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SOIL CHARACTERIZATION OF ROD KOHI AREAS OF D.I.KHAN DIVISION AND 
STRATEGIES FOR INTEGRATED SOIL AND WATER RESOURCES FOR 

SUSTAINABLE PRODUCTIVITY 

 
ABSTRACT 

 
Rod kohi irrigation farming system is a peculiar system of farming being practiced in Piedmont 
plains of D.I.Khan division (NWFP) Pakistan covering almost 60% of cultivated area. The 
major constraint is the use of Rod kohi water which is unpredictable and highly variable in 
quantity and distribution both in time and space. Rod kohi soils are particularly confronted 
with problems of soil productivity, soil surface sealing, amount of irrigation water application 
and nutritional requirement of crops. In this regard, a series of experiments were conducted to 
understand the problems related to Rod kohi soils of D.I.Khan division and develop strategies 
for addressing them. 
 
The first three chapters deal with general introduction of Rod kohi area, review of literature 
and methodologies used in different studies. Chapter IV relates to the characterization of soils 
of Rod kohi area. Eighty seven soil samples from different mozas (villages) were collected to 
make inferences regarding the nature of the soils, salinity/ sodicity problems and productivity 
status. It was found that 50.57% of soils were medium textured while 45.98% samples were 
fine textured and only 3.45% soils were moderately coarse textured. All soils were alkaline in 
nature with pH ranging from 7.7 to 8.6. The ECe varied from 0.75 to 8.00 dS m-1 with a mean 
value of 3.156 dS m-1 and SAR was in the range of 3.00 to 12.78. Almost 74.71% soils were 
normal, 13.79% of soils saline while 5.75% soils were sodic and another 5.75% of samples 
were saline sodic. Similarly 74.71% of samples were strongly calcareous while 25.29% 
samples were moderately calcareous. Almost 83.53% samples were deficient in organic matter 
while 16.47% samples contained marginal amount of organic matter. All samples were 
deficient in mineral N, while 89.41% samples were deficient in P, however, 70.59% samples 
contained adequate amount of K. 
 
Agriculture in Rod kohi areas totally depends on hill torrent flow that is un-predictable in terms 
of timing, magnitude and frequency thus making scheduled irrigations impossible. Farmers in 
Rod kohi area usually over irrigate their fields which results wastage of water. Experiment 
regarding determining the optimum amount of water required for maximum production in Rod 
kohi areas has been discussed in Chapter V. Different quantities of Rod kohi water viz 15-25 
cm, 25-35 cm, 35-45 cm, and 45-55 cm depth were applied to fields of variable textures i.e. 
silty clay loam, silt loam and loam, to see their effect on the yield of wheat, application 
efficiency (Ea), water use efficiency (WUE), moisture and bulk density (BD) of soils. It was 
revealed that grain yield of wheat increased with the increment of irrigation water in all types 
of soil and maximum grain yield was obtained after the application of 35-45 cm irrigation 
depth; beyond this the yield declined suggesting that 35-45 cm depth of irrigation is the 
optimum water requirement for wheat in Rod kohi areas of D.I.Khan. Amongst textural 
classes, the highest grain yield was achieved from loamy soil followed by silty loam and silty 
clay loam soil. The application efficiency of irrigation water differed significantly among 
different textured soils as well as depth of water applied and their interaction. It decreased as 
the depth of irrigation water increased. The maximum Ea was recorded with the application of 



  

15-25 cm irrigation. Hence, it is suggested that water should be applied in such amount that is 
efficiently utilized and the crop yield is also not affected. The silty clay loam soil had the 
highest Ea (63.75%) while loamy soil has the lowest (42.24%) and silt loam was at 
intermediate position (50.43%). In water-deficient environments, crop productivity is 
determined by the amount of water available and water use efficiency (WUE) of crop. The 
WUE was determined on grain yield basis per mm water application. The results revealed that 
WUE was significantly influenced by the volume of water applied as well as soil texture and 
their interactions. It ranges from 5.917-13.627 kg ha-1 mm-1 being the minimum for 45-55 cm 
depth of irrigation and the maximum for 15-25 cm depth suggested that the water use 
efficiency (WUE) was inversely related to irrigation water volumes. It decreased linearly as 
irrigated water volumes increased. The loamy soils had higher (10.238 kg ha-1 mm-1) while 
silty clay loam soils had lower (8.914 kg ha-1 mm-1) WUE and intermediate values (9.244 kg 
ha-1 mm-1) of WUE were recorded for silt loam soils. The soil moisture content determines the 
success or failure of crop production in Rod kohi agriculture where yield of crop is 
significantly affected by the availability of moisture in the root zone during growing season. 
The soil moisture content was determined at three stages viz before flood, at the time of sowing 
and after harvest of crop at different sites having variable textured soils and amount of water 
applied. The silty clay loam soil retained highest moisture content followed by silt loam and 
loam. The highest soil moisture content was found at the time of sowing at all textured soils 
this caused the decreased at the time of harvest of the crop, while the lowest moisture content 
was recorded in samples collected before flood. The moisture content in the soils increased 
with the increase in irrigation depths. The bulk density (BD) of different textured soils which 
were applied different volumes of water was also determined at three stages i.e. before flood, at 
the time of sowing and after harvest of crop. It varied in different textured soils but the 
differences were not significant. The loamy soils had the highest BD, while silty clay loam 
soils gives the lowest but with no statistical difference.  
 
Soil surface sealing is a major problem in Rod kohi soils when rainfall occurs after sowing of 
seed and before germination. In this work, different textured soils viz silty clay loam, silt loam 
and loam were subjected to variable simulated rainfall intensities (5.0 mm, 10.0 mm and 15.0 
mm) after sowing of the wheat seed. Different soil crust management practices i.e. hand 
hoeing, crop residue cover and application of FYM were applied to reduce crust development 
and increase seedling emergence and yield of wheat. The results of our observations are 
presented in chapter VI. It was inferred that the soils of Rod Kohi area are prone to crust 
development irrespective of texture and rainfall intensities which retarded seedlings emergence 
and consequently reduced grain yield of wheat. Soil crusting reduced 35.86 to 52.94% 
seedlings germination. The silty clay loam soil was more susceptible to crusting as compared 
to silty loam and loamy soil. Amongst rainfall intensities, the 5.0 mm rainfall intensity 
significantly reduced seedlings emergence at all textured soils, reflecting greater soil crust 
strength as compared to 10.0 mm and 15.0 mm rainfall. Different soil crust management 
practices improved seedlings emergence significantly at all types of soils. The significantly 
highest germination count was recorded in manual hoeing followed by crop residue (CR) and 
FYM. Similarly, the grain yield of wheat was significantly affected by different rainfall 
intensities and soil crust management practices in all soils. The significantly lowest grain 
yields were noted with 5.0 mm rainfall intensity at all the three locations, whereas the highest 
yield was found in 15.0 mm rainfall intensity. The significantly highest grain yield was 



  

achieved in loamy soil followed by silty loam soil while the lowest in silty clay loam soil. The 
results indicated that manual hoeing proved most effective in enhancing seedlings emergence 
and increasing the grain yield followed by CR and FYM. The combined data of three locations 
showed that increase in grain yield from FYM, CR and manual hoeing over control was 
48.84%, 60.46% and 73.33% respectively. 
 
Studies pertaining to nutritional requirement of wheat under Rod Kohi conditions are reported 
in chapter VII. Field trials were conducted on silty clay loam and loamy soils for two 
consecutive years during 2006-07 and 2007-08. Fertilizers rates included NPK @ (i) 0-0-0, (ii) 
20-0-0, (iii) 40-20-0, (iv) 40-20-10, (v) 60-30-20, (vi) 80-40-30 and (vii) 100-50-40 kg ha-1. 
Amongst different yield contributing parameters, plant height, number of productive tillers m-2, 
ear length and grain yield were significantly affected by application of different rates of NPK 
at both locations. All parameters increased with the increment of fertilizers rates. The 
maximum plant height (78.88 cm), number of productive tiller m-2 (378.40) and longest spikes   
(9.265 cm) were recorded in plots receiving NPK @ 100-50-40 kg ha-1 followed by NPK@ 80-
40-30 kg ha-1. Similarly the highest grain yield was achieved by the application of NPK @ 
100-50-40 kg ha-1 closely followed by NPK@ 80-40-30 kg ha-1 and both were significantly 
similar. Computing the economic of fertilizers application revealed that the most economical 
dose of fertilizers for achieving maximum grain yield of wheat under Rod Kohi conditions of 
D.I.Khan is NPK @ 80-40-30 kg ha-1 it may be attributed to the better growing conditions and 
residual effects of NPK. In silty clay loam soil 8.33 to 27.91% increase in grain yield was 
noted due to fertilizers application while in loamy soil, the increase was 8.43 to 38.62%. All 
parameters had higher values at loamy soil against silty clay loam soil. 

 



 

 1

CHAPTER-I 

INTRODUCTION 

 

Dryland agriculture production of crops in Pakistan envisages four systems of 

production viz Rainfed cultivation which is entirely dependent on rainfall and is focused 

on north-eastern plains, Pothwar uplands and northern mountainous; Flood water 

(Sailaba) farming that is dependent on residual moisture of summer floods and rains in 

the riverain area and is practiced in active flood plains of the major rivers; Rod Kohi 

(Torrent watered) cultivation, it is practiced by diverting and spreading the hill torrent in 

piedmont plains and is practiced in piedmont plains of D.I.Khan, D.G.Khan, Kohat, 

Larkana, Dadu and mountain valleys of Balochistan province and Dry farming 

(Khushkaba) which is one of the water harvesting techniques, where the runoff from 

large uncultivated blocks is catched then diverted to cultivated fields. It is practiced in 

low rainfall area and western highland of Balochistan. 

 

Rod Kohi (Hill-torrential) irrigation system is also called spate irrigation system. 

Spate irrigation relies on the floods of the hill torrents, which are diverted to the 

agricultural fields of the plain area and is practiced in many countries (Ahmed, 2000). In 

Pakistan, it covers nearly 1.5 million ha, which is about 8% of the total irrigated area of 

this country. While in Somalia , Eritrea and Yemen it exists 75%, 56% and 40% of the 

total irrigated area respectively (FAO,  2005). It is locally known as Rod Kohi in the 

Khyber Pakhtunkhwa, in Punjab province, and Bandit or Sailaba in Balochistan province. 

Across the country, it is often generally referred to as flood irrigation.  
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 Table-1.1. Spate irrigated versus total irrigated areas in some countries. 

 

Country Year  Total irrigated 
area (ha) 

Spate-
irrigated area 
(ha) 

% of total 
irrigated area 
covered by 
spate 
irrigation 

Algeria1 1997 560,000 70,000 13 

Eritrea2 2005 28,000 15,630 56 

Kazakhstan1 1993 3,556,400 1,104,600 31 

Libya1 1997 470,000 53,000 11 

Mongolia1 1993 84,300 27,000 32 

Morocco1 1997 258,200 165.000 13 

Pakistan3 2000 17,580,000 1,450,000 8 

Somalia1 1984 200,000 150,000 75 

Sudan1 1997 1,946,000 280,000 14 

Tunisia1 1997 481,520 98,320 20 

Yemen1 2003 485,000 193,000 40 

  
Sources: 1. FAO. 2005; 

   2. Mehari et al., 2005  

3. Ahmed, 2000  

4. Al-Shaybani, 2003 
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 Figure 1.  Spate Irrigated versus total irrigated areas in 11 countries. 

 

Rod Kohi irrigation farming system is a peculiar system of farming being 

practiced in Piedmont plains of DIKhan (NWFP), DGKhan (Punjab), Dadu (Sidh) and in 

Sulaiman ranges, Kachhi plain, Kharan and Lasbela basins of Balochistan. In Khyber 

Pakhtunkhwa, spate irrigation exists in upper portion of D.I.Khan, Tank and Kulachi 

Tehsils (Hamilton  and Muhammad, 1995). Total area of the two districts (D.I.Khan and 

Tank) is 2.215 million acres. Out of which 1.7 million acre is irrigated, and 

approximately 0.63 million acres are cultivated through spate irrigation every year with 

twenty five nullah, perennial and non perennial rods, zams and nullahs. According to an 

estimated data even today only 20 to 25% spate flow in D.I.Khan and Tank districts is 

utilized while the rest is drained into Indus river (Ahmad, 2000).. 
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Rod Kohi system of irrigation has received little attention among the irrigation 

systems in Pakistan and therefore, remains undeveloped. The major reasons were 

included poor resources of Rod Kohi farmers, ignorance of farmers to advanced irrigation 

practices, extremely high flows, non existence of control structures and lack of scientific 

investigations about the irrigation practices (Mumtaz, 1989). The crop production in Rod 

Kohi area is traditionally of subsistence level in spite of the fact that fertility of land, 

large holdings and long planting season are productivity oriented. The major limiting 

factor is unreliable source of water. Cereal crops are most important crops and occupy 

60% of the area. The major crops grown in Rabi Season of wheat, chickpea, barley and 

oilseed while millets, sorghum, mungbeans are the summer crops. Production oriented 

agriculture is not practiced and therefore, crop yields are quite low. Consequently the 

average yields per unit area under Rod Kohi irrigation system are far below the national 

average. 

 

Since the Rod Kohi irrigation system does not operate on continuous flow basis, 

the farmers irrigate their fields when hill torrents come with high velocity and quantity. 

The farmers are thus unable to adjust frequency and amount of irrigation to the crop 

according to water requirements, thus making their irrigation practices less efficient. It 

also adds to low crop productivity and wastage of water. The common practice amongst 

the farmer is that they apply water to a field until all of field is covered with water 

including any high spots. This results in excess application of irrigation water. The 

amount of time required to cover a given area with water depends primarily on surface 

topography (levelness and slope), field geometry, discharge and surface roughness, 

infiltration rate, and size of the field. Since some of these factors vary widely from field 

to field and some with the season, hence, resulting amount of water applied also vary 

widely (Clyma and Arshad, 1975).  

 

Efficient use of Rod kohi water is an important factor for water use efficiency, 

irrigation efficiency and saving this precious natural resource. Limited information is 

available about the effect of different depths of water application on the yield of wheat in 
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Rod Kohi area of D.I.Khan division. In this regard, a study was planned to find out the 

effect of different textured soils and levels/ depths of water application on the yield of 

wheat crop. Dryland crops are often subjected to soil crusting if rain occurs after sowing 

of seeds. The severity of soil crusting is more in case of rains received after sowing and 

before emergence followed by dry spells. During a rainstorm, rate and splash detachment 

decreases and surface soil strength increases with time due to surface sealing (Morrison 

et al., 1985). The degree to which surface sealing affects various parameters viz 

infiltration, strength, splash etc depends on soil aggregate size, packing density and 

cohesion of other strength parameters (Bradford et al., 1987). Soil crust aimed at 

impeding the newly emrging seedlings even when rest of other determinants like water, 

oxygen, soil temperature and planting depth are not limiting.  

 

The crusts pose serious hindrances to small seeded crops and inhibit the 

emergence of even large seeded crops such as corn (Gerard, 1980). Kumar and Hazra 

(1989) observed a significant direct influence of soil crust strength and soil moisture 

content on seedlings emergence. Rod Kohi soils of D.I.Khan division are also subjected 

to soil surface sealing due to their nature. Experiments were conducted to determine the 

influence of soil crust management practices and rainfall intensities on the seedling 

emergence and grain yield of wheat in variable textured soils of Rod Kohi areas of 

D.I.Khan division. Rod Kohi agriculture has its own peculiar research needs such as Rod 

Kohi water is loaded with fine silts and clay particles and its irrigation results in heavy 

deposition of silt (Saeed and Rafiq, 1989), hence fertilizers application may not give any 

response.  

 

Similarly deep pre-flood tillage may or may not be required for moisture 

conservation and optimum production. However, application of fertilizers also has 

resulted increased crop production. Gurmani and Bakhsh (1989) revealed that increasing 

levels of N, P and K increased the yield of wheat at eight rod kohi sites of D.I.Khan 

division. They reported maximum yield with the application of NPK @ 100-60-30 kg   

ha-1 but the highest economic yield was obtained with NP @ 100-60 kg ha-1 whereas 

Amin (1989) recorded highest yield with NP @ 75-50 kg.ha-1. Studies were conducted to 
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find out the optimum doses of NPK for achieving profitable yield of wheat at different 

textured soils of Rod Kohi areas of D.I.Khan.  Information regarding the nature of Rod 

Kohi soils of D.I.Khan division is lacking. The major problems confronted to Rod Kohi 

areas are nutrient deficiency, soil surface sealing or soil crusting and quantity of irrigation 

irrigation water application.  

The main Objectives of the studies were: 

 

 To determine physico-chemical characteristics of the soils of Rod-Kohi areas. 

 To figure out the optimum level of irrigation of Rod Kohi water for water 

conservation and profitable production. 

 

 To study the effect of soil surface sealing/ soil crusting and its management 

practices on seedling emergence and the yield of wheat under Rod Kohi 

conditions. 

 

 To figure out the optimum rates of fertilizers application for achieving profitable 

yields of wheat under Rod Kohi conditions.  

 

 To develop a package of production technology for Rod Kohi areas for 

sustainable productivity. 
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CHAPTER-II 

REVIEW OF LITERATURE 

 

2.1. SURFACE SEALING OR SOIL CRUSTING 

Soil crust is relatively thin, some what continuous layers of the soil surface that 

often restricts water movement, air entry, and seedling emergence from the soil. It is 

generally less than 2 inches thick and is massive. The process of crust formation starts 

when surface aggregates are broken by raindrop impact, slaking, and chemical dispersion. 

The raindrop by the act of perforating the soil surface detaches and splashes soil particles 

which are subsequently re-deposited in a dense arrangement. During the process particle 

sorting occurs that results in a thin skin at the surface (Mc Intyre, 1958). The texture of 

the upper layer depends upon stage of crust development. Immediately below the skin is 

a structurally altered layer which is more dense and sometime is comprised of finer 

particles than the layer below. Farrers (1978) described more detail explanation of the 

process of crust development. He reported that initial process is the shearing of micro 

aggregates from the soil surface by raindrop impact. The detached material moves 

vertically through the voids until further movement is stopped by the aggregates and  

blocking the pores. The process continues until the pore void is filled to the surface. The 

crust thickness varies from 1.40 mm to 3.10 mm for aggregates with a mean diameter of 

1.70 mm and 6.70 mm respectively. 

  

Some scientists have evaluated the influence of crusting on different soil 

characteristics like soil splash (Mc. Intyre, 1958), infiltration rate (Hillel and Gardner, 

1969) and soil strength (Morrison et al., 1985; Bradford et al., 1987).  

 

Chen et al. (1980) mentioned two major catetgories of soil crust (i.e depositional 

crusts and structural). The depositional crusts obtained through the process of 

translocation of fine particles and their deposition occurred at some distance from their 

origin, while the structural crusts are occurred just because of the water-drop impact, 

whereas Valentin and Bresson (1992) categoried crusts into three main sluts i.e. 
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depositional, structural and erosional crust. Erosional crust is occurred due to erosion of 

the sand layer at the top of the structural crust, which is following run off initiation. 

 

Morin et al. (1981) and Valentin (1989) reported that densification of the soil 

surface layer during wetting and subsequent drying is improved because of power and 

capability of platy particles in a state of suspension, which aimed at settling down with 

their long axis in a horizontal way and attraction among particles. 

 

Parihar and Agarwal (1975); Sharma and Agarwal (1978) stated that Increase in 

moisture content reduced the strength of crust formed. 

 

 Morin et al. (1981) reported that at a given soil crust strength seedlings 

emergence is low when soil water content is low.  

 

Kumar and Hazra (1989) observed a significant direct influences of soil crust 

strength and soil moisture content on seedlings emergence. Soil crusting problem can be 

minimized by improvement of the soil structure and its aggregate stability, which can be 

achieved by using FYM or poultry waste. 

 

Harden and Al-Ani (1978) found that organic manure decreased soil crust 

strength by increasing aggregate stability because FYM and poultry waste contain 

ingredients that bind the soil particles and also supply energy for the activity of soil 

organisms which are effective in soil aggregation. 

 

Doran (1980) concluded through his work that soil crust can be managed by 

providing protective cover like grass or straw mulch to soil surface which reduces the 

intensity of raindrops, decreases soil water evaporation from surface. The addition of 

FYM, poultry waste and other organic materials increases surface aggregate stability.  
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Bradford et al. (1987) concluded that in a given environment soil crust is 

dependent on the soil physical properties and its amendments.. The seedlings emergence 

depends upon the crust strength at the time of emergence of seedlings.  

 

Parihar and Agarwal (1975) found that besides other factors, the intensity and 

type of soil crust govern the seed germination, grain yield and plant population.  

 

Hazra (1986) conducted study to see the influences of different soil amendments 

and soil surface covers on soil crust control, seedling emergence and yield of pearl millet. 

Six treatments included control (T1), gypsum @ 2 t ha-1 (T2), groundnut shell @ 5 t ha-1 

(T3), FYM @ 10 t ha-1 (T4), dry grass cover @ 5 t ha-1 (T5) and pearl millet stalk cover 

@ 5 t ha-1 (T6). The results showed that soil surface covers (T5 and T6) effectively 

lowered the soil crust strength. No significant differences between two mulches were 

existed. However, they maintained significantly lower soil strength compared to other 

treatments. The crust strength under FYM treated plots was also significantly lower than 

the plots treated with groundnut shells and gypsum, besides control. The plots receiving 

groundnut shells and gypsum had significantly lower penetration resistance as compared 

to control. Seedling emergence was greatly enhanced under mulches. It was found that 

forage yield was closely related to the emergence of seedlings which were virtually 

depended on soil crust strength.  

 

Kumar and Hazra (1989) observed in their study that soil management practices 

act very much directly via soil crust strength and up to some extent through soil moisture 

content in improving seedlings emergence.  

 

Remley and Bradford (1989) determined soil surface sealing and crust formation 

by two approaches viz measurement of common soil erosion parameters (infiltration, 

permeability, detachment and strength) and examination of seal or crust morphology 

using both macroscopic and microscopic techniques, while others adopted alternative 

approachs to study the crust formation by measurement of common erosion parameters 

such as infiltration, run off, splash, detachment and strength of different crust stages.  
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Doran (1990) found that soil crust can be managed by (i) providing protective 

cover e.g. grass or straw mulch to soil surface which reduces the intensity of raindrops, 

decreases soil water evaporation from the surface and (ii) application of FYM, poultry 

waste or other organic material which increases surface aggregate stability and (iii) by 

appropriate tillage practices which do not deteriorate soil structure too much. 

 

Nizami and Khan (1991) reported that soil crust intensity ranged from 1.8 to 5.6 

kg cm-2. The crop yield decreased from 5 to 23% while plant population decreased from 

5.9 to 27.8% in three soils under rainfed conditions. 

  

Cassel et al. (1995) observed that conventional farm management practices where 

the soils are bare for several months, followed by intensive tillage for land preparation  

and the subsequent breaking up of soil aggregates enhance surface sealing and on drying  

crust formation. They found, that soil crust induced by the intensive tillage reduced corn 

emergence upto 90%. Surface crust also reduced water infiltration and soil water 

recharge of the crop rooting zone and enhanced surface runoff on steep soils and 

consequently soil erosion. They also reported that mechanical disruption of the crust 

damaged the seeds and young seedlings by crushing and uprooting. Furthermore they 

found that the improved infiltration promoted by the mechanical rupture of the crust was 

temporary on bare soil which reformed after rainfall. 

 

Nizami et al. (1995) studied the effect of soil crust management practices in four 

soil series of the Pothowar area having different textured soils. The soil crust 

management practices included hoeing, application of FYM, poultry waste and mulching. 

They found that intensity of soil crust were differed among the type of soils and soil crust 

management practices applied. Within a soil series, the maize grain yield differed 

amongst soil crust management practices. They pointed out that hoeing was the most 

effective for Guliana soil series, hoeing and mulching or residue cover were effective for 

Missa soil series, residue cover or mulching was good for Pir sabak soil series while 

poultry waste and FYM were equally beneficial in Balkassar soil series.  
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Nizami and Salim (1997) studied the influence of different soil crust management 

methods on crop stand and grain yield of maize on six soil series viz Guliana, Missa, 

Pirsabak, Balkassar, Khaur and Khair with different textural classes i.e.  silty clay loam, 

silt loam, silt loam, sandy loam, silty clay loam and loam respectively. They applied 

management practices including (i) NP @ 100-50 kg/ha, (ii) NP @ 50-50 kg/ha + FYM 

@ t/ha, (iii) NP @ 100-50 kg/ha + Mulching with grass and (iv) NP @ 100-50 kg/ha + 

Hoeing. The results revealed that soil crust intensity decreased from silty clay loam, silt 

loam to loamy textured soils. The plant population was negatively correlated with crust 

intensity. They pointed out that crust intensity increased with increase in clay and silt 

content and decrease in organic matter. The grain yield from different management 

practices was different within a soil series. The reported that hoeing was most effective 

for managing soil crust in silty clay loam soils; crop residue cover or mulching as well as 

hoeing were at par for silt loam soils whereas residue cover  proved more effective for 

sandy loam and loamy soils. 

     

Baumhardt and Lascano (1999) found that limited residue retained with no tillage 

improved cotton seedlings emergence compared with conventional bare soil tillage. Crop 

residue prevented crust formation and negated replanting. They concluded that tillage is 

important for removing crusted soil surface and promoting seedling emergence. 

  

Huanxiang et al. (2001) reported that crop residue cover reduced surface sealing 

that decreased rain infiltration. They conducted numerical experiments to quantify effects 

of the percentage and distribution of residue cover on infiltration. They also revealed that 

the Kc values increased with rainfall intensity. For a given percentage residue cover 

(Prc), smaller patches had comparatively greater relative infiltration.  

 

Amezketa et al. (2003) tested soil conservation practices i.e. direct drilling and 

mulching and gypsum as chemical amendment for controlling soil crusting and effects on 

seedling emergence and grain yield of corn. The experiments included six treatments viz 

T1 (sowing plus several irrigations till emergence or control), T2 (sowing plus delayed 
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irrigation till post-emergence), T3 (direct drilling over bare soil), T4 (direct drilling over 

legumes), T5 (sowing and several irrigations till emergence + gypsum) and T6 (sowing 

and delayed irrigation till post-emergence + gypsum). The study indicated that all 

treatments significantly affected seedlings emergence, infiltration rate, penetration 

resistance of crust and grain yield of corn. The T6 proved most effective in reducing soil 

crusting, increasing water infiltration, enhancing seedling emergence and grain yield 

while T2 was effective in increasing germination and grain yield. 

 

Baumhardt et al. (2004) revealed that shaping the soil surface into a small ridge or 

cap above the seed row decreases crust strength and improves seedlings emergence. They 

further evidenced that surface caps had found no such effect on the resistance, 

penetration, thickness and seedling emergence of DI soil crusts. Mean seed zone soil 

temperature was also found unaffected by capping but was found enhanced with INT 

drop impact.  

 

Fan et al. (2008) studied the effects of the wetting rate (WR) and raindrop impact 

on crust strength and crust micromorphology. They concluded that raindrop impact itself 

is not sufficient to damage total and form crusts. Rapid wetting of the dry soil is essential 

for aggregate breakdown and crust formation. The soils with unstable aggregates, the 

energy of raindrop has enough impact for seal development.   

Mark et al. (2009) investigated the interactive effects of clay and Organic Matter 

on aggregate breakdown (AB) and splash detachment (SD) under various wetting rates 

and antecedent moisture contents (AMC) using six agricultural soils from Trinidad. This 

concluded that a threshold clay content exists beyond which an accompanying increase in 

Organic matter is required to mitigate the detachment mechanisms and erosion under 

intense rainfall.  
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2.2. IRRIGATION REQUIREMENT 

Since the irrigation system in Rod kohi areas does not operate on continuous flow 

basis, the farmers are unable to adjust frequency and amount of irrigation according to 

crop water requirements, hence making their irrigation practices less efficient. It also 

results to reduce crop productivity. The most common practice for Rod kohi irrigation 

amongst the farmer in the area is that they apply water to a field until all of field is 

covered with water including high spots etc. 

 

Assifi (1970) conducted experiments on wheat grown in Hilmand valley 

Shamalan (Afghanistan) and reported that consumptive use requirement of water was 41-

50 cm. He also concluded that the minimum requirement of water was in the month of 

January and maximum in May. 

 

Hussain (1970) in a Lysimeter study calculated the water requirements of crops at 

Faislabad and found that the consumptive use of water for wheat was 33.7 cm. He further 

reported that the consumptive use of indigenous and Mexi Pak wheat was 33.88 and 

52.17 cm. respectively. He worked out the seasonal crop coefficient (kc) for wheat to be 

0.50 using metrological data,. 

 

Ali et al. (1973) estimated the consumptive use of common crops in Lysimeter 

keeping the ground water table at various depths. They used climatologically data and 

worked out empirical consumptive use coefficient. They found that the consumptive use 

of wheat (Mexi-Pak) grown with the ground water at a depth of 1.52, 2.13 and 2.77 m, 

was 54.61, 48.26 and 25.91 cm, respectively.  

 

Clyma (1973) conducted experiments at Sargodha region/ area to find out the 

actual evapotranspiration from pan evaporation data by using Jensen-Haise method. 

Wheat was grown as Rabi crop while cotton as Kharif crop. He repeated the experiment 

for dry and wet season during 1967 to 1971. The consumptive use of 39.37 and 43.94 cm 

were obtained for wheat for wet and dry season, respectively.  
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Haider et al. (1975) carried out experiments at Mona (Bhalwal) to determine the 

consumptive use for wheat crop at different moisture stress levels. They estimated the 

values of 45.72, 46.65 and 35.36 cm of total water used through out the growing season 

for 1, 2, and 4 bar tension.  

 

Singh et al. (1979) conduced experiment for three crops years (1974-75 to 1976-

77) on dwarf wheat “Kalyanson” using four levels of irrigation i.e., no irrigation (I0), one 

irrigation (I1), two irrigation (I2) and three irrigation (I3). The result revealed that grain 

and straw yield increased with increase in number of irrigation during all years. However, 

the maximum response was obtained with first irrigation. The rate of yield increase 

declined with the second irrigation while the difference in grain and straw yield was very 

small between the two and three irrigation treatments. Water use efficiency was the 

maximum with one irrigation in 1976-77 and with no irrigation during 1975-76.   

 

Doorenbos and Pruit (1982) reported that the water requirements of wheat and 

barley for maximum production varied between 450 and 600 mm per season depending 

on climate and length of growing period. 

 

Studies on consumptive use of irrigation water for wheat were conducted at 

Agricultural Research Institute Tarnab Peshawar under PARC program during 1982. The 

crop was irrigated at 50, 75 and 95% moisture stress level. The consumptive use values 

obtained were 53.2, 47.1 and 406 cm, respectively while the water use efficiency for the 

above treatments was estimated as 4.60, 5.13 and 6.09 kg ha-1-mm-1. 

 

Tawfic and Tinsley (1984) reported that the irrigation application efficiency of the 

farmer at the tail end of the canal was greater than that of those at the beginning. They 

found that subsurface irrigation due to seepage from neighboring fields contributed 

substantially to crop water use. 

 

Muscik et al. (1984) found that average WUE of dryland is almost one half the 

WUE of irrigated wheat. 
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Ahmed et al. (1985) conducted field study on wheat at Mona Reclamation 

experimental project, WAPDA (Bhalwal) from Rabi 1976-77 to 1978-79. They tested 

three moisture stress levels (1, 4 and 7 bar tension) in combination with four fertilizer 

levels on Yekora wheat variety. The consumptive use was observed as 410, 380 ad 340 

mm and wheat grain yield of 5070, 4870 and 4560 kg ha-1 respectively, when irrigations 

were applied at 1,4 and 7 bar tension. Since good yield was obtained even at 7 bar 

tension, it implied that saving of about 70 mm is possible under conditions of low water 

availability. Crop coefficients were calculated as 0.49 during November which increased 

to 0.97 during February and finally declined to 0.56 at crop harvest. 

 

Blair and Smerdon (1988) reported that under normal conditions, small 

applications of water produce high application efficiency, but a low uniformity 

coefficient and storage; conversely large applications of water produce high uniformity 

coefficient and storage efficiency but low application efficiency.   

 

Khan (1991) estimated net monthly and seasonal water requirement from the 

climatological data collected at Agricultural Research Institute Tarnab, Peshawar for 20 

years (1970 to 1999). He used Penman’s method to estimate potential ETo and then 

converted to actual ETa = Ke x ETo. The average seasonal net irrigation requirement for 

wheat crop (October 15 to April 15) calculated was 278 mm. 

 

Hoffman et al. (1992) stated that crop water production functions are necessary in 

defining the marginal crop production required in the computation of the maximum profit 

for management and economic analyses while Hexem and Heady (1978) reported that 

water production function can be expressed as a second or third order polynomial. 

 

Ismail (1993) developed wheat yield production limiting functions to predict 

wheat yields for seasonal water application that ranged from 170 to 625 mm using the 

sprinkler line source technique. He found that the yield increase was linear with the 

increase in applied water up to a seasonal applied water of about 500 mm. Above 500 

mm, the relationship was curvilinear with the point of maximum yield at 734 mm.  
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Zhang et al. (1998) concluded that the WUE for total water consumption of one-

irrigation was increased by 24-30% from four-irrigation. They reported that the WUE 

ranged from 0.93 to 1.55 mm m-2. Musick et al. (1984) revealed that the average WUE of 

dryland wheat was about one-half the WUE of irrigated wheat. Nasseri (1999) applied 

agro-ecological zone method to calculate potential yield and estimated the WUE of wheat 

to be from 0.54 to 1.22 kg m-3 in Moghan plain, Iran. 

 

Kahlown et al. (2001) revealed that in Pakistan almost 13-18 cm water is applied 

per irrigation event, which is considerably higher than the consumptive use of water 

between two irrigation events i.e. approximately 8 cm. They also reported that on- farm 

irrigation efficiencies were ranged between 23 and 70%. 

 

Jiamin et al. (2005) conducted field experiments for three growing seasons at the 

Wuqiao Experimental station of China Agriculture University. They found available 

water content (AWC), rain events, soil water use (SWU), evapotranspiration (ET) and 

grain yield. The irrigation water use efficiency (IWUE) was negatively correlated with 

irrigation water volume.  

 

Kahlown et al. (2006) conducted lysimetric study in lower Indus basin and 

revealed that yield and crop water productivity of rice maximized with water use of 1530 

mm.   

 

Kahlown et al. (2007) conducted a study in farmer’s fields in Indus basin of 

Pakistan to evaluate the water use efficiency and economic viability of sprinkler 

irrigation system for growing rice and wheat crops.  

 

Nasseri and Fallahi (2007) determined Water Use Efficiency (WUE) of wheat 

from irrigation cutting off viz after stem elongation (IC1), flowering (IC2), dough (IC3) 

stages and full irrigation (IC4). They revealed that with increasing irrigation events from 

two to five, the WUE decreased. The average WUE varied from 0.581 to 1.894 kg m-3. 
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The WUE of two wheat varieties were nearly identical. Applying IC4 to IC1 as well as I1 

to I3 treatments caused an increasing pattern in the WUE. The WUE from IC1, IC2 and 

IC3 were increased about 58.3, 56.9 and 31.2% relative to that of IC4 with average of 

0.923 kg m-3 respectively. The WUE from I2 and I3 were increased about 20.6 and 43.6% 

comparative to that of I1 with average of 1.04 kg m-3, respectively. They also worked out 

several water production functions using grain yield and other independent variables so 

that more than 93% of the variability in grain yield can be explained by water applied, 

levels of irrigation cutting off during wheat growth stage and wheat varieties. The 

comparison of grain yield from developed model with the measured values revealed a 

satisfactory agreement between them. 

 

Ouda et al. (2007) carried out field experiments at Shalakan, Kalubia 

Governorate, Egypt during 2004-05 to study the effect of applied MgCO3 on increasing 

water use efficiency of wheat grown under water stress. Five irrigation treatments 

(control, skipping irrigation at milk stage, skipping irrigation at milk stage and 

application of MgCO3, skipping irrigation at maturity stages, skipping irrigation at 

maturity stage and application of MgCO3)were applied to two wheat varieties (Sakha-93 

and Giza-168). The results revealed that cv Sakha-93 was more tolerant to water stress 

than Giza-168. Skipping irrigation at maturity stage reduced grain yield by 12.86 and 

24.25% for Sakha-93 and Giza-168 respectively. The highest water use efficiency was 

obtained for Sakka-93 and skipping irrigation at maturity stage with the application of 

MgCO3. They pointed out that either air temperature or soil temperature was good 

predictor for wheat grain yield. However, soil temperature was better predictor than air 

temperature in predicting straw yield. They concluded that for saving irrigation water, 

maintaining low yield losses and increasing water use efficiency, the last irrigation could 

be skipped if Sakha-93 was sown and sprayed with MgCO3. 

 

Paolo and Rinaldi (2008) conducted 2-years field study to compare irrigation 

scheduling and N fertilization rates in corn by evaluating yield, water use efficiency 

(WUE), irrigation water use efficiency (IRRWUE) and nitrogen use efficiency (NUE).  
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Qiu et al. (2008) estimated wheat WUE not only on grain yield basis, but also on 

photosynthesis basis and biomass basis and determined the effects of irrigation regimes 

on wheat WUE based on two years field experiments.  

 

Li et al. (2008) estimated the evapotranspiration (ET) and crop productivityof 

winter (CWP) wheat in 83 counties North China plain using remote sensing technology 

and found that mean and maximum water consumption were 424 and 475 respectively. 

 

2.3. NUTRITIONAL REQUIREMENTS OF ROD KOHI SOILS 

Ilkov (1984) checked the role of organic fertilizers and mineral application under 

drought conditions. The investigation shown that the use of fertilization enhanced the 

yield of wheat by 80 to 250% in period of dry years.  

 

Bhatti et al. (1985a) studied the performance of two wheat varieties Khushhal and 

Mexi Pak-65 under rianfed conditions to different fertilizer treatments. The results 

indicated that the application of 92 kg N ha-1 in combination with 90 kg P2O5 ha-1 and 67 

kg K2O ha-1 gave better yields for both the wheat varieties. 

Bhatti et al. (1985b) evaluated the effect of different levels of N and P on the yield of 

different varieties of wheat under rainfed conditions. The yield data indicted that application of 

100 Kg N plus 90 Kg P2O5 ha-1 proved better for ARZ and WL-711 varieties and 150 Kg N in 

combination with 90 Kg P2O5 ha-1 for Khyber-79 variety.  

Bhatti et al. (1985c) studied the effect of different levels of potassium with basal dose of 

NP @ 120-100 kg ha-1 on the yield of maize. The results indicated that 90 Kg K2O ha-1 was 

better for getting the highest and most profitable yield of maize grain. It also resulted in 

maximum Stover production. 

 

Ghafoor et al. (1990) concluded that farm yard manure is especially beneficial as 

it takes care of the physical problems of soil and nutrition problems of plants. Lohia et al. 

(1980) found that continuous use of farm yard manure lowers soil pH, increases organic 

matter and cation exchange capacity of the soil. 



 

 19

 

Malik (1984) obtained high yield of wheat with optimum moisture and fertilizer 

application while Ahmad and Khokhar (1988) noted a decrease in fertilizer use efficiency 

by increasing soil moisture depletion from 40 to 75% in wheat.  

 

Amin (1989) recorded highest wheat yield with 75-50 kg ha-1 NP in Rod kohi 

areas of D.I.Khan. Gurmani and Bakhsh (1989) applied different rates of N, P and K 

alone and in combination at eight rod kohi sites of D.I.Khan division and revealed that 

increasing levels of N, P and K increased the yield of wheat. They reported maximum 

yield with the application of NPK @ 100-60-30 kg ha-1, however, the highest economic 

yield was obtained with NP @ 100-60 kg ha-1. Malik and Hassan (1990) illustrated that 

with increase in rainfall, fertilizer use efficiency increased in wheat crop. 

Rashid and Khan (1996) carried out an experiment to determine the optimum 

level of fertilizer for wheat variety 'Pirsabak-85' under the arid conditions of Dera Ismail 

Khan. Different level of N and P were applied.  

  

Ahmad et al. (1998) conducted a long three years field trial in wheat-fallow-

wheat rotation to observe the effect of FYM, crop residue (CR) and mineral fertilizers on 

crop yield under rainfed conditions. The fertilizer levels included NPK @ 0-0-0, 60-45-

30, 120-90-60 and 180-135-90 kg ha-1. Farm yard manure and crop residue were applied 

@ 10 and 1.5 t. ha-1 respectively. The results indicated that FYM + mineral fertilizer 

treatment (NPK @ 180-135-90 kg ha-1) produced maximum grain and straw yield of 

wheat than CR along with same dose of mineral fertilizer treatment. Three years results 

showed that wheat yield under rainfed conditions could be increased significantly by the 

combined use of organic and mineral fertilizers. 

 

Chaudhary et al. (2000) conducted a field experiment to find out the optimum 

level of fertilizers for wheat genotypes. They noted increase in grain and straw yields 

with the increase in level of N and P fertilizer and these were the maximum when 

fertilizer was applied @ 120-90-60 Kg NPK ha-1.  
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Nadeem and Ibrahim (2001) studied wheat response to K application in the farmer’s 

fields. They applied K2O @ 0, 75, 150, 225 and 300 Kg ha-1 along with NP @ 120-100 Kg ha-1. 

The initial extractable K status of soil in four experimental sites was satisfactory to adequate 

(114-260 mg kg-1). The result indicted that the wheat responded to K application at two sites. At 

AARI Faisalabad, the lower doses of K2O (75 and 150 Kg ha-1) gave significantly higher and 

economical grain yield over NP treatment.  

Tariq and Shah. (2002)  reported that yield and yield components of wheat were not 

significantly affected with potassium fertilization, because the soil had already sufficient 

potassium for plant growth and might be some of K+ released from non-exchangeable sources.  

Imtiaz et al. (2003) conducted a field study to assess the nutritional requirements of 

wheat genotype, SI-91195. The results revealed that agronomic parameters like plant height; 

grain per spike, grain weight per spike and 100-grain weight were significantly influenced by the 

application of N and P.   

Burio et al. (2004) applied three nitrogen levels (80, 120 and 150 kg ha-1) by different 

methods viz incorporating through broadcast, band application, pop-up and foliar application.  

Lakho et al. (2004) revealed that 120 kg N ha-1 applied through banding produced 

highest physical productivity in terms of grain yield (5400.65 kg ha-1), better revenue 

productivity (Rs. 41855.03) and maximum increase in grain yield (1786.53 Kg ha-1, value = Rs. 

13845.60 ha-1).  

Feiziasl and Valizadeh (2005) studied the effect of phosphorus and zinc application on 

nutrient uptake and P and Zn soil residuals for Sardari rain-fed wheat cultivar. The results 

showed that P application rates slightly increased N, P, K, Fe, Cu and B uptake by wheat and 

significantly increased Mn uptake, while P application rates decreased Zn uptake up to 9% 

compared to control treatment. The zinc application rates significantly increased K, Zn and Cu 

uptake and slightly increased those of other nutrients. Phosphorus application significantly 

increased the amount of residual P in soil. The P uptake by wheat was 4% of the supplied P in 

soil. Zinc application significantly increased the amount of residual Zn in soil. The Zn uptake by 
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wheat was approximately 3% of the supplied Zn in soil. Results indicated that the application of 

P and Zn fertilizers increased nutrient uptake by wheat and P and Zn residuals in soil.  

Yadav et al. (2006) reported that partial substitution of nutrients by FYM helped to 

obtain higher yield and nutrient uptake by enhancing nutrient availability to crops. Availability 

of soil N which decreased under farmer's practice, increased with integrated nutrient 

management treatments. Nutrient balances were positive for N and P and net balance for K 

remained negative suggesting the need for K fertilizer application for sustainable crop 

production. 

 

Ibrahim (2008) conducted a field experiment at Sohag University, Egypt to evaluate the 

possibility of replacement of mineral fertilizer with FYM under different irrigation regimes on 

wheat crop. He observed that the fraction of NO in the 15 cm surface layer increased in the plots 

treated with 50 kg mineral nitrogen and 8 t fed-1 of in the 12 days irrigation interval, while this 

increment was found in plots treated with 75 kg N and 4 t fed-1 in the case of 24 days irrigation 

interval. 
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CHAPTER-III 

MATERIALS AND METHODS 

 

3.1. SAMPLE COLLECTION 

Soil samples from eighty seven (87) different locations of Rod Kohi area of 

D.I.Khan division were collected to determine the physico-chemical characteristics, 

salinity/ sodicity problem and nutrients status of the soils. Samples were taken up to the 

depth of 0-15 cm and brought to Soil and Water Testing Laboratories at Agricultural 

Research Institute, D.I.Khan and ARI, Tarnab, Peshawar for analysis. The soil samples 

were air dried, ground and passed through 2 mm sieve and were analyzed for different 

parameters viz. texture, saturation percentage, pH, EC, Ca+Mg, CO3, HCO3, Cl, Na, 

lime, gypsum requirement, organic matter, total nitrogen, available phosphorus, 

exchangeable potassium and exchangeable sodium, SAR and ESP. In addition, the 

undisturbed soil samples were taken to determine bulk density and moisture content. All 

parameters were determined in triplicate according to the standard methods mentioned 

below: 

 

3.2. PHYSICAL CHARACTERISTICS 

3.2.1. Soil Texture or Particle size distribution 

Soil texture refers to the relative proportions of sand, silt and clay. The rate and 

extent of many physical reactions important in plant growth are governed by texture 

because it determines the amount of surface on which the reactions can occur. Particle 

size distribution was determined by Hydrometer method according to Koehler et al. 

(1984). 

 

Equipment and Reagents: 

i) Hydrometer, ii) 1000 ml graduated glass cylinder, iii) Dispersion machine with cup; iv) 

Electric balance; and v) Dispersion solution: Dissolved 40 g Sodium Hexameta 

Phosphate [(NaPO3)13] and 10 g sodium carbonate (Na2CO3) in one liter of distilled water 
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or 1 N Sodium Carbonate solution; by dissolve 53 g sodium carbonate (Na2CO3) in one 

liter of water. 

 

Procedure 

A 50.0 gm soil was taken and transferred into dispersion cup and filled the cup 

with 2/3 distilled water. Added 10 ml sodium hexametaphosphate/ sodium carbonate 

solution as dispersion agent. The material was mixed by stirring in the dispersion 

machine for 20 minutes, then transferred into a 1000 ml graduated glass cylinder and the 

cup was thoroughly washed with distilled water so that no soil particles were left in the 

cup. More distilled water was added in the cylinder to make it full up to the mark. The 

contents were shaken for 30 seconds and then on the table. A hydrometer was placed in 

the cylinder and time was noted. Hydrometer and temperature readings were recorded 

after 40 seconds and after 2 hours. The 40 seconds reading was measured for the silt and 

clay contents, while the 2 hours reading was measured for clay in suspension. 

 

Calculation 

Temperature Correction: Hydrometer is calibrated at 20o C. A correction factor of 

0.40 was added to each degree whenever the temperature was above 20o C and subtracted 

the same value whenever the temperature below 20o C. 

Forty second reading equals the clay and silt in suspension. 

The two hours reading equals the clay in suspension. 

 

The percentages of sand, silt and clay was calculated by using the following formulae: 

 

    (Hydrometer reading at 40 second + Temp. correction) 
% (clay + silt =         ------------------------------------------------------------------  x 100 
     Weight of soil 
   

(Hydrometer reading at 2 hours + Temp. correction) 
% (clay) =         ----------------------------------------------------------------  x 100 
     Weight of soil 
 

% Silt  = %(clay + slit) - % clay 
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% Sand = 100 – (%clay + silt) 

The textural class was determined from textural triangle. 

3.2.2. Saturation Percentage (SP) 

Saturation percentage was determined according to Koehler et al. (1984) by 

transferring the saturated paste to the cans and weighing. After weighing, the samples 

were oven dried and weighed again. The SP was calculated by using the following 

formula: 

 

Wet mass – Dry mass 
SP =  ---------------------------  X 100 

     Oven dry mass 
 

 

3.2.3. Bulk Density (BD) 

The bulk density expresses the ratio of the mass of solid particles to the total 

volume of the soil including particles as well as pores. Bulk density is affected by the 

texture of the soil as well as its swelling and shrinkage characteristics. Bulk density was 

determined according to Blake and Hartage (1986). 

 

Equipment   

i) Core Sampler; ii) Core Sampling Rings; iii) Hammer; iv) Knife or Spatula; v) Oven; 

and vi) Electric Balance. 

 

Procedure  

The undisturbed soil samples were taken from the selected fields with a core 

sampler. The samples were then placed in the oven at 105o C for 24 hours. These samples 

were then weighed and bulk density was calculated as follows: 

Where 

ρb = Md/Vt  

   ρb = Bulk density (g cm-3) 

Md = Mass of oven dry soil (g) 

Vt = Total volume of soil sample (cm3) 
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Where 

Vt  = Π D2  x h 

  4 

Here, 

D = Diameter of sampling ring (cm) 

H =  Height of ring (cm) 

 

 

3.2.4. Application Efficiency (Ea) 

Application efficiency refers to the ratio of depth of water stored in the root zone 

i.e. (SMD) to depth of water delivered to the field. The application efficiency was 

determined according to Cassel and Nielsen (1986) by the following formula: 

 

Ea = SMD/Dwa  x 100  

Ea = Application efficiency (%) 

SMD = Soil Moisture Deficit (mm) 

Dwa = Depth of water applied (mm) 

 

 

3.2.5. Water Use Efficiency (WUE) 

Water Use Efficiency (WUE) is defined as the yield obtained per unit of water 

consumed as ET by the crop under consideration according to Doorenbos and Pruitt 

(1977). The WUE was calculated as follows: 

 

WUE (Kg ha-1 mm-1)) = Total yield (kg ha-1)/ Total water applied (mm) 

 

3.3. CHEMICAL CHARACTERISTICS 

3.3.1. Soil Moisture 

Equipment 

Auger; Knife or Spatula; Cans; Electric balance and Oven 
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Procedure 

The composite soil samples were taken with auger for the determination of 

moisture from the selected fields at 0-30 cm depth before irrigation, at the time of sowing 

and after harvest of the crop. The samples were put into plastic bags to prevent the loss of 

moisture and wet weights determined by electric balance and then were placed in oven at 

105o C for 24 hours. The samples were then removed from the oven and dry weights 

were determined. The difference between wet weight and dry weight was the loss of 

moisture content. The moisture percentage was determined on mass basis by the 

following formula: 

 

   Mw-Md 
Percent Moisture = -----------  x 100 
      Md  
where 

Mw = Wet weight of soil (g) 

Md = Dry weight of soil (g) 

 

3.3.2. pH 

The pH of the soil samples was determined electrometrically by using pH meter 

in accordance to the method described by McLean (1982). 

 

Apparatus 

Electric balance, graduated cylinder (100 ml), reciprocating shaker, pH meter, wash 

bottle. 

 

Reagents 

Buffer solution of known pH (7.0 and 9.2) 

 

Procedure 

Took 20 gm soil, added 100 ml distilled water (1:5 soil water ratio) and was 

shaken for 30 minutes. Standardized the pH meter with two buffer solutions of known pH 

(7.0, 9.2) after the warm up period of one to two minutes. After setting the pH meter, 
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rinsed the electrodes with distilled water. This step was repeated after each reading. 

Immersed the electrode in the soil solution (1:5) and noted the reading. 

 

3.3.3. Electrical Conductivity (EC) 

The electrical conductivity of soil samples was measured by Wheatstone bridge or 

conductivity meter according to the method devised by Rhoads (1982). 

 

Procedure 

The EC values were recorded in dS m-1, by filling the cell of the Bridge with test 

solution (1:5 soil water solution). The reading on was recorded in mmhos/cm which is 

equivalent to dS m-1. 

 

3.3.4. Calcium plus Magnesium (Ca + Mg) 

Calcium plus Magnesium was determined according to Richards (1954). 

 

Reagents 

i). Ammonium chloride-Ammonium hydroxide buffer solution: Dissolved 67.50 g 

ammonium chloride in 570.0 ml of concentrated ammonium hydroxide and made the 

volume to one litre. 

ii). Eriochrome Black-T indicator: Dissolved 0.5 g of eriochrome black-T and 4.5 g of 

hydroxylamine hydrochloride in 100 ml of 95% ethanol. 

iii). Ethylenediamine tetraacetate (EDTA) 0.001 N: Dissolved 2 g disodium dihydrogen 

ethylenediaminetetracetate and 0.05 g of magnesium chloride hexahydrate in water and 

diluted to one litre. It gave 0.1 N EDTA solution. Diluted to 0.001 N EDTA with distilled 

water. 

 

Procedure 

Took 10.0 ml of aliquot (1:5 filtrate) in a flask. Added 1 ml of NH4Cl-NH4OH 

solution and 3-4 drops of Eriochrome Black-T. Titrated against 0.001 N EDTA until the 

color changed from wine red to blue or green. 
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Calculations were made using the following equation: 

 

      (ml of EDTA X N of EDTA) x 1000 
Ca + Mg (meq/L) =      -------------------------------------------------- 

    ml of aliquot taken 
 

 

3.3.5. Carbonate (CO3) and Bicarbonate (HCO3) 

Carbonate and bi-carbonate were estimated according to Richards (1954). 

 

Reagents 

i). Sulfuric acid (0.01 N): 30 ml H2SO4 (sp. gr. 1.84) was diluted to one liter by adding 

acid to water. This gave 1.0 N H2SO4, which was diluted to 0.01 N. 

ii). Phenolphthalin indicator: Dissolved 1.0 g phenolphthalein in 100 ml of 50% ethanol 

(50 ml ethanol plus 50 ml water) with constant stirring. 

iii). Methyl orange indicator: Dissolved 0.1 g of methyl orange in 100 ml water. 

 

Procedure 

Took 10.0 ml aliquot (1:5 filtrate) in 100 ml conical flask. Added 2-3 drop of 

phenolphthaline. If a pink color is produced then carbonates are present. Titrated against 

0.01 N H2SO4 until the color disappeared. Recorded the volume of standard acid used as 

“y”. Then added 2-3 drops of methyl orange and titrated against standard acid to the first 

orange/red color. Recorded the volume of the acid used as “z”. 

 

Calculations were made using the following formulae: 

 
(2y x N. of H2SO4) x 1000 

CO3 (meq/L) =       ----------------------------------- 
      ml of aliquot taken 

 
 

(z-2y ) x N. of H2SO4) x 1000 
HCO3 (meq/L) =      ------------------------------------------- 

       ml of aliquot taken 
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3.3.6. Chloride (Cl) 

Chloride was determined by precipitation as silver chloride with silver nitrate 

according to Richards (1954). The complete precipitation of chloride is detected by a 

suitable indicator i.e. potassium chromate. 

 

Reagents 

i). Silver nitrate (0.005 N): Dissolved 0.8495 g of silver nitrate in water and diluted to 

one liter. Kept it in brown bottle away from light. 

ii). Potassium chromate (5%): Dissolved 5 g. of potassium chromate and made the 

volume to 100 ml with distilled water. 

 

Procedure 

Added a few drops of 5% potassium chromate to the aliquot (10 ml) in which 

carbonate and bicarbonate were determined or fresh aliquot can also be taken and titrated 

against 0.005 N silver nitrate until brick red color was produced. Recorded the volume of 

AgNO3 used. A blank was run on similar lines by taking 10 ml of distilled water. 

 

Calculation was made using the following formula: 

 

         (ml of AgNO3 for sample – ml of AgNO3 for blank) x N. of AgNO3  

Cl (meq/L) =  --------------------------------------------------------------------------------- x 1000 

ml of aliquot taken 

 

3.3.7. Lime (CaCO3 eq.) 

Lime is first decomposed with excess of acid and the extra acid is determined by 

back titration with standard alkali. In this way the actual amount of acid utilized for lime 

decomposition was determined. The method devised by Nelson (1982) was followed. 
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Reagents 

i). Hydrochloric acid (0.5 N): 47.5 ml HCl (sp. gr. 1.18) was diluted to one liter by 

adding acid into water. 

ii). Sodium hydroxide (0.5 N): Took 20 g sodium hydroxide and dilute to one liter. 

iii). Phenolphthaline indicator: 

 

Procedure 

A 5.0 g soil sample was taken in a conical flask and 50 ml of 0.5 N HCl was 

added. The suspension was heated on hot plate for 5 minutes. After boiling had started, it 

was removed and allowed to cool down. The suspension was filtered and filtrate was 

titrated against 0.5 N NaOH. The volume of NaOH used was recorded and calculations 

were performed as follows: 

 

[(ml of HCl x N of HCl) – (ml of NaOH X N of NaOH)] x 0.05 X 100 

% CaCO3 =     ------------------------------------------------------------------------------------- 

     Weight of soil   

 

3.3.8. Gypsum Requirement (GR) 

Gypsum requirement is the amount of gypsum required to replace exchangeable 

sodium in saline-sodic and sodic soils to a desirable limit. The gypsum requirement of 

soil samples was determined according to Nelson (1982). 

 

Reagents 

i). Calcium sulfate solution (0.5%): 5 g of calcium sulfate di-hydrate or gypsum was 

shaken with one liter of water for one hour. 

ii). Ammonium chloride, Ammonium hydroxide buffer solution: Dissolved 67.50 g 

ammonium chloride in 570.0 ml of concentrated ammonium hydroxide and made the 

volume to one liter. 

iii). Eriochrome Black T indicator: Dissolved 0.50 g of eriochrome black-T and 4.50 g of 

hydroxylamine hydrochloride in 100 ml of 95% ethanol. 
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iv). Ethylenediamine tetraacetate (EDTA) 0.001 N: Dissolved 2 g disodium dihydrogen 

ethylenediaminetetracetate and 0.05 g of magnesium chloride hexahydrate in water and 

diluted to one liter. It gave 0.1 N EDTA solution. Diluted to 0.001 N EDTA with water. 

 

Preparation of sample 

Took 5.0 g air dried soil in a 250 ml flask. Added 100 ml 0.5% calcium sulfate 

(gypsum) solution and was shaken for 30 minutes on a reciprocating shaker then filtered. 

The filtrate is used for the determination. 

 

Procedure 

Took 10.0 ml of aliquot (filtrate) in a flask. Added 1 ml of NH4Cl-NH4OH 

solution and 3-4 drops of Eriochrome Black-T. Titrated against 0.001 N EDTA until the 

color changed from wine red to blue or green.  A blank was run with 10 ml calcium 

sulfate solution instead of filtrate in similar procedure. 

 

Calculations were made using the following equation: 

 
(ml of EDTA for sample - ml of EDTA for blank) x  N of EDTA)  x 1000 

GR(me/100g)=  -----------------------------------------------------------------------------------x  2 
ml of aliquot taken 

 

GR (t. ac-1) = GR (me/100g) x 0.086 x 1785.7 

 

3.3.9. Organic Matter 

Soil Organic Matter (SOM) determination is based on the estimation of its 

constant constituent i.e. carbon. Organic carbon is oxidized with excess of chromic acid 

and the unused chromic acid is determined by titration with stable reducing agent, 

commonly ferrous ammonium sulfate solution. The method of Nelson and Sommers 

(1982) was used for the determination of SOM. 

 

Reagents 

i). Sulfuric acid (concentrated, sp. gr. 1.84, 96% purity). 
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ii). Ortho phosphoric acid (HPO4, sp. gr. 1.75, 85% purity) 

iii). Ferrous ammonium sulfate (0.5 N): Dissolved 196.1 g Fe(NH4)SO4.6H2O in 800 ml 

water containing 20 ml concentrated H2SO4 and diluted to one liter. 

iv). Potassium dichromate (0.5 N): Dissolved 24.52 g of dried K2Cr2O7 in water and 

diluted to one liter. 

v). Diphenylamine indicator: Dissolved 0.5 g diphenylamine in a 20 ml water plus 100 ml 

concentrated sulfuric acid and stored in a coloured bottle. 

 

Procedure 

Weighed 2.0 g dried soil and transferred to 500 ml conical flask. Added 10 ml of 

0.5 N potassium dichromate solution and 20 ml conc. sulfuric acid. Allowed to stand for 

30 minutes to complete the reaction. Added 200 ml water the added 10 ml ortho 

phosphoric acid and 10 drops of diphenylamine indicator. A deep violet color was 

produced. Titrated against 0.5 N ferrous ammonium sulfate solution. A reagent blank was 

run following the above procedure with out soil sample. 

 

Calculations 

      (ml of Fe(NH4)SO4 for sample - ml for blank) x N of Fe(NH4)SO4 x 0.69  

% SOM = --------------------------------------------------------------------------------------- 

Weight of soil 

 

3.3.10. Determination of Exchangeable Sodium (Na) 

Ammonium acetate Extraction method was used as described by Knudsen et al. 

(1982) 

 

Reagents 

i) Ammonium acetate: 1N NH4OAc-pH 7.0: Added 300 ml of the concentrated acetic 

acid and 375 ml of concentrated ammonia solution to about 4000 ml water. Adjusted to 

pH 7.0 with ammonia or acetic acid and diluted to 5000 ml with water. 

ii) Standard solution of Sodium in NH4OAc: “Stock solution” 1000 ppm: Dissolved 

2.542 g dry and pure NaCl in distilled water and diluted to exactly one litre. 
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iii) Na-Standards: Transferred 0 (Blank), 0.5, 1.0, 1.5, 2.0, 2.5 ml from the “Stock 

solution” in 100 ml volumetric flask and diluted with NH4OAc and mixed. This 

corresponds to 0, 5, 10, 15, 20, 25 ppm K. 

 

Preparation of Standard Curve 

Prepared a series of Na standard solutions. Set the galvanometer to “zero” against 

the “Blank” and to “100” against the 25 ppm Na solution. Read the rest of the standard 

solutions and recorded the results. Repeated the reading at the end of the determinations 

and took the average. A calibration curve was drawn on mm paper. 

 

Note: Take the galvanometer reading of one soil extract sample. If the Na concentration 

is not within the standard solutions range, make the appropriate dilution of the sample 

with NH4OAc. Multiply the obtained Na concentration in the sample by the dilution 

factor.     

Procedure 

Transferred 5.0 g air dry soil to a 250 ml Erlenmeyer flask. Added 100 ml of 1N 

NH4OAc-pH 7.0 solution. Shaken mechanically for 30 minutes and filtered through 

Whatman No. 40 filter paper into a 100 ml Erlenmeyer flask to obtain the soil extract. 

Calibrated the Flame Photometer with the standard Na solutions (0-25 ppm) and recorded 

the readings of the standards, and drew the calibration curve as indicated under 

measurement. Record the flame photometer reading of the soil extract, and found out the 

concentration of Na in the extract from the calibration curve. 

 

Calculation  

ppm Na in soil =ppm Na in soil extract x 20* 

* refers to the extract/soil ratio i.e. 100/5 

 

3.3.11. Sodium Adsorption Ratio (SAR): 

The SAR was computed by the following formula according to Richards (1954) 

              Na 
SAR = ------------------------- 
     [(Ca+Mg)/2]1/2 
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3.3.12. Exchangeable Sodium Percentage (ESP) 

The ESP was calculated by the following formula according to Richards (1954) 

 

    100(- 0.0126 + 0.01475 SAR) 
ESP = ---------------------------------------     OR 
    1+ (- 0.0126 + 0.01475 SAR) 
 

Exchange Sodium (Ex.NA) 
ESP = --------------------------------- X 100 
    CEC 
Wheras 
ESP = Exchangeable Sodium Percentage 
CEC= Cation Exchange Capacity 
 
 

3.4. PLANT NUTRIENTS 

3.4.1. Total Nitrogen Determination 

The Kjeldahl’s method modified by Keeney and Nelson (1982) was adopted for N 

determination in soil samples. 

 

Reagents 

i).  Sulphuric acid Concentrated . 

ii). Digestion mixture: K2SO4 : CuSO4 @ 9:1   

iii). Sodium hydroxide solution (40%): Dissolved 400.0g sodium hydroxide in one litre    

distilled water. 

iv). Bromocresol green and Methyl red indicator: Dissolved 0.5 g Bromocresol green and 0.1 

g methyl red in 100.0 ml of 95 % ethanol  

v). Boric acid solution (4%): Dissolved 40.0 g of boric acid in one liters of CO2 free distilled 

water.  

vi). 0.1 N Standardized H2SO4 solution. 

vii). Phenolphthalein indicator. 
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Procedure 

a) Digestion 

Weighed 1.0 g of dried, ground, sieved soil sample in digestion tube. Added 15.0 ml 

conc.H2SO4 and 1.0 g digestion mixture (K2SO4+CuSO4 @ 9:1). Heated the mixture at     

450 0C on digestion block for two hours after attaining the required temperature or till clear 

transparent to light yellowish or light green solution in the digestion tubes. Made the volume 

as desired for further analysis. 

 

b) Distillation 

Distilled appropriate volume on the distillation unit. Collected distillate in 20-25 ml 

4% boric acid in the receiver. Added few drops of indicator. Purple color was formed and 

was changed to golden yellow on distillation which was then titrated against 0.1N H2SO4 

from golden yellow to a purple end point.  

 

Calculation 

 
 14.1 (ml of titrant for sample - ml of titrant for blank) x Normality of acid x d.f. 
%N=    ------------------------------------------------------------------------------------------------- 
                                Weight of sample (g) x 10 
 

 

3.4.2. Determination of Available Phosphorus 

Olsen and Sommers (1982) method was adopted for the determination of 

available phosphorus. 

 

Reagents 

i) Sodium hydroxide; 5N NaOH: Dissolved 20 g NaOH in 100 ml water. 

ii) Sodium bicarbonate: 0.5M NaHCO3: Dissolved 42.0 g NaHCO3 in 800 ml water, 

adjusted to pH 8.5 with about 4.5 ml of 5N NaOH, and diluted to 1000 ml. 

iii) Activated Charcoal (carbon): This has to be phosphate free, to remove phosphorus 

shook with NaHCO3, filtered, washed with distilled water and dried. This reagent was 

used to absorb soluble organic matter. 
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iv) Ammonium molybdate–acid solution; 1.5%: Dissolved 15 g of ammonium molybdate 

(NH4) 6Mo7 O24. 4H2O in 300 ml warm water. Added 410 ml of 1.0N HCl, cooled and 

diluted to exactly 1000-ml with water. Kept in amber glass bottle (Maximum period 2 

months). 

v) Stannous chloride-acid reduction solution: 0.1M: Dissolved 2.5 g of SnCl2-2H2O in 10 

ml of concentrated HCl. Diluted with rapid stirring to 100 ml. Stored in amber glass 

bottle in a refrigerator. 

vi) 2, 4-dinitrophenol indicator: Dissolved 0.25 g of the indicator in 100 ml water. 

This indicator was used to test the pH in the volumetric flask of the standard 

solutions to adjust the reaction to pH 3.0; added 2 drops of the indicator, if it developed a 

yellow color, added HCl (30 ml conc. HCl in 100 ml water) dropwise until colorless. 

vii) Primary Phosphate Stock solution: 50 ppm P: Dissolved 0.2195 g of dried potassium 

dihydrogen phosphate (KH2PO4) in 500 ml water. Added 10 ml of 10N HCl and diluted 

to exactly 1000-ml volume. 

viii) Standard Solutions: Made a series of 1, 2, 5, 10 and 20 ppm P solutions from the 

stock solution by dilution. 

Standard curve: From the stock solution of 10 ppm P, transferred the following volumes 

into a 50 ml volumetric flask: 0 (Blank), 0.5, 1,0, 2.0, 3.0, 4.0 and 5.0 ml. This 

corresponded to 0 (Blank), 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 ppm of P in the flask. Added 10 

ml of the NaHCO3 (extractant solution) to each of the flasks and followed same 

procedure described above, with color development. Read the absorbance of the standard 

solutions and plotted the standard curve on graph paper. 

 

Procedure 

Transferred 5.0 g air dry soil sample to a 250 ml Erlenmeyer flask. Added 100 ml 

of the NaHCO3 solution and one teaspoon of carbon and was shaken for 30 minutes, 

filtered through a Whatman N0. 40 filter paper. Kept the filtrate for phosphorus analysis. 

(If the filtrate was not clear, returned it to the soil, added more carbon, shaken for one 

minute and filtered again). Transferred 10 ml of the clear soil filtrate (extraction) to a 50 

ml volumetric flask. Added 10 ml of ammonium molybdate –acid solution down the side 

of the flask. Shaken the flask without stopper to eliminate CO2 bubbles. Washed the neck 
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of the flask with water and diluted to about 35 ml. Adjusted the pH of the solution to pH 

3.0 with the aid of 2,4-dinitrophenol indicator and addition of NH4OH or HCl. Add 0.25 

ml (5 drops) of the 0.1M stannous chloride, shaken, diluted with water to 50 ml and 

mixed. After 5 minutes and less than 20 minutes, read the absorbance (or transmittance) 

of the solution using spectrophotometer at 660 millimicron wavelength and determined 

the concentration of P from the standard curve. 

 

Note: The galvanometer was set at zero absorbance with the blank solution. If the colour 

from 10 ml soil extraction was greater than the highest standard (i.e. 1 ppm P), then made 

appropriate dilution with NaHCO3 and maintained proper acidity for colour development. 

 

Calculation 

ppm of available P in soil as μgp/g soil = ppm of P in solution x 50/10 x 100/5 

Where “ppm P in solution” is the concentration of P in the 50 ml flask, found from the 

standard curve.  

“50”  is the volume of the volumetric flask 

“10”  is the ml of soil filtrate taken in the volumetric flask. 

“100” is the volume of the extractant solution 

“5”     is the weight of soil sample. 

 

3.4.3. Determination Available Potassium 

Ammonium acetate extraction method was used for the determination of K in the 

soil samples as described by Knudsen et al. (1982). 

 

Reagents 

i) Ammonium acetate: 1N NH4OAc-pH 7.0: Added 300 ml of the concentrated acetic 

acid and 375 ml of concentrated ammonia solution to about 4000 ml water. Adjusted to 

pH 7.0 with ammonia or acetic acid and diluted to 5000 ml with water. 

ii) Standard solution of potassium in NH4OAc: “Stock solution” 1000 ppm: Dissolved 

1.9066 g dry and pure KCl in distilled water and diluted to exactly one litre. 
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iii) K-Standards: Transferred 0 (Blank), 0.5, 1.0, 1.5, 2.0, 2.5 ml from the “Stock 

solution” in 100 ml volumetric flask, diluted with NH4OAc and mixed. This corresponds 

to 0, 5, 10, 15, 20, 25 ppm K. 

 

 

Preparation of Standard Curve 

Set the galvanometer to “zero” against the “Blank” and to “100” against the 25 

ppm K solution. Read the rest of the standard solutions and recorded the results. Repeated 

the reading at the end of the determinations and took the average. Drew the calibration 

curve on graph paper. 

 

Note: Take the galvanometer reading of one soil extract sample. If the K concentration 

was not within the standard solutions range, made the appropriate dilution of the sample 

with NH4OAc, then multiplied the obtained K concentration in the sample by the dilution 

factor.     

Procedure 

Transferred 5 g air dry soil to a 250 ml Erlenmeyer flask. Added 100 ml !N 

NH4OAc-pH 7.0 solution. Shaken mechanically for 30 minutes and filtered through 

Whatman No. 40 filter paper into a 100 ml Erlenmeyer flask to obtain the soil extract. 

Recorded the flame photometer reading of the soil extract and found the concentration of 

K in the extract from the calibration curve. 

Calculation  

ppm K in soil = ppm K in soil extract x 20* 

*   refers to the extract/soil ratio i.e. 100/5  

3.5. STATISTICAL ANALYSIS 

All the data recorded for different parameters were statistically analyzed for 

Analysis of Variance (ANOVA) according to Snedecor and Cochran (1988) and Bhatti 

(2006) to find out the significance of the studied parameters. Means of the studied 

parameters were compared by least significant difference (LSD0.05) using MSTAT 

computer program. The descriptive statistics of each parameter was also computed to 

calculate mean, standard deviation (SD) and coefficient of variation (CV). 
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CHAPTER-IV 

Soil Characterization of Rod Kohi Area of D.I.Khan Division 
 

4.1. Introduction 

Soil is the ultimate medium for supply of the nutrients to plants. Its productivity is 

being depleted through mining of nutrients by continuous cropping along with a long list 

of other factors. Information regarding the physio-chemical properties and fertility status 

of the soils is basically required to identify the nutrient and salinity/ sodicity factors 

limiting crop yields with a view to addressing them. The significance of limiting factors 

was recognized in 1840 by Justus Van Liebig who developed the “Law of the Minimum” 

which broadly means that crop yields will be as much as that element or condition which 

is most limiting in plants environment will allow it to be. 

  

Most of our soils have been exhausted due to continuous crop production and 

meager replenishment particularly in rainfed areas which indicate low soil fertility. The 

fertility status of soil varies with the nature of crop pattern and management practices. 

According to Cook (1967) the soil fertility is associated with the amount of available 

nutrients in the soil while some calibrate it with the yield capacity and others consider it 

to be a function of organic matter or even soil texture. In short soil fertility refers to the 

capability of soil for supplying essential macro and micro nutrients to the crops. The Soil 

Bulletin (Conttnie, 1980) emphasized some additional soil data like soil texture, pH, soil 

type or series for making fertilizer recommendations in addition to the determination of 

soil nutrients. Therefore, assay of fertility status is essential for judicious fertilization and 

assurance of better returns from food and fiber crops.  

 

The diagnostic techniques used in evaluating soil nutrient status and determining 

fertilizer requirement of the crop include nutrient deficiency symptoms, field 

experimentation, greenhouse pot experimentation, plant analysis and soil testing. Each 

technique has advantages as well as limitations. In the field it is difficult to distinguish 

between deficiency symptoms of certain nutrients and symptoms of disease or insect 
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damage. In addition, it is often too late to take care of the nutritional requirement of crops 

after observing the deficiency symptoms. Field experimentation is probably the most 

reliable approach in determining site specific fertilizer requirements of crops but the 

technology is extremely expensive and time consuming and it is impractical to carry out 

experiment on each and every field. However, this technique can prove helpful in 

conjunction with other methods of diagnosis such as plant analysis or soil testing. Soil 

testing is the only practical approaches for determining nutrients status and formulating 

recommendations for balanced fertilizer use. It provides most accurate information on 

supplies of different nutrients and changes affecting nutrient availability. It is also a  

rapid and less expensive method. Welch and Wier (1977) and Chaudhry (1989) 

mentioned that soil testing program is beneficial to formulate specific recommendation in 

almost all the countries of the world. 

   

The soils of D.I.Khan have indicated a poor level of organic matter (on average 

contain less than 1%) and a wide spread deficiency of nitrogen while almost 90% of the 

soils have less adequate amount of phosphorus. Available potash had invariably been 

reported adequate in D.I.Khan soils except in the eroded and light textured soils. Acute 

deficiency of Potassium had not been noticed so far in any crop except those grown in 

sandy soils (Bhatti, 2006; Bajwa, 1992). 

 

Gurmani and Bakhsh (1989) analyzed soil samples collected from thirty three 

locations of Rod kohi areas of D.I.Khan division, they revealed that all soils were 

alkaline having pH 7.3 to 8.2 and moderately to strongly calcareous. The soils were 

slightly saline due to insufficient moisture to leach down the excess salts. The electrical 

conductivity varied from 0.42 to 6.00 dS m-1, CaCO3 11 to 20%, organic matter 0.79 to 

1.45%, phosphorus 4 to 9 ppm and potash 185 to 300 ppm.  

 

Since soil analysis is the most useful approach for identifying the salinity/ sodicity 

problems and predicting nutrient status or requirements. The present work aimed to 

investigate the nature of the soils, their problems and inferences, regarding the 

productivity status of Rod Kohi area of D.I.Khan division. 
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4.2. Materials and Methods 

Composite soil samples from eighty seven (87) mozas (locations) were collected 

covering the entire Rod Kohi area of D.I.Khan division. The soil samples were taken 

from upper 0-15 cm depth, air dried, ground and passed through 2 mm sieve and 

analyzed for physico-chemical characteristics, salinity/ sodicity testing and fertility status 

viz texture, saturation percentage, pH, EC, Ca+Mg, CO3, HCO3, Cl, Na, lime, gypsum 

requirement, organic matter, total nitrogen, available phosphorus and exchangeable 

potassium according to standard procedures in the laboratory of soil and water testing 

laboratory at Agricultural Research Institute D.I.Khan. 

  

The particle size distribution and saturation percentage (SP) were determined 

according to Koehler et al. (1984). The pH was determined using pH meter in accordance 

to the method described by McLean (1982). Electrical conductivity of soil samples was 

measured by Wheatstone bridge as described by Rhoads (1982). Calcium plus 

Magnesium, carbonate and bi-carbonate were estimated according to Richards (1954). 

Chloride was determined by precipitation as silver chloride with silver nitrate using 

potassium chromate as indicator according to Richards (1954). Lime (CaCO3) was 

estimated according to the method devised by Nelson (1982). It was first decomposed 

with excess of acid and the extra acid was determined by back titration with standard 

alkali. The gypsum requirement (GR) of soil samples was determined according to 

Nelson (1982). The method of Nelson and Sommers (1982) was used for the 

determination of organic matter by oxidizing organic carbon with excess of chromic acid 

and the unused chromic acid was determined by titration with ferrous ammonium sulfate 

solution.  The ammonium acetate extraction method was used for the determination of 

exchangeable sodium as described by Knudsen et al. (1982). The SAR was computed 

according to Richards (1954). The Kjeldal’s method modified by Keeney and Nelson 

(1982) was followed for total N determination. Available phosphorus was determined in 

sodium bi-carbonate extract according to Olsen and Sommers (1982) using 

spectrophotometer. Available potash was determined in ammonium acetate extract as 

described by Knudsen et al. (1982) using flame photometer. The detailed procedures of 
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the methods adopted have been reported in methodology chapter under sub headings 

3.2.1, 3.2.2, 3.3.2 to 3.3.12 and 3.4.1 to 3.4.3. 

 

4.3. Results and Discussion 

Assessing soil properties is the greatest dependable measure to know about the 

nutrient supplying capacity of the soil. The nutrients behavior in soil is governed by soil 

properties and environmental conditions. Hence, measurement of such properties is often 

required which include pH, salinity, organic matter, lime (CaCO3) and texture. In drier 

areas, the presence of gypsum is also of a concern. 

 

Particle size analysis (PSA) or texture is a measurement of the size distribution of 

individual particle (soil separates) in a soil sample. Texture is the most permanent and 

important physical characteristic of the soil. The physical properties of a soil have much 

to do with its suitability for many uses to which it is put e.g. the rigidity and supporting 

power, drainage and moisture storage, plasticity, ease of penetration by roots, aeration, 

and retention of plant nutrients are all intimately connected to texture of the soil. It is 

therefore, pertinent that persons dealing with soils should know to what extent and by 

what means those properties can be altered. The data regarding particle size distribution 

of soil samples collected from Rod Kohi areas of D.I.Khan division is given in Appendix-

1 and its descriptive statistics is reported in table-4.1. The perusal of table revealed that 

sand content in the samples ranged from 2.0 to 68.2% with mean value of 18.00% and 

standard deviation (SD) +12.21. The clay content varied from 2.4-54.8% with mean value 

of 22.25% and SD of +15.64 whereas silt content was in the range of 16.8-90.2% with 

average value of 58.33% and SD +16.15. Maximum variability (70.31%) occurred in clay 

content followed by sand (67.82%) and silt (27.68%). Texturally, 50.57% soils of the 

study area were classified as medium textured with 37.93% silt loam, 2.30% loam and 

12.63% silty soil (Table-4.2). Out of 45.98% fine textured soils, 25.29% were moderately 

fine textured (20.69% silty clay loam, 3.45% clay loam and 1.15% sandy clay loam) and 

20.69% fine textured (16.09% silty clay and 4.60% clay). The moderately coarse textured 

soils (loamy sand) were only 3.45%. The data suggest that majority of the soils were 

medium and fine textured. Medium textured soils provide high productivity as well as 
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give few engineering problems while fine textured soils may hold water and nutrients so 

tightly that they are unavailable for plant growth. Fine textured clays are also susceptible 

to crusting and give rise to poor seedling emergence. If clay present in the soil is of an 

expanding nature, then many engineering problems can be encountered. 

 

The saturation percentage (SP) of the samples ranged from 16.21 to 67.10% with 

mean value of 35.80% and SD of +14.94. The coefficient of variation for SP was 41.74% 

(Appendix-1, table-4.1). The SP was directly related to clay content of soils.  

 

Table-4.1. DESCRIPTIVE STATISTICS OF PHYSICAL PROPERTIES OF 
ROD KOHI SOILS OF D.I.KHAN DIVISION 

 

S.# Parameter Unit Minimum Maximum Mean S.D C.V 
(%) 

1. Sand % 2.0 68.2 18.003 +  12.210 67.822 

2. Silt % 16.8 90.2 58.334 +  16.150 27.685 

3. Clay % 2.4 54.8 22.246 +  15.641 70.309 

4. SP % 16.21 67.10 35.798 +  14.941 41.737 

5. Textural Class Fine sandy Loam to Clay 

 

 
Table-4.2. TEXTURAL CLASSIFICATION OF ROD KOHI SOILS OF 

D.I.KHAN DIVISION 
 

Nomenclature Textural Class % of 
Samples 

Coarse Textured Soils (Sandy Soils) S (0), LS(0) -- 

Moderately Coarse Textured Soils Fine SL (3), V. fine SL (0) 3.45 

Medium Textured Soils (Loamy Soils) L (2), SiL (33), Si (9) 50.57 

Moderately Fine Textured Soils CL (3), SCL (1), SiCL (18) 25.29 

Fine Textured Soils (Clayey Soils) SC(0), SiC (14), C (4) 20.69 

Figures in parenthesis indicate the number of samples  

Key to words; 
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S= Sandy, LS= Loamy sand, SL= Sandy loam, SiCL= Silty caly loam, SCL= Sandy clay 

loam, SiL= Silty loam, Si= Silty, SC= Sandy clay, C= Clay. 

 

Chemical characteristics of the soils are presented in table-4.3 and Appendix-2. 

The perusal of table-4.3 indicated that Rod Kohi soils were alkaline in nature. The pH 

varied from 7.7 to 8.6 with mean and SD of 8.23 and +0.185 respectively. Very little 

variability (2.25%) was recorded in pH values. Soil pH is one of the most indicative 

measurements of the chemical properties of a soil. Whether a soil is acidic, neutral or 

basic, has much to do with solubility of various compounds, the relative bonding of ions 

to exchange sites, and the activity of various microorganisms. Three pH ranges are 

particularly informative; a pH < 4 indicates the presence of free acid, generally from 

oxidation of sulfides; a pH < 5.5 suggests the likely occurrence of exchangeable Al and a 

pH from 7.8-8.2 indicates the presence of CaCO3. 

 

The electrical conductivity (EC) of soils indicates the concentration of soluble 

salts and describes soil salinity. The electrical conductivity (ECe) ranged from 0.75 to 

8.00 dS m-1 with an average of 3.165 dS m-1 and SD of +1.36.  The coefficient of 

variation was 43.06%. Soil having EC > 4 dS m-1 is considered saline. The dominant 

cations were Ca+Mg and Na while HCO3 and Cl were predominant anions. The Ca+Mg 

was in range of 1.90 to 24.50 meq L-1 with a mean value of 6.26 meq L-1 while Na 

content ranged from 2.32 to 21.83 mmolc/100g with mean of 6.89. Great variability 

(69.93%) was noticed in Na content (Table-4.3; Appendix-2). 

 

The sodium adsorption ratio (SAR) varied from 3.00-12.78 with mean and SD of 

5.24 and +2.60 respectively. Almost 50% variation was recorded in SAR values. The soil 

having SAR > 12 is considered as sodic. The gypsum requirement (GR) of the samples 

varied from 0.344 to 5.160 t. ha-1 with a mean value of 1.552. The highest variation of 

97.83% was recorded in GR data. The lime content (CaCO3) in soil samples ranged from 

11.00 to 22.95% with a mean value of 15.30%. The SD and CV of CaCO3 data were 

+2.231 and 14.57% respectively (Table-4.3; Appendix-3).    
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The organic matter content ranged from 0.40 to 1.05% with mean value of 

0.704% and SD of + 0.164. The coefficient of variation was recorded as 23.30% (Table-

4.3; Appendix-4. The organic matter content of a soil influences many properties, 

including the capacity of a soil to supply N, P, S and trace metals to plants, infiltration 

and retention of water, degree of aggregation and overall structure that affect air and 

water relationships, cation exchange capacity, soil colour, which in turn affects 

temperature relationships and adsorption or deactivation (or both) of agricultural 

chemicals. The high CV in different soil parameters may be due to changes occurred after 

every onset of flood coming from a wide spread catchment areas. 

 

Table-4.3. DESCRIPTIVE STATISTICS OF CHEMICAL PROPERTIES OF 
ROD KOHI SOILS OF D.I.KHAN DIVISION 

S.# Parameter Unit Minimum Maximum Mean S.D C.V 

(%) 

1. pH -- 7.70 8.60 8.23 + 0.185 2.248 

2. EC dSm-1 0.75 8.00 3.156 + 1.359 43.061 

3. (Ca + Mg) Meq L-1 1.90 24.50 6.260 +  5.305 84.744 

4. HCO3 Meq L-1 0.29 4.55 1.566 +  0.679 43.359 

5. Cl Meq L-1 0.44 28.84 4.821 +  5.523 35.682 

6. Na Meq L-1 2.32 21.83 6.887 +  4.334 69.930 

7. CaCO3 % 11.00 22.95 15.303 +  2.231 14.579 

8. GR t. ac-1 0.344 5.160 1.552 +  1.518 97.830 

9. SAR - - 3.00 12.78 5.243 +  2.600 49.590 

10. O.M. % 0.40 1.05 0.704 +  0.164 23.295 

 

The descriptive statistics of plant nutrients of Rod kohi soils is presented in Table-

4.4 and original data is given in Appendix-4. The perusal of table indicated that N content 

varied from 20 to 52 mg kg-1 with mean value of 34.85 mg kg-1. The phosphorus content 

ranged from 1.8 to 6.2 mg kg-1 with mean value of 3.026 mg kg-1 whereas potash content 

ranged from 75 to 230 mg kg-1 with an average of 148.66 mg kg-1. Maximum variability 

of 31.19% occurred in P content, followed by K (27.24%) and N (23.34%).  
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Table-4.4. DESCRIPTIVE STATISTICS OF SOME PLANT NUTRIENT OF 
ROD KOHI SOILS OF D.I.KHAN DIVISION 

S.# Parameter Unit Minimum Maximum Mean S.D C.V 
(%) 

1. N mg kg-1 20.00 52.00 34.851 +  8.133 23.337 

2. P mg kg-1 1.80 6.20 3.026 +  0.959 31.192 

3. K mg kg-1 75 230 148.655 +  40.711 27.386 

 

INDEXING OF SOILS 

The criteria used for classifying soils into different classes is given as under: 

Table-4.5. Classification of different parameters 

S.#. Measurement Low Marginal Adequate 

1. Organic matter (%) < 0.86 0.86 – 1.29 ->1.29 

2. Mineral N at 0-15 cm 

(mg kg-1) 

< 140 140 – 280 > 280 

 Mineral N at 15-45 

cm (mg kg-1) 

< 23.3 23.3 – 46.6 > 46.6 

3. Phosphate AB-DTPA 

(mg kg-1) 

< 4.0 4.0 – 7.0 > 7.0 

 Phosphate NaHCO3 

(mg kg-1) 

< 5 5 – 10 > 10 

4. Potash AB-DTPA 

(mg kg-1) 

< 60 60 – 120 > 120 

 Potash NH4OAc  

(mg kg-1) 

< 50 50 – 125 > 125 

5. Lime (%) Slightly 

Calcareous 

Moderately 

Calcareous 

Strongly 

Calcareous 

upto 2.0 2.0 – 14.0 > 14.0 

6. Textural Class Coarse Medium Moderately 

Fine 

Fine 

S, LS, SL, L, SiL, Si CL, SCL, 

SiCL 

SC, SiC, C 
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7. Salinity (EC)  Normal Saline 

< 4 dS m-1 > 4 dS m-1 

8. Sodicity (SAR) Non-Sodic Sodic 

< 12 > 12 

Sources: 1. FAO (1980)  
2. Soultanpour (1985)  
3. Tendon (1993)  
4.Soil and Plant Analysis Council (1992) 

 

The indexing of soils is presented in Table-4.5. According to the standard criteria 

of salinity/ sodicity, 74.71% samples were normal i.e. did not have any problem of 

salinity or sodicity. Out of 25.29% problem soils, 13.79% soils were saline whereas 

5.75% each were sodic and saline sodic (Table-4.6). Similarly 74.71% soils were strongly 

calcareous while 25.29% soils were moderately calcareous. Alkaline earth carbonates 

(CaCO3) are commonly found in soils of low rainfall regions but are also inherited where 

the parent material is derived from calcareous rocks. Inorganic carbonate occurs in soils 

primarily as the sparingly soluble alkaline earth carbonate as calcite (CaCO3) and 

dolomite (CaCO3.MgCO3) where calcite is generally the dominant component. The 

soluble inorganic carbonate also occurs in significant quantities in high sodic (alkali) 

soils of arid regions, but the amount of carbonate in this form is usually small compared 

with CaCO3.  The presence of high concentration of CaCO3 at or near the surface affects 

both physical and chemical characteristics of the soil because it may reduce the ability of 

the soil to retain moisture, impede water movement, cause surface crusting and may 

result in deficiencies of plant nutrients like phosphorus and some micronutrients. Lime 

may also limit the efficiency of phosphatic fertilizers. 

 

Almost 83.53% Rod Kohi soils were deficient in organic matter while 16.47% 

soils contained marginal amount of O.M. Non of the samples contained adequate amount 

of O.M. (Table-4.7). Due to low in organic matter content, the soils are poor in native N 

fertility as N supplying capacity of the soil mostly originates from the soil organic 

resources. In soils more than 90% of the Nitrogen exists in organic forms which are 

slowly mineralized to mineral or inorganic forms viz NH4, NO3 and NO2. It is in these 
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inorganic forms that plants make use of N from soil although small quantities of other 

nitrogenous compounds may also be taken up. All samples were deficient in N content 

while 89.41% samples were deficient in P and only 10.59% samples contained marginal 

amount of P. However, almost 71% soils possessed adequate amount of K and 29% had 

marginal quantity of K. For achieving profitable yield of crops, the soils should be 

supplemented with optimum amount of mineral and organic fertilizers.       

 

Table-4.6. CLASSIFICATION OF ROD KOHI SOILS ACCORDING TO 
SALINITY/ SODICITY 

Category No. of Samples % of Samples 

Normal 65 74.71 

Saline 12 13.79 

Sodic 5 5.75 

Saline Sodic 5 5.75 

 

Table-4.7. PERCENT SUFFICIENCY/ DEFICIENCY OF PLANT 
NUTRIENTS IN ROD KOHI SOILS OF D.I.KHAN DIVISION 

S.# Parameter Deficient Marginal Adequate 

  Percent of samples 

1. Organic Matter. 83.53 16.47 -- 

2. Nitrogen 100.00 -- -- 

3. Phosphorus 89.41 10.59 -- 

4. Potash -- 29.41 70.59 

 

Our results resemble with the findings of other scientists (Gurmani and Bakhsh, 

1989; Saeed and Rafique, 1989; Bajwa, 1992; Bhatti, 2006) who reported slight salinity 

with pH ranging from 7.3 to 8.4, 11-20% CaCO3 and wide spread deficiencies of organic 

matter, nitrogen and phosphorus in Rod Kohi and rainfed areas.    

 

All possible correlations among different parameters were computed and are 

reported (Table-4.8). The pH and EC had positive correlations with Ca+Mg, Cl, Na, and 

SAR while negative relationships was recorded with CaCO3, OM, N, P and K. However, 
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these relationships were non significant. The OM had strong positive correlations with N, 

P and weak positive correlations with Potassium, clay and Saturation Percentage. 

Likewise, Potash had strong positive correlation with clay content whereas clay had 

strong positive correlation with saturation percentage. 
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Table-4.8. POSSIBLE CORRELATIONS AMONG DIFFERENT 
PARAMETERS OF ROD KOHI SOILS OF D.I.KHAN DIVISION   

 
Prop. EC Ca+Mg Cl Na CaCO3 SAR O.M N P K Clay Silt Sand SP 

 

pH 0.323 0.124 0.243 0.127 -0.368 0.002 -0.168 0.168 -0.193 -0.028 -0.032 0.203 -0.233 -0.058 

 

EC - 0.709 0.600 0.682 -0.148 0.416 -0.009 -0.009 -1.000 0.166 -0.133 0.117 -0.078 -0.175 

 

Ca+Mg - - 0.679 0.591 -0.049 0.403 -0.039 0.039 -0.017 -0.027 -0.198 -0.094 0.138 -0.142 

 

Cl - - - 0.398 -0.103 0.223 -0.136 -0.136 -0.141 -0.159 -0.183 -0.032 0.047 -0.123 

 

Na - - - - 0.080 0.918 -0.088 -0.088 0.914 -0.207 -0.048 -0.171 0.087 -0.123 

 

CaCO3 - - - - - 0.247 0.114 0.114 0.069 0.099 0.239 -0.264 0.016 0.238 

 

SAR - - - - - - -0.120 -0.120 0.078 -0.217 0.028 -0.228 0.140 -0.052 

 

O.M - - - - - - - 1.000 0.528 0.318 0.185 -0.170 -0.018 0.227 

 

N - - - - - - - - 0.528 0.318 0.185 -0.171 0.018 0.227 

 

P - - - - - - - - - 0.480 0.206 -0.240 0.080 0.194 

 

K - - - - - - - - - - 0.571 -0.324 -0.227 0.588 

 

Clay - - - - - - - - - - - -0.587 -0.312 0.729 

 

Silt - - - - - - - - - - - - -0.358 -0.528 

 

Sand - - - - - - - - - - - - - -0.123 
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CHAPTER-V 

EFFECT OF DIFFERENT IRRIGATION LEVELS ON THE YIELD 
OF WHEAT AND IRRIGATION EFFICIENCY OF ROD KOHI 

SOILS OF D.I.KHAN DIVISION 
  

5.1. INTRODUCTION 

Rod Kohi system of irrigation is a special kind of rainwater harvesting in which 

water is harvested from the mountains and diverted to the agricultural fields by locally 

earthen diversions weirs across the torrent. It encompasses 65% of the total agricultural 

area of D.I.Khan division, Khyber Pakhtunkhwa. The prevailing Rod Kohi irrigation 

practices are traditional in nature and provide subsistence based livelihood to the majority 

of the farmers of the area. Production oriented agriculture is not practiced and therefore, 

crop yields are quite low. Consequently the average yields per unit area under Rod Kohi 

irrigation system are far below the national average. Since the frequency, magnitude and 

timing of Rod kohi water is variable, the farmers are thus unable to adjust frequency and 

amount of irrigation to the crop water requirements making their irrigation practices less 

efficient which also adds to low crop productivity in this area. 

 

In D.I.Khan division, according to a conservative estimate significant amount 

(more than 50%) of flood water is allowed to escape and fall into Indus. The remaining 

more than 2/3 is wasted and not properly used for irrigation. Farmers try to store 

maximum water in the fields for moisture conservation and agricultural production. 

Sometimes the extra water stored in the fields is drained out before sowing period to 

bring the soil at field capacity. 

 

The most common practice for Rod kohi irrigation amongst the farmer is that they 

apply water to a field until all of field is covered with water including high spots. The 

time required to cover a given area with water depends primarily on surface topography 

(level-ness and slope), infiltration rate, size of the field, available field geometry, 

discharge and surface roughness. Some of these factors vary widely from field to field 

and some with the season. The length of the time to cover a given area with water and 
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resulting amount of water applied also vary widely. On the other hand, most of the 

farmers assume that amount of water applied to cover a given area is constant. This 

results in excess application of irrigation water (Clyma and Arshad 1975). 

 

Water resources are the most important limiting factor for sustainable crop 

production in this area. Conserving irrigation resources is an important measure for 

maintaining sustainable development of crops production in Rod Kohi areas of DIKhan. 

Therefore, strategies for applying Rod kohi waters have to be adopted including 

consumptive use of water (CUW) and water use efficiency (WUE) etc. Several scientists 

had worked out CUW of crops in different countries. Consumptive use requirement for 

wheat in Hilmand valley Shamalan, Afghanistan was reported 50-51 cm (Assifi (1970), 

33.7 cm at Faisalabad (Hussain, 1970), 39.37 and 43.94 cm at Sargodha for wet and dry 

seasons, respectively (Clyma, 1973). Ali et al. (1973) calculated the consumptive use of 

wheat (Mexi-Pak) as 54.61, 48.26 and 25.91 cm when grown with the ground water depth 

of 1.52, 2.13 and 2.77 m respectively. Haider et al. (1975) determined the consumptive 

use for wheat crop on different moisture stress levels at Mona (Bhalwal). They estimated 

the values of 45.72, 46.65 and 35.36 cm of total water used through out the growing 

season for 1, 2, and 4 bar tension.  

  

Studies conducted by PARC (1982) regarding consumptive use of wheat crop at 

Agricultural Research Institute Tarnab Peshawar indicated consumptive use values of 

53.2, 47.1 and 406 cm with irrigation at 50, 75 and 95% moisture stress level 

respectively. Doorenbos and Pruit (1982) reported 450 and 600 mm per season water 

requirements of wheat and barley for maximum production depending on climate and 

length of growing period. Ahmed et al. (1985) conducted field study on wheat at Mona 

Reclamation experimental project, WAPDA (Bhalwal) from during 1976-77 to 1978-79. 

They tested three moisture stress levels (1, 4 and 7 bar tension) in combination with four 

fertilizer doses on Yekora wheat variety. The consumptive use recorded was for  

irrigations at 1, 4 and 7 bar tension was 410, 380 and 340 mm and grain yield was 5070, 

4870 and 4560 kg ha-1 respectively.  
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The seasonal water use of wheat in the northern region of Bulgaria varied from 390 mm 

to 591 mm (Dimitrov, 1971), from 404 to 818 mm depending on irrigation scheduling in 

Eastern Australia (Cooper, 1980) and 338 to 740 mm under different agroclimatic 

conditions of Pakistan (Laghari et al. 1979). Chaudhary (1985) reported a seasonal water 

use of 261-366 mm in 1981-82 and 184-305 mm in 1982-83 while water use efficiency 

(WUE) ranged between 2.38 and 9.51 kg ha-1 mm-1. Ismail (1993) worked out wheat 

yield production limiting functions to predict wheat yields for seasonal water application 

that ranged from 170 to 625 mm using the sprinkler line source technique. He found that 

the yield increase was linear with the increase in applied water up to a seasonal applied 

water of about 500 mm. Above 500 mm the relationship was curvilinear with the point of 

maximum yield at 734 mm.  

 

Singh et al. (1979) conduced experiment on dwarf wheat Kalyanson for three 

crops years (1974-77) using four levels of irrigation i.e., no irrigation (Io), one irrigation 

(I1), two irrigation (I2) and three irrigation (I3), respectively. The grain and straw yield 

increased with number of irrigation in all years. Maximum response was obtained with 

first irrigation. However, the rate of yield increase declined with the second irrigation 

while the difference in grain and straw yield was very small between the two and three 

irrigation treatments. The maximum water use efficiency (WUE) was recorded with one 

irrigation in 1976-77 and with no irrigation in 1975-76.   

 

The average WUE of wheat based on grain yield recorded by different scientists 

was 9.66 kg ha-1 mm-1 of water (Daniels and Scott, 1991), 8.94-7.10 kg ha-1 mm-1 

(Tanaka, 1990), 36 kg ha-1 mm-1 for biomass of wheat in Italy (Busoni et al., 1983), 28.5-

44.1 kg dry matter ha-1 mm-1 in wet experiment and 30.8-45.3 kg ha-1 mm-1 in the dry 

experiment (Ehdaie et al., 1991). 

 

Jiamin et al. (2005) conducted field experiments for three seasons consisting of 

frequency (zero to four times) and timing of irrigation (at raising, jointing, booting, 

flowering and milking stage) respectively. The results showed that after 75-mm pre-

sowing irrigation, the soil water content and AWC in the root zone of 2-m soil profile 
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during sowing were 31.1% and 16% respectively. The AWC decreased significantly with 

the growth of wheat. The SWU in the 2-m soil profile was negatively related to the 

irrigation water volume. Maximum grain yield and WUE values of 7423 kg ha-1 and 

1.645 kg m-3 were recorded at the ET rate of 509 and 382 mm, respectively. The IWUE 

was negatively correlated with irrigation water volume. 

 

Nasseri and Fallahi (2007) determined water use efficiency (WUE) of wheat from 

irrigation cutting off viz after stem elongation (IC1), flowering (IC2), dough (IC3) stages 

and full irrigation (IC4) with the treatments of 1.00 (I1), 0.75 (I2) and 0.50 (I3) for ratio 

of water amount (IW) to Cumulative Pap Evaporation (CPE) for two winter varieties. 

They revealed that with increasing irrigation events from two to five, the WUE 

decreased. Generally, average WUE varied from 0.581 to 1.894 kg m-3.  

 

Paolo and Rinaldi (2008) compared irrigation scheduling and N fertilization  rates 

in corn during two years field study by evaluating yield, WUE, irrigation water use 

efficiency (IRRWUE) and nitrogen use (NUE) efficiencies. Corn was subjected to three 

irrigation levels (rainfed and supply at 50 and 100% of crop evapotranspiration) in 

combination with three N fertilizer levels (not fertilized, 15 and 30 g N m-2). The results 

indicted a large yearly variability, mainly due to rainfall event at the silking stage in the 

first year. Significant irrigation effect was observed for all the variables except plant 

population. Nitrogen rates affected grain and biomass yields, harvest index (HI), water 

use efficiency (WUE), irrigation water use efficiency ( IRRWUE) and nutrient use 

efficiency (NUE), with significant differences between non-fertilized and the two 

fertilized treatments (15 and 30 g N m-2). A significant interaction “N x I” was observed 

for grain yield and WUE.  

 

Qiu (2008) determined WUE of wheat not only on grain yield basis, but also on 

photosynthesis basis and biomass basis. They found that irrigation regimes had 

considerable effects on wheat transpiration, total evapotranspiration, and canopy 

temperature; wheat WUE ranged 2.1-3.3 umolCO2/mmol H2O on a photosynthesis basis 

while 1.0-2.6 kg m-3 and 1.1-2.1 kg m-3 on a biomass and a grain yield basis, respectively. 
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The maximum WUE appeared during the jointing and the milking stage, when suitable 

water management could be crucial to improve WUE; the results showed that with the 

increase of irrigation times and amount of irrigation water per growing season, wheat 

WUE was generally decreased and grain yield was not increased, although the 

evapotranspiration was significantly increased. 

 

Tawfic and Tinsley (1984) reported that irrigation application efficiency of the 

farmers at the tail end of the canal was found to be greater than those at the beginning. 

They suggested that subsurface irrigation due to seepage from neighboring fields 

contributes substantially to crop water use. Awan and Ali (1998) evaluated application 

efficiency at farmer’s condition by taking measurements at selected head, middle and tail 

farms on each water course during complete warabandi turns. They observed low 

application efficiencies in the beginning of the crop season which increased with the age 

of crop. The application efficiency ranged from 0 to 100% for wheat crop while the 

application efficiency for sugarcane ranged from 42 to 100% and for maize it ranged 

from 34 to 95%. 

 

Under normal conditions, small applications of water produce high application 

efficiency, but a low uniformity coefficient and storage efficiency, conversely large 

applications of water produce high uniformity coefficient and storage efficiency, but low 

application efficiency (Blair and Smerdon, 1988). Hussain (1997) evaluated the 

application efficiency, distribution uniformity, co-efficient of uniformity and advance and 

recession at the command area of outlet No.8 of Sheikh Yousuf Minor near Mardan 

during field study. Thirty fields were selected, ten each at head, middle and tail along the 

water course. The application efficiency ranged from 26 to 76% while the distribution 

uniformity and co-efficiency varied from 54 to 84% and 73 to 92% respectively. He 

concluded that field sizes and flow rate were inversely and SMD and crop growth rate 

were directly proportional to application efficiency. Deep percolation was considered to 

be the cause of low application efficiency. He found that the losses were due to 

unmeasured water application depth relative to the desired depth of irrigation.    
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Wheat production is affected by many soil, water, climate and crop management 

factors. Among these, water use is the most limiting factor in determining irrigation 

requirement. The water use of wheat crop vary widely depending on agro-climatic 

conditions, soil type and irrigation management practices. In Rod kohi areas the fields are 

not generally precisely leveled, therefore, both, over as well as under irrigations are quite 

common because irrigations are not applied on the basis of crop water requirements but 

are applied on the receipt of hill torrents. Adequate information on appropriate amount of 

water application on the yield of wheat in Rod Kohi area is not available. The present 

study was planned to find out the effect of different levels/depths of water application on 

the yield of wheat crop, water use efficiency and application efficiency, soil moisture and 

bulk in variable textured soils under Rod kohi conditions of D.I.Khan division. 
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5.2. MATERIALS AND METHODS 

5.2.1. Construction of Water distribution structures:  

The most critical element in managing Rod Kohi water is diversion and 

distribution structures. The cultivated fields in Rod Kohi irrigation system are large to the 

extent of 8-10 acres or more. The water application to the fields is crucial to control water 

in the flood season. Cost effective water application structures of different designs, 

capacities and construction materials have been developed. These structures having 

height upto 6 feet above ground are used to regulate the delivery of water to command 

area. Plates No 1, 2 and 3 show the water inlet structures made by Soil Conservation 

Department, Government of Khyber Pakhtunkhwa at Ahmad, Nadar Badar and Utar 

which were used during the study.  

 

5.2.2. Experimental Procedure 

The trials were conducted at three different locations (Ahmad, Nadar Badar, Utar) 

with variable textured soils viz. silty clay loam, silt loam and loam, respectively. The 

total area of each field was 8-9 acres. It was divided into three blocks or replications and 

each block was sub divided into four treatments. The factorial or split plot with RCBD  

design with three replications was implemented. For application of desired depth of 

water, calibrated wooden gauges were installed before the arrival of flood water and 

depth of ponding water at each location was noted. Fields were irrigated to the desired 

depths during July, 2007 at the arrival of hill torrents. As the fields were not precisely 

leveled, therefore, a range of depths occurred in each treatment, being low at high spots 

and high at the depressions. The detail of treatments (depths of irrigations) is given as 

follow: 

D1: 15-25 cm 

D2: 25-35 cm 

D3: 35-45 cm 

D4: 45-55 cm 



 

 58

           

Wheat variety Daman-98 was sown on 3rd October, 2007 at all the three sites. A 

basal dose of NPK fertilizers @ 90-60-20 kg ha-1 was applied at the times of sowing. 

Data on grain yield, Ea, WUE, BD and soil moisture contents were taken using the 

standard procedures as described in methodology chapter under sub heading 3.2.4, 3.2.5, 

3.2.3 and 3.3.1 or otherwise mentioned in the text. Grain yield of wheat in kg ha-1 was 

calculated by harvesting net plot of 5 m2 at three locations in each treatment, threshed and 

weight of grain was taken.  

 

Application efficiency (Ea) expressed in percent refers to the ratio of depth of 

water stored in the root zone i.e. (SMD) to depth of water delivered to the field. The 

application efficiency was determined by the following formula: 

 

Ea = SMD/Dwa *100  

Ea = Application efficiency (%) 

SMD = Soil Moisture Deficit (mm) 

Dwa = Depth of water applied (mm) 

 

Water Use Efficiency (WUE) is defined as the yield obtained per unit of water 

consumed as ET by the crop under consideration according to Doorenbos and Pruitt 

(1977). However, in this study, the calculation of WUE was made by taking into account 

the total water applied (TWA) and the grain yield. The WUE was calculated as follows: 

 

WUE (Kg ha-1 mm-1) = Total yield (kg ha-1)/ Total water applied (mm) 

 

Bulk density of the soils was determined by taking undisturbed soil samples at 

three stages (before flood, at the time of sowing and after harvest of crop) according to 

Blake and Hartage (1986). The detail procedure is reported in methodology chapter under 

sub-heading 3.2.3. Soil moisture content was determined on oven dry basis at three stages 

(before flood, at the time of sowing and after harvest of crop). The detail procedure is 

reported in methodology chapter under sub-heading 3.3.1. 
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5.2.3. Statistical Analysis 

The data regarding grain yield, WUE, Ea, BD and moisture content were analyzed 

according to the split plot design using locations (textural classes) as main plot and 

irrigation depths as subplots. The data concerning BD and moisture content were 

analyzed according to split-split plot design, treating locations as main plots, stages of 

sample collection as sub plots and irrigation depths as sub-sub plots. The analysis of 

variance was computed according to Steel and Torri (1981) and Bhatti (2006). The 

comparison of means were computed by applying DMRT at 0.05 significance level using 

MSTAT computer program. 

   

5.3. RESULTS 

5.3.1. Physico-Chemical Characteristics of Soils 

Composite soil samples from three different sites viz Ahmad (L-1), Nadar Badar 

(L-2) and Utar (L-3) were collected prior to experimentation and analyzed for physio-

chemical properties. The results are summarized in Table-5.1 and the same depicted in 

Figure 2. The perusal of table revealed that the soil texture at Ahmad (L-1) was silty clay 

loam while at Nadar Badar (L-2) soil was silt loam and at Utar (L-3) was loam. All soils 

were alkaline in nature, strongly calcareous, deficient in organic matter, nitrogen and 

phosphorus except at Utar where it had marginal amount of P. All soils contained 

adequate amount of potash. Soil at L-1 (Ahmad) was normal but L-2 (Nadir Badar) soil 

was saline whereas L-3 (Utar) soil was saline sodic.  
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Table 5.1. Physico-chemical Characteristics of Soils of the Experimental Sites 

S.#. Characteristic L-1 
(Ahmad) 

L-2 
(Nadar Badar) 

L-3 
Utar) 

1. pH 8.3 8.3 8.2 

2. ECe (dS m-1) 2.00 4.20 5.94 

3. Na (mmolc/100 g) 6.20 7.18 21.36 

4. CaCO3 (%) 14.10 16.50 14.94 

5. SAR 4.00 4.95 12.42 

6. GR (t. ha-1) Nil Nil 1.37 

6. O.M. (%) 0.56 0.54 0.42 

7. N (mg kg-1) 28.00 27.00 21.00 

8. P (mg kg-1) 2.4 2.0 6.2 

9. K (mg kg-1) 168 164 184 

10.  Sand (%) 11.80 32.00 41.60 

11. Silt (%) 65.20 60.00 44.80 

12. Clay (%) 28.00 8.00 13.60 

13. Textural Class Silty clay loam Silt loam Loam 
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Physico-chemical characteristics of soils of 3 experimental sites 
(Ahmed, Nadar Badar and Utar)
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Fgure 2. Physio-chemical characteristics of soils of 3 experimental sites 

 

5.3.2. Grain Yield of Wheat (kg ha-1) 

The data relating to the effect of different pre-sowing depths of Rod kohi water 

application at different textured soils on the grain yield of wheat is presented in Table-

5.2. The analysis of variance table is given in Appendix-5. The grain yield of wheat 

varied significantly due to different levels of irrigation applied. A significant increase in 

grain yield was observed with the increment of irrigation water applied. The highest grain 

yield of 3680.32 kg ha-1 was found with the water depth of 35-45 cm. This was differed 

significantly from all other depths. The lowest yield of 3253.27 kg ha-1 was obtained with 

the application of 15-25 cm water. The increase in grain yield was more pronounced at 

irrigation depths of 25-35 cm (3548.58 kg ha-1) and 35-45 cm (3680.32 kg ha-1) and then 

grain yield declined beyond this limit suggesting that application of rod kohi water at 35-

45 cm depth is appropriate for getting maximum yield.  
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Significant variation existed in grain yield of wheat at different locations. The 

maximum grain yield of 3756.67 kg ha-1 was achieved at Loamy textured soil in L-3 

(Utar) which was differed significantly from other two sites. It was followed by silt loam 

site at L-2 (Nadar Badar) with grain yield of 3386.71 kg ha-1. The silty clay loam soil at 

L-1 (Ahmad) produced the minimum grain yield (3273.54 kg ha-1). The highest yield at 

loamy soil indicates greater nutrient availability and favourable growth environment in 

this textural class soils followed by silt loam and silty clay loam.  The interactive effect 

of irrigation depths and location was non significant. The relative standard deviation of 

the data was 8.50%. 

 

Table-5.2. Effect of different Levels of Irrigation Application on the 
Grain Yield (kg ha-1) of Wheat at Different Locations 

S.#. Irrigation 
Depth/Levels 

Locations Depth 
Mean L-1 Ahmed 

(SiCL) 
L-2 Nadar 

Badar (SiL) 
L-3 Utar 

(L) 
D-1 15-25 cm 3028.66 3170.71 3560.50 3253.272 d 

D-2 25-35 cm 3382.66 3412.75 3850.33 3548.583 b 

D-3 35-45 cm 3512.33 3598.43 3930.20 3680.319 a 

D-4 45-55 cm 3170.55 3365.00 3685.67 3407.056 c 

Location Mean 3273.542 c 3386.706 b 3756.675 a  

LSD @ P=0.05 for Location = 88.530 
LSD @ P=0.05 for Depth = 130.30 
CV    = 8.50% 
 

5.3.3. Application Efficiency (%) 

The concept of application efficiency is applied to a field to evaluate irrigation 

practices at low or high water allowance. Significant variation existed in the application 

efficiency of irrigation levels and locations (Table 5.3 and analysis of variance table in 

appendix-6). The loamy soil (L-3) showed the lowest application efficiency (42.24%) 

while silty clay loam soil (L-1) exhibited highest application efficiency of 63.75%. The 

silt loam soil (L-2) had intermediate application efficiency of 50.430%.  

 

A deceasing trend in application efficiency was observed with increasing irrigation 

depths. The maximum application efficiency of 70.56% was recorded with 15-25 cm 
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irrigation water which was differed significantly from all other irrigation depths. The 

lowest Ea (35.293%) was observed in soils receiving greatest amount of irrigation waters. 

The soils irrigated with 25-35 cm and 35-45 cm waters showed intermediate Ea of 

56.02% and 46.70% respectively.  

 

The cumulative effect of irrigation depths and locations was also significant. The 

significantly maximum application efficiency of 82.00% was recorded in silty clay loam 

soil receiving 15-25 cm irrigation water. It was followed by silty clay loam soil receiving 

25-35 cm irrigation water (72.60% Ea). The variation in data was noticed as 8.41%. 

   

Table-5.3. Effect of different Levels of Irrigation Application on the Application 
Efficiency (Ea) at Different Locations 

S.#. Irrigation Depth/ 
Levels 

Locations Depth 
Mean 

  L-1 (SiCL) L-2 (SiL) L-3 (L)  

D-1 15-25 cm 82.000 a 69.820 c 59.860 d 70.560 a 

D-2 25-35 cm 72.600 b 51.300 e 44.150 f 56.017 b 

D-3 35-45 cm 59.420 d 44.520 f 36.150 h 46.697 c 

D-4 45-55 cm 41.000 g 36.080 h 28.800 i 35.293 d 

Location Mean 63.755 a 50.430 b 42.240 c  

LSD @ P=0.05 for Location = 2.210 
LSD @ P=0.05 for Depth = 1.889 
LSD @ P=0.05 for L X D = 2.515 
CV    = 8.41% 
 

5.3.4. Water Use Efficiency (kg ha-1 mm-1) 

The water use efficiency (WUE) varied significantly among locations (textural 

classes) as well as the irrigation depths and their interaction (Table-5.4 and Appendix-7). 

The WUE ranged from 8.914 to 10.238 kg ha-1 mm-1 in different textured soils, being 

maximum in loamy soils and minimum in silty clay loam soils. The silt loam soil had 

intermediate WUE (9.244 kg ha-1 mm-1).  

 

A significant inverse relationship was observed between WUE and the depth of 

irrigation. The lowest levels of irrigation applied had the highest WUE, this value  of 
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13.627 kg ha-1 mm-1 was recorded with  the irrigation depth of 15-25 cm which was 

differed significantly from all other treatments, while the lowest value of  WUE (5.917 kg 

ha-1 mm-1) was found when fields were irrigated with Rod kohi water to the depth of 45-

55 cm. The WUE found for irrigation depths of 25-35 and 35-45 cm was 10.138 kg ha-1 

mm-1 and 8.181 kg ha-1 mm-1, respectively. However, all depths of irrigation were 

differed significantly in WUE from each other. The interactive influence of textural 

classes (locations) and irrigation depths was significant. Higher values were obtained in 

loamy soils followed by silt loam and silty clay loam. The coefficient of variation of data 

was 9.80%. 

 

Table-5.4. Effect of different Levels of Irrigation Application on the Water Use 
Efficiency (WUE) at Different Locations 

S.#. Irrigation 
Depth/Levels 

Locations Depth 
Mean L-1 (SiCL) L-2 (SiL) L-3 (L) 

D-1 15-25 cm 12.680 c 13.460 b 14.740 a 13.627 a 

D-2 25-35 cm 9.663 e 9.750 e 11.000 d 10.138 b 

D-3 35-45 cm 7.807 g 8.000 g 8.737 f 8.181 c 

D-4 45-55 cm 5.507 i 5.767 i 6.477 h 5.917 d 

Location Mean 8.914 c 9.244 b 10.238 a  

LSD @ P=0.05 for Location = 0.3093 
LSD @ P=0.05 for Depth = 0.3969 
LSD @ P=0.05 for L X D = 0.5286 
CV    =9.80% 

 

5.3.5. Soil Moisture Content (%) 

Soil moisture content was determined at three stages viz before flood, before 

sowing and after harvest of wheat crop. The soil samples were collected from three 

depths viz 0-30 cm, 30-60 cm and 60-120 cm. The averages of three depths were taken.  

The statistical analysis was done in two ways viz combined locations and other location 

wise.  

 

The three locations combined data illustrated that moisture content of soils 

differed significantly among locations or textural classes (Table-5.5 and ANOVA table in 
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Appendix-8). The significantly highest average moisture content of 15.28% was observed 

in silty clay loam soil followed by silt loam (14.23%) and loam (12.38%). 

 

The significantly highest moisture content of 22.95% was found at the time of 

sowing which declined to 11.65% at the time of harvest of the crop while the mean 

lowest soil moisture content of three locations was noted as 7.288% in samples collected 

before flood. At stage-1 (before flood), almost similar moisture content (7.29%) was 

noted at all depths. However, significant differences in moisture content were observed in 

samples collected at S-2 (before sowing) and after harvest of crop (S-3). The highest 

moisture contents were recorded at sowing time (S-2) and intermediate at S-3 (after 

harvest of crop). 

 

The moisture content of soils was significantly affected by application of 

irrigation to different depths. The average of three locations revealed that moisture 

content in soils increased with the increase of irrigation levels and maximum soil 

moisture (15.75%) was determined in treatments receiving the highest amount of 

irrigation water (45-55 cm). It differed significantly from other depths. The lowest soil 

moisture of 12.31% was recorded in treatment supplied with minimum amount (15-25 

cm) of water. The increment in soil moisture was almost consistent with increase in 

irrigation depths. 

 

The interactive influence of locations and stages of samples collection was also 

significant. The significantly highest moisture contents (25.61%, 23.67 and 19.57% at 

L1, L2 and L3 respectively) were observed at stage-2 (before sowing) while the lowest 

moisture content (7.74%, 7.32% and 6.80% at L1, L2 and L3 respectively) were found in 

samples collected before flood. Similarly, the interaction of location x irrigation depths 

was also significant. The maximum soil moisture of 17.10% was found when silty clay 

loam soil was applied 45-55 cm depth of irrigation water. The cumulative effect of 

locations x stages x irrigation depths (treatments) on soil moisture content was also 

significant. The significantly highest soil moisture content of 28.63% was recoded in soil 

sample collected before sowing from L-1 (silty clay loam) which was applied irrigation 
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water up to 45-55 cm depth. It was followed by 26.52% moisture found in soil sample 

collected before sowing from L-2 (silt loam soil) receiving irrigation water of 45-55 cm 

depth. The table 5.9 revealed that soil moisture content was significantly affected by all 

the three factors (locations, stage, depth of irrigation) and their interactions. The 

coefficient of variation was 10.24%. 

 

Table-5. 5.  Moisture Content (%) of different Textured Soils as affected by 
Different depths of Irrigation Application and Stages of Soil Sampling 

Location Stages Depth Mean 
 L X S X D L X S 

D-1 (15-25cm) D-2 (25-35cm) D-3 (35-45cm) D-4 (45-55cm)  
L-1 S-1 7.74 q 7.74 q 7.74 q 7.74 q 7.74 g 
L-1 S-2 23.4 d 24.2 c 26.22 b 28.63 a 25.61 a 
L-1 S-3 9.90 no 11.97 l 13.1 k 14.92 i 12.47 d 
L-2 S-1 7.32 q 7.32 q 7.32 q 7.32 q 7.32 h 
L-2 S-2 21.08 f 22.87 e 24.23 c 26.52 b 23.67 b 
L-2 S-3 9.61 o 10.35 n 12.66 k 14.15 j 11.69 e 
L-3 S-1 6.80 r 6.80 r 6.80 r 6.80 r 6.80 i 
L-3 S-2 16.07 h 18.13 g 21.38 f 22.68 e 19.57 c 
L-3 S-3 8.90 p 10.07 n 11.20 m 12.94 k 10.78 c 
 S X D S 
 S-1 7.29 i 7.29 i 7.29 i 7.29 i 7.29 c 
 S-2 20.18 d 21.74 c 23.94 b 25.94 a 22.95 a 
 S-3 9.47 h 10.80 g 12.32 f 14.01 e 11.65 b 
 L X D L 
L-1 13.68 f 14.64 d 15.69 c 17.10 a 15.28 a 
L-2 12.67 f 13.51 f 14.74 d 16.00 b 14.23 b 
L-3 10.59 j 11.67 i 13.13 g 14.14 e 12.38 c 
Depth Mean 12.31 d 13.27 c 14.52 b 15.75 a  
Mean followed by the same letter(s) in each block do not differ significantly at 5% level 
of significant   
 
LSD @ P=0.05 for Depth = 0.224  LSD @ P=0.05 for Stages = 0.323 
LSD @ P=0.05 for Location= 0.239 LSD @ P=0.05 for D X S = 0.298 
LSD @ P=0.05 for D X L = 0.298  LSD @ P=0.05 for L X S = 0.340 
LSD @ P=0.05 L X D X S = 0.460  CV=10.24%



 

 67

The location wise effect of different depths of irrigation application and stages of 

samples collection on soil moisture content was significant at Ahmad (L-1: silty clay 

loam soil). The moisture content ranged from 13.681-17.141%, being minimum with D-1 

(15-25 cm irrigation level) and maximum in D-4 viz 45-55 cm irrigation water at Ahmad 

(L1: Silty clay loam) (Table-5.6 and Appendix-9).  Similar trend was observed at all the 

three locations. The moisture content in silt loam (L2: Nadar Badar) and loam (L3: Utar) 

soils varied from 12.671-15.998% and 10.590-14.143% respectively (Table-5.7; 

Appendix-10 and Table-5.8, Appendix-11). At all locations, the highest moisture content 

was noticed with highest depth of water. Likewise, highest moisture content was found in 

samples collected at the times of sowing (S-2) while lowest at S-1 (before flood) and 

intermediate after harvest (S-3) at all locations. The moisture content of samples 

collected before flood in silty clay loam, silt loam and loamy soils was 7.74%, 7.32% and 

6.80% respectively. Significant difference in moisture content was observed among the 

treatments x stages interaction at all locations. 

  

Table-5.6. Effect of different Depths of Irrigation Application on Moisture 
Content (%) of soils at different stages of sampling in Silty Clay Loam 
soil (L-1) 

S.#. Irrigation Depth Stages Depth 
Mean 

  S-1 S-2 S-3  

D-1. 15-25 cm 7.740 i 23.400 d 9.902 h 13.681 d 

D-2. 25-35 cm 7.740 i 24.205 c 11.973 g 14.639 c 

D-3. 35-45 cm 7.740 i 26.220 b 13.100 f 15.687 b 

D-4. 45-55 cm 7.740 i 28.630 a 15.053 e 17.141 a 

Stages Mean 7.740 c 25.614 a 12.507 b  

LSD @ P=0.05 for Depth = 0.405 
LSD @ P=0.05 for Stages = 0.571 
LSD @ P=0.05 for D X S = 0.539 
CV    = 12.04 
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Table-5.7. Effect of different Depths of Irrigation Application on Moisture 
Content (%) of soils at different stages of sampling in Silt Loam soil 
(L-2) 

S.#. Irrigation Depth Stages Depth 
Mean 

  S-1 S-2 S-3  

D-1. 15-25 cm 7.322 i 21.085 d 9.605 h 12.671 d 

D-2. 25-35 cm 7.322 i 22.867 c 10.345 g 13.512 c 

D-3. 35-45 cm 7.322 i 24.227 b 12.665 f 14.738 b 

D-4. 45-55 cm 7.322 i 26.518 a 14.153 e 15.998 a 

Stages Mean 7.322 i 23.674 a 11.692 b  

LSD @ P=0.05 for Depth = 0.374 
LSD @ P=0.05 for Stages = 0.417 
LSD @ P=0.05 for D X S = 0.498 
CV    = 12.03% 
 

Table-5.8. Effect of different Depths of Irrigation Application on Moisture 
Content (%) of soils at different stages of sampling in Loamy soil (L-
3) 

S.#. Irrigation Depth Stages Depth 
Mean S-1 S-2 S-3 

D-1. 15-25 cm 6.802 i 16.067 d 8.900 h 10.590 d 

D-2. 25-35 cm 6.802 i 18.132 c 10.072  11.667 c  

D-3. 35-45 cm 6.802 i 21.380 b 11.202 f 13.128 b 

D-4. 45-55 cm 6.802 i 22.680 a 12.945 e 14.143 a 

Stages Mean 6.802 c 19.56 a 10.780 b  

LSD @ P=0.05 for Depth = 0.377 
LSD @ P=0.05 for Stages = 0.620 
LSD @ P=0.05 for D X S = 0.501 
CV    = 12.34% 
 

5.3.6. Bulk Density (g cm-3) 

The bulk density (BD) of soils was determined at three stages viz before flood (S-

1), at the time of sowing (S-2) and after harvest of the crop (S-3). Data concerning bulk 

density as affected by different factors is summarized in Table-5.9. The analysis of 

variance table is given in Appendix-12.  Although bulk density (BD) of different textured 
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soils at different stages and in different treatments (depth of irrigation) was variable yet 

the differences were non significant. Among the different stages of sample collections, 

the soil samples colleted before flood had on average the highest bulk density of 1.487 g 

cm-3 while it was lowest (1.412 g cm-3) at sowing time and intermediate (1.434 g cm-3) 

after the harvest of crop.  

 

As different locations had soils of different textural classes, hence their BD was 

different but not significant. The Utar soil (L-3) which was loamy in texture had higher 

BD of 1.465 g cm-3   while the silt loam soil of L-2 (Nadar Badar) had intermediate BD 

(1.447 g cm-3) but silty clay loam soil of L-1 (Ahmad) had lowest BD of 1.421 g cm-3. No 

statistical differences were observed among these soils. Similarly, no statistical difference 

in BD among depths of irrigation was noticed. However, numerically greater BD was 

recorded in D-1 (15-25 cm depth irrigation) and it decreased with the increment of 

irrigation water depth. Different factors (textural classes, stages of sample collection, 

depth of irrigation) and their interactions did not exhibit significant effect on BD of the 

soils. The coefficient of variation of the data was 7.23%. 
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Table-5.9. Bulk Density (g cm-3) of different Textured Soils as affected by 
Different depths of Irrigation Application and Stages of Soil Sampling 

 
Location Stages Depths Mean 
 L X S X D L X S 

D-1 (15-25cm) D-2 (25-35cm) D-3 (35-45cm) D-4 (45-55cm)  
L-1 S-1 1.460 1.460 1.460 1.460 1.460 
L-1 S-2 1.440 1.430 1.410 1.370 1.412 
L-1 S-3 1.420 1.410 1.380 1.350 1.390 
L-2 S-1 1.490 1.490 1.490 1.490 1.490 
L-2 S-2 1.470 1.450 1.430 1.390 1.435 
L-2 S-3 1.450 1.430 1.410 1.370 1.415 
L-3 S-1 1.510 1.510 1.510 1.510 1.510 
L-3 S-2 1.490 1.470 1.450 1.410 1.455 
L-3 S-3 1.470 1.440 1.420 1.390 1.430 
 S X D S 
 S-1 1.487 1.487 1.487 1.487 1.487 
 S-2 1.467 1.450 1.430 1.390 1.412 
 S-3 1.447 1.427 1.403 1.370 1.434 
 L X D L 
L-1 1.440 1.433 1.417 1.393 1.421 
L-2 1.470 1.457 1.443 1.417 1.447 
L-3 1.490 1.473 1.460 1.437 1.465 
Depth Mean 1.467 1.454 1.440 1.416  
Mean followed by the same letter(s) in each block do not differ significantly at 5% level 
of significant   
 
LSD @ P=0.05 for Depth = N.S.  LSD @ P=0.05 for Stages = N.S. 
LSD @ P=0.05 for Location = N.S.  LSD @ P=0.05 for D X S = N.S. 
LSD @ P=0.05 for D X L = N.S.  LSD @ P=0.05 for L X S = N.S. 
LSD @ P=0.05 for L X D X S= N.S.  CV =7.23%
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5.4. DISCUSSION 

The grain yield of wheat was significantly increased with the increment of pre-

sowing depths of water application up to 35-45 cm (D-3) and then decreased suggesting 

that application of irrigation water from 35-45 cm depth is adequate for achieving 

maximum yield and saving this precious resource for other fields under rod kohi 

conditions of D.I.Khan division (Table-5.2). The application of irrigation water beyond 

45 cm depth did not result more yield but was the wastage of irrigation/ rod kohi water. 

Considerable studies have been done on consumptive use of water for crops by various 

workers in different countries including Pakistan. The irrigation requirements of wheat 

varied with type of soil. Higher yields were achieved on loamy soil followed by silt loam 

and silty clay loam soil with similar water depths. At all locations (types of soils) 35-45 

cm irrigation depth gave the maximum grain yield of wheat which can be considered as 

the optimum level of irrigation or CUW under Rod kohi conditions. In Rod kohi areas, 

farmers generally apply water to unleveled bunded fields, resulting in long irrigation 

events, poor water uniformity and over-irrigation. Similar observations were also 

recorded by Kahlown and Kemper (2004). Our results are in agreement with the findings 

of various worker but differences have also been reported by some workers. Hussain 

(1970) recommended 33.8-52.17 cm consumptive use of water for wheat at Faisalabad 

while Ali et al. (1973), Clayma (1973), Haider et al. (1975), Kalwar (1986) figured out 

25.91-54.61 cm, 39.37-43.94 cm and 35.36-46.65 cm and 38 cm CUW for wheat 

respectively. Ahmad et al. (1985) applied 340, 380 and 41.0 cm of water to wheat and 

obtained grain yields of 4560, 4870 and 5070 kg ha-1 respectively indicating 41 cm water 

to be the best for fetching highest yield. However, Doorenbos and Pruit (1982) 

established 45-60 cm water requirement for wheat and barley depending on climate and 

length of growing period while Jiamin et al. (2005) obtained highest yield with 509 mm 

application of water. 

  

Irrigation efficiency (Ea) is the basic criterion used to judge the adequacy of 

irrigation practices. Over all, irrigation efficiency has two important segments i.e. water 

conveyance efficiency which is used for evaluating water conveyance and application 

efficiency (Ea) that is used to judge the effectiveness of the water used at the farm. The 
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knowledge of these segments of irrigation efficiency is essential for bringing about 

improvement in the management of irrigation. The irrigation application efficiency (Ea) 

is the ratio, expressed in percent, of the volume of water beneficially used by the crop to 

the volume of water delivered to the area. Irrigation application efficiency depends on 

many factors i.e. texture, and structure, soil topography, the vegetative cover; the degree 

in leveling the area, the ability of the irrigator, the frequency of irrigation and the depth of 

the root zone system. The depth of water applied is a dominant factor affected efficiency 

of application. Even if water spreads uniformly over the land surface, excessive depths of 

application would result in low efficiencies. Moreover, application efficiency (Ea) tells us 

how much water is required, how much water applied and how much water lost.  

 

On farm water application efficiency (Ea) varied significantly amongst locations 

(different textures) and depths of water application as well their interaction (Table 5.3). 

The irrigation application efficiency ranged from 35.29% to 70.56% among depths of 

water application and from 42.24 to 63.75% among locations. The application efficiency 

decreased with increase in depth of water application. The highest mean application 

efficiency of 70.56% was observed in D-1 (15-25 cm depth) and lowest mean water 

application efficiency (35.29) was noted in D-4 (45-55 cm depth). The intermediate 

values of Ea of 56.025% and 46.70% were recorded for D-2 (25-35 cm depth) and D-3 

(35-45 cm depth) respectively. The high percentage of Ea suggests that water is being 

utilized beneficially while the low percentage of application efficiency indicates that 

water is not being utilized efficiently and wasted that could be saved and applied to 

irrigate other fields. The results suggest that application of low amount of water is 

efficiently utilized by the crop. Hence water should be applied in such amount that it is 

beneficially used and crop yield is also not affected due to shortage of water whereas 

greater than the required amount of water should be avoided and saved for other fields. 

Our observations are in line with the work of other scientists (Tawfic and Tinsley, 1984). 

Likewise Blair and Smerdon (1988) reported that under normal conditions, small 

applications of water produce high application efficiency but a low uniformity coefficient 

and storage efficiency; conversely large applications of water produce high uniformity 

coefficient and storage efficiency, but low application efficiency.   
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Water use efficiency (WUE) at grain yield could provide useful information for 

agricultural practices such as for water management and environmental evaluation. In 

water-shortage environments, crop productivity has been jointly determined by the 

amount of water available and WUE of crop. In our study, the WUE was calculated on 

grain yield basis per mm water application. The WUE of wheat was significantly 

influenced by volume of water applied as well as soil texture and their interactions (Table 

5.4). It ranged from 5.917 to13.627 kg ha-1 mm-1 being minimum for 45-55 cm irrigation 

depth and maximum for 15-25 cm depth indicating that the water use efficiency (WUE) 

was negatively related to irrigation water volumes. The WUE decreased linearly as 

irrigated water volumes increased. Loamy soil had higher WUE (10.238 kg ha-1 mm-1) 

while silty clay loam soil had lower WUE (8.914 kg ha-1 mm-1) and intermediate value  

of WUE (244 kg ha-1 mm-1) was recorded for silt loam soil. Daniels and Scott (1991) 

reported average WUE of 9.66 kg ha-1 mm-1 of wheat while Deju and Jingwen (1993) 

recorded a WUE of 10 kg ha-1 mm-1 for wheat grain. Duan and Zhang (2000) investigated 

the crop WUE from 4422 irrigated sites located in 22 provinces of China. Their data 

indicated that the average WUE of the principal crops was 1.1 kg m-3. Under rain-fed 

conditions the WUE for grain yield in China was 2.3 kg-1 mm-1 which was far less than 

that found at the experimental sites viz 6-12 kg-1 mm-1 as reported by Xin and Wang 

(1998) and Wang et al. (2002). French and Schultz (1984) revealed that the potential 

WUE for rain-fed wheat in a Mediterranean climatic region of Australia was 20 kg-1 mm-

1. However, Xue et al. (2006) and Zhang et al. (2005) showed that deficit irrigation 

increased WUE of wheat. 

 

The availability of soil moisture determines the success or failure of crop 

production in dryland and Kod kohi agriculture as the yield of crop is significantly 

affected by the availability of soil moisture in the root zone during growing season. The 

soil moisture content during the three stages of sample collection viz before flood, before 

sowing and after harvest of crop were significantly affected among locations having 

different textured soils and volume of water applied (Table-5.5). On average, silty clay 

loam soil retained highest moisture content (15.28%) followed by silt loam (14.23%) and 

loam (12.38%). Among different stages of sampling, the significantly highest moisture 
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content (22.95%) was found at the time of sowing that decreased at the time of harvest of 

the crop (11.65%), while the mean lowest moisture content of was recorded in samples 

collected before flood. The lowest moisture content before flood may be due to prolonged 

dry spell from April to August while the highest moisture at the time of sowing was due 

to irrigation with Rod kohi water. Moreover, decline at the harvest time was due to 

consumption of water by wheat crop and evapo-transpiration. The moisture content in 

soils increased with the increase in irrigation depths. The maximum soil moisture content 

was found in treatments receiving the highest amount of irrigation water (45-55 cm) 

while the lowest soil moisture was recorded in treatment supplied with minimum amount 

(15-25 cm) of water. The increment in soil moisture was almost consistent with increase 

in irrigation depths. This may be due to the reason that application of greater volume of 

water had residual effect in the soils and more water was retained.  

 

Bulk density (BD) of a soil is the ratio of the mass of dry solids to the bulk 

volume of soil. Bulk density is invariant quantity for a given soil and varies with 

structural condition of the soil, particularly which related to packing. For this reason it is 

often used as a measure of soil structure. The bulk density (BD) of soils differed in 

different textured soils, amount of water applies and sampling stages (before flood, at the 

time of sowing and after harvest of the crop) but these differences were not significant 

(Table-5.9). Soil samples colleted before flood had the highest bulk density of 1.48 g   

cm-3 while it was lowest (1.412 g cm-3) at the time of sowing and intermediate (1.43 g 

cm-3) after the harvest of crop. Amongst locations, loamy soil had highest BD (1.46 g   

cm-3) while silty clay loam soil had lowest BD (1.42 g cm-3) and silt loam soil had 

intermediate BD (1.44 g cm-3). Similarly no statistical difference in BD was noticed 

among the treatments where different depths of water were applied. All interactions were 

also non significant.  
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CHAPTER-VI 

EFFECT OF SOIL CRUST MANAGEMENT PRACTICES ON 
SEEDLING EMERGENCE AND GRAIN YIELD OF WHEAT IN 
VARIABLE TEXTURED SOILS 
 

6.1. INTRODUCTION 

Soil crusting is a major problem of Rod kohi areas that often affects the initial 

crop stand through its influence on seedlings emergence. The productivity of crops 

depends on its initial establishment, especially under dryland situation. The impact 

energy of raindrops causes the soil surface aggregates to break down and form a surface 

seal, which upon drying becomes a crust. The severity of soil crusting is more in case of 

rains received after sowing and before emergence. The degree to which surface sealing 

depends on soil partical size, packing density and cohesion of other strength parameters 

(Bradford et al., 1987). Crust reduces rain infiltration and increases penetration resistance 

as reported by Unger (1984), Dao (1993) and Shainberg et al. (1992). 

 

The process of crust formation starts when surface aggregates are broken by 

raindrop impact, slaking, and chemical dispersion. The raindrop by the act of perforating 

the soil surface detaches and splashes soil particles which are subsequently re-deposited 

in a dense arrangement (McIntyre, 1958). Farrers (1978) explained the process of crust 

development in detail. Crust thickness varies from 1.4 mm to 3.1 mm for aggregates with 

a mean diameter of 1.7 mm and 6.7 mm. 

 

Soil crust is characterized and distinguished by its mechanical strength, degree of 

aggregation and amount of silt and clay as compared to that of the under lying soil 

(Sharma and Agarwal, 1989). Holder and Brown (1974) reported that soil crust strength 

is affected by its own moisture content and thickness, soil texture, type of clay, bulk 

density and organic matter in the soil. The degree to which a soil surface seals or crusts 

depends on many factors including intensity and energy of rainfall (Agassi et al., 1985, 

Valentin, 1989), slope angle (Poesen, 1986), stability of aggregates (Mc. Intyre, 1958), 

soil texture (Onofiok and Singer, 1984) and electrolyte concentration of the soil solution 
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(Agassi et al., 1981). Romkens (1979) defined surface sealing as the initial phase or 

wetting phase in crust formation, and crusting as the subsequent drying phase. Sharma 

and Agarwal (1980) reported that soil crust is affected by its own water content and 

thickness, rate of drying, rainfall intensity and its duration, soil texture and type of clay 

while Bradford et al. (1987) explained that soil crust with in a climatic zone is dependent 

on soil physical properties and soil amendment. 

 

Physical soil crusts develop as raindrops disperse aggregates and detach soil 

particles that enter and occlude soil surface pores, consequently reducing infiltration and 

permitting additional sediment deposition in the thickening surface layer. Benyamini and 

Unger (1984) revealed that the development of crust on a Pullman soil was rapidly 

decreased the infiltration rate of simulated rainfall. They found that application of wheat 

straw reduced aggregate dispersion and infiltration rate decreased more gradually 

compared with the control treatments.  

 

Soil crust impedes the emergence of young seedlings even when other factors like 

water, soil temperature and planting depth are not limiting. The crust poses serious 

hindrances to small seeded crops and inhibits emergence of even large seeded crops such 

as corn which normally have strong emergence force (Gerard, 1980; Awadhwal and 

Thierstein, 1985). 

 

The tendency of a soil to form a crust depends on aggregate stability (Le 

Bissonnias, 1996). Goldenberg et al. (1988) classified the factors that affect aggregate 

stability as solution factors and soil factors. Many studies have addressed only solution 

factors, including: electrolyte conductivity (EC) (Shainberg and Letey, 1984), pH (Suarez 

et al., 1984), and soluble silica (Shanmuganathan and Oades, 1983). Soil factors that have 

received attention include: exchangeable sodium percentage (Levy and Van der Watt, 

1988; Ben-Hur et al., 1998), organic matter contents (Le Bissonnais and Arrousys, 1997), 

texture and carbonate contents (Ben-Hur et al. 1985). 
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Kemper and Koch (1966) found that aggregate stability increased with increase in 

clay content, while Moldenhauer and Kemper (1969) reported that increase in clay 

content promoted crust formation. Ben-Hur et al. (1985) suggested that soils containing > 

20% clay, the clay fraction acts as a cementing agents and stabilizes soil aggregates 

against the beating action of raindrops, thus prevents crust formation. However, soils 

containing < 20% clay, it acts as a substrate for crust formation and it decreases the 

steady-state hydraulic conductivity of the crust. 

 

Remley and Bradford (1989) determined soil surface sealing and crust formation 

by two approaches viz measurement of common soil erosion parameters (infiltration, 

permeability, detachment and strength) and observation of crust morphology using both 

macroscopic and microscopic techniques. 

 

Nizami et al. (1995) studied the effect of different soil crust management 

practices including hoeing, farm yard manure application, poultry waste application and 

mulching on four series of soils from Pothwar i.e. Guliana, Missa, Pir sabak, Khaur, 

Khair and Balkassar. The texture of Guliana and Khaur soil were silty clay loam and for 

Missa and Pir sabak were silt loam, while Balkassar had sandy loam and Khair had loamy 

texture. They demonstrated that intensity of soil crust depended upon the kind of soil and 

soil crust management practice adopted. The soil crust management practices affected 

significantly the grain yield of maize. Hoeing proved most the best for silty clay loam 

soil, hoeing and mulching were most effective for silt loam soilse. However, poultry 

waste and farm yard manure application were beneficial for sandy loam soil. In another 

experiment Nizami and Salim (1997) found that soil crusting inhibited seedling 

emergence and consequently reduces grain yield of maize. 

 

Huanxiang et al. (2001) conducted experiments to quantify effects of the 

percentage and distribution of residue cover on infiltration. Residue cover was spread 

over the surface in circular patches. They found that smaller patches gave greater relative 

infiltration due to differences in the lateral redistribution of infiltrated water. They also 

noticed that changing the geometry of the residues had no significant difference.  
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Baumhardt et al. (2004) revealed that shaping the soil surface into a small ridge or 

cap above the seed row decreased crust strength and improved seedling emergence. They 

quantified the effects of surface geometry viz 25 mm high by 50 mm wide soil cap 

without removal, on crust formation and strength, seedling emergence and seed zone soil 

temperature on Pullman clay loam soil (Torrertic Paleustoll). Their found that un-

removed soil caps did not improve seedling emergence; however, intercepting raindrop 

impact increased seedling emergence. 

 

Lado et al. (2004) studied the effect of clay content, wetting rate (WR) and 

antecedent moisture content (AMC) on seal formation and their relation to aggregate 

slaking. They found that aggregate stability increased with increase in clay content in the 

range between 80 and 630 g kg-1 clay. Moreover, slaking by fast wetting also increased 

with an increase in clay content. They also pointed out that in soils with 230 and 410 g 

kg-1 clay, the aggregate stability was relatively low and rain drops disintegrated the 

aggregate and formed a seal while in soils with 630 g kg-1 clay, the aggregate stability 

was high. They also revealed that slaking was reduced by low WR and the impact of rain 

drops was not enough to disintegrate completely the aggregates, hence reduced crust 

formation.  

 

Fan et al. (2008) studied the effects of wetting rate (WR) and raindrop impact on 

crust strength and crust micromorphology on two soils, a loess (Tyic Haplustalf) and a 

black soil (Pachic Udic Agriboroll) with varying organic matter content (15.2 and 42.6 g 

kg-1, respectively) and aggregate stabilities. They concluded that for soils has stable 

stable aggregates, raindrop impact alone is not sufficient to destroy aggregates and form 

crusts; rapid wetting of the dry soil disintegrated aggregates and formed crust. For soils 

with unstable aggregates, only energy of raindrop was enough for seal formation.  

 

Mark et al. (2009) investigated the interactive effects of clay and OM on 

aggregate breakdown (AB) and splash detachment (SD) under various wetting rates (WR) 

and antecedent moisture contents (AMC).  
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In Pakistn, out of 20.3 m.ha of cultivated land, 4.7 m.ha have severe, 2.5 m.ha 

moderate and 5.0 m.ha slight crusting problem (Rafique, 1990). He also reported seven 

kinds of soil crust in Pakistan, but structural and depositional crusts are the two important 

ones. Crusts which form primarily as a result of water drop impact are referred to as 

structural crusts while those formed by transport and deposition of fine particles by 

surface flow are depositional crusts. Valentin and Bresson (1992) classified crusts into 

three main groups: structural, depositional, and erosional crusts, of which the last are 

formed through erosion of the sand layer at the top of the structural crust, following 

runoff initiation. Gal et al. (1984) classified another type of crust that is chemically 

induced when exchangeable sodium percentage reaches a critical value.  

 

Surface crusting is a common occurrence in Rod Kohi soils of D.I.Khan division. 

In spite of the effects of a soil crust on interference in seed germination, plant population 

and grain yield of wheat, no comprehensive work has been done in NWFP, particularly in 

D.I.Khan division. Considering the severity of soil crusting problem under Rod Kohi 

conditions, the present study was planned to examine the effects of soil crust 

management practices and rainfall intensities on seedling emergence and yield of wheat 

on different textured soils.  
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6.2. MATERIALS AND METHODS 

The study was carried out at three locations on the farmer’s fields having different 

soils textures under Rod kohi conditions. The study sites were included Abizer (L-1), 

Maddi (L-2) and Wanda Feroze (L-3) in Tank, Kulachi and D.I.Khan tehsils respectively 

during the year 2007. Composite soil samples from each location were collected and 

analyzed for physico-chemical characteristics. The trials were laid out in split plot design 

with three rainfall intensities as main plots and four soil crust management practices as 

sub-plots or treatments. The size of sub each plots was 2 x 1 m2. The crust management 

practices included; i. control (T1), ii. Farm Yard Manure @ 10 t. ha-1 (T2), iii. Crop 

Residue @ 5 t. ha-1 (T3) and iv. Manual Hoeing (T4), replicated three times. NPK @ 80-

60-30 kg ha-1 were applied at the time of land preparation prior to sowing. Sowings were 

done on 15th, 17th and 19th November, 2007 at L1, L2 and L3 respectively with hand 

plough. Maize crop residues (leaves and chopped stems) were spread @ 5 t. ha-1 just after 

sowing in crop residue (CR) treatment. Soils were exposed to 5, 10 and 15 mm of 

simulated rainfall intensities with sprinkler on 4th day after sowing. Data on seedling 

emergence count and grain yield were recorded and subjected to analysis of variance as 

described by Steel and Torri, 1981 and Bhatti, 2006. The comparison of means was 

computed by applying DMRT at 0.05 significance level using MSTATC computer 

program. 

 

6.3. RESULTS 

6.3.1. Physico-Chemical Characteristics of Soils 

The physico-chemical characteristics of the experimental sites as mentioned in 

Table-6.1 and depicted in Figure 3 indicated that all soils were found alkaline in nature, 

termed normal in terms of salinity and sodicity, found moderately to strongly calcareous, 

indicating deficient in organic matter, nitrogen and phosphorus and found adequate in 

potash and varying in texture. The soil at L-1 (Abi Zer) was moderately calcareous silty 

clay loam while the soil of L-2 (Maddi) was strongly calcareous silt loam and at L-3 

(Wanda Feroze) moderately calcareous loam.  
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Table 6.1. Physico-chemical Characteristics of Soils of Experimental Sites 

S.#. Characteristic L-1 
(Abi Zar) 

L-2 
(Maddi) 

L-3 
(Wanda Feroze) 

1. pH 8.3 8.4 8.2 

2. ECe (dS m-1) 2.42 2.50 2.20 

3. Na (mmolc/100 g) 10.02 4.70 5.55 

4. CaCO3 (%) 13.35 17.00 12.16 

5. SAR 5.62 4.20 4.00 

6. GR (t. ha-1) Nil Nil Nil 

6. O.M. (%) 0.54 0.88 0.74 

7. N (mg kg-1) 27.00 44.00 37.00 

8. P (mg kg-1) 3.3 3.5 3.8 

9. K (mg kg-1) 181 210 161 

10.  Sand (%) 13.6 28.6 38.8 

11. Silt (%) 53.6 55.2 46.4 

12. Clay (%) 32.8 16.2 14.8 

13. Textural Class Silty clay loam Silt loam Loam 
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Physico-chemical characteristics of soils of 3 experimental sites 
(Abi Zar, Maddi and Wanda Feroze)
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Figure 3.  Physico-chemical charateristics of soils at 3 experimental sites (Abi 
Zar, Maddi and Wanda Feroze) 

 

6.3.2. Seedlings Emergence  

Seedlings emergence is regarded as the crucial first step in crop establishment. 

Data on seedlings emergence count was analyzed location wise by considering rainfall 

intensity as main plot and crust management practices as sub plot. It was also analyzed by 

combining data of three locations by considering locations as main plot, rainfall intensity 

as sub plot and crust management practices as sub sub plot. 

 

The statistical analysis for locations revealed that soil crusting induced by 

different simulated rainfall intensities hindered the germination of wheat seedlings were 

significant at all locations. At L1(silty clay loam soil) the least germination count of 

33.83% was recorded with 5 mm rainfall intensity (I1) suggesting that I1 induced crust of 

highest strength which severely hindered the germination of wheat seedlings (Table-6.2; 
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Appendix-13). The highest germination percentage of 56.75% was noticed in 15 mm 

rainfall intensity (I3) which differed significantly from other rainfall intensities. It was 

followed by I2 (10 mm rainfall) where 47.58% germination was recorded.  

 

Different management practices improved the germination of seedlings 

significantly. The statistically highest germination percentage of 57.57% was recorded in 

hand hoeing treatment which proved superior to other treatments. It was followed by crop 

residue (CR) treated plots where 50.57% germination was noted that was superior to 

FYM applied plot (43.89%) but inferior to hand hoeing. The least germination count of 

32.22% was observed in control plots. All the treatments were statistically different from 

each other. The interactive effect of rainfall intensities and crust managements practices 

at L-1 (Abi Zar) was non significant. However, numerically the highest germination 

count of 66.33% was found in hand hoed plots where 15 mm rainfall (I3) was induced. It 

was followed by CR plot with 15 mm rainfall intensities (61.67%) and hand hoeing in 10 

mm rainfall intensity plots (60%). The variability in data was computed as 9.66%. 

 

The effect of different rainfall intensities and management practices on the 

germination of wheat seedling at L2 (silty loam soil) is illustrated in Table-6.3 and 

analysis of variance in Appendix-14. The results showed that germination of wheat 

seedlings was influenced significantly by both factors viz rainfall intensities and 

management practices. The germination percentage varied from 40.58 to 64.58% by 

rainfall impact and 38.78 to 64.78% by management practices. The significantly mean 

minimum germination was found in I1 (5 mm rainfall) plots while maximum germination 

in I3 (15 mm) plots. The intermediate germination of 50.75% was noticed in I2 (10 mm) 

plots. All rainfall intensities differed significantly from each other. Significantly variable 

germination count was recorded among different crust management practices. Hand 

hoeing favoured germination most effectively and gave statistically highest germination 

of 63.78% as compared to other treatments. In CR applied plots 56% germination was 

observed which ranked second while 49.33% germination was recorded in FYM plots 

and was placed at third position. The minimum germination of 38.78% was found in 

control plot. The interactive influence of different rainfall intensities and management 
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practices was non significant at L-2. However, numerically the maximum germination of 

76.33% and 70.33% was obtained in I3 plots of hand hoeing and crop residue treatments 

respectively. The variability in data was 10.31%. 

 

Data regarding the effect of different simulated rainfall intensities and crust 

management practices at L3 (loamy soil) is presented in Table-6.4 and its analysis of 

variance in Appendix-15. The results revealed that germination count was significantly 

affected by soil crust management practices as well as rainfall intensities. However, their 

interaction was non significant. The highest germination count of 76.42% was found in I3 

plots while lowest count (52.17%) was noticed in I1. Similarly crust management 

practices also differed statistically from each other and highest germination of 72.78% 

was observed in manual hoeing followed by CR and FYM in with 67.44% and 62.78% 

seedlings emergence. The least germination count of 53.56% was noted in control 

treatment. The relative standard deviation of the data was 10.24%. 

 

Table 6.2. Effect of Rainfall Intensities and Soil Crust Management Practices on 
the Seedlings Emergence (%) of wheat on Silty Clay Loam Soil at  
Abi Zar (L-1) 

S.#. Manag.  Practices I-1 (5 mm) I-2 (10 mm) I-3 (15 mm) Treat 
Mean 

T-1 Control 20.667 32.667 43.333 32.222 d 

T-2 FYM  30.667 45.333 55.667 43.8899 c 

T-3 Crop Residue 37.667 52.333 61.667 50.566 b 

T-4 Hoeing 46.333 60.000 66.333 57.566 a 

Intensity Mean 33.833 c 47.583 b 56.750 a  

 LSD @ P=0.05 for Intensity = 6.490 
 LSD @ P=0.05 for Treatment = 3.914 
 LSD @ P=0.05 for I X T = N.S. 
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Table 6.3. Effect of Rainfall Intensities and Soil Crust Management Practices on 
the Seedlings Emergence (%) of wheat on Silt Loam Soil at Maddi (L-
2)  

S.#. Manag.  Practices I-1 (5 mm) I-2 (10 mm) I-3 (15 mm) Treat 
Mean 

T-1 Control 27.333  39.667 49.333 38.778 d 

T-2 FYM  38.333 47.333 62.333 49.333 c 

T-3 Crop Residue 44.333 53.333 70.333 56.000 b 

T-4 Hoeing 52.333 62.667 76.333 63.778 a 

Intensity Mean 40.583 c 50.750 b 64.583 a  

 LSD @ P=0.05 for Intensity = 6.028 
 LSD @ P=0.05 for Treatment = 3.358 
 LSD @ P=0.05 for I X T =  N.S. 

 

Table 6.4. Effect of Rainfall Intensities and Soil Crust Management Practices on 
the Seedlings Emergence (%) of wheat on Loamy Soil at Wanda 
Feroze (L-3) 

S.#. Manag.  Practices I-1 (5 mm) I-2 (10 mm) I-3 (15 mm) Treat 
Mean 

T-1 Control 43.333 54.000 63.333 53.556 d 

T-2 FYM  50.667 63.000 74.667 62.778 c 

T-3 Crop Residue 55.000 66.667 80.667 67.444 b 

T-4 Hoeing 59.667 71.667 87.000 72.778 a 

Intensity Mean 52.167 c 63.833 b 76.417 a  

 LSD @ P=0.05 for Intensity = 4.342 
 LSD @ P=0.05 for Treatment = 4.083 
 LSD @ P=0.05 for I X T = N.S. 

 

The statistical analysis of three locations combined data indicated significant 

differences in seedlings emergence counts among the locations (Table-6.5 and Appendix-

16). The highest seedlings emergence of 64.14% was recorded at L3 (loamy soils) while 

the lowest germination of 46.06% was noted at L1 (silty clay loam soil) and intermediate 

value of germination count of 51.97% was found in L2 (silty loam soil). The data 

indicated that seedlings emergence was inhibited by increase in clay and silt contents in 

the soils which promoted crust development. 
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Among rainfall intensities, the highest germination count (65.92%) was reported 

in I3 (15 mm rainfall intensity) while the lowest seedling emergence (42.19%) was 

counted in 5 mm rainfall intensity (I1). The intermediate germination count of 54.06% 

was recorded in 10 mm rainfall intensity (I2). The data suggest that increase in rainfall or 

moisture content enhanced seedling emergence. The interaction of locations x rainfall 

intensities was not significant. 

  

Among crust management practices, the significantly mean highest germination 

count (64.70%) was recorded in hand hoeing treatment. It was followed by CR and FYM 

by recording 58% and 52% germination respectively while the lowest germination count 

of 41.52% was observed in control plots. Hand hoeing proved to be the best practice for 

managing crust followed by spreading crop residue and application of FYM. The 

cumulative effect of locations and management practices was significant. The statistically 

maximum seedling emergence of 72.78% was observed in hand hoeing at L3 (loamy 

soil). It was followed by 67.44% germination in CR applied plots at L3 (loamy soil) and 

63.78% germination in hand hoeing at L2 (silty loam soil).            

 

The cumulative effect of locations, rainfall intensities and soil crust management 

practices on seedling emergence was non significant. However, the individual effects of 

the three factors viz locations, crust management practices and rainfall intensities were 

significant. The L x T interaction was also significant but other interactions viz L x I, I x 

T and L x I x T were non significant. 
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Table 6.5. Effect of Rainfall Intensities and Soil Crust Management Practices on 
Seedlings Emergence of Wheat at Different Locations 

Location Intensity Treatmemts Mean 
 L X I X T L X I 

T-1 T-2 T-3 T-4  
L-1 I-1 20.667 30.667 37.667 46.333 33.833 
L-1 I-2 32.667 45.333 52.333 60.000 47.583 
L-1 I-3 43.333 55.667 61.667 66.333 56.750 
L-2 I-1 27.333 38.333 44.333 52.333 40.583 
L-2 I-2 39.667 47.333 53.333 62.667 50.750 
L-2 I-3 49.333 62.333 70.333 76.333 64.583 
L-3 I-1 43.333 50.667 55.000 59.667 52.167 
L-3 I-2 54.000 63.000 66.667 71.667 63.833 
L-3 I-3 63.333 74.667 80.667 87.000 76.417 
 I X T I 
 I-1 30.444 39.889 45.667 52.778 42.194 c 
 I-2 42.111 51.889 57.444 64.778 54.056 b 

(11.86%) 
 I-3 52.000 64.222 70.889 76.556 65.917 a 

(23.72%) 
 L X T L 
L-1 32.222 i 43.889 g 50.556 f 57.556 d 46.056 c 
L-2 38.778 h 49.333 f 56.000 de 63.778 c 51.972 b 

(5.92%) 
L-3 53.556 e 62.778 c 67.444 b 72.778 a 64.139 a 

(18.08%) 
Treatment Mean 41.519 d 52.000 c 58.000 b 64.704 a  
% increase over T1 -- 10.48 16.48 23.18  
Mean followed by the same letter(s) in each block do not differ significantly at 5% level 
of significant   
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6.3.3. Grain Yield of Wheat  

The location wise statistical analysis of grain yield data indicated that significant 

variation existed in grain yield of wheat due to different crust management practices and 

rainfall intensities at Abi Zar (L1: silty clay loam soil). The significant highest grain yield 

of 2698.527 kg ha-1 was achieved from hand hoeing treatment followed by CR (2303.060 

kg ha-1) and FYM (2200.823 kg ha-1) treatments. The lowest grain yield of 1169.278 kg 

ha-1 was received from control plot. All the treatments differed significantly from each 

other (Table-6.6; Appendix-17). Amongst rainfall intensities, the maximum grain yield of 

2374.432 kg ha-1 was obtained from I3 (15 mm rainfall) while minimum grain yield 

(1732.083 kg ha-1) was recorded in I1 (5 mm rainfall). The intermediate yield of 

2172.252 kg ha-1 was found in I2 treatment (10 mm rainfall).  The cumulative effect of 

rainfall intensities and management practices on the grain yield of wheat at Abi Zar (L-1) 

was also significant. The statistically highest grain yield of 3052.703 kg ha-1 was 

achieved from hand hoeing with 15 mm rainfall which differed significantly from all 

other combinations. It was followed by hand hoeing with I2 (10 mm rainfall) and CR 

with I3 (15 mm rainfall) which produced 2811.987 and 2592.797 kg ha-1 yield 

respectively and both differed significantly from one another. The variability in data was 

13.09%. 

 

At Maddi (L-2: silty loam soil) the grain yield of wheat as affected by different 

crust management practices varied from 1598.051 kg ha-1 to 2805.910 kg ha-1, being 

maximum in hand hoeing and minimum in control (Table-6.7; Appendox-18). The crust 

management practices produced significantly different grain yields from each other. 

Likewise grain yields obtained from different rainfall intensities were 2055.507, 

2359.823 and 2598.325 kg ha-1 from I1, I2 and I3 respectively which differed 

significantly from each other. The interactive effect of management practices and rainfall 

intensities was also significant. The significantly highest yield of 3130.589 kg ha-1 was 

recorded from hand hoeing plot receiving 15 mm rainfall (I3) which differed statistically 

from all other combinations. It was followed by CR treatment receiving 15 mm rainfall 

(I3) and manual hoeing with I2 (10 mm rainfall) which gave grain yields of 2860.270 kg 
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ha-1 and 2847.76 kg ha-1 respectively but both treatments were statistically similar. The 

CV of data was 11.70%. 

 

The data pertaining to grain yield of wheat as influenced by different rainfall 

intensities and soil crust management practices at Wanda Feroze (L-3: loamy soil) is 

presented in Table-6.8 and Appendix-19. Different crust management practices produced 

statistically different yields. It ranged from 2338.647 kg ha-1 to 3345.745 kg ha-1. The 

highest grain yield was obtained from hand hoeing followed by CR and FYM while the 

lowest yield was received from control. Similarly statistically different yields were 

recorded from plots receiving variable amount of simulated rainfall intensities. The 

maximum grain yield of 3189.365 kg ha-1 was obtained from I3 plots while minimum 

yield (2759.400 kg ha-1) was achieved from I1 plots. The interactive effect of 

management practices x rainfall intensities was non-significant. The coefficient of 

variation in the data was noted as 11.51%.    

 
Table 6.6. Effect of Rainfall Intensities and Soil Crust Management Practices on 

the Grain Yield of Wheat (kg ha-1) on Silty Clay Loam Soil at  
Abi Zar (L-1) 

S.#. Manag.  Practices I-1 (5 mm) I-2 (10 mm) I-3 (15 mm) Treat 
Mean 

T-1 Control 923.767 j 1213.633 i 1370.433 h 1169.278 d 

T-2 FYM  1842.080 g 2278.597 ef 2481.793 cd 2200.823 c 

T-3 Crop Residue 1931.593 g 2384.597 de 2592.797 c 2303.060 b 

T-4 Hoeing 2230.892 f 2811.987 b 3052.703 a 2698.527 a 

Intensity Mean 1732.083 c 2172.252 b 2374.432 a  

 LSD @ P=0.05 for Intensity = 123.90 
 LSD @ P=0.05 for Treatment = 96.99 
 LSD @ P=0.05 for I X T = 129.20 
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Table 6.7. Effect of Rainfall Intensities and Soil Crust Management Practices on 
the Grain Yield of Wheat (kg ha-1) on Silt Loam Soil at Maddi (L-2)  

S.# Manag.  Practices I-1 (5 mm) I-2 (10 mm) I-3 (15 mm) Treat 
Mean 

T-1 Control 1360.200 i 1613.633 h 1820.320 g 1598.051 d 

T-2 FYM  2148.600 f 2363.973 d 2582.124 c 2364.899 c 

T-3 Crop Residue 2273.847 d 2613.924 c 2860.270 b 2582.680 b 

T-4 Hoeing 2439.383 e 2847.760 b 3130.589 a 2805.910 a 

Intensity Mean 2055.507 c 2359.823 b 2598.325 a  

 LSD @ P=0.05 for Intensity = 94.76 
 LSD @ P=0.05 for Treatment = 59.47 
 LSD @ P=0.05 for I X T = 79.20 
 
Table 6.8. Effect of Rainfall Intensities and Soil Crust Management Practices on 

the Grain Yield of Wheat (kg ha-1) on Loamy Soil at Wanda Feroze 
(L-3) 

S.#. Manag.  Practices I-1 (5 mm) I-2 (10 mm) I-3 (15 mm) Treat 
Mean 

T-1 Control 2100.000  2382.033  2593.907  2338.647 c 

T-2 FYM  2816.100  3075.787  3210.460  3034.116 b 

T-3 Crop Residue 3045.000  3395.827  3480.573  3307.133 a 

T-4 Hoeing 3076.500  3428.222  3532.520  3345.745 a 

Intensity Mean 2759.400 c 3070.467 b 3189.365 a  

 LSD @ P=0.05 for Intensity = 102.20 
LSD @ P=0.05 for Treatment= 68.33 
LSD @ P=0.05 for I X T = N.S. 

 

The statistical analysis of data regarding grain yield of wheat at three locations 

combined showed that significant variation in yields existed among the locations as well 

as rainfall intensities (Table-6.9; Appendix-20). Amongst locations, the highest grain 

yield of 3006.411 kg ha-1 was produced at L-3 (loamy soil) followed by L-2 (silt loam 

soil) and L-1 (silty clay loam soil). Among different rainfall intensities, significantly 

different yields were recorded, being lowest in I1 and highest in I3 while intermediate in 

I2. The locations x intensities interaction was also significant and maximum grain yield 

of 3189.365 kg ha-1 was obtained at L-3 with I3, followed by at L-3 with I2 and at L-3 

with I1, however, all the three combinations differed significantly from each other.   
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The crust management practices had pronounced effects on grain yield at three 

locations. The significantly highest production of 2950.061 kg ha-1 was recorded in 

manual hoeing followed by CR and FYM which produced grain yields of 2730.958 and 

2533.270 kg ha-1 respectively (Table 6.9). The interactive effect of management practices 

and locations was also significant. The highest yield of 3345.747 kg ha-1 was reported at 

L-3 (loamy soil) with manual hoeing followed by CR (3307.133 kg ha-1) and both 

combinations were statistically at par. 

 

The interactive effect of rainfall intensities and management practices was also 

significant and maximum grain yield of 3238.603 kg ha-1 was noted in manual hoeing 

with I3-15 mm rainfall). It was followed by hand hoeing with I2 (10 mm rainfall) and CR 

with I3 which produced statistically similar grain yields of 3029.323 and 2977.880 kg   

ha-1 respectively. The interactive influence among locations, intensities and crust 

management practices was also significant. The maximum grain yield of 3532.52 kg ha-1 

was registered in hand hoeing with 15 mm rainfall at L-3 (loamy soil) which was 

followed by 3480.573 kg ha-1 achieved from CR treatment with I3 (15 mm rainfall 

intensity) at L-3 and both were statistically akin. The grain yields of wheat varied 

significantly by all three factors (locations, rainfall intensities, crust management 

practices) and their interactions. 
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Table 6.9. Effect of Rainfall Intensities and Soil Crust Management Practices on 
Grain Yield of Wheat at Different Locations 

Location Intensity Treatmemts Mean 
 L X I X T L X I 

T-1 T-2 T-3 T-4  
L-1 I-1 923.767 s 1842.080 o 1931.593 n 2230.892 kl 1732.083 h 
L-1 I-2 1213.633 r 2278.597 jk 2384.790 i 2811.987 e 2172.252 f 
L-1 I-3 1370.433 q 2481.793 gh 2592.797 f 3052.703 d 2374.432 e 
L-2 I-1 1360.200 q 2148.600 lm 2273.847 k 2439.383 ki 2055.507 g 
L-2 I-2 1613.633 p 2363.973 ij 2613.924 f 2847.760 e 2359.823 e 
L-2 I-3 1820.320 o 2582.124 f 2860.270 e 3130.586 cd 2598.325 d 
L-3 I-1 2100.000 m 2816.100 e 3045.000 d 3076.500 d 2759.400 c 
L-3 I-2 2382.033 i 3675.787 d 3395.827 b 3428.222 b 3070.467 b 
L-3 I-3 2593.907 fg 3210.460 c 3480.573 ab 3532.520 a 3189.365 a 
 I X T I 
 I-1 1461.322 i 2268.927 f 2416.813 e 2582.258 d 2182.330 c 
 I-2 1736.433 h 2572.786 d 2798.180 c 3029.323 b 2534.181 b 

(16.12%) 
 I-3 1908.220 g 2758.126 c 2977.880 b 3238.603 a 2720.707 a 

(24.67%) 
 L X T L 
L-1 1169.278 j 2200.823 h 2303.060 g 2698.527 d 2092.922 c 
L-2 1598.051 i 2364.899 f 2582.680 e 2805.910 c 2337.885 b 

(11.70%) 
L-3 2338.647 fg 3034.116 b 3307.133 a 3345.747 a 3006.411 a 

(43.65%) 
Treatment Mean 1701.992 d 2533.279 c 2730.958 b 2950.061 a  
% increase over T-1 -- 48.84 60.46 73.33  
Mean followed by the same letter(s) in each block do not differ significantly at 5% level 
of significant   
 
6.4. DISCUSSION 

Rod Kohi soils are often subjected to soil crusting or surface sealing. The severity 

of soil crusting is more in case of rains received after sowing and before seedlings 

emergence. The raindrop impact energy plays an important role in crust formation. In our 

study, because the simulated rainfalls were applied to disturbed soils with minimum 

topographic variation on the soil surface, the crusts that developed were mainly structural 

crusts. The crust intensity/ strength depended on the nature of the soil and rainfall 

intensity. Soil crusting hindered seedling emergence and consequently reduced grain 

yield. The soils of different textures viz silty clay loam (L-1: Abi Zar), silt loam (L-2{ 

Maddi) and loam (L-3: Wanda Feroze) were subjected to variable simulated rainfall 

intensities i.e. 5 mm, 10 mm and 15 mm. The crust was formed on all soils irrespective of 

texture but with varying intensity or strength at different textures. Soil crusting reduced 

52.94%, 48.03% and 35.86% germination in silt clay loam (L-1), silt loam (L-2) and 
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loamy soil (L-3) respectively. The crust developed in silty clay loam soil at L-1 which 

contained 32.8% clay and 53.6% silt had greatest strength which was dictated by lowest 

seedlings emergence of 32.22% in control plot (Table-6.2), followed by silty loam soil 

having 16.2% clay and 55.2% silt with 38.78% seedling germination (Table-6.3) at L-2. 

The lowest crust intensity was noticed in loamy soil at L-3 that contained 14.8% clay and 

46.4% silt consequently has highest seedling germination of 53.56% (Table 6.4). The 

results suggested that silty clay loam soil was more prone to crusting as compared to silt 

loam soil while loamy soil was less susceptible to surface sealing. It can be explained by 

possessing greater percentage of clay and silt particles. The seedlings germination was 

5.92% and 18.08% more in silty loam and loamy soil as compared to silty clay loam soil 

(Table 6.5). The results revealed that crust strength is directly related to clay and silt 

contents. Our results are supported by findings of other scientists but are contradictory to 

some workers. Ben-Hur et al. (1985) stated that in soils containing > 20% clay, the clay 

fraction acts as cementing material which stabilizes soil aggregates against beating action 

of raindrop and so prevents crust formation. On the other hand, in soils containing < 20% 

clay, the clay acts as a substrate for crust formation. Similarly, Moldenhauer and Kemper 

(1969) found that increasing clay content promotes crust formation. Conversely Kemper 

and Koch (1966) stated that aggregate stability increases with increasing clay content. 

Mark et al. (2009) reported that organic matter and clay contents influence aggregate 

breakdown and splash detachment. They stated that beyond threshold clay content, the 

binding and cementing potential of clay is important in the stability of soil aggregates, 

whereas, Lado et al. (2004) reported aggregate disintegration with 23-41% clay and 

aggregate stability with 62% clay in soils. 

Amongst rainfall intensities, the minimum rainfall intensity of 5.00 mm 

significantly reduced seedlings emergence at all the three locations reflecting greater soil 

crust strength as compared to 10 mm and 15 mm rainfall. It showed that a negative 

relationship existed between crust strength and germination count. The significantly 

highest germination counts of 65.92% was recorded in 15 mm rainfall followed by 10 

mm (54.06%) while the lowest seedlings emergence (42.19%) was found in 5.00 mm 

simulated rainfall. The germination of seedlings was 11.86% higher with rainfall 

intensity of 10 mm and 23.72% higher with 15 mm rainfall as against lowest rainfall of 5 
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mm. This may be attributed to higher moisture content of the soils in case of greater 

rainfall that decreased soil crust strength. Likewise, Parihar and Agarwal (1975) and 

Sharma and Agarwal (1978), Mortin et al. (1981), Unger (1984), Kumar and Hazra 

(1989), Lado et al. (2004) and Fan et al. (2008) also reported that increase in moisture 

content reduces the strength of crust and facilitates germination. 

The soil crust management practices improved seedlings emergence significantly 

at all the three locations. The significantly highest germination count (64.70%) was found 

in manual hoeing followed by CR (58.00%) and FYM (52.00%) The magnitude of 

germination was 23.19% higher in manual hoeing, 16.48% greater in CR and 10.48% 

more in FYM as compared to controls.  

Different rainfall intensities and soil crust management practices affected the 

grain yields of wheat significantly at all three locations. The significant lowest grain 

yields were noted with lowest rainfall intensity (5 mm) at all the three locations, whereas 

statistically the highest yields were found in 15 mm rainfall intensity. The enhancement 

in grain yields over 5 mm rainfall from 10 mm rainfall intensity was 25.41%, 14.80% and 

11.27% at L-1, L-2 and L-3, respectively, whereas increases in grain yield with 15.00 

mm rainfall was 37.08%, 26.41% and 15.58% at L-1, L-2 and L-3 respectively. The three 

locations combined data indicated 16.12% and 24.67% increase in yield with 10.00 mm 

and 15.00 mm rainfall respectively over 5.00 mm rainfall.  

The locations also differed significantly with regard to grain yield of wheat. The 

significantly highest grain yield of 3006.411 kg ha-1 was obtained in loamy textured soil 

at L-3. It was followed silty loam textured soil at L-2 with 2337.885 kg ha-1 grain yield 

The lowest grain yield of 2092.922 kg ha-1 was recorded in silty clay loam textured soil of 

L-1.  The improvement in grain yield in silty loam soil was 11.70% and in loamy soil was 

43.65% against silty clay loam soil.   

Significant variation in grain yield existed among crust management practices. 

The highest grain yield was achieved from manual hoeing. It was followed by CR and 

FYM treatments. Manual hoeing produced 130.78%, 75.58% and 43.06% more yields 

than control in L-1, L-2 and L-3 respectively. The crop residue treatments gave 96.96%, 

61.61% and 41.41% increased yield over control at L-1, L-2 and L-3 respectively 

whereas increases from FYM were 88.22%, 47.74% and 29.74% respectively.  The 
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combined data of three locations showed that increase in yield from FYM, CR and 

manual hoeing over control was 48.84%, 60.46% and 73.33% respectively.  

The results indicated that manual hoeing proved most effective in enhancing 

seedling emergence by completely or partially eliminating the crust formed due to 

simulated rainfall intensities and facilitated seedlings emergence. Hoeing also controlled 

weeds thus increased grain yield. Our findings are in agreements with those of Nizami et 

al. (1995), Nizami and Salim (1997), Kumar and Hazra (1989). 

The higher seedlings emergence was due to CR or mulching with maize leaves 

and chopped stalks was probably because CR spread on the surface of the soil dissipated 

the energy of the raindrops before they strike the soil surface. Additionally, it intercepted 

the direct contact between soil surface and atmosphere resulting in reduction in 

evaporation and thus kept the surface layer at higher moisture content which also helped 

to keep soil crust strength low. These findings are in conformity with the results reported 

by Chaudhry and Das, (1978), Munn (1992), Unger and Srewart (1983), Nizami et al. 

(1995), Nizami and Salim (1997), Doran (1990), Baumhardt and Lascano (1999) and 

Huanxiang et al. (2001), Kumar and Hazra (1989). 

The application of FYM was also good for increasing germination count and grain 

yield. This implied that FYM helped in binding and improving soil aggregates which 

reduced crust formation. The FYM also supplies energy for the activities of soil 

organisms effective in soil aggregation. Addition of organic manure also creates 

favourable soil physical conditions, which may affect the solubility and availability of 

some nutrients and thus their uptake by plants. Similar results were reported byare in 

conformity with the findings of Nizami et al. (1995), Nizami and Salim (1997), Harden 

and Al-Ani (1978), Wakindiki and Ben-Hur (2002) and Mark et al. (2009).  
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CHAPTER-VII 

 
EFFECT OF DIFFERENT RATES OF NPK ON THE YIELD AND 

ECONOMIC OF WHEAT IN ROD KOHI AREA OF D.I.KHAN 
DIVISION 

 

7.1. INTRODUCTION  

Rod kohi and rainfed areas are faced with multifarious problems like nutrient 

deficiency, moisture shortage and erosion etc. Crop production is based on the ability of 

soil to supply nutrients. Nutrients are lost from soil-plant system in a number of ways viz 

removal of harvested products, leaching, volatilization, de-nitrification and erosion. In 

fact it is inconceivable to raise economic crop production without recourse to use of 

chemical fertilizers. It can be said without any reservation that of all farm inputs, 

fertilizer is the most important factor which is responsible for boosting yields of the 

crops.  

 

No doubt that fertilizer has a very active role in increasing the per unit grain yield 

of wheat and may over come the yield gap. But so far, research work conducted on 

fertilizers has been focused on irrigated agriculture and importance of balanced fertilizer 

use in dry land received very little attention. Consistence struggle in this respect will 

certainly be promising. Researchers have noticed that fertilizers response on wheat in 

rainfed and rod kohi areas has shown significant increase in grain yield of wheat with 

combined application of NPK fertilizers (Barg and Hamid, 1976). 

 

Ilkov (1984) tested the role of mineral and organic fertilizer application under 

drought conditions. Data from the investigation showed that fertilization increased the 

yield of wheat by 80 to 250% in dry years. Bhatti et al. (1985a) studied the performance 

of two wheat varieties Khushhal and Mexi Pak-65 under rianfed conditions to different 

fertilizer treatments. The study indicated that the application of 92 kg N ha-1 in 

combination with 90 kg P2O5 ha-1kg and 67 kg K2O ha-1 gave highest yields for both the 

wheat varieties. 
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Bakhsh et al. (1994) conducted seventeen replicated field trials in Rod Kohi areas 

of Paniala and Tank circles of D.I.Khan division to see the effect of various combinations 

of N, P and K on the yield of wheat for three consecutive years during 1990-91 to1992-

93. The results showed that all the fertilizer treatments increased the yield significantly 

over control and over the treatment without N at all sites. All experimental sites 

responded to the application of all the three nutrients. However, NPK @ 80-20-30 and 

40-30-40 kg   ha-1 produced better for getting optimum yields in Paniala and Tank circles 

respectively. Correlation studies revealed that low organic matter and high lime content 

might be the yield limiting factors in these areas. Khan et al. (1980) reported significant 

increase in yields of different crops in soils deficient in organic matter and available 

phosphorus with increasing levels of N and P. Malik and Hassan (1990) illustrated that 

with increase in rainfall, fertilizer use efficiency increased in wheat crop. 

 

Pakistan Agricultural Research Council (PARC) and Provincial soil fertility 

organization conducted studies to quantify the role of various crop production factors. 

The results showed that optimum and balanced use of fertilizers contributed 30 to75 per 

cent towards yields (Rehman, 1982). The experimental results also supported the findings 

by field survey showing that application of one kg of NPK added 12 kg of wheat grain in 

irrigated areas (NFDC, 2000). In India, averaged results of 10,000 trials revealed that 

standard application of NPK resulted increase of 114% of wheat yield (Shrotriya, 1998).  

Yadav et al. (2006) reported that partial substitution of nutrients by FYM helped 

to obtain higher yield and nutrient uptake by enhancing nutrient availability to crops. 

They revealed that the availability of soil N which decreased under farmer's practice, 

increased with integrated nutrient management treatments. Nutrient balances were 

positive for N and P but net balance for K remained negative under all the treatments 

suggesting the need for K fertilizer application for sustainable crop production. 

Lakho et al. (2004) revealed that 120 kg N ha-1 applied through banding produced 

highest physical productivity in terms of grain yield (5400.65 kg ha-1), better revenue 

productivity (Rs. 41855.03) and maximum increase in grain yield (1786.53 kg ha-1, value 

= Rs. 13845.60 ha-1). Economic performance of 120 kg N ha-1 was better as compared to 
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other nitrogen levels and placements and it was recommended as farmer guidelines for 

nitrogen management. 

Burio et al. (2004) applied three nitrogen levels (80, 120 and 150 kg ha-1) to 

wheat and found that a unit increase in grain yield was positively associated with plant 

height, productive tillers, spike length, grains spike-1, seed index and harvesting index.  

Imtiaz et al. (2003) conducted a field study to assess the nutritional requirements 

of wheat genotype, SI-91195. The result revealed that agronomic parameters like plant 

height, number of  grains/spike, grain weight/spike and 100-grain weight were influenced 

significantly by the application of N and P and were maximum at balanced N and P 

ratios. Generally, the yield increased with increasing N and P levels but different ratios of 

N and P influenced economic harvests more significantly. The highest biological yield 

was recorded with 180 kg N and 90 kg P2O5 ha-1 which was statistically identical to that 

produced by 120 Kg N and 90 kg P2O5 ha-1. The yield trend indicated that application of 

N and P2O5 at 4:3 ratios improved their efficiency of utilization. 

  Tariq and Shah (2002) studies that potassium uptake by leaves and potassium 

content of soils at pre heading and post harvesting stages was significantly increased in a 

linear fashion with increasing applied potassium levels in soil.  

Nadeem and Ibrahim (2001) studied the wheat response to K application at AARI 

Faisalabad and in the farmer’s fields. They applied @ 0, 75, 150, 225 and 300 kg K ha-1 

along with recommended doses of NP (120-100) kg ha-1. The initial extractable K status 

of soil in four experimental sites was satisfactory to adequate (114-260 mg kg-1). The 

result indicted that wheat responded to K application at two sites and at AARI. 

Faisalabad where lower doses of K2O (75 and 150 Kg ha-1) gave significantly higher and 

economical grain yield over NP treatment.  

Chaudhary et al. (2000) in a field experiment to find out the optimum level of 

fertilizers for wheat genotypes found and enhance in straw yields and grain was observed 

with the improvement in the level of N and P fertilizer. This was more obvious when 
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fertilizer was applied @ 120-90-60 kg NPK ha-1. Nitrogen and P content in grain and 

uptake increased with increasing levels of N and P fertilizers.  

Rashid and Khan (1996) applied different levels of N and P to determine the 

optimum level of fertilizer for wheat under the arid conditions of Dera Ismail Khan. The 

results indicated that all fertilizer treatments showed significant effect on yield over 

control. The highest yield of 2990 kg ha-1 was obtained under fertilizer level of 75-50-0 

kg ha-1, but the increase was statistically at par with fertilizer rate of 50-25-0 kg ha-1, 

giving yield of 2630 kg ha-1. However, no response to K application was observed.  

Bhatti et al. (1985b) studied the effect of different levels of N and P on the yield of 

different varieties of wheat.  

 

Wheat (Triticum aestivum L.) is one of the most important crops of the world on 

account of its wide adaptability to different agro-climatic and soil conditions. In Khyber 

Pakhtunkhwa wheat is grown on an area of about 0.85 million hectares which contributes 

10.9 percent of total wheat cultivated area in the country (Anonymous, 2004-05). Wheat 

being a major food crop of Pakistan has always been a subject of extensive research to 

maximize its production to meet the food requirement of rapidly increasing human 

population. The production of wheat could be influenced by fertilizer application.  

 

7.2. MATERIALS AND METHODS 

Fertilizers trials were conducted at two Rod kohi locations viz Abi Zar (L-1) and 

Wanda Feroze (L-2) for two consecutive years during 2006-07 and 2007-08. The trials 

were laid out in RCB design consisting of seven treatments replicated three times. The 

treatments included (i) NPK @ 0-0-0, (ii) 20-0-0, (iii) 40-20-0, (iv) 40-20-10, (v) 60-30-

20, (vi) 80-40-30 and (vii) 100-50-40 kg ha-1. Composite soil samples were collected 

prior to sowing and analyzed for physio-chemical characteristics. Wheat variety Daman-

98 was sown as test crop. All cultural practices were carried equally in all the treatments. 

Data on plant height, number of productive tillers/ m2, ear length, 1000-grain weight and 

grain yield were taken and analyzed statistically by computing analysis of variance 

according to Steel and Torrie (1980) and Bhatti (2006). The comparison of means was 
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done by applying Duncton’s multiple range test using MSTAT computer program. 

Statistical analysis of all data were computed in two ways i.e. (i) two locations combined 

analysis treating years as main plot, locations sub-plots and fertilizer rates as sub-sub plot 

and (ii) location-wise considering years as main plot and fertilizers rates as sub-plot. The 

financial feasibility of adapting appropriate fertilizers rate was determined by economics 

of fertilizers and calculating benefit-cost analyses. 

7.3. RESULTS  

7.3.1. Physico-Chemical Characteristics of Soils 

The physio-chemical characteristics of soils are illustrated in Table 7.1 and 

depicted in Figure 4.. The perusal of table indicated that soils of both locations were 

alkaline in nature, normal in terms of salinity and sodicity and moderately calcareous. 

Both sites were deficient in organic matter, nitrogen and phosphorus but had adequate 

quantity of potash. The soil at Abi Zar (L-1) was silty clay loam in texture while the soil 

of Wanda Feroze (L-2) had loamy texture.  

Table 7.1. Physico-chemical Characteristics of Soils of Experimental Sites 

S.#. Characteristic L-1 (Abi Zar) L-2 (Wanda Feroze) 

1. pH 8.27 8.30 

2. ECe (dS m-1) 2.37 2.25 

3. Na (mmolc/100 g) 9.87 5.50 

4. CaCO3 (%) 12.75 11.36 

5. SAR 4.72 3.80 

6. GR (t. ha-1) Nil Nil 

6. O.M. (%) 0.52 0.72 

7. N (mg kg-1) 26.00 36.00 

8. P (mg kg-1) 3.2 3.8 

9. K (mg kg-1) 187 165 

10.  Sand (%) 15.2 35.8 

11. Silt (%) 52.8 45.4 

12. Clay (%) 32.0 18.8 

13. Textural Class Silty clay loam Loam 



 

 105

Physico-chemical characteristics of soils of 2 experimental sites 
(Abi Zar and Wanda Feroze)
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Figure 4.  Physico-chemical characteistics of soils of 2 experimental sites (Abi 
Zar and Wanda Feroze) 

7.3.2. Plant Height (cm) 

The two years data of two locations (combined) indicated that the height of wheat 

plant was significantly influenced by the application of mineral fertilizers. It ranged from 

59.600 to 74.169 and 67.310 to 83.600 cm during 2006-07 and 2007-08 respectively with 

an average of 63.455 to 78.88 cm (Table-7.2; Appendix-21). The plant height increased 

with the increment of fertilizers rates and maximum plant height of 78.88 cm was 

recorded in NPK @ 100-50-40 kg ha-1 (T7). It was followed by NPK @ 80-40-30 kg ha-1 

(T6) and NPK @ 60-30-20 kg ha-1(T5) where plants attained height of 76.837 and 73.053 

cm respectively. The locations effect was also pronounced and plants at Wanda Feroze 

(L-2) were taller than Abi Zar (L-1). The average plant height of all treatments at L-2 was 

78.160 cm as against 64.165 cm at L-1 (Table-7.2). Plant height during two years was 

also significantly affected. Higher plant heights were recorded during second year of 

study as compared to first year. The interactive effects between years and locations, year 
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x treatment, locations x treatment and years x locations x treatments were also 

significant. The plants of maximum height (93.200 cm) were found at L-2 during 2nd 

years of study (2007-08) which were applied NPK @ 100-50-40 kg ha-1  (T7) followed 

by plants growing at L-2 during 2nd year in T7 having 90.000 cm height. 

Location wise statistical analysis of data regarding plant height at L-1 revealed 

that different fertilizers levels affected significantly the plant height. Although plants 

attaining maximum height of 68.560 cm were recorded in NPK @ 100-50-40 kg ha-1 (T7) 

yet plants in T6 also possessed height of 68.275 cm and both treatments were statistically 

similar (Table-7.3; Appendix-22). The shortest plants of 56.410 cm were observed in 

control plots. Taller plants were observed during 2nd year (69.194 cm) as compared to 1st 

year (59.141 cm). The treatments x years interaction was also significant. The coefficient 

of variation of data was computed as 9.09%. 

The perusal of Table-7.4 and Appendix-23 revealed that significant variation 

existed in plant height among the treatments and between years at L-2. Similar trend in 

plant height was observed amongst the treatments as in L-1. However, taller plants were 

observed at L-2 than at L-1. At L-2 and the tallest plants (89.2000 cm) were grown in T7 

(NPK @ 100-50-40 kg ha-1) followed by T6 (NPK @ 80-40-30 kg ha-1) with 85.400 cm 

plant height but both treatments were significantly alike. The shortest plants of 70.500 cm 

were found in control plots. The plant height increased progressively with the increase in 

fertilizers levels. During the 2nd year of study, the plants had significantly greater height 

as against plants during 1st year. The collective influence of fertilizers x years with 

respect to plant height was significant. Almost 9% variability in data was recoded.
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Table-7.2. Effect of Variable Rates of NPK Fertilizers on Plant Height of wheat 
at Different Locations during Two Years   of study  

Year Location Treatments Mean 
  T1 T2 T3 T4 T5 T6 T7  
  Y X L X T Y X L 
Y-1 L-1 50.400v 57.220u 59.100t 60.000st 61.150rs 63.000q 63.120q 59.141d 
Y-1 L-2 68.800n 69.440mn 71.000kl  74.800hi    77.000g 80.800e 85.200c 75.291b 
Y-2 L-1 62.420qr 65.450p 67.127o 70.420lm 71.360kl 73.550ij 74.000hi 69.190c 
Y-2 L-2 72.200jk 74.800hi 75.200h 79.100f 82.700d 90.000b 93.200a 81.029a 
  L x T L 
 L-1 56.410k 61.335j 63.113i 65.210h 66.255h 68.275g 68.560 g 64.165 b 
 L-2 70.500f 72.120e 73.100e 76.950d 79.850c 85.400b 89.200a 78.160a 

(21.81%) 
  Y X T Y 
Y-1  59.600k 63.330j 65.050i 67.400h 69.075g 71.900e 74.160d 67.216a 
Y-2  67.310h 70.125f 71.163ef 74.760d 77.030c 81.775b 83.600a 75.109b 

(11.74%) 
Treatment Mean 63.455g 66.727f 68.107e 71.080d 73.053c 76.837b 78.880a - 
% increase over 
T1 

- 5.16 7.33 12.02 15.13 21.09 24.31  

 
LSD @ P = 0.05 for Location = 0.7395 
LSD for Location X Treatment= 1.046 
LSD for Year X Treatment = 1.046 
LSD forLocationXYearXTreatment=1.479 
CV=10.04% 
 
 
Table-7. 3. Effect of Variable Rates of NPK Fertilizers on the Plant Height (cm) 

of Wheat at Abi Zar (L-1) during Two Years.    
S.# Treatment Y-1  

(2006-07) 
Y-2 
(2007-08) 

Treat Mean % Increase 
over 
control 

 N   –   P –  K (Kg/ha)     
T1. 0    -   0  -  0 50.400 j 62.420 ef 56.410 f - 
T2. 20  -   0  -  0 57.220 i 65.450 d 61.330 e 8.72 
T3. 40  -  20 –  0 59.100 h 67.160 c 63.130 d 11.91 
T4 40  -  20 – 10 60.000 gh 70.420 b 65.210 c 15.60 
T5. 60  - 30 – 20 61.150 fg 71.360 b 66.255 b 17.45 
T6. 80  - 40 – 30 63.000 e 73.550 a 68.275 a 21.03 
T7 100 – 50 – 40 63.120 e 74.000 a 68.560 a 21.54 
 Year Mean 59.141 b 69.194 a   
LSD @ P = 0.05 for Treatments = 0.992 
LSD @ P = 0.05 for T X Y  =1.403 
CV     = 9.09% 
 
 



 

 108

Table-7.4. Effect of Variable Rates of NPK Fertilizers on Plant Height (cm) of 
Wheat at Wanda Feroze (L-2)during Two Years  

S.# Treatment Y-1 
(2006-07) 

Y-2 
(2007-08) 

Treat 
Mean 

% Increase 
over 
control 

 N   –   P –  K (Kg/ha)     
T1. 0    -   0  -  0 68.800 h 72.200 fgh 70.500 d - 
T2. 20  -   0  -  0 69.440 gh 74.800 efgh 72.120 cd 2.30 
T3. 40  -  20 –  0 71.000 gh 75.200 defgh 73.100 cd 3.69 
T4 40  -  20 – 10 74.800 efgh 79.100 cdef 76.950 bc 9.15 
T5. 60  - 30 – 20 77.000 defg 82.700 bcd 79.850 b 13.26 
T6. 80  - 40 – 30 80.800 cde 90.000 ab 85.400 a 21.13 
T7 100 – 50 – 40 85.200bc 93.200 a 89.200 a 26.52 
 Year Mean 75.291 b 81.029 a   
 
LSD @ P = 0.05 for Treatments =  5.381 
LSD @ P = 0.05 for Treat X Year =  7.610 
C.V.     = 8.99% 
 
 

7.3.3. Number of Productive Tillers m-2 

The two years data of the two locations indicated that the number of productive 

tillers m-2 ranged from 230.70 to 367.95 and 255.05 to 388.85 during 1st and 2nd years of 

the study respectively (Table-7.5; Appendix-24). The fertilizers application enhanced the 

number of productive tillers significantly. On average the highest number of productive 

tiller m-2 (378.400) was reported in T7 (NPK @ 100-50-40 kg ha-1) followed by T6 (NPK 

@ 80-40-30 kg ha-1) where 369.125 tillers m-2 were recorded. However, both treatments 

differed significantly from one another. Number of productive tillers was greater in 

second years (333.632) as compared to first year (312.665). Likewise, the plants growing 

at L-2 had statistically more number of productive tillers m-2 (366.504) in comparison 

with plants grown in L-1 where 279.794 productive m-2 were recorded (Table-7.5). 

The interactive effect of years x locations and year x treatment was non 

significant while the interactive effect of locations x treatments and years x locations x 

treatments was significant. The statistically greater number of productive tillers m-2 

(437.00) were observed in L-2 during 2nd year in plots receiving NPK @ 100-50-40 kg 

ha-1 (T7) which differed significantly from all other combinations.   
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The statistical analysis of location wise data regarding number of productive 

tillers m-2 in L-1 is presented in Table-7.6 and Appendix-25. The perusal of table 

indicated that fertilizers application in different rate significantly affected the number of 

productive tillers m-2. It varied from 180.40 to 325.20 and 210.00 to 340.70 during 2006-

07 and 2007-08 respectively. The plants receiving NPK @ 100-50-40 kg ha-1 (T7) 

produced highest number of productive tillers m-2 (332.950) followed by T6 (NPK @ 80-

40-30 kg ha-1) and T5 (NPK @ 60-30-20 kg ha-1).  The T7 and T6 were statistically 

similar while T5 differed from them. The unfertilized plants produced the lowest number 

of productive tillers m-2 (195.200). Significantly different number of tiller m-2 was 

recorded in two years study being higher (290.029) during 2nd year as compared to 1st 

year (269.559). The interactive effect of years x treatments was non significant. The 

coefficient of variation was 9.09%. 

At L-2, fertilizers application had significant effect on production of productive 

tillers m-2 yet years effect was non significant (Table-7.7; Appendix-26). It varied from 

281.00 to 410.70 and 300.10 to 437.00 with an average of 290.55 to 423.85 during 2006-

07 and 2007-08 respectively. The number of productive tillers m-2 increased with the 

increasing rates of fertilizers. The maximum (423.85 productive tillers m-2) were 

recorded in T7 followed by T6 and T5. However, T7 and T6 were statistically similar 

while T6 and T5 were significantly identical. The interactive influence of treatments x 

years was also significant. The coefficient of variation was 7.84%. 

Table 7. 5. Effect of Variable Rates of NPK Fertilizers on number of Productive 
Tillers m-2 of wheat at Different Locations during Two Years of study  

Year Location Treatments Mean 
  T1 T2 T3 T4 T5 T6 T7  
  Y X L X T Y X L 
Y-1 L-1 180.400s 220.160r 260.200p 280.450 300.500n 320.500kl 325.200jk 269.559 
Y-1 L-2 281.000o 322.200k 340.500ghi 355.600f 380.200e 400.200d 410.700c 355.771 
Y-2 L-1 210.000r 237.200q 281.500o 310.400lm 320.200kl 330.200ijk 340.700gh 290.029 
Y-2 L-2 300.100mn 335.000hij 350.250fg 380.000e 412.700c 425.600b 437.000a 377.236 
  L x T L 
 L-1 195.200l 228.680k 270.850j 295.425i 310.100h 325.350g 332.950f 279.794b 
 L-2 290.550i 328.600fg 345.375e 367.800d 396.450c 412.900b 423.850a 366.504a 

(30.99%) 
  Y X T Y 
Y-1  230.700 271.180 300.350 318.025 340.100 360.350 367.950 312.665b 
Y-2  255.050 286.100 315.875 345.200 366.450 377.900 388.850 333.632a 

(6.73%) 
Treatment Mean 242.875g 278.640f 308.113e 331.613d 353.275c 369.125b 378.400a - 
% increase over 
T1 

- 14.73 26.86 36.54 45.46 51.98 55.80  
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LSD @ P = 0.05 for Treatment= 5.151 
LSD for Location X Year=0.784 
LSD for Location X Treatment=7.285 
LSD for Year X Treatment= 7.285 
LSD for Location X Year X Treatment=10.30 
CV=9.60% 
 
Table 7.6. Effect of Variable Rates of NPK Fertilizers on number of Productive 

Tillers m-2 of Wheat at Abi Zar (L-1)during Two Years    
S.# Treatment Y-1  

(2006-07) 
Y-2 
(2007-08) 

Treat Mean % Increase 
over 
control 

 N   –   P –  K (Kg/ha)     
T1. 0    -   0  -  0 180.400 210.000 195.200 f - 
T2. 20  -   0  -  0 220.160 237.200 228.680 e 17.15 
T3. 40  -  20 –  0 260.200 281.500 270.850 d 38.75 
T4 40  -  20 – 10 280.450 310.40 295.425 c 51.34 
T5. 60  - 30 – 20 300.000 320.200 310.100 b 58.86 
T6. 80  - 40 – 30 320.500 330.200 325.350 a 66.67 
T7 100 – 50 – 40 325.200 340.700 332.950 a 70.57 
 Year Mean 269.559 b 290.029 a   
 
LSD @ P=0.05 for Treatments  = 9.347 
LSD @ P=0.05 for Treatment X Year = N.S. 
CV      = 9.09% 
 

 Table 7.7. Effect of Variable Rates of NPK Fertilizers during Two Years on 
# of Productive Tillers m-2 of Wheat at Wanda Feroze (L-2) 

S.# Treatment Y-1 
(2006-07) 

Y-2 
(2007-08) 

Treat Mean % Increase 
over 
control 

 N   –   P –  K (Kg/ha)     
T1. 0    -   0  -  0 281.000 h 300.100 gh 290.550 e - 
T2. 20  -   0  -  0 322.200 fg 335.000 ef 328.600 d 13.09 
T3. 40  -  20 –  0 340.500 ef 350.250 def  345.375 d 18.87 
T4 40  -  20 – 10 355.600 de 380.000 cd 367.800 c 26.59 
T5. 60  - 30 – 20 380.200 cd 412.700 ab 396.450 b 36.45 
T6. 80  - 40 – 30 400.200 bc 425.600 ab 412.900 ab 42.11 
T7 100 – 50 – 40 410.700 ab 437.000 a 423.850 a 45.88 
 Year Mean 355.770 377.236   
 
LSD @ P=0.05 for Treatments = 21.22 
LSD @ P=0.05 for Years  = N.S. 
LSD @ P=0.05 for Treat X Year = 30.01  
CV     = 7.84% 
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7.3.4. Length of Ear (cm)  

The two years data of two locations indicated that fertilizers treatments affected 

significantly the length of ear but years effect was non significant (Table-7.8; Appendix-

27). The ear length was improved by the application of mineral fertilizers. The longest 

ears of 9.265 cm were produced by application of highest fertilizers rates (NPK @ 100-

50-40 kg ha-1) followed by NPK @ 80-40-30 kg ha-1 and both treatments were 

statistically identical. The un-fertilized plants produced the shortest ears (7.388 cm). 

Plants growing at L-2 had statistically longer ears (9.032 cm) than at L-1 which had ear 

length of 7.722 cm. The years x locations, locations x treatments, years x treatments and 

years x locations x treatment interactions were also non significant (Table 7.8)  

Location-wise analysis of L-1 (Abi Zar) data showed that fertilizers rates had 

significant effect on the length of ear while years effect was non significant. However, 

numerically longer ears of 7.951 cm were produced during 2nd year of the study as 

compared to 1st year (7.493 cm). Amongst the treatments, plants of T7 (NPK @ 100-50-

40 kg ha-1) produced the lengthiest ears (8.625 cm) followed by T6 (8.470 cm), T5 (8.035 

cm), T4 (7.800 cm) and T3 (7.455 cm), however, all these treatments were statistically 

similar (Table-7.9; Appendix-28). The cumulative effect of treatments x years was non 

significant. Almost 7.17% variability was observed in the data. 

 

Data concerning the length of ears during two years of study at L-2 (Wanda 

Feroze) is illustrated in Table-7.10; Appendix-29. The results revealed that during both 

years the length of ears did not differ significantly. Numerically, longer ears (9.088 cm) 

were produced during 2nd year as against 1st year (8.894 cm). Fertilizers doses affected 

ear length significantly. The lengthiest ears of 9.925 cm were produced by the application 

of NPK @ 100-50-40 (T7) followed by T6 and T5. However, all the three treatments 

were statistically identical. The interactive effect of treatments x years was non 

significant. The coefficient of variation was 9.17%. 
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Table 7.8.  Effect of Variable Rates of NPK Fertilizers on the Length of Ear of  
wheat at Different Locations during Two Years  

Year Location Treatments Mean 
  T1 T2 T3 T4 T5 T6 T7  
  Y X L X T Y X L 
Y-1 L-1 6.400 6.720 7.240 7.600 7.820 8.220 8.450 7.493 
Y-1 L-2 8.000 8.300 8.550 9.100 9.270 9.800 9.870 8.984 
Y-2 L-1 7.000 7.220 7.670 8.000 8.250 8.720 8.800 7.951 
Y-2 L-2 8.150 8.420 8.620 9.180 9.350 9.900 9.940 9.080 
  L x T L 
 L-1 6.700 6.970 7.455 7.800 8.035 8.470 8.625 7.722 b 
 L-2 8.075 8.360 8.585 9.140 9.310 9.850 9.905 9.032 a 

(16.96%) 
  Y X T Y 
Y-1  7.200 7.510 7.895 8.350 8.545 9.010 9.160 8.239 
Y-2  7.575 7.820 8.145 8.590 8.800 9.310 9.370 8.516 

(3.36%) 
Treatment Mean 7.388 

f 
7.665 
e 

8.020 
d 

8.470 
c 

8.673 
b 

9.160 
a 

9.265 
a 

- 

% increase over 
T1 

- 3.75 8.75 14.65 17.39 23.98 25.41  

 

Table 7.9. Effect of Variable Rates of NPK Fertilizers on Ear Length (cm) of 
Wheat at Abi Zar (L-1) during Two Years    

S.# Treatment Y-1  
(2006-07) 

Y-2 
(2007-08) 

Treat Mean % Increase 
over 
control 

 N   –   P –  K (Kg/ha)     
T1. 0    -   0  -  0 6.400  7.000  6.700 c - 
T2. 20  -   0  -  0 6.720  7.220  6.970 bd 4.03 
T3. 40  -  20 –  0 7.240  7.670  7.455 abc 11.27 
T4 40  -  20 – 10 7.600  8.000  7.800 abc 16.42 
T5. 60  - 30 – 20 7.820  8.250  8.035 ab 19.92 
T6. 80  - 40 – 30 8.220  8.720  8.470 a 26.42 
T7 100 – 50 – 40 8.450  8.800  8.625 a 28.73 
 Year Mean 7.493 7.951   
 
LSD @ P=0.05 for Treatments  = 1.316 
LSD @ P=0.05 for Years   = N.S. 
LSD @ P=0.05  for Treatment X Year = N.S 
CV      = 7.17% 
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Table 7.10. Effect of Variable Rates of NPK Fertilizers on Ear Length (cm) of 
Wheat at Wanda Feroze (L-2)during Two Years  

S.# Treatment Y-1 
(2006-07) 

Y-2 
(2007-08) 

Treat Mean % Increase 
over 
control 

 N   –   P –  K (Kg/ha)     
T1. 0    -   0  -  0 8.000 8.127 8.063 c - 
T2. 20  -   0  -  0 8.300 8.423 8.362 c 3.71 
T3. 40  -  20 –  0 8.550 8.630 8.590 bc 6.54 
T4 40  -  20 – 10 9.100 9.173 9.137 b 13.32 
T5. 60  - 30 – 20 9.270 9.333 9.302 ab 15.37 
T6. 80  - 40 – 30 9.800 9.947 9.873 a 22.45 
T7 100 – 50 – 40 9.870 9.980 9.925 a 23.09 
 Year Mean 8.894  9.088   
 
LSD @ P=0.05 for Treatments = 0.734 
LSD @ P=0.05 for Years  = N.S. 
LSD @ P=0.05 for Treat X Year = N.S  
C.V.     = 9.17% 

7.3.5. Grain Yield (kg ha-1) 

Data regarding grain yield of wheat of two locations for two study years 

(combined) is illustrated in Table 7.11 and analysis of variance table in Appendix-30. 

The perusal of table indicated that grain yield of wheat was significantly affected by 

different fertilizer levels as well as years and their interaction. The significantly mean 

highest grain yield of 4090.037 kg ha-1 was achieved by the application of NPK @ 100-

50-40 kg ha-1 (T7) followed by NPK@ 80-40-30 kg ha-1 (T6) which produced 4070.417 

kg ha-1.  Statistically similar grain yield was obtained from both treatments and but these 

were significantly different from all other treatments. The lowest grain yield was 

recorded in control plots with an average of 3141.983 kg ha-1. Between two locations, 

higher yields in all treatments was observed at L-2 with an average yield of 3999.665 kg 

ha-1 that differed significantly from respective treatments at L-1 producing 3332.030 kg 

ha-1. Significant variation existed in grain yields between two years and higher grain yield 

was recorded during 2nd year as compared to 1st year. The interactive effects of years x 

treatments, treatments x locations, locations x year and years x locations x treatments 

interaction were significant. The maximum grain yield of 5416.667 kg ha-1 was recorded 

during 2007-08 (2nd year of study) at L-2 with the application of 100-50-40 NPK kg ha-1 
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(T7). It was succeeded by T6 (NPK @ 80-40-30 kg ha-1). However, both combinations 

were statistically akin. 

 

Table 7.11. Effect of Variable Rates of NPK Fertilizers on the Grain Yield (kg ha-1)  
of Wheat at Different Locations during Two Years of study  

Year Location Treatments Mean 
  T1 T2 T3 T4 T5 T6 T7  
  Y X L X T Y X L 
Y-1 L-1 2700.100l 2966.667k 3160.000jk 3266.833hij 3350.000ghij 3450.000fghi 3486.667fgh 3197.181b 
Y-1 L-2 2900.000k 3100.200jk 3266.667hij 3333.450ghij 3485.000fghi 3665.000ef 3676.667ef 3466.879b 
Y-2 L-1 3100.000jk 3227.000ij 3313.500ghij 3460.000fghi 3580.000ef 3766.667de 3780.150de 3394.331b 
Y-2 L-2 3540.500efg 3966.667d 4266.667c 4500.000c 5150.500b 5400.000ab 5416.667a 4605.000a 
  L x T L 
 L-1 2900.050k 3096.833h 3236.750gh 3363.417fg 3465.00ef 3608.333de 3633.408de 3332.030b 
 L-2 3217..205fg 3533.433ef 3766.667cd 3916.725c 4317.750b 4532.500a 4546.667a 3999.665a 

(20.04%) 
  Y X T Y 
Y-1  2800.050kl 3033.433hi 3213.333gh 3300.142fg 3417.500ef 3557.500e 3581.667e 3295.756b 
Y-2  3317.250fg 3596.833e 3790.083d 3980.000c 4365.250b 4583.333a 4598.405a 4035.939a 

(22.46%) 
Treatment Mean 3141.983f 3315.133e 3501.708d 3640.071c 3891.375b 4070.417a 4090.037a - 
% increase over 
T1 

- 5.51 11.45 15.85 24.17 29.55 30.18  

 
LSD @ P = 0.05 for Location= 206.50  LSD @ P = 0.05 for Year= 192.37 
LSD @ P = 0.05 for Treatment= 52.37  LSD for Location X Year= 74.06 
LSD for Location X Treatment= 63.24  LSD for Year X Treatment= 74.06 
LSD for Location X Year X Treatment= 104.70 CV=11.44% 
 
 
Table 7.12. Effect of Variable Rates of NPK Fertilizers on the Grain Yield  

(kg ha-1) of Wheat at Abi Zar (L-1)during Two Years    
S.# Treatment Year-1 

(2006-2007) 
Year-2 
(2007-2008) 

Treatment % Increase 
over control

 N  –   P –  K (Kg ha-1)     
T1. 0    -   0  -  0 2700.100 2900.000 2800.050 f -- 
T2. 20  -   0  -  0 2966.667  3100.200 3033.433 e 8.33 
T3. 40  -  20 –  0 3160.000 3266.667 3213.333 d 14.76 
T4. 40  -  20 – 10 3266.833 3333.450 3300.142 c 17.86 
T5. 60  - 30 – 20 3350.000 3485.000 3417.500 b 22.05 
T6. 80  - 40 – 30 3450.000 3665.000 3557.500 a 27.05 
T7. 100 – 50 – 40 3486.667 3676.667 3581.667 a 27.91 
 Year Mean 3197.181 b 3346.712 a   
 
LSD @ P=0.05  for Treatments = 79.62 
LSD @ P=0.05 for Years  = 138.50 
LSD @ P=0.05 for Y X T  = N.S. 
CV     = 10.73% 
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Table 7.13. Effect of Variable Rates of NPK Fertilizers on the Grain Yield  

(kg ha-1)of Wheat at Wanda Feroze (L-2)during Two Years    
S.# Treatment Year-1 

(2006-2007) 
Year-2 
(2007-2008) 

Treatment % Increase 
over control

 N  –   P –  K (Kg ha-1)     
T1. 0    -   0  -  0 3100.00 j 3534.500 gh 3317.250 f -- 
T2. 20  -   0  -  0 3227.000 i 3966.667 e 3596.833 e 8.43 
T3. 40  -  20 –  0 3313.500 i 4266.667 d 3790.083 d 14.25 
T4. 40  -  20 – 10 3460.000 h 4500.000 c 3980.000 c 19.98 
T5. 60  - 30 – 20 3580.000 g 5150.500 b 4385.250 b 31.59 
T6. 80  - 40 – 30 3766.667 f 5400.000 a 4583.333 a 38.17 
T7. 100 – 50 – 40 3780.143 f 5416.667 a 4598.405 a 38.62 
 Year Mean 3461.044 b 4605.000 a   
 
LSD @ P=0.05 for Treatments = 69.04 
LSD @ P=0.05 for Years  =  210.37 
LSD @ P=0.05 for Treat X Year = 97.6 
CV     = 10.22% 
 

The location-wise statistical analysis of two years data of Abi Zar (L-1) indicated 

that wheat grain yield was significantly affected by different fertilizers rates (Table 7.12; 

Appendix-31). The significantly highest grain yield of 3581.667 kg ha-13 was achieved 

by the application of 100-50-40 NPK kg ha-1 (T7). It was followed by T6 (NPK @ 80-40-

30 kg ha-1) which produced 3557.500 kg ha-1 yield and was at par with T7. The 

statistically lowest grain yield (2800.050 kg ha-1) was recorded from control plots. 

Comparatively higher grain yields were recorded during 2nd year as against 1st year which 

differed significantly from each other. The interactive effect of treatments x years was 

non significant. 

The two years yields data of Wanda Feroze (L-2) revealed that significantly 

different yields were obtained by different fertilizers levels as well as years and their 

interaction (Table-7.13; Appendix-32). Significantly the highest grain yield of 4598.405 

kg ha-1.was achieved from NPK @ 100-50-40 kg ha-1 (T7) followed by NPK @ 80-40-30 

kg ha-1 (T6) with grain yield of 4583.333 kg ha-1. However, both treatments were 

statistically akin. The minimum grain yield of 3317.500 kg ha-1 was reported from un-

fertilized plots. During 2nd year of study higher yields were obtained as compared to 1st 

year. The interactive effect of treatment x years was also significant. 
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Calculating the economic of fertilizers application revealed that maximum benefit 

of Rs.7358.54/- per ha was received from the application of NPK @ 80-40-30 kg ha-1 

(T6) followed by T7 (NPK @ 100-50-40 kg ha-1) and T5 (NPK @ 60-30-20 kg ha-1) 

which gave benefits of Rs.7013.14/- and Rs.6210.97/- per ha, suggesting that the most 

economical dose of fertilizers for achieving maximum grain yield of wheat is NPK @ 80-

40-30 kg ha-1 under Rod Kohi conditions of D.I.Khan (Table 7.14). 

 
Table 7.14. Cost Benefit Analysis of Fertilizers Application on Wheat  
S.#. Treatment Yield Value of 

Produce 
Cost of 
Fertilizer 

Net 
Return 

Net Profit 

 N – P25 – K20 Kg/ha Rs. Rs. Rs. Rs. 
T1. 0    -   0  -  0 3141.983  31419.83 - 31419.83 - 
T2. 20  -   0  -  0 3315.133  33151.33 220.00 32931.33 1511.5 
T3. 40  -  20 –  0 3501.708  35017.08 602.00 34415.08 2995.25 
T4. 40  -  20 – 10 3640.155  36401.55 842.60 35558.95 4139.12 
T5. 60  - 30 – 20 3901.500  39015.00 1384.20 37630.80 6210.97 
T6. 80  - 40 – 30 4070.417  40704.17 1925.80 38778.37 7358.54 
T7. 100 – 50 – 40 4090.037 40900.37 2467.40 38432.97 7013.14 
 
Value of Wheat @ Rs.10/- per kg 
Cost of N @ Rs.11/- per kg viz urea @ Rs. 550/- per bag 
Cost of P2O5 @ Rs.8.10 per kg viz SSP @ Rs.810/- per bag 
Cost of K2O @ Rs.24.06 per kg viz SOP @ Rs. 1200/- per bag 

7.3.6. 1000-Grain Weight (gm) 

The statistical analysis of two years data of two locations indicated that the weight 

of 1000-grains was not significant affected by different fertilizers rates and years. 

However, locations effect was significant (Table 7.15; Appendix-33). The results showed 

that 1000-grain weight varied from 32.562 to 34.160 gm and 32.743 to 34.275 gm during 

2006-07 and 2007-08 respectively with mean values of 32.562 to 34.217 gm. No 

significant variation in 1000-grain weight was noticed during two years. The perusal of 

data indicated that the produce obtained from L-2 contained significantly heavier grains 

(34.903 gm) as compared to L-1 (32.516 gm) which differed significantly from one 

another. The interactive effect of locations x treatments was significant while all others 

interactions were non significant. The highest 1000-grain weight of 35.750 gm was 

recorded in produce obtained from L-2 during 2nd year of study which received NPK @ 
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80-40-30 kg ha-1. However, great overlapping was observed amongst different 

combinations. 

 

The statistical analysis of L-1 data suggested that fertilizers rates had significant 

effect on 1000-grain weight yet year effect was not significant. The treatments x years 

interactive effect was also significant. The significantly highest 1000-weight of 32.755 

gm was recorded in T7 followed by T6 and T5 and all were statistically at par (Table 

7.16; Appendix-34).  

 

The data regarding 1000-grain weight of L-2 as affected by different fertilizers 

levels and years is given in Table 7.17 and Appendix-35. The significantly highest 1000-

grain weight was noted in T6 (NPK @ 80-40-30 kg ha-1) followed by T7 and both 

treatments were statistically at par.  No significant variation in 1000-grain weight was 

observed between two years. 

 

Table 7.15. Effect of Variable Rates of NPK Fertilizers on 1000-Grain Weight of 
Wheat at Different Locations during Two Years of study 

Year Location Treatments Mean 
  T1 T2 T3 T4 T5 T6 T7  
  Y X L X T Y X L 
Y-1 L-1 32.00 32.12 32.32 32.70 32.55 32.71 32.67 32.439 
Y-1 L-2 33.12 34.72 35.05 35.38 35.00 35.35 35.65 34.698 
Y-2 L-1 32.15 32.47 32.55 32.77 32.71 32.80 32.70 32.594 
Y-2 L-2 33.33 34.80 35.12 34.45 35.20 35.60 35.85 34.908 
  L x T L 
 L-1 32.075c 32.295bc 32.435bc 32.631abc 32.685abc 32.737abc 32.755abc 32.516b 
 L-2 33.230abc 34.761abc 34.920abc 35.085abc 35.218abc 35.475a 35.100ab 34.903a 

(7.34%) 
  Y X T Y 
Y-1  32.56 33.42 33.68 34.04 33.77 34.03 34.16 33.66 
Y-2  32.74 33.63 33.83 33.61 33.95 34.20 34.27 33.75 

(0.25%) 
Treatment Mean 32.652a 33.528a 33.760a 33.828a 33.865 34.115a 34.217a - 
% increase over 
T1 

- 2.68 3.39 3.60 3.71 4.48 4.79  

 
LSD @ P = 0.05 for Location = Significant 
LSD @ P = 0.05 for Year = N.S. 
LSD @ P = 0.05 for Treatment= 2.303 
LSD for Location X Year= N.S. 
LSD for Location X Treatment=3.257 
LSD for Year X Treatment = N.S. 
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LSD for Location X Year X Treatment= N.S.    
CV=8.99% 
 
 
Table 7.16. Effect of Variable Rates of NPK Fertilizers on 1000-Grain Weight 

(gm) of Wheat at Abi Zar (L-1)during Two Years    
S.# Treatment Y-1  

(2006-07) 
Y-2 
(2007-08) 

Treat Mean % Increase 
over 
control 

 N   –   P –  K (Kg/ha)     
T1. 0    -   0  -  0 32.000 f 32.150 e 32.075 e - 
T2. 20  -   0  -  0 32.120 e 32.470 c 32.295 d 0.69 
T3. 40  -  20 –  0 32.320 d 32.550 c 32.435 c 1.12 
T4 40  -  20 – 10 32.550 c 32.712 ab 32.631 b 1.73 
T5. 60  - 30 – 20 32.670 b 32.700 ab 32.685 ab 1.90 
T6. 80  - 40 – 30 32.700 ab 32.775 ab 32.737 a 2.06 
T7 100 – 50 – 40 32.710 ab 32.800 a 32.755 a 2.12 
 Year Mean 32.438 32..594   
 
LSD @ P=0.05 for Treatments =  0.077 
LSD @ P=0.05 for Years  =  N.S 
T X Y     =  0.109 
CV     =  7.17% 
 
Table 7.17. Effect of Variable Rates of NPK Fertilizers on 1000-Grain Weight 

(gm) of Wheat at Wanda Feroze (L-2)during Two Years  
S.# Treatment Y-1 

(2006-07) 
Y-2 
(2007-08) 

Treat Mean % Increase 
over 
control 

 N   –   P –  K 
(Kg/ha) 

    

T1. 0    -   0  -  0 33.125 33.335 33.230  d - 
T2. 20  -   0  -  0 34.722 34.800 34.761 c 4.61 
T3. 40  -  20 –  0 34.950 34.890 34.920 5.09 
T4 40  -  20 – 10 35.050 35.120 35.085 b 5.58 
T5 60  - 30 – 20 35.286 35.150 35.218 b  
T6 80  - 40 – 30 35.350 35.600 35.475 a 6.76 
T7 100 – 50 – 40 35.000 35.200 35.100 ab 7.58 
 Year Mean 34.898 34.908   
LSD @ P=0.05 for Treatments  = 0.022 
LSD @ P=0.05 for Years   =  N.S. 
LSD @ P=0.05 for Treatment X Year = N.S.  
C.V      =9.34% 
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7.4. DISCUSSION 

The combined two years data of the two locations showed that significant 

differences existed in the height of wheat plants due to fertilizers application, locations, 

years and their interactions (Table 7.2). The plant height varied from 59.600 to 74.169 

and 67.310 to 83.600 cm during 2006-07 and 2007-08 respectively with an average of 

63.455 to 78.88 cm. A progressive increase in plant height was noticed with the increase 

in fertilizers levels and maximum plant height of 78.88 cm was recorded with the 

application of NPK @ 100-50-40 kg ha-1 (T7) followed by T6 (NPK @ 100-50-40 kg ha-

1). The shortest plants of 63.455 cm were observed in control plots suggesting that 

nutrients supplementation boosted the vegetative growth of the plants. An increase of 

5.16, 7.33, 12.02, 15.13, 21.09 and 24.31% in plant height over T1 was observed in T2, 

T3, T4, T5, T6 and T7 respectively. The plants of 2nd years were 11.74% taller than 1st 

year. This may be due to favourable growing season during second years of study. The 

plants grown at L-2 (Wanda Feroze) attained 21.81% more height than the plants of Abi 

Zar (L-1) indicating better fertility status and texture of soil at L-2 as compared to L-1.  

The location-wise statistical analysis of data also illustrated that at both locations 

significant variations in plant height occurred due to different rates of fertilizers, years 

and their interactions (Table 7.3 & 7.4). The average of two years data showed that plant 

height ranged from 56.410 to 68.560 cm and 70.500 to 89.200 cm at L-1 and L-2 

respectively. The fertilizers response resulted 8.72 to 21.54% increase in plant height in 

L-1 while 2.30 to 26.52% in L-2. The healthier and nourished plants at L-2 might be due 

to favourable nature and medium texture (loamy) of the soil at L-2 as against heavy (silty 

clay loam) texture of L-1 location. Burio et al. (2004) and Imtiaz et al. (2003) also 

reported increase in plant height with increasing levels of N and P. 

The number of productive tiller m-2 is an important indicator contributing towards 

the grain yield. The combined two years data of two locations revealed that the number of 

productive tillers m-2 varied significantly by application of fertilizers, years and locations. 

The maximum number of productive tillers was recorded from highest fertilizers rates 

(NPK @ 100-50-40 kg ha-1) producing on average 378.400 tillers m-2 that differed 
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significantly from all other treatments. It was followed by T6 (NPK @ 80-40-30 kg ha-1) 

where 369.124 tillers m-2 were counted indicating that addition of major nutrients to the 

soils promoted production of tillers in plants. The increase of 14.73%, 26.86%, 36.54%, 

45.46%, 51.98% and 55.80% from control was noticed in T2, T3, T4, T5, T6 and T7 

respectively. This increase was higher among lower doses as compared to among higher 

doses.  

The statistical analysis of data of individual location showed that at L-1, 

significant variation existed in the number of productive tillers m-2. This was due to the 

effect of fertilizers applications and years, while their interactive influence was not 

significant. The highest number of productive tillers m-2 was noted in plots receiving 

highest levels of NPK @ 100-50-40 kg ha-1 (T7) followed by T6. Both treatments 

produced statistically similar number of productive tillers m-2. The increase in number of 

productive tillers m-2 ranged from 17.15% to 70.57% in T2 to T7 respectively. This 

indicated the progressive response of added nutrients. Almost 7.59% more productive 

tillers m-2 were produced during 2nd year of study as compared to 1st year. Likewise 

significant response of fertilizers rates was noticed at L-2 but year difference was non 

significant. However, treatments x years interactive effect was significant. An increase of 

up to 45.88% in number of productive tillers m-2 was recoded due to fertilizers 

application   Although difference in number of productive tillers m2 due to years was non 

significant yet 6.03% more tillers m-2 were counted during 2nd year. Likewise, Burio et al. 

(2004) found that number of productive tillers was positively associated with increasing 

rates of NPK fertilizers. The greater number of productive tillers m-2 (6.73%) during 2nd 

year of study (2007-08) may be due to favourable productive season during second year 

of study. Similarly greater number of productive tillers m-2 were recorded at L-2 

(333.632) against L-1 (312.665) which was 30.99% more, reflecting better fertility status 

and physical properties of soil of L-2.  

The length of spike has a pronounced effect on number of grains and 

consequently on yield. The combined two years data of the two locations illustrated that 

application of major nutrients significantly enhanced the length of ears. It increased with 

the increment of nutrients and significantly longest spikes of 9.265 cm were found in T7 
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(NPK @ 100-50-40 kg ha-1) followed by T6 (NPK @ 80-40-30 kg ha-1) and both 

treatments were statistically identical. All other treatments differed significantly from 

each other. As compared to control, the length increased 3.75, 8.75, 14.65, 17.39, 23.98 

and 25.42% from T2, T3, T4, T5, T6 and T7 respectively. Although no significance 

difference in length of ear between two years was recorded yet 3.36% longer ears were 

produced in 2nd year as compared to 1st year. Locations effect was significant and 16.96% 

longer ears were recorded at L-2 against L-1. Location wise statistical analysis of L-1 

data showed that fertilizers rates had significant effect on the length of ear while years 

effect was non significant. The longest ears (8.625 cm) were produced by the application 

NPK @ 100-50-40 kg ha-1 (T7) followed by T6 and T5. The ear length increased 4.03 to 

28.73% over control by the application of different combinations of NPK rates. The 

length of ear during two years was non significantly different yet in 2nd year plants 6.11% 

longer ears were produced. Similar trend was observed at L-2. Fertilizers influence was 

pronounced while years had no significant effect. The ear length increased 3.71%, 6.54%, 

13.32%, 15.37%, 22.45% and 28.0 over control in T2, T3, T4, T5, T6 and T7 

respectively. Although 2.18% longer ears were observed during 2nd year of study yet this 

difference was non significant. These results are in line with the findings of Burio et al. 

(2204) who observed significant increase in spike length with increasing doses of NPK 

fertilizers. 

Two years combined data regarding grain yield of wheat of two locations 

indicated that grain yield of wheat was significantly affected by different fertilizer rates 

as well as years and their interactions. The significantly mean highest grain yields were 

achieved by the application of NPK @ 100-50-40 kg ha-1 (T7) and followed by NPK@ 

80-40-30 kg ha-1 (T6) which differed significantly from all other treatments. Addition of 

fertilizers increased the yield of wheat from 5.51 to 30.18% in T2 to T7. The difference 

between T6 and T7 was negligible. Significant variation existed in grain yields between 

two years, during the 2nd year 22.46% more yield was recorded as compared to the 1st 

year. Similarly, 20.04% higher yields were recorded at L-2 against L-1. The individual 

location-wise statistical analysis of two years data suggested that wheat grain yield was 

significantly affected by different rates of fertilizers and significantly highest grain yields 

were obtained by the application of NPK @ 100-50-40 kg ha-1 (T7) followed by NPK @ 
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80-40-30 kg ha-1 (T6) and both treatments were at par with each other. Higher grain 

yields were recorded during the 2nd year as against the 1st year yields which differed 

significantly from one another. Several scientists have reported enhancement in grain 

yield of wheat with increasing rates of NPK fertilizers in arid conditions. Barg and 

Hamid (1976) and Yadav et al. (2006) reported significant increase in grain yield with 

combined application of NPK fertilizers. Bhatti et al. (1985) obtained maximum yields of 

Khushal and Mexi-Pak varieties from NPK @ 92-90-67 Kg ha-1 while Bakhsh et al. 

(1994) received highest yield with NPK @ 40-30-40 and 80-20-30 in different rainfed 

areas of D.I.Khan whereas Rashid and Khan (1996) recorded highest yield from NP @ 

75-50 under arid conditions of D.I.Khan. Similarly Ilkov (1984) found 80-250% increase 

in grain yield with application of optimum doses of NPK while Shrotriya (1998) recorded 

114% increase in India. However, Rehman (1982) reported 30-75% increase in grain 

yield by optimum and balanced use of NPK fertilizers.  

Maximum benefit per ha was received by the application of NPK @ 80-40-30 kg 

ha-1 (T6) suggesting that it as the economical rates of fertilizers for obtaining highest 

profitable yield of wheat under Rod Kohi conditions of D.I.Khan. Different doses of 

NPK, locations and years did not influence the weight of 1000-grains significantly. It 

varied from 32.56 to 34.16 gm and 32.74 to 34.27 gm during 2006-07 and 2007-08 

respectively with mean values of 32.56 to 34.22 gm. The produce received from L-2 

(loamy soil) contained heavier grains (34.903 gm) as compared to 32.34 g obtained from 

silty clay loam soil (L-1). Contrarily, Imtiaz et al. (2003) noticed significant increase in 

1000-grain weight by increasing levels of NP fertilizers. 
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CHAPTER-VIII 

 

SUMMARY AND CONCLUSION 

 

Soil samples from 87 different mozas (villages) of Rod Kohi area of D.I.Khan 

division were collected to make inferences regarding the nature of the soils, salinity/ 

sodicity problems and productivity status. It was found that more than half of the samples 

(50.57%) were medium textured, while 45.98% of the samples were fine textured and 

only 3.45% of the soils were moderately coarse textured. The saturation percentage of the 

soils ranged from16.21 to 67.10%. All soils were alkaline in nature with pH ranging from 

7.7 to 8.6. The ECe varied from 0.75 to 8.00 dS m-1 with a mean value of 3.156 dS m-1. 

The SAR was in the range of 3.00 to 12.78. Amongst 87 soil samples, 74.71% were 

normal (not showing any salinity or sodicity problem) 13.79% soils were saline while 

5.75% of the samples were sodic and 5.75% samples were saline sodic. The CaCO3 

content ranged from 11.00 to 22.95%, indicating that 74.71% samples were strongly 

calcareous while 25.29% samples were moderately calcareous. The organic matter 

content was found in the range of 0.40 to 1.05% with a mean value of 0.704%. Almost 

83.53% samples were deficient in organic matter contents while 16.47% samples 

contained marginal amount of organic matter. All samples were deficient in mineral N, 

while 89.41% samples were deficient in P, however, 70.59% samples contained adequate 

amount of K. 

 

All possible correlations amongst different parameters showed that pH and EC 

had weak positive correlations with Ca+Mg, Cl, Na, and SAR while these had negative 

relationships with CaCO3, O.M, N, P and K. The organic matter had strong positive 

correlations with N, P and weak positive correlations with K, clay and SP. Likewise, 

Potash had strong positive correlation with clay content whereas clay had strong positive 

correlation with saturation percentage. Agriculture in Rod kohi areas totally depends on 

hill torrent flows that are un-predictable in terms of timing, magnitude and frequency thus 

making scheduled irrigations impossible. Proper control and management of Rod kohi 
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water needs some strategies to efficiently utilize this precious natural resource for 

sustainable and profitable crops production.  Farmers in Rod kohi area usually apply 

water lavishly and over irrigate their fields which results wastage of water. To figure out 

the optimum amount of water required for maximum production, different 

quantities/depth of Rod kohi water viz 15-25 cm, 25-35 cm, 35-45 cm, and 45-55 cm 

were applied to fields of variable textures i.e. silty clay loam, silt loam, loam during the 

year 2007 to see their effect on the yield of wheat, application efficiency (Ea), water use 

efficiency (WUE), moisture and bulk density (BD) of soils. 

   

The result obtained showed that grain yield of wheat increased with the increment 

of irrigation water in all locations. The maximum grain yield was obtained with 35-45 cm 

depth irrigation; beyond this the yield declined suggesting that 35-45 cm depth of 

irrigation is the optimum water requirement for wheat in Rod kohi areas of D.I.Khan. 

Over irrigation ( > 45 cm depth) will be the wastage of this precious resource that can be 

saved for irrigating other areas. Amongst textural classes, the highest grain yield was 

achieved from loamy soils followed by silt loam and silty clay loam. The application 

efficiency (Ea) was evaluated to judge the effectiveness of the water used at the farm. It 

differed significantly among locations (different textural soils) as well as depth of water 

applied and their interaction. The Ea decreased as the depth of irrigation water increased. 

The maximum Ea was recorded with the application of 15-25 cm irrigation. This high 

percentage of Ea indicated that water was utilized beneficially. Hence, water should be 

applied in such amount that is efficiently utilized and the crop yield is also not affected. 

On average, the silty clay loam soil had the highest Ea while loamy soil the lowest and 

silt loam was at intermediate position.   

 

It is generally believed that an increase in the water use efficiency (WUE) is the 

effective tool to mitigating water shortage. In the case of water-limited environments, 

crop productivity is determined by the amount of water available and WUE of crop. The 

WUE at grain yield provides useful information for agricultural practices. The WUE was 

calculated on grain yield basis per mm of water application. The results revealed that 

WUE was significantly influenced by the volume of water applied as well as soil texture 
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and their interactions. It ranged from 5.917-13.627 kg ha-1 mm-1 being minimum for 45-

55 cm depth irrigation and maximum for 15-25 cm depth suggesting that the water use 

efficiency (WUE) was inversely related to the irrigation water volumes. It decreased 

linearly as irrigation water volumes increases. The loamy soils had higher value, while 

silty clay loam soils had the lower WUE value. The intermediate values of WUE was 

recorded for the silt loam soils.  

 

Soil texture and structure, bulk and particle densities, and porosity are the major 

soil physical properties that determine the extent of the water storage capacity of the soil. 

The soil moisture content determines the success or failure of crop production in rainfed 

and Rod kohi agriculture where yield of crop is significantly affected by the availability 

of moisture in the root zone during growing season. The soil moisture content was 

determined at three stages viz before flood, at the time of sowing and after harvest of 

crop at different sites having variable textured soils and amount of water applied. On 

average, silty clay loam soils retained highest moisture content followed by silt loam and 

loam soil. Significantly the highest soil moisture content was reported at the time of 

sowing at all locations (different textured soils) that decreased at the time of harvest of 

the crop while the lowest moisture content was recorded in samples collected before 

flood. The moisture content in the soils increased with the increase in irrigation depths. 

All interactions among three factors were significant with regards to soil moisture 

content. 

 

Bulk density is an invariant quantity for a given soil that varies with structural 

condition of the soil particularly which relate to packing. The bulk density of soils having 

different textures and volume of water applied was also determined at three stages i.e. 

before flood, at the time of sowing and after harvest of crop. It varied in different textured 

soils, amount of water applied and sampling stages. These differences were not 

significant. Numerically, samples colleted before flood had the highest bulk density 

followed by those after harvesting of crop and were lowest at sowing time. Loamy soils 

had higher while silty clay loam soils the lowest BD but with no statistical difference.  
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Soil surface sealing is a major problem in Rod kohi soils when rainfall occurs 

after sowing of seed and before germination. In a study, different textured soils viz silty 

clay loam, silt loam and loam were subjected to variable simulated rainfall intensities i.e. 

5 mm, 10 mm and 15 mm six days after sowing of wheat seeds. It was revealed that crust 

was formed on all soils irrespective of texture but with varying intensity or strength in 

different textures. From our observations it could be inferred that the soils of Rod Kohi 

area are prone to crust development irrespective of texture and rainfall intensities which 

retarded seedlings emergence and consequently reduced grain yield of wheat. Soil 

crusting reduced 35.86 to 52.94% seedlings germination being low in loamy soil and high 

in silt clay loam soil while intermediate in silt loam soil, suggesting that silty clay loam 

soil was more prone to crusting as compared to silt loam soil while loamy soil was less 

susceptible to surface sealing. Amongst rainfall intensities, the minimum rainfall intensity 

(5 mm) significantly reduced seedlings emergence at all textured soils, reflecting greater 

soil strength as compared to 10 mm and 15 mm rainfall. A negative relationship existed 

between crust strength and germination count.  

 

Different soil crust management practices i.e. hand hoeing, crop residue cover, 

application of FYM were employed to see their effectiveness in enhancing seedling 

emergence and grain yield of wheat. It was found that different crust management 

practices improved seedlings emergence significantly at all locations. The significantly 

highest germination count was recorded in manual hoeing followed by crop residue (CR) 

and FYM.  

  

The grain yield of wheat was significantly affected by different rainfall intensities 

and soil crust management practices at all locations. The significant lowest grain yield 

was noted with the lowest rainfall intensity (5.00 mm) at all the three locations, whereas 

statistically highest yields were found in 15.00 mm rainfall intensity. The significant 

highest grain yield of 3006.411 kg ha-1 was obtained in the loamy textured soil followed 

by the silty loam textured soil (2337.885 kg ha-1) whereas the lowest grain yield  

(2092.922 kg ha-1) was recorded in silty clay loam soil. The results indicated that amongst 

crust management practices, manual hoeing proved most effective in enhancing seedling 



 

 127

emergence and increasing grain yield followed by CR and FYM. The manual hoeing 

produced 130.78%, 75.58% and 43.06% more yields than control in loamy, silt loam and 

silty clay loam soils respectively. The crop residue treatments gave 96.96%, 61.61% and 

41.41% increased yield over control whereas yield increases from FYM were 88.22%, 

47.74% and 29.74% in loamy, silt loam and silty clay loam soils respectively.  The 

combined data of three locations showed that increase in grain yield from FYM, CR and 

manual hoeing over control was 48.84%, 60.46% and 73.33% respectively. 

 

It is an established fact that fertilizers play pivotal role in boosting yields of the 

crops and is the most important factor responsible for raising economic crop production. 

Mostly, research work conducted on fertilizers has been focused on irrigated agriculture 

and importance of balanced fertilizer use in Rod kohi areas has received very little 

attention. A study was conducted to see the effect of variable rates of NPK fertilizers on 

the performance of wheat at different textured soils in Rod kohi areas of D.I.Khan 

division. Field trials were conducted on silty clay loam and loamy soils for two 

consecutive years during 2006-07 and 2007-08. Fertilizers rates included NPK @ (i) 0-0-

0, (ii) 20-0-0, (iii) 40-20-0, (iv) 40-20-10, (v) 60-30-20, (vi) 80-40-30 and (vii) 100-50-40 

kg ha-1.  Amongst different yield contributing parameters, plant height, number of 

productive tillers m-2, ear length and grain yield were significantly affected by application 

of different rates of NPK at both locations. All parameters increased with the increment 

of fertilizers rates. The maximum plant height (78.88 cm), number of productive tiller m-2 

(378.400), longest ears (9.265 cm) were recorded in plots receiving 100-50-40 kg ha-1 

NPK followed by NPK@ 80-40-30 kg ha-1. Similarly the highest grain yield of 4090.037 

kg ha-1 was achieved by the application of NPK @ 100-50-40 kg ha-1 closely followed by 

NPK@ 80-40-30 kg ha-1 (T6) which produced significantly similar grain yield of 

4070.417 kg ha-1. Computing the economic of fertilizers application revealed that 

maximum benefit/ha was received from the application of NPK @ 80-40-30 kg ha-1  

followed by NPK @ 100-50-40 kg ha-1 and NPK @ 60-30-20 kg ha-1, suggesting that the 

most economical dose of fertilizers for achieving maximum grain yield of wheat under 

Rod Kohi conditions of D.I.Khan is NPK @ 80-40-30 kg ha-1. In silty clay loam soil, an 

increase of 8.33 to 27.91% in grain yield was noted due to fertilizers application, while in 



 

 128

loamy soil, the increase was 8.43 to 38.62%. Although no significant difference in 1000-

grain weight was observed due to different rates of NPK fertilizers, yet the heaviest 

grains were found in treatment receiving NPK @ 80-40-30 kg ha-1.  

 

Comparison of two the locations showed that all parameter had higher values at 

Wanda Feroze (L2) having loamy soil as compared to Abi Zar (L1) with silty clay loam 

soil.  Likewise, greater values were found during the 2nd year of study (2007-08) as 

compared to the 1st year (2006-07). 
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RECOMMENDATIONS 

Although the production level of Rod kohi areas can not be brought at par with 

those in irrigated areas, however, it can certainly be increased if appropriate methods of 

soil and water conservation are developed for adoption by farmers. The farmers should be 

educated about the efficient use of water according to their requirements, so that this 

precious resource is utilized for irrigating more areas. In addition, they should have the 

knowledge of soil crust management practices as well as judicious use of fertilizers. The 

studies revealed that for sustainable production, the Rod kohi soils should be applied 

irrigation up 35-45 cm depth.  

For achieving profitable yield of wheat in Rod kohi areas, following recommendations 

are made; 

1. Manual hoeing should be practiced for soil crust management. 

2. The soil should be irrigated upto 35-45 cm depth. 

3. NPK @ 80-40-30 kg ha-1 should be applied      
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APPENDICES 
 

 
APPENDIX-1. TEXTURAL CLASSIFICATION AND SATURATION 

PERCENTAGE OF ROD KOHI SOILS OF D.I.KHAN 
DIVISION 

S.# Name of 
Location 

Clay Silt Sand Textural Class Saturation 
Percentage

  % % %  % 

TEHSIL TANK 
1. Ghasha 32.0 42.0 26.0 Clay Loam 44.96 
2. Gomal  15.0 67.4 17.6 Silt Loam 28.45 
3. Band Paroo 4.4 83.2 12.4 Silt 18.15 
4. Dabara 11.0 67.4 21.6 Silt Loam 24.56 
5. Sheikh Sultan 48.0 42.0 10.0 Silty Clay 60.50 
6. Turan Tatur 6.8 42.0 51.2 Sandy Loam 20.48 
7. Kalu Parangi 8.0 78.8 15.2 Silt Loam 21.65 
8. Hayat 30.4 53.2 16.4 Silty Clay Loam 43.40 
9. Pathar 11.6 73.0 15.4 Silt Loam 25.15 
10. Utar 13.6 44.8 41.6 Loam 27.09 
11. Budha 44.0 54.0 2.0 Silty Clay 56.61 
12. Kot Mitha 3.4 80.2 164 Silt 17.18 
13. Chadhrar 41.2 50.8 8.0 Silty Clay 53.89 
14. Matta 11.8 55.4 32.8 Silt Loam 25.34 
15. Shada 2.4 67.2 30.4 Silt Loam 16.21 
16. Rakh Dabara 15.0 16.8 68.2 Sandy Loam 28.45 
17. Jamal Awan 8.4 83.2 8.4 Silt Loam 22.04 
18. Dial 6.4 75.2 18.4 Silt Loam 20.09 
19. Jamal Kurai 6.0 76.2 17.8 Silt Loam 19.71 
20. Mamrez Pathan 2.4 67.2 30.4 Silt Loam 16.21 
21. Mamrez Baloch 8.8 82.8 8.4 Silt Loam 22.43 
22. Mian Khan 3.4 70.2 26.4 Silt Loam 17.18 
23. Gara Baloch 48.4 27.2 24.4 Clay 60.88 
24. Gara Daulat 

Khan 

10.4 71.2 18.4 Silt Loam 23.98 

25. Bara Khel 12.4 71.2 10.4 Silt Loam 25.92 
26. Ranwal 42.0 44.5 13.5 Silty Clay 54.67 
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27. Mahram 12.4 69.2 18.4 Silt Loam 25.92 
28. Manji Khel 26.0 62.8 11.2 Silt Loam 39.13 
29. Kot Allah Dad 54.4 34.4 11.2 Clay 66.71 
30. Khaira Awan/ 

Junaid Awan 

2.6 82.0 15.4 Silt 16.41 

31. Habib Watta 3.4 90.2 6.4 Silt 17.18 
32. Mashuqa/ 

Mossoma 

2.4 69.2 6.4 Silt Loam 16.21 

33. Sheh Baz 20.4 28.4 51.2 Sandy Clay Loam 33.69 
34. Gula Kurai 12.4 69.2 18.4 Silt Loam 25.94 
35. Naurang 30.4 58.4 11.2 Silty Clay Loam 43.40 
36. Sheran 2.6 85.0 12.4 Silt 16.41 
37. Nur Chiri 8.4 71.6 2.0 Silt Loam 22.04 
38. Oran Kohna 2.8 70.2 27.0 Silt Loam 16.60 
39. Azami 3.6 84.8 11.6 Silt 17.38 
40. Udal 4.0 80.2 15.8 Silt 17.76 
41. Heri Malak 4.4 79.2 16.4 Silt Loam 18.15 
42. Rakh Ranwal 6.4 68.8 24.8 Silt Loam 20.09 
43. Khanum 54.8 39.0 6.2 Clay 67.10 
44. Nadir ali Shah 10.4 67.2 22.4 Silt Loam 23.98 
45. Sarfaraz 5.4 82.2 12.6 Silt 19.12 
46. Kahu 42.2 32.6 25.2 Clay 54.86 
47. Safdar Ali Shah 29.6 35.2 35.2 Clay Loam 42.63 
48. Dagar Khan 12.4 65.2 22.4 Silt Loam 25.94 
49. Bhagowal 11.4 72.2 16.4 Silt Loam 24.95 
50. Guarazai  30.4 53.2 16.4 Silty Clay Loam 43.40 
51. Sarangnowal 10.2 71.6 19.2 Silt Loam 23.79 
52. Abi Zar 32.8 53.6 13.6 Silty Clay Loam 46.90 

TEHSIL KULACHI 
53. Kot zafar Bala 

Dasti 

34.0 58.0 8.0 Silty Clay Loam 53.70 

54. Luni 41.0 56.0 3.0 Silty Clay 20.87 
55. Rori 7.2 27.2 65.6 Sandy Loam 54.67 
56. Naskora Nahra 42.0 55.8 2.2 Silty Clay 2087 
57. Gara Gul Dad 7.2 83.2 9.6 Silt 31.94 
58. Kot Sultan 18.6 70.2 11.2 Silt Loam 55.16 
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59. Gara Sardar 

Khan 

42.5 48.2 9.3 Silty Clay 50.59 

60. Mohabbat 37.8 38.0 24.0 Clay Loam 35.25 
61. Kanori 22.0 60.0 18.0 Silt Loam 54.67 
62. Gara Hayat 42.0 48.0 10.0 Silty Clay 47.09 
63. Kot Daulat 34.2 54.6 11.2 Silty Clay Loam 43.21 
64. Kulachi Gharbi 30.2 58.0 11.8 Silty Clay Loam 48.07 
65. Gul Muhammad 35.2 51.2 13.6 Silty Clay Loam 49.23 
66. Kulachi Sharqi 36.4 54.2 9.4 Silty Clay Loam 46.90 
67. Kot Attal 34.0 56.0 10.0 Silty Clay Loam 21.65 
68. Nadar Badar 8.0 60.0 32.0 Silt Loam 43.99 
69. Gara Jana 31.0 60.0 9.0 Silty Clay Loam 44.96 
70. Gara Ibrahim 32.0 62.0 6.0 Silty Clay Loam 54.67 
71. Kot Walidad 42.0 44.4 13.6 Silty Clay  55.64 
72. Kot Zafar 

Firdosti 

43.0 45.0 12.0 Silty Clay 26.70 

73. Maddi 16.2 55.2 28.6 Silt Loam 54.48 

TEHSIL D.I.KHAN 
74. Saggu Gandapuri 41.8 45.2 13.0 Silty Clay 37.38 
75. Kot Issa Khan 24.2 58.4 17.4 Silt Loam 44.96 
76. Yara manji Khel 32.0 55.0 13.0 Silty Clay Loam 37.19 
77. Pota 24.0 60.8 15.2 Silt Loam 48.89 
78. Skindar Shumali 36.0 52.0 12.0 Silty Clay Loam 26.12 
79. Durabari 12.6 62.0 25.4 Silt Loam 51.47 
80. Faqira 38.7 48.1 13.2 Sity Clay Loam 48.84 
81. Tali 36.0 53.6 12.4 Silty Clay Loam 54.86 
82. Hawasi 42.2 44.8 13.0 Silty Clay 43.02 
83. Hussni 30.0 59.2 10.8 Silty Clay Loam 55.64 
84. Chadrer 43.0 46.5 10.5 Silty Clay 54.86 
85. Hato 42.2 48.0 9.8 Silty Clay 41.07 
86. Ahmad 28.0 65.2 11.8 Silty Clay Loam 45.74 
87. Wanda Feroze 14.8 46.4 38.8 Loam 28.25 
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APPENDIX-2. CHEMICAL CHARACTERISTICS OF SOIL SAMPLES 
COLLECTED FROM ROD KOHI AREAS OF D.I.KHAN 
DIVISION  

S.# Name of Location pH ECe (Ca+Mg) HCO3 Cl Na 

   dSm-1 meqL-1 

TEHSIL TANK 

1. Ghasha 8.30 6.000 24.20 1.28 22.46 21.83 

2. Gomal  8.40 5.250 4.10 2.46 2.04 20.25 

3. Band Paroo 8.6 0 5.000 7.80 1.02 4.78 11.44 

4. Dabara 8.20 7.670 23.20 2.45 14.55 15.68 

5. Sheikh Sultan 8.40 4.000 3.35 1.40 6.38 7.22 

6. Turan Tatur 7.90 0.750 1.90 1.04 0.78 2.32 

7. Kalu Parangi 8.60 4.000 4.60 0.68 6.66 6.98 

8. Hayat 7.90 2.255 3.90 1.20 2.38 4.03 

9. Pathar 8.50 7.000 24.50 1.08 12.56 9.72 

10. Utar 8.20 5.940 17.25 1.64 1.26 21.36 

11. Budha 8.45 2.250 3.66 1.36 1.23 3.48 

12. Kot Mitha 8.10 3.000 15.40 1.08 13.74 4.76 

13. Chadhrar 8.30 3.000 2.00 1.22 6.41 4.57 

14. Matta 8.20 4.150 11.60 0.29 5.92 7.01 

15. Shada 8.30 8.000 17.90 1.72 28.84 15.00 

16. Rakh Dabara 8.10 2.636 11.20 3.20 3.80 5.91 

17. Jamal Awan 8.10 5.000 4.10 1.16 1.60 8.22 

18. Dial 8.20 3.500 3.10 1.40 1.80 5.28 

19. Jamal Kurai 8.30 2.850 3.80 2.04 2.46 4.76 

20. Mamrez Pathan 8.10 4.300 8.60 1.16 1.66 7.57 

21. Mamrez Baloch 8.20 2.800 3.10 1.40 1.80 14.46 

22. Mian Khan 8.30 2.870 12.20 1.92 14.64 4.92 

23. Gara Baloch 8.40 3.400 13.70 1.16 2.10 16.38 

24. Gara Daulat Khan 8.20 2.750 2.10 1.36 0.90 4.33 

25. Bara Khel 8.10 2.700 5.60 1.24 2.16 4.27 

26. Ranwal 7.90 2.100 7.80 1.80 5.16 3.77 

27. Mahram 8.20 2.750 2.20 1.60 1.28 4.80 

28. Manji Khel 8.10 2.250 4.30 1.84 1.02 3.90 

29. Kot Allah Dad 8.20 2.000 2.70 1.88 1.30 3.70 

30. Khaira Awan/ Junaid 8.20 2.200 3.12 1.45 1.51 4.20 
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Awan 

31. Habib Watta 8.30 5.000 24.20 1.28 22.46 20.19 

32. Mashuqa/ Mossoma 8.50 2.750 2.72 1.52 2.58 4.79 

33. Sheh Baz 7.80 2.250 3.20 1.04 0.90 4.45 

34. Gula Kurai 8.10 4.000 10.70 2.00 2.24 7.33 

35. Naurang 7.80 1.500 2.80 0.96 0.78 3.13 

36. Sheran 8.50 3.700 5.60 1.44 2.34 5.58 

37. Nur Chiri 8.20 2.200 2.80 1.64 3.06 3.73 

38. Oran Kohna 8.50 2.500 2.50 1.24 1.04 4.20 

39. Azami 8.30 3.500 11.10 1.40 7.18 5.41 

40. Udal 8.50 4.500 4.70 1.08 23.28 7.50 

41. Heri Malak/ 

Bhattar Mamlok 

8.00 1.800 6.50 1.16 1.50 3.23 

42. Rakh Ranwal 8.50 2.200 5.40 1.24 3.04 3.78 

43. Khanum 8.10 2.500 6.60 1.32 2.02 4.05 

44. Nadir Ali Shah 8.00 1.250 1.20 1.32 0.84 2.37 

45. Sarfaraz 8.20 1.100 3.00 1.08 2.98 2.35 

46. Kahu 8.00 3.000 3.40 1.96 1.22 14.98 

47. Safdar Ali Shah 7.70 1.250 2.30 1.24 0.82 9.62 

48. Dagar Khan 8.00 1.500 2.10 1.36 1.20 5.22 

49. Bhagowal 8.30 2.800 2.10 1.44 1.86 14.28 

50. Guarazai  8.10 3.870 3.90 1.20 2.38 8.48 

51. Sarangnowa 8.20 3.250 4.25 2.10 3.20 6.66 

52. Abi Zar 8.30 2.420 3.87 1.92 3.17 10.02 

TEHSIL KULACHI 

53. Kot zafar Bala Dasti 8.40 1.000 4.04 1.44 0.44 2.93 

54. Luni 7.80 3.250 2.38 1.02 0.98 6.27 

55. Rori 8.20 1.000 3.04 3.12 5.42 3.92 

56. Naskora Nahra 8.20 1.250 2.12 1.23 1.20 3.06 

57. Gara Gul Dad 8.10 2.500 7.23 1.00 1.70 4.48 

58. Kot Sultan 7.90 3.300 8.65 2.00 3.24 5.38 

59. Gara Sardar Khan 8.30 3.500 3.25 1.04 10.00 5.68 

60. Mohabbat 8.25 2.000 2.85 2.14 5.74 4.00 

61. Kanori 8.20 3.250 6.00 0.96 12.10 4.48 

62. Gara Hayat 8.20 3.100 3.51 2.44 2.42 5.08 

63. Kot Daulat 8.30 3.150 2.96 1.56 8.95 5.23 
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64. Kulachi Gharbi 8.30 4.000 4.50 2.84 2.47 7.33 

65. Gul Muhammad 8.30 4.500 14.20 1.00 10.00 7.89 

66. Kulachi Sharqi 8.40 3.000 3.34 2.84 3.28 5.71 

67. Kot Attal 8.25 3.000 4.00 2.52 3.21 5.75 

68. Nadar Badar 8.30 4.200 13.50 2.68 15.00 7.18 

69. Gara Jana 8.40 3.000 3.20 1.00 3.85 5.44 

70. Gara Ibrahim 8.40 3.500 5.70 0.68 3.94 5.9 

71. Kot Walidad 8.20 3.000 4.67 4.55 5.66 5.37 

72. Kot Zafar Firdosti 8.30 3.100 4.46 1.12 3.45 5.48 

73. Maddi 8.40 2.500 7.10 2.00 9.10 4.70 

TEHSIL D.I.KHAN 

74. Saggu Gandapuri 8.20 2.350 3.72 0.99 2.64 4.43 

75. Kot Issa Khan 8.30 2.200 3.60 2.00 1.30 4.20 

76. Yara manji Khel 8.20 2.700 3.35 3.15 2.30 4.82 

77. Pota 8.10 3.750 4.00 1.23 2.45 5.89 

78. Skindar Shumali 8.40 4.200 4.90 0.96 0.68 6.39 

79. Durabari 8.30 2.850 3.61 2.20 2.00 4.72 

80. Faqira 8.40 3.150 6.00 2.87 3.28 5.50 

81. Tali 8.40 3.000 3.85 1.85 2.85 5.21 

82.. Hawasi 8.20 3.000 5.65 1.20 4.20 7.73 

83. Hussni 8.00 2.800 6.20 1.00 3.19 7.04 

84. Chadrer 8.30 3.100 5.00 0.98 4.10 6.64 

85. Hato 8.40 3.200 4.67 1.25 4.60 6.09 

86. Ahmad 8.30 2.000 4.80 1.30 2.70 6.20 

87. Wanda Feroze 8.20 2.200 2.85 1.20 2.75 5.55 
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APPENDIX-3. CaCO3, SAR, GR and SALINITY/SODICITY STATUS OF 
SOILS OF ROD KOHI AREAS OF D.I.KHAN DIVISION 

S.# Name of Location CaCO3 SAR GR Salinity/ Sodicity 
Status 

  (%)  t.ac-1  
TEHSIL TANK 
1. Ghasha 14.85 12.62 1.38 Saline sodic 

2. Gomal  16.80 12.50 0.344 Saline  Sodic 

3. Band Paroo 12.65 7.24 Nil Saline 

4. Dabara 15.42 8.00 Nil Saline 

5. Sheikh Sultan 17.00 5.16 Nil Normal 

6. Turan Tatur 18.20 3.80 Nil Normal 

7. Kalu Parangi 13.50 4.95 Nil Saline 

8. Hayat 14.00 3.80 Nil Normal 

9. Pathar 16.00 5.20 Nil Saline 

10. Utar 14.94 12.42 1.37 Saline Sodic 

11. Budha 13.50 3.28 Nil Normal 

12. Kot Mitha 15.92 3.90 Nil Normal 

13. Chadhrar 11.90 3.75 Nil Normal 

14. Matta 12.32 4.87 Nil Saline 

15. Shada 12.80 7.60 2.79 Saline Sodic 

16. Rakh Dabara 14.00 5.18 Nil Normal 

17. Jamal Awan 16.00 5.20 Nil Saline 

18. Dial 15.00 4.10 Nil Normal 

19. Jamal Kurai 11.00 4.00 Nil Normal 

20. Mamrez Pathan 15.00 5.15 Nil Normal 

21. Mamrez Baloch 13.20 12.25 0.344 Sodic 

22. Mian Khan 14.00 4.10 Nil Normal 

23. Gara Baloch 17.35 12.60 5.16 Sodic 

24. Gara Daulat Khan 14.20 3.70 Nil Normal 

25. Bara Khel 12.00 3.68 Nil Normal 

26. Ranwal 16.00 3.70 Nil Normal 

27. Mahram 13.00 4.00 Nil Normal 

28. Manji Khel 17.75 3.68 Nil Normal 

29. Kot Allah Dad 21.35 3.70 Nil Normal 

30. Khaira Awan/ Junaid Awan 20.00 4.00 Nil Normal 

31. Habib Watta 17.00 12.78 1.38 Saline sodic 
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32. Mashuqa/ Mossoma 14.00 4.10 Nil Normal 

33. Sheh Baz 15.75 4.20 Nil Normal 

34. Gula Kurai 16.00 5.20 Nil Saline 

35. Naurang 19.45 3.60 Nil Normal 

36. Sheran 13.60 4.10 Nil Normal 

37. Nur Chiri 15.00 3.55 Nil Normal 

38. Oran Kohna 15.50 3.75 Nil Normal 

39. Azami 13.00 4.10 Nil Normal 

40. Udal 16.00 5.00 Nil Saline 

41. Heri Malak 14.00 3.40 Nil Normal 

42. Rakh Ranwal 12.00 3.60 Nil Normal 

43. Khanum 19.20 3.62 Nil Nomal 

44. Nadir ali Shah 17.20 3.00 Nil Normal 

45. Sarfaraz 15.00 3.18 Nil Normal 

46. Kahu 21.30 12.28 2.06 Sodic 

47. Safdar Ali Shah 22.95 12.18 0.344 Sodic 

48. Dagar Khan 18.00 6.00 Nil Normal 

49. Bhagowal 16.00 12.10 0.344 Sodic 

50. Guarazai  14.00 6.10 Nil Normal 

51. Sarangnowal 14.20 5.95 Nil Normal 

52. Abi Zar 13.35 5.62 Nil Normal 

TEHSIL KULACHI 
53. Kot zafar Bala Dasti 15.80 4.12 Nil Normal 

54. Luni 17.50 5.60 Nil Normal 

55. Rori 14.00 3.92 Nil Normal 

56. Naskora Nahra 15.20 3.87 Nil Normal 

57. Gara Gul Dad 15.60 4.00 Nil Normal 

58. Kot Sultan 14.00 4.20 Nil Normal 

59. Gara Sardar Khan 15.45 4.30 Nil Normal 

60. Mohabbat 15.00 4.00 Nil Normal 

61. Kanori 15.20 4.00 Nil Normal 

62. Gara Hayat 14.80 4.10 Nil Normal 

63. Kot Daulat 13.60 4.18 Nil Normal 

64. Kulachi Gharbi 18.50 5.20 Nil Saline 

65. Gul Muhammad 16.80 5.26 Nil Saline 

66. Kulachi Sharqi 14.80 4.18 Nil Normal 
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67. Kot Attal 15.00 4.70 Nil Normal 

68. Nadar Badar 16.50 4.95 Nil Saline 

69. Gara Jana 16.00 4.46 Nil Normal 

70. Gara Ibrahim 15.40 4.52 Nil Normal 

71. Kot Walidad 16.80 4.40 Nil Normal 

72. Kot Zafar Firdosti 12.80 4.42 Nil Normal 

73. Maddi 17.00 4.20 Nil Normal 

TEHSIL D.I.KHAN 
74. Saggu Gandapuri 15.00 4.10 Nil Normal 

75. Kot Issa Khan 18.25 4.00 Nil Normal 

76. Yara manji Khel 16.00 4.16 Nil Normal 

77. Pota 17.00 4.30 Nil Normal 

78. Skindar Shumali 16.50 4.41 Nil Saline 

79. Durabari 13.10 3.97 Nil Normal 

80. Faqira 14.00 4.40 Nil Normal 

81. Tali 13.75 4.27 Nil Normal 

82. Hawasi 12.68 4.60 Nil Normal 

83. Hussni 14.00 4.00 Nil Normal 

84. Chadrer 13.20 4.20 Nil Normal 

85. Hato 13.80 3.98 Nil Normal 

86. Ahmad 14.10 4.00 Nil Normal 

87. Wanda Feroze 12.16 4.00 Nil Normal 
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APPENDIX-4. FERTILITY STATUS OF ROD KOHI SOILS OF  
D.I.KHAN DIVISION 

S.# Name of Location O.M N P K 

  % Mgkg-1 mgkg-1 mgkg-1 

TEHSIL TANK 

1. Ghasha 0.84 42.00 3.2 157 

2. Gomal  0.92 46.00 3.5 76 

3. Band Paroo 0.68 34.00 2.4 128 

4. Dabara 0.68 34.00 3.3 118 

5. Sheikh Sultan 0.52 26.00 3.0 128 

6. Turan Tatur 0.81 40.00 5.0 165 

7. Kalu Parangi 0.84 42.00 5.0 180 

8. Hayat 0.91 45.00 4..2 230 

9. Pathar 0.75 37.00 2.2 88 

10. Utar 0.42 21.00 6.2 184 

11. Budha 0.75 37.00 6.0 200 

12. Kot Mitha 0.54 27.00 2.4 100 

13. Chadhrar 1.00 50.00 4.0 215 

14. Matta 1.05 52.00 2.8 75 

15. Shada 0.64 32.00 2.2 82 

16. Rakh Dabara 0.60 30.00 2.6 98 

17. Jamal Awan 0.78 39.00 3.8 124 

18. Dial 0.84 42.00 4.0 168 

19. Jamal Kurai 0.76 38.00 3.0 96 

20. Mamrez Pathan 0.68 34.00 2.4 82 

21. Mamrez Baloch 0.54 27.00 2.2 90 

22. Mian Khan 0.48 24.00 2.4 100 

23. Gara Baloch 0.98 49.00 4.0 168 

24. Gara Daulat Khan 0.84 42.00 3.6 154 

25. Bara Khel 0.86 43.00 4.0 172 

26. Ranwal 0.92 46.00 5.4 210 

27. Mahram 0.78 39.00 3.0 140 

28. Manji Khel 0.98 49.00 3.6 186 

29. Kot Allah Dad 1.00 50.00 4.0 200 

30. Khaira Awan/ Junaid Awan 0.54 27.00 2.2 94 

31. Habib Watta 0.62 31.00 2.6 96 
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32. Mashuqa/ Mossoma 0.60 30.00 2.2 102 

33. Sheh Baz 0.97 48.00 4.1 140 

34. Gula Kurai 0.84 42.00 3.0 112 

35. Naurang 0.43 21.00 1.9 140 

36. Sheran 0.40 20.00 1.8 128 

37. Nur Chiri 0.48 24.00 1.8 110 

38. Oran Kohna 0.54 27.00 2.2 88 

39. Azami 0.60 30.00 2.6 100 

40. Udal 0.48 24.00 3.0 168 

41. Heri Malak 0.56 28.00 2.0 98 

42. Rakh Ranwal 0.68 34.00 2.8 128 

43. Khanum 0.98 49.00 4.8 220 

44. Nadir ali Shah 0.88 44.00 3.8 160 

45. Sarfaraz 0.54 27.00 2.2 120 

46. Kahu 0.62 31.00 2.5 190 

47. Safdar Ali Shah 0.58 29.00 4.0 124 

48. Dagar Khan 0.40 20.00 1.8 102 

49. Bhagowal 0.42 21.00 2.0 98 

50. Guarazai  0.91 45.00 4.5 180 

51. Sarangnowal 0.56 28.00 2.2 138 

52. Abi Zar 0.54 27.00 3.3 181 

TEHSIL KULACHI 

53. Kot zafar Bala Dasti 0.66 33.00 2.4 120 

54. Luni 0.90 45.00 3.8 154 

55. Rori 0.78 39.00 2.2 98 

56. Naskora Nahra 0.68 34.00 2.6 122 

57. Gara Gul Dad 0.76 38.00 3.2 138 

58. Kot Sultan 0.84 42.00 3.0 184 

59. Gara Sardar Khan 0.68 34.00 2.0 210 

60. Mohabbat 0.76 38.00 3.4 182 

61. Kanori 0.68 34.00 3.0 154 

62. Gara Hayat 0.82 41.00 3.0 168 

63. Kot Daulat 0.58 29.00 2.2 164 

64. Kulachi Gharbi 0.80 40.00 3.6 182 

65. Gul Muhammad 0.68 34.00 2.8 124 

66. Kulachi Sharqi 0.84 42.00 3.8 198 
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67. Kot Attal 0.64 32.00 2.6 102 

68. Nadar Badar 0.54 27.00 2.0 164 

69. Gara Jana 0.78 39.00 3.2 200 

70. Gara Ibrahim 0.80 40.00 3.4 194 

71. Kot Walidad 0.68 34.00 2.0 154 

72. Kot Zafar Firdosti 0.60 30.00 2.2 182 

73. Maddi 0.88 44.00 3.5 210 

TEHSIL D.I.KHAN 

74. Saggu Gandapuri 0.70 35.00 2.6 190 

75. Kot Issa Khan 0.54 27.00 1.8 168 

76. Yara manji Khel 0.80 40.00 2.8 200 

77. Pota 0.84 42.00 2.6 174 

78. Skindar Shumali 0.70 35.00 2.0 210 

79. Durabari 0.46 23.00 1.9 160 

80. Faqira 0.65 32.00 2.7 175 

81. Tali 0.70 35.00 2.4 220 

82. Hawasi 0.56 28.00 2.4 163 

83. Hussni 0.54 27.00 3.6 170 

84. Chadrer 0.48 24.00 2.0 158 

85. Hato 0.58 29.00 2.7 180 

86. Ahmad 0.56 28.00 2.4 168 

87. Wanda Feroze 0.74 37.00 3.8 161 
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Appendix-5 

 

Yield Data (Locations combined) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 18539.400 9269.700 3.6491 0.1253 

Factor A 2 1532403.747 766201.874 301.6213 0.0000 

Error 4 10161.112 2540.278   

Factor B 3 911891.323 303963.774 40.3221 0.0000 

AB 6 31834.614 5305.769 0.7038  

Error 18 135691.027 7538.390   

Total 35 2640521.224    

CV = 8.50% 

 

 

 

Appendix-6 

 

Application Efficiency (Ea) (Locations combined) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 5.385 2.692 1.6940 0.2931 

Factor A 2 2830.108 1415.054 890.3315 0.0000 

Error 4 6.357 1.589   

Factor B 3 6009.885 2003.295 1264.2158 0.0000 

AB 6 281.445 46.908 29.6019 0.0006 

Error 18 28.523 1.585   

Total 35 9161.704    

CV = 8.41% 
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Appendix-7 

 

Water Use Efficiency (WUE) (Locations combined) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 0.217 0.109 3.5036 0.1321 

Factor A 2 11.403 5.701 183.8742 0.0001 

Error 4 0.124 0.031   

Factor B 3 288.100 96.033 1362.7117 0.0000 

AB 6 1.402 0.234 3.3155 0.0223 

Error 18 1.269 0.070   

Total 35 302.515    

CV = 9.80% 

 

Appendix-8 

 

Moisture (Combined locations) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 3 2.907 0.969 13.0763 0.0048 

Factor A 2 206.070 103.035 1390.2725 0.0000 

Error 6 0.445 0.074   

Factor B 2 6273.207 3136.604 32175.80.34 0.0000 

AB 4 129.257 32.314 331.4856 0.0000 

Factor C 3 240.533 80.178 822.4769 0.0000 

AC 6 1.169 0.195 1.9985 0.0730 

BC 6 126.145 21.024 215.6691 0.0000 

ABC 12 10.955 0.913 9.3645 0.0000 

Error 99 9.651 0.097   

Total 143 7000.339    

CV = 10.24%  
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Appendix-9 

 

Moisture Location wise (L-1: Ahmad; Silty Clay Loam) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 3 0.988 0.329 2.3320 0.1737 

Factor A 2 2741.249 1370.625 9707.1162 0.0000 

Error 6 0.847 0.141   

Factor B 3 79.151 26.384 271.8780 0.0000 

AB 6 41.853 6.975 71.8811 0.0000 

Error 27 2.620 0.097   

Total 47 2866.708    

CV = 12.04% 

 

 

Appendix-10 

 

Moisture Location wise (L-2: Nadar Badar; Silt Loam) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 3 0.442 0.174 1.9664 0.2205 

Factor A 2 2293.630 1146.815 15304.6104 0.0000 

Error 6 0.450 0.075   

Factor B 3 75.954 25.318 303.6841 0.0000 

AB 6 39.710 6.618 79.3968 0.0000 

Error 27 2.251 0.083   

Total 47 2412.436    

CV = 12.03% 
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Appendix-11 

Moisture Location wise (L-3: Utar; Loam) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 3 2.075 0.692 4.1632 0.0650 

Factor A 2 1364.683 682.342 4107.3304 0.0000 

Error 6 0.997 0.166   

Factor B 3 88.509 29.503 351.9640 0.0000 

AB 6 56.222 9.370 111.7848 0.0000 

Error 27 2.263 0.084   

Total 47 1514.749    

CV = 12.34% 

 

Appendix-12 

Bulk Density (Combined locations) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 0.001 0.000 1.5791 0.2134 

Factor A 2 0.035 0.018 6.0918 0.0850 

Error 4     

Factor B 2 0.107 0.053 6.7505 0.1054 

AB 4 0.000 0.000 0.3165 0.5485 

Factor C 3 0.039 0.013 4.1234 0.2514 

AC 6 0.000 0.000 0.1494 0.4857 

BC 6 0.020 0.003 1.0385  

ABC 12 0.000 0.000 0.0703  

Error 70 0.022 0.000   

Total 107 0.225    

CV = 7.23% 
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Appendix-13 

Germination Percentage Data (L-1: Abi Zar) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 4.222 2.111 0.1546  

Factor A 2 3193.056 1596.528 116.9379 0.0003 

Error 4 54.611 13.653   

Factor B 3 3137.000 1045.667 153.6491 0.0000 

AB 6 30.500 5.083 0.7469 0.0050 

Error 18 122.500 6.806   

Total 35 6541.889    

CV = 9.66% 

 

 

Appendix-14 

 

Germination Percentage Data (L-2: Maddi) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 22.722 11.361 0.9646  

Factor A 2 3482.889 1741.444 147.8585 0.0002 

Error 4 47.111 11.778   

Factor B 3 3029.861 1009.954 201.6174 0.0000 

AB 6 44.222 7.370 1.4713 0.2434 

Error 18 90.167 5.009   

Total 35 6716.972    

CV = 10.31% 
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Appendix-15 

 

Germination Percentage Data (L-3: Wanda Feroze) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 3.556 1.778 0.2909  

Factor A 2 3530.056 1765.028 288.8227 0.0000 

Error 4 24.444 6.111   

Factor B 3 1794.750 598.250 80.7637 0.0000 

AB 6 52.167 8.694 1.1737 0.3631 

Error 18 133.333 7.407   

Total 35 5538.306    

CV = 10.24% 

 

Appendix-16 

Locations Combined Germination Percentage Data 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 4.389 2.194 0.2306  

Factor A 2 6120.500 3060.250 321.5440 .00000 

Factor B 2 10129.389 5064.694 532.1532 0.0000 

AB 4 76.611 19.153 2.0124 0.1411 

Error 16 152.278 9.517   

Factor C 3 7839.296 2613.099 407.8247 0.0000 

AC 6 122.315 20.386 3.1816 0.0095 

BC 6 42.093 7.015 1.0949 0.3774 

ABC 12 84.796 7.066 1.1028 0.3770 

Error 54 346.000 6.407   

Total 107 24917.667    

CV = 14.68% 

 



 

 161

Appendix-17 

 

Yield Data (L-1: Abi Zar) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 2481.849 1240.925 0.2493  

Factor A 2 2588947.941 1294473.970 260.1039 0.0001 

Error 4 19907.033 4976.758   

Factor B 3 11481094.711 3827031.570 915.6140 0.0000 

AB 6 117074.036 19512.339 4.6683 0.0050 

Error 18 75235.384 4179.744   

Total 35 14284740.953    

CV = 13.09% 

 

Appendix-18 

 

Yield Data (L-2: Maddi) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 8803.933 4401.967 1.5126 0.3242 

Factor A 2 1773219.687 886609.844 304.6593 0.0000 

Error 4 11640.674 2910.169   

Factor B 3 7350125.975 2450041.992 1559.1404 0.0000 

AB 6 66329.967 11054.994 7.0351 0.0006 

Error 18 28285.301 1571.406   

Total 35 9238405.538    

CV = 11.70% 
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Appendix-19 

 

Yield Data (L-3: Wanda Feroze) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 2680.486 1340.243 0.3961  

Factor A 2 1183077.471 591538.736 174.8433 0.0001 

Error 4 13533.006 3383.252   

Factor B 3 5870338.277 1956779.426 943.3358 0.0000 

AB 6 11425.857 1904.310 0.9180 0.0050 

Error 18 37337.741 2074.319   

Total 35 7118392.839    

CV = 11.51% 

 

Appendix-20 

Locations Combined Yield Data 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 3450.465 1725.233 0.5165 

Factor A 2 16096738.475 8048369.237 2409.6746 0.0000

Factor B 2 5381288.925 2690644.462 805.5765 0.0000

AB 4 167304.533 41826.133 12.5227 0.0001

Error 16 53440.373 3340.023  

Factor C 3 24085878.592 8028626.197 3206.2166 0.0000

AC 6 709057.029 118176.172 47.1934 0.0000

BC 6 132390.444 22.065.074 8.8116 0.0000

ABC 12 64872.873 5406.073 2.1589 0.0276

Error 54 135220.375 2504.081  

Total 107 46829642.085  

CV = 12.02% 
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Appendix-21 

 

Years Combined Data (Plant Height) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of 

Squares 

Mean Square F-Value Prob 

Replication 2 5.073 2.537 77.9669 0.0127 

Factor A 1 1308.162 1308.162 40208.9086 0.0000 

Error 2 0.065 0033   

Factor B 1 4112.781 4112.781 13895.5814 0.0000 

AB 1 97.568 97.568 329.6454 0.0001 

Error 4 1.184 0.296   

Factor C 6 2205.087 367.514 671.0012 0.0000 

AC 6 33.047 5.508 10.0562 0.0000 

BC 6 256.733 42.789 78.1232 0.0000 

ABC 6 26.254 4.376 7.9891 0.0000 

Error 48 26.290 0.548   

Total 83 8072.245    

CV = 10.04% 

Appendix-22 

Plant Height Data (L-1: Abi Zar) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 2.380 1.190 3.3289 0.2310 

Factor A 1 1061.129 1061.129 2967.9902 0.0003 

Error 2 0.715 0.358   

Factor B 6 665.330 110.888 224.9779 0.0000 

AB 6 18.382 3.064 6.2158 0.0005 

Error 24 11.829 0.493   

Total 41 1759.766    

CV = 9.09% 
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Appendix-23 

Plant Height Data (L-2: Wanda Feroze) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 2.688 1.344 5.6832 0.1496 

Factor A 1 345.605 345.605 1461.2808 0.0007 

Error 2 0.473 0.237   

Factor B 6 1796.281 299.380 495.2624 0.0000 

AB 6 40.719 6.786 11.2268 0.0000 

Error 24 14.508 0.604   

Total 41 2200.274    

CV = 8.99% 

 

Appendix-24 

Years Combined Data (Number of Productive Tillers m-2) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 674.880 337.440 26.5705 0.0363 

Factor A 1 9232.043 9232.043 726.9435 0.0014 

Error 2 25.400 12.700   

Factor B 1 157891.101 157891.101 3361.1961 0.0000 

AB 1 5.190 5.190 0.1105  

Error 4 187.899 46.975   

Factor C 6 177560.822 29593.470 1112.9890 0.0000 

AC 6 470.468 78.411 2.9490 0.0157 

BC 6 1864.535 310.756 11.6873 0.0000 

ABC 6 599.949 99.992 3.7606 0.0038 

Error 48 1276.281 26.589   

Total 83 349788.568    

CV = 9.60% 
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Appendix-25 

 

Number of Productive Tillers Data (L-1: Abi Zar) 

ANALYSIS OF VARIANCE TABLE 

 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 578.388 289.194 29.0152 0.0333 

Factor A 1 4399.720 4399.720 441.4301 0.0023 

Error 2 19.934 9.967   

Factor B 6 95474.836 15912.473 363.5121 0.0000 

AB 6 489.672 81.612 1.8644 0.1288 

Error 24 1050.582 43.774   

Total 41 102013.132    

CV = 10.36% 

 

Appendix-26 

 

Number of Productive Tillers Data (L-2: Wanda Feroze) 

ANALYSIS OF VARIANCE TABLE 

 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 195.722 97.861 2.0792 0.3248 

Factor A 1 4837.513 4837.513 102.7792 0.0096 

Error 2 94.134 47.067   

Factor B 6 83950.520 13991.753 1487.8335 0.0000 

AB 6 580.745 96.791 10.2924 0.0000 

Error 24 225.699 9.404   

Total 41 89884.334    

CV = 7.84% 
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Appendix-27 

Years Combined Data (Ear Length) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 0.157 0.078 3.1230 0.2425 

Factor A 1 1.613 1.613 64.3074 0.0152 

Error 2 0.050 0.025   

Factor B 1 36.038 36.038 912.3567 0.0000 

AB 1 0.691 0.691 17.4998 0.0139 

Error 4 0.158 0.040   

Factor C 6 37.333 6.222 250.8594 0.0000 

AC 6 0.055 0.009 0.3688  

BC 6 0.153 0.025 1.0271 0.4194 

ABC 6 0.014 0.002 0.0914  

Error 48 1.191 0.025   

Total 83 77.452    

CV = 9.88% 

 

Appendix-28 

Ear Length Data (L-1: Abi Zar) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 0.207 0.103 2.2109 0.3114 

Factor A 1 2.208 2.208 47.2160 0.0205 

Error 2 0.094 0.047   

Factor B 6 18.961 3.160 87.3914 0.0000 

AB 6 0.060 0.010 0.2785  

Error 24 0.868 0.036   

Total 41 22.398    

CV = 10.46% 
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Appendix-29 

Ear Length Data (L-2: Wanda Feroze) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 0.058 0.029 49.7048 0.0197 

Factor A 1 0.112 0.112 190.6446 0.0052 

Error 2 0.001 0.001   

Factor B 6 19.031 3.172 281.4289 0.0000 

AB 6 0.009 0.001 0.1311  

Error 24 0.270 0.011   

Total 41 19.482    

CV = 9.17% 

 

Appendix-30 

Years Combined Data (Grain Yield) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of 

Squares 

Mean Square F-Value Prob 

Replication 2 127897.417 63948.709 3.4271 0.2259 

Factor A 1 11505298.489 11505298.489 616.5919 0.0016 

Error 2 37319.006 18659.503   

Factor B 1 9360486.843 9360486.843 478.8160 0.0000 

AB 1 4648493.138 4648493.138 371.8681 0.0000 

Error 4 500001.533 12500.383   

Factor C 6 9890176.510 1648362.752 97.7603 0.0000 

AC 6 1270169.564 211694.927 12.551 0.0000 

BC 6 817628.648 136271.441 8.0819 0.0000 

ABC 6 1419486.772 236581.129 14.0310 0.0000 

Error 48 809340.612 16861.263   

Total 83 39936298.532    

CV = 11.44% 
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Appendix-31 

 

Grain Yield (L-1: Abi Zar) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 45520.091 22760.046 95.4838 0.0104 

Factor A 1 234774.832 234774.832 984.9363 0.0010 

Error 2 476.731 238.366   

Factor B 6 2574515.280 429085.880 135.0778 0.0000 

AB 6 26460.257 4410.043 1.3883 0.2596 

Error 24 76238.011 3176.584   

Total 41 2957985.202    

CV = 10.73% 

 

 

Appendix-32 

 

Grain Yield (L-2: Wanda Feroze) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 38310.519 19155.260 90.8671 0.0109 

Factor A 1 13946114.944 13946114.944 66156.3815 0.0000 

Error 2 421.611 210.805   

Factor B 6 8189668.412 1364944.735 571.5549 0.0000 

AB 6 2159765.708 359960.951 150.7295 0.0000 

Error 24 57315.010 2388.125   

Total 41 24391596.203    

CV = 10.22% 
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Appendix-33 

 

Years Combined Data (1000-Grain Weight) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 0.225 0.113 1.7796 0.3598 

Factor A 1 0.144 0.144 2.2728 0.2707 

Error 2 0.127 0.063   

Factor B 1 119.603 119.603 1004.3559 0.0000 

AB 1 0.110 0.110 0.9257  

Error 4 0.476 0.119   

Factor C 6 19.362 3.227 29.1457 0.0000 

AC 6 0.938 0.156 1.4123 0.2295 

BC 6 6.640 1.107 9.9949 0.0000 

ABC 6 0.775 0.129 1.1669 0.3396 

Error 48 5.315 0.111   

Total 83 153.715    

CV = 8.99% 

 

Appendix-34 

1000-Grain Weight (L-1: Abi Zar) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 0.006 0.003 0.6208  

Factor A 1 0.253 0.253 50.5206 0.0192 

Error 2 0.010 0.005   

Factor B 6 2.387 0.398 136.9880 0.0000 

AB 6 0.105 0.017 6.0235 0.0006 

Error 24 0.070 0.003   

Total 41 2.831    

CV = 7.17% 
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Appendix-35 

 

1000-Grain Weight (L-2: Wanda Feroze) 

ANALYSIS OF VARIANCE TABLE 

Source D.F Sum of Squares Mean Square F-Value Prob 

Replication 2 0.180 0.240 1.4418 0.4095 

Factor A 1 0.001 0.001 0.0067  

Error 2 0.333 0.166   

Factor B 6 23.615 3.936 18.0100 0.0000 

AB 6 1.608 0.268 1.2267 0.3275 

Error 24 5.245 0.219   

Total 41 31.282    

CV = 9.34% 

 

 
APPENDIX-36 
 
METEREOLOGICAL DATA OF D.I.KHAN FOR THE YEAR 2005-06 

Month Mean Temperature (C0) Rainfall (mm) 
 Minimum Maximum  

July, 2005 26 37 143 
August, 05 27 37 96 

September, 05 24 36 62 
October, 05 17 33 0 

November, 05 10 27 0 
December, 05 6 22 0 
January, 2006 4 20 6 
February, 06 9 26 3 
March, 06 13 27 53 
April, 06 18 36 4 
May, 06 25 42 21 
June, 06 25 41 31 
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APPENDIX-37 
 
METEREOLOGICAL DATA OF D.I.KHAN FOR THE YEAR 2006-07 

Month Mean Temperature (C0) Rainfall (mm) 
 Minimum Maximum  

July, 2006 27 39 100 
August, 06 27 39 3 

September, 06 24 32 52 
October, 06 15 34 0 

November, 06 10 27 0 
December, 06 4 22 0 
January, 2007 3 18 4 
February, 07 5 21 24.5 
March, 07 14 33 2 
April, 07 18 34 38.5 
May, 07 23 40 20 
June, 07 27 39 17 

 
 
APPENDIX-38 
 
METEREOLOGICAL DATA OF D.I.KHAN FOR THE YEAR 2007-08 

Month Mean Temperature (C0) Rainfall (mm) 
 Minimum Maximum  

July, 2007 28 41 24 
August, 07 27 38 20 

September, 07 24 37 2 
October, 07 20 33 24 

November, 07 13 26 45 
December, 07 6 22 20 
January, 2008 4 22 7 
February, 08 8 22 143 
March, 08 13 26 115 
April, 08 19 39 12 
May, 08 23 41 5 
June, 08 27 41 41.5 
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APPENDIX-39 
 
METEREOLOGICAL DATA OF D.I.KHAN FOR THE YEAR 2008-09 

Month Mean Temperature (C0) Rainfall (mm) 
 Minimum Maximum  

July, 2008 25 39 90 
August, 08 23 37 54 

September, 08 22 35 58 
October, 08 20 32 0 

November, 08 9 27 0 
December, 08 5 23 9 
January, 2009 5 21 3.5 
February, 09 9 23 15.5 
March, 09 13 28 48 
April, 09 17 33 15.5 
May, 09 23 39 14.5 
June, 09 25 39 1.0 
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Note:   Above ground height of all structure depicted in Plate 1, 2 and 3 is 182.88 cm 

(6 feet). 
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