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ABSTRACT

Use  of  water  is  considered  as  one  of the most important inputs needed for increasing wheat

(Triticum aestivum L.) productivity under rainfed condition. An experiment was conducted to study the impact

1 = 2 = 3 = of five different water harvesting treatments i.e. T Plastic sheets, T Not compacted soil, T Soil

4 = 5 =compaction, T  Stones, and T  Control (no cover material), on the yield and other characters of wheat under

rainfed conditions at the Research Farm of NWFP Agricultural University, Peshawar during winter 2003.

Except days to anthesis, days to maturity and harvest index, all the other parameters were significantly affected

4 by micro watershed area. Maximum leaf area of 28.36 cm  and grains spike  (63) were recorded in T plots,2 -1

whereas  maximum  plant  height  (91 cm), spike m  (463),  1000 grain weight (42.35 g) and grain yield-2

(2399 kg ha ) were recorded in the treatment of plastic sheets. Highest biological yield (7253 kg ha ) was-1 -1

5  recorded in the T (control) plots. Minimum leaf area of 23.37 cm and biological yield (5402 kg ha ) were-1

2noticed in T  plots while the lowest plant heights (73 cm), minimum spikes m  (262), grains spike  (50), grain -2 -1

yield (1783 kg ha )and 1000 grains weight (31.37g) were produced by the control plots. Based on the overall-1

1 results it is concluded that T plots having plastic sheets used for water harvesting, gave better results in terms

of wheat yield under the rainfed conditions of Peshawar. 
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Introduction

Wheat (Triticum aestivum L.) is the most important crop of NWFP, grown on a total area of 732 thousand

hectares out of which about two third area (460 thousands hectares) is rainfed (MINFAL, 2004). Increased

production from the rainfed areas is important if Pakistan is going to meet the needs of the country for food

and other products. It is estimated that 12 percent of the total wheat production is harvested from rainfed areas,

which can be increased many folds with proper management of production factors as the current management

by the farmers are at very basic level of technology (Khan et al., 2001). Many experimental studies suggest

that water shortage during the whole growth stage of crops can be reduced by means of rainwater harvesting

technologies in rainfed agricultural areas (Jo and Garry, 2003; Singandhape et al., 2003; Xu and Mermoud,

2003;. Rainwater harvesting based on the collection and concentration of surface runoff for cultivation has been

practiced in different parts of the world (Pacey and Cullis, 1986; Ramalan and Nwokeocha, 2000; Herman,

2000; Li et al., 2003). In semiarid areas water resources are limited and the scarcity of rainfall and droughts

are the main constrains to rainfed wheat production (Cook et al., 2000). Therefore, to maximize the utilization

of rainfall, some more effective practices are necessary to be adopted to retain surface runoff and reduce
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unproductive evaporation. Microcatchment water harvesting (MCWH) and moisture conservation techniques

(e.g., tillage and mulching) are such practices to be used to increase yield of crops (millet, sorghum, corn,

wheat, etc.) and tree growth (Tabor, 1995; Gupta, 1999; Ojasvi et al., 1999; Oweis et al., 1999; Prinz, 2001).

Water scarcity demands the maximum use of every drop of rainfall. Rainwater harvesting with storage

components to enable supplemental irrigation is one strategy to further mitigate dry spell effects in crop

production (Fox and Rockstro½n, 2000).Plastic-covered ridge and furrow rainfall harvesting system combined

with mulches is used to increase the water availability of crops for improving and stabilizing agricultural

production in semiarid regions of China (Li et al., 2000). But, during some stages of crop growth, water

deficits will still be unavoidable (Kang et al., 2002; Pan et al., 2003). The integration of rainwater harvesting

and supplemental irrigation with drip-irrigation has played an important role in the improvement of crop yield

in semiarid areas of China (Xiao and Wang, 2003). Water deficit around anthesis may lead to a loss in yield

by reducing spike and spikelet number and the fertility of surviving spikelets (Giunta et al., 1993). In addition,

drought stress from anthesis to maturity, especially if accompanied by high temperatures, hastens leaf

senescence, reduces the duration and rate of grain filling, and hence reduces mean kernel weight  (Royo et

al., 2000). Under different water stress treatments, Giunta et al. (1993) and Zhong-hu and Rajaram (1994)

found that kernels per spike and spikes per square meter were the yield components most sensitive to water

stress while kernel weight remains relatively stable due to high remobilization of stored preanthesis assimilates.

Water management is perhaps the greatest challenge facing by farmers in the rainfed areas of NWFP.

Difficulties arise because of the pattern of rainfall which does not necessarily coincide with crop requirements

and because of the large losses of precipitation through run-off. Therefore, it is critical that soil water should

be used efficiently by the crops for maximum productivity under rainfed conditions. This experiment was

therefore carried out with an objective to find out the best technique of rain water harvesting for maximizing

wheat yield in the rainfed conditions of Peshawar (NWFP).

Materials and Methods

In order to investigate the impact of water harvesting techniques on wheat productivity, an experiment was

conducted at the Research Farm of NWFP Agricultural University, Peshawar during winter 2003-04. The

1 = experiment was laid out in randomized complete block design using 5 replications and 5 treatments [T Plastic

2 = 3 = 4 = 5 = sheets, T Not compacted soil, T Soil compaction, T Stones, T Control (no cover material)]. A sub plot

size of 3 x 2.5 m  was used. Each sub plot consisted of 10 rows 3 m long and 25 cm apart. W heat variety2

Haider-2000 was sown under rainfed condition in the experiment using seed rate of 100 kg ha . A basal-1

fertilizer dose of nitrogen 60 kg ha  (urea) and phosphorous 50 kg ha (single super phosphate) was applied-1 -1

at the time of seedbed preparation. 

Data were recorded on the following parameters

1. Days to anthesis

Data on days to anthesis was recorded by counting the number of days from emergence to 75-80% plants

stamens protruded out of the glumes.

2. Days to maturity

Data on days to maturity was recorded by counting the number of days from emergence to maturity when

75-80% plants changed their glumes color.

3. Plant height

Five plants were selected randomly in each treatment and measured from base to the tip of the spike and

then averaged to record plant height (cm).

4. Leaf area

Leaf area (cm ) of the leaves of 10 tillers in each treatment was measured with the help of a leaf area2

machine and then average leaf area was worked out.
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5. Biological yield

For recording data on biological yield each treatment was harvested after maturity, bundled, sun dried,

weighed and then converted into biological yield (kg ha ).-1

6. Number of spike m -2

Data on number of spikes m  was recorded by counting the number of spikes in the two central rows and-2

then converted into spikes m .-2

7. Number of grains spike-1

Data on grains spike  was recorded by counting the number of grains in five spikes selected randomly-1

in each treatment and then average was worked out.

8. Thousand grains weight

Thousand grains (g) were counted from each treatment and their weight was recorded with the help

of a sensitive electrical balance. 

9. Grain yield

Grains were obtained from each treatment after threshing and their weight was recorded which was later

on converted into grain yield (kg ha ).-1

10. Harvest index

Harvest index (%) was calculated using the formula

  Grain yield

H.I = --------------------- x 100

Biological yield

Data  was  statistically  analyzed  according to Steel and Tori (1984) and means were compared using

LSD test.

Results and discussions

Days to anthesis, maturity and harvest index (%)

Data on days to anthesis, maturity and harvest index as affected by water harvesting techniques is given

in Table 1. Statistical analysis of the data reveals that different water harvesting techniques had no significant

affect  on  days to anthesis, days to maturity and harvest index. However, days to anthesis varied from 116

2 4 5 1 3 3 5 1,(T , T and T each) to 117 days (T and T each) and days to maturity from 143 (T and T ) to 145 days (T

2 4 5 3T  and T each) and harvest index from 29.0 (T ) to 22.2 (T ), among different treatments.

Plant height (cm)

Data on plant height as affected by water harvesting techniques is shown in Table 1. Statistical analysis

of the data reveals that water harvesting techniques significantly affected plant height. Maximum plant height

(91 cm) was noted in plots in which plastic sheets was used followed by 82 cm found in plots in which

compacted soil was used, while minimum plant height of  73 cm was observed in the control plots. The

increase in plant heights in plots with plastic sheets might be due to the decrease in the competitions among

the plants for water and nutrients and thus wheat achieved maximum height while on the other hand in control

plots the strong competition among plants for water and nutrients resulted in dwarf plant heights. According

to Carter and Miller (1991) and Gupta (1995 and 1999) water harvesting can improve soil moisture storage,

prolong the period of moisture availability, and enhance the growth of crops.
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Table 1: Days to anthesis, days to maturity, plant height, leaf area and biological yield as affected by harvesting technique.

Leaf area (cm )Var. No. Days to Anthesis Days to Maturity Plant Height (cm) 2 Biological Yield (kg ha )-1

1T 117 a 145 a 91 a 27.97 a 6032 b

2T 116 a 144 a 73 c 23.37 c 5402 b

3T 117 a 143 a 82 b 25.90 b 5956 b

4T 116 a 144 a 81 b 28.36 a 5693 b

5T 116 a 143 a 73 c 23.64 c 7253 a
LSD at 0.05 ns Ns 2.53 1.87 821.82

Leaf area (cm )2

Data on leaf area as affected by different treatments of water harvesting techniques is given in Table 1.

Statistical analysis of the data shows that water-harvesting techniques significantly affected leaf area. Maximum

leaf area (28.36 cm ) was observed in those plots in which stones were used followed by 27.97 cm  in the2 2

plots which were treated with plastic sheets while minimum leaf area of 23.37 cm  was noted in the plots of2

not compacted soil. Increase in leaf area might be due to the improved water use efficiency. Wang et al.,

(2004) reported that the technologies of tillage and cultivation have achieved a great breakthrough from the

flat to field cultivation of rainwater harvesting, which could improve water use efficiency of natural rainfall

and limited supplemental irrigation.

Biological yield (kg ha )-1

Data on biological yield as affected by water harvesting techniques is shown in Table 1. Statistical analysis

of the data shows that maximum biological yield (7253 kg ha ) was observed in the plots with no cover-1

material followed by 6032 kgha  in plots of plastic sheets, while minimum biological yield of 5402 kg ha-1 -1

was recorded in the plots of compacted soil. The increase in the biological yield of the control plots over the

other plots might be due to the increase in number of plants in the control plots as compared to the plots

treated with different water harvesting techniques.

Number of spike m -2

Data on number of spikes m  as affected by water harvesting techniques is shown in Table 2. Statistical-2

analysis of the data shows that water-harvesting techniques significantly affected number of spikes m .-2

Maximum number of 463 spike m  was observed in the plots in which plastic sheets were used, followed by-2

379 spikes m  in plots which were treated with compacted soil whereas minimum spikes m  of 262 were-2 -2

noted in the control plots. Increase in the number of spike m  might be due to less evaporation from plastic-2

sheets and improved soil moisture content. MCWH (micro catchment water harvesting) can improve soil

moisture storage, prolong the period of moisture availability, and enhance the growth of agricultural crops

(Carter and Miller, 1991; Gupta, 1995) while on the other hand the decrease in the number of spikes m  in-2

the control plots might be due to the strong competition among plants for water, nutrients and light. These

results are in close conformity with those of Giunta et al. (1993) who reported that water deficit around

anthesis may lead to a decrease in the number of spikes m .-2

Number of grains spike-1

Data on number of grain spike  as affected by water harvesting techniques is shown in Table 2. Statistical-1

analysis  of  the  data  shows  that  water-harvesting  techniques significantly affected number of  grains

spike .  Maximum  number of 63 grains spike  were recorded in the plots in which stones were used,-1 -1

followed  by  59  grains spike  in plots in which plastic sheets was practiced whereas minimum number of-1

50 grains spike  were noticed in the control plots. The increase in the number of grain spike  might be due-1 -1

to the fact that use of stones and plastic sheets as mulch reduces the loss of moisture through evaporation.

Stone and straw are in abundance and available in many arid areas and they can be combined with plastic-

covered ridge system to reduce evaporation (Li et al., 2001). while on the other hand the decrease in the

number of grains spike  in the control plots might be due to the strong competition among plants for water,-1

nutrients and thus less amount of assimilates were available for grains formation in relatively more number of

plants m .  Similar results were reported by Giunta et al. (1993), and Zhong-hu and Rajaram (1994) who-2

found that grains spike  in wheat are most sensitive to water stress due to high remobilization of stored-1

preanthesis assimilates.



81Am.-Eurasian J. Sustain. Agric, 1(1): 77-82, 2007

Table 2: Number of grains spike , number of grains spike , 1000 grain weight, grain yield and harvest index as affected by harvesting-2 -1

technique.

Number of grains spike 1000 grain Weight (g)Var. No. Number of Spike m -1 Grain Yield (kg ha ) Harvest Index (%)-2 -1

1T 463 a 59 ab 42.35 a 2399 a 26.7 ab

2T 291 c 51 c 35.17 b 1950 b 23.8 ab

3T 379 b 57 b 37.81 b 1814 b 22.2 b

4T 369 b 63 a 36.06 b 1805b 25.8 ab

5T 262 d 50 c 31.37 c 1783 b 29.0 a
LSD at 0.05 18.61 5.06 2.80 247.60 ns

1000 grains weight (g)

Data collected on 1000 grain weight as affected by water harvesting techniques is shown in Table 2.

Statistical analysis of the data shows that 1000 grain weight was significantly affected by water harvesting

techniques. Maximum 1000 grain weight (42.35 g) was observed in the plots in which plastic sheets were used

for water harvesting. This is followed by (37.81 g) found in plots in which compacted soil was practiced,

whereas minimum 1000 grains weight of (31.37g) was noticed in the control plots. The increase in the seed

weight in the plots having plastic sheets might be due to the increase in the photo-assimilates partition towards

the grains because of more water harvested by the plastic sheets, while the decrease in the seed weight in the

control plots might be due to the competition among the plants for water, nutrients and light thus less amount

of assimilates were partitioned towards the seeds and so resulted in relatively lightest seeds. These results are

in close confirmation with those of Royo et al. (2000) who reported that water stress from anthesis to maturity,

hastens leaf senescence, reduces the duration and rate of grain filling, and hence reduces mean seed weight

in wheat.

Grain yield (kg ha )-1

Data on grain yield as affected by water harvesting techniques is shown in Table 2. Statistical analysis

of the data shows that water harvesting techniques significantly affected grain yield. Maximum grain yield of

2399 kg ha  was obtained in the plots in which plastic sheets was used for water harvesting, followed by 1950-1

kg ha  in plots in which not compacted soil was practiced, while minimum grain yield of 1783 kgha  was-1 -1

observed in control plots. The increase in grain yield in the plots having plastic sheets might be due to the

increase in the availability of rain water (Lindstrom, 1986; Tsiouris et al., 2002), nutrients and light that

increased seed weight, number of spikes m , number of grains spike  and so grain yield was increased than-2 -1

the control plots. Similar results were reported by Carter and Miller (1991) and Gupta (1995; 1999) that water

harvesting can improve soil moisture storage, prolong the period of moisture availability, and enhance the

growth and yield of crops. The decrease in the grain yield of control plots might be due to the less availability

of water that resulted in decrease of seed weight, grains spike , spikes m  and grain yield. These results are-1 -2

in confirmation with those of Giunta et al. (1993) who found that water deficit around anthesis may lead to

a loss in yield by reducing spike and spikelet number and the fertility of surviving spikelets. 
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