.100ij 0.030m 0.182 C 

Mean  0.380A 0.310B 0.218C 0.132D 0.066E  

% decrease over control 18.42 42.63 65.26 82.63 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.003044    0.004305    0.009626   
LSD (5%) 0.008490   0.01201    0.02685    
LSD (1%) 0.01120 0.01583 0.03541 
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Table 26.  Magnesium (%) concentration of maize straw as affected by different 
  water qualities. 
 

Water Qualities EC (dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 0.150b 0.132d 0.110g 0.070k 0.052m 0.103D 

Agaiti-2002 0.150b 0.142c 0.130e 0.100i 0.068l 0.118A 

Margalla 0.150b 0.132d 0.110g 0.080j 0.052m 0.105C 

Akbar 0.160a 0.104h 0.080j 0.05mn 0.031o 0.085G 

Sahiwal- 2002 0.150b 0.132d 0.110g 0.080j 0.051mn 0.105C 

EV-5098 0.150b 0.131de 0.100i 0.070k 0.052n 0.101F 

EV-3001 0.160a 0.132d 0.110g 0.080j 0.051mn 0.107B 

EV-1098 0.150b 0.143c 0.125f 0.100i 0.070k 0.118A 

EV-6098 0.160a 0.130e 0.100i 0.070k 0.050n 0.102E 

EV-4001 0.150b 0.100i 0.070k 0.050n 0.030o 0.080H 

Mean  0.153A 0.128B 0.105C 0.075D 0.051E - 

% decrease over control  16.34 31.37 50.98 66.67 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Water Quality (Q) Cultivars (C) Q x C 

 

SE 0.0001826   0.0002582   0.001610   
LSD (5%) 0.0005092 0.0007201 0.0005774  
LSD (1%) 0.001839 0.002601 0.005816 
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Potassium/sodium ratio  
 
 
   It was observed that different water qualities affected K+/Na+ ratio in 

maize straw and was higher (9.74) in the treatments where water content had lower 

EC i.e canal water (EC 0.4dS m-1) and decreased (0.25) under higher saline water (EC 

8.0 dS m-1) (98% decrease over control). The results of the study indicated that 

K+/Na+ ratio was higher (4.37 and 4.33 ) in EV-1098 and Agaiti-2002. However, rest 

of cultivars recorded lower K+/Na+ ratio (Table 27). 

 
Interactive effect of water qualities x cultivars  
 
 
   The results for interactive effect of water qualities x cultivars indicated 

that highly brackish water (EC 8.0 dS m-1) applied to maize cultivars resulted in more 

content of Cl- and Na+. However, K+, Ca2+ and Mg2+ contents were maximum in all 

maize cultivars irrigated with canal water (EC 0.40 dSm-1) and EC 2.0 dSm-1. Among 

the maize cultivars, EV-4001 and Akbar recorded higher content of Na+ and Cl- and 

lower values of K+, Ca2+ and Mg2+. However, EV-1098 and Agaiti-2002 accumulated 

more K+, Ca2+ and Mg2+ in plant and lower values of Na+ and Cl-. 

 
Seasonal effect 
 

 
The seasonal effect was non significant for all the agronomic, soil and 

plant chemical composition of maize cultivars as affected by different water qualities. 

(Appendix VI-XIX).  
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Table 27.  Potassium/sodium ratio in maize straw as affected by different water   
      qualities. 
 

Water Qualities EC (dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 Mean 

Hicorn 9.025 5.590 1.643 0.603 0.207 3.414 

Agaiti-2002 11.667 7.100 2.492 0.843 0.317 4.484 

Margalla 9.330 5.310 1.673 0.595 0.207 3.423 

Akbar 7.423 4.145 0.933 0.380 0.117 2.600 

Sahiwal- 2002 9.708 5.437 1.663 0.600 0.213 3.524 

EV-5098 9.332 5.530 1.689 0.590 0.210 3.470 

EV-3001 9.025 5.408 1.692 0.588 0.207 3.384 

EV-1098 12.200 7.717 2.376 0.858 0.330 4.696 

EV-6098 9.828 5.590 1.680 0.585 0.207 3.578 

EV-4001 7.458 4.038 0.908 0.368 0.110 2.577 

Mean 9.500 5.587 1.675 0.601 0.212 - 

% decrease over control  41.19 82.36 93.67 98.00 - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Treatments (T) Cultivars (C) C x T 

 

SE 0.02769 0.03916 0.08756 
LSD (5%) 0.07722 0.01092 0.2442 
LSD (1%) 0.1018 0.1440 0.3221 
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Maize green fodder relation with maize traits 
 
Extent of relationship (r) 

 

 The extent of relationship showed that maize green fodder yield was 

positively associated with plant height (r=0.94), green leaves plant-1 (r=0.98) and K+ 

content in plant (r=0.96) However, dry leaves (r=-0.98), Na+ and Cl- concentration in 

plant (r=-0.98 and r=-0.97, respectively) showed negative relationship (Fig. 1 to 6). 

Coefficient of determination (R2) 

 

  The coefficient of determination shows that total variation in maize 

green fodder yield was due to its association with plant height (0.89%), green leaves 

plant-1 (0.97%), dry leaves (0.98%), Na+ (0.97%) K+ (0.93%) and Cl- concentration in 

plant (0.95%) respectively.  

Regression coefficient (b) 

 

 The regression coefficient indicates a unit increase in various traits 

resulted in corresponding increase of maize green fodder yield was due to its 

association with plant height (1.77 g 5 plants-1), green leaves plant-1 (21.27 g 5         

plants-1), however a unit increase in various traits like dry leaves, accumulation of Na+ 

and Cl- resulted in corresponding decrease in green fodder yield by 23.50, 46.65 and 

85.58 g 5 plants-1, respectively. 

  

Student T value 

 
  The calculated Student T value observed for plant height (64.648), 

green leaves plant-1 (74.805), dry leaves (48.983), Na+ (59.171), K+ (50.737) and Cl- 

concentration in plant (69.464) all being grater than their book value at 5% level of 

probability, which shows that correlation is statistically highly significant. 
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Figure 1.   Correlation of green fodder yield (g 5 plants-1) with plant height (cm) 

of maize cultivars as affected by different water qualities. 

 
Figure 2.   Correlation of green fodder yield (g 5 plants-1) with green leaves plant-

1 of maize cultivars as affected by different water qualities. 

y = 1.7784x - 1.3414 
R 2  = 0.89 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

0 10 20 30 40 50 60 70 80 90
Plant height (cm)

-1
)

y = 21.272x - 19.235 
R2  = 0.97 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

0 1 2 3 4 5 6 7 8 9 10

Green leaves plant -1

Fo
dd

er
 y

ie
ld

 (g
 5

pl
an

t -1
)

Fo
dd

er
 y

ie
ld

 (g
 5

pl
an

t 



 

 99

 
Figure 3.  Correlation of green fodder yield (g 5 plants-1) with dry leaves plant-1 

of maize cultivars as affected by different water qualities. 

 
Figure 4.  Correlation of green fodder yield (g 5 plants-1) with Na+(%) 

concentration in maize plant as affected by different water qualities. 
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Figure 5.  Correlation of green fodder yield (g 5 plants-1) with Cl- (%) 

concentration in maize plant as affected by different water qualities. 

 
Figure 6.  Correlation of green fodder yield (g 5 plants-1) with K+ (%) 

concentration in maize plant as affected by different water qualities. 
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Effect of different water qualities on soil and plant characters 

 
Agronomic traits as affected by different water qualities 
 
 
Emergence (%) 
 
 

The analysis of variance for emergence percentage of maize cultivars 

illustrated non-significant differences (Appendix XX). The emergence percentage 

ranged between 86.1 to 86.3% under different water qualities and 85.8 to 86.5% in 

different maize cultivars. The uniform emergence was due to the fact that soaking 

dose was applied with canal water in all the pots for homogenous emergence of the 

seeds. 

 
Plant height  
    
  The statistical analysis for plant height revealed significant differences 

between the water qualities, maize cultivars and their interaction (Appendix XX). 

Plants irrigated with higher salt content (EC 8.0 dS m-1) were significantly shorter 

(78.50 %, decrease over control) than the plants irrigated with canal water (EC 0.40 

dS m-1) followed by water quality having EC 2.0 dS m-1. Maximum plant height 

(174.4 cm) was noted under application of canal water. Among the cultivars, EV-

1098 and Agaiti-2002 produced taller plants of 122.6 and 120.9 cm height, 

respectively. These cultivars were at par with each other. However, EV-4001 and 

Akbar exhibited lower values (109.5 and 111.3 cm) of plant height. The interaction of 

cultivars and water qualities showed that all the cultivars irrigated with canal water 

(EC 0.40 dS m-1) or water quality having EC 2.0 dS m-1 produced taller plants than 

the rest of the treatments (Table 28).  
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Stem girth 
 

    

The statistical analysis of variance showed that application of varying 

levels of water qualities to different maize cultivars recorded significant differences 

for stem girth (Appendix XX). The increase in salinity of water decreased stem girth. 

Maximum stem girth (6.0 cm) was noted under canal water (EC 0.4 dS m-1) and 

minimum (2.2 cm) at EC 8.0 dS m-1 (63.33 % decrease over control). Regarding the 

cultivars performance for stem girth, EV-1098 and Agaiti-2002 produced equally 

thicker stems (4.5 cm) and recorded non-significant differences with each other. 

Whereas, EV-4001 and Akbar produced relatively lower values of stem girth (4.0 cm 

each). The interactive effect of water qualities x cultivars showed that all the maize 

cultivars recorded higher values of stem girth in the plots where canal water or the 

plots receiving EC 2.0 dS m-1. Further increase in the EC significantly reduced the 

values of stem girth of all the maize cultivars (Table 29) 

. 
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Table 28.  Plant height (cm) of maize cultivars as affected by water qualities. 

Maize cultivars Water 
Qualities 

 (EC dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 
Mean 

% 
decrease 

over 
control 

0.4 174.5a 175.5a 173.5a 174.0a 174.4A - 

2.0 173.5a 174.7a 170.3a 170.6a 172.3A 1.20 

4.0 133.2b 134.7b 115.9c 120.6c 126.1B 27.70 

6.0 77.2d 80.7d 60.4e 62.2e 70.1C 59.80 

8.0 46.0f 47.5f 27.2g 29.3g 37.5D 78.50 

Mean 120.9A 122.6A 109.5B 111.3B - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test.. 
 
 SE LSD 5% LSD 1% 

Water Qualities (Q) 0.8979 2.528 3.353 
Cultivars (C) 0.8031 2.261 2.999 
Q X C 1.796 5.056 6.706 
 
Table 29.   Stem girth (cm) of maize cultivars as affected by water qualities. 
 

Maize cultivars Water 
Qualities 

(EC dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 
Mean 

% 
decrease 

over 
control 

0.4 6.0a 6.0a 6.0a 6.0a 6.0A - 

2.0 5.9a 5.9a 5.8a 5.8a 5.9A 1.70  

4.0 4.6b 4.6b 4.0c 4.0c 4.3B 28.33 

6.0 3.5d 3.5d 2.4ef 2.4ef 2.9C 51.70 

8.0 2.4e 2.4e 2.0f 2.0f 2.2D 63.33 

Mean 4.5A 4.5A 4.0B 4.0B - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 SE LSD5% LSD1%
Cultivars (C) 0.04899 0.1379 0.1829 
Water Qualities (Q) 0.05477 0.1542 0.2045 
CXQ 0.1095 0.3084 0.4090 
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Days to tasseling  
 

Days to tasseling of different maize cultivars was significantly affected 

under various water qualities. It is apperant from the data (Table 30) that high saline 

water levels of EC 6.0 and 8.0 dS m-1 delayed tasselling (63.7 and 63.9) (6.7 and 7.0 

% increase over control, respectively). On the other hand early tasseling (59.7 and 

60.1) were recorded in treatments where canal water (EC 0.4 dS m-1) and blended 

water having EC 2.0 dS m-1 were used. The overall results regarding cultivars 

response showed that EV-1098 and Agaiti-2002 had earlier tasseling (60.0 and 59.9) 

as compared to EV-4001 and Akbar which showed tasseling delayed (64.0 and 63.4). 

 
Number of green leaves plant-1 

   

  The analysis of variances showed that number of green leaves plant-1 

were significantly different in maize cultivars, water qualities and their interaction              

(Appendix XX). The number of green leaves plant-1 increased (12.2 and 12.0) under 

the application of canal water having EC 0.4 dS m-1 and blended EC 2.0 dS m-1, 

respectively and decreased (3.7) under EC 8.0 dS m-1 (70 % decrease over control). 

Results for the cultivars clearly indicated differences for number of green leaves. The 

EV-1098 and Agaiti-2002 produced more number of green leaves (8.9 and 8.8, 

respectively). However, EV-4001 and Akbar exhibited less number of green leaves 

plant-1 (7.9 and 8.0, respectively). The interactive effect of cultivar x water qualities 

showed that all the maize cultivars responded well for recording higher number of 

green leaves plant-1 where canal water or water quality having EC 8.0 dS m-1 was 

applied (Table 31). 
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Table 30.  Days to tasseling of  maize cultivars as affected by water qualities. 

  Maize cultivars Water 
Qualities 

(EC dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 
Mean 

% 
incease 

over 
control 

0.4 58.0 58.2 61.3 61.3 59.7 C - 

2.0 58.0 58.2 62.2 62.0 60.1 C 0.67 

4.0 60.2 59.3 64.2 63.3 61.8 B 3.52 

6.0 61.2 62.2 66.2 65.2 63.7 A 6.70 

8.0 62.2 62.2 66.2 65.0 63.9 A 7.00 

Mean 59.9 B 60.0 B 64.0 A 63.4 A - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
  SE LSD5% LSD1% 
Cultivars (C) 0.672 1.891 2.508 
Water Qualities (Q) 0.751     2.114     2.804 
CXQ 2.124     NS NS 
NS = Non-significant 
Table 31.   Number of Green leaves plant-1of  maize cultivars as affected by 

 water qualities. 
 

Maize cultivars Water 
Qualities 

(EC dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 
Mean 

% 
decrease 

over 
control 

0.4 12.2a 12.3a 12.0a 12.1a 12.2A - 

2.0 12.0a 12.0a 11.9a 11.9a 12.0A 1.64 

4.0 9.3b 9.3b 7.4c 7.4c 8.3B 32.00 

6.0 6.5d 6.5d 5.2e 5.3e 5.9C 51.70 

8.0 4.3f 4.3f 3.1g 3.3g 3.7D 70.00 

Mean 8.8A 8.9A 7.9B 8.0B - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
  SE LSD5% LSD1% 
Cultivars (C) 0.07681 0.2163 0.2868 
Water Qualities (Q) 0.08588 0.2418 0.3207 
CXQ 0.1718 0.4836 0.6413 
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Number of dry leaves plant-1 
   

  Number of dry leaves plant-1 of maize cultivars as affected by different 

water qualities and their combined interaction exhibited significant differences 

(Appendix XX). Maximum number of dry leaves plant-1 (8.2) were observed under 

saline water with EC 8.0 dS m-1 (645.5 % decrease over control) followed by EC 6.0 

dS m-1 which recorded 6.1 dry leaves plant-1. The less dry leaves plant-1 (1.1 and 1.5) 

were noted with the application of canal water or irrigation having  EC 2.0 dS m-1, 

respectively. Among the maize cultivars, EV-4001 and Akbar recorded more number 

of dry leaves plant-1 (4.7 and 4.6), followed by EV-1098 and Agaiti-2002 which 

produced less number of dry leaves plant-1 (3.7 and 3.8, respectively). The interactive 

effect of maize cultivars x water qualities showed that all the cultivars were affected 

with the water qualities and recorded less values of dry leaves plant-1. However, 

application of canal water and water with EC 2.0 dS m-1 to all the maize cultivars 

exhibited less number of dry leaves  (Table 32).  

Green fodder yield 
   

  The statistical analysis of variances for green fodder yield of different 

maize cultivars as affected by varying levels of saline water is given as appendix XX. 

The results revealed that increasing water salinity drastically decreased green fodder 

yield and reached minimum (2.6 kg m-2) at EC 8.0 dS m-1 (74 % decrease over 

control). Maximum green fodder yield (10.0 and 9.6 kg m-2) was noted under EC 0.4 

(canal water) and 2.0 dSm-1. Among cultivars, EV-1098 and Agati-2002 produced 

more green fodder (7.2 and 7.1 kg m-2, respectively) as compared to rest of the 

cultivars. The interactive effect of cultivars x water qualities displayed higher values 

of this trait when all cultivars received canal water or water quality with EC 2.0 dSm-1   

(Table 33). 
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Table 32.   Number of dry leaves plant-1 of maize cultivars as affected by water 
  qualities. 
 

Maize cultivars Water 
Qualities 

(EC dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 
Mean 

% 
incease 

over 
control 

0.4 1.0h 1.0h 1.3h 1.1h 1.1E - 

2.0 1.0h 1.0h 2.0g 2.0g 1.5D 36.40 

4.0 3.7f 3.6f 4.6e 4.6e 4.1C 272.70 

6.0 5.5d 5.4d 6.7c 6.6c 6.1B 454.54 

8.0 7.6b 7.6b 8.9a 8.8a 8.2A 645.5 

Mean 3.8B 3.7B 4.7A 4.6A - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 

 SE LSD5% LSD1% 
Cultivars (C) 0.0500 0.1408 0.1867 
Water Qualities (Q) 0.05590 0.1574 0.2087 
CXQ 0.1118 0.3148 0.4175 
 

Table 33.  Green fodder yield (kg m-2) of  maize cultivars as affected by water  
qualities. 

Maize cultivars Water 
Qualities 

(EC dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 
Mean 

% 
decrease 

over 
control 

0.4 9.9a 9.9a 9.9a 9.9a 10.0A - 

2.0 9.8a 9.9a 9.4a 9.4a 9.6A 4.00 

4.0 7.5b 7.6b 6.2c 6.2c 6.8B 32.00 

6.0 5.1d 5.2d 4.1e 4.1e 4.6C 54.00 

8.0 3.3f 3.3f 1.9g 1.9g 2.6D 74.00 

Mean 7.1A 7.2A 6.3B 6.3B - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 SE LSD5% LSD1% 

Cultivars (C) 0.06976 0.1964 0.2605 
Water Qualities (Q) 0.07800 0.2196 0.2912 
CXQ 0.1560 0.4392 0.5825 
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Dry fodder yield 
 

   The statistical results of the study displayed significant differences 

among the cultivars, water qualities and their interaction for dry fodder yield 

(Appendix XX). The dry fodder yield significantly decreased by increasing water 

salinity and was minimum (0.6 kg m-2) (71.42% decrease over control) under 

application of saline water having EC 8.0 dSm-1 against canal water which recorded 

2.1 kg m-2 dry fodder yield. Regarding maize cultivars, EV-1098 and Agaiti-2002 

equally produced more dry fodder yield (1.5 kg m-2, respectively). However, EV-4001 

and Akbar equally exhibited less dry fodder yield (1.3 kg m-2). The interactive effect 

of cultivars x water qualities showed that all the cultivars significantly recorded 

higher values of dry fodder yield irrigated with canal water of irrigation water with 

EC 2.0 dSm-1 (Table 34). 
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Table 34.   Dry fodder yield (kg m-2) of maize cultivars as affected by water qualities. 
 

Maize cultivars Water 
Qualities 

(EC dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 
Mean 

% 
decrease 

over 
control 

0.4 2.1a 2.1a 2.1a 2.1a 2.1A - 

2.0 2.1a 2.1a 1.9b 1.9b 2.0B 4.76 

4.0 1.6c 1.6c 1.3d 1.3d 1.4C 33.33 

6.0 1.1e 1.1e 0.8f 0.9f 1.0D 52.38 

8.0 0.7g 0.7fg 0.4h 0.4h 0.6E 71.42 

Mean 1.5A 1.5A 1.3B 1.3B - - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 

 SE LSD5% LSD1% 
Cultivars(C) 0.01732 0.04877 0.06467 
Water Qualities(Q) 0.01936 0.05452 0.07231 
CXQ 0.03873 0.1090 0.1446 
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Chemical properties of soil as affected by water qualities 
 
pH 
 
   The statistical analysis of variances for soil pH as affected by different 

water qualities displayed as appendix XXIa. The analysis of variance showed that 

water qualities significantly recorded different results in varying soil depths. The soil 

analysis showed that pH values decreased as a salinity level of irrigation water 

increased. Maximum pH (7.82) was recorded under canal water, while, minimum pH 

(7.47) (4.48 % decrease over control) was noted at higher levels of saline water (EC 

8.0 dS m-1). The results for pH at various soil depths revealed that soil pH ranged 

between 7.83-7.45 from 0-60 cm soil depth being lower at the upper layers and 

slightly increased with increase in soil depth (Table 35). 
 

 
Electrical conductivity     
 

The analysis of variances for electrical conductivity of different soil 

depths as affected by water qualities recorded significant differences              

(appendix XXIa). Soil electrical conductivity increased as a result of increasing 

salinity levels of irrigation water. Maximum EC (3.28 dS m-1) was recorded in the 

plots treated with EC 8.0 dS m-1 (645.45 % increase over control) and minimum was 

noted under application of canal water (0.40 dS m-1). Regarding the EC of soil at 

various soil depths as affected by water qualities, the data revealed that EC (dS m-1) 

values were higher at the upper soil layers and subsequently decreased with increase 

in soil depth (0-60 cm). Similarly interaction of water qualities x soil depths showed 

that the salt accumulation in soil was closely related to the salt concentration of 

irrigation water (Table 36).  
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Table 35.   pH at different soil depths as affected by  water qualities. 
 

Soil Depth (cm) Water 
Qualities 

(EC dS m-1) 0-15 15-30 30-45 45-60 
Mean 

% 
decrease 

over 
control 

0.4 7.51 7.61 8.06 8.10 7.82A - 

2.0 7.61 7.70 7.84 7.86 7.76AB 0.77 

4.0 7.48 7.69 7.75 7.77 7.68BC 1.79 

6.0 7.34 7.48 7.83 7.85 7.63C 2.43 

8.0 7.30 7.44 7.56 7.58 7.47D 4.48 

Mean 7.45C 7.59B 7.81A 7.83A - - 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test.. 
 SE LSD5% LSD1% 
Water Qualities (Q) 0.03162 0.08903 0.1181 
Soil depth (D) 0.02828 0.07963 0.1056 
Q X D  NS NS 
NS = Non-significant                 
 

Table 36.  Electrical conductivity (dS m-1) at different soil depths as affected by 
  water qualities. 

Soil Depth (cm) Water 
Qualities 

(EC dS m-1) 0-15 15-30 30-45 45-60 
Mean 

% 
incease 

over 
control 

0.4 0.65 j 0.48 l 0.35 m 0.29 n 0.44 E - 

2.0 0.89 i 0.69 j 0.55 k 0.46 l 0.65 D 47.72 

4.0 1.47 f 1.09 h 0.85 i 0.70 j 1.03 C 134.09 

6.0 2.82 c 2.19 e 1.84 g 1.50 h 2.09 B 375.00 

8.0 4.23 a 3.49 b 2.91 d 2.49 f 3.28 A 645.45 

Mean 2.01 A 1.59 B 1.3 C 1.08 D - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 SE LSD5% LSD1% 
Soil depth (D) 0.005774 0.01626 0.02156 
Water Qualities (Q) 0.006455 0.01817 0.02410 
DXQ 0.01291 0.03635 0.04821 
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Bi-carbonate 

The results in Table 37 showed a slight decrease in HCO3
- content in 

soil with increasing salinity level of irrigation water from 2.0- 8.0 dS m-1(Table 39). 

Maximum HCO3
- (1.94) was noted in the plots where irrigation was applied with 

canal water. Minimum values of HCO3
- (1.44 meq L-1) was recorded in the treatments 

where irrigation of blended EC 8.0 dS m-1 was applied (25.77 % decrease over 

control). The overall results depict that HCO3
- contents were more                        

(1.73 meq L-1) at upper soil layer (0-15 cm) as compared to lower soil depths (45-60 

cm) (1.43 meq L-1). The interaction of water qualities, soil depth and water qualities x 

depth was also significant.  

 
Sulphate 

 

 
The statistical analysis of variance for SO4

2- showed significant differences 

among the water qualities, soil depths and interaction of soil depths x water qualities 

(Appendix XXIa). According to the data shown in Table 38, maximum SO4
2- (9.73 

and 9.0 meq L-1) was noted where the plots received irrigation water with highest EC 

of 8.0 and 6.0 dS m-1 respectively (65.48 and 53.06 % increase over control 

respectively). Whereas, minimum concentration of SO4
2- (5.88 meq L-1) was recorded 

in the control. The data in same table indicated increased concentration of SO4
2- in 

upper soil depth than lower being highest (16.25 and 7.38 meq L-1) at  0-15 and 15-30 

cm and lowest (4.44 and 4.26 meq L-1) at 30-45 and 45-60 cm depth, respectively.   
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Table 37.   Bi-carbonate (meq L-1) at different soil depths as affected by water 
qualities. 

Soil Depth (cm) Water 
Qualities 

(EC dS m-1) 0-15 15-30 30-45 45-60 
Mean 

% 
decrease 

over 
control 

0.4 1.89ab 1.89ab 1.99a 1.99a 1.94A - 

2.0 1.39f 1.49e 1.69cd 1.79bc 1.59B 18.04 

4.0 1.89ab 1.89ab 1.29f 1.09h 1.54C 20.62 

6.0 1.79bc 1.59de 1.39f 1.19g 1.49D 23.20 

8.0 1.69cd 1.59de 1.39f 1.09h 1.44E 25.77 

Mean 1.73° 1.69A 1.55B 1.43C - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 

 SE LSD5% LSD1% 
Soil depth (D) 0.01155 0.03251 0.04312 
Water Qualities (Q) 0.01291 0.03635 0.04821 
DXQ 0.02582 0.07270 0.09641 
  
Table 38.      Sulphate (meq L-1) at different soil depths as affected by water qualities. 
 

Soil Depth (cm) Water 
Qualities 

(EC dS m-1) 0-15 15-30 30-45 45-60 Mean 

% 
increase 

over 
control 

0.4 9.68d 6.06g 4.26j 3.55k 5.88C - 

2.0 13.71c 7.82f 4.95hi 5.00hi 7.87B 33.84 

4.0 13.26c 8.02f 5.53gh 4.92hi 7.93B 34.86 

6.0 23.86° 6.13g 2.570l 3.46k 9.00A 53.06 

8.0 20.75b 8.89e 4.91hi 4.36ij 9.73A 65.48 

Mean 16.25A 7.38B 4.44C 4.26C - - 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 SE LSD5% LSD1% 
Soil depth (D) 0.07118 0.2004 0.2658 
Water Qualities (Q) 0.07958 0.2241 0.2972 
DXQ 0.1592     0.4481      0.5943     
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Chloride 
 

The statistical results for Cl- content showed that chloride in the soil 

increased significantly with increasing salinity level of irrigation water                 

(Appendix XXIa). Maximum Cl- (29.80 and 23.89 meq L-1) was found in the field 

where 8.0 and 6.0 dS m-1 water qualities were applied respectively (571.62 and 

438.06 % increase over control, respectively). Minimum values of Cl- (6.56 meq L-1) 

in soil Cl- were noted in the plots treated with canal water. The results further 

indicated that soil content of Cl- (24.39 meq L-1) was higher in the upper surface layer 

(0-15 cm) whereas lower soil depths (45-60 cm) exhibited less Cl- content (10.35 meq 

L-1) (Table 39).   

 
Soluble sodium 

 
The analysis of variance for soluble sodium in various soil depths as 

affected by different water qualities showed significant differences (Appendix XXIa). 

Soluble sodium concentrations in soil irrigated with saline water were significantly 

affected by varying water qualities and it showed increasing trend as the salinity level 

of irrigation water changed from 0.4 to 8.0 dS m-1. The highest values (29.92 and 

25.52 meq L-1) were recorded under EC 8.0 and 6.0 dS m-1 respectively (356.10 and 

289.02 % increase over control, respectively). The soluble Na+ content at various soil 

depths revealed that upper soil layers (0-15 cm) had more soluble Na+ (29.64 meq L-1) 

as compared to lower layer (45-60 cm) recording 10.57 meq L-1 Na+ (Table 40).  
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Table 39.   Chloride (meq L-1) at different soil depths as affected by water qualities. 
 

Soil Depth (cm) Water 
Qualities 

(EC dS m-1) 0-15 15-30 30-45 45-60 
Mean 

% 
increase 

over 
control 

0.4 6.57kl 4.82mn 3.48no 2.88° 4.44E - 

2.0 10.15j 7.56k 5.57lm 4.57mn 6.96D 56.76 

4.0 23.29e 17.12g 12.77i 10.35j 15.88C 257.66 

6.0 35.74b 25.58d 18.81f 15.43h 23.89B 438.06 

8.0 46.19a 31.76c 22.80e 18.52f 29.82A 571.62 

Mean 24.39A 17.37B 12.68C 10.35D - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 

 SE LSD5% LSD1% 
Soil depth (D) 0.1636 0.4606 0.6109 
Water Qualities (Q) 0.1829 0.5150 0.6830 
DXQ 0.3658 1.030 1.366 
 

Table 40.  Soluble sodium (meq L-1) at different soil depths as affected by water qualities. 
 

Soil Depth (cm) Water 
Qualities 

(EC dS m-1) 0-15 15-30 30-45 45-60 
Mean 

% 
increase 

over 
control 

0.4 10.52j 6.74kl 4.99lm 3.98m 6.56E - 

2.0 16.45gh 10.99j 7.74k 6.47kl 10.41D 58.69 

4.0 26.85d 18.44ef 12.83i 10.64j 17.19C 162.04 

6.0 41.56b 26.87d 18.71ef 14.91h 25.52B 289.02 

8.0 52.82a 29.86c 20.16e 16.83fg 29.92A 356.10 

Mean 29.64A 18.58B 12.89C 10.57D - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 SE LSD5% LSD1% 
Soil depth (D) 0.2186 0.6153 0.8161 
Water Qualities (Q) 0.2444 0.6880 0.9124 
DXQ 0.4887 1.376 1.825 
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Soluble potassium 

 
   The statistical analysis for soluble potassium as affected by salinity 

levels of irrigation water significantly affected soluble K+ and recorded different 

results (Appendix XXIb). Maximum (2.55 meq L-1) soluble K+ was recorded in the 

upper soil layers in the plots which received canal water, where as minimum K+ 

content (2.12 meq L-1) was found at higher salinity level of irrigation i.e 8.0 dS m-1 

(16.86 % decrease over control) (Table 41).  

 
Soluble Calcium 
 

Maximum Ca2+ (4.45 meq L-1) was recorded with the application of 

EC 8.0 dS m-1 (151.41 % increase over control). However, it was found minimum 

(1.77 meq L-1) in the plots where canal water (EC 0.4 dS m-1) was applied. The 

overall results showed that irrigation with highly saline water increased the soil 

content of Ca2+ significantly. The results for Ca2+ content in varying soil depths 

showed that it was significantly higher (5.57 meq L-1) at upper soil layers as 

compared to lower (2.09 meq L-1) soil depths (Table 42).  
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Table 41.  Soluble potassium (meq L-1) at different soil depths as affected by 
water qualities. 

 

Soil Depth (cm) Water 
Qualities 

(EC dS m-1) 0-15 15-30 30-45 45-60 
Mean 

% 
decrease 

over 
control 

0.4 3.05a 2.73cde 2.24ghi 2.15hijk 2.55A - 

2.0 2.98ab 2.63def 2.17hij 2.07ijk 2.46AB 3.53 

4.0 2.87bc 2.55f 2.14hijk 2.02jkl 2.40B 5.88 

6.0 2.76cd 2.36g 1.98kl 1.88lm 2.24C 12.16 

8.0 2.56ef 2.26gh 1.89lm 1.77m 2.12D 16.86 

Mean 2.85A 2.51B 2.08C 1.98D - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 

 SE LSD5% LSD1% 
Soil depth (D) 0.02000 0.05631 0.07468 
Water Qualities (Q) 0.02236 0.06296 0.08349 
DXQ 0.04472 0.1259 0.1670 
 

Table 42.  Soluble calcium(meq L-1) at different soil depths as affected by water qualities. 
 

Soil Depth (cm) Water 
Qualities 

(EC dS m-1) 0-15 15-30 30-45 45-60 
Mean 

% 
increase 

over 
control 

0.4 2.60hi 1.82k 1.37l 1.30l 1.77E - 

2.0 3.01fg 2.30j 1.73k 1.68k 2.18D 23.16 

4.0 5.71c 3.21f 2.39ij 2.25j 3.39C 91.53 

6.0 8.02b 3.51e 2.60hi 2.56hi 4.17B 135.59 

8.0 8.52a 3.81d 2.79gh 2.69h 4.45A 151.41 

Mean 5.57A 2.93B 2.18C 2.09D - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 SE LSD5% LSD1% 
Soil depth (D) 0.02887 0.08128 0.1078 
Water Qualities (Q) 0.03227 0.09087 0.1205 
DXQ 0.06455 0.1817 0.2410 
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Soluble magnesium 
 

The statistical results for Mg2+ content in various soil depths as 

affected by different water qualities showed that Mg2+ in soil increased significantly 

with increasing salinity level of irrigation water (Appendix XXIb). Maximum Mg2+ 

(3.80 meq L-1) was recorded in the treatments where EC 8.0 dS m-1 was applied 

(169.50 % increase over control). Minimum values of soluble Mg2+                       

(1.41 meq L-1) in soil was noted in the plots treated with canal water. The results 

further indicated that soil content of Mg2+ (4.37 meq L-1) was noted in the upper 

surface layers of soil (0-15 cm) whereas lower soil depths (45-60 cm) exhibited less 

content (1.41 meq L-1) of soluble Mg2+  (Table 43).   

 
Sodium adsorption ratio 
 

The statistical analysis of variances for SAR under different water 

qualities showed that it was significantly different at different soil depths            

(Appendix XXIb). The higher SAR (14.53) was observed in the plots irrigated with 

EC 8.0 dS m-1 (187.15 % increase over control), whereas it decreased significantly 

(5.06) in the plots irrigated with canal water (EC 0.4 dS m-1). Among the soil depths, 

upper layers significantly had higher SAR (12.55) as compared to lower soil depths 

(45-60 cm) which recorded 7.66 SAR (Table 44).  
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Table 43.  Soluble magnesium (meq L-1) at different soil depths as affected by water 
qualities.   

                  
 

Soil Depth (cm) Water 
Qualities 

(EC dS m-1) 0-15 15-30 30-45 45-60 
Mean 

% 
increase 

over 
control 

0.4 2.00f 1.50j 1.14k 1.00k 1.41E - 

2.0 2.41e 1.68ghij 1.17k 1.08k 1.58D 12.06 

4.0 3.51c 2.66d 1.67hij 1.55ij 2.35C 66.67 

6.0 6.02b 3.35c 1.84fgh 1.65hij 3.22B 128.37 

8.0 7.93a 3.57c 1.93fg 1.79fghi 3.80A 169.50 

Mean 4.37A 2.55B 1.55C 1.41D - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 

Factor SE LSD5% LSD1% 
Soil depth (D) 0.02828 0.07963 0.1056 
Water Qualities (Q) 0.03162 0.08903 0.1181 
DXQ 0.06325 0.1781 0.2362 
 
 

Table 44.    Sodium adsorption ratio at different soil depths as affected by water qualities. 
 

Soil Depth (cm) Water 
Qualities 

(EC dS m-1) 0-15 15-30 30-45 45-60 Mean 

% 
increase 

over 
control 

0.4 6.88j 5.21k 4.44l 3.69m 5.06E - 

2.0 9.45h 7.76i 6.41j 5.49k 7.28B 43.87 

4.0 12.46e 10.72fg 8.97h 7.69i 9.96C 96.84 

6.0 15.63b 14.46c 12.51e 10.24g 13.21B 161.07 

8.0 18.35a 15.49b 13.08d 11.21f 14.53A 187.15 

Mean 12.55A 10.73B 9.08C 7.66D - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 

Factor SE LSD5% LSD1% 
Soil depth (D) 0.08226 0.2316 0.3072 
Water Qualities (Q) 0.09197 0.2589 0.3434 
DXQ 0.1839 0.5179 0.6868 
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Exchangeable sodium percentage 
 

The data in Table 45 showed similar trend of increase in ESP with 

increasing salinity level of irrigation water and more ESP value of 18.81 was noted in 

the field plots irrigated with highest salinity level of  8.0 dS m-1 (169.48 % increase 

over control), whereas, less ESP (6.98) was observed in the treatments applied with 

canal water (EC 0.4 dS m-1). Regarding the soil depths, surface layer showed higher 

ESP (16.48) while lower soil depths (45-60 cm) had lower (10.23) ESP.  
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Table 45.   Exchangeable sodium percentage at different soil depths as affected 
  by water qualities. 
 

Soil Depth (cm) Water 
Qualities 

(EC dS m-1) 0-15 15-30 30-45 45-60 
Mean 

% 
increase 

over 
control 

0.4 9.293j 7.167l 6.192m 5.268n 6.980E - 

2.0 13.103g 10.355i 8.657k 7.509l 9.906D 1.06 

4.0 16.240e 14.065f 11.885h 10.266i 13.114C 87.88 

6.0 20.207b 18.737c 16.303e 13.458g 17.176B 146.07 

8.0 23.547a 20.032b 17.010d 14.665f 18.813A 169.48 

Mean 16.478A 14.071B 12.010C 10.233D - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
Factor SE LSD5% LSD1% 
Soil depth (D) 0.09592 0.2701 0.358 
Water Qualities (Q) 0.1072 0.3019 0.4004 
DXQ 0.2145 0.6039 0.5049 
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Chemical composition of cultivars  
 
 
Sodium and chloride 
 
   The statistical analysis of variances for Na+ and Cl- as affected by 

different water qualities showed significantly different results (Appendix XXII ). The 

Na+ and Cl- concentrations in various maize cultivars were recorded higher with the 

increase in EC level of irrigation water. Maximum Na+ and Cl- (2.38 and 1.53%) 

accumulations were obtained in the plants treated with EC 8.0 dS m-1 (852.0 and 

255.81 % increase over control respectively), followed by water quality with EC 6.0 

dS m-1. Minimum values of Na+ and Cl- were exhibited in the plants irrigated with 

canal water or EC 2.0 dS m-1, these treatments were non-significant with each other. 

The cultivar response to water qualities, showed that EV-4001 and Akbar 

accumulated more Na+ (1.28 and 1.27%) and Cl- (0.97 and 0.96 %) respectively. 

However, EV-1098 and  Agaiti-2002 recorded less Na+ and Cl-  accumulation 

(Tables- 46 and 47 ). 
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Table 46.   Sodium (%) concentration in maize straw as affected by water qualities. 
 

Maize cultivars Water 
Qualities 

(EC dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 
Mean 

% 
increase 

over 
control 

0.4 0.25g 0.25g 0.25g 0.25g 0.25D - 

2.0 0.30fg 0.30fg 0.37f 0.37f 0.34D 36.00 

4.0 0.68e 0.67e 1.01d 1.01d 0.84C 236.00 

6.0 1.28c 1.28c 1.91b 1.91b 1.60B 540.00 

8.0 1.90b 1.90b 2.86a 2.85a 2.38A 852.00 

Mean 0.88B 0.88B 1.28A 1.27A - - 
 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test.. 
 

 SE LSD5% LSD1% 
Water Qualities (Q) 0.01118 0.03148 0.04175 
Cultivars (C) 0.0100 0.02815 0.03734 
Q X C 0.02236 0.06296 0.08349 
 

Table 47.   Chloride (%) concentration in maize straw as affected by water qualities. 
 

Maize cultivars Water 
Qualities 

(EC dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 
Mean 

% 
increase 

over 
control 

0.4 0.46e 0.42e 0.42e 0.42e 0.43D - 

2.0 0.47e 0.43e 0.50e 0.46e 0.46D 6.98 

4.0 0.65d 0.61d 0.90c 0.90c 0.77C 79.07 

6.0 0.92c 0.88c 1.22b 1.21b 1.06B 146.51 

8.0 1.26b 1.22b 1.82a 1.81a 1.53A 255.81 

Mean 0.75B 0.71B 0.97A 0.96A - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 SE LSD5% LSD1% 
Cultivars (C) 0.0100 0.02815 0.03734 
Water Qualities (Q) 0.01118 0.03148 0.04175 
CXQ 0.02236 0.06296 0.08349 
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Potassium, calcium and magnesium  
 
 
   The statistical analysis of these plant parameters as affected by 

different water qualities showed significant differences (Appendix XXII). The data 

shown in Tables 48 to 50 revealed that K+, Ca2+ and Mg2+ concentrations in maize 

plants increased with the application of canal water (EC 0.4 dS m-1) which recorded 

2.44, 0.35 and 0.149% or water quality with EC 2.0 dS m-1 which exhibited K+, Ca2+ 

and Mg2+ accumulation of 2.01, 0.34 and 0.150% respectively. However, application 

of saline irrigation with higher EC 8.0 dS m-1 (77.50, 65.71 and 18.12 % decrease 

over control respectively) or EC 6.0 dS m-1 recorded less values of K+, Ca2+ and Mg2+. 

Maize cultivars, EV-4001 and Akbar accumulated less K+ (1.29 and 1.30 %), 

Ca2+(0.22 and 0.23 %) Mg2+ (0.134 and0.135%. %) respectively.  The higher non-

significant accumulation of K+ (1.70 and 1.74%), Ca2+ (0.29 and 0.30 %) and Mg2+ 

(0.140 and 0.142%) was noted in EV-1098 and Agaiti-2002, respectively.  
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Table 48.   Potassium (%) concentration in maize straw as affected by water   
  qualities. 
 

Maize cultivars Water 
Qualities 

(EC dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 
Mean 

% 
decrease 

over 
control 

0.4 2.44a 2.45a 2.42a 2.43a 2.44A - 

2.0 2.31° 2.33a 1.70c 1.71c 2.01A 17.62 

4.0 1.94b 1.95b 1.17d 1.18d 1.56B 36.07 

6.0 1.26d 1.28d 0.78e 0.79e 1.03C 57.79 

8.0 0.69e 0.71e 0.38f 0.41f 0.55D 77.50 

Mean 1.7A 1.74A 1.29B 1.30B - - 
 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 SE LSD5% LSD1% 
Cultivars(C) 0.01915 0.05391 0.07150 
Water Qualities(Q) 0.02141 0.06028 0.07994 
CXQ 0.04282 0.1206 0.1599 
 

Table 49.   Calcium(%) concentration in maize straw as affected by water qualities. 

Maize cultivars Water 
Qualities 

(EC dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 
Mean 

% 
decrease 

over 
control 

0.4 0.41a   0.42a 0.29b 0.30b 0.35A - 

2.0 0.40 a 0.41a 0.28b 0.29b 0.34A 2.86 

4.0 0.30b 0.31b 0.21cd 0.22c 0.26B 25.71 

6.0 0.18cde 0.19cde 0.15e 0.16de 0.17C 51.43 

8.0 0.13cde 0.14cde 0.10de 0.11cde 0.12D 65.71 

Mean 0.28 a 0.30A 0.21B 0.22B - - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 

 SE LSD5% LSD1% 
Cultivars (C) 0.005774 0.01626 0.02156 
Water Qualities (Q) 0.006455 0.01817 0.02410 
CXQ 0.01291 0.03635 0.04821 
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Table 50.  Magnesium (%) concentration in maize straw as affected by water qualities. 
 

Maize cultivars Water 
Qualities 

(EC dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 
Mean 

% 
decrease 

over 
control 

0.4 0.154a  0.155a 0.143abc 0.144abc 0.149A - 

2.0 0.155a 0.157a 0.145ab 0.145ab 0.150A 0.67 

4.0 0.143abc 0.145ab 0.136abc 0.137abc 0.140B 6.04 

6.0 0.124bc 0.125bc 0.123c 0.124bc 0.124C 16.78 

8.0 0.126bc 0.127bc 0.124bc 0.125bc 0.122C 18.12 

Mean 0.140A 0.142A 0.134B 0.135 B  - 
 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 SE LSD5% LSD1% 
Cultivars (C) 0.002160 0.006379 0.008066 
Water Qualities (Q) 0.002415 0.007132 0.009018 
CXQ 0.004830 0.01426 0.01804 
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Potassium/sodium ratio  
 
 
   It was observed that different water qualities affected K+/Na+ ratio in 

plant straw (Table 51) and was higher (9.74) in the treatments where water content 

had lower EC i.e canal water (EC 0.4dSm-1) and lower (0.25) under higher saline 

water (EC 8.0 dS m-1) (97.43 % decrease over control). Over all results in same table 

further indicated that K+/Na+ ratio was higher (4.37 and 4.33 ) in EV-1098 and Agaiti-

2002 respectively, However, rest of cultivars recorded lower K+/Na+ ratio. 

 
Interactive effect of water qualities x cultivars  
 
 
   The interaction of cultivars x water qualities showed that brackish 

water having higher EC level i.e. 8.0 dS m-1 applied to all maize cultivars recorded 

more accumulation of Cl- and  Na+. However, K+, Ca2+ and Mg2+ contents were 

maximum in all maize cultivars irrigated with canal water (EC 0.40 dSm-1) and EC 

2.0 dSm-1. Among the maize cultivars, EV-4001 and Akbar recorded higher content 

of Na+ and Cl- and lower values of K+, Ca2+ and Mg2+. However, EV-1098 and Agaiti-

2002 accumulated more K+, Ca2+ and Mg2+ in plant and lower values of Na+ and Cl- 

(Tables 47-52). 

 
Seasonal effect 
 

 
The seasonal effect was non significant for all the, soil, plant chemical 

composition and agronomic traits of maize cultivars as affected by different water 

qualities (Appendix  XXIII-XLVII).  
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  Table 51. Potassium/sodium ratio in maize straw as affected by water qualities. 

Maize cultivars Water 
Qualities 

(EC dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 
Mean 

% 
decrease 

over 
control 

0.4 9.76a 9.80a 9.68a 9.72a 9.74A - 

2.0 7.70b 7.77b 4.59c 4.62c 6.17B 36.65 

4.0 2.85d 2.91d 1.16e 1.17e 2.02C 79.26 

6.0 0.98e 1.00e 0.41f 0.41f 0.70D 92.82 

8.0 0.36f 0.37f 0.13f 0.14f 0.25E 97.43 

Mean 4.33A 4.37A 3.19B 3.21B  - 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 SE LSD1% LSD5% 

Cultivars(C) 0.03786 0.1414 0.1066 
Water Qualities(Q) 0.04233 0.1581 0.1192 
CXQ 0.08466 0.3161 0.2383 
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Maize green fodder relation with maize traits        
 
Extent of relationship (r) 
 

 The extent of relationship showed that maize green fodder yield was 

positively associated with plant height (r=0.99), green leaves plant-1 (r=0.99) and K+ 

concentration in plant (r=0.93) However, dry leaves (r=-0.99), accumulation of Na+ 

and Cl- in plant (r=-0.97 and r=-0.93, respectively) showed negative relationship 

(Figures 7 - 12). 

Coefficient of determination (R2) 

 
  The coefficient of determination shows that total variation in maize 

green fodder yield was due to its association with plant height (0.99%), green leaves 

plant-1 (0.99%), dry leaves (0.99%), and concentration of Na+ (0.97%) K+ (0.92%) and 

Cl- in plants (0.92%) respectively.  

 

Regression coefficient (b) 
 

 The regression coefficient indicates a unit increase in various traits 

resulted in corresponding increase of maize green fodder yield was due to its 

association with plant height (0.05 g 6 plants-1), green leaves plant-1 (0.85 g 6 plants-

1), however a unit increase in various traits like dry leaves, Na+ and Cl- concentration 

in plants resulted correspondingly decreased green fodder yield by 1.04, 46.65 and 

6.30 g 6 plants-1) respectively. 
 

Student T value 

  The calculated Student T value observed for plant height (71.385), 

green leaves plant-1 (138.704), dry leaves (58.031), Na+ (40.835), K+ (33.875) and Cl- 

content in plant (34.313) all being grater than their book value at 5% level of 

probability, which shows that correlation is statistically highly significant. 
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Figure 7.   Correlation of green fodder yield (kg m-2) with Plant height (cm) of 

maize cultivars as affected by different water qualities. 

 
Figure 8.   Correlation of green fodder yield (kg m-2) with green leaves plant-1 of 

maize cultivars as affected by different water qualities. 
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Figure 9.   Correlation of green fodder yield (kg m-2) with dry leaves plant-1 of 

maize cultivars as affected by different water qualities. 

 
Figure 10.   Correlation of green fodder yield (kg m-2) with Na+ (%) content in 

maize plant as affected by different water qualities. 
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Figure 11.   Correlation of green fodder yield (kg m-2) with Cl- (%) content in 

maize plant as affected by different water qualities. 

 
Figure 12.   Correlation of green fodder yield (kg m-2) with K+ (%) content in 

maize plant as affected by different water qualities. 
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Effect of saline irrigation scheduling on the soil and crop parameters. 

 
Soil chemical properties as affected by saline irrigation scheduling  
 
 
   The statistical analysis (Appendix XLIX) for some soil chemical 

properties as affected by irrigation scheduling showed significant differences          

(P≤ 0.05). Soil analysis for EC, soluble Na+ and Cl- under different irrigation patterns 

showed highest EC (2.0 dS m-1), maximum soluble Na+ (36.7 meq L-1) and more Cl- 

(25.7 meq L-1), SO4
2- (12.9 meq L-1), SAR (49.0) and ESP (36.6) in the treatments 

where pots were irrigated with saline water in all the growing phases (Table 52). 

However, pH (6.7), soluble K+ (4.1 meq L-1), Ca2+ (2.10 meq L-1) and Mg2+ (0.69 meq 

L-1) and HCO-
3 (2.6 meq L-1) were higher in the treatment where crop received canal 

water during whole growing phase. 
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Table  52.  Chemical properties of soil as affected by saline irrigation scheduling. 
 
Irrigation Schedule 

 
S-I  S-II  S- III 

pH E.C 
(dS m-1) 

Na+    
(meq L-1) 

K+   
(meq L-1) 

Ca 2+ 
(meq L-1) 

Mg2+ 
(meq L-1) 

HCO-
3 

(meq L-1) 
Cl- 

(meq L-1) SAR ESP 

*CW CW CW 6.7A 0.2F 1.0H 4.1A 2.10A 0.69A 2.6A 1.2G 0.9H 1.6H 

CW CW SW 6.6B 0.9D 11.0E 4.0AB 1.62D 0.36D 2.6A 7.2E 11.0E 12.5E 

CW SW CW 6.6B 0.9D 9.6F 4.1BC 1.81C 0.46C 2.5B 6.8C 8.4F 10.6F 

**SW CW CW 6.5B 0.6E 5.5G 4.1C 1.90B 0.55B 2.5C 4.5F 5.0G 6.3G 

CW SW SW 6.4C 1.6B 28.7B 3.9D 1.19G 0.33E 2.4D 13.8D 33.02B 29.3B 

SW CW SW 6.4C 1.3C 23.8C 4.0D 1.29F 0.31F 2.4D 16.5C 27.0C 25.2C 

SW SW CW 6.4C 1.3C 21.5D 3.9E 1.40E 0.30F 2.4E 19.5B 23.4D 22.9D 

SW SW SW 6.2C 2.0A 36.7A 3.7F 1.01H 0.23G 2.3F 25.7A 46.0A 36.6A 
S.E 0.05 0.02 0.27 0.01 0.01 0.005 0.02 0.17 0.4 0.2 
L.S.D5% 0.15 0.06 0.76 0.04 0.03 0.014 0.05 0.48 1.1 0.7 
L.S.D1% 0.20 0.07 1.00 0.05 0.03 0.018 0.07 0.63 1.5 0.9 
 
 *CW = canal water (EC 0.18 dS m-1) 
 **SW = NaCl salinized water (EC 4.0 dS m-1) 
  S= Stage 
 
 
 
 



 

 135

Effect of irrigation scheduling on agronomic parameters 
 
 

Emergence (%) 
 
 
   The analysis of variance for maize emergence showed significant 

differences between the irrigation scheduling and maize cultivars. However, their 

interaction was non-significant (Appendix- L). Maximum emergence (88%) was 

noted in the pots where canal water was applied at all growth stages followed by canal 

water application during soaking + early whorl stage + brackish water during late 

whorl stage, canal water during soaking and late whorl and brackish water at early 

whorl stage and canal water as soaking + brackish water during early and late whorl 

stages were at par with each other. Poor emergence (69%) was noted in treatments 

where saline water (EC 4.0 dS m-1) was applied at all maize growth stages. The 

cultivars EV-1098 and Agaiti-2002 had the highest emergence (82 and  81%, 

respectively) than other cultivars (Table 53). 
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Table 53. Emergence (%) of maize cultivars as affected by saline irrigation  
                scheduling.  
 

 

Cultivars Irrigation 
Schedule 

S-I    S-II  S-III Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
decrease  

over 
control 

*CW CW CW 86 89 89 89 88A - 

CW CW SW 86 89 89 89 88A 00.00 

CW SW CW 86 89 89 89 88A 00.00 

**SW CW CW 77 75 64 66 71B 19.32 

CW SW SW 88 88 88 88 88A 00.00 

SW CW SW 76 76 62 66 70B 20.50 

SW SW CW 76 76 62 65 70B 20.50 

SW SW SW 76 76 61 65 69B 21.59 

Mean 81A 82A 75B 77B - - 
 

Means followed by similar letters in the same category do not differ significantly at 5% 
level of probability using LSD test. 
 

 Treatments (T) Cultivars (C) C x T 

SE 1.535 1.085 1.085       
LSD (5%) 4.339 3.068 NS        
LSD (1%) 5.769 4.079 
 

 *CW = canal water (EC 0.18 dS m-1) 
  **SW = saline water  (EC 4.0 dS m-1 ) 
NS = Non-significant 
S= Stage



 

 137

Plant height   
 
 
   The statistical analysis of variances for plant height of various maize 

cultivars recorded significantly different results (P≤ 0.05) under various irrigation 

scheduling (Appendix L). The results of the experiment for plant height revealed that  

the application of canal water (EC 0.18 dS m-1) applied at all growth stages of maize 

and treatment comprising canal water application during soaking + early whorl stage 

+ brackish water (EC 4.0 dS m-1) during late whorl stage were equally efficient and 

non-significant with each other for producing tall plants (107.7 and 107.5 cm, 

respectively). However, the application of saline water at all growth stage followed by 

saline water application during soaking+ early whorl + canal water at late whorl stage 

recorded dwarf plants (76.0 and 76.1 cm, respectively) (29.43 and 29.34 % decrease 

over control, respectively). Among the maize cultivars, EV-1098 and Agaiti-2002 

produced tall plants (95.6 and 95.4 cm) as compared to EV-4001 and Akbar (90.1 and 

90.3 cm), respectively. The interactive effect showed that application of canal at all 

stages or canal water application during soaking+early whorl stage+brackish water 

(EC 4.0 dS m-1) during late whorl stage to all the maize cultivars was more efficient 

(Table 54). 
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Table 54. Plant height (cm) of maize cultivars as affected by saline irrigation                 
                         scheduling.  
 

Cultivars Irrigation 
Schedule 

 

S-I    S-II  S-III 
Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
decrease 

over 
control 

*CW CW CW 108.4a 108.6a 106.8a 107.1a 107.7A - 

CW CW SW 108.3a 108.4a 106.5a 106.8a 107.5A 0.19 

CW SW CW 102.7b 103.0b 99.8b 100.0b 101.4B 5.85 

**SW CW CW 99.6b 99.8b 96.3c 96.4c 98.0C 9.00 

CW SW SW 91.0d 91.2d 85.2e 85.4e 88.2D 18.10 

SW CW SW 90.8d 90.9d 85.0e 85.2e 88.0D 18.29 

SW SW CW 81.4f 81.6f 70.7g 70.7g 76.1E 29.34 

SW SW SW 81.0f 81.4f 70.6g 71.0g 76.0E 29.43 

Mean 95.4A 95.6A 90.1B 90.3B - - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Treatments (T) Cultivars (C) C x T 

 

SE 0.5491 0.3883 1.098 
LSD (5%) 1.552 1.098 3.105 
LSD (1%) 2.064 1.459 4.127 
 
 *CW = canal water (EC 0.18 dS m-1) 
  **SW = saline water (EC 4.0 dS m-1 ) 
S= Stage  
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Stem girth 
    
  The analysis of variance for stem girth of different maize cultivars as 

affected by irrigation scheduling exhibited significant differences (P≤ 0.05)  among 

the varieties and treatments (Appendix L). Maximum stem girth (3.5 cm) was 

recorded in the treatments which received canal water (EC 0.18 dS m-1) at all growth 

stages of maize followed by treatments where canal water was applied during soaking 

+ early whorl stage + brackish water (EC 4.0 dS m-1) during late whorl stage. 

Whereas, minimum stem girth (2.4 cm) was noted in pots where saline water applied 

at all growth stage + saline water application during soaking + early growth + canal 

water at late whorl stage (31.43 % decrease over control). The results for cultivar 

performance under various water scheduling showed that EV-1098 and Agaiti-2002 

equally produced thicker plants (3.0 cm) as compared to EV-4001 and Akbar (2.8 cm 

each), respectively. The overall interaction showed that canal water (EC 0.18 dS m-1) 

at all growth stages or canal water applied during soaking + early whorl stage + 

brackish water(EC 4.0 dS m-1) during late whorl stage exhibited maximum stem girth 

in EV-1098 and Agaiti-2002 (Table 55). 
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Table 55. Stem girth (cm) of maize cultivars as affected by saline irrigation  
                   scheduling.  
 

Cultivars Irrigation  
Schedule 

 

S-I    S-II  S-III 
Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

%  
decrease 

over 
control 

*CW CW CW 3.5a 3.5 a 3.5a 3.5a 3.5A - 

CW CW SW 3.5a 3.5a 3.5a 3.5a 3.5A 0.00 

CW SW CW 3.4ab 3.5ab 3.2bc 3.2bc 3.3B 5.71 

**SW CW CW 3.2bc 3.2bc 3.0c 3.0c 3.1C 11.42 

CW SW SW 2.8de 2.8d 2.6def 2.6def 2.7D 22.86 

SW CW SW 2.8de 2.8de 2.5def 2.6def 2.7D 22.86 

SW SW CW 2.5ef 2.5def 2.2g 2.2g 2.4E 31.43 

SW SW SW 2.5f 2.5ef 2.2g 2.2g 2.4E 31.43 

Mean 3.0A 3.0A 2.8B 2.8B - - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Treatments (T) Cultivars (C) C x T 

 
SE 0.02887 0.0241 0.05774 
LSD (5%) 0.08161 0.05771 0.1632 
LSD (1%) 0.1085 0.07671 0.2170 
 
*CW = canal water (EC 0.18 dS m-1) 
  **SW = saline water (EC 4.0 dS m-1 ) 
S= Stage  
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Days to tasseling 
 

The statistical results for days to tasseling of different maize cultivars 

under saline irrigation scheduling showed significant effect (Appendix- L). The NaCl 

salinized water increased tasseling. The more days (58.5) to tasselling were recorded 

with the application of saline water at all growth stages of maize (9.76 % increase 

over control). Whereas, less days to tasseling (53.3) were noted in the plants irrigated 

with canal water throughout growing season or canal water applied as soaking and at 

early whorl + saline water at late whorl stage. The mean data in the same table                 

(Table 56) for the cultivars performance showed that EV-1098 and Agaiti-2002 had 

earlier tasseling (54.6 days) as compared to EV-4001 and Akbar. 

 
Number of green and dry leaves plant-1 
  

  The number of green and dry leaves of various maize cultivars as 

affected by irrigation scheduling were statistically different at P≤ 0.05 (Appendix  L). 

The mean discrimination showed that increase in number of green leaves plant-1 (8.4) 

was noted when canal water  (EC 0.18 dS m-1) was applied throughout growing 

season and crop received canal water during soaking + early whorl stage + brackish 

water (EC 4.0 dS m-1) during late whorl stage. However, dry leaves plant-1 (6.6) 

increased where saline water was applied at all growth stages of maize + saline water 

application during soaking + early + canal water at late whorl stage (73.68% increase 

over control, respectively). Regarding maize cultivars, EV-1098 and Agaiti-2002 

produced more green leaves and less dry leaves plant-1 (Tables 57 and 58) as 

compared to EV-4001 and Akbar. 
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Table 56.  Days to tasseling of maize cultivars as affected by saline irrigation 
   scheduling.  
 

Cultivars Irrigation  
Schedule 

 

S-I    S-II  S-III 
Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
increase 

over 
control 

*CW CW CW 53.0 53.0 53.0 54.0 53.3E - 

CW CW SW 53.0 53.0 53.0 54.0 53.3E 0.00 

CW SW CW 54.0 54.0 56.0 56.0 55.0D 3.20 

**SW CW CW 54.0 54.0 56.0 56.0 55.0D 3.20 

CW SW SW 54.0 54.0 57.0 57.0 55.5D 4.13 

SW CW SW 55.0 55.0 58.0 58.0 56.5C 6.00 

SW SW CW 56.0 56.0 59.0 59.0 57.5B 7.88 

SW SW SW 58.0 58.0 59.0 59.0 58.5A 9.76 

Mean 54.6B 54.6B 56.4A 56.7A   

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Treatments (T) Cultivars (C) C x T 

 

SE 0.3001 0.2122 0.6002 
LSD (5%) 0.8485 0.6000 NS 
LSD (1%) 1.128 0.7976 
 
*CW = canal water (EC 0.18 dS m-1) 
**SW = saline water (EC 4.0 dS m-1) 
NS= Non-significant 
S=  Stage  
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Table 57. Number of green leaves plant-1 of maize cultivars as affected by 
saline irrigation scheduling.  

 
Cultivars Irrigation  

Schedule 
 

S-I    S-II  S-III 
Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
decrease 

over 
control 

*CW CW CW 8.4a 8.4a 8.4a 8.4a 8.4A - 

CW CW SW 8.4a 8.4a 8.4a 8.4a 8.4A 00.00 

CW SW CW 7.9b 7.9b 7.4cd 7.4cd 7.7B 8.33 

**SW CW CW 7.6bc 7.6bc 7.0e 7.0e 7.3C 13.10 

CW SW SW 7.2de 7.2de 6.5f 6.5f 6.9D 17.86 

SW CW SW 7.1de 7.2de 6.4f 6.4f 6.8D 19.10 

SW SW CW 6.2f 6.2f 5.1g 5.2g 5.7E 32.14 

SW SW SW 6.2f 6.2f 5.0g 5.1g 5.6E 33.33 

Mean 7.4A 7.4A 6.8B 6.8B   

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Treatments (T) Cultivars (C) C x T 

 

SE 0.05701 0.04031 0.1140 
LSD (5%) 0.1612 0.1140 0.3223 
LSD (1%) 0.2143 0.1515 0.4285 
 
*CW = canal water (EC 0.18 dS m-1) 
**SW = saline water (EC 4.0 dS m-1) 
S= Stage 
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Table 58.  Number of Dry leaves plant-1 of maize cultivars as affected by saline 
 irrigation scheduling.  

 
Cultivars Irrigation  

Schedule 
 

S-I    S-II  S-III 
Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
increase 

over 
control 

*CW CW CW 4.1 gh 3.7h 3.7h 3.7h 3.8E - 

CW CW SW 4.1gh 3.8h 3.8h 3.8h 3.9E 2.63 

CW SW CW 4.4g 4.6efg 4.6efg 4.5efg 4.5D 18.42 

**SW CW CW 4.5fg 4.4g 4.6efg 4.6efg 4.5D 18.42 

CW SW SW 5.0de 5.0def 5.7c 5.6c 5.3C 39.47 

SW CW SW 5.5c 5.4cd 6.3b 6.3b 5.9B 55.26 

SW SW CW 5.9bc 5.9bc 7.3a 7.2a 6.6A 73.68 

SW SW SW 6.0bc 5.9bc 7.3a 7.3a 6.6A 73.68 

Mean 4.9B 4.8B 5.4A 5.4A - - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Treatments (T) Cultivars (C) C x T 

 

SE 0.06258 0.04425 0.1252 
LSD (5%) 0.1769 0.1251 0.3538 
LSD (1%) 0.2352 0.1663 0.4704 
 
*CW = canal water (EC 0.18 dS m-1) 
**SW = saline water (EC 4.0 dS m-1) 
S= Stage  
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Green fodder yield  
 
   The mean analysis revealed that increased green fodder yield (192.5 

and 189.8 g pot-1) was noted in the pots which received canal water throughout 

growing season followed by plants irrigated with  canal water applied during soaking 

+ early whorl stage + brackish water (EC 4.0 dS m-1) during late whorl stage. While, 

the decrease in green fodder yield (117.1 and 119.8 g pot-1) was recorded under 

application of saline water applied at all growth stages of maize followed by saline 

water application during soaking + early + canal water at late whorl stage (39.17 and 

37.77 % decrease over control, respectively). The data further revealed significant 

difference among cultivars for this trait. Cultivars, EV-1098 and Agaiti-2002 

produced more green fodder (167.7 and 166.3 g pot-1) whereas; EV-4001 and Akbar 

produced relatively less (154.5 and 154.6 g pot-1) green fodder yield (Table 59). 

 
Dry fodder yield 
 
 
   Highest dry fodder yield (37.0 and 36.7 g pot-1) was recorded in pots 

which were irrigated by canal water at all growth stages of maize followed by pots 

irrigated with  canal water during soaking + early whorl stage + brackish water (EC 

4.0 dS m-1) during late whorl stage. Whereas the lowest dry fodder yield (21.5 and 

21.7 g pot-1) was noted in the treatments where saline water was applied at all growth 

stages followed by saline water application during soaking + early whorl + canal 

water at late whorl stage (41.89 and 41.35 % decrease over control, respectively). 

cultivars EV-1098 and Agaiti-2002 yielded equally more dry fodder (31.2 g pot-1) as 

compared to other. These cultivars were at par with each other (Table 60). 
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Table 59. Green fodder yield ( g  6 plants-1) of maize cultivars as affected by  
                          saline irrigation scheduling.  
 

Cultivars Irrigation  
Schedule 

 

S-I    S-II  S-III 
Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
decrease 

over 
control 

*CW CW CW 192.6a 192.9a 192.2a 192.3a 192.5A - 

CW CW SW 190.3a 190.6a 189.0a 189.1a 189.8A 1.40 

CW SW CW 185.6ab 186.0ab 180.8bc 180.8bc 183.3B 4.80 

**SW CW CW 176.3cd 177.2cd 171.3d 171.4d 174.0C 9.61 

CW SW SW 161.6ef 163.0e 151.3g 150.2g 156.5D 18.70 

SW CW SW 155.2fg 161.0ef 148.2g 149.2g 153.4D 20.31 

SW SW CW 135.8h 137.0h 103.4i 103.0i 119.8E 37.77 

SW SW SW 133.0h 134.0h 100.0i 101.2i 117.1E 39.17 

Mean 166.3A 167.7A 154.5B 154.6B - - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 

 Treatments (T) Cultivars (C) C x T 
 

SE 0.9294 0.6572 1.859 
LSD (5%) 2.627 1.858 5.255 
LSD (1%) 3.493 2.470 6.986 
 
*CW = canal water (EC 0.18 dS m-1) 
**SW = saline water (EC 4.0 dS m-1) 

S= Stage  
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Table 60. Dry fodder yield (g  6 plants-1) of maize cultivars as affected by saline   
                   irrigation scheduling.         

 
Cultivars Irrigation 

Schedule 
 

S-I    S-II  S-III 
Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
increase 

over 
control 

*CW CW CW 37.2a 36.9a 36.9a 36.9a 37.0A - 

CW CW SW 36.7a 36.8a 36.6a 36.8a 36.7A 0.81 

CW SW CW 34.1b 34.2b 32.7bc 32.8bc 33.5B 9.50 

**SW CW CW 32.2c 32.3c 28.2e 28.3e 30.3C 18.11 

CW SW SW 30.7d 30.8d 25.2f 25.2f 28.0D 24.32 

SW CW SW 30.2d 30.3d 25.0f 25.1f 27.7D 25.14 

SW SW CW 24.2f 24.4f 19.0g 19.1g 21.7E 41.35 

SW SW SW 24.0f 24.2f 18.9g 18.9g 21.5E 41.89 

Mean 31.2A 31.2A 27.8B 27.9B - - 
 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Treatments (T) Cultivars (C) C x T 

 

SE 0.1844 0.1304 0.3688 
LSD (5%) 0.5213 0.3686 1.043 
LSD (1%) 0.6930 0.4900 1.386 
 
*CW = canal water (EC 0.18 dS m-1) 
**SW = saline water (EC 4.0 dS m-1) 
S= Stage  
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Chemical composition of cultivars  
 
 
Sodium and chloride 
 
 
   The analysis of variances for Na+ and Cl- showed significantly 

different results under saline irrigation scheduling (Appendx LI). The results of 

experiment revealed that saline irrigation scheduling significantly affected chemical 

content of plant. More accumulation of Na+ (1.48 and 1.45%) (2049.3 and 2005.8 % 

increase over control, respectively) and Cl- (2141.75 and 2121.83 mg kg-1) (1026.76 

and 1016.28 % increase over control, respectively) in maize straw was observed when 

the crop was irrigated with saline water at all stages followed by canal water once 

applied at late whorl stage respectively. Minimum values of Na+ (0.096 %) and Cl- 

(190.08 mg kg-1) were noted in the plants irrigated with canal water during whole 

growing phase. Among the maize cultivars, the maximum Na+ and Cl- (0.76% and 

1475.91 mg kg-1) accumulation were noted in EV-4001 and non- significant values of 

these elements in Akbar for Na+ (0.75%) and Cl- (1464.91 mg kg-1) (Tables 61 and 

62). 
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Table 61.  Sodium (%) in maize straw as affected by saline irrigation scheduling.  
 

Cultivars Irrigation  
Schedule 

 

S-I    S-II  S-III 
Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
increase 

over 
control 

*CW CW CW 0.095g 0.092g 0.099g 0.098g 0.096E - 

CW CW SW 0.097g 0.096g 0.100g 0.099g 0.098E 42.02 

CW SW CW 0.197fg 0.192fg 0.280f 0.275f 0.236D 242.03 

**SW CW CW 0.205fg 0.201fg 0.292f 0.286f 0.246D 256.52 

CW SW SW 0.455e 0.451e 0.621cd 0.619cd 0.537C 678.26 

SW CW SW 0.560de 0.557de 0.741c 0.736c 0.648B 839.13 

SW SW CW 0.972b 0.971b 1.940a 1.930a 1.453A 2005.80 

SW SW SW 0.992b 1.001b 1.975a 1.966a 1.483A 2049.30 

Mean 0.44B 0.45B 0.76A 0.75A - - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Treatments (T) Cultivars (C) T x C 

 

SE 0.01581 0.01118 0.03162 
LSD (5%) 0.04470 0.03161 0.08940 
LSD (1%) 0.05942 0.04202 0.1188 
 
*CW = canal water (EC 0.18 dS m-1) 
**SW = saline water (EC 4.0 dS m-1) 
S= Stage  
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Table 62. Chloride (mg kg-1) concentration in maize straw as affected by saline                   
irrigation scheduling. 

 
Cultivars Irrigation  

Schedule 
 

S-I    S-II  S-III 
Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
increase 

over 
control 

*CW CW CW 190.00h 180.33h 200.00h 190.00h 190.08F - 

CW CW SW 200.00h 190.00h 400.00g 390.33g 295.08E 55.24 

CW SW CW 390.33g 380.33g 810.66e 800.66e 595.50D 213.29 

**SW CW CW 400.00g 390.33g 820.66e 810.66e 605.41D 218.50 

CW SW SW 617.66f 607.33f 1050.00d 1040.66d 828.91C 336.09 

SW CW SW 860.66e 840.66e 2501.00b 2482.00b 1671.08B 779.15 

SW SW CW 1251.33c 1241.00c 3002.66a 2992.33a 2121.83A 1016.28 

SW SW SW 1271.00c 1261.00c 3022.33a 3012.66a 2141.75A 1026.76 

Mean 647.62B 636.37B 1475.91A 1464.91A - - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Treatments (T) Cultivars (C) C x T 

 

SE 8.133 5.51 16.27 
LSD (5%) 22.99 16.26 45.99 
LSD (1%) 30.57 21.61 61.13 
 
 *CW = canal water (EC 0.18 dS m-1) 
 **SW = saline water (EC 4.0 dS m-1) 
S= Stage  
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Potassium, calcium and magnesium 
 

 
    

The statistical analysis for K+, Ca2+ and Mg2+ as affected by saline 

irrigation scheduling showed significant differences among the treatments   

(Appendix- LI). The results of the experiment showed that pots treated with NaCl 

salinized water during the whole growth phase or pots irrigated with canal water once 

applied at late whorl stage decreased the contents of K+ and values ranged from 

1.045-1.05, Ca2+ 0.101-1.102 and Mg2+ 1.021-1.023% respectively (60.56 and 60.37 

% K+, 79.17 and 78.96 % Ca2+ and  80.73 and 78.89 % Mg2+  decrease over control, 

respectively). The cultivar response for K+, Ca2+  and Mg2+  content showed that EV-

1098 and Agaiti-2002 were non-significant with each other and recorded higher K+ 

(2.06 and 2.05%), Ca2+ (0.32 and 0.31%) and Mg2+  (0.074 and 0.073%) respectively 

as compared to rest of cultivars which recorded less concentration of K+, Ca2+  and 

Mg2+ (Tables  63 to 65). 
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Table 63. Potassium (%) concentration in maize straw as affected by saline
  irrigation scheduling.  

 
Cultivars Irrigation 

Schedule 
 

S-I    S-II  S-III 
Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
decrease 

over 
control 

*CW CW CW 2.654a 2.661a 2.641a 2.643a 2.650A - 

CW CW SW 2.649a 2.653a 2.581ab 2.582ab 2.617A 1.25 

CW SW CW 2.422b 2.427b 2.101c 2.105c 2.264B 14.56 

**SW CW CW 2.111c 2.115c 1.621e 1.623e 1.867C 29.55 

CW SW SW 1.916d 1.921d 1.351f 1.355f 1.636D 38.26 

SW CW SW 1.911d 1.919d 1.345f 1.347f 1.630D 38.49 

SW SW CW 1.386f 1.392f 0.710g 0.712g 1.050E 60.37 

SW SW SW 1.381f 1.389f 0.705g 0.706g 1.045E 60.56 

Mean 2.054A 2.060A 1.632B 1.634B - - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Treatments (T) Cultivars (C) C x T 

 

SE 0.02236 0.01581 0.04472 
LSD (5%) 0.06321 0.04470 0.1264 
LSD (1%) 0.08404 0.05942 0.1681 
 
*CW = canal water (EC 0.18 dS m-1) 
**SW = saline water (EC 4.0 dS m-1) 
S= Stage 
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Table 64.  Calcium (%) concentration in maize straw as affected by saline irrigation  
scheduling. 

 
Cultivars Irrigation 

Schedule 
 

S-I    S-II  S-III 
Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
decrease 

over 
control 

*CW CW CW 0.485a 0.487a 0.483a 0.484a 0.485A - 

CW CW SW 0.480a 0.482a 0.470ab 0.471ab 0.476A 1.86 

CW SW CW 0.430ab 0.432ab 0.310c 0.311c 0.371B 23.50 

**SW CW CW 0.401b 0.403b 0.205de 0.206de 0.304C 37.32 

CW SW SW 0.220d 0.222d 0.115f 0.116f 0.168D 65.36 

SW CW SW 0.215d 0.216d 0.110f 0.112f 0.164D 66.18 

SW SW CW 0.136ef 0.138ef 0.066f 0.067f 0.102E 78.96 

SW SW SW 0.134ef 0.137ef 0.063f 0.069f 0.101E 79.17 

Mean 0.313A 0.315A 0.228B 0.230B  - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 
 Treatments (T) Cultivars (C) Cx T 

 

SE 0.009129 0.006455 0.01826 
LSD (5%) 0.02581 0.01825 0.05161 
LSD (1%) 0.03431 0.02426 0.06862 
 
*CW = canal water (EC 0.18 dS m-1) 
**SW = saline water (EC 4.0 dS m-1) 
S= Stage 
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Table 65.   Magnesium (%) concentration in maize straw as affected by saline 
 irrigation scheduling.  

 
Cultivars Irrigation 

Schedule 
 

S-I    S-II  S-III 
Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
decrease 

over 
control 

*CW CW CW 0.109a 0.110a 0.107ab 0.108ab 0.109A - 

CW CW SW 0.108ab 0.109a 0.105ab 0.107ab 0.107A 1.84 

CW SW CW 0.100b 0.101ab 0.085c 0.086c 0.093B 14.67 

**SW CW CW 0.085c 0.086c 0.068d 0.069d 0.077C 29.35 

CW SW SW 0.055e 0.057e 0.031fg 0.032fg 0.044D 59.63 

SW CW SW 0.053e 0.054e 0.028g 0.029fg 0.041D 62.38 

SW SW CW 0.036fg 0.037f 0.008h 0.009h 0.023E 78.89 

SW SW SW 0.034fg 0.035fg 0.006h 0.007h 0.021E 80.73 

Mean 0.073A 0.074A 0.055B 0.056B  - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 

 Treatments (T) Cultivars (C) C x T 
 

SE 0.001041 0.0007360 0.002082 
LSD (5%) 0.002942 0.002081 0.005885 
LSD (1%) 0.003912 0.002766 0.007823 
 
*CW = canal water (EC 0.18 dS m-1) 
**SW = saline water (EC 4.0 dS m-1) 
S= Stage  
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Potassium/sodium ratio  
 
 

   The K+/Na+ ratio in maize straw under saline irrigation scheduling was 

significantly different in the maize cultivars (Appendix- LI). The higher K+/Na+ ratio 

(27.63) was observed in the pots where canal water was applied during the growth 

period of maize. The K+/Na+ ratio was found minimum (0.87 and 0.90) in the plants 

which received saline irrigation during the whole growing period followed  by canal 

water once applied at late whorl stage respectively (96.85 and 96.74 % decrease over 

control, respectively). The results of the study showed that K+/Na+ ratio was higher 

(11.28 and 11.035) in EV-1098 and Agaiti-2002 respectively, However, rest of 

varieties recorded lower K+/Na+ ratio (Table 66). 

 
Interactive effect of irrigation scheduling x cultivars  
 

 
   The interaction of irrigation scheduling x cultivars showed that 

brackish water having EC level i.e. 4.0 dS m-1 applied to all maize cultivars during the 

growth period recorded more accumulation of Cl- and  Na+. However, K+, Ca2+ and 

Mg2+ concentrations were maximum in all cultivars irrigated with canal water during 

the whole maize growing phase. Among the maize cultivars, EV-4001 and Akbar 

recorded higher content of Na+ and Cl- and lower values of K+, Ca2+ and Mg2+. 

However, EV-1098 and Agaiti-2002 accumulated more K+, Ca2+ and Mg2+ in plants 

and lower values of Na+ and Cl-. 
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Table 66. Potassium/sodium ratio in maize straw as affected by saline 

irrigation  scheduling. 
 

Cultivars Irrigation 
 Schedule 

 

S-I    S-II  S-III 
Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
decrease 

over 
control 

*CW CW CW 27.94ab 28.92a 26.68bcd 26.97bcd 27.63 A - 

CW CW SW 27.31bc 27.64ab 25.81d 26.08cd 26.71 B 3.33 

CW SW CW 12.29e 12.64e 7.50g 7.65g 10.02 C 63.73 

**SW CW CW 10.30f 10.52f 5.55h 5.67h 8.01 D 71.00 

CW SW SW 4.21hi 4.26hi 2.18jk 2.19jk 3.21 E 88.38 

SW CW SW 3.41ij 3.45ij 1.82kl 1.83kl 2.63 E 90.48 

SW SW CW 1.43kl 1.43kl 0.37l 0.37l 0.90 F 96.74 

SW SW SW 1.39kl 1.39kl 0.36l 0.36l 0.87 F 96.85 

Mean 11.035A 11.28A 8.78B 8.89B  - 

 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 

 Treatments (T) Cultivars (C) C x T 
 

SE 0.2306 0.1458 0.4612 
LSD (5%) 0.6518 0.4123 1.304 
LSD (1%) 0.8666 0.5481 1.733 
 
*CW = canal water (EC 0.18 dS m-1) 
**SW = saline water (EC 4.0 dS m-1) 
S=Stage
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Maize green fodder relation with maize traits 
 
Extent of relationship (r) 
 

 The extent of relationship showed that maize green fodder yield was 

positively associated with plant height (r=0.98), green leaves plant-1 (r=0.97) and K+ 

concentration in plants (r=0.95) However, dry leaves (r=-0.97), Na+ and Cl- 

acculumlation in plant (r=-0.97 and r=-0.90, respectively) showed negative 

relationship (Figs. 13 to 18).  

Coefficient of determination (R2) 
 
 
  The coefficient of determination shows that total variation in maize 

green fodder yield was due to its association with plant height (0.97%), green leaves 

plant-1 (0.96%), dry leaves (0.95%), Na+ (0.96%), K+ (0.92%) and Cl- concentration in 

plant (0.82%) respectively with green fodder yield. 

Regression coefficient (b) 
 
 

 The regression coefficient indicates a unit increase in various traits 

resulted in corresponding increase of maize green fodder yield was due to its 

association with plant height (2.32 g 6 plants-1), green leaves plant-1 (26.91 g 6    

plants-1) and K+ concentration (43.85 g 6 plant-1), however a unit increase in various 

traits like dry leaves, Na+ and Cl- concentration resulted correspondingly decreased 

green fodder yield by 48.51 and 0.02 g 6 plants-1) respectively. 

 Student T value 
 
  The calculated Student T value observed for plant height (42.146), 

green leaves plant-1 (34.132), dry leaves (34.574), Na+ (38.554), K+ content (29.232) 

and Cl- accumulation in plant (20.364) all being greater than their book value at 5% 

level of probability, which shows that correlation is statistically highly significant. 
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Figure 13.   Correlation of green fodder yield (g 6 plants-1) with plant height (cm) 

of maize cultivars as affected by saline irrigation scheduling. 

 
Figure 14.   Correlation of green fodder yield (g 6 plants-1) with green leaves plant-1 

of maize cultivars as affected by saline irrigation scheduling. 
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Figure 15.   Correlation of green fodder yield (g 6 plants-1) on dry leaves plant-1 of 

maize cultivars as affected by saline irrigation scheduling. 

 
Figure 16.   Correlation of green fodder yield (g 6 plants-1) with Na+ (%) content in 

maize plant as affected by saline irrigation scheduling. 

y = -25.238x + 290.43 
R2  = 0.9523 

0 

50 

100 

150 

200 

250 

0 1 2 3 4 5 6 7 8

Dry leaves plant -1

Fo
dd

er
 y

ie
ld

 (g
 6

 p
la

nt
 -1

) 

y = -48.516x + 189.88
R2  = 0.96 

0 

50 

100 

150 

200 

250 

0 0.5 1 1.5 2 2.5

Na+  (%) in plant

Fo
dd

er
 y

ie
ld

 (g
 6

 p
la

nt
 

)
-1



 

 160

 
Figure 17.   Correlation of green fodder yield (g 6 plants-1) with Cl- (mg kg-1) 

content in maize plant as affected by saline irrigation scheduling. 

 
Figure 18.   Correlation of green fodder yield (g 6 plants-1) with K+ (%) content in 

maize plant as affected by saline irrigation scheduling. 
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Effect of farmyard manure and saline water on maize fodder production 

 
 
Chemical properties of soil as affected by FYM under saline water 
 

The statistical analysis for some soil chemical properties as affected by 

saline water and farmyard manures revealed significant differences at P=0.05  

(Appendix LII). Saline water applied to the treatments significantly enhanced soil EC 

(2.2 dS m-1), soluble Na+ (37.3 meq L-1), Cl- (28.9 meq L-1), SO4
2- (10.6 meq L-1), 

SAR (45.3) and ESP (36.2). However, soluble K+ (4.1 meq L-1), Ca2+ (2.2 meq L-1), 

Mg2+ (0.7 meq L-1) and HCO-
3 (2.7 meq L-1) were higher in the treatment irrigated 

with canal water (Table 67). 
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Table  67. Chemical properties of soil as affected by farmyard manure under saline water. 
                      

 

Treatments pH 
EC 

(dS m-

1) 

Na+ 
(meq L-1) 

K+ 
(meq L-1) 

Ca 2+ 
(meq L-1) 

Mg2+ 
(meq L-1) 

HCO3
- 

(meq L-1) 
Cl- 

(meq L-1) SAR ESP 

Canal water 
(EC 0.18 dS m-1 6.4ab 0.2 d 1.5d 4.1a 2.2a 0.7a 2.7a 1.7d 1.2d 2.0d 

Saline water 
(EC 4.0 dS m-1) 6.2b 2.2a 37.3a 3.2c 1.1d 0.2d 2.4b 28.9a 45.3a 36.2a 

Saline water+ 
15    t ha-1 

FYM 
6.3ab 1.1b 16.6b 3.7b 1.7c 0.5c 2.4b 12.6b 16.0b 17.0b 

Saline water+ 
20     t ha-1 

FYM 
6.4ab 0.7c 8.8c 3.9b 2.0b 0.6b 2.5ab 6.7c 7.8c 9.3c 

Saline water+ 
25    t ha-1 

FYM 
6.5a 0.3d 2.0d 4.1a 2.2a 0.7a 2.6a 1.5d 1.6d 2.6d 

Saline water+ 
30     t ha-1 

FYM 
6.4ab 0.2d 1.7d 4.1a 2.2a 0.7a 2.7a 1.5d 1.4d 2.3d 

S.E 0.07 0.02 0.19 0.05 0.02 0.01 0.06 0.26 0.40 0.28 

LSD≤ 5% 0.21 0.06 0.54 0.13 0.05 0.03 0.17 0.73 1.12 0.79 

LSD≤ 1% 0.29 0.09 0.72 0.17 0.06 0.04 0.23 0.98 1.49 1.05 
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Agronomic traits as affected by FYM under saline water 
 
Emergence percentage 
 
   The analysis of variance for maize emergence showed non-significant 

differences between the treatments, maize cultivars and their interaction        

(Appendix LV). The results of the experiment revealed that emergence ranged 

between 84.3 to 84.7% under different manure treatments and 83.7 to 85.1% in 

different maize cultivars.  

 
Plant height 
 
 
   The statistical analysis of variance for plant height showed that manure 

treatments, cultivars and interaction of treatments x cultivars recorded significant 

differences (Appendix LIII). The results of the experiment for plant height of different 

maize cultivars as affected by FYM under saline water (EC 4.0 dS m-1) condition 

showed significant effect. The application of canal water and saline water with FYM 

applied at the rate of 25 and 30 t ha-1 produced taller plants (106.3, 104.3 and 105.3 

cm), respectively. Sole application of saline water was less effective treatment and 

produced dwarf plants (66.4 cm). Regarding the cultivar performance under manure 

treatments, it was observed that EV-1098 and Agaiti-2002 recorded taller plants (98.1 

and 97.4 cm, respectively) followed by Akbar (92.0 cm) and EV-4001 (91.8 cm). The 

interaction of cultivars x manure treatments showed that all the cultivars performed 

better under canal water and brackish water + FYM at 25 and 30 t ha-1 (Table 68).  
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Table 68. Plant height (cm) of maize cultivars as affected by FYM under saline  
water. 

 

Cultivars 

Treatment Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
decrease 

over 
control 

Canal water 

(EC 0.18 dS m-1) 
106.5a 107.4a 105.8a 105.6a 106.3A 

- 

Saline water 
(EC 4.0 dS m-1) 70.4d 71.7d 61.5e 62.1e 66.4D 37.54 

Saline water+ 15 
t ha-1 FYM 91.6b 92.8b 82.6c 82.9c 87.5C 17.68 

Saline water+ 20 
t ha-1 FYM 102.8a 103.2a 94.8b 95.2b 99.0B 6.87 

Saline water+ 25 
t ha-1 FYM 106.6a 107.2a 101.5a 101.9a 104.3A 1.88 

Saline water+ 30 
t ha-1 FYM 106.2a 106.3 a 104.8a 103.9a 105.3A 0.94 

Mean 97.4A 98.1 A 91.8B 92.0B - - 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 SE LSD (5%) LSD (1%) 

Cultivars (C)  0.6610 1.855 2.512 
Treatments (T)  0.8096 2.272 3.076 
C x T 1.619 4.544 6.153 
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Stem girth  
   

The statistical results for stem girth showed significant effect of 

different FYM treatments, maize cultivars and interaction of FYM x cultivars 

(Appendix LIII). The results of the study revealed that application of canal water or 

increase in FYM levels, gradually increased stem girth. Maximum stem girth (3.5 cm) 

was noted under canal water (EC 0.18 dS m-1) and saline water (EC 4.0 dS m-1) + 

FYM at the rate of 25 and 30 t ha-1. These treatments were at par with each other. 

Minimum stem girth (2.3 cm) (34.29 % decrease over control) was noted in the 

treatments where saline water was applied without addition of FYM(Table 69).  

 

   The maize cultivars as affected by manure treatments showed that EV-

1098 and Agaiti-2002 equally recorded maximum stem girth (3.2 cm). However, 

minimum stem girth was observed in Akbar (3.1 cm) and EV-4001 (3.0 cm). 

 
Days to tasseling 
 
   Statistical results for days to tasseling showed significant difference 

among FYM treatments and maize cultivars however, their interactive effect was non-

significant (Appendix LIII). The plants irrigated with canal water or saline water + 

FYM at the rate of 25 and 30 t ha-1 recieved tasseling earlier (54.0, 54.5 and 54.5 days, 

respectively) whereas, sole application of saline water delayed tasseling (59.0 days) 

(9.26 % increase over control). The data in same table (Table 70) showed that EV-

1098 and Agaiti-2002 reached tasseling stage early (54.8) as compared to EV-4001 

and Akabr which attained tasseling after 56.2 days.  
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Table 69.  Stem girth (cm) of maize cultivars as affected by FYM under saline 
  water. 

Cultivars 

Treatment Agaiti-
2002 EV-1098 EV-4001 Akbar Mean 

% 
decrease

over 
control 

Canal water 3.5a 3.5a 3.5a 3.5a 3.5A - 

Saline water 
(EC 4.0 dS m-1) 2.5b 2.5b 2.1c 2.1c 2.3D 34.29 

Saline water+ 15 
t ha-1 FYM 3.1a 3.1a 2.6b 2.6b 2.8C 20.00 

Saline water+ 20 
t ha-1 FYM 3.3a 3.3a 3.2a 3.2a 3.3B 5.71 

Saline water+ 25 
t ha-1 FYM 3.5a 3.5a 3.4a 3.4a 3.5A 0.00 

Saline water+ 30 
t ha-1 FYM 3.5a 3.5a 3.5a 3.5a 3.5A 0.00 

Mean 3.2A 3.2A 3.0B 3.1B - - 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 SE LSD (5%) LSD (1%) 

Cultivars (C) 0.04014 0.1126 0.1525 
Treatments (T) 0.04916 0.1380 0.1868 
C x T 0.09832 0.2759 0.3736 
Table 70.  Days to tasselling of maize cultivars as affected by FYM under saline water. 
 

Cultivars 

Treatment Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
increase  

over 
control 

Canal water 54.0 54.0 54.0 54.0 54.0D - 

Saline water 
(EC 4.0 dS m-1) 58.0 58.0 60.0 60.0 59.0A 9.26 

Saline water+ 15 
t ha-1 FYM 55.0 55.0 57.0 57.0 56.0B 3.70 

Saline water+ 20 
t ha-1 FYM 54.0 54.0 56.0 56.0 55.0C 1.85 

Saline water+ 25 
t ha-1 FYM 54.0 54.0 55.0 55.0 54.5CD 0.93 

Saline water+ 30 
t ha-1 FYM 54.0 54.0 55.0 55.0 54.5CD 0.93 

Mean 54.8B 54.8B 56.2A 56.2A - - 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 SE LSD (5%) LSD (1%) 

Cultivars (C)  0.2363 0.6726 0.8979 
Treatments (T)  0.2894 0.8238 1.10 
C x T 0.5789 NS 
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 Number of green leaves plant-1 
 

   Statistical analysis showed significant differences for maize cultivars, 

FYM treatments and their interaction (Appendix LIII). Sole application of saline 

water exerted adverse effect on number of green leaves plant-1 (5.5) (32.93 % 

decrease over control). Maximum number of green leaves plant-1 (8.2, 7.9 and 8.1) 

were found with the application of canal water and saline water (EC 4.0 dS m-1) + 

FYM at the rate of  25 and 30 t ha-1, respectively. Among the cultivars it was noted 

that EV-1098 and Agaiti-2002 produced more number of green leaves (7.6 and 7.5, 

respectively); however, EV-4001 and Akbar were less efficient cultivars and showed 

less green leaves plant-1 (6.9 and 7.0, respectively). The interactive effect of cultivar x 

FYM treatments showed that all the maize cultivars responded well for number of 

green leaves plant-1 where canal water or FYM at the rate of  25 or 30 t ha-1 were 

applied (Table 71). 
 

Number of dry leaves plant-1 
 
   Number of dry leaves plant-1 were found more (6.6) where plants 

received saline water (EC 4.0 dS m-1) (73.61 % increase over control) whereas, less 

dry leaves plant-1 appeared in the pots where canal water or FYM at the rate of  25 or 

30 t ha-1 were applied. Regarding cultivar performance for dry foliage production, it 

was observed that EV-1098 and Agaiti-2002 significantly produced less dry leaves 

plant-1 (4.4 and 4.5, respectively), however, EV-4001 and Akbar equally recorded 

more dry leaves plant-1 (5.1). The interactive effect of cultivar x FYM treatments 

showed that all the maize cultivars responded well for dry leaves plant-1 where canal 

water or FYM at the rate of  25 or 30 t ha-1 were applied. However, more dry leaves 

appeared in the treatment where only saline water was applied without FYM (Table 

72). 
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Table 71.   Number of green leaves plant-1 of maize cultivars as affected by FYM under 
 saline water. 

 

Cultivars 
Treatment Agaiti-

2002 EV-1098 EV-4001 Akbar 
Mean 

% decrease  
over control 

Canal water 8.2a 8.2a 8.2a 8.2a 8.2A - 

Saline water 
(EC 4.0 dS m-1) 6.0f 6.1f 4.9g 4.9g 5.5D 32.93 

Saline water+ 15 
t ha-1 FYM 7.1cde 7.2b-e 5.8f 5.9f 6.5C 20.73 

Saline water+ 20 
t ha-1 FYM 7.7a-d 7.7a-d 6.9e 7.0de 7.3B 10.98 

Saline water+ 25 
t ha-1 FYM 7.8abc 8.2a 7.8abc 7.8abc 7.9A 3.70 

Saline water+ 30 
t ha-1 FYM 8.2a 8.2a 8.0ab 8.0ab 8.1A 1.22 

Mean 7.5A 7.6A 6.9B 7.0B - - 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 SE LSD (5%) LSD (1%) 

Cultivars (C)  0.07817 0.2194 0.2971 
Treatments (T)  0.09574 0.2687 0.3638 
C x T 0.1915 0.5374 0.7276 
 

Table 72. Number of dry leaves plant-1 of maize cultivars as affected by FYM under 
  saline water. 

Cultivars 

Treatment Agaiti-
2002 EV-1098 EV-4001 Akbar Mean 

% 
increase 

over 
control 

Canal water 3.8f 3.8f 3.8f 3.8f 3.8D - 

Saline water 
(EC 4.0 dS m-1) 6.1b 6.0b 7.2a 7.1a 6.6A 73.68 

Saline water+ 15 
t ha-1 FYM 4.8cde 4.8cde 6.2b 6.1b 5.5B 44.74 

Saline water+ 20 
t ha-1 FYM 4.3def 4.2ef 5.1c 5.1cd 4.7C 23.68 

Saline water+ 25 
t ha-1 FYM 3.9f 3.9f 4.2ef 4.2ef 4.0D 2.26 

Saline water+ 30 
t ha-1 FYM 3.8f 3.8f 4.0ef 4.0ef 3.9D 2.63 

Mean 4.5B 4.4B 5.1A 5.1A - - 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 

 SE LSD (5%) LSD (1%) 
Cultivars (C) 0.07853 0.2204 0.2984 
Treatments (T) 0.09618 0.2699 0.3655 
CxT 0.1924 0.5398 0.7309 
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Green fodder yield 
     

  Statistical results for green fodder yield showed significant differences 

among cultivars, FYM treatments and their interaction ((Appendix LIII, Table 73). 

The results of the study revealed that application of saline water with EC 4.0 dS m-1 

significantly decreased green fodder yield (111.5 g 6 plants-1) (40.48 % decrease over 

control). Maximum green fodder yield (188.5, 183.8 and 186.2 g 6 plants-1) was 

observed with the application of canal water and FYM at the rate of 25 or 30 t ha-1. 

All these treatments were at par with each other. The results for performance of maize 

cultivar showed that EV-1098 and Agati-2002 were efficient maize cultivars and 

produced more green fodder (168.2 and 167.1 g 6 plants-1, respectively) as compared 

to EV-4001 and Akbar which exhibited less green fodder yield (156.8 and 157.7 g 6 

plants-1, respectively). The interactive effect of cultivars x FYM treatments recorded 

higher values of this trait when all cultivars received canal water and FYM at the rate 

of 25 or 30 t ha-1. 

Dry fodder yield      

 

Maximum dry fodder yield (37.7, 36.7 and 37.2 g 6  plants-1) was 

observed in the pots treated with canal water and saline water + FYM at the rate of  25 

or 30 t ha-1. The pots treated with saline water alone with EC 4.0 dS m-1 recorded less 

dry fodder yield (22.3 g 6 plants-1) ) (40.85 % decrease over control). Among the  

cultivars, EV-1098 and Agaiti-2002 produced more dry fodder yield (33.7 and 33.4 g 

6 plants-1, respectively). However, EV-4001 and Akbar recorded less dry fodder yield 

(31.4 and 31.5 g 6 plants-1). The interactive effect of cultivars x FYM treatments 

further revealed that all the cultivars significantly recorded higher values of dry 

fodder yield where canal water and FYM at the rate of 25 or 30 t ha-1 were applied 

(Table 74). 
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Table 73. Green fodder yield (g 6 plants-1) of  maize cultivars as affected by  
FYM under saline water. 

Cultivars 

Treatment Agaiti-
2002 EV-1098 EV-4001 Akbar Mean 

% 
decrease

over 
control 

Canal water 188.8a 189.4a 187.8a 187.9a 188.5A - 

Saline water 
(EC 4.0 dS m-1) 122.5e 123.9de 99.5f 100.1f 111.5D 40.85 

Saline water+ 15 
t ha-1 FYM 149.5c 150.8c 132.3d 133.5d 141.5C 24.93 

Saline water+ 20 
t ha-1 FYM 168.8b 169.9b 156.9c 157.3c 163.2B 13.42 

Saline water+ 25 
t ha-1 FYM 185.7a 186.9a 180.1a 182.5a 183.8A 2.49 

Saline water+ 30 
t ha-1 FYM 187.2a 188.5a 184.3a 184.8a 186.2A 1.22 

Mean 167.1A 168.2A 156.8B 157.7B - - 
Means followed by similar letters do not differ significantly at 5% level of probability using LSD 
test. 
 SE LSD (5%) LSD (1%) 

Cultivars (C)  0.9859 2.806 3.746 
Treatments (T)  1.207 3.437 4.588 
CxT 2.415 6.874 9.177 
Table 74. Dry fodder yield (g 6 plants-1) of maize cultivars as affected by FYM  
                  under saline water. 

Cultivars 

Treatment Agaiti-
2002 EV-1098 EV-4001 Akbar 

Mean 

% 
decrease 

over 
control 

Canal water 37.6a 37.9a 37.6a 37.6a 37.7A - 

Saline water 
(EC 4.0 dS m-1) 24.5e 24.9de 19.9f 20.0f 22.3D 40.85 

Saline water+ 15 
t ha-1 FYM 29.9c 30.2c 26.5d 26.7d 28.3C 24.93 

Saline water+ 20 
t ha-1 FYM 33.7b 34.0b 31.4c 31.4c 32.6B 13.53 

Saline water+ 25 
t ha-1 FYM 37.1a 37.4a 36.1a 36.3a 36.7A 2.65 

Saline water+ 30 
t ha-1 FYM 37.4a 37.7a 36.9a 37.0a 37.2A 1.33 

Mean 33.4A 33.7A 31.4B 31.5B - - 
Means followed by similar letters do not differ significantly at 5% level of probability using LSD 
test. 
 SE LSD (5%) LSD (1%) 

Cultivars (C)  0.1982 0.5562 0.7531 
Treatments (T)  0.2427 0.6812 0.9224 
CxT 0.4855 1.362 1.845 
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Chemical composition of cultivars as affected by FYM under saline water  
 
Sodium and chloride 
 
 
   The statistical analysis of variances for Na+ and Cl- accumulation in the 

maize straw as affected by different FYM treatments showed significantly different 

results (Appendx- LIV). The Na+ and Cl- content in different maize cultivars were 

found higher with the sole use of saline water with EC 4.0 dS m-1. Maximum Na+ and 

Cl- (1.593% and 1308.25 mg kg-1) accumulation was noted in the plants treated with 

saline water of EC 4.0 dS m-1 (1710.23 % and 558.77 % increase over control, 

respectively). Minimum Na+ and Cl- (0.088 % and 198.59 mg kg-1, respectively) were 

exhibited in the plants irrigated with canal water and saline water + FYM at the rate of 

25 or 30 t ha-1. Among the cultivars, EV-4001 and Akbar accumulated more Na+ (0.79 

and 0.781%) and Cl- (714.917 and 712.228 mg kg-1). The results of the experiment 

further showed that EV-1098 recorded less Na+ (0.411%) and Cl-  (490.75 mg kg-1) 

followed by Agaiti-2002 which exhibited 0.423% Na+ and 493.33 mg kg-1 Cl- (Tables 

75 and 76). 
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Table 75.  Sodium (%) concentration in maize straw as affected by FYM under 
  saline water. 

 

Cultivars 
Treatment Agaiti-

2002 EV-1098 EV-4001 Akbar Mean 
% increase 
over control 

Canal water 0.090h 0.080h 0.090h 0.090h 0.088E - 

Saline water 
(EC 4.0 dS m-1) 1.128c 1.108c 2.077a 2.057a 1.593A 1710.23 

Saline water+ 15 
t ha-1 FYM 0.589d 0.579d 1.358b 1.348b 0.968B 1000.00 

Saline water+ 20 
t ha-1 FYM 0.379e 0.370e 0.679d 0.669d 0.524C 495.50 

Saline water+ 25 
t ha-1 FYM 0.190fgh 0.170gh 0.290ef 0.280ef 0.232D 163.64 

Saline water+ 30 
t ha-1 FYM 0.160gh 0.159gh 0.250fg 0.240fg 0.202D 129.55 

Mean 0.423B 0.411B 0.790A 0.781A - - 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 

 SE LSD (5%) LSD (1%) 
Cultivars (C) 0.01054 0.03001 0.04006 

Treatments (T) 0.01291 0.03675 0.04906 
CxT 0.02582 0.07350 0.09812 

 

Table 76.  Chloride (mg kg-1) concentration in maize straw as affected by FYM 
  under saline water. 

 

Cultivars 
Treatment Agaiti-

2002 EV-1098 EV-
4001 Akbar Mean 

% increase 
over 

control 

Canal water 198.90f 197.60f 199.50f 198.36f 198.59D - 

Saline water 
(EC 4.0 dS m-1) 1008.00c 1003.00c 1612.00a 1610.00a 1308.25A 558.77 

Saline water+ 15 
t ha-1 FYM 813.00d 809.00d 1178.00b 1173.00b 993.25B 400.15 

Saline water+ 20 
t ha-1 FYM 531.66e 529.00e 743.00d 740.00d 635.91C 220.21 

Saline water+ 25 
t ha-1 FYM 208.00f 206.00f 280.00f 278.00f 243.00D 22.36 

Saline water+ 30 
t ha-1 FYM 200.46f 199.90f 277.00f 274.00f 237.84D 19.76 

Mean 493.33B 490.75B 714.917A 712.228A - - 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 

 SE LSD (5%) LSD (1%) 
Cultivars (C) 11.30 32.16 42.93 

Treatments (T) 13.84 39.39 52.58 
CxT 27.67 78.78 105.2 
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Potassium, calcium and magnesium 
 
 
   The statistical analysis of these plant parameters as affected by 

different FYM treatments showed significant differences for these elements 

(Appendix LIV, Tables 77-79). The K+, Ca2+ and Mg2+ content in maize straw 

decreased (0.862, 0.079 and 0.020%, respectively) with the application of saline water 

(EC 4.0 dS m-1) without incorporation of FYM (64.16, 82.60 and 80.77 % decrease 

over control, respectively). However, application of canal water and or brackish water 

(EC 4.0 dS m-1) + FYM at the rate of  25 or 30 t ha-1 significantly reduced the values 

of  K+, Ca2+ and Mg2+ in maize straw. Among the maize cultivars, EV-4001 

accumulated less K+ 1.767%, Ca2+ 0.268% and Mg2+ 0.074% and Akbar K+ 1.779%, 

Ca2+  0.273% and Mg2+ 0.075%. The higher accumulation of K+ 2.130%, Ca2+ 

0.342% and Mg2+ 0.083% was noted in EV-1098 followed by Agaiti-2002 which 

exhibited K+ 2.099%, Ca2+ 0.336% and Mg2+ 0.082%.  
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Table 77. Potassium (%) concentration in maize straw as affected by FYM under  
  saline water. 

Cultivars 

Treatment Agaiti-
2002 EV-1098 EV-4001 Akbar Mean 

% 
decrease 

over 
control 

Canal water 2.403ab 2.410ab 2.403ab 2.403ab 2.405A - 

Saline water 
(EC 4.0 dS m-1) 1.200e 1.220e 0.510f 0.520f 0.862D 64.16 

Saline water+ 15 
t ha-1 FYM 1.880d 1.890d 1.140e 1.160e 1.518C 36.88 

Saline water+ 20 
t ha-1 FYM 2.200c 2.230c 1.760d 1.780d 1.993B 17.13 

Saline water+ 25 
t ha-1 FYM 2.430ab 2.540° 2.350bc 2.360abc 2.420A 0.62 

Saline water+ 30 
t ha-1 FYM 2.480ab 2.490ab 2.440ab 2.450ab 2.465A 2.50 

Mean 2.099A 2.130° 1.767B 1.779B - - 
Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 SE LSD (5%) LSD (1%) 

Cultivars (C)  0.1667 0.04744 0.06333 
Treatments (T)  0.02041 0.05811 0.07757 
CxT 0.04082 0.1162 0.1551 
Table 78. Calcium (%) concentration in maize straw as affected by FYM under  

saline water. 
 

Cultivars 

Treatment Agaiti-
2002 EV-1098 EV-4001 Akbar Mean 

% 
decrease 

over 
control 

Canal water 0.454a 0.460a 0.451a 0.450a 0.454A - 

Saline water 
(EC 4.0 dS m-1) 0.104fg 0.110fg 0.051g 0.050g 0.079E 82.60 

Saline water+ 15 
t ha-1 FYM 0.244e 0.250e 0.121fg 0.130f 0.186D 59.03 

Saline water+ 20 
t ha-1 FYM 0.344cd 0.350bcd 0.231e 0.240e 0.291C 35.90 

Saline water+ 25 
t ha-1 FYM 0.424ab 0.430° 0.341d 0.350bcd 0.386B 14.98 

Saline water+ 30 
t ha-1 FYM 0.444a 0.450° 0.411abcd 0.420abc 0.431A 5.07 

Mean 0.336A 0.342° 0.268B 0.273B - - 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 SE LSD (5%) LSD (1%) 

Cultivars (C)  0.003644 0.01037 0.02832 
Treatments (T)  0.004463 0.01270 0.03469 
CxT 0.008926 0.02541 0.06938 
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Table 79.  Magnesium (%) concentration in maize straw as affected by FYM 
  under saline water. 

Cultivars 

Treatment Agaiti-
2002 EV-1098 EV-4001 Akbar Mean 

% 
decrease 

over 
control 

Canal water 0.104a 0.105a 0.104a 0.104a 0.104A - 

Saline water 
(EC 4.0 dS m-1) 0.030ab 0.032ab 0.009b 0.010b 0.020C 80.77 

Saline water+ 15 
t ha-1 FYM 0.064ab 0.066ab 0.050ab 0.053ab 0.058C 44.23 

Saline water+ 20 
t ha-1 FYM 0.091a 0.092a 0.084ab 0.085ab 0.088B 15.39 

Saline water+ 25 
t ha-1 FYM 0.100a 0.101a 0.095a 0.095a 0.098AB 5.77 

Saline water+ 30 
t ha-1 FYM 0.103a 0.104a 0.100a 0.101a 0.102A 1.92 

Mean 0.082A 0.083° 0.074B 0.075B - - 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 SE LSD (5%) LSD (1%) 

Cultivars (C)  0.003472 0.009884 0.01319 
Treatments (T)  0.004252 0.01211 0.01616 
CxT 0.008505 0.02421 0.03232 
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Potassium/sodium ratio  
 
   It was observed that FYM treatments affected K+/Na+ ratio in plant 

straw and was higher (27.56) in the treatments where canal water applied and 

decreased (0.67) with application of saline water alone without adding FYM (97.60 % 

decrease over control). The results further revealed that K+/Na+ ratio was higher 

(11.85 and 10.84 ) in salt- resistant cultivars (EV-1098 and Agaiti-2002), However, 

salt- sensitive cultivars (EV-4001 and Akbar) recorded lower K+/Na+ ratio (Table 80). 
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 Table 80. Potassium/sodium ratio of maize straw as affected by FYM under 
  saline water. 
 
 

Cultivars 

Treatment Agaiti-
2002 EV-1098 EV-4001 Akbar Mean 

% 
decrease 

over 
control 

Canal water 26.70 30.13 26.70 26.70 27.56A - 

Saline water 
(EC 4.0 dS m-1) 1.06 1.10 0.25 0.25 0.67E 97.60 

Saline water+ 15 
t ha-1 FYM 3.19 3.26 0.84 0.86 2.04D 92.60 

Saline water+ 20 
t ha-1 FYM 5.80 6.03 2.59 2.66 4.27C 84.51 

Saline water+ 25 
t ha-1 FYM 12.79 14.94 8.10 8.43 11.07B 59.83 

Saline water+ 30 
t ha-1 FYM 15.50 15.66 9.76 10.21 12.78B 53.63 

Mean 10.84A 11.85A 8.04B 8.19B - - 

Means followed by similar letters do not differ significantly at 5% level of probability 
using LSD test. 
 SE LSD (5%) LSD (1%) 

Cultivars (C)  0.1236 0.3519 0.4697 
Treatments (T)  0.1514 0.4309 0.5753 
C x T 0.3028 NS NS 
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Maize green fodder relation with maize traits 
 
Extent of relationship (r) 
 

 The extent of relationship showed that maize green fodder yield was 

positively associated with plant height (r=0.98), green leaves plant-1 (r=0.98) and 

accumulation of K+ in plant (r=0.99) However, dry leaves (r=-0.98), Na+ and Cl- 

concentration in plant (r=-0.97 and r=-0.99, respectively) showed negative 

relationship (Figures 19 to 24).  

 

Coefficient of determination (R2) 
 
  The coefficient of determination shows that total variation in maize 

green fodder yield was due to its association with plant height (0.97%), green leaves 

plant-1 (0.98%), dry leaves (0.98%), Na+ (0.96%), K+ (0.98%) and Cl- concentration in 

plant (0.98%) respectively.  

 

Regression coefficient (b) 
 

 The regression coefficient indicates a unit increase in various traits 

resulted in corresponding increase of maize green fodder yield was due to its 

association with plant height (1.98 g 6 plants-1), green leaves plant-1 (26.56 g 6 plants-

1) and K+ (44.37 g 6 plant-1), however a unit increase in various traits like dry leaves, 

Na+ and Cl- concentration resulted correspondingly decreased green fodder yield by 

26.25, 46.2 and 0.06 g 6 plants-1) respectively. 

  
Student T value 

  The calculated Student T value observed for plant height (31.179), 

green leaves plant-1 (23.070), dry leaves (26.529), Na+ (29.645), K+ content (47.631) 

and Cl- content in plant (36.017) all being grater than their book value at 5% level of 

probability, which shows that correlation is statistically highly significant. 
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Figure 19.   Correlation of green fodder yield (g 6 plants-1) with Plant height (cm) of maize 

cultivars as affected by FYM under saline water. 

 
Figure 20.   Correlation of green fodder yield (g 6 plants-1) with green leaves plant-1 of 

maize cultivars as affected by FYM under saline water. 
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Figure 21.   Correlation of green fodder yield (g 6 plants-1) with dry leaves plant-1 of 

maize cultivars as affected by FYM under saline water. 

 
Figure 22.   Correlation of green fodder yield (g 6 plants-1) with Na+ (%) content in  
  maize plant as affected by FYM under saline water.
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Figure 23.   Correlation of green fodder yield (g 6 plants-1) with Cl- (mg kg-1) content in 

maize plant as affected by FYM under saline water. 

 
Figure 24.   Correlation of green fodder yield (g 6 plants-1) with K+ (%) content in 

maize plant as affected by FYM under saline water. 
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DISCUSSION 

 
Screening of maize cultivars for salt tolerance 

 
The suitability of waters for crop production is judged on their long-

term effects on soil productivity. Poor quality waters could deteriorate soil properties 

and create conditions unfavorable for the economic growth of crops under normal 

farming practices (Sharma and Tiyagi, 2004). Laboratory studies on water qualities 

showed that saline water significantly reduced the maize germination, plumule and 

radical length, their fresh and dry weight. Maximum germination and germinating 

traits were recieved under application of canal water (0.40 EC dS m-1) and water 

quality having EC 2.0 dS m-1. Out of 10 maize cultivars, EV-1098 and Agaiti-2002 

had better tolerance towards saline water. However, EV-4001 and Akbar were more 

sensitive to saline irrigation. The cultivar performance for salinity tolerance could be 

the genetic potentiality of the cultivar. Various researchers also reported that salt 

concentration in water significantly affected the germinating seeds, which caused 

adverse effect on seed respiration (Ashraf and Wahid, 2000; Soliman et al., 1980; 

Ragab et al., 2008), reductions in plumule and radical length (Yao et al., 2007; Zeng 

et al., 2001; Hamada, 1994), decreased plumule and radical fresh and dry weight 

(Mansour et al., 2005; Abbas, 2004; Li FaHu et al., 2003; Aziz  et al., 1993). Thus, 

avoiding bad effect of saline water on germination, it is better that fresh water or 

slightly saline water could be applied.   
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Salt- tolerance of maize cultivars under different water qualities. 

 
Pot as well as field investigations on water qualities revealed that 

application of canal water (EC 0.4 dS m-1) and brackish water with EC 2.0 dS m-1 

recorded better maize growth and fodder yield of EV-1098 and Agaiti-2002. 

However, increase in salinity of water beyond EC 2.0 dS m-1 significantly reduced the 

height of plants, stem girth, delayed tasseling, green leaves, green and dry fodder 

yield. It is well known fact that salinity of water reduces plant growth (Emdad and 

Fardad, 2000); Rajesh and Bajwa, 1997), plant height (Hassan, 1999; Belhouchette et 

al., 1997); Pasternak et al.; 1995), delayed tasseling (Blanco et al., 2008; Rai, 197; 

Abood, 1978), green leaves (Aziz et al., 1993), fodder yield (Yuncai et al., 2008; 

Dehghan and Naderi, 2007; Kumar et al., 1997; Belhouchette et al., 1997); Abu-

Awwad, 1995; Pasternak et al., 1995; Soliman and Kostandi, 1992).  Regarding 

cultivars performance, EV-1098 and Agaiti-2002 exhibited taller plants as compared 

to EV-4001 and Akbar. Pasternak et al. (1995) observed that major factor associated 

with salinity tolerance was genetic potentiality of the genotype.  

 
In soil, application of salinity of water (EC 8.0 dS m-1) exhibited its 

adverse effects on soil chemical properties by increasing EC, soluble Na+, Cl-, SO4
2-, 

Ca2+, Mg2+, SAR and ESP. However, soluble K+ contents were higher in the treatment 

where soil received canal water. Soil analysis further revealed that upper soil layers 

had higher accumulation of EC, soluble Na+, Ca2+, Mg2+, K+, HCO3
-, Cl-, SO4

2-, SAR 

and ESP and subsequently decreased with increase in soil depth. Mao et al., (2003) 

observed that brackish irrigation resulted rapid accumulation of salts, notably in the 

upper soil layer. The harmful effects were mainly associated with accumulation of 

salts in the soil profile which may cause slow growth rate in plants (Mass, 1990; 
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CSSRI, 1998). However, freshwater application reduced Na+ and Cl- levels, and 

increased K+ contents (Belhouchette et al., 1997).  

 
Higher salt concentration in the top layer could be attributed to high 

evaporation rate from the wetted surface as observed by Yazar et al. (2003). Severe 

effects were noted in upper soil layer than the lower layers (Sharma and Dubey, 

1988).  Highly saline water with an EC of 6.0 and 8.0 dS m-1 considerably increased 

soil salinity even over a short period of growth and saline water with an EC of 4.0 dS 

m-1 could be utilized without maize yield reductions if the salinity of soil is well 

maintained (Hussain, 1981). Li-FaHu et al. (2003); Yazar et al. (2003) all reported 

that irrigation with saline water for an extended period of time could result in 

potential secondary soil salinization and sodification. The present results also 

confirms the findings of  Hassanein et al. (1993) that distribution and concentration of 

most cations and anions increased with increasing salt concentration in irrigation 

water and were more pronounced in the upper soil depths. 

 
In the view of present study, it is reported that saline water used for 

irrigation causes accumulation of Cl-, SO4
2-, CO3

2- and HCO3
- of Ca2+, Mg2+, Na+ in 

the root zone, whereas, K- may be present but its concentration is kept low by 

interaction with soil particles as reported by Grattan and Grieve (1993). Thus, fresh 

water coupled with pumped is more important instead of sole brackish water (Emdad 

et al., 2006; Ashraf and Saeed, 2006), because high concentration of Na+ and Cl- in 

soil solution is generally the main cause of the saline stress (Hasegawa et al., 2000; 

Abd El-Nour, 1989). Alawi et al. (1980) and Mostafa et al. (1992) further reported 

that presence of salts in irrigation water influences most of the chemical soil 

characteristics such as soil pH, soil EC, soluble ions and SAR. Soil pH values were 
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inversely proportional to salinity level of irrigation water of more than 4000 ppm. 

This may be fact that H+ ions are released from the exchange complex by the 

influence of other soluble cations in the applied saline waters (Mahrous et al., 1983) 

or due to increasing the solubility of CaSO4 and sulfate transformation which led to 

decrease in the soil pH values (El Sawaby, 1965). Abd El-Nour (1989) reported that 

concentration of soluble Ca2+, Mg2+ and Na+ sharply increased as salinity level of 

irrigation water increased up to 4.0 dS m-1. 

 
Application of canal water or EC 2.0 dS m-1 to maize, cv. EV-1098 and 

Agaiti-2002 had lower values of Na+ and Cl-  and higher K+, Ca2+, Mg2+ and K+/Na+ 

ratio which shows that both cultivars were tolerant to brackish water as compared to 

sensitive EV-4001 and Akbar. Hua et al., 2008; Irshad et al., 2004; Willadino et al., 

1994) also reported maize cultivars having different tolerance ability to salt stress. 

Na+ concentration in maize increases with NaCl stress and with a higher rate in salt-

sensitive cultivars than in salt-tolerant cultivars (Ernesto et al., 2007; Xia Yang et al., 

2000; Jiang XingYu et al., 1999).  

 
Uptake of Na+ and Cl- in salt-tolerant cultivars was reported less than 

the salt-sensitive maize, which meant that the salt-tolerant cultivar might have higher 

utilization efficiency of nutrients and could maintain the balance of nutrients in plants 

and consequently improve its tolerance to salt stress (Mansour et al., 2005). Further, 

Ashraf and Wahid (2000); Soliman and Kostandi (1998) observed that increasing 

salinity significantly increased leaf CI- and induced marked inhibition on growth and 

yield. Saline water application increased the Na+ content and relationships Na+/Ca2+, 

Na+/Mg2+, Na+/K+, but decreased the contents of Ca, Mg and K (Garcia et al., 2007). 
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Effect of saline irrigation scheduling on the soil and crop parameters 

 
Irrigation scheduling consisting frequent application of saline water 

from sowing to harvesting posed adverse impact on plant and soil parameters. This is 

attributed to the fact that water is held tighter to the soil in saline environments and is 

also less available for plant uptake due to osmotic forces. This leads to reduced water 

uptake and increased plant stress. Effect of saline irrigation scheduling on maize 

cultivars EV-1098 and Agaiti-2002 (salt- tolerant) showed that maximum emergence 

percentage, plant height, stem girth, early tasseling, green leaves, green and dry 

fodder yield were achieved with application of canal water applied at all growth 

stages and, or canal water application during soaking + early whorl stage + brackish 

water (EC 4.0 dS m-1) during late whorl stage.  Maize irrigated alternately with saline, 

fresh and saline water did not reduce yield significantly compared to maize irrigated 

with saline water continuously at all growth stages even when the highest level of 

salinity of water was used (Pasternak et al., 1985b). Saline water alone applied to 

maize significantly decreased growth. Whereas, inclusion of canal water for irrigation 

in the saline water irrigation system improved plant growth (Rajesh and Bajwa, 1997). 

Zeng et al. (2001) suggested that sensitivity stages should be well observed to quantify 

saline irrigation scheduling at proper growth stage. Similar results were also reported 

by Soliman et al. (1980), Srinivas et al. (1991), Katerji et al. (1994) and Ashraf and 

Wahid (2000). Salinity delayed maize germination but had no effect on final 

emergence (Kaddah and Ghowail, 1964). Salinity applied at sowing time reduced 

vegetative growth, delayed tasseling and silking and reduced yield (Katerji et al., 

1994). Yu ZhenRong et al. (2002) suggested that there is no salinity hazard to the use 

of saline groundwater for irrigation if only one irrigation is needed during the crop 

season. If more than two irrigations are needed, it is preferable to fix irrigation 
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scheduling (poor quality) shallow and (fresh) deep groundwater followed by leaching 

of the soil with deep groundwater after harvest. Irrigation with saline water produced 

40% lower yield than that receiving canal water alone (control). Substitution of canal 

water with saline water before sowing improved seedling establishment and when 

used for the first irrigation after sowing enhanced tillering and related growth 

parameters. Use of canal water at early growth stages reduced soil salinity and 

resulted in better growth. Thus, canal water should be used pre-sowing and for the 

first irrigation after sowing, but saline water may be used at later growth stages 

(Naresh et al., 1993). Similarly, Shalhevet (1994) suggested that using non-saline 

water during early in the growth season and saline water later. Present investigations 

agree with the reports of Franklin  et al. (1991) that straw yield was higher in normal 

water (0.08 dS m-1) whereas, dry fodder yield decreased with application of saline 

water. Further, Samia et al. (1988); Abbas (2004) recommended that irrigation with 

fresh water to maize during the whole period of growth recorded highest values for 

plant height, number of leaves, as well as fresh and dry weight of the yield. 

 
Saline water scheduling studies showed higher contents of EC, soluble 

Na+, Cl-, SO4
2-, SAR and ESP in soil when irrigated with saline water (EC 4.0 dS m-1) 

at all growing phases. However, pH, soluble K+, Ca2+, Mg2+ and HCO-
3 were higher 

in the treatment where crop received canal water from sowing to harvesting. The 

effects of salinity are expressed through an overall decline in yield and in severe cases 

total crop failure (Qadir et al., 2000). The results of the experiment agree with the 

findings of Patil et al. (1992) that increasing the number of saline water irrigations 

increased EC, Na, and SAR of soil. Bajwa et al. (1993) concluded that irrespective of 

the irrigation intervals, sustained use of sodic and saline-sodic waters increased pH, 

electrical conductivity and exchangeable sodium percentage  of the soil and 
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significantly decreased maize yield. Yuncai and Schmidhalter (2005) reported that 

nutrient disturbances under both drought and salinity reduce plant growth by affecting 

the availability, transport, and partitioning of nutrients ultimately causing nutrient 

deficiencies or imbalances, due to the competition of Na+ and Cl- with nutrients such 

as K+, Ca2+ and NO. Bajwa et al. (1986) reported that irrigation with good water and 

saline water alternately for a longer period resulted a rapid increment in salinity in the 

soil and decreased maize yield. Application of non-saline and saline waters alternately 

was found to be a useful practice.  

 
Saline water applied to at all growth stages and or irrigation  with canal 

water during soaking + early whorl stage + brackish water during late whorl stage. 

accumulated less Na+ and Cl- in plants of cv. EV-1098 and Agaiti-2002 as compared 

to rest of cultivars. Therefore, these cultivars accumulated more K+, Ca2+, Mg2+ and 

K+/Na+ ratio which are necessary for ionic balance in plants for healthy growth. Hua 

et al. (2008); Yuncai Hu and Schmidhalter (2005) also reported that salt-tolerant 

cultivar could maintain the balance of nutrients in plants and consequently improve its 

tolerance to salt stress. Further, Belhouchette et al. (1997) suggested that the release 

of freshwater reduced Na+ and Cl- levels, and increased potassium contents. This 

improvement was more pronounced in the case of the least saline case, than for the 

others. Irrigation with freshwater on treatments initially irrigated with saline water, 

created a water uptake which was important for yields from saline treatments. 

  
Maize irrigated with saline water at all growth stages followed by 

canal water once applied at late whorl stage increased the concentration of Na+ and 

Cl- and reduced K+, Ca2+, Mg2+ and K+/Na+ ratio in plants, also as reported by Siegel 

et al. (2006); Irshad et al. (2004); Xia  et al. (2000); Willadino et al. (1994); 
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Shalhevet and Hsiao (1986) that maize recorded increased values of Na+ and Cl- in 

plants.  Singh et al. (1992) warned that continuous and prolong use of brackish 

groundwater could induce salination/sodication of soils and greatly hamper the 

growth and yield and salt-sensitive crops do not perform well when salinity is above a 

certain limit (Maas and Hoffman, 1977; Grattan et al., 1991). Thus, issues for 

irrigation demand management refer mainly to irrigation scheduling (Endale and 

Fipps, 2001). Heermann (1996) reported that irrigation scheduling requires 

knowledge on (a) the crop water requirements and yield responses to water (Allen et 

al., 1998; Kang et al., 2003), (b) the constraints specific to each irrigation method 

(Pereira and Trout, 1999; Liu et al., 2000a, 2000b), and (c) the crop sensitivity to 

salinity when water of inferior quality is used (Rhoades et al., 1992; Minhas, 1996). 

 
Effect of farmyard manure and saline water on maize fodder production 

 
Application of canal water (EC 0.18 dS m-1) and or brackish water (EC 

4.0 dS m-1) with farmyard manure at the rate of 25 and 30 t ha-1 and recommended 

NPK to cv. EV-1098 and Agaiti-2002 recorded higher plant height, stem girth, early 

tasselling, green leaves, green and dry fodder yield in all maize cultivars. Reduced 

rate of farmyard manure below 25 t ha-1 and or application of saline water without 

addition of  FYM linearly recorded less value of studied crop traits. Lithourgidis et al. 

(2007) also reported that cattle manure maintained the amounts of soil available 

nutrients, increased corn yield without increasing soil salinity at undesirable levels. 

Abou El-Magd et al. (2008); Yuncai et al. (2008) also observed that salinity exert 

adverse effects on crop growth, whereas, addition of organic manures increased 

vegetative growth which contributed to increase the fodder yield of maize. 

Lithourgidis et al. (2007); Sarir et al. (2005); Lakho et al. (2004); Oad et al. (2004); 
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Toor and Bishnoi (1996); Mohamed and El-Aref (1999); Mehta et al., (1994); Patel  

et al. (1993) all suggested that inorganic nitrogen application is the common practice 

of the farmers, but if, farmyard manure could be supplemented there may be 

significant increase in maize fodder yield.   

 
The soil analysis showed increased contents of EC, soluble Na+, Cl-, 

SO4
2-, SAR and ESP under the application of NaCl salinized water (EC 4.0 dS m-1). 

However, maximum soluble K+, Ca2+, Mg2+, K+/Na+ ratio and pH were  found in the 

treatments where canal water or FYM at  the rate of  25 or 30 t ha-1 were applied. The 

present investigations are in  agreement with those obtained by Noufal (2005) that 

organic matter improved the soil physical properties by increasing total porosity, 

which resulted improved water holding capacity and aeration (Tate, 1987). Similarly, 

the beneficial effects of organic manure have been attributed to release root exudates 

such as organic acids which regulate soil pH and decreases the harmful effect of 

increasing salt concentration of soil (Joachim, 2007) and improved soil physical 

properties and nutrient availability (Deluca and Deluca, 1987). Abou El-Magd et al. 

(2008) also reported that organic manure reduced the stress of saline water by proving 

good water relation and improving cations and anions exchange and solubility. 

Further they reported that the best means of maintaining soil fertility, productivity and 

salt tolerance could be through periodic addition of organic manures. Joachim et al. 

(2007) reported that combining manures with inorganic fertilizers improved pH and 

electrical conductivity of soil. The indiscriminate use of tube well water in the country 

like Pakistan is creating salinity/sodicity problem. Therefore, Girdhar,1988; Sharma 

and Machanda, 1989; Khan et al., 1991; Prunty et al., 1991; Hussain et al., 1993 

suggested that the ill effects of brackish water on soil health may be minimized with 

the use of certain  amendments like manures.  Thus, application of manure are known 
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to preserve and improve soil physical, chemical and biological properties by 

providing several nutrients, including N (Freeze, 1985; Campbell, 1986)  

 
Less concentration of Na+ and Cl- and higher K+, Ca2+, Mg2+ and 

K+/Na+ ratio were recorded in tolerant maize cv. EV-1098 Agaiti-2002 with the 

application of canal water or saline water (EC 4.0 dS m-1) + FYM at  the rate of  25 or 

30 t ha-1. The findings of present research agree with those of Jilani et al. (1990) that 

farmyard manure helped in mitigating the adverse effects of poor quality water when 

applied to maize crop. Paliwal and Maliwal (1972) observed that Ca2+ and Mg2+ 

content decreased and Na+ increased with increasing salinity of irrigation. Abou El-

Magd et al. (2008) also found that K+/Na+ ratio improved by organic manuring and 

reduced the adverse effect of brackish water. Thus the best means of maintaining soil 

fertility, productivity and salt tolerance could be through periodic addition of organic 

manures.  
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CHAPTER-V 

 
SUMMARY AND CONCLUSIONS 

 
 
   The research experiments were conducted at Sindh Agriculture 

University, Tandojam, Pakistan and Universiti Putra Malaysia. The study consisted of 

five experiments laid out in laboratory, glass- house and field conditions. The 

Experiment-1 entitled “Screening of maize cultivars for salt tolerance” was conducted 

in the Seed Testing Laboratory, Sindh Agriculture University, Tandojam which 

consisted Factor-A= five water qualities (EC=  0.4, 2, 4, 6 and 8 dS m-1) and Factor-B= 

10 maize cultivars (Hicorn,  Agaiti-2002, Margalla, Akbar, Sahiwal 2002, EV-5098, 

EV-3001, EV-1098, EV-6098 and EV-4001). The Experiment-2 entitled “Salt 

tolerance of maize cultivars under different water qualities” was set in pots at wire-

house of Department of Soil Science, Sindh Agriculture University Tandojam which 

also laid down under same treatments and cultivars. Further evaluation in the field 

was done by selecting highly salt-tolerant and most salt-sensitive maize cultivars from 

the previous experiments under selected water qualities. In this regard, Experiment-3 

entitled “Effect of different water qualities on  soil and plant characters” was laid out at 

Students Farm, Sindh Agriculture University, Tandojam. The study consisted factor-

A=04 maize cultivars (Agaiti-2002, EV-1098 (salt-tolerant), EV-4001, Akbar        

(salt- sensitive) and Factor-B = 05 water qualities (0.4, 2, 4, 6 and 8 dS m-1). At the 

advanced level, Experiment-4 entitled “Effect of saline irrigation scheduling on the soil 

and crop parameters” was set in the glass- house complex, Faculty of Agriculture, 

Universiti Putra Malaysia. The treatments consisted Factor- A= 04 maize cultivars (EV-

1098, Agaiti-2002 as salt -tolerant and EV-4001 and Akbar as salt- sensitive) and 

Factor-B = 08 irrigation scheduling (I1=Irrigation by canal water during growing 
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periods (soaking, early and late  whorl stages), I2=Irrigation by canal water (EC 0.18 

dS m-1) for soaking and at early whorl stage and by NaCl salinized (EC 4.0 dS m-1) 

water at  the late whorl stage, I3=Irrigation by canal water for soaking and at late 

whorl stage and saline water  at early whorl stage, I4=Irrigation by saline water for 

soaking and by canal water at early whorl and late whorl stages, I5=Irrigation by canal 

water for soaking and by saline water during the early whorl and late whorl stages, I6 

=Irrigation by saline water for soaking and at late whorl stage and by canal water at 

early whorl stage, I7=Irrigation by saline water for soaking and at early whorl stage 

and by canal water at late whorl stage and I8=Irrigation by saline water during the 

growing period for soaking, early whorl and late whorl growth stages. 

 
                            The final Experiment-5 entitled “Effect of farmyard manure and 

saline water on maize fodder production” was also conducted at glass-house complex, 

Faculty of Agriculture, Universiti Putra Malaysia which consisted factor-A=04 maize 

cultivars (Agaiti-2002, EV-1098, EV-4001, Akbar) and Factor-B=  06 levels of well 

rotten FYM (F1=FYM control + canal water, F2=FYM control+ saline water (EC 4.0 

dS m-1), F3=FYM 15 t ha-1+ saline water, F4= FYM 20 t ha-1+ saline water, F5= FYM 

25 t ha-1+ saline water and F6= FYM 30 t ha-1 + saline water. All treatments received 

recommended doses of NPK. 

The results are summarized as under: 

Screening of maize cultivars for salt tolerance 
 
Effect of different water qualities on the plant traits (Laboratory condition) 
 

It was observed that increase in salinity of water from EC 0.40 to 8.00 

dS m-1 significantly reduced the germination after 36 and 48 h of the various maize 

cultivars. Maximum germination after 36 h (59.86 and 59.48%) and after 48 h (98.69 

and 98.08%), plumule length (45.40 and 45.38 mm), radical length (91.57 and 91.41 
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mm), plumule fresh weight (1.90 g 10 plants-1), radical fresh weight (0.591 and 0.588 

g 10 plants-1), plumule dry weight (0.266 and 0.264 g 10 plants-1) and radical dry 

weight (0.088 and 0.087 g 10 plants-1) were recorded under application of canal water 

(EC 0.4 dS m-1) and water quality having EC 2.0 dS m-1 respectively. It was  observed 

that application of brackish water beyond EC 2.0 dS m-1 significantly reduced all the 

plant traits and minimum values were exhibited under EC 8.0 dS m-1. 

 

 
The cultivar performance under various water qualities showed that out 

of 10 maize cultivars, EV-1098 and Agaiti-2002 recorded better results for 

germination after 36 (50.22 and 49.90%) and 48 h (81.31 and 81.07%), maximum 

plumule length (33.35 and 33.31 mm), radical length (70.78 and 70.59mm), plumule 

fresh weight (1.37 and 1.36 g 10 plants-1), radical fresh weight (0.438 and 0.437 g10 

plants-1), plumule dry weight (0.192 and 0.191 g 10 plants-1) and radical dry weight 

(0.067 and 0.066 g 10 plants-1). Whereas, the minimum values of all these traits were 

recorded in EV-4001 and Akbar. 

Salt tolerance of maize cultivars under different water qualities. 
 

 
The application of canal water (EC 0.4 dS m-1) and saline water with 

EC 2.0 dS m-1 recorded maximum plant height (80.4 and 79.2 cm), stem girth (3.9 

cm), early tasseling (57.2 and 57.3 days), green leaves plant-1 (8.2 and 8.1), less dry 

leaves plant-1 (4.2 and 4.3), green fodder yield (152.7 and 152.2 g 5 plants-1) and dry 

fodder yield (30.5 and 30.4 g 5 plants-1). However, the values of these parameters 

decreased with increasing the salinity of water and were minimum at EC 8.0 dS m-1. 

 
Regarding cultivars performance, out of 10 cultivars, EV-1098 and 

Agaiti-2002 exhibited taller plants (62.4 and 62.2 cm), thicker stems (2.9 cm), earlier 

tasseling (57.3 days), more green leaves plant-1 (6.7 and 6.6), less dry leaves plant-1 
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(5.7), maximum green fodder (115.1 g 5 plants-1) and higher dry fodder yield (23.1 

and 23.0 g 5 plants-1), respectively, whereas, EV-4001 and Akbar were sensitive 

cultivars and recorded less values of all these traits. All other cultivars remained 

intermediate in behavior. 

 
Soil analysis indicated that increase in salinity of irrigation water 

increased almost all chemical properties of soil and recorded highest EC (4.5 dS m-1), 

soluble Na+ (33.5 meq L-1), Cl- (31.2 meq L-1), SO4
2- (10.8 meq L-1), Ca2+ (4.9 meq L-

1), Mg2+ (4.0 meq L-1), SAR (15.8) and ESP (20.4) under the application of saline 

water with EC 8.0 dS m-1. However, soluble K+ (2.7 meq L-1) was higher in the 

treatments where soil received canal water. The pH of the soil decreased with increase 

in salinity of water being higher (7.93) in pots treated with canal water and lower 

(7.3) in saline water with EC 8.0 dS m-1. The HCO3
- ranged from 1.98 to 2.01 meq L-1 

and did not show any trend of increase of decrease with application of different water 

qualities.  

 
Among 10 cultivars, EV-4001 and Akbar accumulated more Na+ 

(1.352 and 1.345%) and Cl- (1.060 and 1.056%) as compared to EV-1098 and  Agaiti-

2002, both recorded less Na+ and Cl- accumulation. However, the higher 

accumulation of K+ (1.682%), Ca2+ (0.266%), and Mg2+ (0.118%) and K+/Na+ (4.696) 

ratio was noted in EV-1098 followed by Agaiti-2002. which exhibited more K+ 

(1.67%), Ca2+ (0.26%)  Mg2+ (0.11%) and K+/Na+ ratio (4.33).  

 
The seasonal effect was non significant for all the agronomic, soil and 

plant chemical composition of maize cultivars as affected by different water qualities. 

 



 

 196

The regression coefficient proved that a unit increase in various traits 

resulted in corresponding increase of maize green fodder yield was due to its 

association with plant height (1.77 g 5 plants-1), green leaves plant-1                        

(21.27 g 5 plants-1), however a unit increase in various traits like dry leaves, Na+ and 

Cl- concentration in plant resulted correspondingly decreased green fodder yield by 

23.50, 46.65 and 85.58 g 5 plants-1), respectively. 

 
Effect of different water qualities on  soil and plant characters. 
 

Maximum plant height (174.4 and 172.3), stem girth (6.0 and 5.9 cm), 

early days to tasseling (59.9 and 60.1), green leaves plant-1 (12.2 and 12.0), less dry 

leaves plant-1 (1.1 and 1.5), green fodder yield (10.0 and 9.6 kg m-2) and dry fodder 

yield (2.1 and 2.0 kg m-2) were noted under EC 0.4 (canal water) and blended EC 2.0 

dS m-1, both these treatments were at par with each other. However, increase in 

irrigation water salinity from EC 2.0 to 8.0 dS m-1, linearly decreased values of all 

studied parameters. 

 
   Among the cultivars, salt-tolerant cultivars viz. EV-1098 and Agaiti-

2002 were at par with each other and produced taller plants (122.6 and 120.9 cm), 

thicker stems (4.5 cm), earlier tasseling (59.9 and 60.0 days), more green leaves (8.9 

and 8.8), less dry leaves plant-1 (3.7 and 3.8), higher green fodder (7.2 and 7.1 kg m-2) 

and dry fodder yield (1.5 kg m-2), respectively. However, EV-4001 and Akbar were 

proved salt -sensitive  cultivars and recorded less values of these parameters. 

 

 
The analytical results showed that water qualities significantly 

recorded different results in varying soil depths. Almost all chemical properties 

studied increased as a result of increasing salinity levels of irrigation water. Maximum 
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EC (3.28 and 2.09 dS m-1), Soluble Na+ (29.92 and 25.52 meq L-1), Cl- (29.80 and 

23.89 meq L-1),  Ca2+ (4.45 and 4.17 meq L-1),  Mg2+ (3.80 and 3.22 meq L-1), SO4
2- 

(9.73 and 9.0 meq L-1), SAR (14.53 and 13.21) and ESP (18.81 and 17.18)  were 

recorded in the plots treated with blended EC 8.0 and 6.0 dS m-1 respectively. 

Whereas, maximum pH (7.82), HCO3
- (1.94) and  K+ (2.55 meq L-1) was recorded in 

plots where canal water (EC 0.4 dS m-1) was applied.  

 
Over all results indicated an increased contents of, EC, soluble cations 

(Na+, K+, Ca2+ Mg2+), soluble anions ( HCO3
-, Cl-, SO4

2-), SAR and ESP at upper soil 

layers compared to lower layers, however, pH and K+/Na+ ratio  was more in lower 

soil depths.  

 
Maximum Na+ and Cl- (2.38 and 1.53 %) accumulation was obtained 

in the plants treated with irrigation water of EC 8.0 dS m-1, followed by water quality 

with EC 6.0 dS m-1 these treatments were at par with each other. However, K+, Ca2+ 

and Mg2+ concentration in maize plants increased with the application of canal water 

(EC 0.4 dS m-1) which recorded 2.44, 0.35 and 0.149% respectively or water quality 

with EC 2.0 dS m-1 which exhibited K+, Ca2+ and Mg2+ accumulation of 2.01, 0.34 

and 0.150% respectively. Similarly K+/Na+ ratio was higher (9.74) in the treatments 

where water had lower EC i.e canal water and lower (0.25) under higher saline water 

level (EC 8.0 dS m-1). The results regarding cultivar response to water qualities 

showed that EV-4001 and Akbar accumulated more Na+ (1.28 and 1.27%) and Cl- 

(0.97 and 0.96 %) respectively compared to EV-1098 and Agaiti-2002. However, The 

higher non-significant accumulation of K+ (1.74 and 1.70 %), Ca2+ (0.30 and 0.29 %), 

Mg2+ (0.142 and 0.140 %) and K+/Na+ ratio (4.33 and 4.37) was noted in EV-1098 

and Agaiti-2002 plants, respectively.  
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The regression coefficient revealed that a unit increase in various traits 

resulted in corresponding increase of maize green fodder yield was due to its 

association with plant height (0.05 g 6 plants-1), green leaves plant-1 (0.85 g 6 plants-

1), however a unit increase in various traits like dry leaves, Na+ and Cl- concentration 

in plant resulted correspondingly decreased green fodder yield by 1.04, 46.65 and 

6.30 g 6 plants-1), respectively. 

 

Effect of saline irrigation scheduling on the soil and crop parameters. 
 

 
The results of the experiment showed that the application of canal 

water (EC 0.18 dSm-1) applied at all growth stages of maize and treatment comprising 

canal water application during soaking + early whorl stage + brackish water            

(EC 4.0 dSm-1) during late whorl stage were equally efficient and at par with each 

other for  good emergence % (88%), producing taller plants(107.7 and 107.5 cm), 

maximum stem girth (3.5), earlier tasseling (53.3), more green leaves plant-1 (8.4), 

less dry leaves plant-1 (3.8 and 3.9), increased green fodder (192.5 and 189.8 g pot-1) 

and dry fodder yield (37.0 and 36.7 g pot-1). The mean values of these traits decreased 

in the treatments where saline water was applied at all growth stages (from sowing to 

harvesting). 

Among the maize cultivars, EV-1098 and Agaiti-2002 had taller plants 

(95.6 and 95.4 cm), thicker plants (3.0 cm), more green leaves plant-1 (7.4), less dry 

leaves plant-1 (4.8 and 4.9), maximum green fodder (167.7 and 166.3 g pot-1) and 

higher dry fodder (31.2 and 31.2 g pot-1) in the treatments where saline water was 

applied at all growth stages. However, EV-4001 and Akbar were more sensitive and 

recorded less values of agronomic traits. 



 

 199

   The results of the soil analysis for chemical properties of soil as 

affected by irrigation scheduling showed maximum EC (2.0 dS m-1), soluble Na+ 

(36.7 meql-1), Cl- (25.7 meq L-1), SAR (46.0) and ESP (36.6) in the pots irrigated with 

saline water throughout growing period of maize. However, pH (6.7), soluble K+ (4.1 

meq L-1), Ca2+ (2.1 meq L-1), Mg2+ (0.69 meq L-1) and  HCO-
3 (2.6 meq L-1)  were 

higher in the treatment where crop received canal water during whole growing phase. 

 
The results of experiment revealed that saline irrigation scheduling 

significantly affected chemical content of maize straw. More accumulation Na+   (1.48 

and 1.45%) and  Cl- (2141.75 and 2121.83 mg kg-1), whereas, less K+ (1.045 and 

1.05%), Ca2+ (0.101 and 1.102%) and Mg2+ (1.021 and 1.023%) in plant straw were 

noted in treatments where crop was irrigated with saline water (EC 4.0 dS m-1) at all 

growth stages followed by canal water once applied at late whorl stage respectively. 

However, K+/Na+ (27.63) ratio was increased in plants irrigated by canal water from 

sowing to harvesting. 

 

Among the maize cultivars, maximum accumulation of Na+ and Cl- 

(0.76% and 1475.91 mg L-1) was noted in EV-4001 and non- significant values of 

these elements in Akbar for Na+ (0.75%) and Cl- (1464.91 mg kg-1) when the crop 

was irrigated with saline water at all stages followed by canal water once applied at 

late whorl stage respectively. However, EV-1098 and Agaiti-2002 were non-

significant with each other and recorded higher K+ (2.06 and 2.05%), Ca2+ (0.32 and 

0.31%), Mg2+ (0.074 and 0.073%) and K+/Na+ ratio (11.28 and 11.035), respectively. 

 

The regression coefficient indicated a unit increase in various traits 

resulted in corresponding increase of maize green fodder yield was due to its 

association with plant height (2.32 g 6 plants-1),  green leaves plant-1                   
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(26.91 g 6 plants-1) and K+ (43.85 g 6 plant-1) contents, however, a unit increase in 

various traits like dry leaves plant-1,  Na+ and Cl- content in plant resulted 

correspondingly decreased green fodder yield by 48.51 and 0.02 g 6 plants-1, 

respectively. 

 

Effect of farmyard manure and saline water on maize fodder production  
 
    
  The application of canal water or FYM (25 and 30 t ha-1) + NaCl 

salinized water (EC 4.0 dS m-1) showed non-significant differences with each other 

and exhibited taller plants (106.3, 104.3 and 105.3 cm), maximum stem girth (3.5 

cm), earlier tasseling (54.0, 54.5 and 54.5 days), more green leaves plant-1 (8.2, 7.9 

and 8.1), less dry leaves plant-1(3.8, 4.0 and 3.9), greater green fodder (188.5, 183.8 

and 186.2 g 6 plants-1) and dry fodder yield(37.7, 36.7 and 37.2 g 6 plants-1), 

respectively.  

 
   Regarding cultivars performance under FYM and saline water 

condition, It was observed that salt-tolerant cultivars i.e EV-1098 and Agaiti-2002 

recorded taller plants (98.1 and 97.4 cm), maximum stem girth (3.2 cm), earlier 

tasseling (54.8) more green leaves plant-1 (7.6 and 7.5), less dry leaves plant-1 (4.4 and 

4.5), greater green fodder (168.2 and 167.1 g 6 plants-1) and higher dry fodder yield 

(33.7 and 33.4 g 6 plants-1), respectively compared to salt-sensitive (EV-4001 and 

Akbar) cultivars.  

 
 

Soil analytical results divulged that saline water alone applied to 

treatments without incorporation of FYM significantly enhanced EC (2.2 dS m-1), 

soluble Na+ (37.3 meq L-1), Cl- (28.9 meq L-1), SAR (45.3) and ESP (36.2). However, 
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soluble K+ (4.1 meq L-1), Ca2+ (2.2 meq L-1), Mg2+ (0.7 meq L-1) and  HCO-
3 (2.7 meq 

L-1) was higher in the treatment irrigated with canal water. 

 
Results showed that Na+ and Cl- concentration in maize cultivars were 

recorded higher with sole application of NaCl salinized water with EC 4.0 dS m-1. 

Maximum Na+ and Cl- (1.593% and 1308.25 mg kg-1) accumulation was noted in the 

plants treated with EC 4.0 dS m-1. Minimum Na+ and Cl- (0.088% and 198.59 mg kg-1 

, respectively) were exhibited in the plants irrigated with canal water and saline water 

+ FYM at the rate of 25 or 30 t ha-1. However, K+, Ca2+ and Mg2+ content in maize 

plants decreased (0.862, 0.079 and 0.020%, respectively) with the application of 

saline water  without incorporation of FYM. Further, it was observed that different 

FYM treatments affected K+/Na+ ratio in plant straw and was higher (27.56) in the 

treatments where canal water applied and decreased (0.67) with application of saline 

water without adding FYM. 

 
Among the cultivars, EV-4001 and Akbar accumulated more Na+ (0.79 

and 0.781%) and Cl- (714.917 and 712.228 mg kg-1) in the plants irrigated with saline 

water  without incorporation of FYM and application of these treatments significantly 

reduced the values of  K+, Ca2+ and Mg2+ in maize plants. The higher accumulation of 

K+ (2.130%), Ca2+ (0.342%), Mg2+ (0.083%) and K+/Na+ (11.85) was noted in EV-

1098 followed by Agaiti-2002 which exhibited K+ 2.099%, Ca2+ 0.336%, Mg2+ 

0.082% and K+/Na+ 10.84 with the application of canal water. 

 
 
   The regression coefficient showed a unit increase in various traits 

resulted in corresponding increase of maize green fodder yield was due to its 

association with plant height (1.98 g 6 plants-1), green leaves plant-1                        
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(26.56 g 6 plants-1) and K+ (44.37 g 6 plant-1) concentration in plant, however a unit 

increase in various traits like dry leaves plant-1, Na+ and Cl- contents in plant resulted 

correspondingly decreased green fodder yield by 26.25, 46.2 and 0.06 g 6 plants-1, 

respectively. 

 
General conclusion 
 
 
   Investigations for maize cultivar selection for tolerance against saline 

water conducted in laboratory, wire house, glass- house and field conditions showed 

that out of the ten maize cultivars, only EV-1098 and Agaiti-2002 were found highly 

salt-tolerant, whereas, EV-4001 and Akbar were more salt- sensitive cultivars against 

saline irrigation water. These salt-tolerant cultivars performed better with the 

application of canal water or saline water with EC 2.0 dS m-1. Beyond EC 2.0 dS m-1 

the adverse effects were noted on the crop and soil. Further investigations were 

conducted to explore the effects of irrigation scheduling by applying canal (EC 0.18 

dS m-1) and saline waters (EC 4.0 dS m-1) for satisfactory maize fodder production. 

Thus, application of saline water with EC 4.0 dS m-1 once during late whorl stage of 

plant growth could give better fodder production. The adverse effects of the saline 

water could also be minimized with the application of canal water or incorporation of 

FYM in soil at the rate of 25-30 t ha-1. It is over all concluded from the studies that the 

salt- tolerant maize cultivars (EV-1098 and Agaiti-2002) could be cultivated 

successfully where there is less availability of canal water by using saline tubewell 

water (EC <4.0 dS m-1) at the late whorl stage of maize crop. 
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APPENDICES 
 

 
   Experiment-1 

 
Appendix- II. Mean squares of germination traits of maize cultivars as affected by different water qualities. 

 

SV D.F Germination 
% at 36 h 

Germination 
% at 48 h 

 Radical 
fresh 
weight 

Radical dry 
weight 

Plumule fresh 
weight 

 Plumule dry 
weight 

Radical 
length 

Plumule 
length  

Replication 2 0.104ns 0.177 ns 0.000066ns 0.0000027 ns 0.001 ns 0.00009 ns 1.694 ns 1.624 ns 

Water qualities (Q ) 4 5924.249** 14259.986** 1.008** 0.022** 13.234** 0.256** 18731.194** 6758.864** 

Cultivars (C) 9 106.953** 176.004** 0.004** 0.00024** 0.068** 0.001** 64.040** 43.125** 

Q x C 36 14.381** 27.510** 0.001** 0.000027** 0.012** 0.000044** 11.088** 9.667** 

Error 98 5.271 8.573 0.00031 0.0000102 0.004 0.0001122 4.449 3.845 

CV%  4.99 3.85 4.25 3.91 5.03 5.85 3.11 6.38 

 
ns = non significant 
*  =  significant at 0.05 level of significant 
** = significant at 0.01 level of significant 
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Experiment-2 
 

Appendix III. Mean squares of agronomic traits of maize cultivars as affected by different water qualities. 

 

SV D.F Germination % Plant height Stem 
girth 

Days to 
tasseling 

Number of 
Green 
leaves 

Number of  
Dry 

leaves 
Green fodder yield Dry fodder 

yield 

Replication 2 75.263 ns 1.153 ns 0.013 ns 2.653 ns 0.004 ns 0.037 ns 58.305 ns 0.565 ns 

Seasons (S) 1 25.230 ns 31.948 ns 0.014 ns 17.763 ns 0.138 ns 0.024 ns 36.790 ns 0.699 ns 

Water 
qualities (Q ) 4 1.797 ns 29170.684** 81.087** 235.338** 255.110** 212.764** 123287.140** 5900.342** 

S x Q 4 31.780 ns 6.321 ns 0.003 ns 0.338 ns 0.078 ns 0.001 ns 2.482 ns 0.050 ns 

Cultivars (C) 9 6.786 325.674** 0.326** 54.949** 4.821** 2.990** 447.514** 99.625** 

S x C 9 6.400 ns 14.402 ns 0.026 ns 0.282 ns 0.003 ns 0.0000744 ns 4.623 ns 0.013 ns 

Q x C 36 7.287 39.835** 0.060** 0.061 0.110 0.236* 65.742 13.789** 

S x Q x C 36 10.126 ns 2.629 ns 0.012 ns 0.061 ns 0.078 ns 0.000062 ns 4.334 ns 0.015 ns 

Error 198 9.964 8.363 0.023 5.515 0.185 0.124 72.497 1.542 

CV%  3.7 5.02 5.56 3.96 7.11 5.76 7.78 6.10 

 
ns = non significant 
*  =  significant at 0.05 level of significant 
** = significant at 0.01 level of significant 
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Appendix- IV. Mean squares of chemical properties of soil as affected by different water qualities. 

 

SV D.F pH EC HCO3
- Cl- SO4

2- Na+ K+ Ca2+ Mg2+ SAR ESP 

Replication 2 0.000026 ns 0.003 ns 0.004 
ns 0.767 ns 0.026 ns 1.186 ns 0.014 ns 0.007 

ns 0.016 ns 0.022 ns 0.088 ns 

Seasons (S) 1 0.002 ns 0.005 ns 0.003 
ns 1.875 ns 0.065 ns 0.173 ns 0.003 ns 0.001 

ns 
0.006 
ns 0.130 ns 0.280 ns 

Water qualities 
(Q ) 4 4.070** 127.876** 0.015* 7128.786** 256.472** 7346.178** 5.088** 97.006** 68.305** 1241.491** 1946.892** 

S x Q 4 0.000034 ns 0.003 ns 0.003 ns 0.937 ns 0.002 ns 0.369 ns 0.000185 ns 0.004 ns 0.011 ns 0.004 ns 0.009 ns 

Cultivars (C) 9 0.001 ns 0.003 ns 0.004 ns 0.007 ns 0.005 ns 0.193 ns 0.001 ns 0.003 ns 0.029 ns 0.003 ns 0.004 ns 

S x C 9 0.000000005 ns 0.001 ns 0.004 ns 0.003 ns 0.003 ns 0.172 ns 0.000074  ns 0.003 ns 0.003 ns 0.000009 ns 0.0000025 ns 

Q  x C 36 0.001 ns 0.002 ns 0.003 ns 0.006 ns 0.004 ns 0.187 ns 0.001 ns 0.004 ns 0.025 ns 0.001 ns 0.002 ns 

S x Q x C 36 0.000000005 ns 0.001 ns 0.003 ns 0.006 ns 0.003 ns 0.183 ns 0.000068  ns 0.003 ns 0.004 ns 0.000009 ns 0.0000024 ns 

Error 198 0.0005 0.007 0.004 0.672 0.106 0.827 0.010 0.009 0.023 0.085 0.235 

CV%  0.29 3.03 3.25 4.58 4.02 4.63 4.14 2.67 5.63 2.79 3.53 

 
ns = non significant 
*  =  significant at 0.05 level of significant 
** = significant at 0.01 level of significant 
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Appendix-V.      Mean squares of chemical composition of maize cultivars as affected by  different water qualities. 
 
 

SV D.F Cl- Na+ K+ Ca2+ Mg2+ K+/Na+ 

Replication 2 0.002 ns 0.002 ns 0.003 ns 0.0001396 ns 0.00000112 ns 0.051 ns 

Seasons (S) 1 0.001 ns 0.006 ns 0.001 ns 0.0000245 ns 0.00000168 ns 0.034 ns 

Water qualities (Q ) 4 15.267** 53.773** 34.836** 0.976** 0.100** 943.366** 

S x Q 4 0.0001436 ns 0.001 ns 0.406 ns 0.00000341 ns 0.000000064 ns 0.029 ns 

Cultivars (C) 9 0.275** 0.587** 0.658** 0.020** 0.004** 13.647** 

S x C 9 0.0000213 ns 0.0000594 ns 0.000047 ns 0.00000094 ns 0.000000004 ns 0.020 ns 

Q  x C 36 0.035** 0.078** 0.065** 0.002** 0.000389** 2.444** 

S x Q x C 36 0.000017 ns 0.0000252 ns 0.0000402 ns 0.000000038 ns 0.000000001 ns 0.017 ns 

Error 198 0.001 0.003 0.003 0.0000556 0.000001515 0.046 

CV%  2.74 4.67 3.91 3.38 3.50 6.10 

 
 

ns = non significant 
*  =  significant at 0.05 level of significant 
** = significant at 0.01 level of significant 
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Appendix-VI. Germination (%) of maize cultivars in spring and autumn seasons as 

affected by different water qualities. 
 
Spring season 
 

Water Qualities (EC dS m-1) 
Cultivars 

0.4 2.0 4.0 6.0 8.0 

Hicorn 83.333 82.667 83.333 86.000 84.333 

Agaiti-2002 83.667 84.667 84.667 84.667 83.667 

Margalla 83.000 83.333 82.667 83.000 84.333 

Akbar 84.000 85.333 83.000 83.000 81.000 

Sahiwal- 2002 82.333 87.000 85.667 84.000 86.000 

EV-5098 86.000 85.667 85.333 82.667 84.333 

EV-3001 83.333 84.667 84.000 86.000 82.000 

EV-1098 83.333 83.333 88.667 82.333 83.000 

EV-6098 84.000 85.667 88.000 84.000 84.667 

EV-4001 85.333 84.000 86.000 84.333 83.333 

 
Autumn Season 
 

Water Qualities (EC dS m-1) 
Cultivars 

0.4 2.0 4.0 6.0 8.0 

Hicorn 82.333 83.667 82.667 86.000 83.000 

Agaiti-2002 87.333 83.667 85.000 83.667 83.667 

Margalla 85.333 84.667 86.000 89.333 84.333 

Akbar 84.000 83.333 81.000 87.667 85.667 

Sahiwal- 2002 88.333 83.333 83.333 85.333 83.667 

EV-5098 87.667 83.667 84.000 86.000 85.667 

EV-3001 85.333 85.333 82.667 82.000 88.667 

EV-1098 86.333 82.000 84.333 84.333 87.333 

EV-6098 82.000 85.000 83.333 85.000 88.000 

EV-4001 85.000 84.000 87.000 84.000 86.667 

SE 1.8224 
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Appendix-VII. Plant height (cm) of maize cultivars in spring and autumn seasons as  
                         affected by different water qualities. 

       
Spring season 
 

Water Qualities (EC dS m-1) 
Cultivars 

0.4 2.0 4.0 6.0 8.0 

Hicorn 80.200 80.100 56.000 41.700 31.200 

Agaiti-2002 81.033 79.700 64.500 47.000 38.400 

Margalla 80.400 79.300 56.200 41.000 33.167 

Akbar 80.000 77.200 44.033 32.000 21.100 

Sahiwal- 2002 80.400 79.100 56.300 41.600 31.200 

EV-5098 80.300 79.300 56.400 41.567 31.200 

EV-3001 80.400 81.400 56.200 41.633 31.200 

EV-1098 80.900 79.800 65.000 47.200 38.500 

EV-6098 80.300 79.500 56.267 41.533 31.100 

EV-4001 80.000 77.100 43.800 29.867 23.200 

Mean 80.393 79.250 55.470 40.510 31.027 
 

Autumn Season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 80.100 80.200 56.067 41.733 31.200 

Agaiti-2002 80.767 79.800 64.567 48.033 38.400 

Margalla 80.500 79.400 56.267 41.033 31.200 

Akbar 80.100 77.300 50.067 36.033 27.100 

Sahiwal- 2002 80.500 79.167 56.367 41.633 31.267 

EV-5098 80.400 79.400 56.467 41.600 31.300 

EV-3001 80.500 79.500 56.267 41.667 31.300 

EV-1098 80.967 79.900 65.100 48.233 38.500 

EV-6098 80.400 79.600 56.300 41.567 31.100 

EV-4001 80.100 77.200 49.833 35.900 27.233 

SE 1.6697 
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Appendix-VIII.  Stem girth (cm) of maize cultivars in spring and autumn seasons as  
                            affected by different water qualities. 

 

Spring season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 3.930 3.920 2.250 2.033 1.330 

Agaiti-2002 3.950 3.940 2.760 2.170 1.730 

Margalla 3.940 3.930 2.360 1.770 1.420 

Akbar 3.910 3.900 2.100 1.600 1.280 

Sahiwal- 2002 3.940 3.930 2.370 1.810 1.430 

EV-5098 3.930 3.920 2.370 1.790 1.440 

EV-3001 3.930 3.920 2.340 1.780 1.450 

EV-1098 3.987 3.950 2.780 2.180 1.740 

EV-6098 4.017 3.910 2.657 1.720 1.340 

EV-4001 3.913 3.880 2.000 1.590 1.270 
 
Autumn Season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 3.940 3.920 2.353 1.870 1.450 

Agaiti-2002 3.960 3.943 2.627 2.047 1.627 

Margalla 3.950 3.990 2.500 1.933 1.527 

Akbar 3.917 3.917 2.193 1.660 1.330 

Sahiwal- 2002 3.987 3.930 2.310 1.743 1.397 

EV-5098 3.943 3.933 2.373 1.800 1.440 

EV-3001 3.940 3.977 2.363 1.807 1.450 

EV-1098 3.960 3.950 2.493 2.053 1.740 

EV-6098 3.850 3.930 2.760 1.940 1.440 

EV-4001 3.917 3.887 2.273 1.667 1.273 

SE 0.0872 
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Appendix- IX. Days to tasseling of maize cultivars in spring and autumn seasons as  
                         affected by different water qualities. 

 

Spring season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 57.333 57.667 59.667 61.000 61.667 

Agaiti-2002 55.667 55.667 57.667 59.000 59.667 

Margalla 57.000 57.667 59.333 61.333 61.333 

Akbar 59.333 59.667 61.333 63.000 63.667 

Sahiwal- 2002 57.667 57.667 59.333 61.000 61.333 

EV-5098 57.000 57.667 59.333 61.000 61.333 

EV-3001 57.000 57.333 59.667 61.333 61.333 

EV-1098 55.667 55.667 57.333 59.667 59.667 

EV-6098 57.333 57.667 59.667 61.667 61.667 

EV-4001 59.667 60.000 62.000 64.000 64.000 
 

Autumn Season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 57.000 57.000 59.000 61.000 61.000 

Agaiti-2002 55.000 55.000 57.000 59.000 59.000 

Margalla 57.000 57.000 59.000 61.000 61.000 

Akbar 59.000 59.000 61.000 63.000 63.000 

Sahiwal- 2002 57.000 57.000 59.000 61.000 61.000 

EV-5098 57.000 57.000 59.000 61.000 61.000 

EV-3001 57.000 57.000 59.000 61.000 61.000 

EV-1098 55.000 55.000 57.000 59.000 59.000 

EV-6098 57.000 57.000 59.000 61.000 61.000 

EV-4001 59.000 59.000 61.000 63.000 63.000 

Mean 57.000 57.000 59.000 61.000 61.000 
SE 1.3298 
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Appendix- X. Number of green leaves plant-1 of maize cultivars in spring and autumn 

seasons as affected  by different water qualities. 
 
Spring season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 8.200 8.150 5.900 4.540 3.630 

Agaiti-2002 8.500 8.450 6.630 5.100 4.080 

Margalla 8.090 8.060 5.980 4.550 3.640 

Akbar 8.000 6.753 5.010 3.830 2.970 

Sahiwal- 2002 8.100 7.800 5.880 4.197 3.630 

EV-5098 8.100 8.000 5.890 4.520 3.620 

EV-3001 8.200 8.160 5.880 4.540 3.650 

EV-1098 8.700 8.650 6.640 5.120 4.090 

EV-6098 8.100 8.160 5.870 4.540 3.640 

EV-4001 8.000 7.790 5.000 3.820 2.960 

  
Autumn Season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 8.247 8.200 7.840 4.567 3.650 

Agaiti-2002 8.550 8.500 5.937 5.130 4.103 

Margalla 8.140 8.107 6.670 4.577 3.660 

Akbar 7.050 7.797 6.017 3.850 2.990 

Sahiwal- 2002 8.150 7.850 5.040 4.557 3.650 

EV-5098 8.150 8.050 5.917 4.547 3.640 

EV-3001 8.247 8.210 5.927 4.567 3.670 

EV-1098 8.753 8.700 5.917 5.150 4.113 

EV-6098 8.150 8.210 6.680 4.567 3.660 

EV-4001 8.050 7.840 5.907 3.840 2.980 
SE 0.2484 
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Appendix- XI. Number of dry leaves plant-1 of maize cultivars in spring and autumn seasons 

as affected by different water qualities. 
 
Spring season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 4.300 4.350 6.070 7.460 8.370 

Agaiti-2002 4.100 4.110 5.370 6.900 7.920 

Margalla 4.300 4.350 6.110 7.453 8.360 

Akbar 4.400 4.420 6.990 8.170 9.030 

Sahiwal- 2002 4.200 4.220 6.120 7.470 8.370 

EV-5098 4.200 4.230 6.110 7.480 8.380 

EV-3001 4.200 4.230 6.120 7.460 8.350 

EV-1098 4.000 4.100 5.360 6.880 7.910 

EV-6098 4.200 4.210 6.130 7.460 8.360 

EV-4001 4.410 4.420 7.003 8.180 9.040 

Mean 4.231 4.264 6.138 7.491 8.409 
 
Autumn Season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 4.313 4.360 6.117 7.480 8.397 

Agaiti-2002 4.113 4.123 5.387 6.920 7.943 

Margalla 4.313 4.330 6.130 7.470 8.387 

Akbar 4.413 4.433 7.013 8.193 9.060 

Sahiwal- 2002 4.210 4.233 6.140 7.490 8.397 

EV-5098 4.210 4.243 6.130 7.503 8.407 

EV-3001 4.210 4.243 6.140 7.480 8.377 

EV-1098 4.010 4.113 5.377 6.900 7.933 

EV-6098 4.210 4.220 6.150 7.480 8.387 

EV-4001 4.423 4.433 7.020 8.203 9.070 

SE 0.2034 
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Appendix –XII. Green fodder yield (g 5 plants-1) of maize cultivars in spring and autumn  
                            seasons as affected by different water qualities. 
 
Spring season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 152.400 151.700 115.400 74.637 52.280 

Agaiti-2002 151.800 153.503 120.700 82.100 64.503 

Margalla 152.100 151.600 114.503 74.600 52.504 

Akbar 152.000 149.700 109.200 68.000 30.800 

Sahiwal- 2002 152.600 152.700 114.300 74.300 52.700 

EV-5098 153.200 151.800 114.700 74.500 52.600 

EV-3001 153.100 152.800 114.800 74.400 52.400 

EV-1098 153.503 153.900 120.503 82.300 63.503 

EV-6098 152.900 151.400 114.900 74.503 52.300 

EV-4001 151.503 149.503 108.900 67.800 40.700 
 
Autumn Season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 153.160 152.460 115.980 74.870 52.663 

Agaiti-2002 155.570 154.270 121.300 82.510 64.820 

Margalla 152.860 152.357 115.073 74.970 52.763 

Akbar 152.760 150.450 109.747 68.340 41.000 

Sahiwal- 2002 153.363 153.463 114.870 74.670 52.963 

EV-5098 147.967 152.560 115.270 74.870 52.860 

EV-3001 153.867 153.560 115.373 74.773 52.663 

EV-1098 154.270 154.670 121.103 82.710 64.820 

EV-6098 153.663 152.160 115.473 74.870 52.560 

EV-4001 152.260 150.247 109.443 67.900 40.903 

SE 4.9159 
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Appendix- XIII. Dry fodder yield (g 5 plants-1) of maize cultivars in spring and 

autumn seasons as affected by different water qualities. 
Spring season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 30.400 30.360 19.500 12.500 9.300 
Agaiti-2002 30.800 30.700 24.000 16.400 12.800 

Margalla 30.400 30.320 19.300 12.300 9.200 

Akbar 29.900 29.950 14.383 7.600 5.400 

Sahiwal- 2002 30.500 29.873 19.200 12.400 9.300 

EV-5098 30.300 30.360 19.300 12.300 9.400 

EV-3001 30.500 30.520 19.200 12.500 9.500 

EV-1098 30.800 30.753 24.100 16.500 12.900 

EV-6098 30.300 30.280 19.500 12.600 9.602 

EV-4001 30.900 29.940 14.400 7.500 5.210 
 
Autumn Season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 30.523 30.480 19.580 12.550 9.340 

Agaiti-2002 30.920 30.823 24.097 16.467 12.850 

Margalla 30.523 30.440 19.380 12.347 9.238 

Akbar 30.020 30.070 14.557 7.630 5.423 

Sahiwal- 2002 30.620 30.660 19.277 12.450 9.340 

EV-5098 30.420 30.480 19.380 12.347 9.437 

EV-3001 30.620 30.580 19.277 12.550 9.541 

EV-1098 30.920 30.880 24.200 16.567 12.950 

EV-6098 30.420 30.400 19.580 12.650 9.638 

EV-4001 31.023 30.060 14.460 7.473 5.320 

SE 0.7168 
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Appendix- XIV. Sodium (%) concentration of maize cultivars in spring and autumn 

seasons as affected by different water qualities. 
 
Spring season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 0.270 0.360 0.730 1.700 2.540 

Agaiti-2002 0.210 0.310 0.920 1.430 2.010 

Margalla 0.260 0.380 1.100 1.710 2.530 

Akbar 0.330 0.410 0.920 1.990 2.920 

Sahiwal- 2002 0.250 0.370 0.900 1.710 2.540 

EV-5098 0.260 0.360 0.920 1.720 2.530 

EV-3001 0.270 0.370 0.720 1.700 2.520 

EV-1098 0.200 0.300 0.910 1.420 2.000 

EV-6098 0.250 0.360 1.110 1.720 2.530 

EV-4001 0.340 0.420 1.103 2.000 2.930 
 
Autumn Season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 0.268 0.357 0.923 1.688 2.522 

Agaiti-2002 0.209 0.308 0.725 1.420 1.996 

Margalla 0.258 0.377 0.914 1.698 2.512 

Akbar 0.328 0.407 1.092 1.976 2.900 

Sahiwal- 2002 0.248 0.367 0.914 1.698 2.522 

EV-5098 0.258 0.357 0.894 1.708 2.512 

EV-3001 0.268 0.367 0.914 1.688 2.502 

EV-1098 0.199 0.298 0.715 1.410 1.986 

EV-6098 0.248 0.357 0.904 1.708 2.512 

EV-4001 0.308 0.414 1.102 1.986 2.909 

SE 0.0309 
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Appendix- XV. Chloride (%) concentration of maize cultivars in spring and autumn 

seasons as affected by different water qualities. 
 
Spring season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 0.440 0.510 0.810 1.160 1.680 

Agaiti-2002 0.420 0.450 0.670 1.000 1.330 

Margalla 0.430 0.500 0.810 1.170 1.690 

Akbar 0.440 0.580 0.990 1.350 1.930 

Sahiwal- 2002 0.440 0.480 0.800 1.160 1.680 

EV-5098 0.440 0.510 0.790 1.160 1.670 

EV-3001 0.450 0.490 0.790 1.170 1.660 

EV-1098 0.430 0.440 0.660 0.990 1.340 

EV-6098 0.430 0.500 0.780 1.160 1.640 

EV-4001 0.430 0.590 1.000 1.360 1.940 
 
Autumn Season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 0.438 0.508 0.807 1.156 1.674 

Agaiti-2002 0.419 0.448 0.668 0.997 1.325 

Margalla 0.428 0.498 0.807 1.166 1.684 

Akbar 0.438 0.578 0.987 1.345 1.923 

Sahiwal- 2002 0.438 0.478 0.797 1.156 1.674 

EV-5098 0.438 0.508 0.787 1.156 1.664 

EV-3001 0.448 0.488 0.787 1.166 1.654 

EV-1098 0.428 0.438 0.658 0.987 1.335 

EV-6098 0.428 0.498 0.777 1.156 1.634 

EV-4001 0.428 0.588 0.997 1.355 1.915 

SE 0.0145 
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Appendix- XVI Potassium (%) concentration of maize cultivars in spring and autumn 

seasons as affected by different water qualities. 
 

 
Spring season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 2.420 2.000 1.520 1.020 0.520 

Agaiti-2002 2.430 2.290 1.810 1.200 0.630 

Margalla 2.410 2.000 1.530 1.010 0.520 

Akbar 2.420 1.690 1.020 0.750 0.340 

Sahiwal- 2002 2.410 2.000 1.520 1.020 0.540 

EV-5098 2.410 1.980 1.510 1.010 0.530 

EV-3001 2.420 1.990 1.563 0.990 0.520 

EV-1098 2.420 2.300 1.820 1.200 0.650 

EV-6098 2.410 2.000 1.520 1.000 0.520 

EV-4001 2.410 1.680 1.000 0.730 0.320 
 
Autumn Season 
 

Water Qualities (EC dS m-1) 
Cultivars 

0.4 2.0 4.0 6.0 8.0 

Hicorn 2.425 2.004 1.523 1.022 0.521 

Agaiti-2002 2.435 2.295 1.814 1.202 0.631 

Margalla 2.412 2.004 1.533 1.012 0.521 

Akbar 2.425 1.693 1.022 0.752 0.344 

Sahiwal- 2002 2.415 2.004 1.523 1.022 0.541 

EV-5098 2.415 1.984 1.513 1.012 0.531 

EV-3001 2.425 1.994 1.533 0.992 0.521 

EV-1098 2.425 2.305 1.824 1.222 0.651 

EV-6098 2.415 2.004 1.523 1.002 0.521 

EV-4001 2.415 1.683 1.002 0.731 0.321 
SE 0.0334 
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Appendix- XVII. Calcium (%) concentration of maize cultivars in spring and 

autumn seasons as affected by different water qualities. 
 
 
Spring season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 0.390 0.300 0.220 0.130 0.070 

Agaiti-2002 0.380 0.390 0.270 0.170 0.090 

Margalla 0.380 0.310 0.210 0.130 0.070 

Akbar 0.390 0.250 0.170 0.110 0.040 

Sahiwal- 2002 0.370 0.310 0.220 0.130 0.060 

EV-5098 0.380 0.300 0.220 0.130 0.070 

EV-3001 0.370 0.310 0.210 0.130 0.060 

EV-1098 0.390 0.400 0.280 0.160 0.100 

EV-6098 0.360 0.290 0.220 0.130 0.070 

EV-4001 0.380 0.240 0.160 0.100 0.030 
 
Autumn Season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 0.391 0.301 0.221 0.130 0.070 

Agaiti-2002 0.381 0.391 0.271 0.171 0.090 

Margalla 0.381 0.311 0.211 0.130 0.070 

Akbar 0.391 0.251 0.171 0.110 0.040 

Sahiwal- 2002 0.371 0.311 0.221 0.130 0.060 

EV-5098 0.381 0.301 0.221 0.130 0.070 

EV-3001 0.371 0.311 0.211 0.130 0.060 

EV-1098 0.391 0.401 0.281 0.160 0.100 

EV-6098 0.361 0.291 0.221 0.130 0.070 

EV-4001 0.381 0.241 0.160 0.100 0.030 
SE 0.0043        
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Appendix- XVIII. Magnesium (%) concentration of maize cultivars in spring and 

autumn seasons as affected by different water qualities. 
 
Spring season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 0.150 0.132 0.110 0.070 0.052 

Agaiti-2002 0.150 0.142 0.130 0.101 0.070 

Margalla 0.150 0.132 0.110 0.080 0.052 

Akbar 0.160 0.104 0.080 0.051 0.031 

Sahiwal- 2002 0.150 0.132 0.110 0.080 0.051 

EV-5098 0.150 0.131 0.100 0.070 0.052 

EV-3001 0.160 0.132 0.110 0.080 0.051 

EV-1098 0.150 0.143 0.125 0.100 0.070 

EV-6098 0.160 0.130 0.100 0.070 0.050 

EV-4001 0.150 0.100 0.070 0.050 0.030 
 
Autumn Season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 0.151 0.133 0.110 0.070 0.052 

Agaiti-2002 0.151 0.143 0.130 0.100 0.067 

Margalla 0.151 0.133 0.110 0.080 0.052 

Akbar 0.161 0.104 0.080 0.051 0.031 

Sahiwal- 2002 0.151 0.133 0.110 0.080 0.051 

EV-5098 0.151 0.132 0.100 0.070 0.052 

EV-3001 0.161 0.133 0.110 0.080 0.051 

EV-1098 0.151 0.144 0.126 0.100 0.070 

EV-6098 0.161 0.131 0.100 0.070 0.050 

EV-4001 0.151 0.100 0.070 0.050 0.030 
SE 0.0021 
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Appendix-XIX. Potassium/sodium ratio of maize cultivars in spring and autumn 

seasons as affected by different water qualities. 
 
Spring season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 9.007 5.580 1.640 0.600 0.207 

Agaiti-2002 11.643 6.753 2.487 0.840 0.313 

Margalla 9.310 5.300 1.670 0.590 0.207 

Akbar 7.453 4.140 0.930 0.380 0.117 

Sahiwal- 2002 9.690 5.427 1.660 0.600 0.213 

EV-5098 9.313 5.520 1.687 0.590 0.210 

EV-3001 9.007 5.397 1.690 0.587 0.207 

EV-1098 12.177 7.700 2.537 0.857 0.330 

EV-6098 9.750 5.580 1.677 0.580 0.207 

EV-4001 7.443 4.030 0.907 0.367 0.110 
 
Autumn Season 
 

Water Qualities (EC dS m-1) 
Cultivars 0.4 2.0 4.0 6.0 8.0 

Hicorn 9.043 5.600 1.647 0.607 0.207 
Agaiti-2002 11.690 7.447 2.497 0.847 0.320 

Margalla 9.349 5.320 1.677 0.600 0.207 

Akbar 7.393 4.150 0.937 0.380 0.117 

Sahiwal- 2002 9.727 5.447 1.667 0.600 0.213 

EV-5098 9.350 5.540 1.690 0.590 0.210 

EV-3001 9.044 5.420 1.694 0.590 0.207 

EV-1098 12.223 7.735 2.215 0.860 0.330 

EV-6098 9.907 5.600 1.683 0.590 0.207 

EV-4001 7.473 4.047 0.910 0.370 0.110 

SE 0.1238 
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Experiment-3  
 

Appendix-XX. Mean squares of agronomic traits of maize cultivars as affected by water qualities in various seasons. 

 
 

SV D.F Germination 
% 

Plant 
height 

Stem 
girth 

Days to 
tasseling 

Number 
of green 
leaves 

Number of 
dry 

leaves 

Green fodder 
yield 

Dry fodder 
yield 

Replication 2 6.825 ns 26.875ns 0.157 ns 32.533 ns 0.010 ns 0.017 ns 0.027 ns 0.008 ns 

Seasons (S) 1 9.075 ns 35.425ns 0.017 ns 5.633 ns 0.027 ns 0.440 ns 0.024 ns 0.002 ns 

Varieties (C) 3 2.831 ns 1324.175** 2.009** 141.433** 8.050** 8.627** 7.240** 0.452** 

S x C 3 0.231 ns 2.008ns 0.000022 ns 0.367 ns 0.008 ns 0.002 ns 0.0000146 0.0000009 ns 
Water qualities 

(Q ) 4 0.112 ns 89670.26** 69.805** 90.679** 329.433** 225.993** 238.651** 10.340** 

S x Q 4 0.138 ns 3.352ns 0.001 ns 0.279 ns 0.007 ns 0.049 ns 0.001 ns 0.000080 ns 

C x Q 12 0.518 ns 140.453** 0.421** 0.968 ns 1.154** 0.390** 0.683** 0.028** 

S x C x Q  12 0.210 ns 2.251ns 0.0000072 ns 0.235 ns 0.008 ns 0.000053 ns 0.0000146 ns 0.0000027 ns 

Error 78 17.457 19.351 0.072 13.533 0.177 0.075 0.146 0.009 
 

ns = non significant 
*  =  significant at 0.05 level of significant 
** = significant at 0.01 level of significant 
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Appendix-XXIa. Mean squares of soil chemical properties as affected by water qualities in 

various seasons. 
 

SV D.F pH EC HCO3
- Cl- SO-

4
2 Na+ 

Replication 2 0.010 ns 0.001 ns 0.001 ns 0.837 ns 0.308 ns 1.120 ns 

Seasons (S) 1 0.016 ns 0.002 ns 0.006 ns 0.627 ns 0.005 ns 0.684 ns 

Soil Depth (D) 3 1.012** 4.643** 0.559** 1150.377** 950.815** 2171.756** 

S x D 3 0.0000631 ns 0.0000631 ns 0.0000152 ns 0.023 ns 0.092 ns 0.039 ns 

Water qualities 
(Q) 4 0.424** 13.433** 0.936** 2809.497** 50.765** 2325.888** 

S x Q 4 0.0000096 ns 0.0001787 ns 0.0000136 ns 0.056 ns 0.076 ns 0.042 ns 

D x Q 12 0.052** 0.374** 0.370** 118.769** 58.238** 182.022** 

S x D x Q 12 0.000012 ns 0.0000105 ns 0.0000148 ns 0.003 ns 0.074 ns 0.003 ns 

Error 78 0.024 0.001 0.004 0.803 0.152 1.433 

 
Appendix-XXIb Mean squares of soil chemical properties as affected by water qualities in 

various seasons. 
 

SV D.F K+ Ca2+ Mg2+ SAR ESP 

Replication 2 0.009 ns 0.050 ns 0.003 ns 0.088 ns 0.028 ns 

Seasons (S) 1 0.032 ns 0.001 ns 0.012 ns 0.032 ns 0.306 ns 

Soil Depth (D) 3 4.791** 79.716** 55.851** 133.596** 217.225** 

S x D 3 0.003 ns 0.003 ns 0.001 ns 0.048 ns 0.008 ns 

Water qualities 
(Q) 4 0.707** 33.703** 25.536** 376.032** 581.202** 

S x Q 4 0.012 ns 0.002 ns 0.001 ns 0.096 ns 0.014 ns 

D x Q 12 0.006 ns 6.637** 6.569** 3.038** 4.452** 

S x D x Q 12 0.001 ns 0.001 ns 0.0000912 ns 0.078 ns 0.002 ns 

Error 78 0.012 0.025 0.024 0.203 0.276 

 
ns = non significant 
*  =  significant at 0.05 level of significant 
** = significant at 0.01 level of significant 
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Appendix-XXII. Mean squares of chemical composition of maize cultivars as affected by 

water qualities in various seasons. 
 

SV D.F Cl- Na+ K+ Ca2+ Mg2+ K+/Na+ 

Replication 2 0.004 ns 0.001 ns 0.024 ns 0.001 ns 0.0001404 ns 0.033 ns 

Seasons (S) 1 0.003 ns 0.001 ns 0.002 ns 0.001 ns 0.001 ns 0.002 ns 

Varieties (C) 3 0.575** 1.582** 1.938** 0.054** 0.0004397* 13.223** 

S x C 3 0.007 ns 0.0000081 ns 0.0000286 ns 0.0002737 ns 0.0000002 ns 0.0001 ns 

Water 
qualities (Q) 4 5.005** 19.514** 13.657** 0.183** 0.004** 398.516** 

S x Q 4 0.0000549 ns 0.0001002 ns 0.0002904 ns 0.0001457 ns 0.0000007 ns 0.0001 ns 

C x Q 12 0.113** 0.316** 0.168** 0.005** 0.0000475** 3.286** 

S x C x Q 12 0.001 ns 0.0000015 ns 0.0000825 ns 0.0001342 ns 0.00000001 
ns 0.0001 ns 

Error 78 0.003 0.003 0.011 0.001 0.0001538 0.043 

 
ns = non significant 
*  =  significant at 0.05 level of significant 
** = significant at 0.01 level of significant 
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Appendix-XXIII. Germination (%) of maize cultivars as affected by water qualities in 

various seasons. 
 
 

Maize cultivars Water Qualities 

(EC dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 

 0.4 86.333 86.500 85.500 86.167 

 2.0 86.333 86.333 86.000 86.167 

 4.0 87.000 86.500 86.000 85.500 

 6.0 86.333 86.333 86.167 86.000 

 8.0 86.333 86.333 85.500 86.167 

Mean 86.467 86.400 85.833 86.000 

 
Spring season 
 

Maize cultivars Water Qualities 

EC (dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 

 0.4 86.000 86.000 85.000 86.000 

 2.0 86.000 86.000 86.000 86.000 

 4.0 87.000 86.000 86.000 85.000 

 6.0 86.000 86.000 86.000 86.000 

 8.0 86.000 86.000 85.000 86.000 

 
Autumn season 
 

 0.4 86.667 87.000 86.000 86.333 

 2.0 86.667 86.667 86.000 86.333 

 4.0 87.000 87.000 86.000 86.000 

 6.0 86.667 86.667 86.333 86.000 

 8.0 86.667 86.667 86.000 86.333 

SE 2.412 
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Appendix-XXIV Plant height (cm) of maize cultivars as affected by water qualities in 

various seasons. 
 
 
Spring season 
 

Maize cultivars Water Qualities 

EC (dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 

 0.4 174.000 175.000 173.033 173.000 

 2.0 173.033 172.400 169.833 170.133 

 4.0 132.833 134.300 115.533 118.200 

 6.0 77.000 80.500 60.200 62.000 

 8.0 45.800 47.400 27.133 29.200 

Autumn season 

 0.4 175.000 176.033 174.000 175.000 

 2.0 174.000 176.900 170.800 171.100 

 4.0 133.567 135.100 116.167 122.900 

 6.0 77.433 80.967 60.533 62.367 

 8.0 46.100 47.667 27.267 29.367 

SE 2.5397 
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Appendix-XXV. Stem girth (cm) of maize cultivars as affected by water qualities in 

various seasons. 
 
 
Spring season 
 

Maize cultivars Water Qualities 

EC (dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 

 0.4 5.990 6.000 5.970 5.980 

 2.0 5.850 5.860 5.813 5.823 

 4.0 4.540 4.563 3.960 3.970 

 6.0 3.480 3.490 2.350 2.360 

 8.0 2.400 2.430 1.950 1.960 

Autumn season 

 0.4 6.027 6.037 6.010 6.020 

 2.0 5.883 5.893 5.843 5.853 

 4.0 4.567 4.587 3.980 3.990 

 6.0 3.500 3.510 2.363 2.373 

 8.0 2.413 2.440 1.960 1.970 

SE 0.1551 
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Appendix-XXVI. Days to tasseling of maize cultivars as affected by water qualities in 

various seasons. 
 
 
Spring season 
 

Maize cultivars Water Qualities 

EC (dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 

 0.4 58.000 58.333 61.667 61.667 

 2.0 58.000 58.333 62.333 62.000 

 4.0 60.333 59.667 64.333 63.667 

 6.0 61.333 62.333 66.333 65.333 

 8.0 62.333 62.333 66.333 66.000 

Autumn season 

 0.4 58.000 58.000 61.000 61.000 

 2.0 58.000 58.000 62.000 62.000 

 4.0 60.000 59.000 64.000 63.000 

 6.0 61.000 62.000 66.000 65.000 

 8.0 62.000 62.000 66.000 64.000 

SE 2.1239 
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Appendix-XXVII. Number of green leaves plant-1 of maize cultivars as affected by  

water qualities in various seasons. 
 
 
Spring season 
 

Maize cultivars Water Qualities 

EC (dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 

 0.4 12.200 12.303 12.000 12.100 

 2.0 11.980 11.990 11.890 11.900 

 4.0 9.253 9.300 7.352 7.380 

 6.0 6.450 6.480 5.244 5.270 

 8.0 4.255 4.280 3.110 3.130 

Autumn season 

 0.4 12.220 12.320 12.020 12.120 

 2.0 12.000 12.010 11.910 11.920 

 4.0 9.267 9.317 7.360 7.390 

 6.0 6.460 6.490 5.250 5.280 

 8.0 4.257 4.287 3.117 3.470 

SE 0.2429 
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Appendix-XVIII. Number of dry leaves plant-1 of maize cultivars as affected by water 

qualities in various seasons. 
 
 
Spring season 
 

Maize cultivars Water Qualities 

EC (dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 

 0.4 0.810 0.760 0.980 0.960 

 2.0 1.020 1.000 2.120 2.100 

 4.0 3.730 3.700 4.650 4.620 

 6.0 5.550 5.500 6.760 6.700 

 8.0 7.700 7.660 8.990 8.970 

Autumn season 

 0.4 0.793 0.740 0.950 0.930 

 2.0 0.990 0.970 2.060 2.040 

 4.0 3.623 3.593 4.517 4.487 

 6.0 5.390 5.340 6.567 6.510 

 8.0 7.477 7.440 8.730 8.710 

          SE 0.1578 
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Appendix-XXIX. Green fodder yield (kg m-2) of maize cultivars as affected by water qualities 

in various seasons. 
 
 
Spring season 
 

Maize cultivars Water Qualities 

EC (dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 

 0.4 9.860 9.900 9.840 9.850 

 2.0 9.800 9.850 9.350 9.370 

 4.0 7.445 7.550 6.150 6.170 

 6.0 5.100 5.140 4.080 4.100 

 8.0 3.250 3.320 1.900 1.920 

Autumn season 

 0.4 9.900 9.940 9.883 9.893 

 2.0 9.841 9.893 9.390 9.410 

 4.0 7.480 7.583 6.177 6.197 

 6.0 5.120 5.160 4.097 4.117 

 8.0 3.260 3.334 1.910 1.930 

SE 0.2205 
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Appendix-XXX. Dry fodder yield (kg m-2) of maize cultivars as affected by water qualities 

in various seasons. 
 
 
Spring season 
 

Maize cultivars Water Qualities 

EC (dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 

 0.4 2.091 2.100 2.080 2.070 

 2.0 2.057 2.080 1.870 1.893 

 4.0 1.563 1.600 1.270 1.280 

 6.0 1.073 1.100 0.840 0.850 

 8.0 0.680 0.720 0.390 0.403 

Autumn season 

 0.4 2.100 2.110 2.091 2.080 

 2.0 2.070 2.091 1.883 1.907 

 4.0 1.573 1.610 1.280 1.290 

 6.0 1.077 1.107 0.843 0.857 

 8.0 0.687 0.723 0.393 0.407 

SE 0.0545 
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Appendix-XXXI. Soil pH at various depths as affected by water qualities in  

various seasons. 
 
 
Spring season 

 

Soil depth (cm) Water Qualities 

EC (dS m-1) 0-15 15-30 30-45 45-60 

 0.4 7.508 7.607 8.047 8.087 

 2.0 7.607 7.697 7.837 7.857 

 4.0 7.477 7.687 7.743 7.763 

 6.0 7.337 7.477 7.827 7.847 

 8.0 7.293 7.437 7.557 7.577 

Autumn season 

 0.4 7.527 7.630 8.073 8.113 

 2.0 7.630 7.720 7.860 7.880 

 4.0 7.497 7.710 7.770 7.790 

 6.0 7.357 7.497 7.850 7.870 

 8.0 7.320 7.457 7.577 7.597 

SE 0.0894 
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Appendix-XXXII. Electrical conductivity (dS m-1) of soil at various depths as affected by 

water qualities in various seasons. 
 
 

Spring season 

 

Soil depth (cm) Water Qualities 

EC (dS m-1) 0-15 15-30 30-45 45-60 

 0.4 0.660 0.480 0.360 0.300 

 2.0 0.900 0.700 0.550 0.460 

 4.0 1.480 1.100 0.860 0.710 

 6.0 2.330 1.700 1.350 1.100 

 8.0 3.240 2.500 1.920 1.500 

Autumn season 

 0.4 0.657 0.480 0.357 0.297 

 2.0 0.893 0.697 0.550 0.460 

 4.0 1.470 1.090 0.853 0.707 

 6.0 2.317 1.690 1.343 1.090 

 8.0 3.220 2.487 1.910 1.490 

SE 0.0158 
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Appendix-XXXIII. Bi-carbonate (meq L-1)in soil at various depths as affected by water 

qualities in various seasons. 
 
 
Spring season 
 

Soil depth (cm) Water Qualities 

EC (dS m-1) 0-15 15-30 30-45 45-60 

 0.4 2.000 2.000 1.900 1.900 

 2.0 1.800 1.700 1.500 1.400 

 4.0 1.100 1.400 1.600 1.700 

 6.0 1.100 1.300 1.900 1.900 

 8.0 1.200 1.400 1.600 1.800 

Autumn season 

 0.4 1.983 1.983 1.883 1.883 

 2.0 1.780 1.683 1.487 1.387 

 4.0 1.090 1.387 1.587 1.683 

 6.0 1.090 1.290 1.883 1.883 

 8.0 1.190 1.387 1.587 1.780 

SE 0.0368 
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Appendix-XXXIV Chloride (meq L-1) in soil at various depths as affected by water 

qualities in various seasons. 
 
 
Spring season 
 

Soil depth (cm) Water Qualities 

EC (dS m-1) 0-15 15-30 30-45 45-60 

 0.4 6.600 4.850 3.501 2.900 

 2.0 10.200 7.600 5.600 4.600 

 4.0 23.403 17.203 12.803 10.400 

 6.0 35.903 25.703 18.900 15.500 

 8.0 46.403 31.903 22.900 18.603 

Autumn season 

 0.4 6.543 4.807 3.470 2.873 

 2.0 10.113 7.530 5.550 4.557 

 4.0 23.193 17.050 12.690 10.310 

 6.0 35.583 25.473 18.733 15.363 

 8.0 45.990 31.620 22.700 18.437 

SE 0.2586 
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Appendix-XXXV. Sulphate  (meq L-1) in soil at various depths as affected by water qualities in 

various seasons. 
 
 
Spring season 
 

Soil depth (cm) Water Qualities 

EC (dS m-1) 0-15 15-30 30-45 45-60 

 0.4 9.710 6.080 4.270 3.560 

 2.0 13.310 7.550 5.550 4.940 

 4.0 13.760 7.850 4.970 5.020 

 6.0 20.830 8.920 4.930 4.380 

 8.0 23.950 6.150 2.580 3.470 

Autumn season 

 0.4 9.640 6.030 4.240 3.530 

 2.0 13.210 8.483 5.507 4.900 

 4.0 13.653 7.790 4.930 4.980 

 6.0 20.670 8.850 4.893 4.347 

 8.0 23.767 6.100 2.560 3.443 

SE 0.2251 
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Appendix-XXXVI. Soluble sodium (meq L-1) in soil at various depths as affected by water 

qualities in various seasons. 
 
 
Spring season 
 

Soil depth (cm) Water Qualities 

EC (dS m-1) 0-15 15-30 30-45 45-60 

 0.4 10.570 6.770 5.013 4.000 

 2.0 16.520 11.040 7.780 6.500 

 4.0 26.963 18.520 12.890 10.690 

 6.0 41.743 26.993 18.793 14.983 

 8.0 53.043 29.990 20.253 16.900 

Autumn season 

 0.4 10.483 6.710 4.970 3.970 

 2.0 16.380 10.950 7.713 6.447 

 4.0 26.737 18.367 12.783 10.600 

 6.0 41.393 26.763 18.633 14.853 

 8.0 52.597 29.743 20.083 16.760 

SE 0.6911 
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Appendix-XXXVII. Soluble potassium (meq L-1) in soil at various depths as affected by 

water qualities in various seasons. 
 
 
Spring season 
 

Soil depth (cm) Water Qualities 

EC (dS m-1) 0-15 15-30 30-45 45-60 

 0.4 3.080 2.770 2.270 2.153 

 2.0 3.020 2.650 2.200 2.090 

 4.0 2.910 2.620 2.180 2.070 

 6.0 2.780 2.390 2.020 1.870 

 8.0 2.540 2.280 1.850 1.750 

Autumn season 

 0.4 3.033 2.707 2.227 2.160 

 2.0 2.957 2.620 2.150 2.063 

 4.0 2.843 2.493 2.110 1.983 

 6.0 2.740 2.333 1.947 1.897 

 8.0 2.597 2.257 1.930 1.793 

SE 0.0619 
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Appendix-XXXVIII. Soluble calcium (meq L-1) in soil at various depths as affected by 

water qualities in various seasons. 
 
 
Spring season 
 

Soil depth (cm) Water Qualities 

EC (dS m-1) 0-15 15-30 30-45 45-60 

 0.4 2.600 1.820 1.370 1.300 

 2.0 3.000 2.337 1.757 1.680 

 4.0 5.703 3.253 2.390 2.250 

 6.0 8.000 3.500 2.600 2.550 

 8.0 8.503 3.800 2.780 2.690 

Autumn season 

 0.4 2.617 1.830 1.380 1.307 

 2.0 3.020 2.273 1.717 1.690 

 4.0 5.733 3.167 2.403 2.263 

 6.0 8.040 3.520 2.617 2.570 

 8.0 8.553 3.823 2.800 2.690 

SE 0.0912 
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Appendix-XXXIX. Soluble magnesium (meq L-1) in soil at various depths as affected by 

water qualities in various seasons. 
 
 
Spring season 
 

Soil depth (cm) Water Qualities 

EC (dS m-1) 0-15 15-30 30-45 45-60 

 0.4 2.000 1.500 1.140 1.000 

 2.0 2.400 1.680 1.170 1.083 

 4.0 3.500 2.653 1.673 1.550 

 6.0 6.000 3.340 1.840 1.650 

 8.0 7.900 3.560 1.930 1.780 

Autumn season 

 0.4 2.017 1.510 1.150 1.010 

 2.0 2.420 1.693 1.180 1.087 

 4.0 3.530 2.670 1.683 1.560 

 6.0 6.050 3.367 1.853 1.663 

 8.0 7.960 3.587 1.943 1.810 

SE 0.0897 
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Appendix-XL. Sodium adsorption ratio in soil at various depths as affected by water qualities 
in various seasons. 

 
 
Spring season 
 

Soil depth (cm) Water Qualities 

EC (dS m-1) 0-15 15-30 30-45 45-60 

 0.4 6.940 5.230 4.453 3.710 

 2.0 8.993 7.793 6.430 5.510 

 4.0 12.510 10.767 9.003 7.720 

 6.0 15.690 14.513 12.560 10.280 

 8.0 18.423 15.547 13.127 11.250 

Autumn season 

 0.4 6.817 5.190 4.423 3.680 

 2.0 9.913 7.730 6.380 5.463 

 4.0 12.413 10.680 8.937 7.660 

 6.0 15.567 14.397 12.463 10.200 

 8.0 18.277 15.423 13.023 11.160 

SE 0.2601 
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Appendix-XLI. Exchangeable sodium percentage at various soil depths as affected by 

water qualities in various seasons. 
 
 
Spring season 
 

Soil depth (cm) Water Qualities 

EC (dS m-1) 0-15 15-30 30-45 45-60 

 0.4 9.325 7.191 6.214 5.286 

 2.0 13.150 10.393 8.689 7.536 

 4.0 16.300 14.117 11.913 10.300 

 6.0 20.280 18.807 16.363 13.507 

 8.0 23.700 20.103 17.073 14.720 

Autumn season 

 0.4 9.261 7.142 6.170 5.249 

 2.0 13.057 10.317 8.626 7.481 

 4.0 16.180 14.013 11.857 10.233 

 6.0 20.133 18.667 16.243 13.410 

 8.0 23.393 19.960 16.947 14.610 

SE 0.3033 
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Appendix-XLII. Sodium (%) concentration in maize cultivars as affected by water 
qualities in various seasons. 

 
Spring season 
 

Maize cultivars Water Qualities 

EC (dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 

 0.4 0.251 0.250 0.252 0.251 

 2.0 0.308 0.305 0.376 0.372 

 4.0 0.683 0.681 1.021 1.016 

 6.0 1.286 1.285 1.924 1.922 

 8.0 1.912 1.910 2.863 2.861 

Autumn season 

 0.4 0.250 0.249 0.251 0.250 

 2.0 0.307 0.304 0.374 0.371 

 4.0 0.680 0.678 1.016 1.011 

 6.0 1.280 1.278 1.915 1.913 

 8.0 1.903 1.901 2.849 2.847 

SE 0.0340 

 



 

 267

 
Appendix-XLIII. Chloride (%) concentration in maize cultivars as affected by water 

qualities in various seasons. 
 
 

Spring season 

 

Maize cultivars Water Qualities 

EC (dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 

 0.4 0.437 0.427 0.430 0.423 

 2.0 0.430 0.429 0.509 0.467 

 4.0 0.634 0.620 0.910 0.905 

 6.0 0.890 0.885 1.225 1.220 

 8.0 1.230 1.211 1.802 1.863 

Autumn season 

 0.4 0.483 0.425 0.428 0.433 

 2.0 0.495 0.427 0.506 0.464 

 4.0 0.671 0.617 0.905 0.900 

 6.0 0.952 0.880 1.218 1.213 

 8.0 1.290 1.238 1.842 1.775 

SE 0.0289 
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Appendix-XLIV. Potassium (%) concentration in maize cultivars as affected by water 

qualities in various seasons. 
 
 
Spring season 

 

Maize cultivars Water Qualities 

EC (dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 

 0.4 2.440 2.450 2.400 2.430 

 2.0 2.310 2.330 1.700 1.710 

 4.0 1.940 1.950 1.170 1.180 

 6.0 1.260 1.280 0.780 0.790 

 8.0 0.690 0.710 0.390 0.410 

Autumn season 

 0.4 2.453 2.463 2.443 2.443 

 2.0 2.322 2.342 1.709 1.719 

 4.0 1.950 1.960 1.176 1.186 

 6.0 1.266 1.287 0.784 0.794 

 8.0 0.694 0.714 0.386 0.412 

SE 0.0613 
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Appendix-XLV.. Calcium (%) concentration in maize cultivars as affected by water 

qualities in various seasons. 
 
 
 
Spring season 
 

Maize cultivars Water Qualities 

EC (dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 

 0.4 0.180 0.190 0.170 0.180 

 2.0 0.190 0.200 0.160 0.170 

 4.0 0.310 0.319 0.220 0.230 

 6.0 0.410 0.420 0.290 0.300 

 8.0 0.420 0.429 0.280 0.310 

Autumn season 

 0.4 0.176 0.186 0.167 0.176 

 2.0 0.186 0.195 0.157 0.167 

 4.0 0.300 0.309 0.214 0.224 

 6.0 0.395 0.404 0.280 0.290 

 8.0 0.404 0.413 0.300 0.300 

SE 0.0138 
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Appendix-XLVI. Magnesium (%) concentration in maize cultivars as affected by water 

qualities in various seasons. 
 
 
Spring season 

 

Maize cultivars Water Qualities 

EC (dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 

 0.4 0.126 0.127 0.125 0.126 

 2.0 0.128 0.129 0.126 0.127 

 4.0 0.145 0.147 0.138 0.139 

 6.0 0.156 0.157 0.145 0.146 

 8.0 0.158 0.159 0.147 0.147 

Autumn season 

 0.4 0.122 0.123 0.121 0.122 

 2.0 0.124 0.125 0.122 0.123 

 4.0 0.140 0.142 0.134 0.135 

 6.0 0.151 0.152 0.140 0.141 

 8.0 0.153 0.154 0.142 0.142 

SE 0.0071 
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Appendix-XLVII. Potassium/sodium ratio in maize cultivars as affected by water 

qualities in various seasons. 
 
 
Spring season 
 

Maize cultivars Water Qualities 

EC (dS m-1) Agaiti-2002 EV-1098 EV-4001 Akbar 

 0.4 9.760 9.800 9.679 9.719 

 2.0 7.700 7.771 4.590 4.620 

 4.0 2.850 2.911 1.158 1.169 

 6.0 0.979 1.000 0.409 0.409 

 8.0 0.361 0.371 0.128 0.138 

Autumn season 

 0.4 9.781 9.822 9.700 9.741 

 2.0 7.719 7.787 4.600 4.630 

 4.0 2.859 2.917 1.163 1.173 

 6.0 0.980 1.000 0.409 0.409 

 8.0 0.362 0.372 0.132 0.139 

SE 0.1197 
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 Experiment-4 
 

Appendix-XLVIII. Mean squares of soil chemical properties as affected by saline irrigation scheduling. 
 
 

SV D.F pH EC HCO-
3 Cl- SO24 Na+ K+ Ca2+ Mg2+ SAR ESP 

Replications 2 0.001 ns 0.002 ns 0.001 ns 0.060 ns 0.018 ns 0.663 ns 0.001 ns 0.001 ns 0.000198 ns 0.905 ns 1.231 ns 

Treatments (T) 7 0.109    ** 4.105** 0.154** 836.500** 133.073** 1836.361** 0.277** 0.000086** 0.000131** 2911.979** 1776.525** 

Cultivars (C) 3 0.000313 ns 0.002 ns 0.001 ns 0.001 ns 0.060 ns 0.802 ns 0.00034 ns 1.740 ns 0.283 ns 0.776 ns 0.002 ns 

T x C 21 0.00011 ns 0.004 ns 0.001 ns 0.002 ns 0.047 ns 0.847 ns 0.00012 ns 0.000124 ns 0.000242 ns 0.727 ns 0.008 ns 

Error 62 0.034 0.004 0.004 0.339 0.219 0.857 0.002 0.001 0.000274 1.832 0.679 

 
ns = non significant        
*   =  significant at 0.05 level of significant                                                                                                                     
** = significant at 0.01 level of significant 
 



 

 273

 
 

Appendix-XLIX. Mean squares of agronomic traits of maize cultivars as affected by saline irrigation scheduling. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ns = non significant        
*   =  significant at 0.05 level of significant                                                                                                                    
 ** = significant at 0.01 level of significant 

 
 
 
 
 
 
 

SV Df 
Germination

% 

Plant 

height 

Stem 

girth 
Days to 
tasseling 

Number 
of green 

leaves 

Number 
of dry 

leaves 

Green fodder 
yield 

Dry 
fodder 
yield 

Replications 2 46.311 ns 0.175 ns 0.008 ns 1.167 ns 0.040 ns 0.034 ns 31.697 ns 0.039 ns 

Treatments (T) 7 262.625** 1964.568*
* 2.768** 29.833** 13.655** 15.253** 10615.070** 437.376** 

Cultivars (C) 3 1126.155** 224.220 
** 0.270** 40.857** 2.901** 2.135 ** 1241.627** 89.707** 

T x C 21 49.002 ns 13.332 ** 0.012 ns 1.262 ns 0.179** 0.424** 177.079** 5.853** 

Error 62 28.274 3.618 0.010 1.081 0.039 0.047 10.366 0.408 
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Appendix-L. Mean squares of maize chemical composition as affected by saline irrigation scheduling. 
 
 

SV D.F Na+ Cl- K+ Ca2+ Mg2+ K+/Na+ 

Replications 2 0.003 ns 658.010 ns 0.006 ns 0.002 ns 0.0000245 ns 0.691 ns 

Treatments (T) 7 3.906** 7694810.048** 4.767** 0.306** 0.01612** 43.868** 

Cultivars (C) 3 0.757** 5491183.639** 1.436** 0.058** 0.00256** 1482.991** 

T x C 21 0.171** 559735.806** 0.068** 0.004** 0.0001130** 2.653** 

Error 62 0.003 793.817 0.006 0.001 0.0000133 0.638 

 
ns = non significant        
*   =  significant at 0.05 level of significant 
** = significant at 0.01 level of significant 
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Experiment-5 
 
 

Appendix-LI. Mean squares of  soil chemical properties as affected by FYM under saline water. 

 
 

SV D.F pH EC HCO-
3 Cl- SO4

2- Na+ K+ Ca2+ Mg2+ SAR ESP 

Replication 2 0.005 ns 0.008 ns 0.001 ns 0.405 ns 0.103 ns 0.091 ns 0.008 ns 0.000096 ns 0.000008 ns 2.529 ns 1.155 ns 

Cultivars(C) 3 0.015 ns 0.001 ns 0.0003 ns 0.367 ns 0.364 ns 0.001 ns 0.00015 ns 0.000073 ns 0.001 ns 0.019 ns 0.004 ns 

FYM levels 
(T ) 5 0.165* 7.559** 0.204** 1387.739** 72.363** 2365.125** 1.349** 2.425** 0.462** 3549.920** 2157.475** 

C x T 15 0.013 ns 0.001 ns 0.0003 ns 0.351 ns 0.355 ns 0.00043 ns 0.00016 ns 0.00046 ns 0.00031 ns 0.029 ns 0.009 ns 

Error 46 0.068 0.006 0.042 0.796 0.217 0.428 0.025 0.003 0.001 1.852 0.912 

CV  5.06% 9.99% 8.11 10.14% 7.41% 5.79% 4.10% 2.98% 6.24% 11.14% 8.25% 

 
ns = non significant        
*   =  significant at 0.05 level of significant                                                                                                                     
** = significant at 0.01 level of significant 



 

 276

 

Appendix-LII. Mean squares of agronomic traits of maize cultivars as affected by FYM under saline water. 
 
 

 
 

 
 
ns = non significant        
*   =  significant at 0.05 level of significant                       
** = significant at 0.01 level of significant 

 
 
 
 
 

SV D.F Germination 
% Plant height Stem girth Days to 

tasselling 
Number of 

green leaves 
Number of 
dry leaves 

Green 
fodder yield 

Dry fodder 
yield 

Replication 2 23.097 ns 39.172 ns 0.008 ns 0.875 ns 0.024 ns 0.027 ns 5.854 ns 0.234 ns 

Cultivars (C) 3 3.056 ns 205.528** 0.210** 10.667** 2.216** 2.383** 654.825** 26.475** 

FYM levels (T ) 5 3.622 ns 2904.855** 2.773** 40.800** 13.715** 14.426** 11358.398** 451.607** 

C x T 15 9.422 ns 13.601 ns 0.051 ns 0.667 ns 0.298** 0.277** 76.809** 3.208** 

Error 46 35.532 7.865 0.029 1.005 0.110 0.111 17.495 0.707 

CV  6.65% 2.96% 5.44% 1.81 4.57% 7.01% 2.57% 2.59% 
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Appendix-LIII. Mean squares of  maize chemical composition as affected by FYM under saline water. 
 

 

SV D.F Na+ Cl- K+ Ca2+ Mg2+ K+/Na+ 

Replication 2 0.002 ns 328.565 ns 0.00015 ns 0.00041 ns 0.000009 ns 0.029 ns 

Cultivars(C) 3 0.816** 294489** 0.703** 0.028** 0.00053** 59.717** 

FYM levels (T ) 5 4.039** 2585382** 4.955** 0.264** 0.013** 1188.524** 

C x T 15 0.157** 52100.6** 0.109** 0.002** 0.000073** 4.229** 

Error 46 0.002 2297.686 0.005 0.00024 0.000022 0.275 

CV(%)  7.43 7.95 3.63 5.09 5.45 5.45% 

 
ns = non significant        
*   =  significant at 0.05 level of significant                                                                                                                     
** = significant at 0.01 level of significant 
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Appendix-LIV. Germination (%) of maize cultivars as affected by FYM under saline 
water. 

 
 

Maize cultivars Treatments Agaiti-2002 EV-1098 EV-4001 Akbar Mean 

Canal water 90.000 89.000 88.000 89.000 89.000 

Saline water 
(EC 4.0 dS m-1) 89.000 90.000 91.000 88.000 89.500 

Saline water+ 15 t ha-1 
FYM 90.000 88.000 89.000 91.000 89.500 

Saline water+ 20 t ha-1 
FYM 89.000 90.000 92.000 88.000 89.750 

Saline water+ 25 t ha-1 
FYM 90.000 89.000 88.000 92.000 89.750 

Saline water+ 30 t ha-1 
FYM 89.000 92.000 93.667 88.000 90.667 

Mean 89.500 89.667 90.278 89.333 - 

SE 1.721 
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Appendix-IA Meteorological data of Tandojam 
 
Average Minimum and Maximum Temperature and Rain Fall for the Years 2004 to 2007 

2004 2005 2006 2007 
Temperature 

0C 
Temperature 

0C 
Temperature 

0C 
Temperature 

0C 
 

Month 
Min. Max. 

Rain 
fall 

(mm) Min. Max. 

Rain 
fall 

(mm) Min. Max. 

Rain 
fall 

(mm) Min. Max. 

Rain 
fall 

(mm) 
Jan. 9.4 24.4 0.01 7.9 23.0 0.03 7.4 24.4 - 8.2 24.8 - 
Feb. 11.8 29.8 - 10.7 25.6 0.01 14.4 31.98 - 12.2 28.9 0.12 
Mar. 15.3 37.5 - 16.8 32.9 - 23.0 15.0 1.6 15.1 32.2 1.5 
Apr. 22.7 40.0 0.2 19.0 36.1 0.1 20.9 38.8 0.1 21.4 39.8 - 
May 23.1 40.8 - 24.4 41.0 0.02 25.3 41.4 - 24.5 40.0 - 
Jun. 27.2 39.2 - 26.7 40.0 0.03 26.4 39.2 1.2 26.4 37.5 1.7 
Jul. 26.5 36.6 - 26.7 37.2 - 26.6 36.5 1.7 26.6 36.4 0.4 

Aug. 25.8 36.6 - 25.0 34.6 1.0 24.6 33.8 4.3 25.3 35.8 2.3 
Sep. 24.0 36.1 - 24.7 35.9 0.03 24.0 35.0 6.3 24.0 36.5 0.1 
Oct. 19.0 33.0 2.6 19.8 35.8 - 21.9 35.8 - 17.0 36.5 - 
Nov. 14.1 32.1 - 14.0 32.2 - 15.5 31.8 - 14.2 33.8 - 
Dec. 11.0 26.0 0.1 7.8 26.0 - 9.9 24.2 0.4 8.4 24.1 0.9 
Total 229.9 412.1 0.11 223.5 400.3 1.12 239.9 387.9 15.6 223.3 406.3 7.02 

Average 19.2 34.3 - 18.6 33.4 - 20.0 32.3 - 18.6 33.9 - 
Source:  Regional Agro Met Centre, Tandojam.  
 

 
Appendix-IB. Meteorological data of UPM, Malaysia 
 
Average Minimum and Maximum Temperature and Rain Fall for the Year 2007 
  (January to August  2007) 

2007 

Temperature 0C 
 

Month 
Min. Max. 

Rain fall (mm) 

January. 23.2 32.7 3.7 
February 23.0 33.8 12.4 
March 23.3 33.2 12.1 
April 23.5 34.1 14.3 
May 23.2 33.3 5.2 
June 22.8 33.7 3.6 
July 23.1 32.7 8.0 

August 23.2 32.5 5.3 
Total 185.3 266 64.6 

Average 23.16 33.25 8.1- 
Source:  Universiti Putra Malaysia Penyata Bulanan Cuaca 
Station  : UPM Serdang.  Lat   3*  02'N  Long 101*  42'E  Height above Sea-level = 31M 
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