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A REVIEW OF AGROHIDROLOGICAL STUDIES IN INDONESIA 
WITH SPECIAL REFERENCE TO THE CONTRIBUTION OF THE 
FACULTY OF AGRICULTURE GADJAH MADA UNIVERSITY1) 

 

Tejoyuwono Notohadiprawiro2) and Sukardi Wisnubroto3) 

 

Introduction 

Agrohydrology is that part of hydrology which deals with the water dynamics of 

agricultural lands and its phisical and chemical effects on crop production. It is essential 

for the understanding of the water consumptive use for crops, the efficient budgeting of 

water for agriculture, and the maintenance of soil productivity. Water as a substance and as 

a solution of various plant nutrients is the primary factor of plant growth and useful 

biomass producion, and the fundamental generator of soil fertility. 

Agriculture still is the biggest water user. A relatively small economizing of water 

used for agriculture will mean an increase in available water for non-agricultural uses of 

several times the amount currently used. In Indonesia agrohydrology has not yet receiving 

the needed attention. Many water development schemes for irrigation are still wastefull. 

Rice cultivation to produce Indonesia’s staple food is still strongly based on much water 

demanding varieties. Little is known about the hydrological basis of upland farming in 

humid climates and dryland farming in semi-arid climates. The same holds true of 

peatlands and tidal swamp lands development for agriculture. 

For clarity of representation of the scope of agrohydrology, the different fields of 

agrohydrologycal study are reviewed separately. These are agroclimate, water relations in 

the soil-plant-atmosphere system, soil water dynamics and soil moisture regime, chemical 

properties of water and their variations with space and time, physical and chemical effects 

of water on soil and crop, water management on crop lands, and modelling of water-related 

phenomena. 

Agrohydrological studies at the Faculty of Agriculture, Gadjah Mada University, 

started by the mid of the 1970s. The studies got a strong impetus when agrometeorology, 
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formerly a separate department, became part of the Department of Soil Science. Treating 

soils, plants and atmosphere as interactive components of a biohydrological system 

developed readily. 

 

Agroclimate 

Mirsa & Wisnubroto (1985) characterized rainfall for the purpose of assessing the 

suitability of a season for planting sawah rice. The commencement of a deca-day of 60 mm 

rainfall followed consecutively by similar deca-days indicates an adequately wet season to 

secure a paddy crop. 

A study had been conducted on the net precipitation at a cacao plantation of three 

and nine years old trees (Kuwato, 1989). Of a total rainfall of 974 mm falling in a series of 

30 rainy periods at the blocks of three years old trees, the proportions of through-fall, stem-

flow and intercepted rain were 57, 7 and 36 percent, respectively. Thus the net blocks of 

nine years old trees were 71, 2 and 27 percent, respectively, making a net precipitation of 

73 percent or 711 mm. 

 

Water Relations in the Soil-Plant-Atmosphere System 

The effect of water plants on water losses from water storages by tranpiration was 

also a topic of study. The rate of loss caused by some water plants were Eichornia 

crassipes (a notorious water weed) 12.6 mm, Azola pinata (useful as N2 fixer in paddy 

fields) 3.0 mm, and Pestia stratiotes 3.6 mm per day. The rate of loss from the control plot 

was 2.7 mm per day (Frakadayat & Wisnubroto, 1989). 

Water consumptive uses of different crops were studied in the Solodiran and 

Kedandan pilot schemes for water management and crop trials. The soil of the Solodiran 

Area was a sandy loam, while that of Ketandan was clay loam. The results are as follows: 

 

Beginning of the season End of season 
Plant 

Ketandan Solodiran Ketandan Solodiran 

 mm day-1 mm day-1 

Water melon 3.2 4.5 3.8 6.8 

Melon 2.9 4.8 3.2 7.2 

Garlic 3.0 4.7 3.4 6.5 
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A coarser soil texture increases the water consumptive use. A higher content in available 

soil moisture decreases the water consumtive use. 

 

Soil Water Dynamics and Soil Moisture Regime 

In order to determine the amount of water needed to saturate the soil for paddy 

cultivation, percolation rates had been measured in the Renteng Irrigation Area, West Java, 

using a ring infiltrometer. The soils were alluvial soils of various texture. Based on the 

measurements done in the planting season of 1976/1977, the around 121,000 ha area may 

be subdivided into five agrohydrological units. The percolations rate of each unit was more 

than 5 cm h-1, 2 – 5 cm h-1, 1 – 0.5 cm h-1, and less than 0.5 cm h-1 (Notohadiprawiro, et 

al., 1978a). 

Water losses from on-farm irrigation water distribution channels in the same 

Renteng Area were also measured. For that purpose selected channels were halved 

lengthwise where one of the halves was lined with plastic sheet to preclude percolation and 

seepage. By comparing the discharge from the lined half with that from the original harf, 

the water loss during transmission can be estimated. Observations made in August, i.e. in 

the mid of the dry season, gave an average water loss of 25% consisting of 7% due to 

evaporation and 18% by percolation and seepage (Notohadiprawiro, et al., 1978b). 

 

Chemical Properties of Water 

The knowledge of the chemical properties of water is important in agrohydrology 

as water composition determines the suitability of water for irrigating or watering crops, 

affects the physical and chemical properties of soils, and may indicate environtmental 

pollution. The detrimental impact of acid rains on crops and forests, whether resulting from 

industrial activities or from volcanic activities, is one example of the importance of 

monitoring the chemical properties of rains. 

Winubroto, et al. (1975) examined the chloride and sulphate content of rain water 

collected along a cross-section through the middle of Java. Samples were taken from the 

areas of Semarang in the north representing a coastal area, Ungaran representing an inland 

hilly area in the northern half of Java, Soropadan representing an inland hilly area in the 

southern half of Java, and Yogyakarta in the south representing a low lying gently sloping 
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land facing southward. The sampling was done from October (the beginning of the wet 

season) through January the middle of the with time and place. The mean figures of 

October, November, December and January were 0.13, 0.12, 0.14 and 0.11 mg l-1, 

respectively. While those of Semarang, Ungaran Soropadan and Yogyakarta were 0.13, 

0.12, 0.13 and 0.13 mg l-1, respectively.  

Rains falling in October had the highest sulphate content, ranging from 0.016 mg l-1 

in Soropadan to 0.045 mg l-1 in Semarang with a mean of 0.032 mg l-1. The content 

dropped sharply in the following three months with a mean of 0.005 mg l-1 in November, 

0.006 mg l-1 in December and 0.004 mg l-1 in January. The rains of Soropadan had the 

lowest sulphate content with a mean of 0.006 mg l-1. The highest mean was found in 

Semarang and Ungaran of 0.014 mg l-1. Yogyakarta was medium with a mean of 0.012 mg 

l-1. During the period of observation, chloride was more dominant than sulphate. It was 4 

times in October, and increased greately to 23 to 28 times in November – January. 

 

Physical and Chemical Effects of Water on Soils and Crops 

In an experiment on relay cropping of paddy, Suhartanto (1978) found a certain 

relationship between the age of the relay plants at time of transplanting, the number of 

relay rows and the available soil N, P and K on one hand, and the crop water consumptive 

use on the other hand. Depending on the time and pattern of insertion of the relay plants, 

the water consumptive use of the total standing crop ranged from 5 to 10 mm a day. The 

lowest amount was measured in the double row relay cropping where the plants were 

transplanted twice consecutively at the age of 35 and 80 days. The highest amount was 

found in the same system of transplanting but with a single row relay. The intermediate 

figures were from single and double row relay. The intermediate figures were from single 

and double row relays transplanted twice consecutively at 30 and 65 days old. 

The water consumptive use changed with the advancement of plant growth and 

development. By dividing the time of growth after transplanting into four equal periods of 

25 days, the crop water consumptive uses in each period were consecutively 7, 5, 7 and 8 

mm a day. 

At the vegetative stage there was a significant, positive correlation between total 

soil N and water consumptive use. A similar correlation existed between available soil P 

and water consumptive use at the generative stage. There was no effect of available soil K 

on water consumptive use. The strongest relationship was observed in the cropping system 
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with a single row relay which was tranplanted twice at the age of 35 and 80 days. This 

relay system had also the highest water consumptive use as mentioned previously. 

From the point of view of water use, relay cropping of paddy is less efficient, as a 

regular cropping system of paddy consumes on the average 4 – 5 mm of water per day. The 

advantage of relay cropping is in the more efficient use of space and time. How far the 

spending of more water can be justified by the fuller use of land and cropping season still 

remains to be determined. 

Using corn as a test plant it was shown that intermittent wetting and drying of a 

vertisol may increase K fixation. The strongest fixation occurred when the wetting and 

drying were regulated at four days intervals. The K fixation was low when the soil was 

kept constantly moist, or the soil moisture content was kept continously los (Aji, 1980). 

The SAR, EC, ESP and available K of a vertisol irrigated with NaCl containing 

water increased with the increase in the NaCl content of the water. At the same time the 

degree of stable aggregation of silt and clay particles of the soil decreased. This means that 

the soil structure deteriorates. The soil pH was not affected by the irrigation water 

containing NaCl up to 15 g per liter. This solution strength suppressed the growth of 

tomato plants grown on this soil (Hidayat, 1984). 
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