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Foreword

Centuries of misuse for lack of knowledge on the proper conservation of
our forest resources has led to the denudation of over five million hectares of
our forest lands causing severe erosions. These are mostly located in critical
watershed areas of our principal rivers, thus, making reforestation and erosion
controt of utmost importance.

The training in reforestation and erosion control in our country is there-
fore, timely and relevant to the current national development program launched
under the leadership of President Ferdinand E. Marcos, This program has
become a major project of our government and it has to succeed if we want to
achieve national progress.

This MANUAL ON REFORESTATION AND EROSION CONTROL for the
Philippines, the first of its kind ever published, will serve as a guide and a
valuable reference for foresters and for those engaged in reforestation and
erosion control in the country. It is the product of the joint efforts and coope-
ration between the Philippine counterparts and the German consultants sent
by the German Agency for Technical Cooperation (GT2):

The book itself, is by no means complete but definitely is an answer to the
lack of reéference books wel! adopted to Philippine conditions and serves as a
monument to the most productive relationship between the German Agency
for Technical Cooperation (GTZ) and the government of the Repubtic of the
Philippines through its Bureau of Forest Development.

JOSE VIADO
«, Acting Director
Burg_gu_of Forest Development:
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PREFACE OF THE AUTHORS

The laycut of this book originates from lectures held by the
avthors during a six years training programme at the PHILIPPINE-
GERMAN TRAINING CENTER FOR REFORESTATION AND EROSION CONTROL at

Baguio City sponsored under the Technical Assistance Programme

of the Federal Republic of Germany.

The training programme had been designed as a refresher course
for the field personnel of the BUREAU OF FOREST DEVELOPMENT, main-

ly on the ranger level, and emphasis was more on the practical

side.

Special effort was:made to adapt useful procedures developed in
temperate countries to tropical and especially Philippine con-
‘ditions. As a result we feel, that the procedures described in

this book may also be of interest to foresters of other tropical

‘countries with related problems.

The authors have to acknowledge gratefully the cooperation of
Mr. Herminio Boado who typed the final draft of this book in a

nén«stop effort and the patience of Mr. Conrade Consul and

) ‘ THE AUTHORS




PART I

INTRODUCTION TO PHILIPPINE FORESTRY

TH. HOENNINGER




Chapter 1:

GEOGRAPHICAL SITUATICN

1.1 General Remarks

The entire Pacific Basin from Kamchatka south to Japan, Taiwan,
the Philippines, Indonesia and on through New Zealand owes
much of its development to a vast and exceedingly complex
series of stress lines, along which faulting, folding, and

volcanic and earthquake activity have taken place.

- The most importaht fault line lies across North Central Luzon.

It crosses the Bicol Peninsula, continues southward through

the mountains of Eastern Mindanao. A belt paralleling this
fault line is marked by many of the highest elevations in the
Phiiippines as well as by numerous active volcanoes. A less
pfonounced fault line runs from SW to NE . connecting Borneo

and SW Luzon through the 400 km long island of Palawan. Still
another reaches from Northeast Borneo through the Sulu Islands

into the tail-like Zamboanga Peninsula.

Much of the present day pattern of island distribution and of
local mountain building has resulted from the fact, that the
Philippines ié situated in a zone of conQEIgence,of several
Pacifie mountain building zones. Pronounced recent movement
along these liﬁes is demonstrated bQ the limestone consisting
of coral, which is now lying at conéiderable elevations on

numerous islands in such diverse locations’ as Palawan, Mindanao,
Cebu and Northern Luzon. 4
- )

The archipelago consists of 7,100 islahds, of which only 2,773
have names. The northernmost point, Y’Ann Isle is situated




125 km from Taiwan, the southernmost peint, Saluag Island is
only 55 km from Borneo. The tctal land area of the Philip-
pines is 300,000 square kilometers. The irregular coastline
stretches 17,400 km, twice as long as the coastline of the
United States of America.

Luzon, the largest island, is larger than Portugal. Mindanao,
the second largest island, is larger than Austria, and Samar,
the third largest island, exceeds the size of Cyprus.

The highest mountain of the Philippines is Mt. Apo (2955 m)
in Mindanao. The lowest spot in the world is the "Philippine
Depth”, situated east of Mindanao. It is 11,500 meters deep,
and the Mt. Everest, the highest Mountain of the world, cculd

easily be submerged in it.

Luzon

The mountain ranges of Central and Northern Luzon form the
outline of an upright "Y" with an cutlier parallel to the main
arm of the ¥ on the west coast, the Zambales Mcuntains. Along
the east coast the mountains border directly the Pacific Ocean
and leave only small patches of level land consisting mostlf
of Tertiary and Quarternary sediments. The mountains collect—
ively known as Sierra Madre extend with only one break {south-
west of Baler) from the Quezon Memorial park in the south to

Cape Engafic in the extreme northeast.

Situated parallel to the west coast of northern Luzon are the
mountains of the Cordillera Central, while their western out-
liers are known as the Ilocos Mountains. The Cordillera like
the Sierra Madre has a core composed mainly of basic rock
types of the Mesozcic periocd. However, a significant portion

of the middle section consists of Tertiary volcanic formations.

North of Luzon are the Babuyan and Batanes Islands. Here a
complex mixture of volcanic activity and reef building has
created an environment as forbiding and fascinating as any

in the Archipelago.

In the Zambales Mcountaings, the central and northern portions
are composed of complex Mesozoic formations, while the south-
ern and highest portions consist of Tertiary volcanic material.
In addition to acting as a transportation barrier, these moun-
tains lie directly athwart the southwest monscon and intercept
considerable rainfall. Congequently there are heavy diptero-
carp forests on the windward slopes and more open forests on

the lee slopes.

Plains of Central and Northern Luzon., The Central Plain of

Luzon east of the Zambales Mountains extends unbroken from
Laguna de Bay to the Lingayen Gulf. It has once been occupied
by the sea, and is now covered by marine sediments. The sur-
face cover consists mainly of volcanic tuff. From this flat
of Quarternary deposits extinct volcanoes rise abruptly re-
sembling inselbergs. Mount Arayat is the highest and rises

in a beautifully symmetrical cone. A& second large plain is
found between the Sierra Madre and the Cordillera Central,

the Cagayan Valley. Its rolling surface suggests that ercsion
played a part in its origin. ‘

Southern Luzon is composed of a complex series of peninsulas

marked by many fault lines and numerous exposures of ultra-
basic basement rocks. Between the six still active and nu-
merous dormant volcanoes are spread broad areas of almost
leveliTertiary and Quarternary voelcanic deposits which have
resulted in very fertile soils., In this region Mt. Mayon is
probably the most symmetrical and beautiful volcano in the

world.

Vigavan Islands.

The southeast trend of the Bicol Peninsula continues through-
out the islands of Samar and Leyte. The other large islands,
however, like Cebu, Negros, Panay\ahd Palawan show trend

lines towards the southwest. %

Mindoros backbone is a broad anticlinal”tidge of Mesozoic
rock with mountains rising up to 2500 meters. Samar shows

a mature hilly landscape with little really flat land on the



hill tops or the valley bottoms. Leyte is separated from
Samar by the narrow San Juanico Strait and bisected by the
main Philippine fault line. Cebu has large areas of sgteep
slopes and severe erosion, yet it is one of the most dense-
ly populated islands. Maasive beds of Tertiary limestone
are exposed at the surface and many features of a carst
topography, such as sink holes and underground stream chan-
nels, are present. Negros, the fourth largest island, is
dominated by four volcanic mountains. From their eruptions
fertile plains have built up. In Bohol Tertiary and Quarter-
nary limestone and coral with carst featurés abound. Under-
ground drainage give the island a much more arid appearance
than the rainfall data would suggest. In Panay the folded
mountains of Mesozoic bapement rock along the boundary of
Antique act as an effective wooded barrier for rainfall and
transportation to the well populated agricultural plain in
the east.

The elongated island of Palawan is forming a bridge between
the Philippine Archipelagc and Borneo. That a land connect-
ion between the two islands has existed in the past is indi-
cated by the fact, that flora, fauna and feossil remains from
Palawan are more closely related to those from Bornec than to
those from other islands in the Philippines.

Mindanao_and Sulu Islands.

Mindanao, the second lérgest island of tﬁe Philippines shows
the greatest variety of physiographic development. 1In this
igland one can find high, rugged, faulted mountains, almost
isolated volcanic peaks, high rolling®plateaus, and broad,
level, swampy plains.

The mountains of Mindanao can conveniently be grouped into
five ranges, which enclose nine active volcanoes. Parallel-
ing the remote and forbidding east coast from Surigao dél
Worte to Cape Augustin is one range of mountains. A second
range extends in north-socuth direction west of the Agusan
‘River from the Camiguin Island volcano to Tinaca Point with
two other active volcanoes, one of them Mt. Apo. A third

range of complex mountains with six active volcances is found
southeast of the Lanac Lake. Flnally a fourth range of volcanic

ﬁountains runs parallel to the coast of South Cotabato.

Another important gecgraphical feature of Mindanac is the series
of upland plateaus in Bukidnon and Lanao dei_Sur. These plateaus
are composed of basaltic lava flows interbedded with ash and vol-
canic tuff. Near their edges at several points spectacular water-
falls (Maria Christina, Abad Santos) drop the the narrow coastal

plain.

Mindanao has two large plains situated in the wvalleys of the
Agusan River and the: Mindando River in Cotabato Province. The
latter is in full agrlcultural development and may compete w1th

Central Luzonf

The Basilan and Sulu Islands extend over 300 kilometeérs and form
a natural series of Stepping stones betWeen Bornec and Mindanao.
Probably during the Pleistocene these ‘islands, too, formed a land
bridge across which man as well as animals and plants moved to
the Philippines. The hilly interior portions of these islands
are mainly of wvolecanic brigin, the coastal arecas composed of up-

lifted coral limestone.

This brief account of the geographical situation of the Philippines
has been adapted from the works of CHOINSKI (1967), FISHER (1967).
ROBEQUAIN {1964} and ZAIDE (1970).



Chapter 2:

PHILIPPINE SOILS

2.1 General remarks

Boil formation results from the action of climate, natural
- vegetaticon and soil organisms upon a diversity of parent
materials. Where land has been stable over long geologicél
perioda, the scils tend to lose the character of their parent
material and azssume the characteristics of their environment.
Where soils are youthful, as in the case of mogt Philippine
goils, they tend toc show strong infiuences of their geologi-
cal parentage. Therefore the parent material may serve as a
basis for soil classification, until more complete and detail-

|ed information becomes available (Table 1).

Percent of
total area

Parent material Area

Alluvial deposits 4.5 mil. ha 15
Shale and sandstone 4.4 mil. ha 15
Volcanic tuff 0.6 mil. ha 2
Andesite, basalt, agglomerates 6.2 mil. ha 21
Limestone 3.8 mil. ha 13
Complex 4.1 mil. ha 14
Rough mountain soils 5.6 mil. ha 19
Unsurveyed 0.4 mil. ha 1

Table 1: Parent material of Philippine soils }Source: BUREAU
OF S0ILS, MANILAD

2.2 Alluvial deposits

All the fertile plains in the Philippines consist of alluvial
depesits and are heavily populated. The £ i n e textured
alluvial soils like clay loams and clay are-generally utilized
for irrigated rice. The main areas are situated in Central

Luzon, the Cagayan Valley and the flats of the.Mindanao River.

Alluvial soils of c o ar s e texture are used for sugar-—
cane, maize, abacca, coconut and tobacco. These soils have
a very good permeability, but are usually of low fertility

because of rapid leaching. This type of soil is found in

Tarlac and Pampanga, Negros and Cotabato.

There are also limited areas with alkaline soils usually
with a poor drainage. In Cotabato cotton and sorghum is

grown on these soils.

Soils originating from shales and sandstone

In the Philippines soils originating from shales are more
common than those from sandstone. Their color usuvally is
black or dark brown and in most cases they have to be clas~
sified as clays. When wet these scils are plastic or sticky,
in dry condition they become hard and crack.

The profile depth depends largely on the hardiness of the
parent material. The surface often shows a rolling relief.
The permeability is generally low, and there is usually a
high rate of run-off resulting in heavy erosicn where the
s0il is not covered by forests. Heavy clay soils of this ~

type originating from shales and related material are found

to a limitéd extend in the Sierra Madre, Catanduanes, South-

ern Negros, South Cotabato and -Surigao.

As a general rule these soils are less fertile than those
coriginating from limestone. ‘HW



s 5arént material is the product of geologically recent
“eruptions of volcanoes. It is found in the provinces sur-~
rbunding Manila, in Albay and to a limited extend in Occiden-
tal Negros. Soils developed from volcanic tuff have a
rather fine texture and a highly plastic consistency. The
color varies from gray to brown or black depending on the
type of:soil minerals and the content of organic matter. On
alkaline sites of this type, the plants often show symptoms
of chlorosis, probably caused by unavailability or limited

solubility of iron-and magnesium.

In some places volecanic soils are subject to severe erosion.

Soils derived from andesite, basalts, and agglomerates

A relatively large area of soil has developed from igneous
rocks of volcanic origin like basalts, andesite and agglo-
meratea. BSoils of this type are mainly found in the uplands

and are in some areas still covered with forests.

Where the parent material had been very resistant to weather-

ing, these soils tend to be guite shallow and carry only a

meager vegetation. Often their fertility is low due to a low,
base status of the parent material or due to heavy leaching.
Often these soils lack all the impeortant plant nutrients like

nitrogen, phosphorus and scmetimes potassium.

Where they are deeply weathered, we generally encounter later-
itic soils or latoscols. Lateritic soils are characterized by
leaching of silica and bases and an accumulation of ironl@qd
aluminum hydroxides in the upper horizon. If the process of

laterization has progressed to a point, where the ratio be-
tween iron and aluminum hydroxides and silica oxide is greater
than 2, we would speak of laterites. Seoils that have not '
reached that point yet, but are subjected to laterization are

called lateosols or lateritic soils. Laterization only takes

place in a hot and humid climate in soils with a piH-value

below 7. In the initial stages of laterization the coloxr of

the soil can be brownish or yellowish, but takes on a red

hue later due to the presence of Fe203 hydrates.

Lateritic soils have a stable columnar or prismatic structure
and have a high infiltfation capacity. 1In contrast to their
favorable physical structure howéver, they are deficient in
most important plant nutrients, particularly phosphorus and
bases. Since they typically have a low pH-value, phosphorus
is hardly available, and the bases like calcium, magnesium,
potassium are leached easily. For agricultural use heavy

applications of lime are reguired on these soils.

Latosols are typical for rain forast areas. When used for

shifting cultivation they lose their fertility very quickly.

Limestone soils

Soils developed from limestone are very common and they are
found in areas from the northermmost part of Luzon down to
the southernmost part of Mindanao. They are most prevalent,
though, in the Visayan Islands. The parent material is main-
ly Tertiary coral. The coralline rocks appear in great
masses and outcrops are very widespread. The formation
generally does not show any stratification. The coral
skeletons are often well preserved.

Many limestone soils are guite shallow with a soil depth of
only 15 to 50 centimeters showing only an A/C profile, while
the B-horizon is often absent.

Sometimes &alsc soils of a purplish red color similar to
laterites are found in thick layers on top 6f'limestone or
between rocky limestone outcrops; as can be seen near Bagquic.
It is difficult to understand, howeyér, how thick layers of
s50il can be derived from rocks cpnsisting of almost pure cald
cium carbonate. MOHR and VAN BAREN (1959} suggest, that the
red soil found over limestone in g;by tropical countries
pessibly originates from windborne material and only to a
gmall part from the underlying limestone.

11
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Should be left under a forest cover.

For the assessment of soil profiles and the edaphic require~
ments of reforestation species consult Part 2, Chaptgr 2 and

3 of this book.

Chapter 3:

CLIMATIC CONDITIONS

The rainfall pattern

On a map of isohyets showing the average annual rainfall,
several areas of extremely high precipitation are ncticeable:
- the coast of Luzon, east of the crest of the Sierra Madre
Range,
- the east coast of the island of Samar and Southern Leyte,
- the east coast of Mindoro,

- Misamis Occidental.

These areas receive heavy orographic rainfall during the win-
ter period, when the northeast monascon dominates. In addition

to heavy orographic rainfall, the coastal region from Samar

to the North receives a good share of rainfall from typhocns.

Much of the island of Mindanao shows rainfall of over 250
centimeters annually. The high rainfall in Mindanao, bther
than the orographic rainfall on the east coast, is primarily
due to two facteors. First, this is the area over which the
intertropical rain front lies for the greatest period of time.
Second, Mindanao is an island large enough to give rise to
convectional cells which produce local precipitation at al-

most all seasons of the year.

There are some places in the Philippines, that show markedly

lower annual rainfall than the surrounding arcas:

The Central Plain of Fuzon with averages between 1500 and

2250 mm annual rainfall lies in a double rain shadow. During
the southwest monsoon the Central Plain is shielded by the
Zambales Mountains, which lie directl; to the west of the
plain. During the northeast monsoon the Central Plain is

sheltered by the Sierra Madre situated to the east.

The ecast coast of Cebu is alsoc protected from both monscons.

During the southwest monsoon it lies in the shadow of the
highlands of Negros and the mountains of Cebu itself. During
the northeast monsoon it is shielded by the highlands of Leyte.
In addition the northeast monsocon winds, when they do reach
Cebu, very often blow parallel to the coast; thus, they are
not cooled and little rain is derived from themn.

In Zamboanga City the annual rainfall averages only 1100 mil-

limeters. because the city is somewhat shielded by the island
of Basilan and also the Zamboanga Mcuntains.

Dadiangas (Ceneral Santos) lies in a pocket almost completely

surrounded by mountains and is sheltered from prevailing winds

in several directions.

Variations of rainfall. %

A factor of considerakle importanézﬂisﬁthe reliability of rain-
fall from year to year. The average deviation from normal

rainfall appears to be in the order of 14 percent. This figure

' 13



is relatively low, and much lower than in other monsoon coun-
tries. The variations appear to be least in the interior of
Mindanao, and relatively high in Samar, and Southern and

Central Luzon.

Extreme variations from 60 to 100 percent have been observed

in Baguio City, Samar and Surigao. These variations are all

.sﬁrplus of rainfall, not deficits and coincide with years of

extraordinary typhoon activity. 5o areas deriving a geod

part of their precipitation from typhoons or from the north-
cagt trade.winds show relatively high variations from year

to year. Areas deriving much of their rainfall from the south-
west monsoon or from the South Pacific trades show moderate

variation.

Areas particularly in the scuth, deriving their moisture large-

ly from the intertropical front, also show relatively small

variations in their rainfall pattern.

3.3 Climatic types.
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The classification of climatic types in the Philippines is
based on differences in the rainfall distribution fhroughout
the year, the preseﬁcé'ér absencé of a dry season and of a
maximum rain period die to the combined influence of topogra-
phy and wind direction;

First Type: two pronounced seasons, dry season from Novemﬁer
to April, wet during the rest of the year. The controlling
factor is topography. The localities of this type are’shield—
ed from the northeast monsoon and even in good part from the
trade winds by mountain ranges, but are open only to the

southwest monsoon and cyclonic storms.

Second Type: No dry season with a very pronounced maximum rain
period from November to January. These regions are situated
along or very near the eastern coast and sheltered neither

from the northeast monsoon and trade winds nor from cyclonic

storma.

Third Type: seasons not very pronounced, relatively dry from

November to April and wet during the rest of the year. The
maximum rain periods are not very pronounced, too, with a
short dry season lasting only from one to three months. These
localities are only partly shielded from the northeast monsoon

and subject to frequent cycloniec storms.

Fourth Type: Rainfall more or less evenly distributed through-
out the year. .

Temperature variations.

The Philippines extend over a latitudinal distance of over
léOO km and yet, within this broad expanse, we encounter re-
latively small temperature variations. Aparri in the extreme
north of Luzon and Jolo in the Sulu Islands have nearly the

same maximum, average and minimum temperatures.

22.8° ¢ min.
.22.7o C min.
15.0° ¢ min.

Table 2: Maximum, minimum and average temperatures o
Aparri, Jolo and Baguio.

30.4°% max.
Jolo 3O.BOC max.
23.1% max.

Aparri 26.3% average
26.6°¢C average

Baguio 18.2% average

Differences in témperatﬁres in the Pﬁilippines are mainly due
to differences in elevation, as demonstrated in Table 2.
Aparri and Jolc are situated at sealevel, Baguio City at

1500 m elevation. ' ‘

Typhoons or tropical cyclones (9,13,14).

Typhoohs carry excetionally great amounts of moisture, are
responsiblé for between one duarter and one third of the total
Philippine rainfall, and have set world records for rainfall
over shdrt ﬁeriods of time. The world's record 24~hour rain-
fall was recorded during a typhoon'%t Baguio City, between
noon of July 14 and noon of July 15 in 1911, when 1170 mm of
rain literally flooded the city. +<In addition to heavy rains,
typhoons are accompanied by high‘ﬁihq§, which over coastal
areas often reach 200 km per hour and cause heavy damage to

buildings, crops and forests.
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Typhocns originate usually in the area of the Caroline or Marshall
Islandas.

They are vast low pressure systems which in the northern
hemisphere are accompanied by a counter clockwise whirl of winds
gradually spiraling towards the vortex. Viclent updrafts and
convergence cause rapid cooling of the marine tropical air masses
and heavy precipitation results. Cloud cover is normally quite
dense within a 500 km radius, but the central eye or the vortex

of the storm is usually marked by an area three to:five kilometers
iﬁ diameter where the sky is clear and where calm prevails. These
storms usually move toward the west or northwest, but as they
approach the continent, they generally swing to the north and even-
tually die out as they are forced toward the northeast in the west
wind drifts,

The typhéor season last in the Philippines generally from July
to November, although sometimes storms occur during other months.
Typhoons most often touch the Philippinesmbetween the southern
tip of Samar and Northern Luzon {See map).



Chapter 4:

THE NATURAL _FOREST TYPES

There are over thfee thousand species of trees in the Philippines
that can reach diameters of 30 cm or more. However, at the present
stage of utilization only about 70 species find their way to the
market. Seventy five percent of the annual cut consists of dip-
terocarp species, commonly referred to as the lauan family or
Philippine mahogany. The species that make up the bulk of the
volume are white lauan, apitong, red lauan, followed by mayapis,

mangasinoro, bagtikan, palosapis, almon, tanguile and yakal {3).

Based on their species composition the Philippine forests are

generally classified into six types (15):

1. Dipterccarp forest,

2. Molave forest,

3. Pine forest,

4, Mangrove forest,

5. Beach forest,

6. Mossy and high mountain forest.

Most of the original forest types have been altered fundamentally

through human action such as logging, grazing, shifting cultivation,

or have been cleared for agricultural crops. Up to now there is
no map available showing the present distribution of forest types.
The following table is only an estimate of the area still occupied

by each type.
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Type Area (ha) Percent Source

Dipterocarp forest 9,352,000 62 B.F.D., 1973

Molave forest 500,000 3 rough estimate
Pine forest 269,000 B.F.D,, 1973
Mangrove forest 218,000 B.F.D., 1973

Beach forest very small area

Mossy & high mountain

forest 1,000,000 7 :rough estimate
Open grassland
and other 3,765,000 25 B.F.D., 1973
Total 15,104,000

Table 3: Area of the main forest types in the Philippines.

Dipterocarp forests.

The tropical rain forest of the Philippines is dominated by Dip-
terocarpaceae of the following genera: Shorea, Dipterocarpus,
Hopea, Parashorea, Pentacme, Anisoptera, and Vatica. From the
standpoint of the botanist the composition of these forests is
complex, but from the standpoint of the lumberman it is relative-—
ly simple, because several different species are generally grouped -

under the same trade name.

Dipterocarp forests can occur from the coastal flats onwards up
to about 800 meters elevation. They are best developed where
rainfall is more or less uniform throughout the year, or where

there is only a very short dry season. According to the domina-

ting species association WHITFORD {1911) divides the dipterocarp
forest into five subtypes:

a) Laﬁan type

b) Lauén—Hagakhak type

¢} Yakal-Lauan type ) ;‘

d) Lauan-Apitong type

e) Tanguile-Oak type W



Lauan Lauan~Apitong | Yakal-Lauan | Lauan-Hagakhak

3 3 3 3
|Ipipterocarps | 252 m 116 m 80 m 55 m

Others 14 52 73 28

3 3 3 3

Total Volume | 266 m 168 m 153 m 83 m

per hectare

: i ) d other species
Table 4: The volume per hectare of dlpte;ocarps an
from sample plots in 4 subtypes of the dipterocarp forest taken
by WHITFORD (1911). Note: WHITFORDs conversion factors were
- corrected. :

a) Lauan type:
Iin the true lauan type the relative proportion of dipterocarps
and the commercial volume is usuvally higher than in any other
type,. It represents the most valuable commercial forest in the

Philippines (see table 4).

Because of a dense canopy. the true lauan type is relatively free
from undergrowth. The shade is so dense, that regeneration of
Iight demanding. species has no chance. This type reaches its
best development in low elevation extending only to an altitude
of about 300 to 400 meters. On favorable sites this type re-
generates easily after logging. The second growth is usually
deminated by white lauan and mayapis mixed in the earlier stages :
after 16gging with a large number of gubas, which are eventually
éhadednout.

b) Lauan—Apitbng'type: Where thereis a pronounced dry season, the

lavan type is replaced by the lauan-apitong type, which also
occupies only lower elevations. The canopy of this type is more

open allowing more undergrowth.

o} Yakal-lauan type finds its best development in regions where the'

dry season is short. Regarding the soil it prefers low coastal
hills of volcanic origin. This type has a slight deciduous ap~
pearance during the driest part of the year. Another association
where yakal is less dominant, however, is found along streams and

the slopes of ravines.
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d} Lauvan-hagakhak type is restricted to areas where the water

level is near the surface. In composition it differs from
the previous type mainly by the presence of hagakhak (Dip-

terocarpus warburgii} and a much larger number of codominant

species of other families. During the rainy season, the
s0il in large areas is too wet for the best development of
many species. These factors reduce the volume of timber per

hectare as compared with forest types growing in more stable
areas (Table 4),

e) Tanquile-oak type covers the areas extending from the upper

limits of the lauan and the lauan-apitong type to the lower
limits of the pine or mossy forest types, from 400 to 500
Reters above sea level up to 80C to 900 meters. The rain-
fall is more evenly distributed throughout the year, and the
relative humidity is constantly higher than in the adjacent
forests of lower altitudes. In the lower transition zone
one may find scattered specimens of dipterocarps belonging
to the forest types bordering below. Many of the species

in this type also occur much dwarfed in the mossy forests
higher up.

4.2 Molave forest.

The molave forest occurs in regions with a very distinct wet
and dry seasgson. They are typical for the -limestone soils in
the coastal areas. which are usually quite shallow and oxces—
sively drained. During the dry season, there is often the

- impression of semi-arid conditions. A number of “trees in the
molave assoclation shed their leaves every year during the dry

Season.

Molave itself is a short boled, ragged tree, but has a very
durable and wvaluable wood, which is:inghigh demand. The forests
are open with a few dominant trees far apaft. Besides molave
there are often kalantas, ipil, supa . nafra, camagon, banuyo,
tindalo and other wvaluable tlmber trees a55001ated in this

" type.



Since the sites of these forests are easily accessible, most Typical beach forest associations include Pandanus, large

of the original forests have been destroyed by exploitation. | specimens of bitaog (Calophyllum inophyllum), talisay often
;5 in groups, stands of agoho on sandy flats near the mouths

of riversg, dufigon-late and others.

A relatively well preserved molave forest can 3till be seen
in the narrow coastal plain west of the Zambales Mountains.

Other remains are said to exist still in the lime stone hills

of the northern end of the Sierra Madre Range. 4.% Pine forest.

During the Spanish period ships built of molave maintained There are two species of pines found in the Philippines form-

the historic Manila-Acapulco galleon trade for nearly two-~and- ing pure stands: Benguet pine {Pinus insularis)} ahd Mindoro

half centuries pine (P. merkusii}. While Benguet pine forests form extensive
a-ha .

stands in the mountains of Northern Luzon, the Mindoreo pine

" occupies only an estimated 5-6000 ha in two isolated areas in
4.3 Mangrove forests.

Mangrove forests occur along the tidal flats at the moutha

Northern Zambales and Northern Mindoro. The altitudinal range

of Benguet pine extends from about 700 m onwards to about

of streams and along the shores of protected bays. The stands 11800 meters. The two known Mindoro pine forests occupy an

are composed of eight species of the bacauan family {(Rhizo- area mainly between 100 and 500 m elevation.

phoraceae), which once were the principal source of tanbark,

cutch and dyebark, but now mainly produce charcoal. Where Because of their silvicultural characteristics (Part 2, Chapter

utilization had been intensive, api-api {Avicennia officina- 3 of this book) the Mindoro pine has practically no economical

1is) becomes more and more dominant, because its sprouts importance in the Philippines. The Benguet pine, however, is

casily planted now all over the islands. The growth outside the
natural range of this species is sometimes higher than in the

Further upstream, where the water is not so brakish any more, Mountain provinces of Northern Luzon.

nipa palm may form extensive and dense stands, which are a

major source of roofing material in coastal areas. Height Diameter Volume over 7 cm
Benguet Province 14-18 m 12-15 cm 150 m3 per ha

The mangrove forests are practically clear of undergrowth. : 3

The stilt roots are as high as 3 meters. The leaves of all Bukidnon Province 25-27 m 20-23 cm 400 m” per ha

species are hard and leathery. The sceds are distributed by Table 5: Growth of Benguet pine, age 20 years, spacing 2 x 2 m.

the tides until they find a suitable lodging place. Virgin

areas show surprisingly large stands of poles and trees. 1In The natural pine stands are generally quite open and subject

thickly populated areas, the forest has degraded to such an to frequent fires. Only along creeks cne can find some broad-

extend that it produces now only firewood. Many mangrove leaved vegetation. Where fire protection can be enforced,

swamps have been cleared for fishponds. natural regeneration appears easily. The management of natural

pine forests is described in Chapter 5

4.4 Beach forest.

This type is found on sandy beaches above the high tide limits 4.6 Mossy forest. Q,
where the original form of vegetation had been left undisturbe The mossy forest is found above the tsngﬁile—oak type. In

Since these are very favorable sites for settlements and coco- Northern Luzon on southern slopes and dry ridges it is replaced

nut plantations, little of the original beach forest is left.




naturally by Benguet pine. The ecolegy of this forest type
is characterized by a relatively low temperature, high and
uniform humidity in form of rain and fog throughout the year,

short duration of sunshine and strong winds,

A striking feature of the flora are the numerous epiphytes
consisting of mosses, liverworts, ferns and orchids in great
variety and also bottle-shaped myrmecodias. The trees are

generally of medium height and short beled. Typical”genera

are Podocarpus, Dacrydium, Quercus, and Eugenia.

The mossy forest is of little commercial value, but important
as a protection forest. A great portion of it in Northern
Luzon has been cleared for vegetable farming. A relatively
well preserved mossy forest can still be seen in the moun-

tain range between Banaue and Bontoc.

Chapter 5:

MANAGEMENT OF WNATURAL FORESTS

Phitippine forestry has two distinct aspects namely the
management of the natural forests, and reforestation and
ercsion control of denuded areas. Since this book is
primarily devoted to the latter, management of natural

forests is treated here only very briafly.

Of the different forest types of the Philippines, only the
dipterocarp forest and the pine forest are under special
systems of forest management based on the concept of sus-
tained vyield.

Selective logging in dipterocarp forests {12)}.

The main objective of the Philippine system of selective
logging in the tropical rain forest is to retain an adequate
number of undamaged and healthy residuals to be utilized in
the next cutting cycle or later, which one tries to achieve
by marking, the residual stand before logging. According to
the official logging instructions laid down in the HANDBOOK
ON SELECTIVE LOGGING, the main phases can be described as

follows:

Determipation of marking goal. For §ny particular setup

{area covered from one spar tree) the marking goal for re-
siduals is either 60% of the numbefyw of healthy trees in the
20-70 cm diameter classes, or if gﬁérg are more trees in and
over -the B0 cm diameter class than below, then 40% of all

trees over 20 cm diameter. This distinction is made to allow
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b)

c)
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a reasonable number and volume of commercial trees to be re-

tained in areas which are heavily stocked with large trees.

The marking goal is computed from a 5% sample inventory using
circular 0.1 ha plots (r=18 m). In this pre-marking sample
inventory all commercial trees are recorded by species and

diameter class.

Tree marking: This involves trees to be retained as residuals,
and those to be cut. Trees marked as residuals are numbered
consecutively with paint and are recorded individually by
number , species, diameter, height up to first branch and volume.
Marking is continued until the marking goal is reached and the
whole set up is covered. Residuals should not be marked

~ on cableways radiating from the spar tree, which have to

be kept as narrow as possible,

- on log landings which should not have more than 40 m radius

for the largest setups,
- in the fall direction of trees marked for felling.
Marking for felling is carried out at the same time, and all
merchantable trees over the minimum diameter limit (70-cm),

that are not needed to make up the marking goal. are marked

with a vertical arrow on the side of the felling direction.

Residual inventory after logging. This is the physical exam-

‘ination and count of the marked residuals left in a setup after

logging. The inventory crew will go over the logged setup,
examine each marked tree to judge, whether it is healthy, sub-
gtandard or damaged. Ball unaccounted or lost trees are noted.
Unmarked healthy residuals are all recorded and numbered con-
secutively, but they shall not be used to replace damaged
marked trees.

The residual inventory has three main objectives. One is to
determine the extend and cause of damage done on the residuals
to make the necessary éorrections. The secbnd objective is an
appraisal of residual growing stock as a basis for silvicultural

treatment and management. The third objective is to provide the

necessary information to compute fees to be paid by the con-

cessionaire for the damaged trees.

Timber stand improvement: After the logging operation is com-

pleted the forest is left behind with an open canopy and ex—
posed soil, which favors the invasion of undesirable tree
species and climbers suppressing seedlings, saplings and poles

of desirable species.

The first silvicultural treatment is to be applied 5 to 10
years after logging. Many foresters agree, that no tending
should be attempted during the first 5 years because of the
difficulty of entry and the heavy growth of climbers.
Stand improvement operations at this stage include:

- cutting, girdling and poison-girdling of undesirable trees,

- climber cutting,

thinning, where natural regeneration is too dense.

For more detailed information consult the HANDBOOK ON SELECTIVE
LOGGING.

Management of pine forests under the Seed Tree Method.

Within the concession areas the pine forests of Northern

Luzon are generally managed under the seed tree method. This
involves clear-cutting the area leaving only a few seed bearers.
After the new stand is established, the seed trees may be re-

moved in a second cut or left for the next rotation.

The number Ef trees to be left as seed bearers should be be-
tween 16 and_zo trees per hectare as suggested by CALEDA {loc.
cit. NICHOLSON, 1970). Only large, straight-boled trees with
thin branches and large crowns are to be selected. Since the
quality of the mother trees will be reflected in the offspring.,
they should be carefully selected. An even distribution of
seed trees would interfere too m&chuwith logging, therefore
NICHOLSON suggests to mark the seedﬁtrees in 4-5 groups of not
more than 4 trees, per hectare. The dispersal-range of pines
is quite wide and natural regeneration can be expected over

the whole area.

27



After logging the success of the natural regeneration depends
largely on effective fire protection. Where regeneration is

inadequate, it can be supplemented by planting.

Successful regeneration of Benguet pine by the seed tree method

can be observed in the Bobok Concession east of Baguio City.

Chapter 6:

REFORESTATION

The creation of the "Inspeccion General de Montes" in 1863 by the
Spanish government was the formal beginning of a forest service
in the Philippines. This agency undertook a study of .the Philip-
pine forest resources,. and laid down the regulations for.opening
of virgin lands and cutting of timbers. Many comprehensive laws
were subsequently passed imposing alsc replanting, bﬁt until the
turn of the century not much had been accomplished in the im-
plementation of these laws.

After the United States had succeeded Spain, forestry received
more serious attention. The war had hardly ended in 1900, when
a forestry bureau was organized under US-military government,
which established the base for the forestry practices that we

have today.

"Most authorities trace reforestation work to have begun in 1910
with the establishment of the Forest School at Los Bafios. The
original school site consisted of grass and brushland. The
students cleared the ground and then planted seedlings in con-
nection with their Silviculture Class. Practical methods of
planting cogonal areas were tried, and the species suitable for
planting were determined. By 1916 approximately 600 species
were tried in the nursery and the plantation of the school. This
first attempt for the recovery of grassland paved the way for
the establishment of the Makiling Reforestation Project 1937
(CUNANAN, 1968, Reforestation Monthly).

Modest reforestation outside Los Bafios began in 1916 when the
government appropriated the sum of 10,000 Pesos for reforesta-
tion of badly eroded government land in Cebu, where the second
reforestation project was established. 1In 1919 three new pro-
jects were opened, namely: (1) Arayat, (2) Iloces, which is the
forerunner of the present Caniaw Project and {(3) Zambales, which

is now known as Magsaysay Reforestation Project.

New funds enabled the Bureau of Forestry to open the Cinchona
Plantation at Impalutac and three other projects up to 1931.

The period from 1916-1936 may well be called the pilot planting
period, since the trial plantations of that period laid down the

foundation for more extensive reforestation in the years to come.

The yéars 1937 to 1941 were a period of full-scale reforestation,
since periodic appropriations in substancial amounts enabled the
government to open new reforestation projects. Qualified person-
nel were employed in conducting planting surveys to determine the
areas needing immediate planting and to gather data for a long-
range plantiné plan. A special office was created under the
Director of Farestry for the "round-the-clock"” inspection of all
new reforestation projects. Prior to the second world war, there
were 35 projects in operation, coveriﬁg a total area of 535,000
hectares. The total area of the forest nurseries was 24 hectares
with average annual capacity of 17 mi#illion seedlings. Before

World War IT 28,000 hectares were af??agy planted.

The war brought tremendous destruction on the reforestation areas.



During the Japanese occupation, the pecple in the vicinities
sought refuge in the reforestation projects and made clearings
to produce étaple crops for their subsistence. Furthermore,
considerable plantations and nurseries were damaged because of
military operations. Only 15 percent or 4000 hectares of the

pre-war plantations survived the war.

The funding problems for reforestation of the post-war years

were partly sclved, when Congress passed Republic Act 115 in 1947.
Through this act a separate fund was constituted into wﬁich every
concessionaire had to pay the amount of P0.50 on each cubic meter
of timber from the first and second'group, and P0.4C on timber of
the third and fourth group cut and remcved from any public forest

for commercial purposes.

To pursue a vigorous reforestation prograﬁme, the Reforestation

Administration was created as a separate government agency unaer
the Department of Agriculture and Natural Resources in 1960. This
signalled the transfer of respensibility of reforestation of ap-
proximately 5 million hectares from the Bureau of Forestry to the

new agency.

After the creation of the Reforestation Administration in 196¢
replanting of denuded areas was speeded up, and the annual rate

of reforestation never sank below 10,000 hectares. It even reached
35,422 hectares in 1963.

In 1973 about 182,000 hectares of plantations were maintained by
the Bureau of Forest Development. There are now 91 reforestation
projects, 3 cooperative nurseries and 2 experimental nurseries all
over the country compared to 57 reforestation projects in 1966
when the agency was founded. Of the 91 reforestation projects

46 are in Luzon, 31 in the Visayas and 14 in Mindanao.

The declaration of martial law on September 21, 1972 has resulted
in the restructing of the Philippine political system and is re-
flected in the recrganization of several government agencies. The
Presidential Decree No. 1 and the letter of instruction No. 3 dated
November 1, 1972 was issued to merge the Bureau of Forestry. the
Reforestation Administratien and the Parks and Wildlife Gffice

into the new BUREAU OF FOREST DEVELOPMENT.
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The pelicy of this new office encourages tree farming and in-
- dustrial plantations as well as large scale rehabilitation of
denuded watersheds, which are now exclusively under the juris-—

diction of the Bureau of Forest Development.-
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PART 1II

ESTABLISHMENT, MAINTENANCE AND PROTECTION OF FOREST PLANTATIONS
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Chapter 1:

PLANTING SURVEY, PLANTING PLAN, PLANTATION RECORDS AND MAPS

Each reforestation project requires a detailed plan, which
assures the continuity of the reforestation work inspite any
changes of staff. The plan has to indicate clearly the ob-
jectives of the reforestation project and how these objectives

are to be achieved (67).

In the absence of systematic planting plang the results of

reforestation are bound to be patdhy and erratic. BAny large
acale reforestation programme must be based on planting sur-
veys, planting plans, proper plantation records, and a simple

and efficient reporting system.

The planting survey

e

The pianting survey is the basis for the planting plan and is
the first to be taken up, when a new reforestation project is
started. Since the procedure deacribed by TOUMEY and KORSTIAN
:{1967) is widely known in the Philippines, a modified wversion
of their methods more adapted to Philippine conditions is re-

commended here:

The project area is crossed at sevefal different places taking
‘advantage of roads and trails and any%views one can have from
higher points. Recording of data should be as detailed as
‘possible without using sophisticatedsgurvey instruments. Map-
ing is done in form of field sketchég'ﬁith the help of a

bk compass and by pacing, or even by esfimates only. The

eld report on a planting survey should normally cover the

‘ollowing items:



{a) A general description of the topographical features of history, present vegetation, original forest types, informa-

the project area including the main ridgesa, streams, tion on fire, kaingin, grazing, pasture leases and other

rivera, roads and trails. hazards, landownership and possible claims.
.

{b) A brief history of the area regarding past fires,kaingin, (b) A general description of the climate, including data on the

timber cutting, etec, monthly distribution of rainfall of the nearest meteorclogi-

cal station.
(¢) Location and boundaries of the areas to be planted should

" be indicated on available base maps, or a rough field
sketch must be prepared, which allows an estimate of the

{c) Objectives of the reforestation project, which may be water-
shed protection, erosion control, production of timber ,pulp-

area. For details consult Part IIT, wood, fuelwood, minor forest products, etc.

(d) Subdivision of the area into compartments with neat bound- (d) Subdivision of the area into compartments and subcompartments
according to topography, differences in site conditions, and

a different choice of species. Compartment areas range from

aries following the topographical features and differences
in silvicultural treatment. The compartment boundaries
are marked later by border stones or posts with painted 10 to 30 hectares, the average is about 20 hectares. Compart-

ments usually are smaller in the mountains.
numbers,

(e) The 80il conditions should be indicated by symbols for

The subdivision into compartments is ABsolutely necessary for
every compartment or subcompartment (deep, medium, shallow,

contrel and reference purposes.
rocky, sandy soil, marshy depression, fertile alluvial

: i i {e) A tabular compilation of all compartments and subcompartments
soil, major landslides, ravines, light, medium, heavy

with designation {pumbers for compartments, small letters for
erosion, etc.),

subcompartments), area, speciea, spacing, quantity of seed or

(f) The species suggested for every compartment or subcompart- seedlings required.

rked in the field sketches, '
ment ave ro bem (f} Necessary improvements of the road and trail systems.,
{g} Description of existing vegetation, regeneration of de-

) X (g} Nursery plan for main and subnurseries, which includes the
sirable species, type of ground vegetation (incl. grasses,

location, the area, and the number of seedlings to be raised
species, height), )
each year.

i of sites for nurseries and subnurseries. ) . . .
(p} Selection (h) A discussion of the area not recommended for planting with

supporting reasons (too wet, dense brush, already adequately
stocked, needed for other purpocsesa, etc.)

No distinction is made here between intensive and extensive
planting surveys, because it doea not have much significance

in current practices. {i) Maintenance of the plantations during the first 5 years, in-

cluding weeding, tending, fertilizer application,\firé lines.

1.2 The planting plan

(j) A time schedule, according to which the different compartments
All important information obtained in the planting survey

should be incorporated into a concise planting plan. This

are to be planted stating priority areas within the project.

(k) Equipment and supplies required. u
e

plan must inelude: }(l)iA detailed estimate of the expenditﬁte“for each year.

{a) A general description of the entire project area including

. . f m) A dix of .
location, range of altitude, topography. soil conditions, (m) Appen maps
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The planting plan should cover at least a period of 5 years
and must be prepared sufficiently ahead to allow enough time
for seed collection and raising of nursery stock.

If a2 number of years has passed since the time of the plant-
ing survey., a brief inspection of the area should be made to

consider any changes which might hawve accured.

Planting plans for different projects can be summarized into
a more general plan for a region. The regional plan should

have a list of priority projects.

Plantation records

A pre-requisite of gocd management is that proper records on
all plantations or compartments are mailntained in every re-

feorestation project.

For each plantation (compartment or subcompartment) a special
registration sheet is maintained, on which all important
events and data are recorded. This register has to be up-
dated constantly.

Accerding to FAO recommendaticn (28) the plantation register
or plantation index card should contain the following in-

formation:

- Designation of plantation, compartment or subcompartmsnt,
- Area

- Species and seed soarce,

- 8pacing

- Date of planting, estimated number of seedlings,

size and guality of planting stock,

- Date of replanting, number of seedlings,
size and quality of planting stock,

- Events and date of occurance, such as fire, inssct attack,
tending operations, inventories, survival counts, thinnings

etc.

Compartment: 9 Itogon Reforestation Project
Species: Benguet pine Origin: Bobok Concession
Area: 18 hectares Spacing: 2 by 2 meters

Planted: October 1969, 45 000 seedlings, bare root, 12 cm.
Replanted: July 1970, 30 000 seedlings, potted, 18 cm.

July 1971, 7 000 seedlings, potted, 27 cm.

Events in the plantation:
March 1970: 5 hectares burnt
Mavy 1270: Survival 33 %
July 1970: Replanted

May 1971: survival 78 %
July 1971 : Replanted
Nov. 1971: Ring weeding

October 70: Ring weeding May 1972: Survival 84%

Table 1: Plantation index card.

1.4 Plantation maps

In every reforestation project there should be base maps avail-
able of the entire project area, preferably at a scale of 1 :
10,C000. Maps at a scale of 1 :. 20,000 would show the planta-
tion areaz too small. If the map supplied by the Central
Office in Manila is too small, a special request must be made
for enlargement. Base -maps contain only the important geo-
graphical features like roads, rivers, creeka, buildings and
settlements, and other important landmarks as tie points. Most
important is that all aboundaries of compartments and subcom-—
partments are printed on the maps for control and reference
purposes. Without the subdivision of the project area into
compartments no efficient control is peossible. All reporting
has to be done by compartments, so that any figure reported
can be easily checked in the field later.

Progress of'reforestation is indicated by using a different
color for every species. In a morg advanced stage the dif-
ferent age classes {(class I: 1-10 years, class II: 11-20
years, eta) can be shown by different shades of the same
coler . For the main reforestatiqﬁ&ppecies the same colors

should be used throughout the country. -

A number of such base maps should be available in every re-

forestation projeckt to be able to record different features



as for example the extent

of the project, whenever reqguired,

of fires, distribution of species, progress of planting work,
of

future plantation areas by years, priority areas, extent

erosion, etc.

Most important is the map showing the extent of plantations.
This map must be updated every year at the end of the plant-
ing season, and a copy ia submitted to the Central Office

in Manila to update the master copy. Without any.maps of the
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\ﬁgg\Geographical feature, which is pot a compartment boundary

Fig. 1: Project map (base map) :
: great number of climatic features such as among others the
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occurrence of frost and snow, variations of relative humidity,
daily apd seasonal temperature variations, etc. But here we
have to consider only the Philippines and can limit ourselves
to only those basic climatical features, which show significant
variations within the country, and allow us a more simple and

practical approach.

a) Rainfall:

44

- The total annual rainfall ﬁelps us to classify a site by

one figure only in dry (below 50 inches), moist {50 - 100
inches), and humid (over 100 inches). The disadvantage is,
that this deoes not say much about the moisture conditions
throughout the year, because the rainfall can be very un-
evenly distributed.

- The monthly distribution of rainfall gives us an indication
of the length of the wet and dry season, and therefore has
more significance than the total annual rainfall. An at-

tempt of a classification and a suggestion of suitable tree
species is made below:

(A) Dry_sgeason less than 4 months *): Anthocephalus chinensis,
: Eucalyptus deglupta,
Albizzia falcata,
Octomelis sumatrana,
Hevea brasiliensis,

(B) Dry season 4 to 6 months *): Swietenia macrophylla,
Tectona grandis,
Pterocarpus indicus,
Pterocarpus vidalianus,
Gmelina arborea,
Toona calantas,
Leucaena leucocephala

In higher elevations:

Pinus insularis,
Eucalyptus spp.,
Alnus maritima,

*
(C) Dry season 6 months or more ): Vitex parviflora,
Gliricidia sepium,
Psidium guava,
Anacardium occidentale,

*
} A month ie considered as dry, when the rainfall is below 50 mm

b}

Rainfall types according to the official classification of

the Philippines do not lend themselves easily for classifi-

cation of forest sites, because in the rainfall types IT,
IIT and IV (see Part I) rainfall can be expected in prac-
tically every month of the year, and the same group of
species {group (A} above} can be planted in all three cli-
matic types. All species requiring a seasonal wet and dry
climate would have to be listed summarily under type I rain-
fall (groups (B) and (C) above).

It should be noted, however, that the classification at-
tempted above is only a broad guideline for the choice of
tree species, which may have to be modified locally because
of changes in soil conditions, adverse exposure, changes in

altitude, and other factors.

Temperature:

Inspite of the wide extent of the country the change of la-
titude does not have sco much influence on the temperature
to affect the choice of tree species significantly. Tem-
perature variations from one place to the other in the
Philippines are mainly due to changes in altitude (21).

The commonly accepted gradient is 0.5% per 100 meter rise

in elevation. For example the difference in elevation be-
tween Baguio and Binga is about 1000 meters, we therefore can
expect, that the temperature in Binga is 1000 x 0.5 _ 50 o
above the temperature prevailing in Baguio. 100
This differehce of 52 C has already a great effect on the
growth of trée species. While in Binga teak, narra, molave,
kalantas and other lowland species can still be grown and
bear seeds, tﬁey would usually not thrive in Baguio. 600 to
700 meters above scalevel seems to behthe upper limit for

most lowland tree species in Luzon.



fresh: color does not change, when water

2.2 The edaphic factors:

) is added,
The most impertant soil characteristics influencing tree moist: if sample is pressed by hand, water
growth are the depth of the scil, the humus content, the will show,

permeability, the moisture regime, the content of rocky . wet: if sample is pressed by hand, water
material, the nature of the subsoil, the availability of will run out.

nutrients and the pH-value. Assessment of these character- : : (e) Usual height of water table taking into account the weather
istics is generally part of the planting survey and can -ex-— conditions.

cept the last two items- be determined by inspection of a : (f) Drainage: Terms generally used in profile deséription are
soil profile. But even without making a chemical analysis excessive (in sandy soils),

we can draw some conclusions about the availability of : . free (for "normal" soils),

nutrients and even the pH-value from the ground vegetation, imperfect (often in slightly compacted

the presence of humus, the thickness of the A-horizon, the _ soils with a high c¢lay fraction}
soil structure and the color. : . impeded (often in lower horizona of clay

goils, where the soil is compacted,
. . N N : i i i ted i
If the special technical terms for a socil description are - gggrzgsfzsflles situated in a

not known, a free description of what is actually seen .
(g) Separation of the profile into horizons:

should be made. A simple guide for a profile assessment is
O-horizon: undecomposed or semi-decomposed

given below: . : litter,
{a) General information: Location of the profile, : A-horizon: characterized by the presence of
topo h £ th rofil e soil humus. The color is general-
pography o e profile site, ly darker than the underlying
geological information, if available, ) B~horizon {"topsoil").
climatic conditions, . B-horizon: The horizon of mineral soil be—
rati domi t . : tween the A-horizon and the
vegetatlve cover . dominant species, _ underlying parent material
local soil names, if any. ("subsoil").
. . Lo . . . : ) C-horizon: The parent material, mostly un-
(b) Estimate of the soil fertility is generally not difficult ‘ - decomposed rocks and other mate-

rial, where the soil forming

by considering the natural vegetation
process has not yet started.

found at the profile site. For site

classification purposes it is recom- If within the A,B, and C horizon significant

mended to develop a system of indi- . differences in color, texture, etc. occur, a

cator plants, which are characteristic - further subdivision in line with the conven-

for special soil conditions. : ) tional symbols used in soil science should
(¢) Depth of soil: less than 30 cm. - shallow be attempted. Ea?h horizon is described

30 to 100 em. - medium separately indicating its depth. Example:

160 to 200 cm. - deep ' 0 = 15 ecm. A-horizon: ...

over 200 cm. - very deep ) 15 - 1‘20 O . B-herizon: ...

w0
(d)} Moisture at time of profile description: below 120-cm, C-horizon: ...

dry: color becomes darker, when water
is added,
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The following items {h-n) must be described for each horizon
separately:

{h) Color: The description should be as specific as possible,
for example: dark reddish brown, light
yellowish brown, mottled grey and red
brown, etc. . Compare also the color with

the horizon below and above: lighter or

darker.

{i} Texture class: refers to the distribution of fine and coarse
particles in the soil. The main texture
classes can be easily determined by field

characteristics {33}:
Sand: A wet sample does not stain the hands,

Loamy sand: slightly sticky. but does not
allow to be formed into a stick of cigarette

thickness,

Sandy lecam: makes a sound, when. rubbed be-
tween the fingers close to the ear. Allows

to be formed into a stick of cigarette size.

Loam: Allows to be formed into a doll with
arms and legs. Rubking between the fingers

makes a very light sound only.

Sample allows to be formed into

Clay loam:
a fragile string. No sound when rubbed be-~

tween fingers.

Clay: highly plastic and slippery when
handled. Allows tc be formed into a thin

string.

{j) Skeleton percent:Estimate of the proportion of coarse particles

(over 2 mm) in the soil. BAlso a description
of their nature is required:"approximately
20% skeleton consisting of platelike stones

with an average size of 2 - 3 cm."

(k) Soil structure: Scmetimes more clearly pronounced in old

profiles or road cuts, in a fresh profile

the structure becomes more obwvious, when
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a shovel of s0il is thrown on the ground and
the_soil breaks up into aggregates. Descrip-
tive terms commonly used are plate~like,
prismatic, blocky (very common), granular or
crumb structure (A-horizon), or "no wvisible

structure”,

Granular or
crumb structure

Prismatic

Blocky Plate like

Fig. 2: Types of so0il structures.

(1) Compaction: terms commonly used in soil profile description are:
for dry soils: loose, friable, firm, very
firm, cemented, for moist soils: sticky,

non-sticky, plastic.

{m) Root penetration: use a free description:"many fine roots,

isolated strong roots, horizon well penetrated
by roots" etc.

{n) Presence of soil fauna: earth worms, termites, ants, mice or

others.

'To assess these soil characteristics a profile pit of about 1.5 m
depth is dug on a fepresentative site avoiding places, which.are
not really characteristic of the area like ridges, small depres—
sions, vicinity of creeks and rivers etc.. Sometimes road cuts
provide a very large and deep soil profile'%that one can save

the labor for digging a pit.

U
On table 1 (next page) some tree species had been suggested for

some typical soil types. This brief outling,”however

can pro-
vide only some basic ideas when selecting a tree species and does
not eliminate the necessity to conduct trial plantations, whenever

3 new specieg is introduced to a region.



ECOLOGICAL NOTES ON SOME REFORESTATION SPECIES IN THE PHILIPPINES
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3) Albizzia falcata. Moluccan sau

4)

5)

6)

A fast growing tree from the Indo-Malayan region. It grows wel
up to elevations of about 600 meters in Luzon., in Mindanao it
can be grown also at higher elevations as in Cinchona Reforesta
tion Project, Bukidnon. Albizzia falcata does best on a variety
of scils, but best growth rates are obtained on good forest

soils.

The tree is liable to wind damage and therefore shquld nct be

planted in the typhoon belt, where the branches are easily

stripped off by strong winds. Albizzia falcata performs a

useful function as a nurse crop, wherever light shade is re-

quired to raise more delicate species by underplanting.

Large commercial piantations of this species can be seen at
the concession of the Nasipit Lumber Company in Agusan, Mindana
where a mean annual increment 6f about 30 cu. m per ha is ob-
tained an average sites and over 50 cu. m on good sites. Local -
yield tables are available.

Albizzia lebbekoides. Kariskis

A small tree with a wide distribution throughout the Philip-
pines. Suitable for plarting on dry and rocky sites.

Albizzia procera. Akleng-parang

This tree is common in regions with a pronounced dry secason,
namely the Ilocos Provinces, and is often encountered in open

secondary forest. Since the tree is able to grow on very shal-

low s0il, it may be a very useful species for difficult sites.’
The wood, although of small dimension, can be used for many
purposes.

Aleurites spp.

Aleurites trisperma {bagilumbang) is indigenous only to the
Philippines, while A. moluccana {lumbang) has a very wide
natural distribution and had been established in plantations
throughout the country. In the Nasipit Lumber Concession
lumbang is planted at a commercial scale in combination with
cattle ranching. The climatic and soil requirements of both
species are not very specific. ’

7

—

8)

9}
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11}

A third species, Aleurites fordii, -which yields the tung oil,
has been recently introduced in the Philippines (Magat Refo-
restation Project) and is supposed to grow well on dry sites.

Alnus maritima (7). Japanese Alder

This medium sized tree is suitable for elevations above 600
meters. It grows well on landslides and degraded soils and
therefore performs a useful function in erosion control as

long as the site is not too dry.

Anthocephalus chinensis (syn. A. cadamba). Kaatoan Banglkal

A fast growing pioneer tree of the rainforest area, which
sometimes appears in masses where the soil had been dis—

turbed by construction of logging roads.

The ecoclogical requirements of this species are uniform rain-
fall, moist and well drained forest soils and full light.
Planting therefore is only recommended in type IT rainfall
areas without a pronounced dry season. Plantations in the
drier parts of Luzon have all failed, while on favorable
9ites in Mindanac a mean annual increment of 50 cu m /hectare
and more had been recorded.

Bauhinia malabariea. Alibangbang

This and other species of the genus have only value as orna-
mentals and can be tried in groups for beautification on dry

ridges and other dry and rocky sites.

Calophyllum inophyllum. Bitaog

Common throughout the western Pacific region near seashores.
The species is'suitable for planting on coastal sands, but
due to the slow growth Casuarina equiqgtifolia is generally
preferred. Other species of this genﬁé thtive also in inland
plantations in drier places.

Casuarina_spp. Agoho

Two species of this genus, Casuvarina equisetifolia and C.
rumnphiana are native in the Philippines, while a third

species C. montana was introduced’ from Australia.

H
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- Caguarina equisetifolia: a pioneer on fresh deposits along

rivers and along the sea coast. The species is recommended
for planting on coastal sands and degraded sites in the

lowland.

~ Casuarina rumphiana: native in the meoist mountain forests
of the Philippines at elevations around 1000 meters. It is
a beautiful tree, but apparently not often cultivated.

- Casuarina montana {syn. C. junghuniana): Most of. the agoho

planted at higher elevations seems to be C. montana {7?7).
The species is very hard to distinguish from C. equiseti-
folia. Because of the ecological differences, however, the

distinction of the two species is important:

C. montana C. equisetifolia

Twige ("needles™)

Fruits {"cones"

12)

13)
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8-10 teeth at each node
each node

more truncate, smaller
5-6 whorls of fruit cells
8-~10 cells in a whorl

more elliptic, larger

7=8 cells in a whorl

Cryptomeria japonica. Japanese Cypress

Some old specimens are found around Baguio as ornamentals, but
they do not loock very vigorous. Cryptomeria likes a deep,
moist and well drained soil and is suitable only for higher
A plantation established at Mt. Data at about

2500 m was growing well until burnt 1973.

elevations.
Seedlings showed
slow progress during the first two years in the field, but

then put on rapid growth. In the mountainous parts of Agusan
young plantations showed extremely fast growth. The question
of the broper provenance is very important for Cryptomeria

In neighboring Taiwan the YOSHINO

Jjaponica. Provenance

from Central Japan gave best results. Provenance tests for

the Philippines are recommended.

Dipterocarps.

Most species of this very large and important family re-
generate naturally easily on undisturbed or slightly disturbed
forest soils. Their artificial regeneration, however, is
difficult. The seed years are irregular and the seed has only

a2 very short viability.

5-8, mostly 7 teeth at -

14)

15)

Plantations have been established successfully by underplant-

ing with wildlings of white lauvan and bagtikan (Malaybalay
Reforestation Project, Mindanao), because all dipterocarps
require shade in their early juvenile stage. Moat attempts of

planting them in open plantations have fajled.

If dipterocarps are considered for planting at all, trials
should be conducted on forest soils under shade in regions
with more or less evenly distributed rainfall. For details on
planting dipterocarp wildlings and enrichment planting with

dipterocarps see Chapter 11 and 16.

Endospermum peltatum. Gubas

The frequency of this medium to large tree increases in over-—
logged dipterocarp forest, where gubas can be considered a
secondary species. Since it is in high demand for matchsticks
and matchboxes, it is already planted in some places. The tree
seems to be best suited for fresh forest soils in areas with
more or less evenly distributed rainfall. The seeds require

a special treatment to break or avoid dormancy (PCAR, 1975).

Eucalyptus camaldulensis.

This species is widely distributed all over Australia, includ-
ing some areas with very low rainfall. Plantations of E.
camaldulensis have been established successfully under various

climatic conditions in many tropical and subtropical countries.

Trial plantations at elevations above 600 meters in Luzonh were

quite successful. At lower elevaticns trial plantations of

this species had been a total failure in some places and a

success in others. Therefore small trial plantings are re-

commended before starting any larger plantation in lower ele-

vation. Tt should be noted here, that most Eucalyptus species

are very sensitive to weed competition, and may require a care-

ful site preparation. This may be one of the reasons for fail-
ure in some places. T
LS

h

A provenance test with 50 Australian provenances of this
species was conducted by the Training Center in 1972 at the

Binga plantation site. The result so far has been, that .



6ﬁiy_some provenances from the most northern parts of Austra-
'iia”{ﬁorth of 180) gave promising results at the difficult
‘site, at Binga and seem to be well suited for dry mountain

areas where the choice of species is very limited.

Eucalyptus citriodora.

In its natural habitat this species occurs from sealevel up
to 600 meters under rainfall from 600 to 1000 mm. The tree

is very adaptable in respect of soil and rainfall conditions.

In the Philippines it should be given a trial on drier sites

at lower elevations.

Eucalyptus deglupta. Bagras.

This is the only eucalypt indigenous to the Philippines. It
requires a moist and well drained soil and is not a species
for dry sites or areas with a very pronounced dry season,

though the species appears to be gquite adaptable. On favor-
able aites the increment can be extremely high énd a mean

annual increment of over 50 cu m can be obtained.

Large commercial plantations of this species can be seen in
Surigao del Sur, Mindanac,where also natural stands of this

species are found.

Eucalyptus robusta. "Swamp mahogany".

This species grew well in trijal plantations in Bukidnon and
the Cagayan Valley (46). As the Australian name suggests, it
prefers marshy sites and heavy soils. It can be grown also
on light soils, as long as they are not tooc dry. On dry

sites the tip may die back, when the trees reach pole size.

Eucalyptus robusta does best under uniform rainfall, even

in lower elevations.

Eucalyptus saligna.

A very fast growing tree, which should be tried on moist
sites in Mountain Province and higher elevations in Minda-

nao. The species is not suitable for dry and rocky sites.

20)

21)

22)

Very sensitive to weed competition. Some specimen trees can

be seen around Baguio as ornamentals.

Eucalyptus grandis.

The tree is very similar to Eucalyptus saligna and also re-—
guires a moist and well drained soil at elevations above
600 meters, It is not suitable for dry sites. Very sen-
sitive to weedcompetition. There may be natural hybrids

with the former species.

Gliricidia sepium. Madre de Cacao, Kakawati.

This species was introduced from Central America and is very
common in the Philippine lowlands up to about 600 meters
elevation. It can be easily established on dry and poor
sites by cuttings, and therefore is very useful for erosion
control at lower elevations. Tt is also a good nurse crop
capable of improving the s0il ceonditions because of the high

nitrogen content of its leaves (49),

Cmelina arborea. "Melina", Yemane (Mindanac).

A species with roughly the same natural distribution as teak

stretching from India to Indochina.

Gmelina has grown well in the Philippines under a variety of
siter conditions, and has become the favorite of many forest-
ers. Due to its good early growth it can generally cope
with the weeds with little or no assistance. The tree is
quite adaptable to different rainfall conditions and can be
planted in all four rainfall types of the Philippines. How-
aver, regarding soil conditions, the species is guite de-
manding. According to LAMB {1968) Gmelina not only reguires
good drainagé, but alse a high baée status. Ample available
nitrogen is probably essential for wvigorous growth of
Gmelina. .

On difficult sites the tree is
without apparent cause already

In a trial plantatien in Binga

shogﬁlived, sometimes dying
at the %ge of about 10 years.

the trees grew well during

the first 2 years but then height growth stopped almost



23}

24)

25)
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completely. On favorable sites the tree lives up to 40 years

and can attain diameters of 60 to B0 cm (41).

Leucaena leucocephala. (8yn. L. glauca) Ipil-ipil.

an intreoduced tree from Mexico and Central America. which is

already naturalized in the Fhilippines.

Once established the tree grows and regenerates easily at
elevations below 600 meters and occasionally is seen above
1000 meters. It prefers the moist and more fertile lower
slopes and does not like acid soils. Regarding rainfall
ipil-ipil is quite adaptable, but does not do well on very

dry sites with southern exposure.

Leucaena can be grown from seed or cuttings and coppices
well, therefore it may be a useful species for ercsion con-
trol at lower elevations. In Laguna Province it is managed
under a coppice system to provide fuelwood for the Greater
Manila Area. On Java/Indonesia it is a very important nurse
crop in all taungya plantations, where it is sgwn in lines
hetween teak and other species. The young trees are lopped

frequently to provide mulch for improving the soil conditions.

In a test with 104 strains of Leucaena leucocephala conducted
at the Hawaii Agricultural Experiment Station a strain from
Mexico had been outgrowing all other strains (9} and had been

introduced to the Philippines recently as "gilant ipil-ipil™.

Mangifera indica. Mango

This very common fruit tree grows easily and fruits at ele-
vations up to about 600 meters in Luzon on a variety of soils
and succeeds also on rather dry sites. Planted on favorable
sites around forest plantations the wide crowned mango trees

will shade out grasses and_provide an effective fire break.

Pinus caribaea var. hondurensis. )
This is one of the few pine species besides P. meckusii and

perhaps P. oocarpa, which can be grown successfully at lower

elevations in the tropics.' In a 7 years trial plantation nort

of Baguio the species was outgrowing the native P, insularis.

26) Pinug insularis {syn. P. khasva}. Benguet Pine

27)

28}

29)

This species is indigenous to the mountains of North Luzon
and should be used for all grassland sites at elevationsa

above B00 meters. At lower elevations the trees tend to
exhibit a very poor shape and slow growth. The poor shape
at lower elevations could possikly partly be attributed to

éncreased shoot borer attack.

At Malaybalay Re@orestation Project, Mindanac, an old plan-
tation of very tall and straight pines can be seen at 600
meters elevation, but up to 1970 these trees produced little
or no viable seed.

Pinus merkusii. Mindoro Pine

The tree occurs naturally in the Philippines in two small
isolated areas in NW Mindoro and the Zambales Mountaina.
Very little planting has been done with thié gpecies in the
Philippines so far, because the seed is difficult to get,
it has a short viability and the seedlings are delicate and
slow growing.

An additional disadvantage of the Philippine provenances of
this species is, that they have a "grass stage", which does
not occur in the provenances of North Sumatra and increases

the weeding costs considerably.

For lower elevations it may be worthwhile tc try the Atjeh
strain from North Sumatra.

Pinus oocarpa.
Seadlings planted near Baguio have shown growth rates simi-

lar to the indigenous Pinus insularis.

WORMALD (1969) recommends trial planiing_with P. oocarpa
v. ochoteranai at elevations below 1000 meters.

by

Pithecolobium dulce. Kamachile

vac

A medium sized tree from tropical America, now widely dis-
tributed and natutalized in the Philippines. The aspecies is
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aﬁié to grow on dry sites and coastal sands, suitable for

srosion control in low elevations, source of tannin.

) Peidium guaba. Guava

Besides bearing edible fruits guavas are very hardy, deep
rooted, and drought resistant, they can be planted on ex-
treme sites on southern slopes and rocky ridges, where al-
most nothing else would grow. Once fully established, they

cannot be eradicated easily and survive grass fires.

Pterocarpus indicus. Narra

Most of the original narra forests near the coasts are al-
ready destroyed by kaingin, cleared for agriculture, or
altered by heavy timber cutting. Aceording to WHITFORD
{1911) narra is found throughout the Philippines, principal~
ly in regions where the dry season is not pronounced, nearly
always occupying places on flat coastal plains behind man-
grove‘swamps or very scattered along streams in the low
hills near t@é'coast. Very rich narra stands were also

found in thefCagayan Valley.

Thouéh the tree appears to be quite adaptable to dry sites,
it may not reach the quality here required for sawn timber
due to exXcessive forking and, as a result, short boles.

32) Pterocarpus vidalianus. Prickly Narra

The Fhilippine national tree. It is distinguished from P.
indicus mainly by the prickly fruit. the site requirements

are the same as for Pterocarpus indicus.

33) Samanea saman. Raintree, Monkey Pod, "Acacia"

This tree has been intreoduced probably by the Spaniards from
Central America. It is frequently encountered in towns and

along reoads at elevations below 600 meters. The wood is in

high demand for the wood carving industry.

Site requirements are not very specific, but the tree seems
to be most suited for moist, but free draining sites in the

lowlands with a pronounced dry season.
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34) Sesbania grandiflora. Katurai

This very useful small tree occurs naturally throughout the
Indo-Malayan region up to Northern Australia. It is cul-
tivated now in most tropical countries. The flowers can be
eaten as a vegetabkle, the leaves serve as fodder for milk
cattle, an extract of the barks is brepared as a medidine
against bowel complaints, the wood is used as fuel.

In the lowland of the Philippines and Java the tree is a
common sight in moist places along rice fields and near
homes. It is also found sometimes as a pioneer in abandon~

ed kaingins.

35) SBwietenia macrophylla. Large Leaf Mahogany

This species has proved to be one of the most sucecessful
trees for reforestation in the Philippines as long as it

was not attacked by the shoot borer. It thrives under rain-
fall from 1500 to 5000 mm. and a dry season up to 5 months.
In a moist climate the trees are taller and growing faster,
but the quality of the dry area mahogany is superior. Maho-
gany is essentially a tree of lower elevations and should
not be planted above 600 meters in Luzon.

In respect of soil requirements the species is guite adapt-
able and on rather shallow as well as deep alluvial soils.

Shoot borer attack (Hypsipyla robusta) is often serious es-
pecially on good sites and can Perhaps be reduced by grow-
ing mahogany in mixtures or under a light shelter of Albiz-—
zia falcata to avoid the formation of long sapy shoots, which
are of special attraction to the insect (6}. Where shoot

borer attack cannot be controlled other species must be chosen.

36) Swietenia mahogani. Small Leaf Mahogany

This species is able to grow on drier sites than Swietenia

macrophylla, but the growth rate is szWer.

B
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37) Tectona grandis. Teak

Teak has been widely planted on grassland sites throughout
the country. The great advantage of this species is, that
it can be easily raised in the nursery., easily established

in the field by stumps and sprouts after grass fires.

However, the rate of growth and the form of the trees are

generally very poor in mest plantations. It is not clear,

whether this is a question of the site (degraded gfasslandl)

or of unsuitable seed origin. Provenance tests with good
Thai and Indian provenances including the famous Nilambur

Teak from South India or Malabar provenances are suggested.

The value of teak in plantations with purely protective

functions in dry areas is doubtful, since teak is deciduous

and may take a very leong time to suppress the grasses to a

degree, where groundfires cannot do any harm {67).

Teak ig a very demanding species and should be confined to
rich, well drained soils, which are often really agricul-

tural soils and should not be planted on dry rocky slopes.

38) Toona calantas. Kalantas

This species is found scattered throughout the Philippines
on a variety of sites: along small streams in the molave
forest, on flood plains in tﬁe lauvan-hagachac forest (66}, .
on dry slopes.ih the Ilocos Region, in the rain forest of

Palawan, the Visayas and Mindanao. This wide distribution

shows, that the species must be gquite adaptable to different

501l and rainfall conditions. At the Caniaw Reforestation

Project in Ilocos Sur it is planted at a large scale on dry

rocky slopes. On moist and fertile sites the plantations afe

liable to shoot borer attack like most Meliaceae. Preventive

“*

measures are described in Chapter 23.

Since the species yields a useful timber, is easy to raise

and can be planted bare root, it should be given more atten-

tion.

39)

Vitex parviflora. Molave

Usually a small to medium sized tree of very ragged shape
and a crocked and fluted bole, but of very high value, be-
cause of its resistant timber. According to WHITFORD (1911)
the tree was once widely distributed throughout the islands,
especially on low coastal hills, usually on limestcne, but

may also cccur on vulcanic rocks and other sites.

It is suitable for very dry and rocky sites with southern
exposure, but ‘due to its slow growth it had been rarely
planted at a larger scale.

Chapter 4:

THE OBJECTIVES OF REFCRESTATION AND THE CHCICE OF TREE SPECIES

When selecting a tree species for a planting project, we
must in the first place always consider the species which

grow best under the given ecological‘ limitations. The

. ;
second consideration then is which of the possible species

serves best the purpose of the pléntation and gives us the
maximum benefit. Since the ecologi&al aspects have already
L

dealt with in the two previous chapters, the purpose of

" tree planting will be analysed here more in detail.
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Objectives for planting trees can be one or several of the

following:
1} Production of sawnwood, veneer and plywood,
2} Production of pulpweood,
3} Production of fuelwood,
4) Production of poles and piles for local consumption,

5) Producticn of "minor forest products" like rubber,
fibers, tannin, resin, fruits, etc. :

6) Erosion control,

7) Protection and improvements of watersheds,

8) Shelterbelts,

9) Beautification.
When making our choice, we should try to find a species,
which serves not only one, but several of the above listed

objectives to cope with the multiple-use functions of the

forest.

Producticn of sawnwocd

When the main objective of a plantation will be to produce
sawnwood, we have to consider ., that the trees we plant to-
day, will be harvested only after 30 to 100 years. The
problem for the forester is to predict, what will be re-
guired by the market a long  -time ahead. Inspite of all
future technical developments, increased competition from
other materials, and a noticible trend towards composite
wood products, foresters generally are convinced, that there
will always be a demand for good quality sawnwood. CHAMPION
and BRASNET (1958) recommend general utility timbers as a

safer investment in the long run than special purpose timbers

with increased competition from other materials.

Another point, which has a bearing on the choice of tree
species. is the necessity to concentrate on relatively few

species, after the stage of species trials has passed. The

useful species, to which the trade is not yet accustomed,
from an isolated plantation may be very difficult to sell
in most cases. The tropics are very rich in timber trees,
and there is the danger for the enthusiastic forester to
plant too many species. Of course also the other extreme
of large monocultures with all the risks involved has to be
avoided. If the existing species satisfy the demand, there
will be no need to introduce unpredictable exotics. In the
Philippines so far the species, which niake up the bulk of

industrial plantations, can be counted almost on one hand.

If a new species is to be introduced to a region, trial
plantations have to be established, which should cover at
least 1/3 or better % of the proposed rotation, before one
can embark in any lager operation. Observations in the nur-

sery and early plantation stage are not enough.

Under Philippine conditions the following species may be

considered for sawnwood production in plantations:

Swietenia macrophylla Gmelina arborea
Tectona grandis Albizzia falcata
Pinus insularis Bucalyptus deglupta

Pterocarpus indicus and P. vidalianus

Plantations of these species may become more and more im-

portant for the sawnwood supply in future, as the remaining
)

dipterocarp forests will be depleted.

Production of pulpwood.

The present annual paper consumption of the Philippines is
about 0.4 million tonsa. The increase in consumption during
the last decade has been about 7% annually. and the con-
sumption had doubled since 1961 (1).

The consumption of paper is intimately linked to the stand-
ard of living or the per capita incomeﬁ The higher the
standard of living and the educationald:slevel, the more the

people consume paper and paper producté.‘There is more demand

trade and the wood based industries always want large quan- for books, newspapers, magazines, writing paper. The increased

tities of the same product. Small guantities even of a very consumption of goods leads tc a higher consumption of wrapping
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and packing materials. With the rising standard of living
combined with a high population growth of 3.4% annually., we
can predict a sharp increase in paper consumption, and there-
fore increased need for pulpwood plantations. 5till gquite

a large proportion of the pulp and paper needed is imported,
but these imports are regressive. Imported is also still a
large portion of the long fiber pulp, which is blended with

short fibers to produce strong paper grades or kraft paper.

In the Philippines out of 3800 woody species. about 200 are
suitable for pulp {1} especially

- Benguet pine (Pinus insularis)

~ Moluccan sau (Albizzia falcata)

- Kaatoan bangkal (Antocephalus chinensis}
- Bagras (Eucalyptus deglupta)

- Yemane {Gmelina arborea)

Besides these species, which are already planted at a large
scale for pulpwood, the Forest Products Research Institute
at Los Bafios recommends also a long list of others (52).
Some of these, which have a potential for plantations, are
African tulip {(Spathodea campanulata), Binuang (Octomelis
sumatrana), gubaa {Endospermum peltatum) and luctub {Dua-

banga moluccana).

In a recent work ESCOLANO et &al. {1974) have investigated
kraft pulping of a number of non-commercial hardwoods, some
of which like Toog showed fiber length over 1.6 mm, but may

present gilvicultural difficulties for mass production.

In a pulpwood plantation, consideraticns about stem form,
branchiness and taper play only a secondary role. The main
aim is to produce guantity measured by volume and weight,
because about 4-6 tons of wood are required to produce one
ton of pulp. The fcllowing aspects therefore have to be con-
sidered already in the planning stage:

- Since a pulp mill requires very large quantities of wood
for economical operation, dry areas where trees are grow-
ing slow are unsuitable for pulpwood production. Water
must be available in large quantity, because about 40 cu.

m. of water are needed for one ton of pulp.

- Pulpwoed is bulky, the value per unit is not as hiéh a8
logs. Therefore pulpwood cannot be produced in remote
areas. The plantations have to be situated as close to
the pulp mill or a motorable road as possible and must
be concentrated to reduce transportation cost. Small,
widely scattered plantations are a great handicap for the
development of any wood based industries (26). .

~ The 5pécies usuélly planted for pulpwood are fast grow-
ing.: Thé pulp mill therefore has to be planned simul-
taneously with Fhe planting programme. After 8 tc 10
yeérs we can expecf-the first pulpwood to be harvested
and there must be a mill to utilize it.

- The number of species planted in a pulpwood plantation
project should be limited, because puiping of a hetero-
geneous mixture of -hardwoods ‘is still difficult. From
the silvicultural point of view, however, the project is
more safely founded, when several species are planted,
and large monocultures are aveided. Usually a compromise
has to be made between the silvicultural aspects on one
side and technical and economical on the other, which
could result, for example, in a block mixture of different

species and age classes.

4.3 Production of fuelwood.

In the Philippines fuelwbod 8till continues to be important
for the lower income groups, especially in the rural arecas.
The fuelwood demand of the Greater Manila area is met by the
ipil-ipil plantations of Laguna. In Central Luzon.heavily
pollarded rain trees and katurais provide fuelwood in pure-
1y agriculturél areas without remains of forest. According
to estimétes about one half of the worlds wood conumption

of 2.5 billion cu.m. is still cohsumed:as fuelwood. With the
present energy crises the demand for Ehelwood is likely to

increase.

"’H

. As pointed out by CHAMPION et BRASNE“T-L}(%AS\SB) wood as a fuel

has the great advantage over all other sources of energy.
except hydro-electric, that, properly managed it is perma-

nently self~renewing, and can be produced almost everywhere
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where land and moisture is available. The great disadvantage, In forest areas there will be no need for making special

however, is that fuelwood is guite bulky in respect to its plantations to satisfy this demand for poles and small wood.

calorific value, and costs for transport and handling are The always present secondary forest will provide enough
therefore relativeiy high. In most cases it would not be
economical to transport felling waste from the logging areas

to the centers of consumption. Where it can be expected, that

material. Where we have closgly spaced plantations for
timber production, the thinnings can often be sold to meet

the demand for poles (16).

a demand for fuelwood is likely to continue, special planta-

. If permanent difficulties in the supply exist for an area,
tions of easy growing species managed under a coppice system

bamboo plantations would be highly appreciated by'the local
may be the best solution. population, since bamboos rank among the most useful and
When selecting the species one should take into account the versatile forest products: Due to its ease in working and
calorific value as well as silvicultural factors. One should its availability bamboc is used in the Philippines for al-
not only select a species, that grows fast, but a;so one most ev§ry purpose wood is used in'temperate countries (30).
which regenerates easily naturally by seeds or coppice. Most ' Bamboo is used.for house construction in many areas, serves
fuelwood plantations in the tropics have been established as waFer container, or pots for raising tree seedlings, split
with legumes. For the Philippines ipil-ipil, kakawate or boho is woven into a coarse matting called "sawalg" used for
walls and partitions in houses, or it caf be used for fish
traps or fences. During the Vietnam War deadly traps were
congtructed only of bamboo and wines to be triggered off by
unwary soldiers, the "balatec" made of bamboo is still in

use to trap wild boar in some places.

Cassia siamea appear to be most suitable. Species, which
have to be replanted after each cutting cycle are unsuitable
for fuelwood plantations, except, if they are especially
adapted to a site, wheréﬂnothing else would grow.

ili i ecies for fuelwood . ) ]
In the Philippines the most common specie C Bamboo also can be a Source for long fiber pulp like in

Sulawesi (Indonesia). The technical difficulty to a certain
extent still is "the high silica content which destroys the
knives of the pulping machines.

plantations is ipil-ipil. Most of the ipil-ipil sold in
Manila comes from the Los Baflos area, where extensive plant-
ations of this species can be seen. The rotation there is
only 2-5 years. ILand reasonably stocked with ipil-ipil pro- (
Of the 17 erect species of bamboo found in the Philippines,
the three species most widely used are (30):

duces about 4000 bundles per hectare per rotation{30}, which
would be equivalent to about 6-10 cu. m. staked per year.

The "giant ipil-ipil" probably would produce much more.

—AKaanan {Bambusa spinosa): Thia spiny variety is the most
commonly used bamboo in the Philippines due to its strength
and durability. It is thick walled with internodes of 40
to 60 om and can attain a height of 25 m and a culm dia—

4.4 Poles and piles for local consumption.

i i he needs of the local ) . s
Foresters should always bear in mind t nee °© N meter of 20 om. Kawayan had been introduced to the Philip-
i ion. I ral areas there is . . . .
people to assure their cooperation. In ru @ ] pines a long time ago, possibly from Indonesia.
usually gquite a high demand for piles and poles for simple 3 )

construction and fences. The lower the income in a certain - Kawayan-kiling {(Bambusa vulgaris): This species occurs

part, the more the people use roundwood and less sawnwood. now all over the tropics and is comgidered a pantropical

. y s P . . N
With rising income the roundwood consumption will fall and species. It is difficult to dec1de:xwasre it is native
is replaced more and more by sawnwood and where it was introduced by man. The height is less

is re . v

than Bambusa spinosa, aad the culms have a thinner diameter
and thinner walls, Where it occurs, it is sxtensively utilized.
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— Boho (Schizostachyum lumampao): This thinn-walled species

is widely distributed in lower hill forests and covers
extensives areas in the foothills of the Mountain Pro-

vinces in Luzon.

Tt is easily understood, that a properly managed bamboo
grove near a village would be of great value to the com-
munity. Larger bamboo plantations could be the basis of raw

material for a number of industries.

Propagation of bamboc is done by root cuttings or root suck-

ers, with some species also stem cuttings are successful.
Seed years occur only at long intervals, after which all the
bamboo over -a wide area dies. If there is a seed year, this
opportunity for mass propagation should be utilized to raise
potted bamboo seedlings. For further information on bamnbcoos
consult McCLURE (1266}.

Production of "minor" forest products.

The number of trees in the Philippines, which yield other
products than wood,. is very vast. But here we want to deal
only with some species, which are cultivated

for their special products. These products are often termed
"minor" forest products (10}, although they can be very im-
portant for the local economy, and their walue per unit of
area may in some cases even exceed the value of wood product-
ion. Some examples for foreat trees, which are cultivated

in the Philippines for other products than wood, include

— para Rubber (Hevea brasiliensis). The largest commsrcial

plantations in the Philippines are found in Mindanao and
Basilan Island. Commercial firms plant now only high
yielding varieties, which have to be grafted. Their yield
is several times higher than that of the wild tree.

- tinchona spp. yield the alkaloids quinine, cinchonine and :

guinidine. A bitter extract of the bark is also used for
the manufacture of tonic water. Cinchona species are
native to Peru and Ecuador and have since long been used
for the cure of malaria. For cultivation they require a
humid mountain climate.

A 225 hectare plantation was started already in 19293 near
Malaybalay in Bukidnon at an elevation of about 1500 meters,
known today as the Cinchona Reforestation Project.

- Lumbang (Aleurites moluccana}. The kernels yield the lumbang
0il, which is used to make paint, varnish, linoleum and wood

preservatives.

~ Almaciga (Agathis philippinensis, syn. A, alba), A large tree

with broad needles belonging to the Araucariaceae. It pro—
duces a resin known as Manila Copal in the international
trade. The best guality copal comes from Palawan and Quezon
Province. 2&almaciga is widely distributed in the humid hill
foresta of the Philippines. Artificial regeneration of this
gpecies is mainly by wildlings, because the seeds have a very

short viability.

~ Pili (Canarium ovatum). This tree yields two valuable pro-

ducts: the famous pili nut and the Manila elemi, a resin
used for the manufacture of varnish. The pili nut is a de-
licacy known eapecially from the Bicel Region, where the
tree is cultivated. Canarium ovatum belongs to the Burse-
raceae and attains a height of about 35 meters and a dia-
meter up to one meter.

- Buri Palm (Corypha elata). The largest of all Philippine

palms. It yields the buntal fiber used for the manufacture
of f;ne hats in Central Luzon. The fiber is extracted from
the peticle of the immature leaf. The sap is used to make
tuba, an alcchelic drink. The trunk contains starch, which
can be extracted. The leaves are used extensively for making
baskets and mats. The buri palm occurs all over the Philip-
pines and is cultivated locally. After flowering the palm
dies.

Besides these few examples of minor forest products given
above, there is also a vast number of'%dible fruit-bearing
species worth cultivating on favorable micro sites along
creeks within forest plantations and @long trails. A compre-
hensive annotated list of edible fruiﬁ}hgaxing tree species
had been compiled by Prof. Jacalne {1%60). Fruits gathered
from plantation areas may improve the diet of the local po-
pulation and stimulate their interest in protecting the

plantation from fire. 71



4.6

Planting for erosion control.

For erosion controeol not only trees but also shrubs, grasses
and other plantsa, which can provide vegetative cover, can
be used. Very often the native flora of the project area
contains very useful species for erosion control, which
should‘be given a test, even if these species are considered
weeds and have never been propagated before. The require-

ments for suitable species are
- the species must be able to succeed on degraded sites,
- it should have a deep and wide spread root system,

~ it should be able to improve the soil conditions by
producing plenty of litter, or should be able to fix
atmospheric nitrogen in symbiosis with nitrogen fixing

bacteria,

- for many methods of erosion control (brush covers, etc.)

only species, which sprout from cuttings can be employed,

~ the species must be able to withstand draught followed

gsometimes by superabundance of water,

- a rapid development is desirable to achieve the protect-
ion quickly,

— the species should gave some economical returns like
lumber, fuelwood, edible fruits or other useful

products.

Species, which proved to be very suitable for slope stabili-
zation in Mountain province, were Mexican sunflower {Helian-
thus sp.), Lantana (Lantana camara), and Japanese alder
(Alnue maritima). For lewer elevations bamboos and legumes
like kakawati (Gliricidia sepium) and ipil-ipil {Leucaena

leucocephala) are recommended.

Protection and improvement of watersheds.

The main objective of most reforestation projects in the
Philippines so far is the establishment of protection for-
ests, many of which have important functions in delicate

watershed areas.

Reforestation generally is the best way of conserving soil
and water in mountainous catchment areas. A forest cover
raises the water storage capacity of a watershed and mini-
mizes silting of reservoirs. The reguirements for species
suitable for the protection and improvement of degraded
watersheds are basicly the same as those listed for erosion
control. Tn most cases we shall find it difficult, if not
impossible, to select a species, which meets all the desir-
able requirements listed above. The best solution would
therefore generally be a mixture of several species (pre~
ferably by groups), which are complementary in their bene-
ficial effects on the watershed.

It must be kept in mind, that only in special cases it is
justified to establish a forest with only protective func-
tions, which gives no direct economic returns. Under restrict-
ed utilization and special management alsc a forest in a

watershed can yield timber and other forest products.

Very few guantitative data exist on the effect on the hydro-
logical cycle of different tropical tree species: how much
rainfall they intercept, how much water they consume for
their own transpiration. how they influence the water re-
taining capacity of the soil. Speciles, which are deciduous
like teak, narra, Gmelina are likely to consume less water
for Franspiration during the dry season than evergreen
species. This may be a point to be considered in low rain-
fall areas, where springs may dry up, if the watershed is

under evergreen forest.

Shelterbelts

The reduction of wind velocity on both sides of a shelter-
belt consisting of several lines of trees and shrubs can
result in decreased destruction on himes, gardens and ag-
ricultural crops, and increases the yield from the protected
fields. The value of a shelterbelt\iﬁ the higher, the more
valuable the land or the crops it B;gtects. In the typhoon
belt of the Philippines, where extreme wind velocities of
about 200 km./h. are to be expected almost every year, well
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maintained shelterbelts would peossibly reduce some af the
damages. It can be expected, that the loss of productive
area through the ghelterbelts will be more than compen-

sated by their benefits.

The choice of suitable species depends-on what grows best

under the ecological conditions of the area. Within these

limitations desirable characteristics are (16):

- wind firmness,
- rapid development,
— ability to coppice.

- economic value.

In manf tropical countries casuarinas and eucalypts es-
pecially Eucalyptus camaldulensis, have been succesafully
planted for shelterbelts. In the Philippines also legumes
like ipil-ipil and kakawati would he useful. Most effective
ia a mixture of medium to tall trees in the center and
small trees and shrubs on the outside of the belt, so that
the shelter belt assumes a triangular cross-gection. As a
rule of thumb in planting a shelterbelt one uses 1/3 seed-
lings of tall to medium trees and 2/3 shrubs and small

trees.

A main shelterbelt should not have less than five rows of
trees or shrubs planted at a close spacing of about 1 by
1 meter. When the trees are grown up., and do not provide
protection in the lower sectiona any more, sSome trees may
be cut. After coppicing the full protection is re-estab-

lished. The trees cut can be used as fuelwood. If no coppice

can be obtained, overgrown shelterbelts must be underplanted.

A slightly permeable shelterbelt, which absorbs part of the
wind energy, has proved to be more effective than a solid
barrier, which only diverts tle wind. The depth of the area
protected depends on the height of the trees. A noticible
decrease of wind velocity can be felt on the lee as far as
15-20 times the tree height. Also on the windward side a
slight reduction of the wind velocity can be noticed a
short distance before the shelterbelt.

~cities are to be expected,

-
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Fig. 3: Reduction of wind velocity by a shelterbelt
(After GANGULY and KAUL, 1969, wmodified)

The interval between the shelterbelts where high wind velo-

should be about 100 meters, under
ordinary conditiona about 200-300 meters.

Tree planting for beautification.

Foresters are responaible for about 50 percent of the
Philippine land surface. Consideration of amenity aspects

is one of their duties, especially in the vicinity of towns
and cities. More and more foresters willingly or unwillingly
are getting engaged in beautification programmes, which have
become important public issues in some places. Often foreat-
ers are agked for thelr expert advise to recommend suitable
species. A brief list of common ornamental trees and shrubs,
which are gquite robust and grow on a variety of climate and
s0il conditions, are listed below: .

i

a) Trees with bright flowers

Bottle brush (Calistemon lanceolata),
Banaba {Lagerstroemia speciosal,
Dap-dap (Erythrina variegata},

Fire tree (Delonix regia), :
African Tulip (Spathodea campanulata),
Calachuchi {(Plumeria acutlfolla),
Alibangbang (Bauhinia spp.)

Jacaranda (Jacranda mimoseifolial, -
Pink and yellow flowering Cassias; (C

fistula, C. specta-
bilis, C. siamea),

b) Trees with beautiful foliage or needles
i

Norfolk pine (Araucaria excelsa)™y' _
Japanese cypress (Cryptomeria japonica}
Cupressus fragrans, C. lusitanica,-
Malaalmaciga{Podocarpus blumei}

Igem (Podocarpus javanicua)
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Arbor-vitae (Thuja orientalis}.

Pitogo {Cycas rumphii, C. circinalis),
Silverdollar {Eucalyptus cinerea),
-8ilky oak (Grevillea robusta),

Agoho {Casuarina equisetifolia),
Balete (Ficus spp.).

Palms

Buri palm {Corypha elata},

Betelnut palm {Areca catechu),

Pugahan (Caryota cumingii},

MacArthur palm {Actincphloeus macarthuri}
Dwarf coconut palm (Cocos nucifera)l,
Tikal {Livistonia spp.).

Royal palm (Roystonia elata}l,

c) Shrubs with bright flowers or colorful foliage

Poinsettia (Euphorbia pulcherrima),
Gumamela {Hibiscus spp.).’

Yellow bell {Solandra hartwegii),
Calliandra haematocephala-

Baston de San José{Cordyline terminalis)
Bougainvillea, several shades,
Sampaguita (Jasminum sampac},

Gardenia Jjasminoides,

Lantana {Lantana camara},

and many others

For more species consult ORNAMENTAL PLANTS OF THE PHILIPPINES by
M.L. STEINER.

Fig. 4: Beautification along a road with 4 tree and 4 shrub species

@& Araucaria excelsa, © Cupressus sp., @ Agoho, ©OBottle brush
4 Poinsettia, AYellow lantana, 4 Hibiscus, 4 Baston de san Jose
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The arrangement of trees and shrubs has to follow the rules of
modern landscaping as an "expressive, harmonious, and refined
imitation of nature” (23). Emphasis is on group
pPlanting with irregular spacing within the groups.

The ground plan of groups or the relative position of the
individual trees and shrubs has to be varied as much as possible.
There may be single trees neighboring small groups of the same
species, but an intimate mixing of single trees and shrubs of

different species has to be discouraged.

Symmetry and any quasi-symmetrical arrangements as well as
planting of straight lines especially along paths has to be
avoided as much as possible, because it loocks unnatural and

awkward.

If only a small space is available mainly shrubs and only a few
trees should be chosen.

B
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Chapter 5:

MIXED AND PURE PLANTATIONS

» Arguments_in faver of mixed plantations

Virgin ferests inlfropical countries are nearly always
composed of a hetefogeneoue mixture of a great number of
epecies. Pure natural stands are fregquent in the cooler
regions of the northern hemisphere.
decision must be made freguently, whether a pure or a mixed
etand would be heat suited for the site and the obhjective

Therefore we have to analyse the pros

In reforestation a

of the plantation. .
and contras of mixed and pure plantations 1n_some detail.

a) Mixed stands appear to be more natural, especially in

the tropics, where pure natural stands are rare.

b) A mixed stand is possibly more resistant against pests
and diseases. It is well aecepted, that extensive pure
and even—aged stands can premote mass reproduction of

forest insects and infestation by fungus diseases.

c) Mixed stands are perhaps better able to_meke full use of
the site, especially if the crown region consista of light
demanders and the lower strata of shade bearers. The same
applies to the root zone; where shallow and deep rooted
species can take up nutrients from different soil %ayers.

d) By a skillful group mixture the variationa of the plan- -~
ting site can be better utilized, because for each of the
varying site conditions the proper species can be selected.
which is perhaps the strongest argument for mixed plan-

taticns.

e} Where planting of trees has only proteetive functions a

mixed plantation with species complementary in scme res-
pects may be more effective than a pure plantation. While
some species are deep rooted, others improve the soil by
plenty of litter, others may yield ‘useful products. All
these benefits are indisgpensible in a protection forest,
but usually cannot be obtained from one species alone.

5.2 Arquments in favor of pur e plantationé

a) Pure stands are easier to handle from the {eChnical and

L)

c)

d)

silvicultural point of view. If in a mixed stand the
components are not extremely well suited for each other,
without the constant interference by a skillful silvi-
culturist and proper thinning the more aggressive species
will eventually take over, and the flnal result will be a
pure or almost pure stand. To malntaln an artificial mix-

ture up to maturity reguires much silvicultural skill.

It will be of advantage for the logging operation, if
there is only one species, and the entire crop <an be
harvested at the same time. The logging operation be-

comes very complicated, when different rotations have to
be adopted for the components of the mixture, and felling

damages would be unavoidable.

If the plantation is established for the purpose cof pulp-
wood production with a very short rotation, there would
be no point to start with a mixture.

Inspite of all kiological arguments in favor of mixtures,
long term increment studies in Europes have shown clearly,

that mixtures generally do not produce more than pure
stands (69},

Summing up the arguments in favor of mixed and pure plan-

tations we see, that the points in favor of mixed planta=-

tions are more of a biological nature, while those for pure

. - i .
stands consider more practical and economical aspects.
o

s
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Types of mixtures

Inspite of all arguments against mixtures there are many
cases, where a mixed plantation presents the best solution,
but is essential to adopt the right type of mixture. The

following possibilities exist:

a) Intimate or single tree mixture: Mixing by single trees

requires the greatest judgement in the selection of the
species for the mixture. In general, height growth must
be similar, if all the species are expected to get along
with each other. 1In practice this seldom works out well.
Distributing a number of species uniformly over the plan-
ting area has to be strongly discouraged. The greater the
the number of species in a mixture, the greater is the

uncertainty of the ultimate result (64).

b) Mixing by lines: Establishment of a mixed plantation by
alternate lines of different species has generally the

same disadvantage as single tree mixtures. It will also

lead to a struggle for survival of species.with possibly
different growing characteristics, in which the weaker

will finally be eliminated by the more aggressive.

If one wants a line mixture to be maintained up to the
end of the rotation, it would be more advisable to mix
the species by several lines alternating. so that a

number of lines takes "group character".

¢) Group mixtures: In most instances even-aged mixtures are

best obtained by group mixtures. As a rule of thumb the
minimum diameter of the group area should be one tree
length (about 30 meters). On the upper side there is no
limit for the size of the "group"” in the mixture, the
different species may even occupy & whole subcompartment
or compartment, and may take the character of separate

stands.

requirements of its components is the best way to utilize

the varying site conditions within the plantation area.

Technical problems arise generally in the supervision of
planting group mixtures. It is not sufficient to point

out the area for each species vaguely to the laborers,

A gkillful group mixture kased on the ecclogical

4)

—

Tust always be carried out,

but to have it demarcated temporarily by pegs or poles and
to issue very clear instructions. The presence of a forest-

er or foreman during planting is necessary.

Block mixturea: This is a compromise combining some of the

advantages of a mixed with those of a pure stand. The blocks
have an area of one or several hectares, which is sufficient
to allow economic harvesting methods. Adjacent blocks can
have different species or a substantially different age.
S3ince many pests and diseases show a marked preference for
certain age phases, mixing different age phases by blocks
could possibly increase the pést resistance of the forest,
where mixing different species is not possible. Block mix-—
ture should be considered in planning large pulpwood plan-

tations.

Mixture by underplanting: In this case light demanders are

underplanted with shade bearing species or species, which

require shade in their juvenile stages.

Examples: Benguet pine underplanted with dipterocarps (Malay-
balay Reforestation Project, Bukidnon, Mindanao), or pines
underplanted with Alnus maritima, which is a very compala-
table mixture. In areas where mahogany is heavily attacked
by the mahogany shoot borer (Hypsipyla robusta) a light over-
head shade would avoid the formation of long sapy terminal
shoots, which are of special attraction to the insect.
According to BEESON (1961) under a light canopy the attack
would be considerably less than in the open. Albizzia falcata,
which casts a very light shade, planted a few years ahead,

would probably be the best solution. The trees can be poi-

;soned or girdled, when no longer needed. Necessary thinnings

before any underplanting

is undertaken.

“Temporary mixtures: There are instances yhere a mixture is

ntended only for a limited time as in the mixed taungya

plantations of teak and Leucaena leuéocephala in East Java.

ere, teak is sown in alternate lines ﬁﬁth Leucaecna, which
o

8 lopped every year before flowering t& provide mulch rich

n nitrogen and to protect the bare soil from ercaion.
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When the teak plantations form a closed canopy, the Leucaena i
eventually shaded out. Generally the objective of a temporary
mixture is that the temporary component of the mixture serves

the better development of the more valuable species.

Chapter 6:

SPACING OF FOREST PLANTATIONS

There are great variations of spacing in forest plantations in
different parts of the world. Limba (Terminalia superbal} in
West Africa is often planted 8 by 8, or even 10 by 10 meters,
which means 100 to 156 trees per hectare. On the other extrem
in Germany there used to be a spacing in pine and beech plan-:
tations of 0.25 by 1.3 meters, which amounts to more than

30,000 seedlings per hectare.

Tn the Philippines most species are planted at a spacing of
2 by 2 meters regardless the purpose of the plantation. But:
here we want to give now some more thought to this question.

6.1 Aspects to be considered in gpacing:

a) The gite conditions: On good sites the seedlings can be

wider spaced than on poor sites, because of faster growth
they scon form a closed canopy and make full use of the
site potential. On the other hand, by planting at a wide
spacing on an adverse site, the trees would take a long

time to form a close cancpy and to utilize the site fully.

b

—

The objective of the plantation: For the production of

good quality sawnwood, especially with coniferous species,
one has the choice between close spacing to avoid the for-
mation of strong branches, or a wider spacing combined
with artificial pruning. Which to adopt depends mainly on
econpmical conditions such as labor wages, demand for

poles, appreciation of better timber quality, etc.

In pulpwood plantations generally no thinning is carried
out, branchiness plays only a secondary role, planting
therefore is done at the final spacing.

Tf planting is for protective purposes, it will be es—
sential, that the plantation closes up as quickly as
possible, consequently spacing should be close. The same
applies to fire breaks, which are planted close to shade
out grasses quickly.

c) The growing characteristics of the species: Spacing should

be modified according to the growth rate, tendency to
branch-and the ability to survive under field conditions.
Species, which grow fast in their early stages can be

spaced much wider than slow growing species. Trees with

a natural tendency to branch like narra (Pterocarpus in-
dicus), should be planted closely, if timber of good

quality is wanted.

i

d) Market conditions: Where poles fgéﬁ thinnings can be sold

at a profit or at least at the cost & their removal,close
spacing has silvicultural advantages. If it is uncertain,
whether any thinning would be carried out at all, it would
be safer to plant at a wider spacing.
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6.2 Recommended spacing for some reforestation species: b) Rectangular method of spacing or line planting:

pines 2 x 2 tj;: [ ¢ o o—
mahogany 2 x 2 !
teak, good sites 2 x 2 J“uq

medium sites 1.5 x 1.5 4 N ) ) - !

Gmelina arborea

good sites 3 x 30or 4x 4
. o b 5 & | U ]
average sites 2 by 2 L & S
ipil-ipil 1 x1 Fig. 6: Line planting or rectangular spacing method.
narra 1.5 % 1.5

Planting is done in lines, where a is the distance within the
Moluccan sau

kaat b kal 3% 3 or line and b between the lines. This method is applicable for
aatoan bangka

h fast . 4 by 4 planting in high cogon or talahib, where the cost for strip
other fast growing . . . .
brushing can be reduced by adopting a wider spacing between
the lines and a closer spacing within the lines, e.g. 3 by

1.5 meters.

on fertile sites
Eucalyptus, fast growing 3 x 3
Eucalyptus, others 2 x 2

mulberry (for sericulture} 0.5 x 2mor 1 x1m - — - .
. Spacing between within Seedlings Running meters Rel. cost of

. lines lines per ha. to be "brushed"” "brushing”
Special plantatiens
in hi 2.0m. 2.0m. 2500 5000 100 %
plantation in high grass 3 x 1.5
. 2,5 m. 1.6 m. 2500 4000 BO %
taungya plantations x 1.5
. 3.0 m. 1.5 m. 2222 3333 66 %
enrichment planting 10 x 3 or 15 x 3
seed orchards 6 x 6 Table 3: Relation between spacing and relative cost of "brushing”.

For planting on steep slopes every other line is started the
distance of a/2 to the right (or left) so that the formation
of straight lines running up and down the slope is avoided.

6.3 Spacing arrangements

Begides the aspect of "distance” between the plants we also

have to consider different apacing methods or gpacing arrange: . )
’ ¢} Equilateral Spacing: This method is rarely employed in re-

ments. . . .
forestation. Theoretically a possible advantage may be a

a) Sguare method of spacing: This kind of spacing is most better utilization of the crown space. Egquilateral spacing

common . is useful for planting hedges of two or more rows.
3 . a N

e Q1 — T Al .
1 ; 2¥3

L

- o— O

Fig. 5: Square method of spacing.
Fig. 7: Egquilateral spacing
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In all three of these metheods of regular spacing the trees 3

The main disadvantages of irregular spacing are difficulties

set in straight lines. Sometimes poles are used to mark the:

in the organization and supervision, detecting and replanting

beginnings of the lines, but generally Jjudgement by eye is of failures.

sufficient.

d) Semi-reqular spacing: Seedlings are planted in lines, but ¢

distances are freely adjusted in case of advanced growth,

rocks, fallen trees, very steep portions or other impediment

Most common in reforestation.

o] o o} o o o o
ADVANCETD
o) fel & crowTH a o © Chapter 7:
[ ] SUPERVISION AND TIMING CF REFORESTATION WORK
[} o} 0 Q o} fe)

Fig. B Semi-regular spacing

e) Irregular spacing: No attempt is made to plant the seedlings
in lines in either direction resulting in a varied pattern
small groups and individual trees.
o 7.1 Superyision.
(&) % o o o ;
° ) s o For successful reforestation close supervision is essential.
e © o o Under the present system of short term rotation of labor em-
o) o ° o ployed in many projects not too much practical knowledge and
o o] ° % o o o o responsibility can be expected from most laborers. The foresat-
ers and foremen in charge of a reforestation project are re-
Fig. 9: Irregular spacing quired to apend at least some time, if not the entire day
with their laborers in the field during planting to guarantee
This method of spacing is indicated on very rocky and roug efficient work. The foremen must watch, that
aites, where instead of regular spacing only the most favor - the working hours are followed strictly,
able micro-gites are selected for planting. Irregular spaci - the appointed laborers are also doing their share in the
is also adopted in planting out small gaps., For landscaping field,
it is mandatory because it lcoks more natural (64). : - proper planting techniques are employed and holes are made
deep enough, o .
Generally, irregular spacing is a little difficult to obtai - hauling of seedlings can keep up with planting,
in practice, because the planters almost automatically tend - correct spacing is maintained, ‘M:
to set the seedlings in lines. For landscaping it may there - the roots of bare root seedlings are’ nat exposed to the
fore be necessary to mark the place for every seedling by a open longer than necessary,
peg.
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— useless plants are discarded,
— the planting tools are in good working cendition,

- no portion of the area is left out unless it is too steep
or not suited otherwise,

- the rules for prevention of accidents are strictly followed

The pakyaw system which means to alleot a certain number of
seedlings to each laborer for a day telling him, that he can
go home when all are planted, has to be discouraged strongly.
The results in most cases have been very disappointing. The
success of planting depends too much on the quality of the
work, which would suffer in ‘that case.

How to organize a planting team.

In ordinary field planting the available labor force is to

be divided into foreman, plant hole diggers, planters, plant
haulers. Where very small seedlings are to be planted, hole

digging and planting is done in one operation by one man.

How many people are assigned to each particular task depends
on the local conditions. Where holes are easily dug more :
planters than diggers have to be assigned. On difficult sites
this ratio may be reversed.

In the mountains one foreman should not be given moré than 12
men plus those assigned for hauling, because to supervise a
greater number of men effectively“on steep slopes becomes too
difficult for one man alone to hanale. On more or less level
sites this number can be increased to a maximum of about 18

to 20.

On_a slope planting generally should follow the contours. To
avoid accidents by falling rocks it should be arranged, that
the leadman starts digging the hcles on the uppermost line,
the next follows on the lower line by always allowing the
upper man to be one planting hole ahead. The planters follow
the diggers in the same manner. With large number of laborers

however, this arrangement requires a lot of discipline and is -

hard to enforce in practice.

c}

< - (;% [} o -] o o ]

SLOPE i SLOFE

Fig. 10: Proper distribution of a small number of laborers
or a slope.

On very steep slopes with many loose stonesa and boulders it

has been found safer and more practical to . have all men work-
ing in one line proceeding from a contour trail directly up
the slope. If no one is left behind, because he is working
much slower than the others, this arrangement world be much
safer, especially when a large number of people is employed.
Wéaring of helmets must be made obligatory for everyone work-
ing on steep slopes. Planting will follow in the same manner
after digging of holes has been completed on a particular
slope. For small seedlings digging and planting is done by

the same .man.

[ A O R R
AAAAA A A A

~

E
SLOFE SLOPE

¥ig. 11: Distribution of a larger number of laborers on a
steep slope with many loose stones and boulders.

¥
%

d) In replanting and planting on very diffiéult sites it is more

practical that planting is completed in one operation by the
same man (one man work unit): the game person carries the
container with the plants, digs the hole and sets the seed-

lings.



There is a general rule for everyone, who has to organize
workers: always assign as few men as possible to any par-
ticular task. The more people one asgigns to a job, the less
will be the output per person. While some work, others will
be watching only or act as entertainers. There could also be
delays, because they are working dependent on each other.
The maximum output per person one would get, if only one
person is assigned to a particular task, provided the nature
of the job does not require two or more, for instance, when
the load to be carried is too heavy for one man alone.
Generally three men will preduce only a little more than two:
if one assigns more, the output per person will generally

sharply decline.

For paychological reascns it is usually preferred to have at
least two persons working on a particular task, because most
laborers will willingly accept any job provided they have a

“‘companion".

Timing of plantation work.

Bnother condition for successful plantations is proper timing.
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A time schedule based on the lccal climate has to be divised,
which sets the date for starting and the deadline for com-
pleting each operation. This time schedule is usually drawn
up in form of a bar chart. It is essential that it serves not
only for decoration of the office, but is strictly followed
in the field. This implies, that all necessary preparationsa
for timely termination have to be made well in advance. The
key operations, which have to be carried out at the right

time, are

a) Seed collection depending on ripening date,

b} Collection of top soil at the beginning of the dry season,

¢) ordering of supplies and egquipment, if possible, 6 months

in advance,

d) Sowing: When selecting the optimum date the basic consider-

ations are the time it takes to produce a plaptable seedling’
and the beginning of the planting season. If the time needed:

e}

£

—

gl

h)

i)

to produce adequate seedlings is 8 months, and field pilanting
starts at the end of May and goes up to the end of August,
sowing has to be dene during Octocber, November,and December.
Seedlings sown later under these conditions will not have the
size for field planting for the next planting season, and are

already at the moment of sowing condemmed to be "left overs".

Site preparations: Under clear felling gystems, where burning
of felling waste is attempted, burning has to be completed
before the firat rains.

Field planting: The optimum time to start planting is when
enough rain has fallen to moisten the top 15 to 20 ocm tho-
roughly. According to WORMALD (196%a) it is safe to start
planting when the rainfall of a preceeding 7 days period
reaches 60 mm.

Failures in plantations can be very high, when planting is
done after the optimum planting time. If the geedlings get a
late start, their roots will not be able to reach layers,
which retain sufficient moisture during the dry season., Fail-

ures because of planting too early are usually less common.

Weeding and tending operations must be carried out before the
seedlings have suffered from suppression by weeds. If weeding

is delayed too much, the seedlings may not be able to survive

a sudden exposure and die after weeding, Tf weeding is total-
ly neglected, they will die from suppression, which takes a
little longer, but is alsoc dertain.

Replacement of failures must be carried out at the optimum
planting time, i.e. the beginning of the rainy season, before
the new plantations are started.

Construction of fire lines has to be carried out at the begin-

ning of the dry season. i

For the termination of each of these operations a definite period

has to be fixed. Especially in plantfhg the proper timing has to

be

""“' s’ v ) I}
observed strictly. In Benguet Provinee the optimum time is

May/June to August. The survival of September plantings is aiready

very low and can drop according to experiments to mere 20 percent.
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Chapter 8:

SITE PREPARATION FOR FIELD PLANTING

To classify the various methods of site preparation, we can

set up the following system:

1. 8ite preparation by comp 1l e t e removal of the

vegetation

a) by felling and burning,
b) by slashing only,

2, Site preparation by par t ia l removal of the
vegetation
a) by clearing of strips,
b} by clearing of patches,

8.1 Site preparation by complete removal of the vegetation

92

a) by felling and burning: Site preparation by felling

and subsequent burning is practical in some cases to
replace overlogged foresy¥ or secondary brush by plan-
tations. All vegetation is cut and allowed to dry.

It is burnt just before the first rains are expected.
Usually this method would be too expensive, if carried
out by daily paid labor. But the cost for Eleafing
can be avoided, if there are contractors available who
would clear the area free of charge in exchange for
being allowed to cultivate field crops there for two
or three years. After the crops have been harvested,
trees can be planted (taungya system).

The main advantage of establishing a plantation on a

completely cleared and burnt site are a rapid develop-

b)

ment of the plantation, because of little competition
from weeds and a good supply of plant nutriente through
the ashes. The weeding expenses are generally less than
in those methods, where the vegetation was only partially

cleared.

The disadvantage of this method will usually be the high
cost for clearing., if no taungya farmers are available
who do the job free.

Some foresters object to the use of fire for clearings,
but in this case the fire is employed as a silvicultural
tool, which is efficient and economical at the same time.
After all, the area is only burnt once before the esta-
blishment of the plantation, which will not be repeated
on the same plot until the next rotation. Clearing and
burning is used in many Aasian countries, where teak and
other waluable species which are sensitive to weed com-—
petition are planted to replace secondary brush and over-
logged forests.

Site preparation by slashing only, can give acceptable

results,; where exploitation comes to an almost complete
utilization or where pure plantations are harvested. The
remaining herb and brush cover is slashed to keep it down
for the start of the plantation. This very asimple and
cheap method of site preparation can only be employed,
whére the natural herb and brush cover is very light, or

where extremely fast growing species are planted.

Under the conditions of the Philippine rain forest, where
weed growth is extremely fast, the following tree species
may. have a chance to compete with the weeds on a slashed
site: kaatoan bangkal, bagras, Moluccan sau, binuang, and
some others of fast growth, But a close watch has to be
given to the plantation, which means frequent weeding and
climber cuttihg.

R

Site preparation by pa r t i a 1 wremoval of the vegetation

a)

by clearing of strips. This is the standard procedure in
grassland planting, where the grass is more than 1 meter
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high. Usually the cogon is cut on strips about 1 meter wide at
The plants
are set on small cultivated patches (about 40 by 40 cm), on

intervals of 2 to 3 meters (from center to center).

which all rhizomes have been removed.

e Vi T s/

f— 5 m.——3

7007

cultivated patches, about 30-40 cm.

most of the cogon rhizoms should be removed.

BRUSHED
— 15w —— T LINE
// 3 M. HIGH
BRASS
l BRUSHED
II| Ii' CfIM IEI Iil II LINE

7

square, on which

Fig. 12: Line brushing and spacing in high grass.

When direct seeding in grasslaﬁd is attempted,

it is not enough.
just to cut the grass, but to cultivate a strip 50 - 100 cm widg
on which the seed can be sown. Where rotary tillers are avail-

able, this strip cultivation is done by machine.

Clearing strips of forest vegetation is practiced in so-called
"enrichment planting" or"line enrichment” to introduce valuable
timber trees in degraded secondary brush or where natural re-

generation has failed. Strips about 2-5 meters wide are cleare&
at intervals of 10 to 20 meters. In the remaining untouched por=
tion only those trees are poisoned or girdled which cast heavy :
shade on the lines. The lines are planted with selected tall

seedlings of shade tolerant species of the dipterocarp family
or mahogany.
Chapter 16.

For more information on this technique see

b) Site preparation by clearing of patches. Clearing of

patches instead of clearing lines in grassland can mean
a considerable'saving of labor. But it has some disad-
vantages. Where the grass is very tall the planters

will find it very hard to move from one plot to the next.
Also the supervision of the work will be greatly impeded
the same applies to weeding and replanting of failures.
For these reasons, under the ordinary 2 by 2 meter spacing
the seedlings are planted on brushed strips. If for some
reason a very wide spacing is adopted, for example 4 by

4 meters or more, then patch clearing would be indicated.

On sites, where the ground vegefation ia below about 1 meter,
generally no clearing or site preparation before planting is

necessary. Here it is generally sufficient to uproot the grasses

around the seedling with the hoe when digging the planting hole.

L
&
§
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Chapter 9:

GENERAL CONSIDERATIONS ON TREE PLANTING TECHNIQUES

In reforestation we have to compromise usually between very
elaborate methods, which may give a higher survival in the
field, but are not economical, and cheap and crude methods,
which may result in poor survival. Our aim must always be

a succeasful plantation at loweat cost.

Quality and size of planting stock.

One should only use carefully selected seedlings for field
planting. Plants which do not meet the reqguirements should
remain in the nursery for some more time or be discarded,
Among carefully culled seedlings there will be less failures.
Beating up failures always proves to be more expensive than
first planting. Usually it costs less to produce a seedling
in the nursery. than to plant it in the field, especially in
the mountains with long hauling distances on steep slopes.

Tt is waste of effort and funds to plant for example pines

of only 2 or 3 inches in heavy plastic containers. On
difficult sites taller plants with a well developed root
system show a better survival and require less weeding. They
may be slightly more expensive to produce and slightly more
expensive to plant, but are more econcmical in the long run.
However, it is n6t only the height that matters, but alsc the
top/root ratio and the stem diameter., Especially under a wide
spacing the gquality of the planting stock is of utmost im-
portance for the future development of the stand.

For more information on desirable gquality of planting stock

consult Part IV.

Benguet pine .......... 9 to 12 inches
Mindoro pine .......... 6 to 92 inches
Alnus maritima ........ 12 to 18 inches
Teak .ivicnnnnen. "oees.. 18 to 24 inches, cut back to 1 inch stump
Mahegany, bare root ... 30 to 40 inches
potted ...... 9 te 12 inches
Narra, bare root ...... 30 to 40 inches

potted ...... 9 to 12 inches

MolucCan Sau «cuvaewoee.. 12 to 18 inches
Kaatoan bangkal ....... 12 to 18 inches
EBucalypts ......ccvuann 12 to 18 inches
Gmelina arborea ....... 18 to 24 -inches

Table 4: Desirable height of planting stock {67).

Bize of planting holes.

The planting hole must be deep enough to allow the tap root
to hang down vertically without bending its tip. If the tap
root is too long, it would be better to shorten it a little
than to bend it. Large plants suffer more from transplant
shock than smaller ones and must be planted in a way that
their roots assume again their natural position, which means
digging a relatively large planting hole. For small seedlings
with a few and still flexible roots a small planting hole may
be sufficient. Although older seedlings are growing faster
when planted in a large pit, economic considerations put a
limit to the size of the planting hole {64). It must be
realized, however, that a large planting hole with plenty of
refilled soil helps root development, resulks in higher
initial growth, and greatly increases the survival rate es-
pecially on dry sites (64).

Depth of rooting horizon.

The seedlings must be planted in a way that the roots can
reach soil layers, which retain sufficient moisture during
the dry season and enable the plant to rgurvive. This can
be achieved by digging a deep plantingﬁﬁﬁ%g and loosening
the s0il at the bottom of the hole to facilitate root pene-
tration. Stones blocking the way into lower seoil horizons

have to be removed.
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28

" death of the tree yeara later {64).

The depth where sufficient moisture is available all the year
round depends not only on the climate, but alsc on the water

the exposure

holding capacity of the soil, the soil cover,

and other factors.

Protection of roots during planting.

One should never expose the roots of bare root seedlings to
the open longer than necessary. For bare root’ plantlng thls
is one of the most important plantlng rules .’ perhaps more

important than the planting technlque itself.’ It ‘has to be
strictly avoided, that the roots and rootlets dry out during
careless tranaport, prolonged and faulty storage. and badly .
orgdnized and poorly supervised planting. Experiments have
clearly shown, that seedlings whose roots had been exposed

to the sun for only a few minutes cap alreédy be seriously'r
affected.
to carry the seedlings in a container especially designed to
Ori

When planting bare root seedlings the planter ha

protect the roots, or he has to wrap them in wet cloth.:
should never assign a plant distributer as done with potted

seedlings.

Correct planting depth.

When conifer ous seedlings are planted too deep:,

especially in heavy soil, early growth is slow and the plan
assumes a stunted aﬁpearance. The reason for this is the dd
mancy or death of the old roots and the development of a ne
root system just heloﬁ the surface. Through the dead rooté

the old root_syétem a fungus might enter, which can causeit

However , it ie recommended also for coniferous seedlings
eapecially in light s0il to give some allowances for the.
soil to settle and for surface erosion around the seedling

which almost always occurs during tropical rain showeras:

Most broadleaved species can be planted considerably déép
than their original position, which has the addvantage, t at
the root system will not be exposed, if some soil is was!

away by heavy rains.

Correct position
of the rogt
collar

a. b. Seedling planted

c. One or two years
too deep Y

later: the old
roots are dead, )
new roots developed
below the root

collar M

Fig. 13: The effect of deep plantlng (after TOUMEY & KORSTIAN,

1962)
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Chapter 10: . . .
seedlings of most tropical timber trees do not have such an

TREE PLANTING TECHNIQUES AND TOOLS

absolute resting period. Therefore the best way to succeed
in field planting for most species_is by planting potted
stock.

a) Tools

- Planting hoes:  Various types of planting hoes are in use.
They vary in the shape, ‘length and width of the blade, the
length of the handle, and the angle by which the blade is

attached to the blade. The most universal planting todl of
Clasgification of planting methods:

all the tools tested was the oval blade planting hoe (fig.

" 14a}. It weighs about 1200 grams, the blade is reinforced
by a midrib. The oval blade is to be preferred to a blade
with a gtraight edge, because it penetrates the soil more
easily without being damaged. For rocky soil aléo a sturdy,
narrow blade with a straight edge was found useful {fig.l4b),
but it proved to be unsuitable for grasslard with a dense
mat of rhizoms.

1. Planting of potted seedlings,
2. Planting of bare root seedlings,

a) Methods, in which the plant hole is made by removing
the soil from the hole and piling it up on the sides,

b) Methods, in which the hole is made by a-thrust of a

planting bar or a notching spade.

¢) Methods, in which the scil is only lifted without
digging a hole,

d) Fully mechanized planting with planting machines.

3. Stump planting.

Co.. 26 CAL

10.1 Planting of potted seedlings.

Potted seedlings are raised in individual containers, which
usually have to be removed before planting. The containers

most in use are plastic bags., followed by boho pots, old

. a) Oval blade b} WNarrow blade ¢) Hoe withra broad
tin cans and veneer pots. pPlanting hoe planting hoe straight edge,
suitable for for rocky sites unsuitable for

The use of containers is little practiced in temperate most sites tree planting

countries, where mainly bare root planting stock is used
in the field. All field planting in Central Europe for
example is carried out during spring or autumn, when the

Fig. 14: Types of planting hoes.
seedlings still or already are in a resting stage. All

broadleaved species are without leaves at this time, and

there are hardly any transpiration losses. The young
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For the planting operation itself alse An advantage of the motor drillers is the deep hole they

a light short handled planting hoe can
be employed similar to the Reissinger
model planting hoe used at the Train-
ing Center in Baguio. {(fig. 15}.

All planting hoes must be sharpened

produce, which helps root development and root penetration
into greater depth and might increase the survival rate on
dry sites. Motor drillers are also useful for setting fence
posts. .

] A disadvantage is that their operation requires two men and
from time to time with a file to keep

is somewhat tiring without achieving significantly fmore than

s i i dition.
them in optimum working condi manual labor. The use of motor driller has its limitations

on rocky soils and steep slopes.

Fig. 15: Reissinger model

1 ~ German circular spades were found useful for planting on
planting hoe ;

loose forest seils without many stones. They are also suit-
~ Motor plant hole drillers. Most earth drillers are operated " able for lifting earth balled seedlings and wildlings.
by a chaingaw moter. Therefore, where a chainsaw is avail-
b} The planting technique: Just before planting, after the hole

has been prepared, the seedling is removed from the container.

able, relatively small extra expenses are involved for the

purchaae of the driller.

TQ v ailable Care is to be taken not to break up the earthball., Plastic
o types are av :

. . ) bags can be easily torn open or cut with a small knife, after
Spiral drillers, ordinary type, deposits about 2/3 of the

the soil has been compacted slightly by pressing it gently.
soil around the hole, sizes from 15 to 30 cm

Also removing the boho cylinder generally does not reguire.

diameter (fig. 1l6a), any tools, because at planting time it may be disintegrating

Frame drillers, the soil is oniy loosened and mixed, but
remains in the drill hole, easier to hand-

le than a spiral driller.

already. But when removing a secedling from a metal can with-

out proper slits, very often the earthball breaks into pieces
and the whole effect of planting potted seedlings is gone.

When piacing the earthball intc the planting hole the upper
part of the ball should be level or slightly deeper, but

never higher than the surrounding soil surface. After planting,
the soil around the sgeedling is thoroughly tamped to £ill all
air spaces between the ball and the sides of the planting hole
to avoid interruptions in the capillary system. Where rain-
fall is critical, a light depression is formed around the tree
as a catchment to promote infiltration of rain water. Finally
some mulch is deposited around the seeéiing in form of grass

Fig. 16: Motor plant
hole driller with chain-
saw motor. a} spiral

b} driller, b) frame driller

or litter to reduce evaporation and to avoid hardening of the

A

top lavyer.

a)

The accomplishment for planting potted‘séédlings per man day

(s

varies according to site condition and the size of the pots
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between 100 and 150 seedlings per man, without considering

the time for hauling the seedlings to the planting site.

Advantages and disadvantages of potted seedlings:

The main advantages are:

— potted seedlings have a higher chance of survival under
adverse conditions,
- the root system is only little disturbed in- the planting

operation,

- planting need neot to follow transport of the seedlings im-
mediately, the seedlings can be stored for some time at the
planting site, provided that they are kept under a light

shade and are watered.
The disadvantages compared to bare root planting are mainly
the higher costs:
- for the purchase and preparation of the containers,

- for transportation and hauling, because a considerable

gquantity of soil has to be transported,

- to secure good potting soil is a problem in some places and

involves additional cost.

Planting of bare root seedlings.

Bare root planting is done.in the Philippines with more re-
sistant species on favorable sites. Species, that are common-
ly planted bare root are narra,/molave, kalantas, ipil-ipil,
Alnus, Para rubber. There are some species, which are often
planted potted, but on favorable sites survive well as bare
root seedlings such as Benguet pine (planted bare root on Mt.
Data) and mahogany. For bare root planting many different
tools and methods have been developed. A number of the older
methods were very elaborate and are not pfacticed any longer.
There is a tendency now towards more simplified and crude
methods to make tree planting more economical with only a
slight sacrifice in the survival rate. Here only those me-
thods will be described more in detail which can be applied

under Philippine conditions.

—r

a

b)

Planting, in which the plant hele is dug by removing the soil

from the pit and piling it up on the sides.

This is the most common method for planting bare root seed-
lings in tropical countries. Usually planting hoes as des-
cribed above are used, but also motor plant hole drillers and

other implements can be employed.

Plant holes are dug at least 20 to 25 cm deep, the so0il is
piled on the sides without scattering it too much. The plant~
er who follows the digger, carries encugh seedlings for one
The roots of the seedlings have to be covered
with a moist cloth all the time. The plant is set with the
help of a small planting hoe like the Reissinger Model used

line with him.

in the Training Center. One can also use the hands to fill
back the scil and sort out green grass and stones. Afterwards
the soil is tamped firmly with the heels or the bhdck of the

planting hoe.

The daily accomplishment varies according to site conditions
and the size of the planting stock from 200 to 300 seedlings

per man.

The planting technique using the oval blade planting hoe in
combination with the Reissinger hoe appears to be the most
universal planting technigue for Philippine conditions. Both
tools, can be used for plantjing bare root and potted aseedlings
on almost any type of soil.'

Planting methods, in which the planting hole is made by a

thrust of a planting bar or a notching spade.

This group includes planting methods, in which the opening is

made by thrusting an iron bar or a heavy notching spade into

the ground pressing the scil to the sidee and producing a

cone or wedge shaped hole. After thé%roots of the seedlings

had been inserted to the required-depth, the hole is closed

by a second thrust of the planting bar or with the help of a
B

small planting hoe. N

.

Plantipng with planting bars. In many places, 6 to 7 feet long

planting bars with an iron or hardwood tip, or made of solid

! 105



iron are still in use. It should be ngted, that a stick for
planting (digging stick) was the first agricultural tocol develop=
ed by mankind and was already used in the Weolithic Age. Under
special conditions this tool can be very effect;ve_and is still

widely used in many tropical countries.

The original form of a planting bar is a tool similar to a spear.
More developed forms have a T-handle and a foot rest to be able
to use the feet when pushing the planting bar into thé grouqd
(Fig. 17) (20).

The planting bar is thrust vertically into the soil and then
withdrawn. The seedling is inserted in the opening so that
the roots hang downwards. The tool is thrust into the soil
again in a slanting position a few inches from the origin;l
spot in a way, that the lower points of the cpenings come to-
gether. It is then moved forward firmly pressing the soil
against the roots of the seedling. If the planting bar is
not properly inserted for the second thrust, the lower part
of the planting hole will remain open.
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Planting bars Notehing spade

Fig. 17: Planting bars and notching spades.

This method is useful for stumps and very small seedlings and

can be employed on light soils only.
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- Planting with a notching spade. Tools of this kind were seen

c}

occastionally in the tool rooms of reforestation projects, but

they were obviously rérely used. Several types of notching

~spades have been:designed to overcome the’'small openings made

by planting bars. Notching spades have a wedge shaped blade
and have a weight of about 3000 grams. The spade is thrust
vertically into the scil opening a v-shaped cleft. After the
seedling had been inserted, the opening is closed with the
foot or a second thrust of the notching spade a few inches
besides the first one. With notching spades slightly larger
seedlings can be planted than with planting bars. On heavy
soils this method will generally be a total failure.

Under Philippine conditions the use of notching spades is not

recommended, because

~ the soil is compacted at all sides of the openings, which
makes root penetration difficult,

- the roots are crowded together in a small hole or pressed
into in a single plane, scmetimes the holes are aco small,

that the roots may bend upwards,

- there are limitations on heavy soils and regardlng the

size of seedlings,

- the use of notching spades ia very tiring because of their-

weight.

Planting methods, in which the .8cil is only lifted without
diaging a_hole. '

These methoda for planting bare root seedlings have become
more and more popular with feoresters in EBurope, after it had
been realized, that even by relatively crude planting methods
good results can be achieved. The two most widely uged me-’
thods are:slit plantlng with the ovaL blade planting hee and
L-slit planting with the axe-hoe..

Sllt planting with the oval blade glantlng hoe. After the

vegetation had’ been cleared on a patth=or strip the hce is
thrust to the full length of the blade into the soil. The
handle is moved upwards with a light pull to create an opening
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for the roots, then the handle is moved downwards to produce
the slit. The worker makes a step forward, until he is able

to look into the slit.

The plant is swung as deep as possible into the opening by
the left hand {while the right is pressing the handle down}
and pulled up, until the root collar is level with the soil

surface.

The seedling ia kept in this pesition and the handle is
pivoted on the knee to move it out of the slit. Finally the
goil is carefully tamped with the foot (Fig. 18 a).

The method can only be recommended for loose soils and re—
latively small seedlings, and may not be suitable for refor-
estation of wasteland and degraded grassland.

L-slit planting with the axe hoe. This is a further develop-

ment of the ordiprary slit planting technique to overcome the
narrow planting holes. A special hoe with an axe blade Qn

top had been designed for this method. The plant hole is made
by one stroke of the axe followed by one of the hoe {47). In
Germany this method is considered to the most advanced and
economical planting method for bare root seedlings. Under
Philippine conditiona the value of this method, however,
appears to be doubtful, and therefore it is not described here

It is also possible, that two men work dependent on each other in detail.
{(two men work unit): one is handling the hoe, the other carries

the container with the seedlings, sets the plants and tamps d) Fully mechanized planting with planting machines.

the soil (Fig. 18 b}. The achievement of the two men work
unit is slightly less than that of cne man working alone.

a: one man work unit, b: two men work unit

Fig. 18: Slit planting with the oval blade planting hoe
(drawn after LOYCKE, 1963)

Slit planting with the oval blade plantihg hoe is considered
to be one of the fastest planting methods for bare root seed-
lings on suitable sites. Under favorable conditions a man
can plant 100 seedlinga per hour. Trimming of the roots be-
fore planting is very'important. This methcd can be used for
seedlings up to about 25 cm above root collar. The fact that
the plants are planted in a slanting position has no effect

on their survival, and they will straighten up very soon.
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. Up to now fully mechanized planting has no application in the

Fhilippines and is mentioned here only to complete the list

of bare root planting techniques.

The machines developed for this purpose are generally drawn
by a tractor. A plough opens a furrow, into which the plants
are set by a device, which regulates the spacing. The only
manual labor reguired is to feed the scedlings into this

spacing device. After the plants have been set, the furrow

is closed by two plough blades or two wheels with tilted
axles passing along both sides of the furrow pressing the soil
firmly against the roots of the seedling.

Planting machines can operate only on more or less level ground
with not too many impediments. A well known planting machine
is the FINNFORESTER, which under average conditions can plant
about 4,500 seedlinge per day, under favorable conditions up

to 12,000,

10.3 Stump planting.

Planting of stumps is only known 1n %roplcal countries. With
some species a higher survival rate ban be expected from stumps
than from bare root seedlinga (7). The main reason for the
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success of stump planting is the reduction of transpiration

losses by removal of the shoot.

A sfump is produced from a seedling 2 to 3 feet high. After’
lifting the plant from the nursery bed the stem is cut 1 inch
above the root collar. Tap root and side roots are also short-
ened, Thé iength of the stem portion retained-has rio effect on
the growth. With long stumps, however, there i1s a tendency to
produce more than one shoot. A diameter between 12 and 15 mm
is generaliy considered the optimum for teak stumps. For Gme-
lina arborea LAMB (1973} recommends 12 - 25 mm diameter at: root
collar with one foot of the tap root and 3-5 cm of the shoot
left. g '

When the stump is too thin,‘it has dnly little reserves and only
a short shoot is produced. All stump planting shoul@ be carried
out just before or right after the beginning of the rainy season,
so that the plants are well established, when the dEy months
start.

For pianting stumps very crude planting techniques can be used,
and very often only a pointed stick or a planting bar is.employed.
When planting with a hoe, the slit method is generally adequate.

On burnt over areas wheré no furthér site preparations are re--
quired a man can plant 100 stumps per hour. In grassland where
the rhizoms have to be removed, the average achievement is only
30 to 35 stumps per hour without the time needed for strip brush-

ing.
The main advantages of stump planting are

- Reduction of transpiration losses,
- Stumps are easy to transport,
- Storage for a week or so 1s possible without harm,

- They are cheap to plant because crude planting technlques can
be employed,

— Stumps can already be planted just before the rainy season,

- For some species survival of stump planting is higher than-
bare root planting.

Species, that successfully can be planted by stumps include ac—

cerding to LETOURNEUX {1957) Tectona grandis, CGmelina arborea,
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Alstonia scholaris,

Lagerstroemia speciosa, Albizzia procera,
Cassia fistula, Cassia siamea, and others. 1In the Philippines
only stump planting of teak and in a few projects of Gmelina

arborea is popular, but exXperiments are recommended for stump
planting of other species.

Chapter 11:

PLANTING OF WILDLINGS

Planting of wildlings is. practiced with species, which are dif-
ficult to raise in nurseries, because their seeds have only a

very short viability. Species often planted as wildlings include

almaciga (Agathis alba), and dipterocarps as white lauan {Pentacme

contorta), bagtikan (Parashorea plicata),
and others.

Mayapis (Shorea squamata)

" The following practice is recommendea: the seedlings are lifted

with a ball of earth and potted on the'%pot in the forest. They
are then kept in a temporary nursery under llght shade for re-
covery for 3 to 6 montha, befere they gre planted in the field.
Even with proper techniques the surv1val ‘of dipterocarp wildlings
usually is not very hlgh. There are casualties when the wild-
lings are potted, and then later when they are planted in the field.
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An overall survival of only 50 percent is not uncommon. From
experiences in Malaysia it appears, that younger wildlings show
a better survival rate than older ones. However, they should
not be potted before the cotyledons have fallen. The optimum
time for potting is when the first real pair of leaves has .
fully developed. If the wildlings are too old, they will suffer
from the transplant shock and mortality will be very high after
potting.

Bagtikan (Parashorea plicata) White Lauan {(Pentacme contortal

Height of wildling Survival Height of wildling Survival
0 - 20 cm 8B % - 0 - 20 cm 56 %
20 - 40 cm 74 % 20 — 40 cm 52 %
40 - 60 am 74 % 40 - 60 cm 24 %
60 - 80 cm 66 % 60 -~ B0 cm 10 %
80 ~100 cm 40 % 80 -~ 100 cm 2 %

Tab. 5: The survival of directly transplanted dipterocarp wild-
lings of different size classes. The plants were mud-puddled and
stored for one week before planting {MAURICIO, 1857).

The wildlings should be transplanted to the field, before they
have reached a height of about 40 cm. If they are taller, the:
rate of survival drops sharply as experiments with white lauan
and bagtikan have shown {50)}.

Planting of dipterocarp wildlings has justification in enrichmen
plantings, where the fellowing rotation may be based on natural .
regeneration again. If planting of wildlings is considered on a
large scale, it would be worthwhile to clear the ground vegeta-
tion and do some soil working under selected mother trees, just.
before the seed falls. In many cases the regeneration will. sprin

up as dense as in a nursery seced bed. This method gave excellen

results in Java for the regeneration of Agathisg loranthifolia.

Chapter 12:

DIRECT SEEDING

Direct seeding is the oldest method of artificial regeneration
and was practiced as early as the 14th century by the"fir sowers
of Nuremberg" (Bavaria), the first historical record of artifi—
cial regeneration of forest trees. Later direct sBeeding had
been more and more replaced by planting which for most species
gives better results. But there are still a number of species,

which are easily propagated by direct seeding because they

- produce plenty of seeds,

— grow fast in the early stages,

— have large seceds with plenty of reserves,

~ produce a long tap root at an early age,

- have seeds with a high germinative capacity, that can be main-
tained well under ordinary conditions.

Spacies’, which have been successfully established in the Philip-
pines by direct seeding, include ipil-ipil, lumbang, bagilumbang,
akleng-parang, casoi, teak and Cassia siamea.

Methods of direct seeding:

- Sowing on cultivated patches 1 to 3 feet in diameter is ap-
plicable for larger seeds, which are sown at a wider apacing
e.g. lumbang, casoi. )

- Sowing on cultivated strips 2 to 4 feét wide is usually prac—
ticed with finer seeds such as ipil-ipil, which are sown more

densely 53.

%

- Broadcasting the seed without soil wo;king gives good results
only under very favorable conditions (moist sites, loose soil,
not’too much ground vegetation). There is a possibility, that
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the seeds are already intercepted by the grasses and do not

even reach the ground.

- Broadcaating the seeds from planes can be succeasful only

under very favorable conditions.

Generally direct seeding gives acceptable results only, when

soil working was carried out to facilitate root penetration. It
is also impbrtant, that the seeds are covered with a soil layer

1 to 2 times the thickness of the seed and, if possible, with a
light mulch. To ensure establishment during the rainy season,
direct sowing must be carried out at the very beginning of the
rains, so that the seedlings are already strong enough to survive
the heavy monscon rain later in the year. The success depends on
50 many unforeseen factors, that it is strongly recommended to
conduct small scale experiments first before embarking in any

larger operation.

The quantity of seed needed can be estimated from the number of
viable seeds per pound, but ample allowance has to, be given for
losses throuagh birds, rodents and insects. 1In the Los Bafios area
7 to B gantas of ipil-ipil seed are sown per hectare (1 ganta =

3 literas).

There are scme chemicals available to treat the seeds before sow-
ing to make the seed less attractive to rats and birds or even
poisonous like red lead powder (1 kg. red lead powder for 8 kg

of seed).

To insure even distribution of seeds, the guantity of aeeds for
one line across the area must be measured in a tin can or similar

container as a guide.

advantages of direct sgeeding:

- For direct seeding no nurseries are required.

- Direct seeding is more flexible, it does not depend on the
availability of nursery stock.

- The shock of transplanting is avoided.

~ Species, which produce a long tap roct at an early stage, are

generally difficult to transplant. Direczt seeding is likely to
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give better results in those cases.

- Due to a greater density in direct seeding (if successful)
the guality of the future timber stand may be better.

Disadvantages of direct seeding:

- Sometimes the total costs of establishment are higher than
planting, because of higher weeding expenses. The initial
cost may be lower, but the total cost of establishment must

include also weeding expenses, which in direct seeding can
be very high.

- Poor survival of seedlings, if conditions are not very
favorable, becagse they cannot be watered as in a nursery.
If the seedlings cannot reach soil layers, which keep suf-
ficient moisture during the dry season, an initial success
may turn into a complete failure.

Many of the seeds and young seedlings become victims of

rodents, birds and insects, from which they could be protected

in the nursery.

The success is very uncertain, because it depends on many
unpredictable factors.
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Chapter 13:

REPLACEMENT OF FAILURES

Even with most careful planting technigues there will always be
a number of seedlings, which do not survive. Causes of death

can be

- injuries from transport,

- unforeseen dry spell after planting,
- damage by insects or rodents,

— improper planting technigues,

- suppression by weeds,

-~ poor gquality of planting stock,

- trampling by livestock,

~ effect of dry season.

Replanting or "beating up" such failures is always more expensiv
than first planting. The cost per seedling may double or tripl

Therefore it is necessary to decide carefully, whether replanti

is Eequired or not based on a small sampling check to estimate’

the failure.

As a very crude guide for sampling - it is suggested. that in argas
below 2 hectares every 5th line, and above 2 hectares every 10t

line is sampled. Tt is advisable to use two counting machines:

1 2 3 4 5 133 7 8 9 10
I A I 65 B
Line No. Survivors Failures
2 MREMRK. . 63 0 8
7 X [ I 69 :: a
12 HRRKEKED 67 = 9
17 HENXE] 55 =, 13
22 H RN 58 =) 10
27 HREHEREE, . | 64 .. 3
Teotal 376 + 47=423
47 x 100 _ 11 % failure
423

Replacement will be necessary only, if the overall percentage of

failure is above 20 percent, but only where at least two succes-

sive seedlings have failed. If the overall rate of failure is

replanting will be carried out only where the
failures are heavily concentrated (see tally sheet).

below 20 pergent,

For replanting, the best available seedlings are selected and
planted at the beginning of the rainy season, at the optimum

planting time.

To avoid, that

unnecessary time is spent in walking and search-
ing, all operations of replanting are done by the same man (one
man work unit):

~ detecting the failure,
~ digging a new planting hole,
- Planting the seedling.

one marked "survival", the other "failure". If counting machine

are not available, the results can be recorded on tally sheets:

There may be need for more than one replanting on the same area
during the first years of the plantation. #But where after two

dots and lines: replanting operations the area still ia not adéquately stocked,

the planting procedures should be revised~for improvements, or
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Chapter 14:

REFORESTATION OF ADVERSE SITES

The areas provided for reforestation generally are those
sites, which are not fit or not wanted or agriculture. For
obvious reasons the production of food is given priority
to forestry. Only in very rare cases the site offers ideal
conditions for tree planting.
foregtation are adverse in one or the other respect, which

Most sites alloted for re-

may include:

- dry sites or adverse scuthern exposure
- rocky and shallow soils

- ¢oastal sands

- swampy Sites

- steep slopes

~ high cogon or talahib

Dry sites and adverse southern exposure.

Difficult sites of this sort can be encountered in almost
every reforestation project in the ‘Philippines. The most

important rules for planting on a dry site are:

a) On dry sites potted plants generally give better results
than bare root seedlings. The pot size for dry sites
should be as large as possible to provide a good start

for the seedling.

b} The planting stock should be of the 5est available gquality,
that means that only seedlings of optimum size with a well
developed root system are to be planted. The root system
must be able to reach layers, which retain sufficient

moisture during the dry season.

<)

a)

e}

£)

g)

h}

On dry sites it is very important, that a large and deep
planting hole is prepared with plenty of refilled soil to
stimulate the root development and facilitate root pene-

traticn into deeper soil layers.

Where rainfall is scarce, it may be of advantage to form a
basin around the seedling to catch as much water as possible.
In humid areas the formation of such a basin might lead to
accumulation of water and cause the death of the seedling
for lack of oxygen at the roots.

On tall broadleaved species young sapy shoots and part of the
foliage must be trimmed to reduce transpiration, until the
seedling is well established. Heavy transpiration losses

otherwise can lead to the death of the seedling.

Mulching with grass or leaves greatly reduces evaporation
from the soil surface around the seedling and prevents harden-
ing of the surface soil.

In extreme cases delicate and newly planted seedlings are
shaded by fern fronds and branches - to prevent heavy trans-—
piration. ’

It is essential on dry sites that planting is carried out at
the beginning of the rainy season, which is the optimum plant-

ing time.

Sturdy seedling
—— Leaves and shoot trimmed

mulch deposit

‘Gatchment basin

deep planting
potted sgedling
deep plaﬂting hole

complet&%fertilizer
loose ‘sdil.at the bottom

Fig. 19: Planting technique for dry sites.
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Application of a table spoon of complete fertilizer contain-

_ing nitrogen, phosphorus and potassium has a very positive

effect on the development and the draught resistance of the

seedling.

Rocky sites.

Very often the nature of the site is the result of erosion.
Sometiﬁes only the topsoil is washed away, sometimes the
subsoil has gone too, leavirg an almost bare rock behind.
Some soil might still remain in the cracks between the
boulders. The possibilities for planting depend very much
on the nature of the underlying rock, the exposure, the
gradient and the climate. Some sites appearing impossible
at the first glénce, may have some cracks and solil pockets
able to support trees. Very often the site appears more
rocky than it really is because of the many stones accu-
mulated on the surface after the soil has been washed away.
Only by local experience it can ke judged, whether the site
would be able to support trees (15).

Where subsoil is left, contour trenching may be helpful in

. reducing run-off and increasing infiltration of rain water.

Instead of regular sgpacing the seedlings are set on the best
available spots. When the plant hole is refilled all stones
must be sorted out. On an extrgmelj degraded site applica-
tion of a table spoon of compleﬁe fertilizer would provide

a gocd start for the seedlings.

Coastal sands.

There are very few species, which can be considered for
planting on coastal sands. The most suitable species seem
to be agoho (Casuarina equisetifolia), talisai (Terﬁinalia
catappa),aroma (Acacia farnesiana} and the rather aslow grow-
ing bitaog (Calophyllum inophylluﬁ). Only tall plants at
least 50 cm high should be used. fhey are planted in large

and deep planting holes with some good soil as refill. Arcund

the tree a deep basin has to be formed to catch as much rain

water as possible. It is important, that planting is done

right at the beginning of the rainy season. Where it is
possible, a weekly watering of about 5 liters per plant
during the first dry season would greatly increase the
survival of the seedlings on coastal sands.

14.4 Swampy sites.

Planting is done on mounds or ridges to minimize the period
during which the seedlings are submerged during floods and

to improve the aeraticn of the root system.

Species to be
considered for swampy sites are banaba (Lagerstroemia
specicsa) and Eucalyptus robusta (Austr. "Swamp mahogany"),
and Casuarina glauca. '

Fig. 20: Planting on a swampy s&ite

The most faverable planting time for very wet and swampy
sites which are submerged during the rainy season would

be the end of the rains, so that the seedlings are well

established before the next wet season starts.

Steep slopes.

ey
s
N

On steep slopes a small horizontal Platform has to be pre-
pared where the planting hole will Be dug (see fig. 23,

below). e
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Fig. 21: Planting on a steep slope

In extreme cases safety ropes have to be used, which are
tied around the waist of the planters. To avoid accidents
from falling stones, the laborers should not be allowed to
work one below the other and wear helmets. The one working
above must 5e always one planting hole ahead (See also

chapter on supervision and organization).

Planting in high grass.

Where the grass cover does not reach more than two or three
feet, planting is not very diffieult. In high grass the
seedlings are usually planted on cleared strips. For each
individual plant a small patch of about 50 cm in diameter
is hoed and as many rhizomes as possible are removed before
planting. The success of the plantation depends tc a high

degree on subsequent weedings.

To reduce the weeding expenses on cogon land, only tall
plants should be used. The application of complete ferti-
lizer {one table spoon per seedling)} would not add too much
to the cost of the plantaticn, but helps to overcome the

weed competition.

To save costs for line cutting, it is recommended to adopt
a wider spacing between the lines than within the lines,
BARNARD (1956) even recommends spacing between the lines
double the distance within the lines. A 1.5 x 3.0 m spacing
would amount to 2222 seedlings per hectare as compared to

2500 seedlings under 2 X2 m spacing.

Chapter 15:

TAUNGYA PLANTATIONS, A POSSIBLE SOLUTICN OF THE KAINGIN PROBLEM

15.1 Forms of the taungya system.

The word "taungya” originally in.Burmese means "field in
the hills* or in Philippine langﬁage a2 kaingin. When
BRANDIS, a German botanist and forester employed in the
Indian Forest Service, saw the vast Tmperata areas created
by the hill tribes in Burma through shifting cultivation,
he started a scheme to turn them into teak plantations. The
tribal people were given a piece of land and were allowed
to clear and to cultivate it for two years. The only con=-
dition was, that before abandeoning the plot they had to
plant it with teak stumps provided by the Forest Department
(35).

This was about 100 years ago. The original form of taungya
has been improved and the term taungya is now known all over
the tropics as a combination of agriculture and forestry.
The principles of taungya farming are still the same as a
century ago, when it started in Burma. A certain area,
generally situated in a forest reserve, is alloted to indi-
vidual families. The farmers are allowed to cut, burn and
cultivate the land under the limitations stipulated in the
taungya agreement. The trees are plaé%ed either in the
first or second year or after all agricultﬁral crops have
been harvested. TImportant is that tl trees are planted
before the area has turned into gragﬁiéng. In places of acute
land shortage, the farmers may even accept to weed the plan-

tation during the first year.
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Today taungya is widespread in Africa, India and some count-
ries in Southeast Asia. In the Philippines a modification
of taungya on a voluntary basis is practiced at the tree
farming projects of the PAPER INDUSTRIES CORPORATION OF TIE
PHILIPPINES (PICOP) at Bislig, Mindanao. Farmers who have
titled land of at least 10 hectares within 100 kilometers

of the paper mill can participate in the project. "The -
scheme is to devote 20 % of the farmers total landholding

to food and livestock production and the remaining 80% to
fast growing, shortrotation pulpwood trees. Intercrop-
ping of food crops between the newly planted trees can also
be done to provide supplemental food or cash income" (PICOP
information pamphlet 1974}, The paper mill with a daily
capacity of 430 t guaranties to buy all the pulpwood at
prevailing markét prices. The Development Bank of the
Philippines is granting loans of ¥ 1000.- per hectare for
the development of the free farma. The main species planted
so far is Albizzia falcata, managed under an 8 years rotation.
The seedlings are provided by the company at a coét of PO.10
at nursery site or P 0.15 at plantation site, and have to be

paid for when the first pulpwood is sold.

Another special form of taungya is reported from the Zaﬁ—
bales Mountains, where according to Director JOSE VIADO the
Aetas are allowed to clear and cultivate a patch of forest
under the condition, that they plant it afterwards with
Lumbang (Aleurites moluccana). The BUREAU OF FOREST DEVELOP-
MENT guaranties the Aetas to buy all the Lumbang nuts they

harvest from their "own" trees. For this reason it is also

within the interest of the Aetas to protect the stands.

Conditions for successful taungya

a) Land shortage. There has to be a certain land hunger,
only then the farmers will accept the limitations imposed
on their usuwal kaingin practice by the taungya agreement.
In very densely populated areas the forest authorities
have a very strong pesition, and the farmers may be will-

ing in addition to planting and tending the trees to pay

a certain amount for the use of the land. In other parts
the forest department may have to pay a substantial pre-
mium for a successful plantation to stimulate the farmers
interest in the trees. 1In very thinly populated areas

it may be impossible to find taungya farmers at ald.

b) Legal basis. The second condition for successful taungya
is a suitable.legal basis. It is quite possible -and has
happened often before- that a group of people had been
given an area for clearing and cultivation under a taungya
agreement,'and later refused to abandon the land claim-
ing it as their own. They may find the help of a local
politician to support their case. It is essential there-
fore that any taungya agreement is based on a wr i t-
ten contract. Even then there'is the danger, that
land, which has proved to be suitable for agriculture,
will be claimed as "alienable and disposible".

15.3 The taungva agreement

The following items among others have to be reglemented in

a taungya contract:

a) Duration of the agricultural period. Undér normal condi-

tions this period should not be extended beyond two years.
Otherwise the soil will be depleted of plant nutrients
toe much and the growth of the trees will be retarded.

In drier areas, where the soil is not so heavily leached,
three years may be permissible, if the farmers refuse to
sign for two years only. Farmers, who are used to -cul-
tivate the s0il until it is completely exhausted, often
would refuse to abandon the area after two years, if this

was not fixed in the contract.

b) Planting and treatment of the treeg has to be reglemented

in detail in the agreement, because naturally the farmers
have not the least interest in a successful tree planta—
tion. They might even cut back Eﬂé trees where they in-
terfere with their crops. It has to"be decided, if the

trees are to be planted in the first or second year, or
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or after the field crops have been harvested. Also the
spacing of the seedlings has to be subject of the contract,

and weeding during the first year.

The kind of field crop the farmer is allowed to cultivate has
to be made part of the contract. TIf the trees are planted
together with the field crops., those crops which because of

their size would suppress the seedlings as sugar cane, maize
or cassava have to be limited or forbidden. A limitation
would be, if a certain distance between the rows or indivi-
dual plants is prescribed. There are also crops, which might
promofe diseases of the trees. It had been observed, that
pines planted on old fields, where root crops like cassava

had been cultivated before, suffered severely from heart rot.

The size of the iot for each family has to be settled, which

depends also on how far the farmers have other sources of in-

come. According to several investigations in normal kaingin
practice the area cultivated annually is only 0.2 to 0.3 hec~
tares per head. A family of five cultivated only an average
of 1.0 to 1.5 hectares, as long as only subsistence farming

is practiced. Since only manual labor is employed in kaingin
makingz the area the farmer can cope with has a definite limit.
On steep slopes 0.3 hectares may be the absolute maximum,

while under very favorable conditions the farmer may be able

to manage 0.5 hectares. In pianning a taungya project 0.3

hectares per working person may be a safe figure to start with.

Reglementation of.fees, premiums and penalties. To avoid, that

any feeling of ownership develops, it is desirable, that the
farmer pays at least a nominal fee for the utilization of the
land. But there may be alsoc cases, where the forester has to

pay the farmer for planting the trees.

Very important is a premium for a successful plantation teo

stimulate the farmers interest in the trees. Also penalties
for bad planting or damaging the trees on purposes have to be
made part of the contract. The hardest penalty would be the

exclusion of the farmer from any future taungya plantina,

For the utilization of fuelwocd in connection with
taungya it is advisable to ask the farmer to pay a

nominal fee to avoid that forest rights would develop.

15.4 Some common agricultural crops suitable for taungya

planting (35},

a) Upland rice is a typical crop of the Asian kainginero.

In contrast to the irrigated or wet rice it'is_cultivated
in kaingins, and is the staple crop in the less developed
parts of the Philippines. Upland rice is grown for éxample
by the Mangyans of Mindoro, the ilongots of Nueva Vizcaya
or some hill trikes of Mindanao. Both, the wet and the

dry rice, are varieties of Oryza sativa., The yield of
upland ricé is much less than what is obtained from the

varieties grown in irrigated fields.

Upland rice is more demanding regarding the soil fer-
tility than corn or cassava. Therefore a fresh kaingin
gives only about two consecutive harvests of rice, then
it must be abandoned or planted with a less demanding

crop like cassava or camote.

For taungya planting upland rice is very suitable, because
it does not reach the height of moat other crops.

‘Maize or corm is a crop cultivated already in ancient

times by Central American Indiana. Numerous breeds of
maize are now cultivated all over the tropics and sub-
tropics, and the southern part of the temperate zone.
Because of its size, planting of maize has to be restricted
in taungya plantations, wherever it is planted together
with the tree seedlings. A distance of at least 1.5 meters
from the seedlings is to be maintained which means that

the lines of maize must be at aminimum 3 meters apart.

Camote or sweet potatoe (Ipoﬁogﬁ batatas) can be cultivated
from moderate altitudes onwardg-up to 1500 meters or higher.
Propagation is by cuttings, which re planted during moist
weather conditions. The tubers mature after 4-5 months,

when the leaves turn yellow.
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d)

e)

Camote is suitable for tauvngya planting provided care is taken,

that the creepers do not suppress the seedlings.

Cassava (Manihot utilissima) is a member of the Euphorbiaceae

and had been introduced from South America, where more than
hundred varieties of this species are cultivated. Some of
these varieties contain prussic acid, which has to be removed
by washing the pulp before prepération of the cassava meal.

The non-poisonous varieties can be prepared the same as camote.

Probagation of cassava is by stem cuttings. Also in exception-
ally dry years it gives adequate yield and is able to grow on
very poor soils, which have been depleted of plant nutrients

by previous cultivation. The experienced kainginero therefore
plants cassava at the end of the agricultural period, while
during the first and second year more demanding crops like up-

land rice or maize are planted.

The tubers mature 6-12 months after planting according to
variety and can remain in the field for some years to form a
reserve for times of starvation. In spite of the many ad-
vantages for the farmer, there are some objections against the

use of cassava in taungya plantations:
- caspava grows very fast and may suppress the seedlings,
- it depletes the soil of nutrients more than any other crop,

- the tubers are loosely arranged around the stems, digging

them up might destroy the seedlings,

- it was observed, that cassava will promote the attack of
heart rot {(Fomes annosus), if associated with conifers.

The disadvantages can be minimized, if some restrictions in

the taungya contract limit planting of cassava. For example:
prescribing a late time for planting (decond year) and allow
only a wide spacing (3 meters) or restricting it toc the outer

border of the plol only. By planting fast growing tree species
like Gmelina arborea suppression of the seedlings can be avoided

Gabi or Taro (Colocasia esculenta) is a herbacious plant with

large arrow shaped leaves belonging to the family of Araceae.
This plant is commonly cultivated all over Scuth East Asia.

hs the hygromosphic habit already suggests, gabi requires
moist site conditions. The plant is shade tolerant and
can grow under a canopy of trees. If not planted too
dense, it may be a suitable taungya crop. At a leter
stage it may even benefit from the shade of the trees.

There are many more crops suitable for taungya planting,
What restricte their use is mainly their size and dense
foliage by which the plants suppress the tree seedlings.

15.5 Planning and organization of taungya projects.

Taungya on a large scale regquires very careful planning,
because the forester-in-charge carries a great deal of
responsibility for the well-being of the families concerned.
It is advisable to start at a small scale with some selected
and reliable farmers from the casual labor force, who usual-
ly are kaingineros anyhow. There must be field staff avail-
able with sufficient authority to control the limitations
imposed by the taungya agreement. The field staff is also
responsible for the distribution of the plots for each in-
dividual family and the demarkation of boundaries. Complaints
will generally arise from those farmers, who get less favor-
able sites. It is therefore necessary to study the area
carefhlly before making the subdivision. After enough local
experience had been obtained with a few farmers, the project
can be expanded.

According to FAC (Technical Report No. 9, 1971) in the
Philippines 80,000 hectares of forest land are destroyed by
kaingin annually which involves about 120,000 families. If
only a portion of these farmers can be engaged in a taungya
agreement, the area reforested annually could be increased

significantly.

A
x
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Chapter 16: spot. It is essential therefore to issue clear and simple
‘Chap :

IMPROVEMENT OF OVERLOGGED AREAS BY ENRICHMENT PLANTING

instructions to the workers, which can be followed mechani-

cally.

Several modifications of line enrichment had been carried

out with success (16} of which only two will be discussed

below.

a) Line enrichment with shade tolerant species.

At intervals of 10-20 meters strips 2 meters wide are cleared
of all vegetation. Larger trees on these strips are poisoned
Enrichment planting means the introduction of valuable with sodium arsenite or a hormon arboricide (2,4,5-7Y. Aall
species in forest areas, where economical species are lack- desirablesare spared. For most favorable light conditions it

The long term gcal of enrichment planting often is to is recommended, that the lines run in East-West direction.

ing.
imirove the species composition in a way, that natural re-
generation methods can be adopted in the next rotation. The
methods of enrichment planting had been eveloped by French
foresters (14) and are extensively practiced in the former

French overseas territories in West Africa and Indochina.

On both sides of the 2 meter strip the lower stratum, which

includes trees up to about 15 meters, is felled by chainsaw

or poisoned in a zone 5 meters wide., In the middle stratum

{trees of 15 to 25 m approximately) only occasionally a tree
with exceptionally dense foliage is poisoned or girdled.

idered for enrichment planting include: )
Areas to be conside ¢ If a distance of 20 meters between the lines (from center to

- Overlogged areas, where seedbearers as well as regenera- center) is adopted, there still remains a zone of 8 meters of

tion of economical species are absent or inadequate. If untouched forest inbetween. For more intensive enrichment it

regeneration is sufficient or not has to bhe determined can be considered to reduce the distance between the lines to
by diagnostic sampling methods. 15 or even 10 meters, so that the untouched B m zone in the

center will be omitted.

NHNNNY

cempletely lower stratum
cleared s Up to 15 m cleared

Secondary forest after shifting cultivation, where there

is usually only a low. proportion of desirables in the

earlier stages of the succession.

- Areas naturally poor in desirable species, but with a

potential for valuable timber trees.

16.1 Methods of enrichment planting

The common form of enrichment practiced today is line enrich-
ment. Enrichment by irregularly spaced groups had been aban-
doned because of difficulties in control and retracing the

groups for tending operations. .
Fig. 22: Line enrichment with shade tolerant species.

When conducting enrichment planting over extensive tracts of

rain forest, not always an experienced forester can be on the
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Planting is done on lines at a spacing of 3 to 5 meters
according to species and size of planting stock. This amounts

to 100 - 165 plants per hectare.

This modification of line enrichment is recommended to be
tried with dipterocarps, which require partial shade during
their early stages. The high shade provided by the taller
trees in the 5 meters zone on both sides of the lines will

also help to reduce the growth of the weed species and

climbers.

Line enrichment with light demanding species.

For the light demanding species of the Meliaceae family like
mahogany the first method would not provide encugh light,
and CATINOT (1965) suggests the following modification:

A1l vegetation is cleared on lines 5 meters wide at intervals
of 20 meters from center to center. In the remaining zone
between the lines all trees higher than 15 meters (which
roughly corresponds to a dbh of 15 cm) are cut, girdled or

‘poisoned, except the desirables.

While in the first method mainly the understorey is removed,
in the second modification more light is obtained by removing
the higher trees. For more intensive enrichment the distance

between the lines can be reduced to 10 m.

REMOVAL OF ALL
TREES HISHER

R TREES HIGHER
TREES HIGHE AN 15

THAN 15 m. THAN |15 m.

NN\ .

N
NNNEE

5M- I5M S —

NN

COMPLETELY COMPLETELY
CLEARED CLEARED

Fig. 23: Line enrichment with light demanding species.
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16.2 Planting stock and suitable species.

A species, which has already proved its value in enrichment
planting, is mahogany (Swietenia macrophylla). Since it is
alsc one of the most successful reforestation apecies in
the Philippines, it should be given preference where the
shoot borer permits its cultivation (FAO, 1970).

The dipterocarps are more problematic, because of the short
viability of their seed and sometimes poor survival, when
transplanted. With improved techniques these difficulties
may be overcome. Successful line enrichment with diptero~
carps on an experimental scale can be seen in the concession
area of the Bislig Bay Lumber Company in Mindanao. Of the
large number of dipteroccarps only the faster growing species
like Bagtikan (Parashorea plicata), White Lauan {Pentacme
contorta), Apitong (Dipterocarpus grandiflorus}, Mavyapis
(Shorea squamata) and others are recommended.

Because of the small number of plants, these must be of the
best quality available, balled or potted. Saplings or strip-
lings have an advantage over the weeds because of their size.
But tall balled wildlings taken directly from the forest
generally suffer too much from the transplant. shock and

generally show poor survival rates.

The best method is to collect the dipterccarp wildlings with
a small ball of soil right after the first true pair of
leaves has developed. They are potted and then kKept in a
nursery under partial shade, until they have reached planting
size.

Since the number of planta is only 100 to 165 per hectare,
it would add very little to the costs to apply scme complete
fertilizer {12/24/12 or 14/14/14) by Tixing it with the soil
of the planting hole. 2 small quanti%y of 20 to 30 grams
per tree according to size would Havg a great effect on the
initial growth and enable the seedl%ﬁés to cope better with
the rapidly developing weed species.'bF?om observations it
appearsa, that fertilizer application also would enable the
trees to put on good growth, even if the light conditions
are not very favorable.
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16.3 Tending operations.

16.4

134

The most decisive factor for the success of line enr ichment
are the tending operations during the first 5 or 6 years:
_ weed control, especially during the first two years,

i i i i trees overtopping the
- son girdling of all undeSLrab}e
Ei;es, gspecially when the seedlings become older and more

light demanding,

- gystematic cutting and poisoning of undesirable secondary
vegetation on the lines.

- climber cutting whenever necessary.

Tt is absolutely essential, that the required funds for these
tending operations are guaranteedat the time of planting,

otherwise the funds spent for the establishment are spent in
vain. Here lies one of the most common reasons’ for the fail-

ure of enrichment planting.

For the removal of undesirable tree growth the use of chem-
icals is now a well established procedure in tropical sil-
viculture (28,70). There is the choice between the very
poisonous, but highly effective and cheap sodium arsenite
and the non-toxic hormon based weed killer 2,4,5-T (For

more. information on arboricides consult Chapter 18.3).

The cost of line enrichment.

The cogt of line enrichment for a 20 meter spacing between th
lines can be estimated as follows {CATINOT, 1965, modified):
1. Year: Selection of area, marking of blocks
and lines, 2

Clearing of lines, poisoning of trees
between lines, 11

production'of planting stock

planting and replanting, inel. transport
of planting stock

weeding 2

2. Year: Weed control, climber cutting, further
. poisoning 3
3. Year: -dto.- 3
4. Year: -dto.- 3
5. Year: ~dto.- 3
6. Year: -dto.- 3
Total 42

man _days/ha:

In addition about 5 lba of sodium arsenite (about 50 cen-
tavos per 1lb } and some fertilizer are needed, the value
of which will hardly exceed P 15 per hectare. This sums
up to roughly # 435 per hectare (based on a daily wage of
P 10) including the cost of the seedlings and the main-
tenance during the first 6 yeara. About 2/3 of this amount
are needed during the first year.

Advantages and disadvantages of line enrichment.

a) Enrichment planting offers a possibility to bring un~
productive forest areas into producticn again. and pro-

vides a chance for natural regeneration in the fellowing
rotations.

b) Enrichment planting provides an opportunity for re-intro-
duction of valuable dipterocarps, which cannot graw in
the open in their early stages.

¢} In line enrichment with mahogany there is often leas
shoot borer attack than in open plantations {40}, The
possible explanation is that through side and partial
overhead shade the formation of long sapy shoota is
aveided, which make the tree attractive for the insect.
It is also possible, that the forest environment has a
positive effect on the life cycles of the natural enemies
of the shoot borer. *

The main difficulty in enrichment planting generally is to
prevent the lines from closing up from the sides and to keep
climbers and pioneer vegetation down. Assistance has to be

given gometimes several times a year up the age of 6 years.

Considering the succeas of line enrichment in other tropical
countries it would be definitely worthwhile to give it a

wide scale trial in the overlogged areiﬁ of the Philippine
rain forest. '
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Chapter 17:

SOME PRACTICAL GUIDELINES FOR FERTILIZER APPLICATION IN

YOUNG PLANTATIONS-

Numerous experiments carried out in temperate and tropical
countries have shown, that a considerable increase of height
growth and volume production can be obtained through ferti-
lizer application. A significant effect can already be
achieved by relatively small guantities applied in the pro-

per way.

The role of the main plant nutrients and their sources.

a) Nitrogen (N}: Because the atmospheric nitrogen cannct be
used directly by higher plants, the available N comes

mainly from the following sources:
~ Mineralization of humus,
~ Nitrogen conveyed by rain and thunderstorms,
~ NMitrogen-fixing bacteria living in the root nodules

of some trees.

Since humus is very unstable under tropical conditions,
nitrogen is in short supply in most tropical soils.
Nitrogen is an important element in nucleic acids, chlo-
rophyll and proteins, and so determines the production of
vegetative matter, including leaves, needles and wood,

b} Phosphorus (P): Though the total phosphorus content of

organic and anorganic compounds in the seil is usually
relatively high, the quantity of dissolved phosphate-ions

17.2

available for the plants, however, generally ias guite
low. Especially in acid soils most of the phosphorus is
rigidly tied up in metal compounds and not availakle to
the plants.

Phosphorus is an important element in the nucleo-proteids
and in form of phosphatic acids controls the energy meta-
bolism in the plants. The fundamental biochemical pro-
cesses of photosynthesis are not possible without the
action of phosphoric acids (5). Application of phosphorus
has marked influence on diameter growth and lignification
of tissues.

c) Potassium (K): Potassium is part of soil minerals, name-
ly feldspars and micas, but it does not become part of
organic compounds. Potassium among other functions in-
creases the osmotic preasure in the cells, favors the
uptake of water and opposes wilting. With other words,
it increases the draught resistence of plants (5).

d) caleium {Ca): Calcium is found in various combinations
in reck and s»5il minerals., By adding lime we can in-
crease the pH-value of the soil. If the pH-value is too
low, the availability of phosphorus would be affected,
If it is too high, it would affect the uptake of iron and
magnesium.

e) Magnesium (Mg) and Iron (Fe): Magnesium and iron are the

central components of chlorophyll and are required in
considerable quantities by all green plants. Magnesium
is also essential as a regulator for a number of biochemi-

cal processes in the plant.

=

Type of fertilizer.

Because generally nitrogen and pﬁosahorus are in short sup-
ply in mest tropical soils, best rgsults were obtained with
a well balanced complete fertilizerﬁbdﬁtaining nitrogen,
phosphorus and some potassium. In most cases the use of

complete fertilizer is to be preferred to the application of
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a single nutrient. If only one nutrient is applied. the in-
creased growth would lead also to an increased uptake of
those nutrients, which were n o t supplied by the treat-
ment. This may cause deficiency of these other nutrients

which is known as the "dilution effect" (5).

The three or sometimes four numbers printed on fertilizer bags
indicate the contents of primary nutrients in the sequence
nitrogen - phosphorus and potassium. The fourth number some-
timea found indicates the magnesium content. Combinations
recommended for forestry purposes are 12—24—12; 14-14-14,
12-12-12 or similar types. Some fertilizers alsoc contain trace
elements such as iron, manganese, boron, copper, zinc, molyb-

denum and others, which are needed only in minute quantities.

Method of application.

Because of the wide spacing commonly used in the plantations

an individual application generally is moat economical. For

the first application it is recommended, that the fertilizer

is mixed with the soil at the bottom of the planting hole. This
method is to be preferred to a top dresaing after planting,
because the fertilizer would not be washed away easily by

heavy rains and canncot ke taken up by shallow rooting weeds.

All subsequent applications, if any., are done in form of a
top dressing. The fertilizer is strewn by hand on a radius,
which is probably penetrated by the roots ("drip line"). If
this radius is chosen to large, the weeds will benefit un-
necesgarily. For the game reason all weeds in the vicinity
of the seedling must be uprooted énd used as mulch, mere cut-
ting would not be sufficient. Care must be taken that a high
concentration of the fertilizer does not get in direct con-
tact with the root collar. Young teak secems to be parti-

cularly sensitive and may be easily killed that way.

A fertilizer dressing combined with so0il working around the
seedling can give very good results, if done properly. Soil
working would help the infiltration of the fertilizer into
the sgoil and increase aeration. The cost of application,
however, is higher and there is the possibility of damages
to the root system.

Al. fertilizer application must be carried out during the

main growing season. A very favorable time is right at the

beginning of the rains, or towards the end of the rainy

season, when it is already toc late for planting, but the

growth of many tree species reaches a maximum. During the

peak of the rainy seasen fertilizer application would pro-

bably interfere toc much with the ongoing planting work.

17.4 Quantity to be applied.

The effect of different quantities of fertilizer on the in-

crement follows the well known input-output curve and may be

illustrated by the following experiment:
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Considering the effect on h e 1 g h t increment the most

significant effect against controi ("no fertilizer®) was

achieved by the 10 gram treatment without any additional

increase with higher doses.

For the diameter increment at root collar also the 10 gram
application resulted in the most significant increase. 20
gram per seedllng, however, showed a greater effect, but
the addltlonal increase was only small, for the 30 gram
treatment the additional increase was less still.

The quantity applied should result at least in the major
portion of "possible® increment. In the above example some-
thing between 10 and 20 gram per seedling accerding te the
availability of fertilizer would be the proper dose. The
quantity of 20 grams of complete fertilizer per seedling

is also in line with recommendations of GUSSCONE (1964) for
European tree species, For larger secedlings, of course,

the optimum quantity would be higher.

If 2500 seedlings per hectare are treated with a 20 gram
application, 50 kg {one bag) will be needed per hectare.
Based on the prices of 1974 this would cost about 100 Pesos.
For application as a surface dressing without soil working
about 1 man day 1s required per hectare, with soil working
about 3 man days are needed. ' To save costs, fertilizer

application should be combined with weeding.

Indications for fertilizer application in plantations.

- On sites, where deficiency symptoms occur (5,37},

~ 8itesa, which are degraded by erosion and where the
A-horizon had been washed away entirely,

~ Poor sites, indicated by a meager ground vegetation,

- In plantations of fast growing timber species, if aftexr
economic analysis fertilizer application would result in
higher financial net returns,

- On dry sites application of complete fertilizer would
result in a deeper root system and increased drauvght
resistence {effect of K} (27)}.

- Sites with a strong weed competition. Here the fertili-
zer must be applied in a way to give advantage to the trees
without favoring the surrounding weeds.

-~ In enrichment planting, where only very few trees per hec-
tare are planted fertilizer application would possibly
compensate for light deficiency and enable the seedlings
to cope better with the weed species.

Chapter 18:

THE_CONTROL OF WEEDS, CLIMBERS AND UNDESIRABLE TREES

18.1 Weed Control.

a) General considerations

The more hot and humid the climate, the more weeding opera-
tions have to be carried out. In the humid parts of Eastern
Mindanac three or- four weeding operations during the first
year are not uncommon, while in Northern Luzon one or two
weedings during the first year would bg sufficient. In some
places no weeding at all may be requfrgdl The number of
weeding operations has to be increased; Q%ere small and poor

planting stock was used for field planting.
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A common mistake in weeding ia that too much of the vegetation
is cleared around the plants. It should be borne in mind, that
£he grasses and herbs growing near the seedling may also have
Some beneficial effects on its development. The seedlings
might indeed benefit from a light shade, provided they are not
suppressed. A light weed competition at an early stage might
reduce the formation of strong side branches having a similar
effect as close spacing. Besides this the grasses perform a
useful function as a soil cover and protection’ from erosion.
Not more vegetation than absolutely necessary should be cut
{"ring weeding"}. The grass cut is placed as a mulch around
the seedling to reduce evaporation and check the new growth of

weeds.

For light demanders more clearing is. required than for shade
tolerant species which do not suffer so much from weed com-
petition. fThere are species, however, which are very sensi-
tive to any weed competition like teak and most eucalypts. In
these cases just cutting the weeds may not be encugh, but it
may be necessary to eleminate competition in the root =zone by
uprooting the weeds and doing some cultivation around the

seedling.

Care must be taken to avoid sudden exposure of plants, which
have already been suppressed by weeds. Here only the overtop-
ping weeds:are cut, leaving a side shade. It should be care-
fully studied, if any "brushing" is necessary at all during

the firat year, because the grasses in'many cases will dry up

anyhow. On steep slopes it often happens, that wilting grasses.

form a complete blanket on top of the seedlings, which must be

removed as early as possible.

Any weeding must be done early enough, before the secedlings are
suppressed and conseguently may suffer severely from sudden
exposure. Proper timing of weeding therefore is a decisive

factor for the success of the plantation.

ordinary bolo with an elongated blade and an elongated hand-
le called tabds in Ilocano has proved to be very handy. Since
laborera all over the country are used to work with bolos,

no new introductions hand tools for weeding are recommended

for ordinary field conditions.

al

Fig. 25: Weeding tools: a) Tabds, b} sickle, c} weed tramp-
lers, d)} moteor weed cutter with chainsaw motor.

- Motor weed cutters are already found in scome reforestation

projects. They are driven by a small gasoline motor (chain-
saw mokor ), which operates a circular saw attached to a long
handle. Where a chainsaw or a motor plant hole driller is
already available, the weeding attachment may be a useful
addition. The machine has proved tc be guite useful in
c¢learing high cogon, runo, talahib and cther sharp edged
grasses as well as brushes. -

~ Weed tramplers consist of a pair of ¥rames of oval shape,

which are attached to the shoes. The weeds are not cut, but
simply pressed down by the weighf of the body, which weakens

b) Tools for weeding.

them more than cutting. Their eff&ftiveness should be tried
under Philippine conditions. The job must be assigned to a
heavy person.

- Bolos, there are many local modifications of this useful tool.

For weeding in high cogon and talahib a modification of the
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c) Possibilities of chemical weed contrel in plantations.

Because of the high cost of labor chemical weed control had
become very popular with foresters in Eurcope and the United
States. The ideal weed killer required for forest planta-

tions should have the following characteristics:

effective against Imperata, not necessarily kill it, but

retarding its growth,
- harmless for conifers and broadleaved species,
-~ the use must be cheaper than manual labor,
— the chemical should not be poisonous to man or livestock,

- after the desired result had been obtained. the chemical
should desintegrate without any residual effect on the

ecosystenm.

Up to now there is no herbicide available, which meets all
these 5 requirements. In recent years DOWPON with the active
ingredient DALAPON had been used with good success in temper-
ate countries to kill grasses with rhizoms. It is taken up
by roots and leaves of the grasses and in lower concentra-
tions does not affect most forest trees. From some small
scale experiments it appears, that DOWPON is also effective
against cogon to some degree, which resists most selective

herbicides. But more tests are needed regarding

~ the compalatability with different tree species,
- the optimum time for application,
- the quantity required per unit of area,

— the econcmical analysis of the costs compared to ordinary
brushing.

Preliminary tests, however, have shown, that the quantities

required to weaken cogon are 30 high, that also most forest

trees are affected (68), and the cost of the chemical will in’:

most déses exceed the cost of manual labor. The prospects of
chemical weed control in forest plantations therefore at pre-
sent are not very favorable. For more informaticn on the dif-

forent types of chemical weed killers see Part IV.
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:18.2 Climber cutting.

Climber cutting is a very important tending operation in
the moist and humid regions of the Philippines. Severe
infestation of climbers can completely cover and deform
small trees of sapling gize. The control of climbers is
often more of a problem than the control of herbaceous
weeds and grasses. Because of buried and surviving seeds
there are generally more climbers on a forest soil. than on
a grassland site. Most climbers however, are very light
demanding, they disappear as soon as the plantation forms
a closed canopy and the conditions for their germination
become unfavorable.

Fig. 26: Freeing a tree from climberswith a Y-shaped
stick (after HENGST, 1954) ™ =
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When a tree is completely covered by creepers, one has to
use a y-shaped stick and push the vine up. By pulling it
down one would easily break the branches or the top of the
tree. The vines thus removed from the tre.e are not cut -
they would sprout again- but curled up and deposited at the
base of the tree. This weakens their vigor more than cut-
ting {34). With very persistant climber species it is re-
commended to spray the curled up climber with a 2 % solution
of 2,4,5—T, a hormon-based arboricide, to prevent any

sprouting.

A climber, which is a'very seriocus pest in Mindanao and
Mt. Makiling is Ucko (Mikania scandens)}. Another species
which is hard to control is bikal (climbing bamboo}, which
can form impenetrable thickets suppressing any young tree
growth especially in a more seasonal ;limate. In the humid
parts of Mindanao, bulacan (Merremia peltata) is often a

big problem.

18.3 Removal of undesirable trees.

Undesirable tree growth under 6 cm diameter can be easily
cut with the axe or the bolo. If larger undesirables have
to be removed, this can be done by chainsaw or girdling.
Nowadays the use of chemical tree killers had been found
more economical and effective, because not all tree species
can be killed by girdling alcne or would coppice after cut-

ting.

For the preparation of enrichment planting and timber stand
improvement; two chemicals are widely in use in tropical

countries: sodium arsenite and 2,4,5-T. The latter is sold
under different trade names (TORMONA or TORDON). Their main

characteristics can be compared as follows:

Sodium arsenite 2,4,5-T7

anorganic poison, hormon based arboricide

highly toxic to human i1f pure, low toxididity to men

and animals., and animals
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Sodium arsenite 2,4,5-T

highly effective for most acts slower, does not kill all species,
species,

very economical, more expensive, when diluted in
¥

diesel oil,

10 % {(by volume) sclution 3 % mixture with diesel oil, with

in water, water less effective,

If sodium arsenite is to be used, very strict safety measures
have to be adopted, because it is a very dangerous poison. For
further information on handling sodium arsenite consult FAQ,
Technical Report No. 3 on Forest Management (1971) or Malayan
Forest Record No. 23. Also the use of 2.,4,5-T requires all the
safety precautions normally used in handling poison. 2,4,5-7
normally is not toxic to human beings and animals, but it may
contain dioxine as an impurity, which is one of the most danger-

ous poisons known and toxic in minute quantities.

Methods of application

- 2,4,5-T applied with a paint brush on the bark arcund the tree
has a lethal effect on most trees provided that the bark is
dry and the zone painted is wide enough so that it cannot be
bridged by callus fgrmation. More hardy species must be
girdled first.

— The poison is applied by pouring a small quantity of it intec
a continuous frill of overlapping cuts made with a bolo around
the tree trunk. The chemical is carried in a dispensing can
of 2-3 liters with a long spout and a tight fitting cap and is
poured into the frill. This method is very effective against

very resistant species like all latex bearing trees (Moraceae,
Sapotaceae).

- Application in notches is practical far small trees and large

trees with high buttresses or irregular trunks. It is also

possible to £ill the dry crystals of,ﬁodium arsenite directly
into the notches. Pe

V‘":v

P
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The advantages of poison girdling 19.1 The process of natural pruning.

utting, the savings can be 20 % or more,

- cheaper than c The extent to which the lower branches die depends largely

for sprouting species more effective than cutting, on the stand density. As socn as a closed canopy is formed,

use damage in the regeneration by the growth of the branches below the canopy decreases and

- the tree poisoned does not ca

the branches fall one they finally turn dry. The time in which the canopy closes

falling, but is disintegrating slowly,

and the branch is shaded influences to a certain degree the
by one. diameter the branch can reach. Natural pruning therefore

s no sudden opening created. which has silvicultural

- there i is best in close even-aged stands without prominent indivi-

advantages. duals. Heavy branching is sometimes observed on good sites,
while the same spocies on poorer sites shows less branching

(61).

The branchiness of the individual tree depends also on gene-
tical factors. We can sometimes observe, that the branching
rattern of the mother tree repeats itself in the offspring

in a very similar way.

Tropical pines, like Benguet pine often show normal branch-

ing at higher altitudes, while at lower elevations the
Chapter 19:

branches grow almost as fast as the terminal shoot resulting

PRUNING AS A MEASURE OF STAND IMPROVEMENT

in trees without commercial value (example: Benguet pine
near Magat, Nueva Vizmcaya). Increased shoot borer attack at

low elevation may be only part of the explanation.

The great disadvantade of natural pruning is, that the dying
branch does not fall for some time. When the branch is dead,

it may take years until it is weakened by fungi and insects

and finally falls by the action of wind or rain. The activity

There are very few exceptions of fungi is very important for natural pruning. Where the

Almost all trees have branches.
pics like for example palms and younger indivi-

Branches are necessary to carry and support

he t branch wood is protected from decay by a high resin content,
only in the tro

duals of malapapaya. . o
the leaf surface of the tree essential for assimilation of carbo

hydrates and growth, but wood with ingrown branches is considere

natural pruning is delayed. By keeping a conifer plantation
dense, we can only influence the thickness of the branches, -
but not the falling of the dead branches (61).

defective and of inferior guality With most broadleaved species it is different. Here general-

s are less harmful than dead onces which ly dead branches decay very quickly and are dropped. A dense

Ingrown living branche
may cause defects and holes in the lumber.
should therefore be directed more towards the removal of dry

Artificial pruning canopy usually is all that is requlréﬂ to obtain clear boles.

Artificial pruning in broadleaved stands generally is not

n th of the green cnes carried out as systematically as in conifer plantations.
branches an .

Pruning here is more of a corrective nature as part of the

early tending operations (removal of forks, etc.)
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19.2 Artificial pruning in conifer plantations.

a) General considerations:

Systematic pruning of entire plantations is a very costly
It must be considered, that the expenditure for

e compounded at current interest rates up

operation.
pruning has to b
to the end of the rotation. Pruning can only be eccnomical,

if the increase in value of pruned timber is higher than

the compounded cost for pruning.

In the Fhilippines at present, pruning of conifers may only
be indicated in some of the commercial plantations intended
for lumber production in long term concessions, where the

investor also is in a position to derive the benefits from

his investments later.

Another consideration is, that the cylinder of clear wood
put on after pruning must be thick enough to be of any
value. The part of the stem containing knots should be
limited to the innermost core of about 10 cm. The expected
coating of clear wood should be at Jeast 10 cm thick. Prun-
ing is therefore econocmical in the b e s t stands only.

It is not advisable for example to prune the heavily branch-
ing pines at low elevation, from which never any timber of

good quality can be expected.-
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FPig. 27: Proportion of clear wood
after pruning.

According to fig. 27 a log of 30 cm diameter, which had been
pruned as a young tree of 10 om diameter contains 89 percent
of clear wood.
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Conifer plantations are usually pruned in three successive
stages following the natural development of the crown, until
in the third and last stage the tree is pruned up to about 6
or 8 meters. To prune higher than one can reach from the
ground, is rarely indicated, because the cost of pruning is
progressive at higher levels. Aalso because of lower increment
at higher levels, the output of clear boards can hardly be
increased. Generally the most valuable portion of a tree are
the lower 6 toc 8 meters, which may account already for about
2/3 of the total wvalue.

Since pruning is not yet a standard procedure in the Philip—
pines, as an example the South African pruning instructions
for pines may be quoted:

l. Stage: When the stand reaches a top height of 6 meters, all
trees except forked and suppressed individuals are
pruned up to 2,50 meters.

2. Stage: When the tree reaches a top height of 9 meters, all
stems which are left after the first thinning, are
pruned to half their height.

3. Stage: When the top height reaches 12 to 15 meters, 375 well
formed stems per hectare are selected. and pruned up
to 6,50 meters.

b) Tools for pruning.

- A light pruning saw with fine teeth, which can be attached
to a handle or bamboo pole of varying length according to
the pruning stage. While for the first stage only a. short
handle is required, for the second stage we alréady need a
pole of about 4,5 m length. . .

0f all the various models of pruning saws tested at the
Training Center the HENGST model gavé the best results, it
cuts on pull only (Fig. 28).

- Indispensable for pruning are protgétion glasses to protect
the eyes from falling saw dust and Email branches. These
"glasses" are preferably made of celluloid or a similar
material, bhut not glass.
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a)

d)

mgm-\uum«hl

Fig. 28: Pruning saw {HENGST Model) with extension poles.
Pruning technigque

o be removed are cut directly at the stem with
that the bark below the cut

The branches t

a clean cut. Care must be taken,

is not injured, which would cause resin pockets in the lumber

later. No splinters should remain at the lawer side of the

cut, because this would delay ccclusion and may cause defects
in the trunk.

pruning of conifers.
this would not have much effect on the tree or the in-

Generally only dry brahches are removed in

If occasionally some green branches are

cut,

crement, as long as not a major portion of the green crown is

removed.

advantages of pruning:

- The financial advantage of pruning depends largely on how
much timber free of knots and branches is appreciated,

Pruning of conifers admits a wider spacing and heavier

thinning without a decrease in the guality of the timber.

But it is only economical on good sites,
timber crop can be expected,
after pruning is sufficient to justify the expenses.

that by low pruning the danger of
ced. The

- Some foresters emphasize,
crown fires in conifer plantations is aomewhat redu
dry branches cut can be piled up where they cannot cause

danger in a ground fire as was demonstrated in a small scale

at the Bobok Concession.

where a first class.

and the increment of clear wood.

19.3 Correction of growth forms in hardwood plantaticns.

a)

The correction of growth forms is a very important stand
improvement operation in the early stages of a hardwood
plantation. The cost usually ias very small compared to
the increase in timber gquality. Since only a portion of
the trees receives treatment preferably at an early stage,
the expenses are only a fraction of the costs as compared

to pruning conifer plantationa.

Removal of forks: This particularly important for gpecies,
which have a natural tendency to fork like narra f{Pterocarpus
indicus). But also in all the other species forks must be
treated as early as possible. After a greater diameter had
been reached, no corrections can be made any more for the
danger of fungus infections. Besides true forks also branches,
which form an abnormally small angle with the trunk have to be
removed, because they almost inevitable will cause-defects in

the timber, after the branch has died (Fig. 29}.

RS
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Fig. 29: The effect of forks and branches which form a
small angle with the trunk: water enters the
pockets after the branches have decayed and
causea defects (drawn after HENGST, 1954)
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b)
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The fork is cut directly at the atem, as long as its diameter
is below about 4 cm. For larger forks the same procedure as
for large branches is recommended {see below). Forks of over
abouit 8 cm generally cannot be removed from forest trees any-

more.

In young plantations cutting of forks is only a matter of a
few hours. The treatment should be repeated at least 2 times.
The first treatment is recommended before the plantation
reaches 2 meters in height, the second when the top height
reaches about 6 meters. 1In the first treatment pruning shears
are the main tools (Fig. 30) for the second stage a pruning
saw attached to a bamboo pole (Fig. 28}.

{b)

~ClIITD

Fig. 30: Pruning shears: (a) Model "LOEWE" for thin branches
(b} Model "WALDTEUFEL" for branches up to 6 cm
diameter.

The commercial value of a tree forking right above the ground
is much less as'comparedAto a tree where all the increment
had been conentrated on one trunk only. As stated before,
the major portion of the value of a plaﬁtation normally is
constituted in thé 1ower 6 to 8 meters. If we can eliminate
forking that porfion, we would increase the timber value of
the plantation considerably.

Removal of abnormally strong branches.

Trimming a tree with abnormally strong branches back to normal
shape is carried out in three cuts, as illustrated in Fig. 31,
=)

Fig. 31: Proper re-
moval of strong
branches (8).

If we attempt to cut the branch directly with one cut, there would
be always the danger, that the branch goes off with a piece of
bark inflicting serious injuries to the tree. It is very import-—
ant, that the branch is cut direct i Y at the stem. Leav-~
ing a stump, which grows into the tree, would cause very serious
defects in the timber (Fig. 32).

Fig. 32:.Cutting of branches: a} tgb:much of the branch is left
b) improper cutting angle, c) cutting through the branch
swelling causes a very large wound, only the outer margin
of the swelling should be slightly touched by the cut,
d) proper cut (drawn after HENGST, 1954)
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For Eurcpean timber species it is known through experiments up to
which maximum diameter a green branch can be cut safely without
risking fungus infection. Similar experiments as a basis for
tending instructions are recommended for the Philippines. With a
gpecies like teak with a wood very resistant to rot, a larger
diameter can be pruned than with a softer and easier rotting
speciea. The scars of teak branches of 4 cm diameter pruned in
Binga were completely occluded by callus formation after 12 weelks.
To avoid, that the cut is exposed for a long time and risking
fungus infection, the work should be carried out during the main
growing season. The application of tree wax is usually not done
in forest plantatiéns. Only for wvaluable ornamental trees a mix-—
ture of bitumen and crecsote is recommended for protecting large

cuts. N

Fig. 33: Proper trimming of abnormally strong branchea. (drawn
after HENGST, 1954)
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When branches are too thick for pruning already or the species
is very delicate, the branch is not cut directly at the stem,
but about 3 feet away. Cutting only a portion of the branch
has the effect of reducing a strong branch to secondary im-
portance. The remaining portion of the branch must still be
long enough to fall by its own weight. once the branch is
dead and decaying. Leaving stumps of about 30 cm as can be
often seen is a serious mistake and will cause defects in the
timber. The cut has to be conducted right behind a bud point-
ing downward or sideward. Cuts made behind buds pointing up-
ward would stimulate forking (HENGST, 1954},

Treatment of poorly shaped trees: A forester is gquite often

confronted with teak plantations of poor shape due to fire,
grazing and illegal fuelwood cutting resulting often in
crocked: trees, multiple leaders, and heavy branching. The

best remedy is to cut back those trees directly above the

" ground. The reserves of the root atock will produce within

a year a straight branchless shoot several meters high. A
few weeks after cutting one has to remove all but the strong-
est shoot from every root stock. A similar treatment is also

given to leaning trees.

Treatment of wolf trees. Wolf trees are individuals, which

show abnormally fast growth combined with excessive branch-
ing. In wvery young plantations these can be directly removed
without harm. At a later stage it is preferable from the
silvicultural point of view, that they are only heav1ly pruned
and their top is cut; If we remove them completely at a late
stage, we would create a large opening, into which the neigh-
bors would extent strong branches. A large opening at a late
stage may also be the starting point for wind fall.

157



Thinning must start as scon as crown competition sets in to
Chapter 20:

provide enough growing space for the remaining crop. If thin-

OF THINNING PLANTATIONS ; : |
THE BASIC PRINCIPLES Provide snough Growing space for e remsining crop. If o

struggle for survival can be very preoclonged with shade toler-~
ant species. In dense stands of light demanders, the weaker

individuals succumb quickly and enly the most vigorous survive.

Mechanical thinning: In young overcrowded plantations and

natural regeneration, very often a so~called mechanical
thinning is carried out as. long as the indiwviduals are not
yet well differentiated in respect of height growth and
diameter (61). The objective is merely a regulation of
When we start a pine plantation we plant commonly at a spacing; where extensive plantations are to be treated,
spacing of 2 by 2 meters, which amounts to 2500 seedlings

per hectare. In the final stand after 60 years or so the

and where only untrained labor is available.

number of trees reaching maturity is only 250 to 500 per According to circumstances, in mechanical thinning, for
fhectare. All the rest of the initial number, about 80 to
90 percent, will have died through natural causes or had
been eleminated by successive thinnings. The aim of thin-

i i i mination
ning is teo correct the course of nature in the elemi

example, every second or third line or tree within a line
is removed, or in natural regeneration a minimum distance
between trees is prescribed. Deviation from the prescribed
spacing is only tolerated in exceptional cases where an

of individunals and to retain only the best stems up to obviously gocod individual would have to be removed in favor

. of an inferior one.
maturity.

Thinning cf older plantations.

Thinning of young stands.

211 the undesirable individuals are removed at an early For a given species, each site has a certain potential in-
stage of the plantation, which at first may be part of the

tending operations, later, when the diameter has reached

crement. The objective of thinning is to concentrate this
potential increment on the best trees only by removing the

salable size, is part of thinning. competition of inferior neighbors. The trees of the lower
I

stratum, which do not compete much in getting a share of

This negative selection is also called refining, the potential increment, are generally spared in thinning

which means to remove impurities from a mixture (18). Re- as a useful ground cover. In most cases their timber walue

fining is the contrast to liberation of the
best stems at a later stage. The individuals to be removed

does not cover the cost of removal.

E ”;,yw
in the refining operation are: While in younyg stands we have selected the inferior indivi-
. R duals to be cut, we now change our point of view and make a
- Individuals of undesirable species,

positive selection instead. We selegt the best trees and cut
- Trees, which show abnormal tendency to fork, G

! .
those, which compete with them in the crown region. This is
~ Wolf trees, Racy

} also known as "liberation cutting” (18}. so, only a tree
- Treesg, which are defective otherwise,

will be removed, if a better substitute will really profit
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from the additional root and crown space.

When marking the trees for felling we always have to look

at the situation in the canopy. not at the spacing on the

ground. All the inerement of a tree depends on a well de-
veloped crown, because this is the place, where the carbo-

hydrates, the elements of wood, are produced. To develop
a healthy crown capable of high increment, it is important

that thinnings are carried out early enough. If thinnings

have been delayed, many species would not respond to addi-

20.3
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tional growing space at a later age. One important prin-
ciple of thinning is therefore "early - moderate - often™.
Species which are able to make use easily of additional
growing space by extending their branches into the newly
created openings, those can be thinned more heavily, e.g.

Gmelina arborea and Albizzia falcata on good sites.

The edges of the plantation have to be kept as dense as pos-—

sible to maintain a favorable “forest" climate in the interior

of the stand.

A situation often faced when marking trees for thinning is
that there may be two trees of equally superior quality
growing closely together con a relatively small area. Ob-
servations under natural conditions have shown, that the
inaorement of both of them may not be reduced, as long as
there are possibilities for Jateral expansion. In this
exceptional case thé two trees can be treated as a "thin-

ning unit" without losing increment.

Numerical quides for thinning.

In many countries exact instructions exist -sometimes as
part of the yield tables - how much to remove and how much
to retain in thinning operations at different ages. These
instructions are sometimes based on the basal area, some-
times only on the number of trees per hectare, or even the

average distance between the trees.

a) Where growth is very uniform thinning instructions may

be based only on the number of-trees per hectare to be

retained at the respective ages, perhaps differentiated for
different site classes. But this would imply, that the plant-~
ation area is known and the trees are counted, or the number
of trees per hectare has to be transformed into average dis-—
tance between the remaining trees. As an example the thinning
schedule for slower and fast growing pines in South Africa

may be quoted:

Thinning schedule for s 1 o W e r growing pines in South
Africa

Site Class I Site Class II Site Class III

Age Stems/ha . Age Stems/ha Age Stems/ha
8] 1265 4] 1265 4] 1265
9 700 8 700 7 700
14 500 13 500 13 350
20 275 18 275 20 200
25 225 23 225 60 Final felling
40 Final felling 50 Final felling

Thinning schedule for fast growing pines in South Africa

Site Class I Site Class II Site Class III

Age Stems/ha Age Stems/ha Age Stems/ha
6] 1265 &) 1265 [¢] 1265
B 750 ’ 6 750 3] 750
14 500 12 500 14 375
20 325 18 325 20 250
25 250 23 250 50 Final felling

3¢ Final felling 40 Final felling

Table 6: Thinning schedule for pines in South Africa based on
the number of trees per hectare ($COTT, 1960).

Another numerical guide for thinning used in Germany and other
countries is the basal area, which is a good indicator of the
stand density. The basal area has to be kept well ﬁélow the
possible maximum, otherwise the diameter increment gﬁll be re-
duced or becomes stagnant. Only by cutting some trees the
selected remainders will put on new incrément,‘until the max-
imum basal area is built up again.

W
In some countries the relation between ~top height (the height
of the 100 highest trees} to average diskaﬁce is used as a
guide for thinning. This is based on the assumption, that
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higher trees require a wider spacing.

Thinning instructions

for Pinus merkusii in Indonesia according to COOLING (1968)

are based on an average spacing of 22 % of the top height.

20.4 The relation between thinming intensity, volume production and

financial return.

A logical indicator of the thinning intensity is the basal area..

If we assume the basal area without thinning as 100 percent,

then

90-95 percent
70-90 percent
50-70 percent

light thinning would be
medium thinning
heavy thinning
The question is now, which of the four possibilities gives us
the maximum volume and which the maximum financial return or

both.

For illustration the results of a thinning experiment with
Pinus radiata, Penola Forest Reserve, South Australia are

quoted here (43}:

Trees per hal age 17 age 24 age 30| age 36| age 38
before | after th

No thinning 2161 2161 2043 2006 1917 1892

light thin. 2211 1247_ 765 620 496 496

medium thin.| 2100 988 610 511 366 366

heavy thin. 2124 773 553 425 245 245

Table 7: Reduction of the number of stems per hectare by suc-
cessive thinnings in a Pinus radiata plantation planted 1923

at an initial spacing of 2.10 by 2.10 m, site class IV, first
thinning at the age of 17 years (after LEWIS, 1962}.

While under natural conditions in this case without thinning
still 88% of the trees remain at the age of 38 years, under
heavy thinning, however, their number is reduced to a mere

12 % {but of considerably larger diameter).
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Thinning Total wvolume | Total volume| Cumulative Net present
intensity {cbm per ha) | (cbm per ha)l value up to] value of the
inc. thin- of thinnings| 38 yrs. age of 38
nings : (ABustralian| years -
‘ Pounds)
1 2 3 4 ) 5
No thinning 790 - L. 1571 L.148
light thin. 911 311 L. 12909 L.808
medium thin. 899 344 L. 2016 L.946
heavy thin. 873 461 L. 1941 L.988

Table 8: Volume and value production at a rotation age of 38 years
under different thihning intensities.  The net present
value (column 5) considers cost of establishment, main-
tenance and logging at an interest rate of 5% {Faustmann
formula) and is based on current royalty rates (after

LEWIS, 1962).

Total volume (column 2, table 8}: The volume produced by the un-
thinned stand is considerably less than the thinned plots. Because
of the high density of the unthinned plots many stems can reach
only diameters below 10 cm which is too low for general industrial
use and therefore is not considered in the volume computations.

The differences in total volume productiop between the ligh, medium
and heavily thinned plots are not significant. The results of this
experiments show, that thinning within reascnable limits does not
have a significant effect on volume production, which also is in
line with findings in Europe {69).

Total volume of thinnings {column 3, tabl# 8): The figures show
that in the lightly thinned plot about 1/3 of the volume, and in

the heavily thinned plot about % of the volume is obtained from
thinnings.

Cumulative value (column 4, table 8): The cumulative values of

the thinned- plots differ significantly from the value of the un—
‘thinned plot. This has two reasons: firat? the average diameter
of the timber from the thinned plots is higher and therefore com-
mands a higher price. Second, by thinnind we remove the inferior
trees and concentrate the potential incréimént of the site on the
best individuals, which raises the average gquality of the stand

and the value.
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Net present value (column 5, table 8): The net present value

considers compound interests from the time on when the yields
are actually obtained, but deducts all costs (establishment, g FOREST FIRE CONTROL

ff\ Chapter 21:

maintenance, loggihg) also at compound interest. The figures
clearly show the advantage of heavy thinning, because high yields

are obtained already at an early date. fﬁ

increases the resistance of the stand against windfall. But

cutting of trees has to start at an early age of the plantation
and has to be carried out gradually. A sudden opening at a L
later age could have the contrary effect and promote wind damages. ;

i
1
]
Besides resulting in higher value production, thinning also _;H
]
i
1
i

The effective control of forest fires is one of the greatest

Also the resistance against pests and diseases is increased in a problems of the reforestation program in the Philippines.

properly thinned plantation, because there are not so many dead Especially areas with a seasonal climate are hard hit by

d dyi trees forest fires almost every year. According to the annual
an ying .

report of the former Reforestation Administration for the
fiscal year 1969/70 a total area of 3300 hectares was burnt,
1970/71 rd. 1400 hectares were reported burnt {58).

21.1 Fire causes

= Burning of pastureg: Cattle owners set fires in cogonal

pastures annually g to burn the old cogon and induce new
growth, which is palatable for their cattle, while the
old and dry cogon cannot be eaten. Burning of pasture
land is practiced throughout the tropics and may be one

of the most frequent fire causes in forest areas.

- Incendarism: It had been reported frequently, thét_fprest
fires were intentionally caused out of personai.grudge
against the forestry personnel. Laborers, who weré.laid
off, were said to have started someﬁimes forest fires out

of revenge. 3

- Escaped kaingin fires may be anothgr very frequent cause
of fire. Burning of kaingins is gemnerally done at the
peak of dry season, when the dange;‘a% forest fires is
highest. Espetially on slopes the kaingin fires often get
out of control easily and destroy neighboring forest land.
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21.2

- Carelessnegs: Many forest fires are started out of care-
lessness from abandoned camp fires, cigarettes, burning
of trash and other causes. Very often playing children

are involved.

- Lightning: A fire caused by lightning is theoretically
possible, but rare in practice. When there is lightning
generally it will be followed by rain, which would ex-

tinguish the sparks.

The development and behavior of a forest fire

If an inflammable material is heated and oxygen is added, a
fire will start. The ignition temperatures for some fuels

are as follows- (32):

"— Dry paper 132%
- Pine shavings 227°%¢
- Average forest fuel 293°C

578°¢

- Heavy logs

By radiation from the flames the neighborhood is heated and
the fire will progress. Where grasses oOr litter are already
dry, only little heat is necessary to evaporate the remain-
ing moisture and allow the fire to spread. When the flames
are able to reach the bark of the trees or the needles of
.ground fire

the lower branches, the may develop

into a. cr own f ir e. In young pine stands the crown

fire 318 the usual case. In middle aged stands there is no

crown fire without a steadily progressing ground fire to pre-

pare the crown region of the uplift of the fire. A crown fire

“‘dauséd s strong upward movement of air (convection column},

which sometimes takes sparks high up and deposits them far
ahead of the fire front.

‘A black smoke, whose color is due to charcoal particles,

New spot fires may be started that
wdy.
usually indicatesa great number of sparks {ad).

From the place of origin the fire spreads in all directions,

but only the edge of the area is burning, beyond this edge
only some stumps and thick branches are still on fire. The

“*-depth of the fire front may be only one or two feet.
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If the ground is level and the weather is calm, the fire will
spread more or less evenly in all directions. If there is wind,
the fire will progress fast in wind direction, against the wind

however, the progress will be slow. The result generally is a

fire area of elongated shape with a curved front line.

ORIGIN

A
WIND DIRECTICN

Fig. 34: Spreading of a forest fire

The front of a forest fire progresses with a speed of 200 to
1200 meters per hour, large fires burning uphill may reach 2000
meters per hour. On level ground the normal speed is below 500
meters (44}. Uphill the progress is very fast, downhill guite
slow. A slight down slope can reduce the speed already consider-
ably.

The intensity of a forest fire depends on the type of vegetation,
and atmospheric cconditions.

Vegetation: Most easily a fire can spread in a plantation with a
massive cover of dried up grasses. After the plantation has form-
ed a cleose canopy and shaded out the grasses, the fire hazard is
reduced. For dangerous localities it is desirable therefore to

chose a species, which is able to shade out grasses very early.

The more fuel is available in a place, the higher will be the
fire intensity, especially, if the fuel is concentrated and
highly inflamable. This is often theggase in areas which had
beén successfully protected from fire for two or three years and

have built up a thick cover of dry grasses.
iy

A middle aged conifer plantation witﬁkhany dry branches down to
the gfound can still be destroyed by fire, even if the daraas cover

is very thin. Though most conifers are very susceptible to fire
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in their younger stages, they may develop a thick bark when
older and become quite fire resistant. According to LIZARDO
and CALEDA {1959) pines over 13 cm dbh have a fair chance to

survive a medium grass fire.

Diametexr Survival
cm. d.b.h. Percent

below 4 9]

4 0

5 12

6 21

7 16

8 22

9 12

10 16

11 16

12 26

13 61

14 B85

15 89

16 100

Table 9: Survival of Benguet pine in a
medium grass fire (45)

Plantations of deciducus broadleaved species with a thick
ground cover of dry leaves are more liable to be destroyed by
fire than-a plantation of evergreen species. A dense, slight-
ly moist, plantation of broadleaved species with a scarce

ground vegetation will hardly ever catch fire.

Atmospheric conditions (temperature, rel. humidity, wind):

The effects of temperature and humidity on the intensity of a
forest fire are closely interrelated. With rising temperature
in the morning the relative humidity of the air will drop,
reaching a minimum in the early afternoon. At this time also
the fuel is dried up and the fire danger is highest.. During
the night, however, the relative humidity increases with fall-
ing temperature and the fuel absorbs moisture, which reduces -
the fire intensity. Fire danger is high_on southern and south-
western siopes, especially when the relative humidity drops

below 50 percent.

The effect of wind on the fire intensity is that it adds more

oxygen. A strong fire always creates its own air movement by

21.3

a)

b)

sucking in fresh air, consuming its oxygen and releasing the
heated air in a convection column. ©On a slope usually an

uphill wind will develop.

After having outlined fire causes, the development and be-
havior of a forest fire, we have to deal with the actual

fire control. Four phases can be distinguished (32):

- Preventive measures,

- Detection of fires,

Organization of fire fighting,
- Suppression of forest fires.

Preventive measures. This is the most important phase in

fire control. It includes

Education: Fires cauged by carelessness can be prevented by
starting a well planned education campaign as undertaken by
the U.P. Forestry Extension Office through the mass media
radio, television, press, and lecturing on the benefits of
forest conservation and the dangers of forest destruction.
Involvement of teachers and school children is very import-
ant. Signs and post%}s with slogans have to be put up.
Special film shows combined with lectures must be arranged
for the communities (25).

Involvement of the community: A possibility would be to set
up a non-fire bonus system. Where no fire occurs during the
year, the barrio or the barangay will be given a certain
amount for community projects. For the govermment forests
this bonus system still needs the legal approval. Private
companies have adopted it already with success. Some govern-—
ment foresters practice an indirecé'bonus system by giving
employment for a certain number of days to pecople from barrios

where there was no fire. Yy

9,07

. e m
c) Burning permits: Kaingineros and pasture owners have to be

requested to obtain a burning permit from the fire guard or

district office. This permit is valid only for the day and
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da)

e}

£)

g)

area indicated, so that the necessary precauticns can be

taken to aveid that the fire will spread into neighboring

plantations.

Strict.law enforcement and the heavy punishment of the offenders

can only be the last resort. Since it is easy to put fire on a
plantation, but very hard to catch the offenders, strict en-

forcement of forest laws may not be very effective.

Separation of forestry and grazing: See chapter 25 Part II and

chapter 5.5 Part V.

Construction and maintenance of a forest road system.

Besides for effective management, an adequate road system is
essential for transporting the fire fighters to any part of

the area within reasonable time, after the outbreak of a fire
was reported. A good road system also opens up the possibility
touse a forest fire truck, a vghice eapecial~

ly equipped to deal with forest fires.

At present many places in the critical Binga-Ambuklac Water-
shed, for example, can only be reached after many hours of ex-

hausting hikes.

Measures to reduce the fire hazard in plantaticns.

There are several species, which are able to sprout after a
fire like teak, guava, some eucalypts and some legumes which
should be given preference on dangerous sites. 2Pines are very
sensitive to fire in their young stages, but become quite fire
resistant once they are older and have developed a thick bark.

Largé plantations of inflammable pines must be broken up by
fire breaks consisting of less inflammable species with a dense
foliage. As minimum width of these fire breaks 10 to 20 meters
is suggested. The distance in between depends on judgement. It
should be closer up and down the slope than aleng the contour.
To shade out grasses quickly fire breaks are planted more

closely than ordinary plantations.
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Once established these fire breaks need no maintenance in
contrast to fire lines. In the Pinus merkusii plantations
of Sumatra extengive artificial fire breaks of Macadamia
hildebrandii (Proteaceae}, which form a very dense canopy,
are effectively employed. If there are natural fire breaks
like creeks with a moist type of_evefgreen vegetation, these
must be caréfully preserved. It is also advisable to estab-
lish fire breaks of broadleaved species, albng roads passing
through the plantation areas.

Another measure to reduce fire damage are fire lines. These
fire lines are strips about 10 meters wide on which all in-
flammable vegetation is to be cleared at the beginning of
the dry season. The effectiveness of fire lines is disputed
among foresters. They may be able to stop a ground fire,
but they are easily crossed by sparks. PFire lines are laid
out in strategic positions, where the fire would burn with

less intensity like along roads, ridges, creeks, ctc.

Fire detecticn

It is not reliable to assume, that the people living in a
certain area will report the cutbreak of a forest fire to
the fire guard or the district office. Therefore it is
essential during the dry season to appeint fire guards and
to have fire patrols. These fire guards have to be super-
vised closely to be efficient in their duties.

Where large areas have to be guarded, it is advisable to
construct watch towers at prominent places, from where wide
areas can be overlooked. Because of frequent typhoons these
fire lock-outs must be quite sclid. The uppermost platform
must have windows on all sides. At the center of the room
the so-called fire finder is erected, which consists of a
dial with a 360° subdivision and a sighting device. If the
fire guard notices smoke at a certain bearing, he will contact
the district office or any place r%gﬁpnaible by phene or radio.
The message must contain the designaticm of the watch tower,
the bearing 'of the fire, the estimated distance from the tower
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- a first aid kit equipped for burns, cuts, smoke
and the probable intensity of the fire. When two fire guards

report the same fire, the exact location of the fire can be

poisoning, snake bites,

=~ helmets
determined on a map.

Red arrows must be prepared to show the way to the meeting
place. A person with organizing talent is to be appointed
as the fire boss.

Fire Suppresgion

There are several possibilities to attack a forest fire.Tt

is up to the fire boss to decide on the proper method.

Direct attack

A direct attack from the front is only possible in smaller
forest fires progressing with low speed. If they are larger
and progressing fast, a flank attack may be more advisable.

For very intensive fires burning uphill an indirect attack
would be the safest.

Fig. 35: Location of a forest fire on a map, after the fire

\ In direct attack the .flames are extinguished with the help
had been reported from two different loockouts.

of long handled fire swatters or, if not available, with

branches. Intensive fires are first cooled and weakened
21.5 Organization of fire control.

Every distriét office and project office should have a plan
what to do, when,a fire is reported. Instructions about

by throwing mineral soil into the flames. The first aim in
attacking the fire front is to create a gap. The second

step is to widen this gap on both sides. Without actual

the technical details of fire fighting are to be given to experience one does not realize, how the flames will collapse
the staff every year at the beginnhing of the dry seascn. on both sides of a gap only one meter wide (44}. Attacking
Arrangements should be made with the army to help in exten-
sive forest fires. The alarm plan must be hung vigible in

the office and include also the telephone numbers of the

the front at first sight often appears to be impossible be-
cauge of strong heat, smoke and sparks. But when the wind
changes the direction or the fire passes an arca with lesas

nearest police station, nearest forest office, army head- fuel, there may be chances for a frontal attack (447).

ters and hospital. . .
quarte P The use of fire swatters or branches in a frontal attack on

Vital equipment needed for fire fighting must be ready at a ground fire is more effective, whefi several persons beat

any time. This includes: the fire simultaneously in a rhythm. when the heat radiation

of the fire does not permit to get glose enough, soil will

- vehicle with aufficient gasoline S . .
? ' be thrown to suffocate the flames. Mgst effective is when

~ fire swatters, sharp bolos., spades, grub hoes, several persons throw their load slmultaneously to the same

— water bags for drinking water, spot The bare places, from where the s0il was taken can serve
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as a fire line {44).
Where backsprayers and water are available the frontal attack

The water spray is directed against the base of
The steam will cut off the oxygen

is easier.
the fire on the ground.
supply. After the fire has been weakened by spraying, the

rest is done by throwing soil or beating with branches. Water

is used only where it is most urgently needed.

b} Defense measures or indirect‘attack

Defense measures include the construction of fire lines well
before the advance of the fire front. Already existing fire
lines have to Ee widened, if they are suitable, Or new ones
must be laid out at strategic points. New defense lines are
preferably constructed on ridges, reoads, trails, creeks, or
other natural fire breaks. In flat country bulldozers can

be used for rapid construction of defense lines.

DEFENCE

—
LINE
WIND DIRECTION
COUNTER
FIRE
Fig. 36: Defence line with counter fire

In the beginning it may be sufficient to have a width of about
50 cm, but the line must be strengthened later when there is
The more intensive the fire, the faster its progress,
On steep slopes a wide

time.
the wider the defence line has to be.

fire line is reguired.

When organizing the fire fighters for defense line construct-
ion, there are two possibilities:

- Each man is responsible for a complete ‘section,
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a)

- Each man gets only a 3 m section to complete, then the
whole team shifts to another section.

All vegetation on the fire line is cut and placed outside
about five meters away. There must be constant patrolling
for weak points and eventual spot fires developing from sparks

beyond the line.

Sqmetimes forest fires had been successfully codtrolled with
the help of a

from a fire line before the fire front. It is allowed to bura

backfir e, which can only be started

slowly in the direction of the main fire. If the counterfire
has been successful, it soon will get into the suction of the
main fire and approach the fire front with increasing velo~

city. When both fires meet, they die off due to lack of fuel.

In practice a counterfire often has increased the damage,
because it got out of control. All the people working on

the fire front have to be notified, before a counterfire is
started, that they will not be trapped between two fires.
Very often backfires have jumped the fire lines or have
escaped control at the flanks. While theoretically a counter-
fire seems to be the right thing te do, in practice it proved

to be difficult.

Mopping up a forest fire

After the team is in control of the fire, all the burning re-
mains have to be extinguished very thoroughly until no embers

are left on the burnt over area. The mop up includes:

- 8eparation of burning fuels,

- cover burning fuel with soil,

~ strengthen fire lines,

—- stay with the fire until all sparks are out.
After the mop up has been completed, 3 guard should stay be-
hind to watch for any new outbreak. The man left behind should
be equipped with all necessary tooléiifood and water, Very
often there is a new outbreak of thé%ffre the following day

about noon, when a fresh breeze is coming up. It has often
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happened, that the second fire did more damage than the

21.7

first. Therefore adequate guarding of the burnt over area

for one or two days is very important.

Equipment for fire fighting
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a) Fire swatters with flexible steel blades mounted on long

handles (200 cm) are used to extinguish light grass or

ground fires. They are more effective than pine braunches.

but a little heavy and difficult to use on steep slopes.

Fig. 37: Fire swatter

b} Bolo: A sharp bolo should be carried by every man pro-
ceeding to thé fire site. It is used to chop down
branches to be employed as fire swatters, to clear fire

lines and trails.

c) Shovels and hoes are only to be taken to the fire site

where conditions permit their use.

d) Backpack pump can: The tank contains 20 liters of water.

The water is used only where it is most urgently needed:
in frontal attack to create a gap, to break up fire con-

centrations, in mopping up remaining embers.

e) Containers for drinking water are equally important than

the rest of the tools., Minimum 2 liters per person, better

more.

f} First aid kit equipped to deal with cuts, burns, snake

bites, etc. The first aid kit is the responsibility of the
team leader. All medicine must be fresh and clean, and be

replaced from time to time.

Chapter 22:

PREVENTION OF FUNGUS DISEASES IN FOREST PLANTATIONS

In contrast to temperate regions until now there were relatively
few reperts from tropical countr%es, that a fungus disgease had
become a serious calamity. The reason may be the heterogeneous
composition of tropical forests, which had been a safeguard so
far. But the trend now in tropical countries is also towards
large even-aged stands for mass production of lumber and pulpwood.
These extensive even-aged plantations often consisting of exotic
species replacing the native heterogeneous tropical forest may
cause a breakdown of the environmental resistance, and increased

incidents of fungus epidemics can be expected to occur in future.

Fungus attack on forest trees can have'many manifestations:

- Damping—off of young unlignified seedlings is found in moist,
overcrowded seced beds or seed boxes (for more in-
formation see Part IV, NURSERY TECHNIQUES) .

- Heart rot is caused by fungus attack of the central tissue of
’ a stem, which is very common in overmature trees.
Entry occurs through dead roots, dead branches or
major stem injuries (Fomes,Ganoderma}.

- Rusts are caused by fungi of the order URODINALES. For
their complete developmentﬁmany species need alter-
nate hosts, e.g. the bamboo rust found on Dendro-
calamis strictus needs thg pbresence of Randia spp.

{Rubiaceae) as an alternaﬁ% host.
Sy
is caused by fungus infecti

P

- Root rot on of the root system

and is responsible for the death of many trees
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without a visible sign from cutside (Armillaria

mellea,Ganoderma sSpp..Poria spp. and many others).

- Blights and mildews are caused by fungus attack on the needle

or leaf surface. (Dothistroma, Botrytis)

Of the numercus parasitic fungi found in tropical Asia, the fol-

lowing three are quite common and have economical importange:

178

Armillaria mellea: This fungus is common in almost all the

forest régions of the world, and attacks conifers and broad-
leaved species. BROWNE (1968) describes the species as follows:

The fungus commonly exists as a saprophyte in forest soils but,
once established on dead wood, it can become an active and
virulent parasite. It spreads mainly by means of black, shoe-
gtring-like rhizomorphs and enters living trees and shrubs
through their roots or even through sound bark. The principal
symptoms are thick layers of white mycelium between the dead
bark and the wood and the presence of the characteristic black
rhizomorphs. The foliage of the host becomes pale and thin,

and conifers exude considerable gquantities of resin. The fungis
causes a fibrous white rot, in cénifers uswvally confined to the
sapwood, but in dicotyledonous trees often affecting the whole
heartwood near the bhase of the bole and extending upwards in a
conical column. The disease is favored by high humidity and is
particularly dangerous where young conifer plantations have been
established scon after the clearing of old, natural, broad%eaved
forest. The assessment of susceptability of different tree spe-
cies is complicated by environmental factors and by the fact that
the pathogen appears to exist in the form of a number of strains

of wvarying wvirulence.

Ganoderma_lucidum {syn. Fomes lucidus): Also this species is a

éosmopolitan"parasite found in most temperate and tropical forest
regions. It is essentially a wound parasite of broadleaved trees
and found less frequently in conifers. Recorded hosts include ac-—
cording to BROWNE {1968): Acacia auriculiformis, Albizzia falcata
Albizzia procera, Aleurites moluccana, Anacardium occidentale,
Cassia javanica, Cassia siamea, Casuarina equisetifolia, Delonix

regia, Bucalyptus citriodora, Mangifera indica, Pterocarpus

indicus, Samanea saman, Tamarindus indica. The fungus invades
the trees through the roots, especially trees with reduced
vitality, and causes a white soft decay in the lower part of

the stem. The sporophore, which often appears only after the

tree had been killed, is blood-red in color and has a varnish-

like crust (11).

Dothistroma pini (Pine needle blight} is found in temperate as
well as tropical regions. The disease only infects pines,

which show varying resistance depending on species. Infection
is most severe in dense overcrowded nursery beds, especially

in a humid climate. but the infestation can also spread to young
plantations. Characteristic symptoms are chlorosis and necrosia
of the needles, especially of the lower branches. The needles
wither towards their tips, the basal part remaining green, and
the lower needles of a shoot die first, producing a shaving
brush appearance. Growth may be considerably retarded or even
halted, in heavy infections the mortality of young trees may be
high (11).

In the Philippines infestation with Dothistroma pini was observed
in seedlings of Benguet pine at the Pacdal Nursery, but rarely

in young trees of sapling size. P. caribaca seems to be quite
susceptible to blight especially in a humid climate.

Preventive measures.

It is a well accepted fact among plant pathologists, that it
is much easier and cheaper to prevent a fungus disease than to
cure it. 1In forestry where a relatively cheap raw material is
produced under extensive management, a chemical fungus control
in the field would be impossible. This situation is quite dif-
ferent from agriculture where a very uvnnatural and artificial
balance is maintained by extensive use of chemical pesticides.
This is also true to some degree for ﬁorest nurseries, but for
plantations a chemical control of fun&%s diseases generally is
uneconomical, We therefore have to rely almost entirely on

preventive measures. L)
‘ st
- Site requirements of the species mugt “be properly cbserved.

It is well known, that species outside their optimum habitat,
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where growth is somewhat affected. are more susceptible to

diseases.

- Plafiting a tree species in dense and extensive artificial
stands, greatly increases the risk of forest diseases. Fungi
and insects, which occur only sporadically in a mixed natural
forest now multiply enormously because of a vast food supply.
Diseases, which affect only sick and dying trees in a mixed
forest {(secondary diseases), may turn to healthy individuals
and become. primary pests. For effective prevention it is not
necessary to establish o n 1y mixed plantations, because
they have silvicultural disadvantages, but rely on species
mixtures by blocks, which do not exceed a certain size. Mixing
different age classes - not necessarily different species -
would also greatly reduce the risk of a mass infestation., be-
cause some fungus diseases have a marked preference for certain

age phases.

- Breeding and propagation of resistant provenances or strains
would be a long term project, but offers the best way of pre-

venting forest diseases in the long run.

- Careless logging practices often cause serious injuries to the
residual stand. These injuries are often the entrance for
fungi which may destroy the entire stem. The official logging
instructions {Handbook on Selective Logging, Bureau of Forestry)
stress very much the importance of this point.

- An application of a complete fertilizer with trace elements,
did in some cases improve the resistance against fungus dis-

eases in plantations and nurseries.

- There are a number of fungi belonging to the group of Urodinales
(rusts), which only thrive on alternate hosts. If we destroy
the other heost plant in the vicinity of the plantation, the
fungus cannot complete its life cycle.' Mény rusts with alter-
nate hosts have been identified in temperate countries. 1In
the tropics, however, the rather complicated relationship ‘be-
tween the different stages of the fungus and alternate hosts
are not yet fully known for many species. As an example for a
hetercecious rust from tropical Asia the bamboo rust (Dasturell
divina) may be quoted, which depends for its complete life cycle
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besides bamboos on the presence of Randia Spp., shrubs be-
longing to the Rubiaceae.

Where old natural rain forest had been cleared for conifer
plantations, heavy attack of Armillaria mellea was of ten

observed. Where the attack is extreme other species which

offer more resistance must be selected.

Chapter 23:

PREVENTION OF INSECT CALAMITIES

Common insect pests in forest plantations

During recent years there have been more and more reports
from different parts of the Philippines, that plantations
have been attacked by insects. For example: the mahogany
shoot borer has heavily infested mahogahy plantations in
Nueva Vizcaya, Eastern Mindanao and elsewhere, bark beetles
are destroying pines in the Mountain Bﬁovinces and the
Cagayan Valley, termitesare eating newxyxplanted seedlings,

defoliators have stripped teak plantationé in Nueva Vizcava.
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Research on tropical forest entomology is still in the begin-
ning. Of the many hundreds of harmful forest insects the
biology of only a small number had been investigated so far.
In the context of this book only a few species, which have

economical .significance in the Philippines, can be described.

Bark beetles
A bark beetle identified as Ips_interstitialis, which is na-
tive to Central America and the West Indies, has become estab-

lished in the Philippines after the second world war (11} and

ig causing extensive damage to Pinus insularis in the Mountain
Provinces. Reports about serious outbreaks, which resulted in
the death of many trees came from Itogen Reforestation Project,
Ambuklao area, the Bobok Concession, Lagangilang Reforestation
Project the Cagayan Valley and other places {13}. The insect
produces many generations a year and a large population is

built up rapidly. The beetle is polygamous .and the gallery

pattern comprises a central nuptial chamber with in the averagel;

four radiating mother galleries and larval feedil:ng tunnels.

Nuptial chamber

Entrance hole, pointing downward
Mother galleries
Larval feeding tunnel

Pupal cell with exit hole

Ffig. 38: Typical gallery pattern of bark beetle

Bark beetles are essentially secondary pests, which ipn the
first place attack trees, which had been weakened physiologi-
cally after a forest fire or an unusually long dry spell.
After the beetles have multiplied in those trees, they may
also attack healthy individuals. The same can happen, when

b)

the beetles multiply in logging debris, which soon dries up and
forces them to search for other sources of food.

Control

A chemical control of bark beetles on living trees is impossi-
ble, we therefore have to concentrate our efforts on preventing

an outbreak.

Since trees, which have suffered in a forest fire or long draught,
are of magic attraction to the insect, fire prevention would be
a very important preventive measures against mass propagation of
bark beetles.

Alsc the site requirements of Benguet pine should be carefully
observed and it should not be planted on very dry sites, where

the trees offer little resistance towards the insect.

If attack on isolated pines is observed, these should be cut
immediately. It was observed in Consguelo Reforestation Project,
that beetles and larvas of Ips interstitialis (7} were dead

within a few days after cutting the trees, which could be ex-

.plained by the exposure to high temperatures. The beetles do

not sBeem to transfer to a new tree, after their host has been
felled. In high elevaﬁions, however, it may be necessary to
debark the logs.

Clean logging practices can minimize bark beetle attack in
logging areas. In Germany where bark beetles can be a serious
problem, all coniferous logs have to be debarked right after
felling. A minimum requirement would be to transport felled
coniferocus logs right after felling to the saw mill site or

log pend.

Teak defoliator (Hyblaeca puera) {6).

The teak defoliator has a very wide nagtural distribution ranging
from Pakistan, the entire Indo-Malayan Region to New Guinea in-
cluding the Philippines. iy,

Description

The moth has a apan of 30 to 40 mm, the forewing shows variable
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shades of grey, brown and red with suffused bands of darker color.
The hind-wing is dark brown with a curved orange band, which is
sometimes broken up into patches. The larva, which reaches a size
of 30 to 35 mm, is at first greenish with a dark head, but later

become darker with a varying pattern of stripes (G).

Biology: During the day the moths are hiding in dark places. At
night they fly and migrate considerable distances. Mating takes
place 2-3 days after emerging from the pupa. The female deposits
500 to 600 eggs on the lower side of young foliage.

The larva cuts out patches of the leaves, leaving behind a skel-
eton of the coarser veins only, young leaves are consumed entire-—
ly. In the later stages the larva prepares a shelter by folding
over part of the leaf and spinning silk to tie the leaf together.
The older larvas coﬁsume all soft tissue, so that finally only
the midrib and the stiffer side veins remain {the teak skeleton-

izer in contrast produces a finer pattern).

Pupation takes place in a leaf fold strongly spun together. If
not enough leaf material is left, the larva may descend on a
8ilk thread to find new foliage or Teach the ground.

Duration of life cycle:

Bgg +vvnew. 2 — 4 days
Larva ...... 8.-17 days
Pupa ...... 5 -13 days

The moth has a life span of about 3 months. In a warm climate
there can be up to 15 generations a year({6).

Aspects of damage: The pattern of damage in a plantation generally

is irregular. There are groups of trees or individuals, which are

completely defoliated, while their neighbors are spared entirely.

Thé intensity of infestation also varies with age. In India ac-
cording to BEESON (1961) the infestation reaches a maximum in
teak plantations of 20 to 30 years, but decreases thereafter
rapidly, which ceincides with observations in the Philippines,
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Though the trees are generally not killed by the defoliator, the
increment is greatly reduced. The damage is more serious where
young foliage had been destroyed, and not so sericus, where de-
foliation occurred towards the end of the growing season, because
the leaves would be dropped anyhow. An almost 100 percent de-
foliation was observed by tbe author in 1973 at the Magat Re-
forestation Project.

Possible ways of control: Chemical control is impracticable, we

therefore have to rely on biological and silvicultural control
measures. The natural vegetation of the teak area should be part-
ly preserved, because it is important for the life cycle of some
of the predators and parasites of the teak defoliators. The mixed
natural vegetation contains a number of shrubs and trees, which
are the host plants of other defeliators {which do not attack
teak). These defoliators on the other side are hosts of parasites,
which also destroy the teak defoliator. Forrconditiqﬁs in India
there exists a list of tree and shrub species, which are import-
ant for the life cycles of defoliator parasites and therefore
considered d e 8 i ¥ a b 1 e. This list includes species of the
following genera, which are also found in the Philippines: Cassia,
Lagerstreemia, Bauhinia, Fugenia, Ficus, Grewia, Hibiscus, Als~

tonia, Albizzia, Melastoma, Solanum, Morus, Mangifera.

There are also species, However, which serve as alternate food
plants for the teak defoliater and sustain a large number of in-
dividuals during the time teak has no leaves. These spécies are
considered to be undesirable near teak plantations. In this list
BEESON (1961) includes Gmelina arborea, Lantana camara and species
of the following genera: Macaranga, Dolichandrone, Oroxylen,
Premna and Vitex.

The best prevention against a widespread attack of the teak de-
foliator would be the preservation of the natural vegetation

-along creeks, streams and other sites ﬁht eleminating the alter-

nate host plants, where this is possible. -In a larger teak area
this natural barrier against infestatibns should occupy not less
than 1/5 of the tgtal area. The effe?ﬁiueness of such natural

reservoirs of parasites may be reduced. When abnormal weather
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conditions cause a breakdown of the natural control factors

and vaor the outbreak of a mass infestation.(6).

Teak Skeletonizer: {(Pyrausta machaeralis, syn. Hapalia macha-
eralis} (&}: The natural distribution of this insect coin-.
cides more or less with that of the teak defoliator.

Description: The moth has a wing span of 19 to 26_mm, the fore-
wing is yellowish with zigzag markings of varying color. The
hind-wing is pale with a reddish or yellowish marginal line.

The pattern and the color of the markings are very variable
and can differ in different seasons. The larva, which can
attain a length of 22 to 25 mm, is at first 1light green and
turns brown or purplish later. The anal claspers or false

legs are conspicuous {6).

Biclogy: & remarkable feature in the population of this insect
is, that the females by far outnumber the males. The moths hide
during the day in the undergrowth or dead leaves on the grouﬁd.
Mating takes place the night after mergence from the pupa.
About 250 eggs are deposited starting 1-4 days after mating
during a period of about one week. The eggs are deposited on
both sides of the leaves. The lifespan of the moth is only
about one month. The larvas hatch after 3 days and feed under

a prtective cover of silk. All tissue between the network of

veins is consumed leaving only a fine skeleton.

The later stages of Pyrausta machaeralis use a silken shelter
with an eacape hole, which enables them to retreat immediately
to the other side of the leaf in case of danger. Pupation takes
place in a thick shelter webb with an emergency exit on one

side,
Duration of life cycle (6):

Egg ..cevnesaaees 34 gdays

Larval period ...l2-14 days

Pupal periocd .... 5-7 days
Pre~oviposition

period .. 3-4 days

Total 23-29 days
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Aspects of damage: The eggs are deposited on all types of teak

leaves, on the tender young leaves as well as the older ocnes.
The larvas are very active and make their own choice after
hatching. But in contrast to Hyblaea puera the larva of Pyraus-
ta machaeralis are able to survive on old brittle leaves, there-
fore they are still found at the end of the growing season,when
H. puera is already absent. During the main growing season both
insects are often found in association. Regarding the age clagses
the teak skeletonizer has the same preference as the teak defo-
liator (6). Control measures: the same as for the teak de-

foliator.

Mahogany shoot borer {Hypsipyla robusta)

The mahogany shoot borer is a very important insect throughout
the tropics of the 0ld World and does extensive damage to tim-
ber trees of the Meliaceae family. In the Philippines notably

Swietenia macrophylla and Toona calantas are affected.

Description: The moth reaches a size of 26 to 42 mm, the fe—
males being larger than the males, forewing brownish with a
black design, hind-wing whitish and pale. The larva, which
often changes color during its development reaches a size of
20 to 30 mm.

Aspects of Damage: The attack is commonly noticed on saplings

and pole size trees, when the terminal shoot becomes dry and
dies back. The result of repeated die-back is the formation
of a bushy crown, which retards the height growth and cripples
the tree. When the trees become older, they will be forked
and branchy. The insect has a marked preference for vigerous-
ly growing trees of sapling or pole size with sapy terminal
shoots.

The eggs are deposited at the new undeveloped leaves near the
tip. The larva feeds at first at thg'epidermis of the shoot,
until it finds a suitable spot to enter. Once esatablished in
the shoot it excavates a tunnel inAéﬁe'pith, which may reach
60 cm in length. Sometimes a larvéhhight even attack more
than one shoot. On the entire length of the tunnel the shoot
dies and breaks off. Within the tunnel the larva constructs

187



el

. 188

partitions of silk at intervals, which prevent entering of pre-

dators, parasites and rain water (6,19).

Pogsible Cont¥ol: Since the larva is-well protected inside the

shoot, chemical control cannot be effective. Cutting and des-
troying of infested shoots is also difficult in large planta-

tions. Again this leaves only preventive measures.

It had been observed, that especially yeoung vigorously growing
trees with sapy terminal shoots had been attacked. This was

sometimes the case, where mahogany was planted on very fertile
sites resulting in very vigorous height growth. Older trees,
however, beyond pole size, which do not produce long terminal
shoots any more, are only seldom attacked. On these observa-

tions the preventive measures are based:

It is important not to stimulate the growth of mahogany in the
early years by fertilizer application. On very fertile sites

a light shade of Albizzia falcata planted a few years ahead
would prevent the formation of long terminal shoots, and render
the plants less attractive to the shoot borer. Where infesta-
tion is severe BEESON {1961} recommends a cloge spacing to re-
duce the development of vigorous lateral branches, which other-
wise may be attacked as well. Also mixed Planting with ipil-
ipil {Leucaena leucocephala) in alternate rows could reduce
Hypsipyla infestation, because the faster growing ipil—ipil
provides a benéfiéial lateral énd dverhead shade. :

From experience in West Africa it appears, that enrichment
plantings of Meliaceae on cléared lines in secondary forest
suffered less from shoot Borer attack than open plantations (40).

Pine shoot moth

The scientific identity of the pine shoot moth has not yet
been established. The insect, which is considerably smaller
than the mahogany shoot borer, causes serious and wide spread
damage to Benguet pine (13). Infestation takes place mainly
during the dry season, between December and May. The infested
shoots become limb on the length of the tunnel, then turn

brown and fall off. The effect of repeated attack is,

23.2

that the pines become very bushy, height growth is retarded,

and the trees are crippled. Not only the terminal, but also

all lateral shoots can be attacked. Infestation is most

severe in pines below 5 meters in height.

From observation it appears, that infestation can reach 100
percent, where Benguet pine is planted below its natural
lower limit of distribution, which is about 800 meters above
sealevel., The extremely poor shape of Benguet pine planted
around 300 to 500 meters above sealevel {Binga, Magat, Laga-
ngilang) can perhaps at least in part be attributed to the

pine shoot moth.

The best way of preventing the infestation therefore is to
observe the altitudinal limit of Benguet pine and not to
plant it on sites lower than 700 to 800 meters in Luzon.

Hatural control factors against insect calamities {(6,19).

The population density of noxious forest insects is subject
to wide fluctuations. Animal Populations in general have a
If the

environmental conditions change, the density of the insect

tendency to be in balance with their enviromment.

population will chandge too.

Though many of the forest insects have a tremendous repro-—
duction potential, their abundance does not grow without

limits. There are natural control mechanisms which inhibit
unlimited growth of the insect population. Such natural

control mechanisms are for example:

- limited food supply
- host resistance
- climatic factors

— digeases, parasites and predators
&
5

All these factors combined constitute. the environmental re-
sistance against the outbreak of a pest. If any of these

mechanisms fails, we may have to face,a,calamity.

L

{a) Limited food supply: In a natural forest the food situa-—

tion for a specialized insect is not very favorable for
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mass propagation. The insect has to cover some distance from ;f- c) Climatic conditions: Also the normal climatic conditions

one host tree to the next, while it is exposed to predators. :ﬁ- have their part in the environmental resistance against a
The discovery of new host trees, after the supply in one place 5 pesat. We can feel this clearly in years with exceptional

is exhausted, may present physical difficulties. It may also - weather conditions, which can often be the ultimate canse for
not be easy to find a mate on widely scattered host plants. o the mass reproduction of destructive insects. Exceptionally
The trees even of the same species may belong to different e dry and hot years may lead to an increase of insects, which
age phases. But many of the important forest insect have a . are not freguent in normal years. The insects may be able
marked preference or even depend on a certain phase of the ;} to complete their life cycles faster than normal because
host. All these factors contribute to the resistance of a i of higher temperatures, the hosts may offer less resistance
heterogeneous forest. fﬂ: due to draught, losses in the insect population from heavy

rains may be reduced parasites may not find their optimum
s i nditions L. .
In a dense pure stand without ground vegetation the co conditions, all factors combined may lead to an outbreak of
are just oppeosite. The insects will encounter a wvast conc?nt~ epidemic proportions.
rated food supply without having to waste energy in searching

for food and can multiply enormously. The poorly developed
ground vegetation will be unable to support many parasites and

predators, which could keep the insect popalation at bay.

d) Diseases parasites and predators play a very important role

to keep the population of noxious insects low. The number of
the natural enemies of insects is very high, and biological

; . control is mainly the activation of these diseases, parasites
b) Host resistance: Most trees offer at least some resistance to

and predators. The most important groups according to BEESON

1nsect attack. Some species may simply not be palatable to o (1961) are:

the 1nsect, others may contain subatances, which deter certain

pests, others again may be resistant as long as they are in ;f ~ Funqus disgeases: For ex§mple, a parasitic fungus, which is
good physiological conditions. If healthy pines are attacked f: important for the biological control of the Coconut beetle
by bark beetles, these will be often drowned in a flow of resin. i {(Oryctes rhinoceros) gis the g¢green muscardine fungus
Only after a healthy tree has been weakened by repeated attacks. (Metarrhizium anisopliae). Beauveria bassiana often kills
Hoplocerambyx spinicornis, a cerambycid beetle that doesa

serious damage to dipterocarps.

the insects finally are able to enter. Trees, which have suffer-
ed physiologicéily and especially those, where the cambium is
already in a state of slight fermentation. exert a magical

. - Virus diseasges i i ts ar i .
sttraction to some borers. Trees which exude latex {(Moraceae, eages in insec are also known as polyhedral discases
In the caterpillars of Hyblaea puera thig is characterized by

complete disintegration of the larval tissues which turn into

Sapotaceaé) easgily repel insects entering through the bark.
Generally woods with a high lignin content are guite resist- Pt - on ‘
ant against termites, those with a low lignin content most a liquid containing millions of polyhedral particles.

susceptible (6). - Parasites of importance include mainly wasps of the Ichneumo-

noidae and Braconidae. Both large groups of Hymenoptera are
well represented in the Philippines. Their hosts include larvae
and pupae of Lepidoptera and sometimes wood boring Coleoptera.
The eggs are deposited on the host#»the larvas feed cutside or
inside the host and pupate later 1n51de the body or the cocoon
of the dead host.

An indirect resistance to defoliators is-also found in teak,
which is able to produce a second set of leaves during the
same season, after the first had been destroyed, as could be

observed during the defoliator outbreak at Magat, 1973.
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Because of their high reproduction potential these wasps have
a very important function in the natural control of lepidop-
terous pests such as the teak defoliator.

- Predators: There are numerous insects preying on other insects,
they also play their part in the environmental resistance
against mass reproduction, namely mantids {"walking stick"),
dragon-flies, certain wasps, some Coleoptera, spiders, and
perhaps most important because of their number, some species
of ants. One group of ants, the Ponerinae, has specialized on

insects entirely.

Almost all species of birds, even the graminiveorcus species
feed on insects at least during part of the year when feeding
their coffspring. Nestling consume more than their own weight

in insects every day.

In Europe a pair of titmice (Parus major}, a little bird simi-
lar to the Philippine titmouse {Parus elegans), which breeds
twice a year and feeds entirely on insects, with its offspring

is estimated to consume 100 kg of insects during one year.

Inspite of the huge guantities of insects devoured by birds

their importance in natural control should not be overestimated
as pointed out by BEESON. While the parasites like Ichneumconoidae
and Braconcidae are able to multiply along with the mass repro-
duction of noxious insects, the density of the r e s i den t
bird population cannot increase quick enough, and may be power-
less to check the violent fluctuations in the cccurrance of

insects.

Usually a mass propagation of insects is followed by an increase
of diseases, parasites and predators, which will finally gain
control and keep the noxiocus insects down for some time. But
then with the number of hosts diminishing, the parasites and

- predators also become less and the insect population can built up

again. So the cycle of mass propagation recurs presenting an oscil-

lating curve. A chemical control at the height of an epidemic is

generally not recommended, because apart from the high cost, it

192

only prolongs the natural course of the epidemic and kills
the useful parasites and predators as well.

For more information on forest insects and their control in
tropical Asia consult BEESON (1961) on whose work this chapter
is partly based.

Chapter 24:

RODENT CONTROL IN PLANTATIONS

Rodents can be a serjous menace to plantations especially
where a new species had been introduced. Damages are usual-
Iy high on warm southern slopes with a thick cover of dry
grasses.

The rat or mouse often eats at the base of the seedling
either killing it by girdling or bringing it to fall and
then eating the green shoots and leaves.

It was observed that especially specié% that were newly in-
troduced to an area become ecasily the victim of rodents. In
Binga during the heavy infestation of?}970/7l, rodent damage
was observed on mango, nangka, alibazéﬁang, kalantas and
occasionally even on pines.

; 193



24.1

194

As insect populations, also the rodent population is subject
to violent fluctuations. The reasons.are not yet fully under-

stood.

Possibilities of rodent control:

Poigoning: Where only an isolated plantation of limited ex-
tent is to be protected, poisoning may not give the desired
result. in the long run because of new invasion from surround-
ing areas. Poilsoning therefore generally works better on a

larger scheme, where also cost per unit of area is lower.

There are two .groups of rat poison available: a cute
poisons like zinc-phosphide and ¢ hr on i c¢ poisons such
as Coumatetralyl or Chlorophacinone, which is known under

the trade name Racumin.

Acute poisons are generally used in the initial stage of
rodent control to knock down a high rat pgpulation. But the
rats soon develop a bait shyness, because the animals die
right after feeding on the poison. For forestry purpose
the chronic poisons such as Racumin seem to be preferable.

Racumin which contains 0.5% active poison is mixed with
corn grit {"binlid" or "pegpeg") at a rate of 75 g to one
kilogram of grit.

Containers or baiting stations: To avoid damage to livestock

and to protect the bait . from rains, the‘poisoned bait is
placed in so-called baiting stations. Very convenient are
bamboo tubes at least 12 cm wide, which had been prepared
by cutting half of the dividing internodes on both ends as
illustrated below.

After the containers have been half filled . with the bait,
they are placed on supporting sticks about 4 cm above the
ground. To make them more enticing to the rodents, they
are covered with dry grass as a camouflage. The location

is marked with a Quide pole. The average distance between
the baiting stations should be about 50 m. but slightly
cloger towards the edges of the plantation. The baits have

to be inspected once a week, and consumed bait is to be re-

placed. It takes 3-4 days for the rats to die after feeding

on the poison.

LEVEL OF POISON
BAIT WHEN FULL

P ey -
TN

AT LEABT i2Cm.

OFPENINS

Fig. 39: Placing of baiting stations in the field

24.2 Repellents: Where only a few seedlings have to be protected,
repellents may be guite effective without having to start
a poisoning campaign. Repellents can be prepared from a
mixture of cows urire or cows blood, slaked lime, coarse
sand and a bright dye (blue or yellow). This mixture, which
is harmless for the seedlings, is painted to the stem with
the help of a double brush during dry weather.

24,3 Other protective measures: Protecting the lower stem of the
endangered species seemsto work quite well, because scme of
the rodent species apparently do not climb. A suitable and
cheap protection would be split bamboo tubes about 25 cm
long where the internodes had been removed. The two halves
of the tube are placed around the

8eedling and tied together
with string {fig. 40).

e
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Fig. 40: Rodent protection with a
bamkboo tube

Chapter 25:

CONFLICTS BETWEEN FORESTRY AND CATTLE RANCHING

Aspects of damage by cattle ranching

The Philippine rules for land classification specify, that
land over 18 percent slope is to be declared as permanent
forest or forest reserve, but pasture leases can be granted
for land up to 50 percent slope. This implies, that on land
between 18 and 50 percent slope both forms of land-use have
to exist sgide by side, and there is bound to be a conflict
of interests between forestry and range management. In prac-

tice, however, in addition grazing is found on slopes even

exceeding 50 percent extending well into the demain of the pro-
tection forests.

The damage done by the grazing animals themselves is generally
small compared to the damage done by pasture burning. Since
most pastures consist of cogon (Imperata cylindrica and I.
exaltata), they are burnt annually to induce fresh growth of
palatable young shoots. This practice is not found enly in the
Philippines, but common throughout the tropics.

The damage done to ferests and watersheds by the annual fires
exceedsa the meager returns from meat production several times,
because many areas have only a carrying capacity of one cow for
5 hectares or even less. '

In the pine region of Northern Luzon the impact of the fires
originating mainly from pastures can be clearly seen..éll the
young natural regeneration and a few of the large trees are
killed each year. As a result the stands have become vVery open
or have disappeared completely. While on the other side it is
likely, that the natural regeneration of Benguet pine i3 favored
by cccasional fires expoging the mineral scil, an -
nual fires will definitely destroy it.

Compared to the damage by*fires, the damage by browsing is re-
latively amall, as long as goats do not enter the scene. Goats
are most destructive eating almost everything. They are able to
reach relatively high into the trees, when the ground vegetation
is depleted. Cows, carabao and horses do much harm by trampling

because of their weight.

Fig. 41: Pattern of browsing trails in overgrazed pasture land

in the hillas ut™

Overgrazed slopes with too many animals show a definite honey

comb pattern of browsing trailg visible frem a distance. In
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these trails the water accumulates, and they become the i REFERENCES

starting point for ercsion.

25.2 Possible solutions.

a) All pasturs licensees should be required to fence their

pastures and adopt a system of rotational grazing.

b} Burning of pastures in forest areas is to be strictly pro-

hibited. Pasture licensaes outside the forest areas have i (1) ANDRES, P.P., 1969, Pulp and paper industry in the Philippines.

to obtain a burning permit and are required to construct Reforestation Monthly VIII (4-5), Manila

i i i is to be held responsible for any
fire lines. The licensee 38 P {(2) ANDRES, P.P., 1969, Field planting methods and techniques.

i ing i asture into plantations or other
Fire spreading from Bif P " Reforestation Monthly XIII (9-10), Manila

forest areas.

{3) ANDRES, P.P., 1970, Apprcaches to our reforestation problems,
Reforestation Monthly IX {10~12), Manila

c) Grazing and foreatry have to be separated because of their o
conflicting interests. In neighboring Taiwan no grazing is
permitted in forest areas. In C. Europe, where forests were
suffering under the burden of traditional grazing rights,

the separation was accomplished during the 19th century. As

{4} BARNARD, R.C., 1956, A manual of Malayan silviculture for
inland lowland forests. Part IV: Artificial regeneration.
Research Pamphlet No. 14, FRI, Kepong, Malaysia

a long term policy goal the same is suggested for the Philip- (5} BAULE, H. et FRICKER, C., 1970, The fertilizer treatment of

pines. i Forest Trees BLV. Munchen

(6} BEESON, C.F.C., 1961, The ecology and control of the forest
insects of India and the neighbouring countries.

As a first step a revision of all existing 3636 pasture leases
(figure of 1972) is suggested to investigate, if they really
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PART III

ELEMENTARY COMPASS SURVEYING AND MAPPING

J. GUMAYAGAY and 8. FESTIN




Chapter 1:

COMPASS SURVEYING AND RECORDING OF FIELD DATA

Basic knowledge of forest surveying and mapping is indispen-

sable for efficient planning and management in reforestation,

like in any field project in forestry.

The first step in the establishment of a reforestation project
is the planting survey, after which a map has to be prepared.
Only after an adequate survey the area can be divided into
blocks and compartments or sub-compartments. As the project
progresses, a series of surveys are carried out for planning

and management purposes.

For all such survey works, the forestry box compass is of very
practical use. In special cases, a more precise instrument
has to be used, but where a compromise between spéed and ac-
curacy is acceptable, the Bureau of Forest Development has

adopted the forestry box compass as a standard Surveying in-

strument.

The following guide, which deals solely with elementary compass

surveying and mapping, is intended for use in refresher courses.

It is based mainly on the Manual of Procedure of the former

Bureau of Forestry.

a) General orientaticn:

Consult a land classification {L.C.) map or any forestry map
to get an idea about the location%%f the area to be surveyed.
Determine at least two possible tié“ﬁbints, preferably forest

zone corners or natural land marks like junctions of rivers,
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b)

c)

)

el

roads or trails shown in the map. Sketches of adjacent areas

previcusly surveyed, if any, are likewise useful references.

Index numbers:

Each survey conducted has to be assigned an index number for
reference purposes. Get the allocation of index numbers from
the District Forester, Forester in Charge or Officer in Charge
who must always keep records of index numbers issued to or

used by personnel under them.

Tie pointg:

Before starting to survey, orient yourself with the area and
locate your tie points. As a general practice, a survey must
start from a point known in the map and later on tied to another
as a check of accuracy. For that matter, if a survey starts
from a point unknown in the map, it has to be tied to at least
two known points,

Field notes:

Start supplying the information needed in the field note cover
and in the field note itself; the rest upon completion of the
survey (see fig. 2). As a rule, recording of field data starts
from below. At the bottom of the field note, write station 1
and its description. Example: Molave, 30 cms diameter, at the
junction of Balincaguin River and Mapitpit Creek, Bo. Villa-
corta, Mabini, PangasSinan: or Corner 4, Alienable and Dispos—
able Block I, L.C. Project No. 10, Olongapo, Zambales.

Recording of compass bearing:

Occupy station 1, facing in the direction of station 2. Hold
the compass steady in both hands with elbows pressed against
the body. Then sight station 2 by pointing the front sight
of the compass {see Fig. 1} to the stgtion observed. When the
needle stops oscillating, read the bearing gquickly to the
nearest degree. Record the compass\ggading under the column
provided for, in line with station fzéxmgln using the compass,
see to it that it is free from the effect of magnetism due to

iron objects carried by yourself or in nearby surroundings.
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Survey field notes

Fig.

To check the accuracy of the compass reading, get the "back

bearing” upon reaching station "2

f) Field sketch

Examine carefully the general direction of the survey and
start sketching at the back of the field note cover by

or the station observed.

placing a det as station "1" on the side opposite the general

direction of the survey. Orient the sketch such that the

upper portion, as in a map, denotes the North direction. As

you proceed to the next station, take note and draw care-
fully

marks you come across. In the skeEch, show by arrow, the

the vegetative covers, improvements ang natural land

direction of roads, trailes and flow of streams, the bearings

of which must also be taken so that these details can be in-—

dicated accurately in plotting the field notes.

Show the approximate extent of different vegetative covers

by

light lines (Fig. 3 and 4} and indicate them by conventional

abbreviations as listed below:

Cultivated - - - - - - = — - - Cult.
Open or grass land - - -~ - - - Opn.
Brush land - - - - - - « - - . Br.
Kaingin -— = - - = - — - Kgn.
Non-commercial forest - - - - NCF.
Commercial forest - - - - - - oF,

For more conventional abbreviations see Appendix.

Measuring and recording of distances:

Measure the horizontal distance and record it under the column

provided for, and in line with station 1-2. In the absence of

a tape or chain, a rope with a meter graduation can be used.
For rough surveys, measuring of distance may be done by pacing.
Forest Officers should have their ownzstandard "double-paces".

When measuring a distance on a slope, take the horizontal dis-

tance by "breaking chain" or from a)@&ope reduction table. Map
A
distances are projections of horizontal-ground measurements.

In the field sketch, draw line "1-2", at a convenient scale

in a direction following more or less the bearing of the line.
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Then indicate the details traversed.

Repeat the process as you proceed to succeeding stations,
Sketching proceeds as the survey progresses. When the first
sheet of field note is filled up, continue recording the data
on another sheet, and continue sketching at the back of the

first sheet of field note.

h} Corner points:

Enclose with a square, each station established as corner, in
the field note as well as in the sketch. Opposite such a sta-
tion, under column "note", place the description of the corner,
indicating its relative location with respect to any physical
feature nearby like, "Benguet Pine, 50 cms., on top of ridge"
or "BFD cylindrical concrete monument, 15 cm. diameter, east
bank of river! 'Each tree designated as corner should be
legibly marked in chisel or timber crayon, without causing
much injury, indicating the objective of the survey, the
corresponding index number and station number as illustrated

below:

Ps. — Pasture survey

515 - Survey index number

10 - Station number

Fig. 5: Corner point established on a tree.

This tree has to be marked also with the marking hatchet used

by the forest officer performing the survey.
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i)

3}

"S8ide — shots":

For accuracy in taking details encountered in the survey,
side-shots have to be made. To make a side-shot, occupy a
convenient station, then get the bearing and distance of the
Point being surveyed. Where meaguring the distance is too
inconvenient or impractical, determine the relative location
of that point or feature by "triangulation", which is done
by taking the bearings of this point from two stations con—
veniently located. When the bearings are plotted, the inter-
section is identical to the point sighted.

Large surveys:

As a rule, change the index number and renew the numbering of
stations starting again from "1" when the distance surveyed
reaches approximately six kilometers, so that the survey when
blotted, can be well accommodated in the standard size of
plotting paper which is 23 x 30 centimeters. For that matter,
several index numbers may be needed to complete a survey pro-
Ject. After plotting, the individual surveys are compiled to-

gether in the same sheet of mapping paper of convenient size.

i

ih
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Chapter 2:

MAPPING SCALE, PLOTTING OF FIELD NOTES AND TRACING THE SKETCH

2.1 The Map Scale.
Ground measurements have to be reduced in siZe or else they
cannot bé acéommodated on paper, hence, the necessity of
scale in mapping. The scale shows the map as a projection
in proportion to its actual size on the ground. It is only
through the reduction at a certain scale that maps of

convenient size can be produced.

In forestry the scales most commonly used are 1: 5,000,
1: 10,000 and 1: 20,000. 100 meters in the field are re-

presented on a map:

1:5,000 1:10,000 1:20,000
2 cm 1 cm 0.5 cm

2.2 Plotting of field notes.

For each index number or survey, use 23 x 30 cm cross-section
paper. Select an appropriate scale so that when plotted, the
sgurvey is well contained on the paper, and all important de-
tails can be indicated clearly. The scale of 1:20,000 is
generally used in forestry, except in really small surveys
where smaller scales have to be used to allow space for im—
portant details. The smaller the scale, the bigger the re-

sulting map of a certain ground measurement.

Always-cconsider the top of the plotting paper as north.
Place a temporary mark on the upper right hand corner in-
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dicating the north and the scale adopted to avoid confusion.

Before starting to plot, examine the field notes and the field
sketch to determine the length and the general direction of the
survey. This will enable one to plot the sketch more or less at

the center of the rpaper by starting on the side opposite the
general direction of the survey.

Mark the station by a dot on the plotting paper. To plet a line
with the bearing in the NE or S5E direction, place the base line
of the protractor towards the East: reverse the position, if the
bearing is in the NW of SW direction. Adjust the position so
that the intersection of the horizontal o-p-c line and the ver-
tical p-90° line or peint p of the protractor coincides with the
station marked by a dot on the plotting paper. The graduations
of the plotting paper will serve as guide in adjusting the pro-
tractor to the desired position.

Fig. 6: Protractor

Depending on the general direction of the line to be plotted,
read the bearing from the:

1st quadrant - - when in the WE direction
2nd ] - - a [} [0 msE - n
3rd H .o - n it v oW "
4th n _ " " . " NW n
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Then mark the reading or bearing by a light dot, called "guide
dot". With the "0O" graduation of the millimeter scale over
station 1, and its edge tangent to the "guide dot", plot the
distance between stations "1" and "2" according to the scale
adopted. The procedure is repeated until all the stations of
the survey are plotted. Indicate the stations established as

corners of the area surveyed by enclosing them with squares.

Also plot the tie points, and connect them with tie lines,
preferably to the neafest corners of the area surveyed. In-
dicate their bearings and distances with respect to such
corners. If the tie points are too far that plotting them is
impractical, show their relative locations by tie lines, also

indicating their bearings and distances.

In indicating the important details traversed by the survey,
refer to the sketches at the back of the field notes. Show the
different vegetative covers by light lines and identify them
by abbreviations in accordance with the standard conventional

sigrnis. Never use colored pencils on the plotting paper.

Place the title of the survey at a convenient space, preferably

_on the upper right hand corner of the plotting paper.

D-16, Forest Station Index No.

Survey of

Located in So. . Bo.
Mun . . Prowv.
SurveYed by '

{Name & Title) (Date}
Plotted by ‘ .

(Name & Title} {Date)
Traced by ‘

{Name & Title) {(Date)

Instrument used:

Distances by:

No. of Kilometers surveyed:

Scale:

Area in Hectares:
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Under "Legend" indicate the different vegetative covers and
natural land marks or improvements”shown in the sketch, in
accordance with the standard cenventional signs adopted by
the Bureau of Forest Development.

Tracing the sketch

Use a tracing paper of the same size as the cross=~section
paper used in plotting. Trace the sketch exactly as plotted
with all the details, except that the vegetative covers have
now to be indicated by colored pencils in accordance with the
standard conventional signs adopted by the Bureau of Forest
Development as follows:

- Commercial Forest - green diagonal lines, approximately 45°
from SW to NE:

~ Non-Commercial Forest - blge diagonal lines, approximately
457 from NW to SE;

~ Cultivated land - red vertical lines:
— Grass, cogon or open land - yellow horizontal lines;

- Non-commercial forest
mixed with brushland
or pure brushland - blge diagonal broken lines, approximately
457 from NW to SE
- Marsh or Swamp - green horizontal broken lines,

- Kaingin - red broken lines at random

If the survey is made in a reforestation project or on a forest
station level, at least 3 copies of the tracing have to be pre-
pared and submitted as follows: the original together with the
field notes to the Central Office; one duplicate copy to the
Regional Office and the District Office concerned. One

copy i1s retained for the records of the project office or the
forest station. T4
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Chapter 3:

THE CLOSE TRAVERSE

If the survey made to delimit a tract of land ends at the
same point where it started, the resultant survey line or
loop produced is called a cleose traverse. A close traverse
survey is made to determine the actual shape., size and ex-
tent of an area, as well as its relative location with
respect to points or important land marks known in the map

for various purposes.

The sketch with technical description

Aside from the sketch produced by tracing the plotting. a
sketch with technical description has to be prepared for
each close traverse survey. The technical description is a
tabular statement consisting of the bearings and distances
between corners, description of corners, as well as the
bearings, distances and description of tie points. While
the tracing of the sketch as plotted goes with the field
notes, cach copy of the report on the close traverse must
be accompanied by a sketch with technical description. This
sketch is, the main basis of the report.

The following items must be considered in the sketch to show
the relative location of the area:
- The nearest forest zone or land classification (L.C.) corners;:

- Adjacent or nearby areas under forestry permits or leases,
or at least some of their corners,

~ In delicate cases, the ordinate and coordinate lines under
which the area falls.

SKETCH SHOWING

The area under Ps. A. No. 116 of Mr. Alfonso Rodriguez

Located in:
Sitio: Dagdagupan
Barrio: Villacorta
Municipality: Mabini
Province: Pangasinan
Surveyed by: For. J. Mariano Date: Jan. 4-5, 1972

Plotted by: For. J. Marianoc Date: Jan. B, 1972
Compiled/Traced by: For. J. Mariano Date: Jan. B~9, 1972

P.M.D. Used: Index Wo. 515, Mabkini Reforestation Project,

Mabini, Pangasinan

Scale: 1:10,000
Approx. Area: 19 Has.

N

.,/
Alien. and Diap. 25
s, A No.li2
of A, Banl
Block I : anae
—_— 2
26 -~
{ 3
P
L.C. Project Mo 1O 7__F&. A, No. le I
. +
. — of A Rodriguez — | .. ?
T °
Mabini }f_ : \ I
”i \ \
Ib P
29 %, 8 R
q?
R
Fangosmon ¢ N, e
Ps. L.A, Ne, 120
20
of 3. Posadas
//// it
g
Legend: “
]
Cogon land .._ _ _ _ __ —1 Logging road ____ _ e
. oy

TG S
—w— = bbb Creek

Brushland

Fig. 7: Field Sketch (Technical description next page)
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LWE

CORAMER
No. [MARK

BEARING § DIST DESCRIFTION o CORNERS

2-3
34

4-5

EnsA

N 55°E, 250 M3 ! Molave, 30 cms,, Cor. 27, AtD BIkI L.C. Frgj to Mabini Fang.
. .
515
$75°E, 210 ma. 2 (2 Alleng Farang, 20 cms., Car & Fg. A. No. 12 of A Banlao
s 0'E. 180 Ms 3 A Evhat, 20 oms,, Con.7, F5. A No, #2 of A. Bonlae
, .

515, ’
3.32°wW, 245ms. | 4 h quwnpﬁ', Aocwns., North bank of Creek
. 8L

5[5/8

.70 W, 215 Ms. Banayoyo, 25 cms., e foof of hil

D~W 10Mma | e Palosapis, B0 oms.,Ca o, F LA No.12G of .. Fosadlas

5, .
» 2 * /g okat_ 35 cms., unchion of Crcek and logging read
W2e'w Wshe | 7 ! 5 ]

B
Howe 250m. @ 8 o Dita, 30 cms,, Cor.8 F5. LA Moi2o of 3 Posgdas

224

Corner 1 is identical with corner 27, A & D Block II L.C.
project No. 10 of Mabini, Pangasinan

Fig. 7 (continued): Technical description of survey.

adjust the boundary of the sketch if the following conditions
exist:

- If a portion of the clese traverse falls inside an alien-
able and disposable block, or when in conflict with exist-

ing forestry permit or lease; and

- If the area happens to be close to an alienable and dis-
posable block or to areas under forestry permit or lease,

to avoid narrow strips or small patches of vacant areas.

The boundary can be adjusted simply by selecting common
corners with the adjoining alienable and disposible block or

areas covered by a permit or lease.

‘Indicate the details and legends- in the same manner as in the

tracing of the original plotting.

Correcting error of closure

When plotted, a close traverse seldom closes due to errors in
taking the bearings and in measuring the distances between
stations. The gap or difference in distance and direction pro-
duced after plotting the survey is called the error of closure.

a)

Figure 8 below is the sketch of a proposed pasture area which
did not close by a distance represented by x.

Fig. 8: A close traverse survey with error of closure

In correcting the error of closure, station 1 remains a fixed

point because in a survey, there is normally no error of closure

incurred at the point of beginning. The rest of the stations

will have to be adjusted either forward or backward depending
on whether the last station falls short of , or overshots the

first station when pietted. In the foregoing illustration,

stations 2 to 11 will have to be moved backward. The error of

closure in each station maybe determined either by the diagram
method or by computation.

The Diagram Method

Fig. 9: The correction diagram

. %
With the same scale used in plotting, draw a straight horizon-
tal line AB, the length of which equals the total length of

the traverse. Points A and B, thereféke, correspond to sta-

s
tions 1 to 11, respectively. On this ldme, lay off stations

2 to 10, from point A at intervals egual to their respective

distances as plotted. At point B, errect a perpendicular line
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equal in length to the error of closure, X in Fig. 8. In the

diagram this is line BC or 11-11'.

Then draw line AC. From points 2, 3, 4, 5, 6, 7, 8, 9, and 10,
errect perpendicular lines up to line AC. These lines, e.g.
2-21, 3-3', etc., determine the distances at which the stations

will have to be adjusted in order to close the traverse.

b) By computation

Multiply the error of closure by the distance of a particular
station from station 1, then divide the product by the total
length of the close traverse. The gquotient equals the error
of closure in such a stationm, or the distance at which it has

to be adjusted.

Example: A close traverse has a total length of 2,500 meters.
When plotted, it did not close by 50 meters. Compute for the
error of closure in station 5, assuming the distance is 800
meters from station 1.

solution: 50 ms. X 800 ms.

= 16 meters — BError of closure in
2,500 ms.

station 5

The process is repeated with the rest of the stations, except

the first and the last stations.

c) Correction of plotted traverse:

The figure in solid line below is a reproduction of the tra-
verse as plotted. From stations 2, 3, 4, 5, 6, 7, 8, 9, and
10, draw downward, light lines parallel to line X, the line
representing the error of closure. Along these parallel lines,
the stations are moved backward according to their respective
correction distances as determined in the correction diagram
or as computed. The adjusted stations, peoints 2', 3,' etc.

in the figure below, are then connected by a broken line which

now represents the close traverse as corrected.

The corrected traverse is the basis in making the sketch with
technical description. However, stations not considered as

corners are omitted.
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Fig. 10: Correcting the error of closure

3.3 Area determination of a close traverse.

—

a

b}

c}

Planimeter method: A planimeter is a mathematical engineer-

ing instrument for the rapid determination of areas of plane
surfaces. It consists mainly of three parts: a ploe arm, a
tracer arm and a carriage which supports a vertical wheel
equipped with a graduated scale and a vernier and a register—
ing dial. It works by setting and adjusting the instrumént
besides the sketch and tracing the boundary of the traverse
by the tracer point. The reading at the registering dial is
multiplied by a constant conversion factor depending on' the

scale to obtain the area of the close traverse.

Determination of area by computation: This method is convenient
when the traverse has the shape of square, rectangle or triangle
and the area can be computed with the help of the standard
formulas. A polygonal traverse has to be subdivided into more
simple geometrical forms to which the standard formulas can

be applied.

By counting the squares on cross-section paper: The field notes

are plotted on standard size cross-section paper at a scale of
1:5,000 or 1:2,000 depending on the ihportance of details. If
the scale is 1:5,000 and the size of ‘the squares is 0.5 by 0.5
cm, 16 squares would make one hectare. Then portions of squares
are estimated and their aggregate ar®a is computed and added to
the area of the whole squares to coﬁﬁﬁt@ the entire area of the
traverse. This method of area computation is most commonly

used in forest surveys in the Philippines.
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Appendix

Conventional abbreviations used in field sketches.

TRIANGULATION POINT —-——---— Art,
HOMESTEAD APPLICATION UNDER
) PUBLIC LAND ACT———wem——=— H.A
LEASE APPLICATION UNDER
PUBLIC LAWND ACT----——-—-— L.A.
SALE APPLICATION UNDER
PUBLIC LAND ACTwem=———=— S.A.

FREE PATENT APPLICATION---~F.P.A.

FOREST CLAIM-————————=wam—- F.C.
PRIVATE WOODLAWND REGISTRA-
TRATION APPLICATION----P.W.R.A.
PRIVATE WOODLAND
REGISTRATION-———————~—~ P.W.R.
BATHING ESTABLISHMEWT-~-—- Be.

COMMUNICATION STATION SITE-Cs.

COMM. SITE FOR RADIO,
WIRELESS OR TELEVISION

STA , ———m o mmmmm e Ce.-Rd.

COMM. SITE FOR

TELEPHONE STA.—-—-———-—-— Ccs.-Te
KAINGIN- e m e Kan.
LIME and CHARCOAL KILN-- Lck.
LOG POND —mmmm e e e Lp.
LOGGING CAMP SITE ———-—- Le.
LUMBER YARD —————— Ly.
RIGHT~OF ~WAY == ————— - Rw.
TREE FARMww o — e oo Tf .

TREE FARM-COFFEE
PLANTATION~w=wTf ,~Cp
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- COMMUNAL FOREST

LUMBANG

TREE FARM —
PLANTATION-—Tf .-Lm
TREE FARM - CITRUS
PLANTATION--Tf.-Ct
' TREE FARM - MEDICINAL
PLANTATION—-TE .—-Mp
TREE FARM - RUBBER
PLANTATION——Tf .-Rp
TREE FARM - CACAO
PLANTATION-~Tf.~Cc
VEGETABLE GARDEN-————————— vg.
WOODLAWD LEASE ——————————- wl.
RESIDENCE —————— e Rs.
SANATORIUM ———oe—m— sn.
PRIVATE CAMP —————— e Pa.
TIMBER DEPOT mwmw—————— Td.
SAWMILIL, SITE ————————m—imm- Ss.
HOTEL SITE ——————————————— Hs.
SALT WORKS =——————————mmmm 8.w.
PASTURE ———m——mr— e Ps.

NIPA-BACAUAN PLANTATION---Nb.

FISHPOND - ——mmmmmmmmmem Fp.
LICENCES —m—m—— e L.
TIMBER LICENCE
AGREEMENT —r—rmmom— o T.L.A.

ORDINARY TIMBER LICENCE-0.T.L
ORDINARY MINOR LICENCE--0.M.L

COMMUNAL PASTURE
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