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Abstract

Undependable and erratic rainfall patterns, with frequent rainless periods within the rainy season in Sipili location, a semiarid area in Kenya, is the primary natural limiting factor to the rain-fed agricultural production potential of the area. Although the average annual rainfall of 600 - 800 mm would appear sufficient for one or two good crops per year, at times, the harvest is poor or there would be a total crop failure due to poor rainfall distribution. The level of supplemental irrigation mainly for horticultural crops is inadequate since farmers lack guidance on how efficiently harvested rainwater could be utilized for maximum returns.

A computer model was developed based on the mass balance equation to facilitate simulation of water utilization from different tank capacities meant to provide water for domestic use, watering two grade dairy cows and supplemental irrigation of a cabbage crop. The maximum cropped areas for different planting decades (10-day period) of the year up to crop maturity were determined for tank capacities of 50, 100, 150, 200, and 250 m3. The optimum cropped area for each tank capacity could be obtained when planting was done on the 14th decade. The maximum cropped area could be achieved when planting was done on the 2nd, 14th and 26th decades for 50, 100, and 150 m3 tanks and on the 1st, 13th and 25th decades for 200 and 250 m3 tanks. Such results would give farmers in Sipili and its environs an opportunity to strategize for the highest market prices of the cabbage crop or the highest crop yield.

Introducation

The world's demand for more food and fibre has led to a growing awareness of the value of arid and semi-arid lands (ASAL) of the tropics if sufficient and economical water supplies can be found or developed (Frasier, 1981). The consequences of water shortage to plants and animals are disastrous, especially in countries, which depend primarily on rainfed agricultural production for both crops and livestock. According to Jackson (1977) and Stewart and Hash (1982) the need to increase agricultural production in many tropical developing countries calls for improvements in production of subsistence smallholder farmers even in drier lands. 

Rainwater has been purposely collected and stored in ponds, cisterns, surface tanks and in the soil to support human habitation for over 4000 years in many parts of the world. Stored rainwater can be a valuable supplement to other, possibly inadequate, domestic water sources and also for irrigation. Its use is particularly appropriate in ASAL of the world where heavy, intense storms are followed by prolonged periods of little or no rainfall (Pickford, 1991). The supply of domestic water is an important objective in rural development for its benefits to human health and welfare (Curtis, 1989). The technique of rainwater harvesting (RWH) for domestic supply, livestock and crop production is essentially small-scale. It utilizes the roofs of individual house and ground catchment as the collecting systems. Therefore, in ASAL of the tropics where rivers may be few and ephemeral, water is the main constrain to increasing production and hence, rainwater harvesting (RWH) offers a high potential for alleviating water constraints to the habitation and development of arid and semi-arid lands. This work was thus, designed to establish how the production potential of farmsteads in Sipili location, Laikipia district in Kenya could be exploited through rainwater harvesting technology.

Methodolgy

Rainfall Distribution in Sipili

To facilitate proper agricultural planning and utilization of the stored water, knowledge of rainfall onset and cessation is essential (Alusa and Mushi, 1974). According to Griffiths (1972) a monthly rainfall amounting to 50 mm is considered adequate for crop production. In this work a decade (10-day period) was considered wet if it received rainfall amounting to or greater than 15 mm. The 1st decade of the year referred to the first 10 days of January and the 36th decade referred to the last 11 days of December.

Rainfall and evaporation data for 33 years (1964 to 1996) for Rumuruti area station 8936/064 in the vicinity of Sipili was used. Using the Weibull formula, the rainfall amount occurring at 67 percent probability was obtained and used to determine the runoff generated from the ground catchment and the effective rainfall. The rainfall onset in Sipili occurs during the 10th decade of the year with wet spells occurring on the 10th to 12th, 19th to 22nd and 30th decades (Kiggundu, 1998). On the other hand, the dry spells occur on the 1st to 9th, 13th to 18th, 23rd to 29th and 31st to 36th decades. He further noted that a dry spell of 60 days from the 13th to 18th decade was responsible for the crop failure under rainfed agriculture in Sipili area.

Water Abstraction from the Tank

The tanks were designed as open surface truncated inverted cones following the work of Helweg and Sharma (1983). Mathematical relationships relating the tank water depth (h1) as a function of tank water volume (V) and exposed tank water area (Ae) as a function of water depth (h1) were developed and used in determining the evaporation losses. According to Kiggundu (1998) the average family size in Sipili was 8 members and water consumption was 10 litres per person per day from the 1st to the 9th decade and 15 litres per person per day thereafter. For livestock watering, the two grade dairy cows consumed 50 litres per animal per day through the year. 

The growing period of cabbage in Sipili was 120 days, which was equivalent to 12 decades inclusive of 3 nursery decades. Thus the computed water volume requirements for the first 3 decades were higher than what would actually be used since in the nursery the seedlings occupy a very small area. The crop coefficient (

) used were; during the initial stage 0.45 (25 days), crop development stage 0.75 (35 days), mid-stage 1.025 (40 days) and late-stage 0.95 (20 days). For a given crop area and planting decade, the irrigation requirements were determined using methods proposed by Doorenbos and Kassam (1979).

Tank Simulation

A computer model was developed under “Microsoft Excel Visual Basic Programming” environment to carryout tank simulations. For each simulation run, the assigned parameters were; tank capacity, crop area and planting decade. The other parameters like the design rainfall at 67 percent probability level, evaporation amount, catchment area and runoff coefficient were input once during the simulation preparatory stage. The tank capacities selected were 50, 100, 150, 200 and 250 m3.

The following considerations were made;

i. pan evaporation coefficient was 0.8.

ii. the tanks were lined and therefore, seepage losses were zero.

iii. since the rainfall onset occurred during the 10th decade, the starting point for each simulation was the 10th decade and ended on the 9th decade of the following year.

For each decade period a water balance analysis as given in equation (1) was carried out to establish whether the available water in the tank was adequate for the abstraction requirements set.
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Results and discussions

The results given in Table 1 were the maximum possible cropped area up to maturity of the cabbage crop, which was 12 decades in consideration of other farmstead water needs, which were water for domestic and livestock use. Although each decade had an attached cropped area, planting was only possible in a sequence of 12 decades. This implied that if planting was done during the 1st decade, the next planting would only be possible starting from the 13th decade. Different tank sizes were considered so as to cater for all farmers in the area. Although the tank sizes were in steps of 50 m3 from 50-250 m3, in case of farmers with tank capacities lying between any two given tanks, the cropped area would be obtained by interpolation.

The maximum cropped area was achieved when planting was done during the 14th decade (Figure 1b). The cropped area increased from the first decade up to the 14th decade and thereafter it decreased. Although the general concept is that farmers should plant immediately the rains come, with supplemental irrigation, planting would be shifted from the time of rainfall onset, which was the 10th decade to the 14th decade in order to achieve a bigger cropped area. This implied that for farmers who wished to grow cabbage all the year round, planting would be done during the 2nd, 14th and 26th decades, for tank sizes of 50, 100 and 150 m3 and on the 1st, 13th and 25th decades for 200 and 250 m3 tanks. Thus, for a given tank size and a preferred time of planting, the cropped area could be read from Table 1.
Table 1 Maximum cropped area for cabbage per decade for 5 different tank capacities


Maximum cropped area in m2 for different tank capacities in the range of 50 – 250 (m3 )




50
100
150
200
250

Decade






1
70
205
340
485
600

2
90
260
435
590
725

3
110
320
535
750
920

4
150
425
715
930
1150

5
220
645
940
1225
1510

6
365
985
1400
1820
2255

7
670
1515
1710
1880
2050

8
1300
1480
1685
1850
2020

9
1250
1455
1665
1870
2080

10
1350
1565
1790
2010
2240

11
1430
1680
1920
2165
2375

12
1500
1825
2080
2345
2600

13
1800
2100
2400
2700
3000

14
2015
2345
2680
3020
3360

15
900
1550
2025
2315
2600

16
750
900
1240
1600
1850

17
400
650
860
1100
1345

18
390
620
840
1050
1230

19
365
595
820
1030
1210

20
365
590
820
1010
1185

21
400
645
890
1080
1265

22
450
715
965
1170
1375

23
500
810
1050
1270
1490

24
580
860
1195
1450
1700

25
600
900
1320
1620
1900

26
275
550
1270
1070
1335

27
190
375
805
760
950

28
135
280
420
565
710

29
100
215
335
450
570

30
80
180
285
390
495

31
60
155
250
340
435

32
48
135
218
300
385

33
50
135
225
310
400

34
50
145
240
330
425

35
55
155
260
360
460

36
60
170
285
405
520

The first peak in Figure 1b did not occur at the same time as compared to the other two peaks. This was because of the long dry spell that starts from the 36th decade of a previous year to the 7th decade of the following year. This implied that a bigger tank would have more water stored after the 36th decade as compared to the smaller one. Thus, for a 50 m3 tank the first peak occurred at the 8th decade when the tank had received some inflow, for the 100, 150 and 200 m3 tanks it occurred at the 7th decade and for the 250 m3 it occurred at the 6th decade.
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Figure 1 Expected rainfall at 67 percent probability (a) and cropped area per decade for five tank sizes (b)

The peak on the 14th decade was attributed to the fact that the crop entered its mid-stage, which ran from the 20th to 23rd decade at the time when the inflow into the tank and the available soil moisture were abundant as a result of the second wet spell, which resulted into a bigger cropped area. Both the crop’s mid-stage and the wet spell started at the same decade and lasted for almost the same duration. The decline in the cropped area for planting done on the 15th decade was attributed to the fact that for the last decade of the crop’s mid-stage the water was limiting and therefore a reduction in the cropped area in order to match the demand with the supply. This implied that any planting done such that the crop’s mid-stage coincided with the dry spell resulted into a smaller cropped area and thus a sharp decline in the cropped area for planting done during the 16th, 17th and 18th, decades. The decline in cropped area corresponded with the number of decades the mid-stage coincided with the dry spell.

The peak at the 25th decade was a result of water availability in the tank during the mid-stage of the crop that occurred from the 31st to 34th decade. The decline in the cropped area thereafter was attributed to the dry spell. The lowest cropped area occurred when planting was done during the 32nd decade mainly due to the high water requirements and low or no rainfall from the 32nd decade to the 6th decade of the following year.

Conclusion

Due to occurrence of long dry spells during the crop growing season rain-fed agriculture becomes highly unreliable in Sipili area. The crops that receive adequate rainfall during the initial stages are hindered from further growth by the long dry spell and unless there is supplemental irrigation or any other method of conserving soil moisture, crop failure may be inevitable. Although the general concept in agriculture is that farmers should plant immediately the rains come, with supplemental irrigation in Sipili, planting could be shifted from the time of rainfall onset (10th decade) to the 14th decade in order to achieve a bigger cropped area. For farmers who wished to grow cabbage all the year round, planting would be done on the 2nd, 14th and 26th decades for 50, 100 and 150 m3 tanks and on the 1st, 13th and 25th decades for 200 and 250 m3 tanks. With rainwater harvesting, planting would be done at anyone preferred time. This gives the farmer a chance to target for maximum market prices such that crop harvest is done when the crop is on high demand or going in for a bigger crop yield. Thus, a farmer would become self-reliant and carries out farm activities without being worried about water scarcity.
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