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Abstract

A study was carried out at five upazillas (Dumuria, Fakirhat, Pirojpur sadar, Gopalgonj
sadar and Kalia) of five southern districts of Khulna, Bagerhat, Pirojpur, Gopalgonj and
Narail to understand the comparative production performance and any effect on soil
quality in case of year-round golda (Macrobrachium rosenbergii), alternate prawn-paddy
and year-round paddy farming. A direct interview of 55 farmers was taken, using pre-
tested questionnaire, and soil samples were taken from selected farms before and after
each crop. Among the five upazillas, farmers in Gopalgonj sadar and Kalia are not
practicing year-round golda. Rotational golda-paddy farming has been recorded to result
in maximum profit, with the highest of Tk. 310,912/ha/year in 2003 at Dumuria. Only
paddy farming is less profitable than other two cropping patterns, irrespective of study
sites. The nutrient status of soil in rotational golda and paddy farming has been found
improved, compared to that of only golda or paddy farming.
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Introduction

Increase in income from already shrunken agricultural land, particularly low-lying mono
crop lands, is essential to reduce rural poverty. In recent years, many farmers in mono
crop areas have changed a lot in farming pattern by introducing high priced golda
(freshwater prawn, Macrobrachium rosenbergit) alternating with boro cultivation. Since
late eighties, when there were possibly only a few thousand golda farms converting only
a few hundred hectares, the golda farming has gained significant popularity. The area of
golda farming has gradually extended from 6,000 ha in 1994 (Chanda and Kandker 1994)
to some 30,000 ha in recent years (prs. comm., National Shrimp Cell, Department of
Fisheries).

Freshwater prawn farming in Bangladesh has a number of socio-economic
advantages over marine prawn farming. Unlike the marine prawn farms, which are
normally large (average size above 10 ha or 25 ha) and often operated by non-resident
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owners, the golda farms are mostly small (average size is less than an acre) and operated
by the landowners themselves. Golda farming can be and in many cases actually is well-
integrated with paddy production, horticulture and aquaculture of certain species of fish.
In fact paddy production in golda ghers (farms) is usually higher than in open bills. The
benefits of rice-fish culture, as a low investment entry level technology for resource-poor
farmers, have been demonstrated in Bangladesh (Gupta et al. 1998). It has been observed
frequently that total farm output increases through the inclusion of suitable fish and/or
prawn in rice fields (Roy et al. 1991, Cai et al. 1995, Alam et al. 2006). The culture of
golda prawn has apparently no conflict with agriculture. Located away from the sea, the
golda farms are not usually vulnerable to cyclones or tidal bores, which almost every year
cause damages to marine prawn farm infrastructures and the valuable prawn crops.
Besides, golda is not susceptible to the prevailing white spot virus disease that causes
huge economic losses to the marine prawn and the farmers. Although golda is a
freshwater species, it can survive and grow normally in salinity up to 8 ppt salinity. The
opportunity for horizontal and vertical expansion of golda farming is, therefore,
enormous. For all these reasons, golda culture is socially more acceptable and technically
and economically more viable and sustainable.

In recent years, it has been generally observed in golda-boro paddy farming areas
that (i) many Golda-Boro fields during the Boro season remain totally or partially fallow,
(ii) During the Boro season, many farms are seen to have only scattered patches of boro
paddy plants with no or very little care, (iii) many farmers linger prawn production even
beyond March to allow the under grown prawn to grow bigger, neglecting or altogether
skipping paddy cultivation, (iv) some farmers have intentionally switched over to year
round prawn farming skipping paddy cultivation for higher economic gains.

During the last two years or so, another situation has arisen. Some farmers have
started farming golda prawn with over-wintered juveniles. They keep late season prawn
fry in nurseries and use them for raising an early crop from February to May instead of
paddy. In this system, the farmers get an opportunity to easily raise the usual traditional
crop of prawn from July to December, significantly increasing income from their land.
However, questions may arise whether keeping land inundated under water all the time
or most of the time is creating any adverse effect on soil quality and productivity.
Suspicions also may be there whether prawn production year after year without any crop
rotation is all sustainable. With this prevailing background, the present study was
conducted during 2004-05 in selected five golda farming districts of southern
Bangladesh, aiming at understanding any changes in productivity in year-round golda
farming, with those of prawn-paddy alternation, in terms of production, economics and
soil quality.

Materials and methods

Based on the concentration of golda/prawn farming activities, five study areas were
selected, one from each of southern districts of Khulna, Bagerhat, Pirojpur, Gopalgonj
and Narail. The study areas were Dumuria upazilla of Khulna, Fakirhat upazilla of
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Bagerhat, Sadar upazilla of Pirojpur, Sadar upazilla of Gopalgonj and Kalia upazilla of
Narail district.

From the five selected upazillas, a total of 55 farms and farmers were selected,
considering year round prawn, alternate prawn-rice and year round rice cropping
pattern, to collect information on management, production and economics (Table 1).
For each type of cropping pattern, three farms were selected to collect soil samples. The
sampling scheme of soil is given in Table 2.

Table 1. Farming pattern and number of farmers contracted and
interviewed in selected study sites

Number of farmers interviewed

Farming pattern iroi i

5P " Fakirhat Pirojpur Dumuria Kalia Gopalgon;

Sadar Sadar

Year-round prawn S 5 5 NA NA
Crop rotation
(Paddy and prawn) 5 5 5 5 5
Rice only 5 5 5 5 5

NA = cropping pattern not available

Table 2. Scheme of soil sampling for different cropping pattern at different study sites

Galda-paddy rotation Year-round golda -1 Only Total  soil
: paddy sample
Upazila/Thana End paddy | End galda Endl\?t End 2™ crop End of
(May) (Dec) Cmﬁlfle)ay‘ (Nov-Dec) | paddy
. 3farmsx2 | 3farmsx2 | 3farmsx 2 3 farms x 2 2 farms x
Fakirhat 28
samples samples samples samples 2 samples
Dumuria do do do do do 28
Pirojpur sadar do do do do do 28
Kalia do do NA NA do 16
Gopalgonj sadar do do NA NA do 16
Total samples 30 30 18 18 20 116

NA = cropping pattern not available

A traditional survey method of direct interview from the selected farmers was
followed, using pre-tested questionnaire. Attempts were made to collect data and
information prawn-rice production and economics under different cropping pattern and
management systems for 2002-2004.

Soil samples were collected at a depth of 0-15 cm from the surface. The soil samples
were collected in two installments. Initially, before the specific cropping pattern starts
(December’04) and then finally after harvesting (May’05). Soil samples were collected
from each selected farm of different sites and cropping patterns. Collected samples were
dried in room condition, ground, and then passed through a 0.5 mm sieve to separated
and discard any gravel, pieces of plant root, leaves, etc. Then adulterate free soil samples
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were kept in air-tight plastic bags with proper labeling for subsequent laboratory
analyses. Prepared and labeled samples were sent to Soil Resource Development
Institute (SRDI, Khulna and Regional Laboratory, Dhaka) to analyse for the parameters
of pH (reaction), salinity (EC @ milimose/cm), organic matter (%), potassium
(miliequivalent/100 g soil), total nitrogen (%), phosphorus (ug/g soil), sulfur (ug/g soil)
and zinc (ug/g soil).

Results and discussion

Management, production and economics of different cropping pattern

More than 80% of farmers follow the extensive method and the rest follow improved
extensive method of farming. The farmers in Khulna, Bagerhat and Pirojpur areas
practice year round prawn, alternate prawn-rice and rice farming, respectively. But in
Gopalgonj and Kalia sites, farmers practice only alternate prawn-rice and only rice types.
Study site-wise production and economic returns, from year-round prawn, alternate
prawn-paddy and only paddy farming, in terms of per hectare yield, total cost, gross
profit and net profit are presented in Tables 3a - 3e.

Year-round prawn farming

In this method, golda are cultured round the year. Farmers stock the galda post-
larvae (PL) in their farms at a density of 22,000 - 29,000/ha. PL are fed at irregular basis.
In most of the sites, farmers culture 'golda’ (Macrobrachium rosenbergii) and 'bagda’
(Penaeus monodon) concurrently whole the year, as bagda become marketable size within
3.0 - 3.5 months and golda is more disease resistant than bagda.

The yield of golda per hectare ranged from 302.03~428.57 kg in Fakirhat,
100~163.54 kg in Pirojpur sadar and 755.5~879.18 kg in Dumuria (Table 3a-3c). The
highest yield (879.18 kg/ha) has been recorded in Dumuria in 2003 and the lowest
(100.00 kg/ha) in Pirojpur sadar in 2002. The total cost of the farming was Tk.
112,036~129,423 in Fakirhat, Tk. 23,958~95,989 in Pirojpur. sadar and Tk.
179,947~211,543 in Dumuria (Table 3a-3c). The net profit of prawn farming of the same
sites was Tk. 135,185~151,426, 19,792~25,909 and 149,759~208,827, respectively (Table
3a-3c). The highest profit (Tk. 208,827/ha) from year round golda was obtained in
Dumuria in 2003 and the lowest (Tk. 19,792/ha) was in Pirojpur sadar in 2002. During
the production period, farmers followed partial harvest and partial stocking.
Accordingly, golda farmers had a flow of income from golda culture round the year. This
farming system has been practiced in Fakirhat, Pirojpur sadar and Dumuria upazilas.
The yield of golda were dependent on various factors such as stocking density, feed, fry
quality, availability of PL in time, technical knowledge, fund, disease, water quality
management, training, high price of snail meat and golda PL, security, etc. Some
particular issues in golda farming sites were poaching, prawn poisoning and diseases.
Number of livestock was varied from site to site and year to year. No. of livestock of the
year round prawn farmers were 1-6 hens with some chicken and 1-10 cows, respectively.
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Alternate prawn-paddy farming

Alternate cropping of golda and rice is followed in all study sites. In this pattern,
one crop, transplanted boro rice (HYV) is grown in between December/January to
April/May, when water and soil salinity are very low, and is followed by crop of golda in
between May/June to December. The rice farms with strong embankment having
peripheral trenches are stocked with golda PL at a density of 1,500-15,000/ha. Stocking
density of golda PL mainly depends on farmer's solvency and secondly availability of
PL. Rosenberry (1990) reported a stocking density of 10,000-30,000/ha of golda in the
coastal belt of Bangladesh. Tuyen (1993) stated a stocking density of golda in alternate
golda-rice farming in Vietnam was 10,000-20,000/ha. These stocking density more or less
support the present findings. Ahmed (1996) recommended to stock golda PL in alternate
golda-rice farming at a density of 15,000-18,000/ha. Farmers themselves introduce the
cropping pattern of golda and rice alternately in Pirojpur sadar. They stock golda PL in
their farms at very low density (1,500-2,000/ha). Under this system, golda is completely
harvested by December or January. On the other hand, fin-fishes such as tilapia, rui,
carpio, etc. are reared in the deeper canals during the period of rice cultivation. After
transplantation of boro seedlings, shallow/rain water is allowed to accumulate inside the
farm to flood the land for growing the rice, where the fin-fishes are allowed to grow until
harvest. In very few cases, T. aman rice is transplanted in the farm in August-September
and harvested in December-January. After harvesting of aman rice, golda is cultured in
the farm alone or with other carp species/fin fishes and whole the crop is harvested in
April-May.

The production of golda in Fakirhat, Pirojpur sadar, Dumuria, Gopalganj sadar and
© Kalia was 224.04~389.95, 66.57~187.5, 637.05~754.64, 75~167 and 49.16~216 kg,
respectively (Table 3a-3e). Highest production of golda (754.64 kg/ha) was found in
Dumuria followed by Fakirhat, Pirojpur sadar, Kalia and Gopalgonj. Sinha (1991) and
Tuyen (1993) reported a production of 100-300 kg/ha of prawn in alternate prawn-rice
farming in India and Vietnam, which is almost similar with the present findings except
Dumuria. Ahmed (1996) expected that golda production would be 500 kg/ha in alternate
golda-rice cuiture. The total cost of production were Tk. 68,422~130,758,
26,144~119,166, 101,096~118,740, 34,854~167,777 and 75,353~123,023 in Fakirhat,
Pirojpur sadar, Dumuria, Gopalganj sadar and Kalia, respectively (Table 3a-3e). Net
profit of the alternate cropping system of the same areas was Tk. 5,283~50,838,
21,167~27,196, 244,455~310,912, (-)103,136~85,569 and 8,049~180,075, respectively
(Table 3a-3e). The highest profit (Tk. 310,912/ha) was observed in Dururia in 2003 and
the lowest (Tk. 5,283/ha) in Fakirhat in 2003. The results indicated that profit from
golda constituted overwhelmingly higher proportion of return under alternate galda-rice
farming system. Farmers of Vietnam obtained a net returns of Tk. 20,000-52,000 (US$
400-1,000)/ha/crop from alternate prawn-rice farming (Tuyen 1993), which slight agrees
with the present findings. Profit from golda was negative in Gopalgonj sadar and Kalia
in 2004 might be associated with poaching and prawn poisoning (Table 3d-3e). Poaching
and prawn poisoning are serious constraints in the surveyed sites of Pirojpur, Gopalgonj
and Fakirhat upazilas.
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Rice production was totally nil in Fakirhat in 2003 due to high salinity
intrusion(Table 3a). The factors that changed the yield of rice were rice variety, quality
of seeds, fertilizers, pesticides, insecticides, salinity intrusion, flood, drought, heavy
shower, fund, soil fertility, training, technical know-how, etc. The factors that
influenced the yield of golda were feed, fry quality, fund, salinity intrusion, flood, water
quality management, high price of prawn PL and scientific knowledge. It is implied
from the study that the farmers of the Dumuria site are more conscious than other sites.
The farms of year round golda and alternate golda-rice are well managed. Number of
livestock in alternate golda-rice growing areas was higher compared to year round golda
growing areas.

Year-round paddy farming

In study sites, agro-ecosystem and salinity vary even within a short distance.
Farmers prefer rice cultivation in golda farming areas and they protect their land from
intrusion or flooding saline water. Different types of crops are cultivated in high land
and medium high land, which are not suitable for golda culture. Depending on
availability of freshwater, farmers produce their year round crop. However, year-round
rice cultivation may not be profitable compared to golda culture, but it has many social
advantages and requires low inputs. Accordingly, farmers are still continuing rice
cultivation in golda growing areas. So, they produce rice during the month of
July/August to October/November/December and January to April/May and in other
months, the land remains fallow.

Farmers produce rice two times a year, But due to various effects of topography and
coastal agro-ecosystem, per hectare rice production is not that low, as compared to other
areas of Bangladesh. The rice yield in Fakirhat, Pirojpur sadar, Dumuria, Gopalganj
sadar and Kalia was 2,058.82~2,678.78, 3,900.33~4,664.15, 2,789~3071, 4,235~4916 and
7,205~7,611 kg, respectively (Table 3a-3e). Yield of rice per hectare was highest (7,611
kg) in Kalia followed by Gopalgonj, Pirojpur, Dumuria and Fakirhat. Moreover, total
cost of rice in these areas was Tk. 8,910~9,084, 8,419~9,489, 8,361~11,286,
9,647~1,4704 and 1,6874~20,630, respectively (Table 3a-3e). The net profit was Tk.
4,029~7,283, 15,863~22,699, 7,571~16,797, 17,348~22,796 and 27,397~29,486,
respectively (Table 3a-3e). The highest net profit (Tk. 29,486) were found in Kalia in
2003 (Table 3e) and the lowest net profit (Tk. 4,029/ha) were in Fakirhat upazila (Table
3a). However, it was found that economic return from year round rice farming was lower
than other farming activities. :

The yields of rice has been recorded dependent on various factors like fertilizers,
seed quality, rice variety, insecticides, pests, soil fertility, availability of water, fund,
inundation, scientific knowledge etc. Some particular issues that faced by the farmers
were attack of 'mazra poka', other harmful insects, high prize of fuel and fertilizers, low
quality of fertilizers, prolong drought and heavy rainfall. Straw is available in year round
rice growing sites and its price is low compared to other sites. So, the highest number of
hens, ducks, goats and cows was found in year round rice growing sites than other
farming sites.
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Physico-chemical analyses of soil

The soil samples of different locations and cropping patterns were analyzed to
determine the pH, salinity, organic matter, potassium, total nitrogen, phosphorus, sulfur
and zinc. The results have been presented location wise in Tables 5~9 and parameter
wise in Figs. 1- 8.

Soil pH

The initial soil pH that recorded in Gopalganj, Dumuria, Pirojpur, Kalia and
Fakirhat were ranged from 7.5~8.1, 7.66~7.9, 7.1~7.6, 7.75~8.1 and 5.8~7 and the
values of final samplings were 7.76, 6.63~7.56, 6.33~7.3, 8 and 6.46~6.87 respectively
among all the cropping patterns. Soil pH around 7.5 is best for rice fields (BARC guide
1997). A graphical distribution of soil pH considering location wise cropping pattern is
shown in Fig. 1. There is no significant variation in soil pH among different sites and
cropping patterns. '

Saliniry (EC)

The initial soil salinity recorded in Gopalganj, Dumuria, Pirojpur, Kalia and
Fakirhat were ranged from 0.87~1.16, 2.25~6.14, 1.24~1.41, 2.4~3.7 and 5.67~6.88
milimose/cm and the final values were 1.44, 2.16~3.8, 2.07~3.28, 1.86 and 10.4~15.2
milimose/cm, respectively among all the cropping patterns. A graphical distribution of
soil salinity considering location wise cropping pattern is shown in Fig. 2. Soil salinity
in Fakirhat, especially fields having crop-rotation practices showed remarkably high
salinity (15.2 milimose/cm) in the second sampling (May’05) and lowest (0.13
milimose/cm) in Gopalganj (December’04). Other than Fakirhat and Gopalganj, there is
no remarkable variation in soil salinity among sites, samples and cropping patterns.

Organic Marter (OM)

The initial organic matter in the soil recorded in Gopalganj, Dumuria, Pirojpur,
Kalia and Fakirhat were ranged from 1.86~2.21, 1.6~3.78, 2.48~5.09, 3.36~3.58 and
5.23~8.01% and the final values were 3, 2.84~3.92, 2.9~4.87, 2.19 and 4.04~9.57%,
respectively among all the cropping patterns. The optimum level of OM is 2.5-5.0% for
rice fields (BARC guide 1997). A graphical distribution of OM considering location wise
cropping pattern is depicted in Fig. 3. Soil organic matter in Fakirhat, especially in year
round prawn farming practices (May’04) showed highest (9.57%) and lowest (1.16%) in
Dumuria for only rice type (December’04). Farmers in Fakirhat with year round prawn
farming type dump huge cow dung in their ponds. Other than Fakirhat and Dumuria,
there is no significant variation in soil organic matter among sites, samples and cropping
patterns.
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Fig.3. Mean organic matter in soil of different locations and cropping patterns
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Porassium (K)

The initial amount of K in the soil recorded in Gopalganj, Dumuria, Pirojpur, Kalia
and Fakirhat were ranged from 0.41~0.42, 0.46~0.5, 0.35~0.47, 0.42~0.54 and
0.61~0.83 and the final values were 0.49, 0.49~0.73, 0.57~0.61, 0.58 and 1~1.18
(miliequivalent/100g soil), respectively among all cropping patterns. The best level of K
1s 0.151~0.225 miliequivalent/ 100g K for rice fields (BARC guide 1997). A graphical
distribution of K considering location wise cropping pattern is shown in Fig. 4. Amount
of potassium in soil in Fakirhat, especially in year round prawn farming practices (May,
2005) showed highest (1.18 miliequivalent/100g soil) and lowest (0.35
miliequivalent/100g soil) in Pirojpur for only rice type (December’04). Farmers in
Fakirhat with year round prawn farming type intermittently apply TSP as fertilizer in
their ponds. Other than Fakirhat and Pirojpur, there is no remarkable variation in
amount of potassium in the soil among sites, samples and cropping patterns.

Total Nitrogen (TN)

The initial total nitrogen value in Gopalganj, Dumuria, Pirojpur, Kalia and
Fakirhat were ranged from 0.126~0.136, 0.078~0.261, 0.15~0.33, 0.171~0.192 and
0.281~0.397% and the final values were 0.2, 0.19~0.2, 0.15~0.28, 0.15 and 0.22~0.49%,
respectively among all the cropping patterns. The suitable range of TN for rice fields is
0.181~0.27 % (BARC guide 1997). A graphical distribution of TN considering location
wise cropping pattern is depicted in Fig. 5. Amount of nitrogen in soil in Fakirhat,
especially in year round prawn farming practices showed highest (0.49%) the second
sampling (May, 2005) and lowest (0.08 %) in Dumuria with only rice type in initial
sampling (December’05). Farmers in Fakirhat with year round prawn farming type are
used to use urea as fertilizer in their ponds. Other than Fakirhat and Dumuria, there is
no significant variation in amount of nitrogen in the soil among sites, samples and
cropping patterns.

Phosphorus (P)

The initial P value in Gopalganj, Dumuria, Pirojpur, Kalia and Fakirhat were found
from 10.25~11.84, 5.11~10.45, 3.67~6.65, 9.92~9.98 and 4.96~9.72 ug/g soil and the
final values were 17.47, 2.83~3.83, 4.11~4.42, 10.35 and 4.67~6.61 pg/g soil,
respectively. The suitable range for rice fields is 12~18 pg/g P (BARC guide 1997). A
graphical distribution of P considering location wise cropping pattern is shown in
Figure 6. Amount of phosphorus in soil in Gopalganj, especially in crop rotation
practices showed highest (17.47 ug/g soil) the second sampling (May’05) and lowest (2.83
ug/g soil) in Dumuria with crop rotation type in initial sampling (December’05). The
trend of higher amount of phosphorus in the soil of that particular site of Gopalganj is
found to be a natural phenomenon. Other than Gopalganj and Dumuria, there is no
significant variation in amount of phosphorus in the soil among sites, samples and
cropping patterns.
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Sulfur (§8)

The initial S value in Gopalganj, Dumuria, Pirojpur, Kalia and Fakirhat were
ranged from 42.24~11345, 215.49~311.2, 68.12~196.66, 160.98~177.96 and
55.06~410.82 ug/g soil and the final values were 270.41, 293.89~316.02, 277.86~346.57,
270.9 and 395.35~410.48 ug/g soil, respectively among all the cropping patterns. The
recommended range of S for rice fields is 18.1~27 ug/g (BARC guide 1997). A graphical
distribution of S considering location wise cropping pattern is shown in Fig. 7. Amount
of sulfur in the soil in Fakirhat showed higher (around 400 pg/g soil) for both crop
rotation and year round prawn farming practices and lowest in Gopalganj (42.24 ug/g
soil). The variation in amount of sulfur in the soil is remarkably high among sites.

Zinc (Zn)

The initial Zn value recorded in Gopalganj, Dumuria, Pirojpur, Kalia and Fakirhat
were ranged from 0.85~0.86, 0.61~0.92, 0.64~0.91, 0.63~0.79 and 0.47~0.61 pg/g soil
and the final values were 1.19, 1.15~1.25, 0.92~1.61, 2.62 and 1.81~3.55 ug/g soil,
respectively among all the cropping patterns. It is recommended that 0.91~1.35 pg/g Zn
in soil is essential for rice fields (BARC guide 1997). A graphical distribution of Zn
considering location wise cropping pattern is shown in Figure 8. Amount of zinc in soil
in Fakirhat, especially in year round prawn farming practices showed highest (3.55 pg/g
soil) in the second sampling (May’05). Farmers in this type are used to use zinc sulfate as
fertilizer in their ponds. Other than Fakirhat and Kalia, there is no significant variation
in amount of zinc in the soil among sites, samples and cropping patterns.

Conclusion

From the production and economic points of view, galda farming, either alone or in
rotation with paddy cultivation, has been found profitable in the study sites, particularly
in the coastal upazilas. However, the farmers are becoming more inclined to rotational
galda-paddy farming, due to its higher benefit. Similar to what has been reported by
Middendorp (1985), Xu and Guo (1992), Guant er al. (1993), Chowdhury (1999),
rotational cropping of galda and paddy in the same land has also been found to result in
maintaining improved nutrient status of soil. The economic returns are highly variable,
depending on technical knowledge and economical conditions of farmer. The
uncertainty in timely supply of various inputs (fry, feeds, etc.), social problems like
poaching, and climatological factors have also been triggering the farming benefit or
loss. Formulation of policy on land use and cropping pattern, ensured supply of inputs,
credit, social security, etc. needs to be developed for the sustainability of rice-prawn
farming.
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