
 

 

 

INTRODUCTION 

 

Water is essential for all including human, animal and 

vegetation. It becomes even vital in rainfed region.  Soil water 

has a variable impact under different soil environments. Soil 

water heterogeneity gives the best understanding in utilizing 

the terraced lands for suitable crops to reduce the soil erosion 

(Gardner and Gerard, 2003). Various scientists have studied 

the variability of soil water in different ecosystems and their 

effect on crop growth on the terraced and sloppy lands (Fu et 

al., 2000; Qiu et al., 2003). Soil erosion and water loss 

hazards in rainfed areas are very severe. Researchers 

indicated that erosion induces a significant depletion in soil 

fertility and crop production. The erosion hazards cause loss 

of soil fertility, deterioration of soil particles aggregation, 

decrease rooting depth and decreased soil storage capacity for 

crop production, which is based on the quality of the soil 

physical, chemical and biological properties (Ali et al., 2006). 

Destruction of fertile soils is a critical issue of concern during 

the last many decades due to its adverse impact on crop 

productivity (Eswaran et al., 2001; Lal, 2001).  

Fateh Jang is situated in Pothowar Plateau of Pakistan. 

Unreliable rainfall and runoff are major limitations of this 

rainfed region. The synthesis of runoff is mainly due the 

torrential rains and poor soil fertility. The annual rainfall 

ranges from 700-1000 mm. About 70% is recorded in the 

summer and the left behind 30% in winter and the rainfall is 

enormously uneven and occasionally drought also occur 

(Yousaf, 2007). The soils of these areas are mainly derived 

from loess, piedmont and river alluvium material which are 

originated from the Sandstone and Shale. To solve the 

degradation problem, various measures like crop and soil 

management practices can be adopted to control soil losses 

and conserve the fertility of the soil to avoid the deterioration 

of soil physico-chemical properties. Conservation experts 

have proposed the embankment of fields with stone to 

intercept the runoff and manage water erosion (Mando et al., 

2000).  

TS are barrier constructed against the slope with loose stones 

that to slows down the runoff and sediment flow. These 

structures diminish the velocity of run-off which 

consequently captures the sediments there by improving the 

crop growth and yield. This method is very appropriate to the 

areas having an adequate and cheap availability of stones. TS 

can harvest enough runoff to increase soil moisture and 

enhance the fertilizer use efficiency. They also, guard the 

fields from adverse effects of high intensity rains. 

Establishment of concrete structures for this purpose is very 

expensive and is beyond the access of farmers of this region 

because of their poor financial condition. So, to develop a 

suitable cheap strategy to control water erosion, this 

experiment was executed to monitor the performance of TS 

on sloppy terraced lands. Numerous soil properties including 

soil organic matter, soil fertility, soil aggregation, and water 
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Depletion of soil moisture and soil nutrients by run-off is a serious problem in many parts of sloppy rainfed tract of Pakistan 

particularly in Fateh Jang areas. Terrace Structures (TS) are one of the important measures to enhance the water conservation 

and to check depletion of essential nutrient elements to obtain maximum crop yield on sloppy lands. A study was executed to 

assess the performance of TS regarding run off interception to conserve soil moisture and soil fertility for wheat production in 

uneven terrain of rainfed region. Wheat was sown on the upstream of TS consisting of two major blocks; Recommended Rate 

of Fertilizer (RRF) and Farmer Practice (FP) while under both there were two sub-blocks; With Terrace Structure (WTS) and 

Without Terrace Structure (WOTS) which hence constitute four treatments consisting of Recommended Rate of Fertilizer with 

Structure (RRFWS), Recommended Rate of Fertilizer Without Structure (RRFWOS), Farmer Practice With Structure (FPWS) 

and Farmer Practice Without Structure (FPWOS). Results of this experiment revealed that TS has increased the wheat grain 

yield significantly (20%) through conservation of soil moisture contents (16 %) and soil fertility level. TS had decreased the 

gullies/rills formation through the efficient removal of excess rainwater.  
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retention and water transmission determine the soil condition 

and crop yield (Kaihura et al., 1999). The goal of this 

experiment was to assess the technical effectiveness of TS in 

the area, with regard to soil moisture conservation and wheat 

yield and their effect on soil properties. 

Designing criteria of TS: To estimate the release run off (Q), 

rainfall intensity (I), Coefficient (C) and Area of catchment 

are needed (Fig 1). To plan a TS for a period of 30 years, the 

value of Intensity (I) was assumed 4 inches per hours. The 

runoff coefficient (C) was assumed 0.4 for the cultivated soils 

under the slope 0-5% and medium textured soil. So, on basis 

of the standard values of rainfall intensity (I) and coefficient 

of runoff (C), peak discharge (Q) could be estimated as: 

Q = CIA, Q = 1.6 A, A = Drainage area (acres), Q = Discharge 

(ft3 s-1), I = Rainfall intensity (inches hr-1) 

The TS may be planned by using broad crested Weir formula 

(FAO, 1990). 

Q = 
3.1 L H1.5

1.10+0.1F
 

Where, H (feet) =Total depth of structure (including free 

board), F (feet) = Net drop, L (feet) = Length of the structure  

(FAO, 1990) 

 
Figure 1. Schematic layout plan of TS. 

 

MATERIALS AND METHODS 

 

Location, climate and soils: TS were developed at Fateh 

Jang (Attock), latitude 33.55° N, longitude 72.58° E and 402 

m high from the sea level: situated on sloppy terraced lands 

prone to gully development. The location of this experiment 

have semi-arid climate having annual rainfall range 700-1000 

mm. During 2005 to 2010, annual rainfall varied from 398 

mm to 902 mm. Rainfall is summer dominant and only about 

30% of the average annual rainfall occurs during the wheat 

growing season (October-April). The mean maximum 

temperature ranges up to 40°C in May-June, while the mean 

minimum temperature of 2.2 to 4.7°C occurs during 

December and January (Ahmad et al., 2006). The soils of the 

study areas are categorized as moderately deep, well drained, 

fine textured, calcareous loess deposited (Reconnaissance 

Soil Survey, Campbellpur, 1970). 

Experimental details: This study was conducted during 2005-

10 at the farmer’s field, Kharala, Fateh Jang by Soil and Water 

Conservation Research Station (SAWCRS), Fateh Jang 

(Attock). Wheat was cultivated at upstream of TS to monitor 

the performance of TS in contrast with without TS field and 

its effects on wheat yield, soil moisture contents and on soil 

fertility status. In the experiment there were two major blocks; 

RRF and FP while under both there were two sub-blocks; 

WTS and WOTS which hence constitute four treatments 

consisting of  RRWS, RRWOS, FPWS and FPWOS.  All the 

treatments were arranged in Randomized Completely Block 

Design (RCBD) and were replicated thrice. In the RRFWS 

and RRFWOS, NPK was applied @ 120, 80, 60 kg ha-1 year-

1 in the form of Urea, DAP and SOP. Whereas, in FPWS and 

FPWOS farmers had applied the FYM @1 ton ha-1 after every 

two years and urea @ 50 kg ha-1 every year and DAP @ 50 

kg ha-1 after every 3 years. Wheat variety Aquaab-2000 was 

sown every year.  

Installation of TS: The estimated price of concrete structures 

is varied from Rs. 20,000 to Rs. 100,000 per structure. Such 

structures are established from bricks and cement. We have 

developed TS without bricks and cement, using only loose 

stones across each terrace slope just apart from peak discharge 

area allowing maximum conservation/retention of soil and 

water. One or two TS were developed per hectare considering 

the topography and soil features of field. After the 

establishment of TS within few months, natural grasses were 

raised in the gaps of loose stones which had provided 

cementing of stones. Therefore, the cost of the TS was far 

below than those of cement and brick structures. The average 

cost of TS was Rs. 3300 per TS for one hectare. 

 Soil sampling and analysis: A compound soil sample was 

obtained from the study site before the execution of the study 

to conduct physico-chemical analysis to assess the status of 

soil before this study (Table 1). After this, soil samples were 

obtained from 0-15 cm before sowing of wheat from each 

treatment for soil moisture determination and for physico-

chemical estimations before sowing of wheat to assess the 

change in soil due to TS. Soil samples were air-dried and 

passed through 2 mm sieve before chemical analysis. Soil pH 

and ECe were measured by the methods described by McLean 

(1982) and Richards (1954) respectively. Soil organic matter 

(Walkley, 1947), Extractable K (Rhoades, 1982) while soil 

available P was determined by (Watanabe and Olsen, 1965) 

and soil texture by Bouyoucus method (Gee and Bauder, 

1986). Soil moisture contents were determined by gravimetric 

method (American Society of Agronomy, 1965). All 

laboratory determinations were carried out at SAWCRS, 

Fateh Jang. 

 
Table 1. Physico-chemical characteristics of study area 

soil 
pH 8 
ECe (dS m-1) 0.96 
O.M. (%) 0.62 
P2O5 (mg kg-1) 2.84 
K2O (mg kg-1) 56 
Volumetric Saturation (%) 26 
Textural Class Sandy Loam 
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Crop data: At the end of each growing season, plots were 

manually harvested, one m2 sample of wheat was collected 

from every treatment and dry grain yield was determined.  

Rainfall (mm): Rainfall and mean monthly temperature 

(2005-10) was recorded at experimental site (Fig. 2 and 3). 

 

 
Figure 2. Rainfall Distribution at Study Site 

 

 
Figure 3. Mean monthly temperature at Study Site 

 

Statistical analysis: Statistical analysis was made through the 

methods described by Steel et al. (1997) and M-Stat C 

computer model was applied to quantify the differences in 

wheat yield and soil characteristics.   

 

RESULTS AND DISCUSSION 

 

Performance of TS: TS were visited regularly after every 

rainfall event and the following data was recorded for 

evaluation of their performance: 

i. Stability of stones: For the assessment of the stability of TS, 

after every rain storm the position and the stability of laid 

stones were observed and it was noticed that accumulation of 

soil particles and the natural grasses grown in the stones had 

strengthened the TS. When and where, if, any stone found 

displaced was fixed on spot without the involvement of labour 

force. It was observed during the study that with the passage 

of time no major damage/displacement of stones was 

observed and the surplus run off was passed securely. It was 

noticed that these TS helped in reducing run off velocity 

which consequently enhanced the infiltration of rain water. 

The structures harvested adequate runoff, so there was 

improved soil moisture and positive crop response to 

fertilizer. Akhtar et al. (2004) reported 20-25% increase in 

crops yield at TS which confirms the findings of this 

experiment.  

ii. Gully development: Torrential rains in these areas was 

creating gullies but these TS had greatly minimized the water 

erosion and gully development at upstream and downstream 

due to run off. TS had safely disposed the run off however; 

minor rills found at downstream were repaired. Nasri et al. 

(2004) observed that any soil and water conservation measure 

can retain all run off. Xiang et al. (2004) investigated in a 

study that stone check dams minimized the sediment loss and 

the gully development on sloppy lands. Tesfaye (2008) 

revealed that soil and water conservation measures including 

soil bunds are effective in minimizing soil erosion and have 

the ability to enhance soil productivity. 

iii. Hydrological performance of TS: Height of water passed 

over the crest of the TS, was calculated to monitor its drainage 

and disposal performance. Saleh et al. (2009) reported a 

significant decrease in run off of rain water through check 

dams on sloppy areas. Drainage performance of TS was 

assessed by monitoring disposal of rain water through them 

(Table 2). 

 

Table 2. Effect of highest rainfall event on TS. 

Year Total 

rainfall 

(mm) 

Highest rainfall 

event (mm) 

Height of water 

passed over crest 

(cm) 

2005 857 200 1.50-2.50 

2006 745 151 0.75-1.50 

2007 837 201 3.25-4.50 

2008 925 335 3.00-6.50 

2009 398 143 0.75-1.25 

2010 902 462 4.00-7.25 

 

Response of wheat grain production: TS can increase the 

fertility and productivity of soils in semi arid tract by 

increasing the water holding capacity of soils by the effective 

retention of rain water. Soil moisture conservation like TS is 

established to boost the maximum crop yields on 

sloppy/terraced lands. Wheat is the most important crop of 

Pakistan being the major staple food. Crop yields in rainfed 

region are often very low due to intensive erosion, infertile 

soils and erratic rainfall. During this experiment it was 

observed that practice of establishing TS has increased wheat 

grain yield significantly (Fig. 4). Maximum crop yield (3900 

kg ha-1) was recorded in 2006-07 in RRFWS while the lowest 

wheat yield (1553 kg ha-1) was recorded in FPWOS in 2009-

10. It was 13% higher than RRFWOS, 15% than FPWS and 

19% more than FPWOS in same year. More or less, the same 
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pattern in wheat yield was followed in all study years. Five 

years (2005-10) average accumulated yield data depicted 

maximum 20% increase in wheat yield. Furthermore, it was 

observed that response was best and evident in RRFWS which 

may be attributed to better fertilizer use efficiency in presence 

of enhanced soil moisture conserved by TS and better 

availability of soil nutrients by reduction in run off losses. The 

increase in crop yield was not directly related to rainfall. In 

some cases like 2008-09 where higher rainfall might have 

favoured the weeds infestation which may have reduced the 

crop yield to some extent. It was also noticed that poor 

financial condition of the farmers in the study area is not 

allowing incorporating the appropriate inputs to achieve 

maximum crop yield reason why the wheat yield during this 

study was lower in FP compared to RRF treatments.  

Torrential rains in Monsoon cause heavy run-off creating 

gullies in this particular region lead to depletion of top fertile 

soil layer, therefore TS may have reduced the chance of 

erosion and nutrients loss but TS may have provided enough 

time for conservation of soil moisture and essential nutrients 

by reducing the run-off and over land flow (Prinz et al., 1996; 

Bosshart, 1997). The benefits of TS can be obtained soon after 

their construction but response in terms of higher grain yield 

may take some time. Results of this study are in line with 

Vancampenhout et al. (2003) who reported up to 53% 

increase in crop yield by establishing stone bunds. Drought 

can reduce grain yield up to 50% compared with well irrigated 

wheat (Garcia et al., 2003) and soil and water conservation 

structures improve the crop yield by mitigating the drought 

problem (Ayalew, 2011). Zougmore et al. (2002) assessed in 

a similar study that stone lines have a restricted result on 

improving soil fertility and increasing crop yield after five 

years confirming the findings of Shemdoe et al. (2009) who 

revealed that assessing the soil fertility by crop yield alone is 

not reasonable because crop performance is a function of 

many factors including soil nutrient, presence of soil moisture 

contents, and weed epidemics as on degraded lands yield can 

be enhanced by fair use of fertilizers (Izaurralde et al., 2006). 

Furthermore, it is also an established fact that presence of 

adequate soil moisture enhances fertilizer application 

efficiency (Mando, 1998).  

 
Figure 4. Effect of TS on wheat grain yield 

Change in soil fertility status: Soil fertility status of rainfed 

eroded soils is generally deficient particularly that of 

phosphorus, may be due to water erosion and inadequate 

addition of fertilizers and other organic nutrient sources never 

the less the lands are under continuous cropping since long. 

This could be one of reason for soil and water erosion and 

nutrient depletion which consequently lead to land 

degradation. Farmers normally apply the local materials and 

other practices like manure application and agronomic 

practices to combat soil degradation and to enhance soil 

productivity because the raising fertilizer prices and access to 

suitable soil and water conservation technologies is a main 

reason to use their own logics. Significant differences were 

noticed in the chemical characteristics through adoption of TS 

(Fig. 5, 6 and 7). Runoff sweeps away fertile soil and 

promotes the soil erosion which ultimately causes the 

degradation of lands (Schiettecatte et al., 2005). Rashid and 

Qayyum (1990) reported about the study area that fields of 

these areas are deficient 70% in N, 67% in P, 20% in K, 64% 

in B and 70% in Zn. In Pakistani soils deficiencies P, Zn and 

B are due to high pH, calcareousness and low organic matter 

content the erosion further promote this hazard (Ahmad and 

Rashid, 2003). TS has changed the status of soil organic 

matter significantly never the less soil and water conservation 

measures need long time to mark any serious impact as 

erosion do not allow to develop soil structure. Data showed 

that organic matter content was increased from 0.66 to 1.11% 

in RRFWS while it was decreased from 0.68% to 0.60% in 

FPWOS (Fig. 5). Physical soil conservation measures 

activities can conserve the soil and improve soil fertility 

(Safene et al., 2006) but it needs sufficient time for a 

considerable change (Holechek et al., 1989). A decrease in 

O.M. with increase of erosion is hypothesized (Khan et al., 

2003) and soil and water conservation measures increased the 

soil O.M. content (Kinati, 2006). Soil loss, nutrient mining 

and insufficient supply of chemical fertilizers and organic 

amendments could be the reasons of low O.M. in rainfed 

sloppy lands (Rashid and Qayyum, 1990) and these lands can 

be save by appropriate supply of nutrients and suitable soil 

and water conservation measures (Fatondji, 2002). 

 

 
Figure 5. Effect of TS on soil organic matter 
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Data showed that soil P2O5 was increased from 3.90 to 4.96 

mg kg-1, in RRFWS during 2005-2010 while it was decreased 

from 2.92 to 2.22 mg kg-1 in FPWOS (Fig. 6). It clearly 

indicated that TS has marked significant impact in 

determining the soil available P. The rank order of treatments 

of this study was RRFWS>FPWS>RRWOS>FPWOS. It was 

also noticed during this study that TS enhance the efficiency 

of inputs in both cases i.e., RRF and FP. Availability of soil 

moisture contents through reduction in run off may have 

enhanced the availability of soil P2O5 and the stability of 

organic carbon through maintenance of O.M. could be 

another reason of availability of soil P2O5 (Singh et al., 2012). 

The overall inadequacy of available phosphorus during this 

experiment could be due to parent material: the low record of 

available phosphorus content might be because of the erosion. 

Our results justify the Vancampenhout (2003); noted that 

available phosphorous increases when soil loss was reduced 

compared with eroded soils. Gete (2000) also confirmed that 

erosion depletes the available P and generally Pakistani soils 

are deficient in many essential nutrients since they are 

developed from calcareous alluvium and loess material 

(Chaudry et al., 2007). 

 

 
Figure 6. Effect of TS on available P2O5. 
 

Data regarding extractable potassium (Fig. 7) indicated that 

extractable potassium also increased significantly in the 

treatments with TS particularly in RRFWS (64 to 84 mg kg-1) 

and accelerated erosion through run off has diminished 

extractable potassium level (62 to 46 mg kg-1) in treatments 

WOTS since such measures are adopted to minimize soil 

erosion and to control soil loss to conserve soil moisture and 

soil fertility (Xiao-yan et al., 2004). Soil and water 

conservation practices also diminishes the negative effect of 

torrential rains and can enhance the amount of soil O.M., Mg, 

Ca and K (Abu Hammad et al., 2006). Poor CEC could be 

another reason for lesser availability of extractable potassium 

(Elam et al., 1995) 

 
Figure 7. Effect of TS on Extractable K2O 
 

Change in soil moisture contents: Soil moisture contents 

(Fig. 8) increased significantly by TS which is the most 

important concern in rainfed region. Maximum soil moisture 

contents were recorded (15.10%) in RRFWS in 2008-09. Five 

years data of this study revealed that average maximum 

moisture contents (12.70%) were determined in RRFWS 

followed by 10.78% in FPWS while the lowest average soil 

moisture contents (9.09%) were determined in FPWOS.  The 

main benefit of TS was the improvement of water holding 

capacity of soils (Zougmore et al., 2000) by lowering bulk 

density of TS soils (Yihenew, 2009). The variation in soil 

moisture may be resulted due to topography, soil type, 

vegetative cover, land use and management strategies (Fu et 

al., 2003). TS have intercepted the run off by reducing its 

velocity which consequently enhanced water holding capacity 

and increased soil moisture contents. Our results are in line 

with Al-Kharabsheh (2004) Mugabe (2004) also reported a 

significant increase in soil moisture by in-situ conservation 

practices. For maximum retention of soil moisture, 

availability and uptake of soil nutrients; erosion control and 

soil fertility improvements are needed (Rockstrom and 

Falkenmark, 2000). 

 

 
Figure 8. Effect of TS on Soil Moisture Contents 

 

Conclusions: Soil and water conservation practices including 

TS have ability to intercept rain water and enhance the soil 

moisture contents for crop use. TS significantly increased the 

soil moisture (16%) and minimized the soil sediment loss 

consequently soil nutrient loss was diminished significantly 
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which in response increased the wheat yield 20% from 2005-

10. A substantial decrease in gully development and soil loss 

was observed by reduction in run off. Farmers are 

recommended to adopt TS for efficient retention of soil 

moisture which has ability to minimize the run-off and soil 

loss. But, they are also advised balanced addition of essential 

soil nutrients to obtain maximum benefits.  
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