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Notification:
Maps in this document are indicative and unofficial. They have not been submitted to geographical
authorities for approval, and, therefore, they shall not be used as official or legal references.
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Forewords

This Atlas has been realized by GRET as a part of the “Prey Nup Polders Rehabilitation Project”. This project was
implemented under the ownership of the Ministry of Water Resources and Meteorology (MOWRAM) of the
Kingdom of Cambodia, for nearly 10 years (from 1998 to 2008), with the financial support of AFD (French Agency
for Development).

Prey Nup polders consist in an area of 10,500 ha, protected from salty water intrusion by dykes. In addition, a
network of secondary dykes, canals and sluice water gates allow a regulation of fresh water for paddy cropping.

The main objectives of the Prey Nup polders rehabilitation projects were the following:
* The rehabilitation of polders infrastructures (main dykes, secondary dykes, canals and water gates);

* The creation and capacity building of the Polder Users Community, a Farmer Water Users Community in charge
of the Operation and Maintenance of the scheme;

* The support to Agriculture Development inside polders, i.e. action-research and extension for paddy cultivation,
other dry season crops and livestock development.

During the 10 years of the project implementation, various data were collected for monitoring and evaluation
purpose or for a better understanding of the polders technical and socio-economical environment. All this
information is useful for key players in the development of the area, such as Polder Users Community, Municipality,
District, Department of Agriculture, Department of Water Resources and Meteorology, NGOs, researchers, etc.

As the project comes to its end, GRET has found useful to make these information accessible to all stakeholders.
This is the purpose of this Atlas which compiles part of the key information gathered in maps or charts formats.

We hope this document will be used and helpful for relevant stakeholders.
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1.1. Location of Prey Nup Polders

The six polders of Prey Nup are located in Prey Nup district, Sihanoukville Municipality, between the National Road
n°4 to the West of the polders and the Veal Renh Bay to the East.
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Plate 1- Localisation of Prey Nup Polders
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1.2. Land use in the six polders

Each polder is a block autonomous for its water management, i.e. separated from next block by infermediary
dykes and protected from the sea water infrusion by the main dyke.

The six blocks are numbered from 1 to 6, from the South to the North. Totally, about 10,500 ha of paddy fields are
located inside the six polders,

Polders are not an irrigation scheme, but prevent the fields from salty water and allow a better management of
fresh water inside each block by the possibility fo retain or to drain out the fresh water. Fresh water availability is
usually sufficient considering the abundant rainfall in the area (see § 2.5-Climate). But farmers only grow one crop
annually due to lack of water and soils acidification in dry season (see§ 2.1).

Reservoirs were built on the foothill, on the West side of the National Road number 4, during the Khmer rouge
regime. But those reservoirs are in bad shape. For the most important ones (O Chamnar and Prey Nup) their
rehabilitation could provide supplementary irrigation for the end of the rainy season, when needed, but would
not store enough water to envisage a dry season crop in the polders.
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Plate 2- Altitude of Prey Nup polders and district
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1.3- Administrative boundaries and population

The polders are mainly exploited by villagers living in forty three villages inside the polders area or in its close
neighbourhood. These 43 villages are part of 11 communes. According to data from the local administration,
there is 10,464 families with total 60,801 inhabitants (among whom 30,891 females),

The map bellow shows the villages boundaries inside the polders area, and provide indication on the population
of these villages.
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1.4- Polders’infrastructures
The Prey Nup polders’infrastructures consist of 89 km of dikes, 36 sluice water gates and culverts and 133 km of

canals. These infrastructures are managed and maintained by the polder users with the support of the authorities
of state in order to exploit around 10500 ha in 6 polders for rice crop.
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Plate 3- Population in the polders
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Plate 4- Location of dykes, canals and water gates in polders 1 fo 4
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Plate 5- Location of dykes, canals and water gatesin polders 5 and 6
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2.1- Soils of Prey Nup polders .0 dnsigsisged
2.1.1- General description of soil in polders ©9.9. e‘im?mgmﬁ&gﬁm”as
There are 5 types of soils in polders: @@%&Lﬁﬁa@e@m@as:
Loamy Sand Soils (LS|  Sqniams
sandy Loam Soils (SLS)  Sagbons
Loamy Clay Soils (LCS) - SAgaS
Lowland Acid Sulphate Soils (LASS)  SRsalmenatedns
Mangrove Acid Sulphate Soils (MASS) - Snsalmenaiediyrtoan

a-Loamy Sand Soils

Acid soil, poor of colloid (Clay, OM), the silt favored the compression of soil after plowing and harrowing. Have
the difficulty to transplant on this soil. Low CEC and also P and K deficiency. This soil is located mainly in the high
ared, behind villages and is reserved essentially for the nursery of rice.

The rice plants cultivated on this soil don't develop well due to poor soil property and fertility.

A Senenyis
Snsmmi(neligie sumgsingie) apdufemamsslimemipnsy  damemiatlee
ssgnrhenmiens Spgeitelmay  Segadakdingdamesd Suppanieing

somey (pECRRENte SeURmBEECINY (oRaERtettatY

b- Sandy Loam Soils

Acid soil, poor of colloid, compression tendency, low CEC and also P and K deficiency. This soil is presented next
to the high area and is reserved mainly for the medium rice. The plants cultivated on this area don't develop well
due to poor soil property and fertility.
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Plate 6- Profile and characteristic of Loamy Sand Soil
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Plate 7- Characteristic of Sandy Loamy Soil
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c- Loamy Clay Soils

Acid soil, high content of colloid (clay, OM) and CEC. This soil has K and P deficiency and Fe, Al and S toxicity.
The sail tillage is difficult due to the high content of clay.

5. Sagamy

Sosgs St (wedg Seumgeingde) sewsEmapopmgesy Sewnenpgut S

=4

maggs Sopmtiesitn waelge @iy Rujlipnslienemides Swsrenaife

d-Lowland Acid Sulphate Soil

This soil is located mainly in the depression zone of the polder. The soil has high potential due to high content of
colloid (OM and clay) and CEC. It has enough of K, Ca and Mg but is deficient in P and very low Ca/CEC. pH is
acid and the soil has really excess of Na, Fe, S, Al. The high potential of this soil can be expressed when all toxic
matter will be removed out all from the soil.
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e-Mangrove Acid Sulphate Soil

This soil is located mainly in the high area near the mangrove (between 75's dyke and French dyke). This soil has
a high potential due to its high content of colloid (OM and clay) and high CEC. It is deficient in P but has
enough of K, Ca and Mg. High content of Na, aggravating the phenomenon of toxicity, which can be due to
the combined action of Fe, S and Al.
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Plate 8- Profile and characteristic of Loamy Clay Soil
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Plate 9- Profile and characteristic of Low Land Acid Sulphate Soil
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Plate 10- Profile and characteristic of Mangrove Acid Sulphate Sail
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Plate 11- Prey Nup Polders’Pedology
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o 2.1.2- Acid Sulphate Soils

a-Chemical description,picture profile

Acid sulphate soils develop as a result of drainage of parent materials that are rich in pyrite, Fe Sa. Pyrite
accumulates in waterlogged soils that are both rich in organic matter and flushed by dissolved sulphate, usually
from seawater. When drainage brings oxygen into these previously waterlogged soils, the pyrite is oxidized to
sulfuric acid.

Acid sulphate soils produce the chemical, biological and physical problem for crops.
In the dry period, the chemical problems include:

- Direct effects of acidity on the plants, primarily the increased solubility and toxicity of aluminium (AR+) and
hydrogen (H*);

- Salinity produced by a large concentration of soluble salts as a result of prolonged flood by seawater. Where
severe acidity inhabits soils ripening, clay subsoil can remain very slowly permeable. Soluble salts are not leached
and may accumulate.

Under flood conditions, acidity is often reduced but the new problems will appear:

- Ferrus iron (Fe?) toxicity produced through the reduction of insoluble ferric iron to soluble ferrus iron then this
component will be high in the soil solution which is toxic to the rice plants.

- Hydrogen sulphide (H2S) toxicity is linked to the soils rich in organic matter and only the very low concentration of
Ha2S can be harmed to the plant roots.

- Organic acid toxicity is produced mainly by the decomposition of fresh organic matter, associated with acid
sulphate soils which are rich in organic matter.

In Prey Nup polders, the lowland acid sulphate soils and mangrove acid sulphate soils are characterized as
follows:

- The pyrite horizon is rather deep between 60 cm-100 cm from the soil surface,

- Lowland acid sulphate soils have more acidification and aluminum toxicity than the other one because they are
often located in the low part of polder

- Lowland acid sulphate soils are extremely rich in organic matter. The organic matter content can reach up to
10%, During the reduction regime, the contents of Fe2*, H.S and organic acid increase and leads to toxicity on
transplanted seedlings.

- Mangrove acid sulphate soils are more exposed to salinity problems than lowland sulphate soils, because they
are closer to the sea and have a higher concentration of salts in the sub-soils.

To reclaim the acid sulphate soils in Prey Nup polder the following advices have been disseminated:

- Burn the weeds in dry season (out of the parcel in order to prevent the restitution of aluminium and iron in the
soil) and avoid to incorporate weeds in the soil at the tillage activity

- Implement a shallow plowing in order to avoid the sulfuric elements to reach the upper horizon.

- First harrowing is done some day after the plowing to remove all of fresh organic matter and to drain off acidic
water from the parcel. The final harrowing should be done just before fransplanting about 15 days to prevent of
excessive muddy soil.

- Dig the drain after the plowing to connect lower parts of all parcel to the canals, and let the toxic elements be
drained out until the fransplanting,

- Avoid early transplanting in order to let the rain water flush out acid created during the dry season and other
toxic elements from the parcel. When the previous dry season was well pronounced, test the rice plants by
transplanting in a small surface and observe the developments of plants for 8 to 10 days before to fransplant on
the whole parcel,

- Open the water gate of polder from the beginning of rainy season fo leach out the acidic water and toxic
elements through the sea.

- Apply phosphorous fertilizer in order to alleviate toxicity in acid sulphate soil. The nitrogen fertilizer is also
recommended in acid sulfate soil for fopdressing but if is prohibited when the plants are suffered from toxicity or in
the area where the risk of toxicity is higher.

- To prevent the acidification due to the oxidation of pyrite, the drainage of water before the harvesting in
lowland acid sulphate soil has to be moderated, in order to reduce risks of drying the pyrite horizon later in the dry
season.
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b- pH and EC variation throughout the year

120 samples of soils have been collected from 6 polders (20 samples /polder) in April, August and December in
order to follow up the evolution of pH and EC of the soils in the polders. These samples were collected from 6
categories of soils, identified by the agriculture team of the project.

«Category 1 is located behind villages (agronomic zone 4) and it represents mostly the sandy loam soil
and loamy sand soil (17 samples)

«Category 2 is next to the first category (Transitional zone 4 to 5) and it represents mostly the loamy clay
soil (17 samples)

«Category 3 and some of 5 are located in the medium zone (Agronomic zone 5) of the polder. They
represent mostly the low acid sulphate soil (34 samples)

= Category 4 and some of 5 are located in the low zone (Agronomic zone 6) and they represent also the
low acid sulphate soil (32 samples)

«Category 6 represents mostly the mangrove acid sulphate soil where is located between 75's dike and
French dike (19 samples)

The follow up started from year 2000 to 2006'. pH and EC in the dry season (April) is higher than pH and EC in rainy
season (August) and at the end of rainy season (December).

pH in August is the best but it is always considered as acid soil for the rice plant. The soil salinity observed in the
rainy season and af the end of rainy season is generally not harmful for the rice plant (EC value is lower than
1000uS/cm). The low salinity is also observed in the area near the sea (Agronomic zone7). Charts below show the
variation of pH and EC during the drought (April) period, the heavy rain (August) and the end of rainy season
(December).
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c- pH and EC variation inter-annual

Once polders have been protected from the seawater (2001), pH value was generally decreased until 2002. From
2002 to 2004, pH seems stable and slightly increased from 2005, especially in zone 6 and 7 where the acidification
is more evident.

The soil salinity has progressively decreased after polders were protected and reached the value non harmful for
the rice plant. This result is observed also in the high risky areas of polders (zone 6 and 7). These positives were
achieved thanks to the effective preventfion from seawater infrusion and the efficiency of water management in
the polders. Charts below show the evolution of pH and EC follow up from 2000 to 2006.
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Plate 12- Inter-annual variation of pH and EC in polders
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d- Evolution of pH and EC at dry season

The acidification is more important in acid sulphate soils when the dry season is clearly marked and extended. The
project has follow up the pH of soil profile around 1 meter of depth in location more exposed to acidification, in
order to understand the evolution of soil pH during the dry season, specially when drought period is more longer.

This information is useful to anticipate the risk of losing the plants after the transplanting due to the negafive
effects of high acidification and other toxic elements produced during the dry season and the beginning of rainy
season.

The pH of soils are very low at profile between 0 to 20 cm for all places (between 3.2 to 4.5) but in polder 1; 2; and
5 the high acidification is also observed in deeper horizons of the profile at 70 cm to 100 cm of depth.
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Plate 13- Localisation of soil samples taken to follow up pH and EC in dry season 2005
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Plate 14- Evolution of soil pH in the polders in 2005
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2.1.3- Risk area of acid sulphate soil in the polder

The high acidification risk areas with acid sulphate soils in Prey Nup polder were identified in the polder 2 and 3
within surface of about 52 and 63 ha respectively. The main area is located in zone é and 7 of polders.

At polder 2 the following villages are concerned :i)-O Tapang ii)-Prey Nup 1 iii)-Prey Nup 2 and iv)-Prey Nup 3.
At polder 3 only 2 villages are concerned: i)- Toul Toting 1 and ii)- Toul Toting 3.
To alleviate the toxicity in these areas the following recommendations have been done by the project:

- Organize the group of drainage at the beginning of rainy season to dig the drain connected from parcel to
parcel and to the deep canal.

- Control regularly the functioning of drain until the achievement of transplanting
- Use the phosphorous fertilizer (DAP) as the basal fertilizer application to alleviate the toxicity in the soils

- In case of remarkable drought or rainfall deficient at the beginning of the season, it is recommended to test the
toxicity level by transplanting the rice plants in small area then observe their development (7-10 days after
transplanting) before transplanting on the whole parcel.
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Plate 15- Location of acidification risk area in the polders
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O A ditch for the drainage of toxic elements from lowland parcels (Tuol Totoeng, polder 3, June 2005).
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2.2- Ground water

2.2.1- Ground water resources in the village

In Prey Nup area, during the dry season (November-April) there is not enough water for domestic use as well as for
the animal and vegetable production. In 1999-2000, GRET has conducted a survey on a number of wells in the
villages vicinity, in order to assess the salinity of ground water. The results shows that the limit defined for salinity
(EC=500uS/cm) of ground water approximately follows the line of the National road n°4 as shown on the map
below.
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Plate 16- Ground Water in Prey Nup area
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2.3- Topography

2.3.1- Topographic map

A topographic map of polders was first prepared by the project team in charge of works control. The Polder Users’
Community has then refined this map, based on villagers’ knowledge of the area. The map obtained (below)
defines topographic area by range of 10 cm, and is used by PUC for planning the water management in each
polder. The tfopographic level indicated are defined in the topographic reference of the project (the important
issue being the relative level, from one area to another).

Roughly, the identification and delimitation of level of land, in the six polders, have been done into the zone of
upper land, zone of moderate land and zone of lower land. Land classification has been done in the aim at
facilitating the management and distribution of fresh water in Polders to farmers/water users in accordance with
topography cropping calendar. Water management plan is based on this classification of polder land. As the
water level is managed for one polder as a whole, the lowlands have obviously a higher water level than upper
lands. The water management plan aims at dealing with this constraint by planning the water level in each zone
for the whole season, on a weekly or bi-weekly basis, taking info account most common farmers practices.
Farmers have then to take into account the water management plan in order to adjust their cropping calendar
and varieties.
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Plate 17- Topography of Prey Nup's Polders
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2.3.2- Transect and Zonage of PUC

The transect is another representation of the polder area topography. It is also used to facilitate the
understanding of water management plans.

It has been organized in finding appropriate level of water which can satisfy water users’ expectations. On these
transects the polder Users’ Community represent the target water level in the different locations inside one polder,
and for different period of fime, in order to facilitate the understanding of users on the water management plan.
For each period, water level is defined in reference to the cropping activities in the different part of the polder.
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Plate 18- Transect of polder and polder image in rainy season
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2.4- Climate

2.4.1-Average monthly rainfall by each polder

Average annual rainfalls in polder areas are generally comprised between 3,200 and 3,500 mm. Differences are
significant from one polder to another, according fo the records kept by polder user community.

The graphs below show the average monthly rainfall for each polder, and the highest and lowest rainfall
recorded by PUC for each month for the period 2001-2006.

Early ending of the rain (in October] is one of the main threats that endanger the paddy harvest, especially for
the upper lands of the polders.

On the other hand, very heavy rainfall, when above the drainage capacity of polders, may also endanger the
crops. In the rehabilitation project, polder infrastructures have been designed to allow to drain out within 7 days
rainfalls of 325 mm occurring in 5 consecutive days. Records of the last few years show that such an event is not
exceptional (in average, it happens once a year). But the figure of drainage capacity has to be qualified. It is
actually not a constant value, as it depends on fide levels. During the last few years, Polder Users Community has
also gained experience and anticipates better on such risks.
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Plate 19- Average monthly rainfall in the polders
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2.5- Hydrography

A number of natural water ways exists inside the polders area. In addition, 133 km of canals were created or
rehabilitated in order to facilitate the evacuation of the excess of fresh water to the sea, through the polders’
water gates. These are mainly straight canals, oriented from West to East. Thanks to these canals, the polder users
have a better command of the water management inside polder. But on the other hand, this direct evacuation
of waters flowing from the foothills (may) have reduced the fertilization of soils by alluvia carried down with this
flow.

Both natural water ways and canals are navigated by small boats inside the polders, for example to transport
seedlings to the rice fields for fransplanting. Fishing is also a very important activity, both in the fresh water inside
polders and in the sea.

Boat ladders were installed for boats to get over the dykes. This allows boats to navigate inside one polder, from
one polder to another, or from the polder to the sea and return.

A total of 8 reservoirs were built during the Khmer rouge regime, on the foothill, on the West of the National Road
n°4, but the water storage capacity is very limited. The most important ones appear on the map below. They are,
from South to North, O Chamnar reservoir, Prey Nup reservoir and Samrong reservoir. The storage capacity is very
limited. If rehabilitated, the most important ones would only be sufficient to supply supplementary irrigation in
order to mitigate the effect of an early end of rains (in October) for polder 2 (Prey Nup reservoir) and Polder 1 (O
Chamnar reservorir, if a water gate is also built to channel the flow into the polder]. Even with a rehabilitation of
the reservoir, a double cropping inside polders is probably unredlistic due to the limited water storage capacities
and to the acid sulphat soils conditions.
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Plate 20- Hydrography of Prey Nup's polders
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3.1- Prey Nup area landscape analysis and ecosystems

3.1.1- Landscape analysis

The polders area is located between hills to the West and the sea (Veal Renh Bay) to the East. Foothill area used
to be an area for animal grazing and dry season crops, but it is now partly occupied by agricultural investment
such as free plantations.

Along National Road n°4 and Koh Khyang road is the area were most of villages are located. Houses, fruit trees
and home gardening are located there. Next to the villages are the rice nurseries (higher lands, among rice
fields).

The major part of the polders are rice fields, crossed by the network of canals and water ways described above.
Then, after the main dyke that protects fields from the salty water intrusion, is the mangrove. It is estimated that
there were about 2,000 ha of mangrove along the Prey Nup polders area. But it is already partly deforested.
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Plate 21- Ecosystems of polder
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3.2- Agronomic zones

3.2.1- Project's agronomic zones

The GRET team in charge of Prey Nup polders rehabilitation project has defined 8 agro-ecological zones in the
Prey Nup area: the description below only provide details for zones 3 to 7, which are the most important ones for
the agriculfural use (For the record: zone 1 is the hill, zone 2 is the foothill, and zone 8 is the mangrove areaq).

Zone 3 - vilage area: This zone is next to national road No 4 and Koh Khyang's road. It is high and reserved mainly
for villagers' residences, fruit trees around the houses and vegetable in dry season. The soil is predominated by
loamy sand soil with significant content in organic matter due to the decomposition of vegetable and animal
residue from the village.

Lone 4 - nurseries: It is next to the village. It is the highest area (in term of fopography) among the rice fields area.
This zone is used mainly to prepare the rice nurseries. The size of parcel is smaller than in the others zones. Most of
parcel here have bunds. The soil is loamy sand soil to sandy loam soil with less organic matter than in zone 3. This
zone is not affected by seawater neither by flood (even before the dykes’ rehabilitation). After being used as
nurseries, some parcels are also used as paddy fields.

Lone 5 - medium zone: Located behind the nursery zone, this area is lower in term of topography. This zone is
reserved essentially for the medium term rice (with exception of late varieties which cultivated in lower parcels).
The size of parcel is often big but without bund and some lower parcels were affected by seawater and flood
before dyke rehabilitation. The soils vary from the clay loam soil (high area) to acid sulphate soil, rich in organic
matter but with also high content of toxic elements.

Zone 6 - low lands: Generally this zone is located between zone 5 and the former Khmer rouge dyke (known as
75's dyke). It is the lowest area in the polder and there was a lot of fallow land due to the infrusion of seawater
and flood before the dike was rehabilitated (it was used for animal pasture, especially buffaloes). Now this area is
cultivated again. Late paddy varieties are grown there (with exception for medium varieties cultivated in high
parcels). As it is the lowest land, it is naturally an area very sensitive to flood risks. The majority of soils is acid
sulphate soil. This part of the polder is also the most sensitive to acidification and toxic elements of soils (mineral or
due to fresh organic matter).

Zone 7: This zone is located between 75's dyke and the main dyke (also known as “French dyke”). It has the
topography similar to zone 4 or 5, but the soils are typically mangrove acid sulphate soils, rich in organic matter
and tfoxic elements. The majority of this zone was reclaimed recently just before or during the project
implementation. Before the polder rehabilitation, the farmers cultivated the early fraditional varieties but now it is
reserved for the medium varieties and their nurseries, some vegetable (cucumber at the beginning of rice season
in polder 2 and 3) and fruit free (coconut, sour sop tree).

Behind French dyke there is the mangrove zone. Beside its high importance for natural resources (fisheries), the

mangrove play a key role for agriculture inside polder, as it protect the dyke against the erosion by the sea, and it
also protect the paddy against the wind from the sea at the ripening stage.
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Plate 22- Transects of polders area: ecosystems, from hillside to mangrove areas
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Plate 23- Agro-ecological zone in Prey Nup polders
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3.3- Land use

o Plate 1- Reclamation of abandoned land FA§E3ESRPHFBLLCRTRS

A major objective of the polders rehabilitations implemented between 1998 and 2004 was the reclamation of
abandoned rice fields. This objective was fully reached, as about 3,000 ha of fallow land were reclaimed after the
polders were rehabilitated. The dynamic of reclamation of abandoned land was observed during the polder
rehabilitation period but mainly after the polders were protected from seawater, starting from 2001-2002. Zone 6
of the polder 5 and zone 6 and 7 of the polder 2, 3 and 4 were the main area of the reclamation.

Generally, this reclamation was achieved smoothly. Only in a few places (mainly in Bek Krang village, in zone 7 of
polder 2) the re-cultivation of land has led to land dispute between farmers and other people who claim to be
the land owners (predominantly people living out of the polders area). The case is still unsolved. But it concerns
only about 100 ha, among 3,000 reclaimed.

The reclaimed lands are located in the lowlands and mangrove acid sulphate soil. Therefore, they are more at risk
with the issue of soil acidification and toxic elements. However, thanks to a proper management of these soils, the
productivity has been rather high in these areas for the last few years.
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Plate 24- Abandoned land in Prey Nup polder in 2000
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3.4- Yields

3.4.1- Paddy production

Before the polders rehabilitation, the average rice yield in the polder was only around 1.5 tons/ha, on a total of
7,500 ha cultivated (estimated). After the polders were protected from the seawater and all the infrastructures
were operational, the yields started fo increase. The five years' average (from 2003 to 2007) is 2.5 tons/ha (2.7 t/ha
if we exclude the year 2007, during which very severe damages were recorded due to insect attack and virus on
paddy), and nearly all the agricultural land was cultivated again (+ 3,000 ha). All together, this leads to an
increase of the production of +130 %, from less than 12,000 tons before the polders rehabilitation, to about 26 to
27,000 tons nowadays (average of 2.5 t/ha x 10,500 ha).
The increase of average yields is due to the following factors:
= Therice plants were not affected by the salty water anymore thanks to the dyke rehabilitation,

The risk of flood was reduced thanks to the infrastructures and the water management performed by the

Polder Users Community,

The improvement of agricultural practices, through research and extension activities performed by the

Prey Nup polders rehabilitation project.
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Figure 1- Evolution of paddy production in Prey Nup polders
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The drop down of the yields in 2007 is considered as an accident. It is due to very severe attack of brown plant
hoppers (see section on pests attacks) and the transmission of a virus that has deeply affected the crops. Such

risks are not confrolled yet, and are still a threat for the agriculture in the region.

The maps in the next pages show the yields in the different agronomical zones of the polders for the last 8 years.
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Plate 25- Rice yield in different agronomic zones in polders
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3.5- Crop management

3.5.1- Crop calendar for each zone

Most of the parcels in zone 4 are used mainly for the nursery, from the end of May to August. Some of them are
also used for the transplanting. The soil tillage starts from May to July and the transplanting from July fo August.
The earliest harvesting occurs in mid-November (for early varieties). Harvests continue until the end of December.
Zone 5 and 6 are used mainly for the transplanting. But in a few parcels in some polders, direct seeding is in use in
zone 6. The soil fillage in both zones starts from May to August, and the transplanting is implemented from July to
the beginning of September (when land owner opt for direct seeding, it starts from early June).

The crop calendar in zone 7 is similar to zone 4.
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Figure 2- Rice calendar in Prey Nup polders
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3.5.2- Choice of paddy varieties

In the polders the choice of paddy varieties to grow is very important, and it has to take into account different
constraints:

- Topographic situation of the parcel and water management plan: Early or medium varieties shall be preferred in
the high zones (4 and 7) in order to avoid the lack of water at the end of cycle. In zone 5 and 6 the medium and
late varieties are normally recommended (late varieties are used in the lower parcels) because these varieties
can better resist with the flood and toxicity problems. The varieties recommended by the tfeam of Prey Nup
polders rehabilitation project for the high zone are aromatic rice (Phka Rumdul, Phka Rum Chek, Phka
Rumchang), Raing Chey and Car 4 for the middle zones, and Car 8 for the lowest parcels.

- Management of labor resource: In order to avoid the work accumulation during the transplanting and the
harvesting period, the early varieties are transplanted first, then the medium and late varieties. The harvesting is
managed according to the same chronology.
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Plate 26- Rice varieties used in agronomic zones of polders
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3.5.3- Varieties

Important changes have been observed in the choice of varieties used by farmers in the polder after the dykes
rehabilitation, taking into account the alleviation of the constraint of sea water infrusion. Before the polders
rehabilitation, most of rice varieties used in zone 7 was the early varieties (Neang Kok, Koh Kong). This choice was
made in order to reach the end of the cycle (atf least the milk stage) before the high tides and the infrusion of
salty water in this zone. After the dykes were rehabilitated (2001-2002), in these zones, the farmers have replaced
theses varieties by the medium one (Hay Vin), which has a better potential in ferm of productivity.

In high zone (zone 4) of some villages in polder 4, 5 and 6 farmers increased the using of the aromatic varieties,
mainly Phka Rumdul variety (variety infroduced by the project) to the detfriment of the local early varieties. These
aromatic varieties have proven to be well adapted in these zones and the quality of the rice produced is valued
by the market.

The two tables below show the share of the different type of varieties used in the different zones of the polders in
year 2000 (before the protection from sea water intrusion was effective) and in year 2006 (after the dykes have
proven to be efficient).
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Figure 3- Types of varieties used in the agronomic zones of polders in year 2000
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Figure 4- Types of varieties used in the agronomic zones of polders in year 2006
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Types of varieties used in the different areas of polders in YEAR 2006
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3.5.4- Date of transplanting

The rice vyield is really linked to the date of fransplanting. According fo the surveys and experiments conducted
during the project implementation, transplanting shall not be done later than the beginning of September.
Additional delays in transplanting are leading to a drop of yields.

The farmer's decision of transplanting obviously depends on the water level situation in the parcel. In principle, the
water management plan is defined by the Polder Users’ Community in order to fit with the optimum crop
management (the best compromise, actually, as it necessarily has to refer between different constraints).
However, despite fransplanting might be scheduled for July or August, it sometimes has to be delayed in case of
very heavy rainfalls in July and August, if the capacity to drain out the water on time is not sufficient.

From this point of view, the rehabilitation of polders infrastructures has improved the ability to manage the
flooding and reduce the delay in fransplanting.
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3.5.5- Direct seeding

Generally all rice systems in all agronomic zones of polders are based on transplanting but in some places the
direct seeding was observed, mainly in the zone é and 7 of polder 2 and 3. The interests of this practice in the
polder are following:

- Generally the farmers choose this practice because they have a big surface of rice but have not enough
nurseries to produce the seedling for their parcels.

- They cannoft find easily enough labor to pull out the seedling and to fransplant on their parcels
- With the direct seeding, they can save money for the other using

On the other hand, the direct seeding has also major disadvantages

Even the advantages provided by this practice, there are also the following disadvantages.

- The water management inside polders cannot be performed at the plot level, but for a polder as a whole (no
bunds). Therefore, the decision made by the polder users community are mainly a matter of negotiation between
users (in order o find the best compromise between the constraints and wills of all users) and a matter of
discipline (farmers shall fake into account the final decision on water management plan and adjust their
practices and cropping calendar to this plan). A very large majority of polder users are fransplanting their paddy,
and adjustments in water management that would be needed to secure direct seeding would not be
compatible with the water management required for the large majority of users. Therefore, the Polder Users
Community cannot manage the water according to the requirements of direct seeding, and farmers who
choose this option take a high risk to see their rice damaged by flood.

- The date of direct seeding is frequently early, so in the lowland acid sulphate soils the young plants will face
more risks due to acidity and toxic elements.
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Figure 5- Transplanting Date of Rice in polderl and 2
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- The direct seeding is done by the minority of farmers so the plants will probably have the high risk with the
destructive insects or ravagers.

Direct seeding is preferred by a few land owners only, generally people who own important surfaces of land
(sometime while living far from the polders area), and who lack labor force or time to supervise the fransplanting
work.
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Figure é- Transplanting Date of Rice in polder3 and 4
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Figure 7- Transplanting Date of Rice in polder5 and 6
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3.5.6- Age of plant at transplantation

The choice of age of plant at transplantation time is depended on the situation of agronomic zones (level of
flood, level of soils toxicity, level of salinity) in polders and on the varieties used (early, medium or late). The young
seedlings have good capacity to till but they are sensitive to the flood and toxic elements. It is the opposite for
older seedlings. Therefore, again, it is a matter of risk management and compromises.

Basically, the young seedlings (age of 35-45 days) are recommended for the early to medium varieties in the high
area where there are not the flood nor soils toxicity and salinity (zone 4, some part of zone 5, 6 and 7).

Older seedlings (age of 45-60 days) are recommended for the late varieties in low area (zone é and some part of
zone 5 and 7) where risks of flood, toxicity and salinity are higher.

Obviously, the age of plants af the transplantation is not always easy to anticipate or implement as scheduled.
Transplanting may be delayed due to heavy rain and a water level higher than what was scheduled. As a
consequence of the delay, transplanted seedlings will be older than it was anticipated.

The two fables below show the age of seedlings fransplanted in the different zones of the polders in year 2000
(before the protection from sea water infrusion was effective) and in year 2006 (after the dykes have proven to
be efficient). Globally speaking, after the projects rehabilitation, farmers are able to transplant younger seedlings,
which is a positive factor to increase the yields.
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Figure 8- Seedling age used in agronomic zones of polder in year 2000
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Figure 9- Seedling age used in agronomic zones of polder in year 2006
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3.5.7- Fertilization of DAP
Generally soils in polders are acid sulphate soils where the lack of phosphorous element is a major constraintl.

After experiments and mission of experts, it appeared that the application of phosphorous fertilizer in acid
sulphate soil can alleviate the level of toxicity as well as increase the phosphorous nutrient for the rice plants. The
use of DAP for basal fertilization was therefore recommended by the Prey Nup polders rehabilitation project team.

The DAP should be applied as the basal fertilizer when the parcel don't have any problems with the flood but in
the opposite case, it is recommended when the problem will be less pronounced. The application time
recommended is between 10-15 days affer the fransplanting.

The table below shows the use of DAP fertilization by farmers in polders in 2000 and 2006. In 2006, more than 60 %
of farmers in polders were applying the fertilizer on their parcels. DAP is applied predominately with the dosage
between 25 to 50 kg /ha.

The organic fertilizer is rarely used for the rice parcel. It is more requested for the rice seedling or for the vegetable.
The availability of organic fertilizer is linked to the access to cattle by the family which is limited in Prey Nup polders
due to the detriment of pastureland in these areas.
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Figure 10- DAP fertilizer used in agronomic zones of polder in year 2000/2006
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3.5.8- Use of urea

According to the analytic results of soils in Prey Nup polder, the total of nitrogen is recognized from medium to
high (from 0.01 to 0.54%) but poor available nitrogen is mentioned in many researches on acid sulphate soils.

Urea is recommended for the seedling and for the fransplanted parcel when the plant is af the beginning of
booting stage but it is prohibited to use in the parcel where the plants are suffered from the toxicity. The dose
recommended is 50 kg (1bag)/ha for the parcel more or less fertile but for the less fertile one (loamy sand soil) we
can increase the dose of application with several splits.

In polders there are only around 30% of farmers who use Urea with a predominating dosage between 10-30
kg/ha, as shown in the table below.
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Figure 11- Urea used in agronomic zones of polder in year 2000/2006
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3.5.9- Date of harvesting
The date of harvesting depends on the varieties used. There are generally 3 types of varieties in polders:

Short term varieties will mainly be harvested from November 13 to 25 (Phkar Rumdul, Phkar Rumchek, Phkar
Rumchang, Kok Kong, Poal...)

Medium term varieties will mainly be harvested from December 8-20 (Car 4, Raing Chey, Sar Salong, Hay Vin...)
Most of long term varieties will be harvested from December 15-30 (Sar Teab, Car 8...)

To have the high quality of grains at the moment of milling, it is recommended to make the drainage before the
harvesting in order to have the homogeneous grains ripened in the parcel then the harvesting is done when 85%
of grains are ripened. Spread out the rice sheaves and dry them for some days and avoid to pile the rice sheaves
for long time before the threshing.

But on the other hand, it is preferable to limit the drainage of water at the end of the season in order to reduce
the risk of acidification of pyrite in the deep horizon of acid sulphate soils. Again, water management is a matter
of compromise between immediate interests and long term risks.

After the polders were rehabilitated, the harvesting is finished earlier than before due to the transplanting is one
time and to the appropriate water management.

m.de. tgfesgend

igogrmiapdstppsdtanaiy DerinepinpmEtaBreduian
. QEESOpRRogEma RGNy omalbdettm (i pien Bicd wmse wrymy)
. EERputugalasndiy dalodep (é dele wagp meitme)

s s EReesaelite odaindes (sms 20
LIRS R 2

Sfspuasmigmemngsilinnie  nemddpptneiipreargans  Sfmoyely

o (54 v v o o v o ) o o oy
mgoil  hespdmigaRigancnitupnipanedinmey  mampiys umRenSg
SochsaommpaEusanamitey

o

w © a y & a v 3 3 3 a o o 3 a 3
RISt D S RIS AGPEY  (HO{DEMIRNBIMENSIICNEE  NNEemInemIss 1 Soss10880
Grsian 61581 RN A5 OR HEMABORR FOMA ORI RS BIE5EY

Page 69



[}

b

fasnes

sgedast

)
E)

a

~

= Agro-Ecological Atlas of Prey Nup polders = 5@1525:316?@31&55

Figure 12- Harvesting date in agronomic zones of polder 1 and 2 in year 2000/2006
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Figure 13- Harvesting date in agronomic zones of polder 3 and 4 in year 2000/2006
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Figure 14- Harvesting date in agronomic zones of polder 5 and 6 in year 2000/2006
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3.6- Pest attacks in polders

3.6.1- Pest and location affected

The major pests observed in Prey Nup polders are the following: i)- army worm ii)- leaf folder iii)- gall midge iv)-
stem borer v)- hispa and vi)- brown plant hopper.

In 2004, the army worms have affected the nursery of rice plant in all polders. The attack was noticed 30-40 days
after the sowing. Army worm destroyed the plants by cutting the leaves of plants and then the stem at water or
ground level. In the most severe cases, a whole nursery could be destroyed in one night. Around 15 ha of nursery
have been affected in that year but most of these nurseries have been saved by the integrated management as
mechanical measures, cultural practices and chemical freatments.

Mechanical measure is realized by picking up the worm by hands or by the sweep net when the presence of
worms is not excessive

Cultural practice consists in doing the cleaning of weed around the nursery and submerging it some days in order
to kill the worms. Avoid applying nifrogenous ferfilizer on the nursery.

Chemical freatment consist in spraying the insecticide to kill directly the army worm but it needs also the farmers
organization in order fo freat all the parcels in the affected area at the same time. The nurseries are often near
the villages so the precaution fo use the pesticides must take info consideration as well as the choice of
insecticide.

In the same year, the leaf folders have affected nurseries and rice plants 7-10 days after transplanting. The worm
eats the green part of leave and twists to stay inside it. Generally leaf folders could not seriously affect on the
yield of rice but when the destruction has been done on the flag leaf, the yield of rice will be reduced.

At all around 17 ha were affected by this worm and the same measures (excepted the submerging of parcel)
have been recommended but before spraying, it is important to destroy the nests of worm in order to have the
direct contact between the insecticide and the worm body.

The favorable condition for these worms to appear is heavy rains that follow a period of drought.

In 2005 the plants were affected by stem borer at the flowering stage (white head) for all polders, but more
strongly in polder 3 and 4. At all, around 90 ha were affected, with around 60 ha on which loses reached 30 to
more than 50%. It is late to take the measures when the white head is already presented. The following
recommendations have been done by the project to prevent the next damage.

- Burn the straw and plow well the damaged parcels.

- Follow up the number of adult stem borer in the field.

- Apply nitrogenous fertilizer with the appropriate quantity and stage of rice.

- Application of liquid as well as granular insecticide is not recommended due to the lack of bund in polders.

In 2006 the Gall midge has affected seriously the rice plants in the polder 3, 4, and especially in polder 5 and é.
Around 2,000 ha were affected by this insect but around 800 ha have the high level of affectation (between 30%-
50%).

Some recommendations have been done by the project:

- Clean the weeds around the parcel.

- Plow the parcel after the harvesting.

- Delay the date of transplanting as late as possible.

- Apply the fertilizer in appropriated quantity and stage of plant.

The severe affected area must be freated with the granular insecticide into the nursery. The root of the plants can
also be soaked with the insecticide solution before transplanting.

In the same year, Hispa has also affected the rice plants at the booting stage in polder 1, but the level of
affectation is not serious due to the appropriated intervention and on time of the project and PDAFF SHV.

In 2007 most of rice plants in polders were affected by Brown Plant hopper at the beginning of transplanting
period (July). The plants were affected seriously in agronomic zone 5, 6 and 7. The direct affecting (by sucking the
plant sap) is not really a cause of yields' drop but the indirect effect (vector of viral disease: grassy stunt) is a reall
problem. Around 9,000 ha were affected in which around 3,000 ha lost more than 50 % of their production.
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Plate 27- Area affected by different pests in the polder
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Plate 28- Area affected by Grassy Stunt disease in the polder in year 2007
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3.7- Agricultural equipments

The rehabilitation of polder infrastructures and the support from the project have created a favourable

environment to build the confidence of farmers and initiate a major dynamic for agricultural development and
investment.

While the need for ploughing equipment was increasing due to the reclamation of land, a spontaneous dynamic
of investment (cultivators, threshers) has occurred, as shown in the tables below.
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Table 1- Evolution of Cultivators/hand fractors from 2002 to 2006

&11999: mispiedoumenghpiboomaitood

Period Owner Power Tiller Small Tractor Total % of increase
MR | QS G EeaIgeEs | &Y LY
2002 79 80 2 82
2003 151 154 3 157 91.46%
2004 246 246 7 253 208.54%
2005 285 286 6 292 256.10%
2006 332 339 7 346 321.95%
Figure 15- Evolution of Cultivators in each polder from 2002 to 2006
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Table 2- Number of Rice threshers bought in 6 polders
mneab. Seevidmanionagpeipedniansicd
Number of rice thresher bought in
Polder # of village o e © o 2 Total
T o s TRRBIS N LR | TS
osken | dgend 3 S 8549
2002 2003 2004 2005 2006
1 12 12 12 21 5 1 Sl
2 7 19 11 15 12 3 60
3 9 9 9 22 2 6 48
4 7 9 9 5 0 3 26
5 6 3 6 4 3 1 17
6 2 3 6 6 3 1 19
Total
&55% 43 55 53 73 25 15 221
3
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Prey Nup polders consist in an area of 10,500 ha, protected from salty
water intrusion by dykes. In addition, a network of secondary dykes,
canals and sluice water gates allow a regulation of fresh water for paddy
cropping.

The main objectives of the Prey Nup polders rehabilitation projects
were the following:

= The rehabilitation of polders infrastructures (main dykes, secondary
dykes, canals and water gates);

= The creation and capacity building of the Polder Users Community,
a Farmer Water Users Community in charge of the Operation and
Maintenance of the scheme;

= The support to Agriculture Development inside polders, i.e. action-
research and extension for paddy cultivation, other dry season crops
and livestock development.

During the 10 years of the project implementation, various data were
collected for monitoring and evaluation purpose or for a better
understanding of the polders technical and socio-economical
environment. All this information is useful for key players in the
development of the area, such as Polder Users Community,
Municipality, District, Department of Agriculture, Department of Water
Resources and Meteorology, NGOs, researchers, etc.

As the project comes to its end, GRET has found useful to make these
information accessible to all stakeholders. This is the purpose of this
Atlas which compiles part of the key information gathered in maps or
charts formats.
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This Atlas has been realized
by GRET as a part of the
“Prey Nup Polders
Rehabilitation Project”.

This project was implemented
under the ownership of the
Ministry of Water Resources
and Meteorology (MOWRAM)
of the Kingdom of Cambodia,
from 1998 to 2008, with the
financial support of AFD
(French Agency for
Development).
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