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Abstract: Monsoon rainfall variations along with river water of the Brahmaputra have historically caused floods, and even droughts on 

rice cultivation in Assam. Assam state government tried to control water by engineering approach such as constructing embankments 

and irrigation canals, but the efforts have not always become successful. Therefore, an alternative approach should be considered to cope 

with changing hydrological environment in the Brahmaputra floodplain. This study examined rainfall variation, hydrological condition 

of the paddy fields and their influences on rice cultivation through intensive village survey. Field work was carried out in the study 

village in eastern Assam during June to November in 2009. It was found that water level of paddy fields in the study village was highly 

influenced by intra-seasonal variation of monsoon rainfall. Both rice cultivated area, transplant date and rice yield were affected by 

monsoon rainfall, but households who grow more local varieties and own both high land and low land were less affected by the drought. 

It can be concluded that farmers’ indigenous knowledge is effective to some extent to mitigate the influence of rainfall variation on rice 

cultivation, and therefore, more studies are necessary to investigate the indigenous knowledge and traditional technologies of different 

ethnic groups in Assam. 
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Introduction 

Northeast India is well known as one of the rainy places in 

monsoon Asia. In Meghalaya, there are wettest places on 

the earth, Cherrapunji (26,461 mm during August 1860 to 

July 1861) and Mawsinram (26,000 mm in 1985) (Murata 

et al., 2007). Southwest monsoon comes from Bay of 

Bengal during summer season and orography effect of 

Meghalaya plateau causes abundant rainfall in the region. 

Also in Assam, the amount of annual rainfall exceeds 

3000 mm at many places of the state. Under humid 

environment with abundant monsoon rainfall and 

floodwater of the river Brahmaputra, rain-fed rice 

cultivation is traditionally conducted here.  Monsoon 

rainfall shows variable characteristics on the scales of 

inter-annual and intra-seasonal. Inter-annual variation of 

monsoon rainfall means floods occur in abundant rainfall 

years and droughts occur in scarce rainfall years. Intra-

seasonal variation means rainfall amount and rainfall 

period are irregular during rainy season, and not only 

floods but even droughts can occur during the season.  

Floods are the biggest problem for rice cultivation in 

Assam, where about 2/3 of total population in Assam are 

engaged in agriculture directly or indirectly, and about 45 

% of net state domestic products comes from this sector 

(Daimari, 2008). About 10 % of total state area is affected 

by floods every year, and more than 50 % of state area was 

affected by floods in 1988 which was the worst in the 

twentieth century (Bora, 2003). As rice is grown in flood 

season and occupies about 70 % of the total crop area in 

Assam, floods influence on rice cultivation is not 

negligible.  

Along with flood problems, droughts emerged to be 

another problem for rice cultivation in Assam recently. As 

most of the paddy fields in Assam are rain-fed and have no 

irrigation system, rainfall shortage during growing period 

can result to yield loss. In 2006, rice yield dropped largely 

(82 % of the previous year) all across Assam after poor 

rainfall during rainy season. Such a large scale drought 

was quite rare in Assam before, but drought damage on 

rice yield is increasing after 2000. 

In order to control floods and droughts and make rice 

production stable, Assam state government has adopted 

engineering approach such as constructing of 

embankments or irrigation canals. These attempts, 

however, have not always succeeded, but flood affected 

area is rather increasing due to poor drainage and river bed 

rise (Agarwal and Narain, 1991). Irrigated area is still less 

than 5 % of total paddy fields in spite of efforts for 

expanding irrigation facilities. Therefore, it is necessary to 

adopt new approach for agricultural development to 

mitigate the influence of meteorological hazards on rice 

cultivation. 

Keeping above points in mind, this study reveals the 

relationship between monsoon rainfall and rice cultivation 

in the Brahmaputra floodplain through intensive village 

survey, and consider new approach to cope with rainfall 

variation. Fieldwork was carried out in the study village 

from June to November in 2009.  

 

Materials and Methods 

Study area 

Location of the study village: The study village 

(Rangpuriya Gaon) is in Lakhimpur district of eastern 

Assam, and located in northern bank of the Brahmaputra 

(Fig. 1). In the Brahmaputra valley, floods occur more 

frequently in northern bank than in southern bank (Bora 

2003). Rainfall amount is higher in northern bank, and the 

tributaries from northern mountainous area have larger 

slope carrying more sediments. Gravel sediments from the 

Himalayas form sandy soil of northern bank. Flash floods 

tend to occur here after heavy rainfall.  

  Landform around the study village is created by 

numerous small and big rivers which come from 

mountains in Arunachal Pradesh (Fig. 2). The study 

village is located in the floodplains between the Subansiri 

and the Ranganadi, which consist of natural levee and 

back swamp. As the embankment was constructed along 

the right bank of the Subansiri, river water does not enter 

the village and water required for rice cultivation solely 

depends on rainfall. 

Rice cropping system in the village: There are three 

kinds of rice in the village with different growing periods 

and ecological settings; Ahu rice (growing period is from 

March to June), Bao rice (March to December) and Sali  
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Fig. 1. Study area 

 

 

 
 

Fig. 2. Land classification around the study village 

Source: 1:50000 topo-sheet published from Survey of 

India in 1971 

 

rice (July to November). Ahu rice is broadcasted in 

cultivated paddy fields and grown in a drier condition with 

relatively less pre-monsoon rainfall. Bao rice is a 

deepwater rice or floating rice which is broadcasted in the 

lowest land in the village. Sali rice is first grown in 

seedbed and then transplanted in paddy field with the 

arrival of monsoon rainfall. Only local varieties are grown 

for Ahu rice and Bao rice, but for Sali rice, HYVs (High 

Yielding Variety) are grown along with local varieties. 

In the village, back swamp and old river channels are used 

for paddy fields while natural levee are used for roads or 

homestead lands. The elevation of paddy fields is not flat 

but gently sloping and water can stay for a longer time in 

the lower part. Paddy fields are broadly classified into two 

categories by villages; low land (Dha mati) and high land 

(Bam mati). Low land is regarded as more suitable for rice 

cultivation with abundant water and fertile soil, but 

vulnerable to water inundation. High land is free from 

water inundation, but has risk of water shortage. Many 

households own both low land and high land to disperse 

the risk of floods and droughts and traditionally grow 

many local varieties to suit for different hydrological 

conditions from low land to high land (Asada, 2011). 

 

Results and Discussion 

 

Monsoon rainfall variation: Fig. 3 shows daily rainfall at 

North Lakhimpur which is located 10 km away from the 

study village. 30-year average data shows that normally 

pre-monsoon rainfall starts in March and it continues till 

May. Monsoon starts in late May, and ends in early 

October. Rainfall is little in the dry season from November 

to February. 

 
 

Fig. 3. Daily rainfall during rainy season at North 

Lakhimpur 

Source: Indian Meteorological Department (IMD) at 

Guwahati 

 

However, it does not rain continuously from the beginning 

to the end of monsoon season, and intra-seasonal variation 

of rainfall is very large in each year. Significant features of 

intra-seasonal variation are as follows. (1) Onset date of 

monsoon is not same, but varies by year. Monsoon started 

in mid-May in 2007 and 2008, but it started in mid-June in 

2009. (2) Peak season of rainfall differs by years. 

Normally peak season of daily rainfall is from late June to 

late July, but it is mid-June and late August in 2005, late 

May to mid-June in 2007, late June in 2008, early to mid-

August in 2009. (3) There exist both high rainfall period 
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and low rainfall period during monsoon season, which is 

called active-break cycle of monsoon rainfall. This 

phenomenon is caused by periodical change of convective 

activity of monsoon over the Bay of Bengal (Dhar and 

Nandargi, 2000). For example, active periods in 2007 were 

seen in late May to mid-June, early to mid-July, early 

August and early September with periodicity of 20 to 30 

days. 

Above features into consideration, rainfall at North 

Lakhimpur in 2009 is first characterized as less rainfall in 

April and May and late onset of monsoon. In the active 

periods of early June and late June to early July, daily 

rainfall exceeded more than 10 mm, but after mid-July, 

rainfall again stopped. Peak season of daily rainfall was 

mid-August which was much later than normal years. 

After late August, no rainfall days again continued. 

Rainfall was little in the latter part of rainy season, and the 

total amount of rainfall from May to September was only 

85 % of normal year.  

Hydrological environment in the paddy field: Then, 

water level in the paddy fields was investigated in order to 

know how intra-seasonal variation of rainfall affects 

hydrological condition in paddy field (Fig. 4). From the 

field observation, it was found that low lands (IV) were 

inundated throughout the rainy season, and recorded 

highest water level of 80 cm in mid-August. In high lands 

(I), inundation started in late June, and did not exceed 

more than 10 cm. Water in high fields dried up when 

rainfall stopped in break period of monsoon.  

 

 
 

Fig. 4. Water level in paddy fields, water level of the 

Subansiri (at Dalghat) and daily rainfall (at North 

Lakhimpur) in 2009 

Source: Field survey, Department of Water Resource 

Management, IMD 

Note: Observation point (i)-(iv) are described in Fig. 5 (a). 

 

Water level in paddy fields reached its peak twice in early 

July and mid-August. The peak timings almost coincide 

with the peak of water level in the Subansiri and active 

periods of monsoon rainfall. However, variation of water 

level in paddy fields does not fully correspond to rainfall 

variation. Monsoon rainfall became active in early June, 

but water level in paddy fields did not rise at the same 

period. Water level in the Subansiri also remained low in 

early June. Therefore, it can be said that along with 

rainfall variation, variation of underground water which is 

linked to river water variation determines the water level 

in paddy fields. In early period of rainy season, river water 

level remained low and water level in paddy fields did not 

rise even monsoon rainfall became active. Only when 

underground water level went near surface with the rise of 

river water level after July, rainfall could stay in paddy 

fields. 

 
 

Fig. 5. Inundation area of paddy fields in the village (a) 25 

Jun, (b) 15 Jul, (c) 5 Aug, (d) 15 Sep 2009. 

Note: Dark color indicates higher water level 

 

 
 

Fig. 6. Rice cultivated area and transplant date of Sali rice 

in 2009 

 

Paddy fields in the village are divided by natural levee, 

and were first inundated by rain water in the lowest part of 

each paddy field (Fig. 5a). Only a part of low lands was 

inundated in late June. Water inundated in high lands after 

rainfall occurred, but soon dried up. Almost all paddy 

fields except for highest lands were inundated by mid-July 

(Fig. 5b). Water level did not exceed to ridge height in 

high lands, but water could move freely above ridges in 
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low lands. At the peak period of water level in paddy 

fields in early August, all lands were inundated except for 

roads, homestead lands and a few plots of high lands (Fig. 

5c). Once monsoon entered break period and rainfall 

stopped, water level in paddy fields rapidly declined and 

water level became 0 cm in many parts of high lands (Fig. 

5d). The soil texture of this area which is sandy with good 

drainage may contribute to rapid rise and drop of water 

level in paddy fields. 

 

 
 

Fig. 7. Transplant date and rainfall (a) transplant date and 

pentad rainfall in 2009, (b) transplant starting date, 

pentad rainfall and water level of the Subansiri in 

2008 and 2009. 

 

Influence on rice cultivation: In this section, it was 

investigated that how variation of hydrological 

environment affected rice cultivation in the village. First, 

cultivated area of Ahu, Bao and Sali rice in 2009 was 

investigated to compare with inundation area in the paddy 

fields (Fig. 6). Bao rice is cultivated in 44 plots of the 

lowest part of paddy fields, and Ahu rice is cultivated in 

17 plots of high lands near homestead land. Sali rice is 

transplanted in paddy fields from low lands to high lands, 

and the cultivated area (1280 plots) is much larger than 

Bao and Ahu rice. Sali rice is transplanted from lower 

lands in June to higher lands in August in accordance with 

water level rise. 14 plots of high lands were left 

untransplanted because of no inundation in these plots.  

In 2009, one household started transplanting on 23rd April, 

but many households started late May when rainfall 

gradually increased (Fig. 7a). Most paddy fields were not 

inundated at this period, however, and only some 

households who own low lands could start transplanting. 

After late June when water level in paddy fields increased, 

number of households transplanting Sali rice increased and 

it reached peak in mid-July. It was just after water level in 

paddy fields reached its first peak. All transplanting 

operation had completed before 27th August. It took about 

four months from start to end transplanting in the village. 

Starting date of transplant in each household in 2008 was 

about 10 days earlier compared to 2009 (Fig. 7b). While 

many households started transplanting in late May in 

2009, many households started in mid-May in 2008. Water 

level in the Subansiri started to rise in late May in 2008, 

although it remained low till late June in 2009. It is 

estimated that water level in paddy fields also increased 

earlier in 2008 than 2009 along with earlier rise of river 

water level. Peak of starting date of transplant in 2008 was 

mid-June, and all households started transplanting by early 

July at latest.  

 

Table 1. Number of rice varieties and yield in 2008 and 2009 (a) households classification by land area, (b) by land height 
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Table 2. Income source of selected households in 2008 

 

 
 

The rainfall amount was less and rainy days were irregular 

in 2009 compared to normal years. It can be supposed that 

not only transplanting date but also rice yield was also 

affected by rainfall scarcity. So, rice yield of each 

household in 2009 was investigated (Table 1a). All 

household classes show yield decrease in 2009 except for 

household class who own 0.5 – 1.0 ha land, which means 

land size is not necessarily important for mitigating 

influence of rainfall variation. Also number of HYVs 

grown in each household has no relation with yield 

change. When rice yield of each household was examined 

by classification of land height (Table 1b), rice yield in 

2009 of households who own more low land increased 

while rice yield of households who own more high land 

decreased. In case of households who own both high land 

and low land, rice yield in 2009 was almost same with 

yield in 2008. It means that influence of rainfall variation 

is not same for all households in the village, but it depends 

on ecological conditions of paddy fields owned by each 

household. Therefore, many villagers traditionally own 

both high land and low land of paddy fields to avoid the 

risk of either floods or droughts. 

Finally, income survey was conducted in 20 sample 

households in the village to know how farmers 

compensate rice yield loss in abnormal monsoon years 

(Table 2). It is revealed that 70 % of farm households and 

60 % of households with other business sold rice, 

respectively. Many households sell rice but the ratio of 

income from selling rice in total income is not large; 31% 

in farm households and 4 % in households with other 

business. All households have income sources other than 

selling rice, and vegetable cropping is more important in 

terms of earning cash than rice cropping.  

 

Conclusion 

Rice cultivation in the study village is affected by intra-

seasonal variation of monsoon rainfall in terms of 

cultivated area, transplant date and yield. Along with 

rainfall, soil texture and topography of floodplain are also 

related with the rice cropping pattern as these factors 

determine water level in each plot of paddy fields. During 

2009 monsoon season, not only rainfall amount was less 

but also onset of monsoon season was later than normal 

years which caused drought effect on rice yield. However, 

not all households were equally affected by rainfall 

variation, but households who own more high fields 

showed more drought effect, which means physical 

environment of paddy fields determined the extent of 

drought. 

To cope with variation of hydrological environment in 

paddy fields, villagers have traditionally developed rice-

based cropping system which includes landholding pattern 

and selection of various local varieties. Also their farming 

system combining rice cropping with vegetable cropping 

and livestock can mitigate influence of environmental 

hazards in terms of cash income. These are kinds of 

indigenous knowledge of environmental adaptive strategy 

and still effective in the study village. 
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Assam state government have tried to control water by 

engineering approach and almost ignored indigenous 

knowledge of local farmers. From this study, however, it 

was found that hydrological condition in paddy fields of 

the Brahmaputra floodplain is highly influenced by rainfall 

variation and farmers’ indigenous knowledge is effective 

to a certain extent to mitigate the influence of rainfall 

variation on rice cultivation. More case studies should be 

carried to investigate indigenous knowledge and 

traditional technologies of different ethnic groups in 

Assam. 

Acknowledgment: The author expresses sincere gratitude 

to Prof. A. K. Bhagabati, Gauhati University and Prof. K. 

Ando, Kyoto University for their support and guidance. 

 

References 
Agarwal, A. and Narain, S. 1991. Floods, flood plains and 

environmental myths, a citizen’s report. Centre for science 

and environment, Delhi. 

Asada, H. 2011. Rice-based cropping system of the Ahom –A 

village study in Assam, India. Japanese Journal of Human 

Geography, 63(in press).  

Bora, A. K. 2003. Flood dynamics and hazards in the 

Brahmaputra valley of India. Transactions 24(1): 65-85. 

Daimari, P. 2008. Economic development of Assam – Problems 

and prospects. EBH Publishers, Guwahati. 

Dhar, O. N. and Nandargi, S. 2000. A study of floods in the 

Brahmaputra basin in India. International Journal of 

Climatology 20: 771-781. 

Murata, F., Hayashi, T., Matsumoto, J. and Asada, H. 2007. 

Rainfall on the Meghalaya plateau in northeastern India –

one of the rainiest places in the world. Natural Hazards 42: 

391-399.  

 

 

 

 

 

 


