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CLIMATE

Soutn Viet Nam is a tropical, monsoonal country, and the Mekong Delta is
a good climatic analogue of the Panemn Canal Zone. (Thompson, 1958). As
shown in Fig. 2, the Mekong Delta is nicely circumscribed by weather sta-
tions at Hatien, Poulo-Condore and Cap St. Jacques. These stations are
closely analogous to the Canal Zone in the follov%rng respects:

1. Mean temperature of the warmest month 7/-85

2. Mean daily maximum temperature of the warmest month 88-89°P

3. Mean temperature of the coldest month 76-7881'

k. Mean daily minimum temperature of the coldest month 72-75°F.

In the Mekong Delta the mean gaily temperature range of the warmest month
is 11-13 F as campared with 8~ at Cristobal and 16 at Balboa Heights. The
mean monthly precipitation of the wettest month is 8.9-15.7 inches as com-
pared with 11 inches at Balboa Heights and 22 inches at Cristobal. The
number of wet months is 7-9 as compared with § at Balboa and 10 at Cristo-
‘bal. The monthly mean relative humidity of the driest month is 74-52 per-
cent as compared with 75 percent at Balboa and 77 percent at Cristobal.
In the Mekong Delta,however, the mean wind speed of the wettest month is
considerably higher than at the Canal Zone Stations, emphasizing the mon-
soonal nature of the Mekong climate.

The monsoonal system is evident in all of southeast Asia and coupled with
topography causes a great variation in local precipitation. In general
the monsoons blow into Asia in the summer (June-Aug.) from the south and
southwest, and in winter (Dec.-Feb.) blow out of Asia from the north and
east. Winds from the southwest in June through August bring heavy rains
to the west coasts while winds from the northeast in Dec.-Feb. bring dry
weather. According to Chamber's data (1961), the Mekong Delta embraces
rainfall regimens of 1-20 inches in the Dec.-Feb. period and 20-50 in the
June-Aug. period. This would explain to some extent the seasonal changes
in rice production Fig. 10 shows a rice calendar modified fram Van Cuong
(1960) for the environs of Saigon and Fig. 9 a map showing the system
followed in various parts of old Indo China (after U. Mich. 1962). The
calendar for the Saigon Area is based on the Single Transplantation system.















SFA GRASS COMMUNITY
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Submerged in salt water, usually in protected places where tides and cur-
rents are not so strong, will be thickets of grass-like plants called
submarine meadow. The turtle grass, Thalassia hemprichii (Fig. 4) is a
frequent constituent, along with Halophila spp. Diplanthera uninervis,
Cymodocea rotundata (Fig. 4) and Ruppia rostellata. Enhalus acorides
(Fig. &), which forms luxurious stands on tidal flats between mean low
water and mean low water spring, is a prominent constituent of this com-
munity in other parts of Asia and is to be expected in the waters off
Viet Nam. According to Miki (1934), the northern limit of the distribution
of the Enhalus coincides with the 230 C February water temperature line.
Since it is said to be absent from areas where many rivers empty in the
ocean, it would be rare off the east coast of Viet Nam but might be ex-
pected off the west coast. The turtle grass, Thalassia, also seems to

be bounded by the 21 C February isotherm. It is common in shallow shel-
tered bays, in pools in tidal flats of more open bays, and sometimes forms

‘extensive submarine meadows with the other species mentioned above. Ver-

tically it occurs from low water mark, where it is sometimes left dry by
ebb tide, down to S meters, but it does not form meadows below 3.5 meters.
Enhalus acoroides (Fig. 4), is the meadow-former below this depth. In mon-

soons the leaves may be washed up in huge piles which are a serious detri-
ment to water navigation. They are probably just like those mixed masses
of leaves which lined the eastern shore of the Chesapeake Bay after some
strong blows in May of 1962. The plant seems to he incarable of vegetative
reproduction by fragmentation. Halophila ovalis is a gregarious species
found in sheltered sands and muds and on cgral reefs to 5 m. deep. It ex-
tends far beyond tropical waters to the 10 C February water isotherm in
Japan. Halophila beccarii (Fig. 4) is a rarer species more likely to be
encountered in brackish waters or even in fish ponds. Numerous species of
microscopic and macroscopic algae will be found in the sea meadows, several
of them in the list of Zaneueld (1959). Apparently there are no free float-
ing higher plants in the ocean. Algae may locally become detached and form
great masses as those in the Sargasso Sea. Table 2 1ists same of the marine
algae of Vietnam.

These meadows can be dense enough to cause prop-fouling at low tide. They
are probably closely analagous to submerged communities of pondweed ( Pota-
mogeton spp.), eel grass (Vallisnera) and sea lettuce (Enteromorpha) In
the brackish waters of the Chzsapeake Bay. Since these plants are attached
they would increase in density as the tide receded.

13

e e e TG










MANGROVES AND BACK MANGROVES

vast expanses of both the east and west coasts of South Viet Nam are occu-
pied by the foreboding mangrove community, a terrific barrier to boats at
high tide and an equally difficult area for overland mobility at low tides.
The gloomy mangroves are camposed of very few species as contrasted with
the inland forests which are usually composed of hundreds of species. There
are more species however in Asiatic than American mangroves, and the trees
tenu to be slightly taller, especially in the Malasian Region. Between the
Tropics of Cancer and Capricorn, mudflats inundated by saline waters and
protected against high wind and wave actions, will often be occupied by
mangroves. The mangrove community is likely to Ye encountered along streams
but they never in nature extend beyond the reach of brackish water. Accord-
ing to Merrill (1945): "Because of the very extensive develomment of prop
roots, these forests are particularly difficult to traverse, as one must
step from slippery root to root, these often being set at dangerously sharp
angles, so that each misstep plunges one into the deep soft mud...In sch

" places where the mangrove forest is traversed by stream beds, deep penetra-

tion is possible by boat." Boatsmen would be well advised to know that the
very nature of the streams along the lower reaches of the Mekong Delta are
such that they might leave a boatsman stranded in some pool in an old ox-

bov or meander when low tide drains the water from all but the deeper streams.

To the true mangrove family (Rhizophoraceae) belong the genera Rhizophora,
Bruguiera, Ceriops, Carallia and Kandelia.

Aegiceras corniculata Cay Cat Tree to 10 m.

Avicennia officinalis Tree to 20 m. with pneumatophores

Bruguiera cylindrica Vet Buttressed tree to 23 m. with pneumatophores
Bruguiera gymnorrhiza Vet re loi Buttressed tree to 36 m. with pneumatophores
Bruguiera parviflora Vet hoa nho Buttressed tree to 24 m. with pneumatophores
Bruguiera sexangula Vet den Buttressed tree to 33 m. with pneumatophores
Carallia brachiata Xang-ma Stilted ant-tree to 50 m.

Carallia suffruticosa Xang-ma Shrub to 3 m.

Ceriope tagal Cay Net Stilted shrub or tree to 25 m.

Hibiscus tiliaceus Tre lam cheo Tree to 10 m.

Kandelia candel Vet dia Shrub to 7 m. with swollen base

Rhizophora apiculata Duoc-doi Stilted tree to 30 m.

Rhizophora mucronata Duoc-nhon Stilted tree to 30 m.

Sonneratia caseolaris Ban trang Tree to 20 m. with stout pneumatophores

TABLE 3: MANGROVE AND BACK MANGROVE SPECIES

Van Steenis (1958) has presented a thorough analysis of the ecology of the
mangrove, & cammunity that will be a problem to boats only at high tides.
Rhizophora and Avicennia have analogous species in Darien, Panama where
Grenke [ 1963) reportal the following soil conditions. In a Rhizophora swamn
the soils had rating oone indices of 3 at 0-6", 14 at 6-12" and 20 a+ 12-1°".
In the upper 6" he found 5.13 percent organic matter, 1400 lbse. Ca per acrc,
250 1bs. K per acre, 200 lbs. P per acre, 16 lbe N per acre and a pH of 6.4.
At 6-12" he reports 5.7 percent organic matter, 7120 1bs. NaCl per acre,

700 1bs. Ca per acre, 350 lbs. K per acre, 200 lbs. P per acre, 8 1lbs. N
per acre and a pH of 6.7. In Darien, soils occupied by the black mangrove,
Avicennia bicolor,were much more substantial, having rating cone indices of
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Salinity is higher in the dry season than in the wet, and is higher at low
tides. Water samples at high tide in Java (de Haan, 1931) showed 10-30 o/oo

NaCl in association with Rhizophora apiculata, R. mucronata, era or-
rhiza and B. parviflora, and 1-10 o/oo NaCl for Bruguiera se . 5).
Xylocarpus and Nipa have broad tolerance,.with De Haan reporting 1-30 o?oo NaCl.

Avicennia (Fig. 5) and Sonneratia (Fig. 5) are frequently the pioneers with
Rhizophora more frequent in protected estuaries not exposed to surf. In
sluggish streams such as the Hooghly River near Calcutta, tidal brackish-
ness and mangroves may extend upstream for 300 kilometers.

There is a better development of mangrove on the west coast than on the

east coast (especially northeast) of Vietnam in accordance with the same
principles that maintain in Malaya as reported by Watson (1928): "There

is a distinct difference between the west and east coasts of Malaya, silt-

ing conditions being more favorable along the west coast. On the more exposed
east coast wave action is more severe, particularly during the north-:ast

" monsoon, so that any fresh water brought down by the rivers is more speedily

dispersed. Mangrove species are, therefore, unable to establish themselves
along the beaches and are confined to the river mouths, whilst the sandy
beaches themselves ure flanked by a narrow belt of Casuarina equisetifolia
vhich extends practically unbroken from Singapore northwards to far beyond
the limits of Malayan territory.

"Where the flow of the river is sluggish the tendency is for banks of sand
to be deposited at the mouth through the combined action of the currents and
the north-east monsoon, the channel being forced thereby further and further
south. The newly formed natural breakwater is speedily covered on its sea-
ward edge with a dense growth of Casuarina, and subsequently on its protected
side by mangrove forms brought down the river. The bank continues to advance
in a southerly direction, until exceptional circumstances breach it and allow
the water to escape by a new mouth. The old channel then rapidly silts up
and soon becames stocked with mangrove species which persist until a new bank
is formed and again breached. The new channel is then in its turn converted
into a mangrove swarp and the old one is invaded by inland forms.

"Nearly all of the east coast rivers show this tendency. It is most marked
at Rumpin, Merchong, and Bebar, where successive folds in the ground running
parallel to the coast and bearing a few straggling Casuarina on the ridges
and decadent mangrove in the hollows, provide unmistakeable evidence of
former banks and swamps. The last mentioned river demonstrates this process
particularly clearly, the abnormal floods at the beginning of 1927 having
broken through the Casuarina bank about 5 miles above the mouth of the pre-
vious channel, which 18 now beginning to silt up and be invaded by mangrove.

"On the west coast the mangrove is almost continuous from Kedah to Singapore.
It varies in width from a few chains to a maximum of ¢. 19 km. at the mouth
of the Larut River in the Matang District of Perak; but the mangroves follow
the rivers much further inland, extending along the banks of the Perak River
up to Telok Anson, at c. SO km. from the sea.

"Changes of current and unusually heavy seas may sweep away the mud banks
before the forest is fully formed, or even the mature forest may be eroded...
disastrous floods on the east coast of the Malay Peninsula in the beginning
of 1627 did considerable damage to the mangrove growing in the rivers, much
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years. The wood is very good for firewood because it has a high caloric
value and splits easily. No species can survive complete daily inundation
except perhaps gallery communities of Rhizophora mucronata which develops
better on soils firmer and more rich in humus. Bark of Rhizophora may con-
tain up to 30 percent tannin dry weignt anrd contains high percentages of
pentosans and furfurol, the ash largely lime and calcium carbonate. Bruguiera
iza, one of the largest of the mangroves, is not to be found on the
seacoast except following erosion, as it prefers drier better aerated soils,
and is transitional to the inland swamps. According to De Haan it is found
in areas flooded with water 10-30 o/oo NaCl up to 9 days a month where it
may be often associated with the mangrove fern, Acrostichum aureum (Fig. 7).

Bruguiera parviflora is less exacting in its ecological demands than other
species and forms pure stands under several conditions, usually on the inner
belt of the mangrove submerged by normal spring tides. era sexangula
does not exhibit the gregarious nature of mangroves, and occurs isolated in
areas flooded by spring high tides with salinities of 1-10 o/oo NaCl. This
“is the only species of the genus M(uie_r_a which under certain conditions
develops stilt roots. Ceriops tagal (Fig. 6), a frequent bush-former with
small stilt and aerial roots, occurs in well-drained soils reached only by
the highest of tides and floods. Kandelia candel (Fig. 6), with swollen base,
devoid of root modifications, is sporadic among inner mangroves but has been
found as a pioneer on mud-shoals in the river mouths. Avicennia and Sonnera-
tia are the most frequent pioneers on soft muddy young silts flooded by medium
high tides #nd would appear to be more tolerant to the action of surf than
Rhi The mangrove palm, Nipa fruticans tolerates a wide range of
Ef:-uty i1-3o o/oo NaCl), silting, and flooding but is often located on

the outer banks of rivers where {ts extensive root system better adapts it

to current resistance than other mangroves are adapted. Nipa is sometimes
cultivated along the Mekong and Saigon rivers at the expense of other man-
grove species which are used for firewood, fish traps, etc. The palms can

be made to yleld amazing quantities of sugar without killing them.

As has been pointed out, the mangroves would not grow in many waters except
those that are navigable only at high tides, so the boatsmen should be con-
cerned with mangroves only during high tides and floods. Density of the man-
groves, especially the thicket-forming species, would as a rule physically
preclude navigation, although navigable sloughs might traverse them. At high
tides, the vertical often woody pneumatophores of species of Avicennia, Bru-
era, Sonneratia, etc., could easily contribute to pin-shearing. A rough
of this hazard would be submerged knee-roots to be found in cypress
swamps of the southeastern United States. Stilt roots of adjacent trees of
Rhizophora are often so intricately interwoven as to make the vegetation
impenetrable by any normal means of transportation. Stilt roots an inch
in diameter are hard and tenuous and can support the weight of a man.

































































































in clumps that will foul propellors, and generally impede traffi~. Under
normal still water conditions, these plants cannot be counted on to decom-
pose rapidly, their decamposition being directly proportional to the dissoclved
oxygen content of the water (Mussell, unpublished).

Bullrushes, cattails, and certain other emergent types are particularly
vulnerable to cutting immediately after their flower peak, and before the
fruits have set (e.g. August near Saigon). Cutting at this time is recom-
mended, not only because of the vulnerability of the stalks, but by rutting
before the fruits and seeds ripen, one exerts a certain amount of suppression
on the regeneration of the species.

DRAGGING: This method is particularly effective for removal of deeply rooted
floaters and emergent reeds. It is especially well adapted to canals and
rivers, where the turbulence caused by the chain will be washed away, carry-
ing with it any broken plant parts not held by the chain. The usual method
is to drag a heavy chain through the area to be cleared by means of a tractor

‘on either bank. As with cutting, the weeds are more susceptible to dragging

when they are fully developed. Chancellor (1958) seems to think that dragging
with grapnels and prongs is more effective, but it is the opinion of the author
that a cambined chain dragging and chemical treatment will be more effective
for weeds that tend to resprout from rootstocks.

DREDGING: This method is a very efficient way to control and remove floating
and sutmerged species that are anchored on the bottom. Unfortunately, it is
a very expensive and extensive operation, and it is the feeling of this writer
that it would not be justified in the Mekong Delta region, except for over-
grown canals that bear heavy traffic.

BURNING: It is obvious that this method can usually be used only for emergent
species. However, when used in cambination with a chemical program, it is one
of the most efficient ways of dealing with emergents. Many authors recammend
the use of a flame thrower for this job. Sen (1961) discusses eradication of
water hyacinth by burning it after it had been left high and dry by receding
waters. Use of flame throwers might be worthwhile to prevent seeding of float-
ing species unable to remroduce vegetatively.

Control of aquatic weeds by temporary drainage of the canale and subsequent
drying out by sunshine is practiced on a minor scale in southern France. "The
burning or flaming of emergent vegetation is becoming more important as an
additional measure following the use of chemicals (dalapon paraquat) to remove
large amounts of dead organic material." (Weed Res. 3: 69. 1963)

CHEMICAL CONTROL

It is readily apparent from a quick review of the considerations on mechanical
control, that there is no efficient physical method for controlling submerged

or free floating species. In the control of these plants, chemicals are most

effective.

Many factors must be taken into consideration before a chemical control is
used for water weeds. Caution should be used in applying any of the inorganic
poisons in the Mekong region. Two of the main crops of this region are rice
and sugar cane and both of these crops require quite extensive irrigation.

54





















































