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SOIL SURVEY OF BATAAN PROVINCE
PHILIPPINES

By M. M. Auicante, D. Z. ROSELL, J. A. MARIANO
B, L. CariMBAS, and J. A. TINGZON

Of the Division of Soil Survey and Conservation
Department of Agriculture and Natural Resources, Manila

INTRODUCTION

The projected industrialization of the Philippines, if carried
out, will mean an increased demand for agricultural products
as sources of raw materials, Farmers will be induced to raise
crops more extensively and intensively than before, which may
ultimately result in the impoverishment of our soils if these are
cultivated injudiciously. There is still an abundance of avail-

~ able virgin agricultural lands, it is true, but sooner or later all

these areas will also be brought under cultivation. With due

~ regard for the welfare of succeeding generations we must utilize

our soils wisely in order that their natural fertility may be
maintained, if not actually increased. A soil survey furnishes
information and serves as a guide for the attainment of such
an objective. 2 |

The soil map, including the accompanying report, has several
uses. It shows the location and extent of the different kinds
of soil in the province or locality surveyed. The soil survey
not only provides an inventory of the soil resources of a given
area but it also serves as a basis for the formulation of sound
programs of land-use planning and soil-management practices.
In short, the soil map and the accompanying report “must be
considered as a handbook of the agricultural geography of the

Farea.”

DESCRIPTION OF THE AREA

Bataan Province comprises the whole of the peninsula hedged

in by the China Sea and Manila Bay in the western part of
- Luzon (frontispiece).

It is bounded on the north by Zambales
d Pampanga Provinces; on the east by the Manila Bay; and
: ad south by the China Sea. Balanga, the capital

2 m | Manila Bay,
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and 37.5 miles from San Fernando, Pampanga. The provinee
has an area of 136,000 hectares classified in Table 1, as follows:

TABLE 1.—Classification of the soil cover of Bataan Province*

Kind of land. Area in Ha. Per cent.
Commercial forest . 52,650 38.71
Noncommercial forest 41,670 30.63
Open sland = i bon C0E e G SIS G NEG  r 300 0.22
Cultivated land . 34,330 25.25

Swamp, fresh, and salt-water marsh .. ' 7,050 5.19
: 136,000 100.00

% Tamesis, Florencio. Forest Resources of the Philippines. Proceedings of the Sixth
Pacific Congress of the Pacific Association 1939 4 (1940).

Except for the narrow coastal plain which hugs the northern

V/ half of the eastern coast of the province, the whole area is
| covered by hills and mountains belonging to the Western Cordi-

" llera, generally known as the Zambales range (fig. 1). There
are two groups of extinct volcanic stocks, the northern group
composed principally of Mount Natib (1,288 meters), Mount
Sta. Rosa (931 meters), and Mount Silanganan (1,104 meters),
and the southern group composed of Mount Mariveles (1,355
meters), and Mount Bataan (1,420 meters).* Between these

not exceed 200 meters in elevation, which divides the province
into the northern and southern sections. The Pilar-Bagac road
traverses this pass connecting the eastern and western coasts of
the province. There are no intermontane valleys of agricul-
tural importance. The rocks of the mountains are predomi-
nantly andesites, although other extrusive rocks are also found. ,
The narrow coastal plain is all alluvium. S
The mountains slope down gradually from the center of the
province outward to the sea. /Numerous small rivers, generally

el

short with very few Iﬁééfﬁders, radiate from the mountain groups

important rivers in the province are the Colo, Hermosa, Tapulao,
Orani, Samal, Calaguiman, Salian, Balanga, Talisay, Pilar and
Limay Rivers in the eastern sector, and the Moron, Bagac,
Binanga, Saysain, and Aglaloma Rivers in the western sector.
Not one of these rivers is navigable throughout the year even
to small crafts. Y et

* Elevations taken from the Coast and ¢

PINnes L =

two mountain groups is a pass, the highest point of which does

to the sea, draining the whole area very efficiently. The more .
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under the mangrove type.

portant forest trees native to the area:

Scientific name

known as the “parang” type. The lowland portion, or plain,
is under cultivated crops, while the swamps and marshes are

3 The dipterocarp type, which covers the mountains, is gen-
; erally composed of complex groups of trees “with several crown
levels or stories.” (7) The following list gives the more im-

Common name

50IL SURVEY OF BATAAN PROVINCE]

Pygewm vulgare (Koehne) Amugan
Koordersiodendron pinnatum (Blanco) Merr. Amugis
Shorea guiso (Blanco) Merr. Giso
Terminalia edulis Blanco Kalumpit
Buchamnia arborescens Blume Kaming
Parkia javanica (Lam.) Merr. Kupang
Zizyphus talanar (Blanco) Merr. Ligaa
Cubilia blancoi Blume Lubilubi
Anisoptera thurifera (Blanco) Merr. Palosapis
Cinnamomum mercadoi Vidal Samiling
Knema glomerata (Blanco) Merr. Tambalau
Artocarpus cumingiana Tree. Ubien
Shorea polysperma (Blanco) Merz. Tangili

The ‘“parang” type, which covers the lower mountainsides
and hills, especially that portion bordering the narrow coastal
plain in the eastern coast of the provinee, has replaced the
original virgin forest as a result of the “caifigin” system of
agriculture, which is extensively practiced in the Philippines.

This type of vegetation is a mixture of grasslands and second-

growth forest and it usually replaces the virgin forest when the
latter is cleared. In the forest areas of this type, patches of
grasslands can be found; and similarly, in grasslands, patches

of second-growth forests dot the open land. The common t1 ees

and shrubs in the second-growth forests are:

Scientific name

Antidesma ghaesembilla Gaertn. Binayuyu
Macaranga tanarius var. tomentosa (Blume)

Muell.-Arg. Binunga
Leucaena glauce (Linn.) Benth. Ipil-ipil
Gliricedia sepium (Jacq.) Steud. Madre cacao

Pithecolobium dulce (Roxb.) Benth.
Tectona philippinensis Benth.
Blumea balsamifera (Linn.)
Schazostachyum lumampao (Blanco) Merr.
Bambusa spmosa. Roxb. :

Common name

Kamanchile

Nipa and bakauan are the most common vegetation of the swamps, which belong
to the hydrosol series.
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The coarse grasseé which cover the open grasslands are:
ogon [Imperate cylindrica (Linn.) Beauv.], talahib (Saccharum
ipontanewm Linn.), tambo [Phragmites vulgaris (Lam.) Trin.],
ind several species of Themeda. These are all gregarious
grasses.

' The mangrove swamps are inhabited by two kinds of plants:
(1) Those with stems, and (2) those without stems. Some of
© common species of the first group are the bakauans (Rhizo-
ora spp.) and aroma [Acacia farnesiene (Linn.) Willd.].
‘hose of the second group are represented by the nipa (Nypa
pucticans Wurmb.) and ferns called tinglog (Acanthus ilici-
olius Linn.).

Organization and population.—The earliest settlements in
lataan Province were native villages which later grew into
owns. Samal, Abucay and Mariveles (formerly Kamaya) are
he oldest of these settlements and had already been in existence
img before the Spanish Dominican Friars came to the region
| the early part of the seventeenth century.(8) Bataan became
province in 17564. Before that time the northern portion of
lhe peninsula had been a part of Pampanga and the southern
iart constituted the “corregimiento” of Mariveles. The prov-
fice as now constituted is composed of the following towns:
Balanga, Abucay, Samal, Orani, Hermosa, Dinalupihan, Pilar,
Orion, all taken from Pampanga, and the towns of Mariveles,
ay, Bagace, and Morong which formerly belonged to the cor-
ogimiento of Mariveles.

- There has been a steady increase in the population of the
iglon in spite of the early depredations of the Dutch along
he coast. The following figures show the population of the
rovince for the corresponding vears given:

1799 16,654 1903 46,787
1818 23,393 1918 58,380
1850 39,000 1939 85,555

gt of the early settlers came from Pampanga and its
boring provinces. Later, immigrants from Zambales also
Bataan. From 1941 to 1944 there was a decrease in

of th ince because of the war, the region
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coast. According to the census of 1939, Balanga had a popula-
tion of 11,684 ; Abucay, 10,216; Dinalupihan, 8,821; and Orion,
10,909.

Transportation—Transportation facilities in the province are
adequate for the needs of the inhabitants. There are 107
kilometers of first-class roads, 187.7 kilometers of second-class

roads, and 29.3 kilometers of third-class roads. The main high-
way, which also connects Bataan with Pampanga, runs through
the whole length of the province southward along the eastern
coast from the town of Hermosa to Mariveles passing through
~all the towns in between. Two roads, the Dinalupihan-Olongapo
and the Pilar-Bagac, cut through the province from east to
west making the western towns accessible from the east.

The Pampanga Bus Company, Bataan Express Company, Ma-
ningas Transportation Company, Batac Transit Company, and
many other minor operators operate passenger and freight
trucks throughout the province. The Metropolitan Transporta-
tion Service of the City of Manila maintains water transporta
tion facilities from Manila to Orani, Balanga and Limay across
the Manila Bay.

Water supply.—The most common sources of water for dom
estic and drinking purposes are artesian wells sunk at depths
ranging from 15 to 30 meters. In some places, especially. in
remote settlements, water from springs, creeks and rivers is used
by the people. In a few instances surface water from open
wells is the only available supply.

Generally, artesian water is safe for drinking without any
treatment, but water from open wells, creeks and rivers need
purification to make it safe for domestic use.

Other cultural features.—There are 65 elementary schools 111
the province. A public high school is located in Balanga, and
in addition there are three private high schools located one
in each of the towns of Dinalupihan, Orani, and Orion.

The Bureau of Health maintains a public hospital in Balanga
and a public dispensary and charity clinic in each municipality.
Government dentists, school nurses, and doctors are also avail-
ble to take care of the health of school children and teachers.

There is a Roman Catholic Church in every town and
Protestant Church in some towns. Several of these churche
.however, were destroyed d iong in 19

Hoiu SURVEY oF BATAAN PROVINCE]

plant,

Boho is a common species in the secondary forests of
the province,

Sawali is manufactured from this
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the capital and with Pampanga. Mail is dispatched and re-
ceived everyday except Sundays in all the towns with the ex-
ception of Bagac and Moron. In these two towns, mail is
dispatched and received only three times a week.

The Bataan National Park, containing 31,400 hectares, has
recently been established at Mount Samat, eight kilometers west
of the towns of Pilar and Orion. It is dedicated to the Filipino
#oldiers who died in the historic siege of Bataan.
 Industries—Agriculture is the major industry of the prowvince.
Ilishing is next in importance and lumbering, third.

Fishing is mostly done along the coast, which abound in fish
and other sea foods like crabs and shrimps. It is best developed
18 a calling in the towns of Orani, Balanga, Orion, and Pilar.
A large portion of the daily catch is shipped to Manila. In
Urion, part of the daily haul is made into “tuyo.”

The culture of milkfish (Chanos chanos Forskal), locally
inown as “bangos,” is one of the most important industries in
this province. Extensive areas of fishponds are found in Her-
mosa, Orani, Samal, Abucay, and Balanga. The soil and water
tonditions along the deltas and mouths of the rivers where these
towns are located are favorable to the growth of algae and
other lower forms of plant life which serve as food for the fish.
I'he young fish or fry are caught along the western coast of the
ovince, in the town of Moron and along the Zambales coast,
cultured in fishponds for from several months to a year,
r which time, they are ready for the market. The greater
jortion of the milkfish harvest is sold in Manila,

- The area presently devoted to this industry could be easily
ficreased by converting into fishponds areas now under nipa.
Bataan has a rich stand of timber in its commercial forests.
lmbering and logging is at present the most lucrative industry
L the province due to the great demand for building materials
roughout the country. There are at present six saw mills,
n aggregate daily capacity of 16,500 board feet, represent-
investment of P277,000. The two largest saw mills, the
ph's Saw Mill and the Cadwallader Sawmill, have daily
[ 7,000 and 5,000 board feet, respectively
1 [ 4
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species of grass locally known as ‘“tambo” [Phragmites vulgaris
(Lam.) Trin.]. Canoes are also made in this town. Wooden

slippers are made in Samal, Balanga, and Pilar.
Two. ice plants are found in the province—one in Orani and

one in Orion. Rice mills are found in Dinalupihan, Hermosa, |

Balanga, and Pilar.
; CLIMATE

Climate is one of the five factors in SOil development. With
the factors relief, time and biological activity remaining con-

stant, different rocks or parent materials under identical or

very similar climates give rise to similar soils. The length of -
the cropping season, the types of crops to be grown, the need

for irrigation, and other requirements of crops, depend to a great

extent on the climate of the locality. Oftentimes, even the
health and industries of the people are affected by the prevail-

ing climate.

The Philippines fall under the type of climate known as
tropical rainforest, monsoon variety.(10) This climate is cha-

racterized by high temperature and heavy rainfall.

The climate of a province is classified according to the type

of rainfall distribution during the year. Temperature varia-
tions within a province are small and do not play a significant

role in the classification of the climate of the different provineces.

Bataan falls under the first type of rainfall, a wet season

from May to October, and a dry season from November to
April.(8) Table 2 gives the monthly average rainfall for the
four weather stations in° the province. Table 2a gives the

monthly average number of rainy days for the same stations.

The heaviest rains fall in July, August, and September. Along
the western coast the westerly and southwesterly winds bring
in “cyclonic rainfall.” Typhoons at times hit the province
especially during the latter part of the rainy season, often

causing serious damage to crops and loss of lives.

Westerly and southwesterly winds prevail from June to Oc .
tober, and southeasterly and northeasterly winds predominate

from November to May.

The relative humidity and seasonal varmtlon
are similar to those of Manila. It
and least hum1d m Aprll

¥
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foeles

Fish c-orrals, or “baclad,” being dried preparatory {o setting in the sea as fish traps.
Fishing iz second only to agriculture in importance as an industry of the

provinece,
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Logging is a lucrative industry in the province. The logs are piled along the
road where they are later loaded into trucks and taken to the sawmills or
to Manila.
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10 SOIL SURVEY OF BATAAN PROVINCE
S AGRICULTURE
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The rice varieties used for ‘“palagad” are Kinawayan II,
~ Pinursigueng Puti, and Binato. The average yield of these
varieties is from 20 to 30 cavans of palay to the hectare. '

" The upland rice varieties found in the province are Kinandang
Puti, Dumali, Kinastila, Ginolong, and Inilangilang. The aver=
age yield of these varieties ranges from 15 to 20 cavans per
hectare. '

The use of fertilizers in rice culture is very limited. Am-
monium sulfate is sometimes applied on seedbeds two weeks
after sowing, but rarely on fields.

Communal irrigation systems are found in almost all the
towns of the province, irrigating approximately 6,000 hectares
The Pilar Irrigation System which is owned and operated by
the government irrigates about 300 hectares of riceland.

Sugar cane is the second most important crop of the province.
The area planted to sugar cane in 1938 was 3,360.08 hectares,
with a total production valued at P359,542.00. Most of the crop
was planted on the La Paz fine sand, La Paz silt loam, Pilar

fine sandy loam and to a small extent on the Antipolo clay.

The common varieties of cane grown in this region are: P.O.J.
2878, Mauritius 1900, Badilla, Luzon white, Superior, and
Alunan. The average yield per hectare ranges from 40 to 60
tons of cane. There is only one sugar central in the province,
the Bataan Sugar Central, located in Cupang, Balanga, wit
a milling capacity of 250 tons of cane per twenty-four hours.
The towns leading in the production of sugar cane are Dina-
lupihan, Hermosa, Balanga, Pilar, Abucay, and Samal.
Ammonium sulfate is the most common fertilizer used in
sugar cane culture. It is generally applied at the rate of from
200 to 300 kilos per hectare. T 3
During the war the sugar central and most of the small suga
mills in the province were destroyed, causing the sugar cane
planters to abandon this crop for the time being. Sugar cane
lands have been idle for the last five years.
Corn, a secondary crop, is grown extensively in both lowlan d
and upland areas, after the rice is harvested, at times inters
cropped with peanuts, upland rice and yambeans. . Generall
there are two crops a year, the first crop being planted in May
or June and the second in October or November. A lar;
portlon of the first crop is harvested green, re comim

H0IL SURVEY OF BATAAN PROVINCE]

The native plow and the carabao, or water buffalo, are still the main implement
and source of ‘“power” on the farm in Bataan Province. The nearly flat
to level topography of the La Paz series is adapted to the use of farm
machinery, such as tractors, disc harrows, ete.
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Sweet potato, or camote, is the most important root crop in
he province. Like corn, there are usually two crops a year,
first planted in May to June and the second in October to
Docember. Inube, Nilabanos, and Hawaii are the more common
| : arieties grown. This crop is grown throughout the province,
!i P jut the towns of Orani, Samal, Pilar, Hermosa, and Abucay
iccount for most of the harvest. :

Yambeans, or sincamas, is another root crop grown. It is
gually planted in October or November and harvested during
he dry season. The two varieties grown are the blue-flowered ﬁ
1id the white-flowered, the former being preferred by the people. f

The other root crops grown in this region are cassava, ubi, |
) igui, arrowroot, and gabi.

' The fruits produced in Bataan are banana, mango, and pine-

| ipple. The harvests of these crops generally exceed local
iemand and the surplus is marketed in Manila and the neighbor-
ig provinces.

The common vegetables grown in other parts of the country

'e also grown here, mostly in home'gardens The demand of

people in the province for vegetables is adequately met by
neal production.

AGRICULTURAL PRACTICES

- The prevailing agricultural practices in the province are
nilar to those in other parts of the country. The native ¢
w and harrow are the main implements of tillage with
¢ carabao as the source of power. The use of farm machinery |
nd fertilizer is very limited, mostly confined to sugar cane ‘
olds before the war. There is, however, a growing conscious-
a8 on the part of the farmers that present agricultural methods
be improved, that better seeds and the elimination of com-
weeds by a thorough preparatlon of the land before
ting will increase the yields.
ean culture is practlced in the growing of most crops, result-
n accelerated erosion espemalls in the rolling regions. A
f soil conservation is necessary to arrest soil wastage
)ssible tQ bulld up the badly depleted areas.
i i G d
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agricultural possibilities of the region can be better exploited

and more efficiently, by the construction of adequate irrigatio
systems throughout the level areas, at least. ]

LIVESTOCK AND LIVESTOCK PRODUCTS

The livestock industry of the province is not well developed

The Philippine Census of 1939 classifies its livestock populatio i
as shown in Table 4.

TABLE 4.—Number and value of lLvestock and poultry on farms and those
not en farms in Bataan Province

Livestock and

Livestock and poultry on farms. poultry not

? on farms.
Livestock ,—— —A 4 e
or All ages _ Total
poultry and breeds Native. Grade. value.d
Persons Lesos.
Farms Farms Farms pter reporting.
Number, report- Number. report- Number. report-
ing. ing, ing.
Carabaos .......... "18,288 5,121 1,379
Cattle ... 498 39 470 24
Horses . 572 294 567 409
Hogs ... 7,615 2,928 7,489 3,855 i i i
Chickens 55,807 4,066 50,079 5,032 A typical irrigation ditech at Calungusan, Orion. Several prn‘rate eommu.nal ir-
Goats ... Sgg Gg 326 61 rigation systems provide water to many of the rice farms in the province.
418 A e e I R R 123
137 18 41
619 11 30
16 8 28

* Total value includes value 'of livestock
livestoek and poultry not on farms.

; It
b Of this number 12,614 are work animals as reported by 4,905 farms.

and poultry on farms as well as value of

The most important animals raised are carabaos, cattle and
horses. The carabao is principally used on the farm as a beast
of burden, the cattle for beef, and the horse to pull native
vehicles called “caretela,” Hogs and chickens are raised mostly
for home consumption and rarely as a source of income. Goats,

sheep, and poultry other than chickens are of minor import=
ance, being raised on very few farms,

1
FARM TENURE 4

The Philippine Census of 1939 classifies farmers or fa i"
operators into four classes, namely, owners, part-owners, ten-
ants, and managers. ' ]

Owners are farm operators who own all the la
A farm-operator who works the land owned by
family is classified as owner. i
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T'enants are farm operators who rent or lease from others
the land which they work. Tenants are subdivided into
) share-tenants—farm operators who rent the land they work
| pay the rent by sharing the crop or crops grown with the
ner; (b) cash-tenants—farm operators who rent the land they
Ilc and pay a definite rent either in the form of money or
biluce; (c) share-cash-tenants—farm operators who rent all
| land they till and share the harvest with the owner in
lition to paying rental in cash. :
Managers are farm operators who supervise the working of
farm of a landowner, recéiving wages or salaries, or part
the crops for their services.
il 1939 there were 6,305 farmers in the province. Twenty-
it and seven-tenths per’cent of this number owned their
ms; 18.8 per cent were part-owners of the land they work;
4 per cent were share-tenants; 10.2 per cent share-cash-
nts; 6.4 per cent cash-tenants; and 0.07 per cent managers.
i the total farm area in the province, 37.7 per cent is
ed by owners; 18.0 per cent worked by part-owners; 31.0
' cent worked by share-tenants, 6.0 per cent by share-cash-
fnts; 2.7 per cent by cash-tenants ; and 4.7 per cent by
Miagers. :
the average size of a farm in Bataan is 4.22 hectares.
] FARM INVESTMENTS
lable 5, taken from the Philippine Census of 1939, gives the
1l equipments available in the province at that time. These /
ments represent nearly all of the farm investments in the
vince.

ABLE b.—Showing farm investments in Bataan Province as per
census of 1939

Number of

Kind of equipment e

e
e Voaol 13840200
...... 1,863

12,614 416,262.00

gl
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TYPES OF FARMS

~ According to the Census of 1939, of the 6,305 farms in 1
province, 4,835, or 76 per cent, are rice farms; 40 or 0.6 |
cent, corn farms; 349, or 5.8 per cent, sugar cane farms; '.
or 6.6 per cent, fruit farms; 55, or 0.8 per cent, vege
farms; and 602, or 9.5 per cent, are classified as other farn
There were two poultry farms in the province at that time.

A farm was classified as belonging to a certain type, §
rice farm, if 50 per cent or more of the cultivated area in @
farm was planted to rice; a corn farm if 50 per cent or md
of the cultivated area in the farm was planted to corn; and
poultry farm if it had more than 300 chickens or 200 d C
and less than two hectares of cultivated land.

a small-scale map, they are mapped or grouped into a (4)
plex. Areas of land that have no true soil, such as river
s, coastal beaches, or bare rocky mountainsides are called
5) miscellaneous land types. Areas that are inaccessible, like
@untam and great forest areas, the classification of which is
no agricultural importance for the present, are classified
§ (6) undifferentiated soils.

A series is a group of soils that have the same genetic
iorizons, similar important morphological characteristics, and
imilar parent material. It comprises soils having essentially
e same general color, structure, consistency, range of relief,
ilural drainage condition, and other important internal and
“ilernal characteristics. In the establishment of a series, a
Beographic name is selected, taken usually from the locality or
jealities where the soil was first identified. For example, the
ilis series was first found and classified in the vicinity of
ulis, a barrio in the town of Hermosa, Bataan Province.

A s0il series has one or more soil types, defined according to
e texture of the upper part of the soil, or the surface soil.
class name such as sand, loamy sand, sandy loam, silty clay
m, clay loam, or clay is added to the series name to give
complete name of the soil. For example, Culis loam is a
type within the Culis series. The soil type therefore has
game general characteristics as the soil series except for
texture of the surface soil. The soil type is the principal
Hpping unit. Because of its certain specific characteristics
il is usually the unit to which agronomic data are definitely
‘alated.

A phase of a soil type is a variation within the type, differing
ffom the soil type only in some minor features, generally ex-
1, that may be of special practical significance. Differences
pelief, stoniness, and extent or degree of erosion are shown
phases. A minor difference in relief may cause a change
agricultural operation or change in the kind of machinery
5 be used. The phase of a type with a slight degree of ac-
pated erosion may need fertilizer requirement and cultural
igement different from those of the real soil type. A phase
bype due mainly to degree of erosion, d

SOIL SURVEY METHODS AND DEFINITIONS

Soil survey is an institution devoted to the study of the 8
in its natural habitat. It consists of (a) the determination
the morphological characteristics of soils; (b) the groupi
and classification of soils into units according to their chari
teristics; (¢) their delineation on maps; and (d) the descripti
of their characteristics in relation to agriculture and otk
activities of men. 1

The soils, their landscapes and underlying formation, ¢
examined in as many sites as possible. Borings with the §
auger are made, test pits are dug, and exposures, such as: 0
and railroad cuts are studied. An excavation or road—¢
exposes a series of layers called collectively the soil prof
These horizons of the profile as well as the parent matet
beneath are studied in detail, and the color, structure, porosi
consistency, texture, and content of organic matter, roots, gray
and stones are noted. The reaction of the soil and its conte
of lime and salts and other plant food constituents are det
mined either in the field or laboratory. The drainage, b
external and internal, and other features such as the reliéf
the land, climate, natural and artificial features are taken 1
consideration, and the relationship of the soil and the vegetal
and other environmental features are studied. ;

On the basis of both external and internal characteristi

the soils are grouped into classification units, of hich the th
principal ones are (1) soil series, (2) 8011 "
--pha.se. When two or more of these mapping

fimate o

egree of slope and
il is usually
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separately on a small-scale map. This is mapped as a unit an d ¢ 3 ¥ @2 5T & -l
is called a soil complex. If in an area there are several serie gs 3 o 2 gEele e
such as Sara, Sta. Rita, Alimodian and others that are mixed G : R RR R e e
together, the two dominant series must bear the name of the $ i3 g8 Ed R R
complex, as Sara-Sta. Rita complex or Sara-Alimodian complex; Ez g il Sk s by e E e
as the case may be. If there is only one dominant constituent, 38 | - Eé Lo B e
tnat series or type bears the name of the complex as Sara °‘ S . = g‘% 52 §§5 :i : g'ia
complex or Alimodian complex. " B § ﬁﬁfﬁ ang EE‘E R
Surface and subsoil samples for chemical and physical analy- Bhois 55 ZEEE  goFY 28y BRE.R 828 | 2w
ses are collected from each soil type or phase, the number being PRl Bl RS e e D o 5 :
determined by the importance and extent of such soil types or ge  E8 d,gd% BECS s HE mEg 58
phases. Profile samples are also obtained for further mor- gg 'gﬂg_s LEEEs '52';’ &E 2 8. d%4 = : %
phological studies of important soil types. = Lo Rdga0 E2 24 8 2% 24 i g 2
A soil survey party, composed of two or three soils men, B Eg’ 4 .?Efda gﬂ;ﬁ ?% Ralee %‘5‘5 < %;
maps the area and delineates the various soil types, phases, g i SPuly By B2 £ Ao 30 © ok
complexes and miscellaneous land types. All natural and arti- 23 £s 2 Bofpoe aa o & Oéé g Gl
ficial features found in the area are indicated on the soil map. ¢ | 2<% =8E Bia b R Em 2 &3
These are trails, roads, railroads, bridges, telephone and tele- E B fmé wigERR8y  gF S e 83 2 B
graph lines; barrios, towns, and cities; rivers and lakes; proms S '§§:m§g§§ £% § 3B g% £ 4 E
inent mountams, and many others. ‘gmz@ %E-'i Eeg—}:g;“&ié 5';5 ER ;g“ei g-f :Z;,
e w=E °Egaf e i SRl o2 agie e “ 8
BATAAN SOILS o Eiigggggf is E ;E";é‘é;“géig ;8
‘ = = n : . 0
The soils of the province of Bataan have few variations due i'a" g g§§ "Siz;éezgga &= EEE:E% ﬁgg £ ;:'
to the simplicity of the soil formation as represented by th gE: ThAs sfEhAads Zs :5%2’5555 g% L
series of mountains and the short and narrow coastal plain, s R MR R s 732
The Antipolo soils, which occupy a great portion of the region, E By S e nas B Bt At = =i
exhibit to a slight extent the characteristics of a mature soil, 3 WA Ay Sl edE
The soils of the plain are young soils, with incomplete profile Eas
development. a= g
Table 6 gives the hectarage of the different soil types foun 5'* SR e = e o iE B T BT ;Bf
in the province, their location and the principal crops growi ﬁ O ] SR E§ .
on them. ' R
The soils of Bataan were classified for the purpose of thl ”SAEE’
survey as follows: it At ! far
1. Soils of the swamps and marshes | ; , E 2 gE
a. Hydrosol ; { E & i b i el 3 48
2. Soils of the plain ; 'ﬁ 4
a. La Paz fine sand i N8
b. La Paz silt loam ;
¢. Culis loam ’
d. San Manuel fine sandy loam

e Pilar silt loa ooy



BATAAN SOILS 21

20 SOIL SURVEY OF BATAAN PROVINCE

glong to the La Paz, Culis, San Manuel and Pilar series. A
small area of “Beach sand,” a miscellaneous land type, is also
icluded in this group. With the exception of the Culis series
i “beach sand,” all the soils in this group are productive
i adapted to a wide variety of crops. Each soil series, how-
ver, is especially suited to certain crops. :

3. Soils of the upland, hills and mountains
a. Antipolo clay
b. Antipolo soils, undifferentiated

SOILS OF THE SWAMPS AND MARSHES

Hydrosol (1)*—Under this classification belong the swamp
marshes, and fishponds, which are under water most of th
time. The water portion of the hydrosol is known as th
aqueous horizon while the surface soil is called the subagueou
horizon.(21) Generally, the subaqueous horizon is slimy, dar povince.(2) These soils, as mapped in Bataan, are extensions
gray to black plastic clay with sandy clay in some places. Th | the same soils in Pampanga. They are characterized by
texture and organic matter content are widely variable. I h-gray to brownish gray, loose and structureless surface soil
newly opened fishponds this horizon is invariably alluviunm i light gray to brownish gray sandy subsoil. The substratum
Because of the difﬁculty in delineating the various textu _- 1) gists of gray, brownish gray or grayjsh brown fine to me-
grades these soils are all grouped under one general hydrose um sand. These different layers grade into each other gra-
series. The most common vegetation are nipa, pandan, mat *z:: lly, and the whole soil mass is loose and porous. This series
grove, and aroma [Acasia farnesiane (Linn.) Willd.]. ' supies the northern half of the plain extending from the south-
soil occupies a total area of 3,544 hectares along the seaco i part of the town of Samal northward up to the Bataan—
of the towns of Hermosa, Orani, Samal, Abucay, Pilar, an impanga boundary, including the towns of Orani, Hermosa and
Balanga. Inalupihan. The topography is nearly level or flat, and the
wvation ranges from a few feet to 100 feet above sea level.
Jiainage, both external and internal, of the area is good.
There are two soil types mapped under this series, La Paz
o sand and La Paz silt loam.

La Paz fine sand (77).—A typical profile of the type shows
i {ollowing characteristics:

La Paz Series

This series was first established and mapped in Pampanga

SOILS OF THE PLAIN

The soils of the narrow and short plains, or lowland portion
in the eastern coast have different physical properties, bt
they also possess common characteristics. All the soils hay
but slight profile development. They are of light to mediul
texture in both the surface and subsoil layers, varying frol
fine sand to silt loams. The color ranges from light g
brownish gray to grayish brown. The reaction does not var
much, ranging from slightly acid (6.36) to very mildly alkalin
(7.04). With the exception of the Culis loam, a soil of 10}
natural fertility, most of the soils are of medium to hlgh fel
tility.

Similarity in origin and mode of formation are the moi
important factors responsible for the common characteristit
of the soils in the plains or valleys. All the soils are derive
from recently transported soil materials or secondary materia
which have not been in place long enough for the full force ¢
intensity of the soil-forming factors and processes to produt
marked effects on their profile. The more or less level toy
graphy coupled with low elevation are also :
glight profile development of the soils. The

La Puoz fine sand

Dapth of soil Characteristics
om.

f 0 to 25 Surface soil, light gray to gray, loose, structureless fine

"sand. Appears dark gray when moist. Loose; roots

penetrate easily; low organic matter content. Boundary

between surface and subsoil is gradual and wavy.

§5 to 90 Pale-gray to brownish-gray very fine to fine sand more

compact than surface soil. Poor, very fine granular to

gtructureless; low organic matter content. Roots pene-

trate easily. Clear smooth boundary between subsoil

and substratum,

-50 lubltmtum, gray medium to coarse sand, loose and struc-

low organic matter content.
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per cent of the area of the province. The topography is nea il
level to level and is only a few feet above sea level. So
portions of it are flooded during months of extremely heay
rainfall.
The parent material of this soil is sandy alluvium from r
higher areas deposited by the rivers. Because of the loose
and coarse texture of the whole soil mass, external and inter
drainage are both good despite the more or less level topograp‘
of the area.
Before the war, this type was utilized for the growing ¢

sugar cane. Ammonium sulphate was the most common fel

tilizer used on this soil at the rate of 200 to 300 kilos per hectax
During this survey, however, only a few patches of peanut
corn are raised, the greater portion being idle. This is att
uted to the lack of planting materials and scarcity of wol
animals as a result of the war. 1

Due to its light texture this soil is easily worked, but i
water-holding capacity is low. By increasing the organic m
ter content through the return of all stubble and crop resid
and green manuring preferably with legumes if possible,
field capacity could be increased. Physically, this soil is
adapted to the growing of root crops, vegetables, peanuts, an
sugar cane provided that there is continuous available wate
supply during the growth period of such crops. A

This soil is low in both ammoniacal and nitrate nitrog
relatively high in phosphorus, and moderate in potassium.
It may be expected to respond to nitrogen and potash fe
tilizers.

La Paz silt loam (78).—Like the La Paz fine sand, this s
type is an extension of the same type in Pampanga Provin
It is more extensive than the former, and it comprises
greater portion of the narrow plain from the town of Dinali
pihan southward until Calaguiman barrio in the town of Sa i
The 23- to 28-centimeter surface soil is light gray, gray f
brownish gray silt loam with a crumb structure. The subsoi
which reaches a depth of 60 to 70 centimeters, is brownig
gray to grayish brown very fine sand slightly more compa
than the surface soil. The substratum is brownlsh gray ;
gray fine to medium sand, porous and structureless.
as mapped in Bataan Province, is a llttle
gype in Pampanga, Provmce.

HoiL SURVEY oF BATAAN PROVINCE]

The La Paz silt loam is one of the most productive seils for lowland rice in
the province.
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A newly planted field of sweet potatoes on La Paz fine sand, at Orani. Sweet
potatoes is one of the most common crops planted on this soil.
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This type is the second most important rice land in the

‘province, with Pilar silt loam taking the lead. It covers an
area of 5,970 hectares, or 4.4 perscent of the province. Some

portions of this soil located in the town of Dinalupihan were
devoted to the growing of sugar cane before the war, but during
this survey most of those areas were being planted to lowland

vice. Secondary crops such as corn, peanuts, and sweet pota-
{oes are also raised on this soil. In the towns of Orani and

Iermosa ‘“palagad,” or dry season rice, is planted where ir-
b ¥

rigation water is available.

Included in this type are two small separate areas of slightly
heavier and deeper soils than the typical La Paz silt loam. They
are located along the national highway about one hundred
meters just south of the town proper of Hermosa and the other

in the barrio of Tapulao in the northern part of the town of
Orani. In a detailed soil survey these soils would be classified
geparately from the La Paz silt loam.

The requirements for management of this soil are not very
different from those of the La Paz fine sand. The slightly

leavier texture indicates a higher water-holding capacity than

that of the latter. It possesses good tilth and is also physically

nitable for rice and other crops. ,
The reaction of the soil is 7.04, which could be considered
neutral for practical purposes. Rice prefers medium acid
goils * for optimum growth so it may be inferred that maximum
yields cannot be expected from this soil with respect to rice
unless the pH is lowered in some way. Experiments, however,
are lacking to substantiate this view, and the importance of
w0il reaction in the growth of rice on this soil type has not
'n; determined as yet. The supply of nitrogen is relatively
her than in any other soil of the province, but this is only
porary and depends largely upon the season and whether
soil is cultivated or not. The phosphorous and potassium
nts are relatively moderate. It may yet respond to phos-
¢ and potash fertilizers. As the slope is gentle and the
ﬁarﬁa,baorbmg capacity is good, it is only slightly susceptible
aion and no specml practmes are necessary
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slightly compact fine to medium blocky clay loam to clay subso
with buckshotlike iron concretions. The substratum consist
of whitish gray m;xture of, coarse sandy clay and Weather
sandstones. :
The land is undulating to gently rolling with slopes rangi
from 3 to 8 per cent. Due to the heavy subsoil, which restriet
water penetration, this series is susceptible to erosion. '
The native vegetation is of the “parang” type. Secon
growth trees and shrubs are usually found along the creel
and depressions. Boho also abounds and a few clumps @
bamboos are occasionally present. 9
In a few localized places few cobblestones and boulders ap
found on the surface. This series is best suited for pasture
reforestation because of its high erodibility and low fertili
A few patches of upland rice and few mango trees are gro
on it, and some tamarind trees are growing wild. This
not an important agricultural goil of the province.
Only one soil type, the Culis loam, has been mapped und ]
this series.
Culis loam (138).—A typical profile of this soil type has the
following characteristics:

Culis loam

Depth of soil
cm.

(O)fer i)

Characteristics

Surface soil, brownish gray, gray to dark-gray fine
medium granular, slightly compact loam. Fair amount
of organic matter. Roots especially those of grass most
found in this layer: Clear smooth boundary betwe
this horizon and the lower layer.

Dark-gray slightly compact clay loam to clay with plen
of buckshotlike iron coneretions. Good fine blocky strue
ture. Roots have slight difficulty penetrating this layer

Gray to dark-gray hard and stiff moderately compaet
medium to coarse cloddy clay. Low organic matter con
tent; gradual wavy boundary between this layer and
upper layer. Roots penetrate only with difficulty.

195k0 =20

27 to 85
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85 to 150

Whitish-gray compact mixture of sandy clay and weathered

. sandstone.

Waterworn gravels and pebbles sometim

present in this layer in some places. Clear w

" boundary from upper layer.

This soil occupies approximately 4,000 hectara&, or aboul
2.2 per cent of the area of the provmce. i i
agrlcultural goil. It is located in the no
i west of the towns of H

A typical landseape of Culis loam.

It has an undulating to gently rolling
topography.
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The Culis loam is developed under an undulating to gently
olling topography and at an elevation ranging from about
lH to 60 meters. Due to the heavy subsoil which prevents
iormal penetration of water in the lower layers, the soil is
usceptible to erosion. In places where the natural vegetation
15 been disturbed and the soil subjected to intense erosion
he buckshotlike concretions are exposed on the surface or are
unspicuously accumulated along furrows or depressions.

The parent material of this soil originated from whitish gray
nndstone. External drainage is good but internal drainage
i poor due to the heavy nature of the subsoil.

This soil is poorly suited to most crops because of its stlcky
nd impervious clay subsoil. The feeding zone of the roots is
hallow due to the thin surface soil, which averages only 15
entimeters in depth, and the heavy subsoil restricts the penetra-
on of the roots. As would be expected, there is also poor
sration and slow water movement in the subsoil. The low
hosphorous (3 p.p.m.) and potash (26 p.p.m.) content and
w content of other essential plant nutrients (0.06 per cent total
itrogen and 40 p.p.m. of calcium) may be contributory factors
i the low fertility of this soil.

Because of ‘its natural low fertility and susceptibility to
rosion, no agricultural crops are planted on this type except
few patches of upland rice and few mango trees. This soil
lould be reforested rather than be planted to agricultural crops.

‘San Manuel Series

This series was first described and mapped in Tarlac Prov-
e, but it occurs extensively in Pangasinan Province.(3)
his is one of the best agricultural soils of Bataan Province,
b it is limited in area.
The soil consists of light brown to light brownish-gray sur-
we soil and a brown to grayish-brown subsoil ranging in
h from 70 to 110 centimeters. The substratum is yellowish
1 to reddish brown fine to medium sand. Generally, the
8 of recent alluvial origin with the Tahsa.y and the Balanga
deposition. The series occurs
ject to floods
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Because of its natural fertility nearly all of the area und
this series is cultivated. Corn is the principal crop grown,
peanuts, yambeans, vegetables, sweet potatoes, sugar cane, B
nanas and other fruit trees are grown also.

' Only one soil type, the San Manuel fine sandy loam hag b 3
mapped under this series.

San Manuel fine sandy loam (95).—A typlcal profile of h"
type has the following characteristics:

San Manuel fine sandy loam

Depth of soil Characteristics

cm.
Surface soil, grayish-brown to light brown, friable
granular to almost structureless fine sandy loam.
amount of organic matter. Roots penetrate ea
Gradual smooth boundary between the surface and
subsoil. ]
Upper subsoil, grayish-brown friable very fine to fine
loam slightly more compact than the surface
Easily penetrated by roots. Appears dark brown
moist. ‘
Lower subsoil, grayish-brown to yellowish-brown very
to fine sandy loam slightly denser than the upper
soil. Diffuse smooth boundary between this horizon a
the substratum. !
Substratum, grayish-brown to reddish-brown fine SB.
loam to fine sand. Slightly compact. :

0 to 35

35 to T0

70 to 100

100 to 150

This type occurs along the Talisay and Balanga Rivers
the towns of Balanga and Pilar. It covers an area of abo
234 hectares or approximately '0.17 per cent of the area
the province. The yearly inundation of the rivers surround:
this soil accounts for its great fertility. Despite the low e
tion and relatively level topography, external and intern
drainage are both good.

The San Manuel fine sandy loam has developed from x'e
alluvial materials transported from the higher elevations
deposited by the Talisay and Balanga Rivers on the lower pa
of their courses.

Almost all of this soil is under cultivation and kept plant
to various crops all the year round except during the tW
three driest months of the year. Corn is the pr1nc1pal
grown on' this type, but peanuts, yambea
vegetables, bananas and fruit tree.s ar
Because of the llght textur

S0IL SURVEY OF BATAAN PROVINCE]

Profile of San Manuel fine sandy loam. It is a deep
alluvial soil of medium texture.
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It is easy to maintain the favorable physical condition of
this soil so long as it is not worked when wet. Due to its
[requent, if not continuous, cropping the organic matter con-.
lent should be maintained by plowing under all crop residues
or by the use of green manure, preferably legumes if possible.
The water retentiveness is increased and the biological activity
is promoted incidentally by the increase of the organic matter
content. Decrease in yields is not so evident at present, but
fertilizers may be required in the future in order to maintain
or increase the present level of production. Among the soils
of the province this soil type has the highest phosphorus con-
{lent (55 p.p.m.). The total nitrogen, however, is low (0.06
per cent) and its content of potassium is moderate, hence
nitrogen and potash fertilizers may be expected to give increased
vields. Accelerated soil erosion is not so much of a problem
hecause of the nearly level topography and high water- absorbmg

sapacity of the soil.

- Pilar Series

This series comprises one of the most productive soils of the
provinee especially with respect to lowland rice. The soils of
this series consist of brownish-gray, grayish-brown, or light
hrown friable fine to coarse granular fine sandy loam to silt loam
purface soil underlain by a yellowish-brown to brown friable
nandy loam subsoil ranging in depth from 70 to 80 centimeters.
The substratum is a gray to brownish-gray slightly compact
iandy loam to coarse sandy loam.

- These soils occupy the southern half of the plain extending
from the town of Abucay southward to the town of Orion.
e topography is nearly flat, and the elevation ranges from
mly a few meters above sea level to 30 meters. Although the
kternal drainage is inclined to be poor due to the nearly flat
elief, the good internal drainage offsets it.
8 series has developed from recent alluvial deposits, just
ther soils of the plain such as the La Paz and San
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Peanuts, mungo, cowpeas, and vegetables are also raised ol
this series.
There are two soil types, namely, the Pilar silt loam an
Pilar fine sandy loam.
~ Pilar silt loam (137) .—The typlcal profile of the Pilar serig
is shown by Pilar silt loam, the profile of which has the follow

ing characteristics:
Pilar silt loam

Depth of soil Characteristics

cm.

0 to 25 Grayish-brown to light brown, medium to coarse-gran
friable very fine sandy loam to silt loam. Plent
lowland rice and grass roots. Fair amount of organi
matter. Dark brown when moist. Gradual smootl
boundary between the surface and the subsoil. ‘

Upper subsoil, darker in color than surface soil and slightl
more compact than above. Fine to medium blocky str LC
ture. Roots penetrate easily. ‘

Lower subsoil, yellowish-brown to light brown or br
friable sandy loam. Fine granular structure. C
smooth boundary between the subsoil and the substratu

Substratum, grayish-brown, brownish-gray, or gray shgh
compact sandy loam to coarse sandy loam.

25 to 51
51 to 80

80 to' 150

There are small areas in small pockets along the coast thal
have been classified under this type although they appear
be a little heavier and darker in color than the typical Pil
silt loam. This is especially true with those soils in Marivele§
Lucanin, and Lamao, in the southern part of the province
Usually these pockets occur at the mouths of rivers. In
detailed soil survey, these soils would undoubtedly be classifia
separately from the Pilar series.

Due to the light texture and friable nature of the whole soi
mass, both the internal and external drainage are good althou '}
the area has a level to nearly level topography.

These soils are derived from recent alluvium of sandy ma
terial. This accounts for the glight profile development ang
light texture of the soil.

The favorable relief together with the ease with Whlch
can be cultivated and its medium fertility make Pilar silt loan
the most valuable rice land of the province. The relat
porosity of the subsoil, a characteristic unfavora

SoIL SURVEY OoF BATAAN PROVINCE]

An average yield of
60 cavans of paley per hectare is obtained from such fields.

Irrigated lowland rice on Pilar silt loam, at Pilar,,K Bataan,

v mountaine
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large portion of this soil is irrigated from private com-
munal irrigation systems managed and operated by the farm-
ors  themselves. However, a government-owned irrigation
fystem also exists in Pilar supplying water to about 300 hec-
tares.

The requirements for management of this soil are similar
{0 those for the La Paz silt loam but with slight difference.
Ordinarily good yields of rice as well as other crops are ob-
{ained under the prevailing farming practices, but the ap-
plication of moderate amount of complete fertilizer to sup-
plement the natural fertility may give maximum yields. The
prganic matter should also be replenished yearly if the favor-
ible physical condition of the soil is to be maintained. As
in other soils, this could be done best by returning crop re-
gidues and farm manures to the soil and, if necessary, by
the use of leguminous green manure. This soil is not so
susceptible to accelerated erosion because of its gentle slope
and high water-absorbing capacity.

Pilar fine sandy loam (136).—This type occupies the adjoin-
ing area of slightly higher elevation west of the Pilar silt loam
in the towns of Pilar, Balanga, and Orion. It comprises most
of the soils devoted to the growing of sugar cane before the
war. This type differs from Pilar silt loam mainly with re-
Hpect to the texture of the surface soil and the absence of red-
(ish streaks. Generally the surface soil is around 20 centi-
meters deep and is slightly lighter in color than the surface
woil of Pilar silt loam. The yellowish tint of the subsoil is
not so pronounced as in the silt loam type, and this layer is
of a slightly lighter texture.

" Drainage, both external and internal, is adequate.

~ As most of this type has been left uncultivated for three
joars during the Japanese occupation, cogon has gained a
othold and madre cacao [Gliricidia sepiuwm (Jacq.) Steud.]
are scattered here and there with a tendency to spread at a
d rate.

y & very gmall portion of this soil was under cultivation
me of thig aurvey. However, there is a possibility
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is easy to work and special practices are not necessary i
maintain its good tilth. Increasing the organic matter con

tent, however, would undoubtedly make it more retentive of
water. The phosphorus and potassium contents are relativell
high, but its nitrogen content is low. Nitrogen fertilizen
may give increases in yields. Ammonium sulphate was

plied to sugar cane before the war with favorable economf‘
returns. :

around 1,000 feet elevation, and the Antipolo soils, undi‘f‘feren-
lated, which comprise the rough mountainous lands which are
nnccessible, hence unclassified. . il

Most of the area under this series is under virgin forest.
lhe rest is under second-growth forest and “parang” type of
D) vegetation. /
i—f?szttfipolgo clay (26).—This soil is typical pf _the undulating 01:
ently rolling foothills and lower mountammdes” that a,I"e for
lie most part under second-growth forest a’.nd. parang type
{ forest vegetation. Of the upland soils, it is t.:he most im-
urtant soil for agricultural purposes in the province. A typ-
-i-s profile of this type as mapped in Bataan Province has
e following characteristics: -

The porous surface soil and subsoil permit easy Ppenetration
of water rendering the soil resistant to water erosion.

This type has an area of about 2,178 hectares or 1.6
cent of the area of the province. :

Beach sand.—Although the soil map is primarily concerne
only with soil, other areas of land that are without a defin
soil must be indicated on the map. One such area is mappe Wb of soil Characteristies
in Bataan Province and is designated as “beach sand”. Thi ol

i s - i ish- t edium-granular, friable clay to
miscellaneous land type occurs as a narrow strip about 15¢ fito 25 Ll*‘fhtmrei?fh b;?;n’ sﬁﬂgri;mmtuﬁacegus eon::retions present.
meters wide along the coast from the barrio of Bayandati un Sol?ghtly (ngpact. Gradual wavy boundary between the sur-
til the town proper, or poblacion, of Moron in the north face and the subsoil. High organic matter content. Roots
western coast of the province. It consists of dark gray g

‘ penetrate easily.
black coarse sand of no agricultural value whatsoever, i

i to 65 Subsoil, reddish brown, darker than surface soil. Friable j:‘ﬂne
has a total area of about 55 hectares, or 0.04 per cent of t_‘ to coarse-granular clay slightly more compact than surface
area of the province. -

soil. Few concretions present. Boulders sometimes imbed-
ded in this layer. A :

4 to 90 Lower subsoil, more pronounced reddish brown color. Friable
coarse-granular clay. Increasing amount of weathered. rock
fragments. Diffuse wavy boundary between the subsoil and
gubstratum. j .

0 to 1560 Substratum, layer of weathering rocks mixed with boulders.

Antipolo clay.

SOILS OF THE UPLAND, HILLS, AND MOUNTAINS

The soils of this group occupy about 110,000 hectares, o
80.9 per cent of the area of the province, and comprise soils @
the Antipolo series. The topography varies from undulating
gently rolling to hilly and mountainous. Only a small frac

tion of the soils in this group is cultivated mainly because o
the unfavorable topography. '

Antipolo clay is the most extensive soil of the province with
i area of about 72,680 hectares, or 53.4 per cent of tl'le total
e of the province. On the higher eleyatmns, especially on
',ep slopes, the soil is shallower than in thfa gentler slopt?s
'ﬁ lower elevations. In a few places of this type vo}camc
Ik boulders are sometimes present in the lower gubsoﬂ and
stratum. In denuded areas which are more or less sub-
d to accelerated erosion, a few of those boulders are

j T,

Antipolo Series l

The series was first identified and mapped in Rizal Proy
ince. (1) As it is mapped in Bataan, the series occupies the
greatest portion (approximately 80.9 per cent) of the provine

The Antipolo series comprises the red or reddish=brown soil
developed from volcanic igneous rocks, The anery
able even in the lower, layers of the profile,
mapped in Bataan Province: the Anti

O s clevat “"ixiliw' 1Mo '8
BN LR
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the native vegetation has been disturbed because the water
not given ample time to percolate through or be absorbed in
the soil. ;

The parent material of this soil is the weathered materi
from the volcanic rocks, which are mostly andesites.(23)
type, as it occurs in the western part of the province ni
and up to the Bataan-Zambales boundary, has a little high
percentage of coarse skeleton than in the rest of the provin

Only a small area of this type is cultivated. Upland rié
corn, sugar cane, cassava, pineapples, bananas, papayas, ma
goes, and other fruit trees are the crops grown on this so
Because of the scarcity of work animals and the decrease
the peasant population as an aftermath of the war, very lit
ited area of this type was being cultivated at the time &
this survey. _

Although this soil has a heavy texture, its good tilth is ea
to maintain so long as it is worked at the proper moist
content, The nature of the clay is such that the friable g
nular structure is fairly stable, permitting easy penetrati
of water. The soil reaction is very slightly acid (pH 6.6
and the total nitrogen is relatively high in comparison
the other soils of the province. It has the highest potas
content but is low in phosphorus (7.0 p.p.m.). Phosphatic
tilizers may increase production on this soil. Sugar
was one of the most common crops planted before the war, at
ammonium sulphate was the fertilizer used: This soil is Wi
suited to fruit trees, however, especially mangoes and p1
apples. :

Antipolo soils, undifferentiated (28).—This type occupies fl
rough and mountainous area of higher elevations than the
tipolo clay. It covers an area of about 37,372 hectares,
27.5 per cent of the area of the province. It is covered
virgin forest with a good stand of commercial timber.
of no agricultural value because of the exceedingly s
slopes and rough topography. Due to the inaccessibility
the areas under thig type the soils have all been clasmﬁed 1
the Antipolo soils, undifferentiated.

A soil of this type is similar to that of
but the surface soil is generally thinner ai
Inc]uded in thlE type are areas of sto:

S01L SURVEY OF BATAAN PROVINCE]

Profile of Antipolo clay. The friable and good granular structure of the surface
soil and subsoil permits easy penetration of plant roots,
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MORPHOLOGY AND GENESIS OF SOILS

Soil is the synthetic product of the factors of soil develop-
ent acting on the parent materials deposited or accumulated
¢ geologic agencies. The characteristics of any given soils
¢ determined by the five general factors of soil formation,
iwmely, (1) parent material, (2) climate, (3) living or-
iinisms, both plants and animals, (4) relief, or lay of the
ind, and (5) length of time the forces of development have
sted on the material. (30) The state or nature of the profile
[ a soil is dependent upon which of the above factors exerts
e greatest influence. If the so-called active factors, the
ate and living organisms, especially vegetation, have the
cendancy over the others, the soil may have reached the
ature state; if the passive factors, the parent material, re-
of, and time, have the edge over the active forces, the soil
iy still be young or semimature; and if neither of the factors
15 any marked effects on the soil, the soil is still very young
id as such, it does not manifest true profile development.

The Philippines is in the tropical and subtropical red and
sllow soil region of the world.(10) The mature soils in
iis region are of two general groups: (1) The laterites and
e tropical red soils, and (2) the subtropical red. and yel-
W soils. Associated with these mature soils are soils of
nmature and incompletely developed profiles and soils with-
it true profile, or those of recent accumulation. Flood plains
i delta deposits, marshland soils, and soils derived from
scent deposits of volcanic ash are examples of the last-
med type. Due to the very limited area which has been
irveyed in the Philippines, no definite statement could be
de as to what group or types of soils are most common.

‘Although the Philippines has a relatively small area, the
1 ious landscapes and different positions and exposures of
i several islands with respect to the prevailing winds and
currents give rise to four general types of rainfall dis-
tion Which exert a great influence on soil formation
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ie Philippines derived from parent materials originating from
i(t sandstone. The low fertility level, and heavy imper-
ieable subsoil reflect the influence of its parent material. Most
iils derived from sandstones are usually poor soils. ’I"he
bavy subsoil also aggravates the low productivity by Jf'estrlct-
ig the movement of water, air, and roots. The internal
amage is poor and as a consequence, the soil has a high
udlbﬂlty Also, the surface soil disperses I:eadﬂy due to
" loamy texture and the relatively low organic matter con-
ent.
}I'he Pilar series, which is first established in this_survey,
blongs to profile group No. II, or soils on young glluwal fans,
lood plains, or other secondary deposi?s having shg-htly devel-
lying igneous rocks and occupy a rolling to steep topography, ped profiles, underlain by unconsohda.ted materlal. These
The reddish-brown color and the friability of both the sl ave profiles with slightly compact su_bsoﬂ_horlzm_ls. The San
face and subsoil layers of the soils of the Antipolo series st lanuel series, which is also mapped in this province, also be-
gest that this series belongs to the lateritic group known ings to this group. It was first identified in Tarlac Pro'v-
tropical red soils. The reddish tinge is due to the unhydraf ice, but the most extensive area of the series is found in
oxides of iron. A deep red color usually indicates good dra ingasinan Province. . _
age, whereas a yellow or yellowish coloration is imparted The Pilar series differs from tl.1e San Manuel series malnly
hydrated iron oxides. The friable nature and porosity is d i color and in the depth and thlclfness of the.dlfferen.t hor}-
to the peculiar structure of the substance making up su ons. The surface soil and subsoil of the_Pllar series are
soils. In their process of development from the parent m poncrally darker than the San Manuel series. The siurface
terial, the oxides cohere together forming granules or pellt bil of the Pilar series is thinner, the usual depth being 25
of various sizes. Some of the larger aggregates are so entimeters from the surface, 'Whlle‘ that of the San Manuel
times cemented giving rise to concretions. Because of es averages 35 centimeters in thlckne§s. Thfe San Manuel
high permeability of these soils they are not much subJecb ries has much deeper soils than the Pilar series. The sur-
erosion so long as the native vegetation is not disturbed, sin and subsoil combined reaches a depth of 120 centimeters
the drainage water seeps readily downward instead of formis 4 compared to 80 centimeters for the Pilar series. And be-
Meiime o des the Pilar series has slightly denser soils than the San
The soils of the Culis series may fall under profile g‘v Hanuel series. . ;
No. 1V, which consists of soils on older plains or terraces hg - While both of these soils are developed from a]l_uwai depos-
ing strongly developed profiles (dense clay subsoils) underls l4, the profile characteristics of the Pilar series tend‘to
by unconsolidated material. These are secondary claypan gol thow that it is slightly older than the San Manuel series.
The parent material of this series is the weathered sandsto lhese two soils are both of relatively high productivity.
material, which has a heavy texture. The topography u PRODUCTIVITY RATINGS
which this series developed is undulating to gently rollin
and the slope ranges from 3 to 8 per cent,
The distinguishing characteristics of this serles are itgﬁ
surface soil which is less than 20 _
of gray to dark gray clay loa
iron concretions. This series

and mountains. [In other words, the active factors of §
formation have gained an ascendancy over the passive facty
of relief, parent material and age. From this standpoint, f
Antipolo series may be considered to belong to the so-call
zonal soils.

In a preliminary outline of profile studies and clasmﬁca
of Philippine soils adopted by the Division of Soil Sur
and Conservation, of the Department of Agriculture and Natul
Resources, nine profile groups were established on the b
of topography, mode of formation, and kind of profile, (
Under this grouping, the Antipolo soils fall under profile grg
No. VII, which consists of soils on upland areas developed
hard igneous bedrock. These soils are formed from the und

: J:J.e productlwty ratlng of soils is one of the latest contribu-
' lam,ent the aoﬂ description.




36 SOIL SURVEY OF BATAAN PROVINCE

PRODUCTIVILITY RATINGS i

gtandard of 100. The primary object of the rating of sor
to portray more specifically the soil type and crop relation;
or the comparative productiveness of the individual soil n,_
with respect to the different crops grown in the province.

The ratings are obtained either by inductive or deduet
method. The inductive method weighs the profile ch
teristics in relation to their effects upon crop production.
ditions and properties such as drainage, content of or
matter, texture of the surface soil, character of the prof
slope, erosion, nutrient level and other factors are con

iports of the Provincial Agricultural Supervisors. It should
understood that this method can only be applied in a well-
Itled country where long-term yield averages can be ascer-
ined and customary agricultural practices are well estab-
ihed. The productivity ratings of the soils of the province
‘v shown in Table 8; as follows:

TABLE 8.—Productivity ratings of the soils of Bataan Province

=

Crop productivity index ? for—

A
= 3

ered. In the deductive method, ratings are assigned to Geiaii Low. Up. ugar- — Sweet Bana. Man- Pine Yam-
yields considered to be representative of the specified @ ey air o) tooy B0 A0se ALULSEREED

on the particular soil.

An interesting method of rating the soil was devised
Storie of the University of California at Berkeley. It is
the inductive method where four general factors which &
most likely to influence the land’s potential utilization
productive capacity are considered. The first factor cal
“A” consists of the soil profile and its general characteri
The second factor, “B”, is the texture of the surface
the third factor, “C”, is the slope, and the fourth factor,

i Manuel fine sandy loam.
B 5116 loam L.l
Paz silt loam ...
fine sandy loam
olo elay coooeceeeeee
- Paz fine sand
lin loam
Bolo soils, undifferentiated ...
sand

ilrosol

4 The soils are listed in the approximate order of their productivity—the most pro-
Hittive first.

I The soils of Bataan Province are given indexes showing the approximate average
of each crop in per cent of the standard of reference, The standard represents the

are the conditions other than those in the first three facti ximate yield obtained without the use of fertilizer or other amendments on the
sive and hetter soil types of the regions of the Philippines in which the erop is

Su'Ch as _dralnage’ alkah’ nu'trlent level’ aCldlty, erOSiOH, I wt widely grown. Most of the indexes are essentially estimates and determined in-

microrelief. These four factors are given ratings expre iotlvely. Absence of an index indicates that the crop is not commonly grown on the
tloul ;

in percentage, and the final rating for the soil is obtained S

multiplying them together,

So far a well-defined quantitative method of rating fi
productivity of soils based on their characteristics a t"‘;"‘“gd rice..... gg °a"a"5‘°§ Pa;‘*y- ik e B R e
x: ) ] . . . . lin, jeei... o <k 1 B L B {~pfedfrai
properties is not yet available. There is still a wide gap | i SEEntinaiay it

NoTE.— Under the prevailing system of management the average yield per hectare of
# following crops have been adopted as standard of 100:

500 fruits .per tree..

Hugar cane 80 piculs of sugar. Mangoes . i
tween the pedologist on one hand and the economic bo B 17 cavans of shelled Dicaplel D S e
] corm. Yambean ....... 105 tens of tubers.

on the other. Perhaps a consolidation of the different
ods and systems would be a good foundation for a b
understanding of the factors contributing to crop product

The yields adopted as standards are obtained by arbitra
selection on the basis of information relative to the avera
vield per hectare for the different crops without the u
fertilizers or amendments on the more extensive and b
soils of the regions of the Philippines where the crop 8
widely grown. Such information is gathered '
terviews with farmers, from cens

The following yields per hectare have been used as stand-
(s in the preparation of the crop productivity indexes for
¢ soils of Bataan Province:

Lowland mioeyoavane of palagii il ol sl 60
[ Brioah i anriey DIoTLE OF | BUERT. iilidditensesssensistaisnsssissteshusses
(grain) eavan of shelled corn
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Area, the water should be used on the better lands first; and
(3) the cost of providing irrigation water cannot be borne by
poor lands.

. Other factors to consider in the classification of lands for
irrigation aside from all those that apply to nonirrigated lands
re: (1) topography, which must be such that it permits
tconomical and even distribution of water over the area; and
(2) natural drainage, which must be adequate or that ade-
quate artificial drainage can be provided at a reasonable cost.
Other points to consider are that the soil must not contain
ixcessive quantities of alkali salts and that the irrigation wa-
ler must not also carry so much of similar salts. Generally,
these last two factors are not important in Bataan because
he soils are usually leached, thus precluding the presence of
xcesswe amounts of salts and that there are no limestone or
imilar formations where the possible sources of irrigation
vater may dissolve excessive alkali salts.

The nearly flat relief of the plain is favorable to an econom-
ical and even distribution of the water, and the light tex-
ture of the soils is conducive to good internal drainage. Add
lo these the presence of several live streams which could be
diverted, and one can see readily why irrigation in Bataan
Province is sure to increase, if not double, the production of
the different crops, especially rice.

While it is true that several private communal systems are
operation in the province, it is obvious that more extensive
rrigation projects in the future must be financed and built
from public funds, the cost to be shared by all who benefit
from them. Another point that should not be overlooked is
the careful classification of the irrigable lands on the basis
their probable productivity and the more equitable assess-
nent of costs against them on the basis of their varying pos-
ibilities. Such classification must not only consider soil, wa-
tar, and plant relationship but economic factors as well.

The problems connected with irrigation are not so simple
1 they appear, but it is not within the scope of this report
discuss its various ramifications. Suffice it to say that if
I uctio:; Df Inod crops is to be achieved, one

i is to pro-

WATER CONTROL ON THE LAND

Water control on the land is concerned primarily with i
regulation of run-off and with the maintenance of favord

’ soil moisture conditions.(18) Agricultural practices necess
for the attainment of the above objectives may be grouped in
(¢) control of run-off and erosion, (b) protection from flg
or overflow, (¢) drainage, and (d) irrigation. Irrigatiol
the most important of these water control measures in Bati
Province. Protection from overflow and the control of ¥
off and erosion are important in some places. Artificial dg
age is of little or no importance at present.
In almost all agricultural areas, rainfall provides some p

of the water required by crops, so that, in one sense, all i
gation is supplemental. It is most needed during droug
years, and its importance is evident when one remembers t
it determines the success or the failure of the early matuk
lowland rice crop in provinces having a long dry seasom,
which Bataan is a good example.
Increased production of rice and secondary crops like &
and beans such as mongo, cowpeas, and sitao could be brou
about by irrigation, of which there are three types: (1) &
plementing the natural precipitation during dry periods :
providing all the water needed for the “palagad”, or dry i
son crop of rice; and (3) supplylng all the water neede
secondary crops.
Since under irrigation water supply ceases to be a prol a*
the early maturing rice varieties imay be replaced by |
maturing varieties, which are generally higher yielders than
former. Experience during the Japanese occupation and |
sequent trials have shown that the growing of “palagad,
dry season rice, is feasible in Dinalupihan, Hermosa, Oi
Samal, Abucay, Balanga, and Pilar so long as there i
adequate supply of water. Likewise, irrigation would 'Lw-
make possible the growing of more secondary crops dul
. the dry season since water has always been the limiting {a
for extensive plantings of such crops as corn, peanuts, m
cowpeas, sitao, sweet potatoes and the like. It should be k
in mind, however, that the classification of lands to
gated is important for three reasons, namely, (1) The ¥
ments and possibilities of farm land are. 4
hlgher under 1rr1gat10n, (2) |
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plants under contour tillage function as small dams or ter-
races that retard the flow of water.(29)

The practice of strip cropping functions under the same
principle as contour farming—it retards the flow of water
through the use of close-growing vegetation. Under this sys-
fem of cropping, row crops like corn or peanuts are planted
in bands between bands of close-growing crops such as sweet
potatoes or upland rice. Run-off from land in row crops,
even under contour cultivation, is more rapid than run-off
from land in close-growing crops. When the water leaves the
band of row crops and passes through a strip of close-grow-
ing crop, the movement or flow is slowed down, part of the
80il load is deposited and more moisture enters the soil. By
rotating crops in the strips, and including green manure crops
and legumes in the rotation, the organic matter content and
fertility of the soil may be maintained or improved. This
nelps in increasing infiltration of water into the soil.

Run-off from steeper slopes is unusually more rapid and
more erosive than run-off from slopes less steep. Waterflow
and erosion on the slopes now cultivated which are too steep
for crops planted in rows could not be controlled sufficiently
by the usual water and soil-control measures for cultivated
land, such as contour farming, strip-cropping in rotation, and
terracing. Such slopes should be planted to close-growing per-
ennial crops or trees. The soil on gullied lands can be held
in place only if it is planted to trees, shrubs, and vines.
In such places it is often necessary to construct in the gullies
inexpensive soil-saving dams made of native materials to aid
the plants in getting started.

Protection from floods, or overflow, is not so serious a prob-
lem in Bataan Province. Such floods could be minimized or
controlled mainly by the reforestation of steep slopes which have
heen cleared and by stopping altogether the practice of “caingin”
agriculture in all the watersheds of the several streams of the
province.
~ Drainage is not a problem at present, but it may sometime
hecome a need when irrigation farming is developed in the
province, The excess water resulting from irrigation has to
onducted off the fiel - same time leach out the
E § iy il § lge 1n 1rri-

such as the more extensive use of farm machinery,/the increa
use of fertilizers, commercial or otherwise, and the contro
pests and diseases, could be dispensed with, but they should
[ be practiced together to obtain the highest production possil
‘ from a given kind of soil.
The control of run-off and erosion is perhaps of secondary i
portance in the control of water on land in Bataan Prow
Although no studies have been made as yet regarding the (
tent and degree of erosion of the soils of the province, thi
physical characteristics and topography tend to show that 01
two soil types, the Culis loam and Antipolo clay, are suse
tible to accelerated erosion. Culis loam has a high e10d1
; ity primarily because of its clayey impermeable subsoil, whi
restricts the free movement of water into the lower lay
thus resulting in the fast accumulation of water on the surf:
forming run-off.
The Antipolo clay is likewise susceptible to erosion du
its undulating to gently rolling topography. While the ent
soil mass is relatively porous, the topography in most pla
is steep enough not to give the water sufficient time to si
into the friable and porous soil. Considering the small €
tent of the cultivated area in these two soil types, it is s
. to assumed that accelerated erosion has not gone far enough,
i spite of this, however, it is always best to start preventi
or reducing erosion to the minimum rather than to let it deval
to a degree where its prevention later may entail so much ¢
pense of time and labor. ¢
Since the Culis loam is a naturally unproductive soil, if
best suited for pasture and reforestation. In order to pi
tect this soil from further erosion, it should be seeded
Bermuda grass or some thick-growing legume, preferab]y i
which makes a good forage plant,(30) Or if it is not sec
to grass, it should be planted to 1p11-ipil or madre
which will be good sources of firewood in later years.
The Antipolo clay is a good agricultural soil and some i
tions of this type have been used to grow sugar cane
the war. To reduce erosion to a minimum in the culti
, areas requires the adoption of certain practices, pron
among which are contour tillage, strip-cropping, and
All these measures are designed to slow dQWll
water flow, thus affording the w.
mto the soil., - Under a syster

and fury OW,
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The Antipolo clay is adapted fo the growing of mangoes and other fruit trees.
Permanent ecrops such as fruit trees eould be planted without danger of
erosion even on moderate slopes,

Home of the areas élmeﬂ for “kalfigin ! ' of glope that -;andara
hem A ¥ .
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Accelerated erosion starting on Antipolo elay through the destruction of the native
vegetation of sod-forming grasses.




CHEMICAL CHARACTERISTICS OF THE SOILS
OF BATAAN PROVINCE

By R. T. MaRrrorI, S. B. ETorMA, and M. V. TiaNGco

Of the Soil Research Laboratory Section, Division
of Soil Survey and Conservation

The survey of Philippine soils, as conducted by the Divi-
sion of Soil Survey and Conservation, involves not only genetic,
morphological, and cartographic studies in the field, but also
physical, chemical, and biological investigations in the labora-
tory. The laboratory investigations, especially the chemical, are
aids in the formation of farm practices and cropping sys-
tems and in the study of the origin and formation of the soil
type, as well as in the determination of its fertilizer require-
ments. Chemical tests also reveal the causes of unfavorable
soil conditions, such as the presence of toxic elements or the
presence of plant nutrient elements in excessive or toxic concen-
trations. i

Plants need in relatively large quantities such essential ele-
ments as carbon, hydrogen, oxygen, nitrogen, phosphorus, po-
tassium, calcium, sulphur, and iron. Very minute quantities of
- boron, copper, manganese, and zinc have been found essential
- for the normal metabolism of plants. The latter group of ele-
ments are classified as trace or rarer essential elements for
plant nutrition, because they are needed in such small amounts
as one-fourth part per million in the soil solution. Of the four-
- teen essential elements just mentioned only three, namely, car-
bon, hydrogen, and oxygen, are derived from the air and water,
and the rest are taken by plants from the soil. Deficienecy in
any of these essential plant nutrient elements in the soil in-
variably causes adverse effects on the quality and quantity of
crop yields.
- Modern farm practices tend to deplete the supply of nitrogen,
phosphorus, and potassium which in most agricultural soils are
present in critical or inadequate amounts. To replenish the
supply of nitr phosphorus, and potassium or to replace
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METHODS OF CHEMICAL ANALYSIS y Different' plants have been found to have different specific
Except for total nitrogen where total analysis was follo rt optimum reaction requirements or pH preferences in their me-
preference was given to the determination of replaceable dia—whether soil or culture solution. Table 9 shows the pH re-
readily available soil constituents for two considerations : (1) quirements of some economic plants. It can be noted from these
present, facilities for total analysis are obtainable only for nits data that some plants, like pineapple, rice, and tobacco, prefer
gen and phosphorus, while those for the rest of the elemel to grow on medium acid soils (pH 5.5 to 6.1), while other spe-
are not yet available in our laboratory, and (2) the resul cies like alfalfa, sugar cane, and orange, prefer more alkaline
obtained with the rapid or availability tests correlate with pla condition (pH 6.2 to 7.8). Some plants like corn and tomato
growth or the response of plants to fertilizer application be it have rather wide pH tolerance limits (pH 4.8 to 8.5), although
than those obtained with total analysis. their optimum requirements are of narrower ranges (pH 6.2 to
Availability or rapid chemical tests are being calibrated un‘ 7.0).
Philippine conditions with actual results of fertilizer and li
experiments conducted in pots and in the field, While studi
along this line are still underway in the Division of Soil Surv
and Conservation, selected availability tests which had been
cessfully used abroad have been followed in the study of
soils of Bataan Province. ‘
Soil reaction or the hydrogen-ion concentration of the
was determined by the potentiometric method, using the g

TABLE 9.—The pH requirements of some economic plants. a

[X, most favorable reaction; o, unfavorabla reaction; y, reaction at which plants
may grow fairly well or normally.]

Soil reaction

e

Strongly Medium Slightly Neutral Slightly Mechum
Lot acid, pH acid, pH acid, pH relaftlon all;)a}l;:ne alkalme
4.8-5.4 5561 6.2-6.9 pH 7.0 P 794;5

electrode. Total nitrogen content of the soil was determ Rt i sy e : X 3 z L
according to the ‘“Methods of Analysis” of the Association Pean, Jiopl (e vl L ) Be - X § i o
Official Agricultural Chemists of the United States. (5) N Prionficien o ) SR bt T e
trates, ammonia, and replaceable calcium were determined } Friigiel o o ey X v o o 0
the methods of Spurway. (24) For the readily available pho el a i iang e R s R e e
phorus determination, the method of Truog,(28) as modified | W e e G : S "
Marfori, (14) was followed. Available potassium was dete g o] Wi v o o o °
mined according to the method of Peech and English (19) ar prosl g ;;f,f;jfgf’“g’;t;ﬁﬂﬂ% s : 3 X X v

the interpretation of the results made according to the findin;
of Bray (6) and Murphy. (17)

INTERPRETATION OF CHEMICAL TESTS

Sotl reaction or pH value.*—Soil ‘reaction which affects th
behaviour and availability of plant nutrients in the soil is
very important limiting factor for plant growth. In vei
strongly acid soils, or soils of very low pH values, toxic con
trations of aluminum and manganese usually develop and
tard plant growth. In very alkaline soils, or those with v
high pH values, iron, manganese, and phosphorus become
available to plants, and thus cause their malnutrltlon 0
normal growth.

a Data taken mostly from Weir, Wilbert Walter. Soil Science, its principles and prac-
{ice (1936) 1-1615. J. B. Lippincott Co., Chicago and Philippines.

b From Spurway, C. IH. Soil reaction (pH) preferences of plants, Mich. Agr. Exp.
Sta. Sp. Bull, 306 (1941). Optimum range given was pH 6.0-7.5.

TABLE 10.—Average chemical analysis of the surface soil of the magjor
soil types in Bataan Province.

Available constituents in parts
2 Total per million (p.p.m.).
g pH nitro-
'Il‘:},f‘JJ.e' Boll type, . value gen  Ammo- Phos- Potas- 1
(N) nia . Nitrates nhorus gium Caleium
A (NHg,  (NO») “py~ (K) (Ca)

* Soil reaction means the daa'rae
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Table 10 shows the average chemical analysis of the surfi namely, (1) its conversion into ammonia, (2) then into nitrites,
soil of the principal soil types in Bataan Province. The § and (3) finally into nitrates. Moist, warm soils which are suf-
types are arranged in decreasmg productivity ratings as g1 ficiently aerated, the proper microorganisms, and a good supply
in Table 8 to facilitate comparison of data. of nitrogenous organic matter are necessary to maintain pro-

The pH values of the soils studied ranged from pH 6.36 duction of nitrates through nitrification.
7.04. In so far as the pH values of the soils of Bataan Prov: Most plants assimilate their nitrogen as nitrates, while rice
are considered, rice, pineapple, and tobacco cannot be exp und other members of the grass family can absorb nitrogen in
to give maximum yields, because the average pH values of the the ammoniacal form. Ammoniacal nitrogen can be fixed in the u
soils do not fall within the optimum preference limits (pH 5 goil and therefore not easily lost through leaching unlike nitrates |
6.1) of the above-mentioned crops. Table 8 shows the pro which cannot be fixed and which are very soluble. In cases
tivity ratings of the soils of the province. It will be seen frd where a deficiency of nitrogen in the soil is to be remedied with
these data that Pilar silt loam which had been rated as fl ‘the use of commercial fertilizers, the choice of the kind of ni-
most productive soil type of the province, as far as rice is ¢ ‘trogen-carriers will depend on the cost of the fertilizers, the
cerned, has a productivity rating of 85 only for this particul ease in handling and application, and the cropping system. For
crop, unlike productive soil types in other provinces (Lagul the growing of vegetables or short-season crops where imme-
for example), where the ratings were even over 100 for i diate effect is desired, nitrates are preferable to ammoniacal ni-
Sugar cane, corn, beans, peanuts, lettuce, onions, tomatoes, trogen. In combination with calecium or sodium nitrates tend
orange, however, can be widely grown in Bataan Province I to reduce soil acidity, while ammoniacals generally increase soil
sidering soil reaction alone as a factor. : acidity. However, for long-season crops, like sugar cane and

Nitrogen.—Being a constituent of the protoplasm of ey gome varieties of rice, ammoniacal nitrogen is preferable to
living cell, nitrogen is used largely by the plant in its vegeta (i nitrate as far as efficiency and lower cost are concerned.
growth. However, nitrogen functions also in the develop Of the seven soils types identified in Bataan Province, five
of fruit, grains and seeds. If present in ample amounts in fi were quite low in total nitrogen, below 0.10 per cent, which may
soil, nitrogen stimulates growth and hastens the maturity of { be considered an approximate average for Philippine soil types
crop, but the presence of excessive amounts tends to pro 50 far studied. Only La Paz silt loam and Antipolo clay which
excessive vegetative growth and delays maturity. Suffic had 0.17 and 0.15 per cent of total nitrogen, respectively, may
of nitrogen in the soil produces dark green leaves in plants, be considered fair in nitrogen contents.
deficiency of the element cause chlorosis or yellowing of | Using Spurway’s interpretations, low ammonia tests (2-5
leaves, and in advanced cases, slow stunted growth resul p. p. m.) are normal for many soils where nitrification proceeds

Aside from delayed maturity, other adverse effects of e to completion; that is, the ammonia is converted into nitrates
sive supply of nitrogen in the soil are: (1) Lodging in rice & right away. Low tests may also mean that the ammonia is
other small grains, (2) decreased resistance of plants ’ao« ( lixed in the base-exchange complex, or it is taken up by plants
seases, (3) lowering of the purity of cane juice in the cage as fast as formed. Relatively high tests for ammonia (10-25
sugar cane, and (4) decreased tensile strength of bast fibe p.p.m,) may mean that the soil has a high content of decaying
fiber plants. However, for leafy vegetables and forage ¢ organic matter or it was ‘recently treated with ammoniacal
where succulence is a gauge for quality, abundance of nitrog [ortilizers. Of the Bataan soils analyzed, only Pilar silt loam
in the soil is highly desirable. ~and Pilar sandy loam had fairly high ammonia contents (10 p.

In soils, nitrogen occurs chiefly in the organic matter, ¥ ‘ p,m‘), although thelr total nitrogen contents were not high.
congsists of the decaying plant and animal residues and : '
plex substances which make up the bodies of
microorganisms. Through the action o
ganisms in a ploces called nitri i
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erably during the growing period of the plant. In order
be of some diagnostic value regarding sufficiency or deficien
of nitrogen in the soil, the results of the three nitrogen t
have to be interpreted together as follows: Low nitrat
with chlorotic and stunted plants means nitrate deficiency. L
nitrate tests may indicate that the nitrate is absorbed by
plants as fast as produced, or that it is lost from the soil throuy
leaching.
| The data in Table 10 show that the majority of the soil§
_°  Bataan Province are deficient in nitrogen and all were fou
4L, low in nitrates at the time of the survey. The medium (1
t  high) productivity ratings (Table 8), of the three soil tyy
namely, San Manuel fine sandy loam, Pilar fine sandy loam, ai

La Paz fine sand, which may be considered to have suffi
available phosphorus (over 40 p.p.m.) and sufficient ava
potassium (over 100 p.p.m.), may be attributed partly to t_

low nitrogen contents.

Phosphorus.—Like nitrogen, phosphorus is a componenr
every living plant and animal cell. In the absence of phospl
rus, cell division is retarded and results in stunted grow
Phosphorus is essential for seed formation and has a mark
influence on hastening the maturity of crops, especially ot
crops. In general, phosphorus hastens the ripening process
in plants. Phosphorus is needed in the production of nuecl
proteids, of fats and albumin, and in the conversion of star
into sugar. Phosphorus-starved plants, or those grown on ph
phorus-deficient soils are of inferior feeding value, because
their reduced phosphorus content. The importance of this
the nutrition of animals is obvious even considering only ¢k
phosphorus is essential in the formation of bones and teeth.
very important effect of phosphorus on plants is the stimulat
of the development of the root system, particularly in the
crops. Phosphorus-starved plants have stunted root syl
which means decreased feeding zone.

Among the major plant nutrient elements, phosphor
probably the most often deficient in agricultural soils.
most characteristic symptom in plants of phosphorus defi
in soil is stunted growth. The stunted plants usually hay
green color, while some plants, like corn, develop redd
purplish coloration on the leaves and stems when gro
phosphorus-deficient goils. For some
phorus deﬁclency may del ;

r | 0¥ (G “_.

|
T
|

- duetivity ratings of 80 on sugar cane and on bananas.
- silt loam with the second highest average productivity rating

. their productivity, although they may still be expected to res-
- pond to fertlllzer treatments other than phosphatlc wLhe rather

-
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Truog, using his method of analysis, (28) tentatively set a
minimum limit of readily available phosphorus at 37.5 p.p.m.
for heavier or clayey soil and 25 p.p.m. for lighter or sandy
soils under Wisconsin conditions. He also suggested that for
certain sections of the southern part of the United States where
the climate permits a longer growing period than in the north-
:rn part, 10 to 15 p.p.m. of readily available phosphorus might
maintain a good crop of corn. Marfori (14) found that there
was still a little response to phosphatic fertilization in Philip-
pine rice soils containing as much as 37.3 p.p.m. of available
phosphorus as determined by the Truog method. Since more

- extensive investigations along this line had been disrupted by

the last war, and the present studies have not yet yielded enough
results, only estimates may be made. For some Philippine soil
types, 30 to 40 p.p.m. of available phosphorus might be a rea-
sonable minimum requirement for a good crop of rice.

The data in Table 8 show that as far as the average produc-
tivity ratings for all the crops grown are concerned, San Manuel
fine sandy loam (average rating is 89) is the most productive
soil type in Bataan Province. This soil type has the highest |
available phosphorus content (55.0 p.p.m.). This has the high- J
est productivity rating on bananas (100), on corn (90), and
on sweet potato (90), Pilar fine sandy loam which has the
second highest available phosphorus content (47.5 p.p.m.) has |
a productivity rating of 85 on yambean (sincamas) and ratings
of 80 on four other crops. La Paz. fine sand which has the
third highest available phosphorus content (43.5 p.p.m.) has
productivity rating of 85 on yambean, and on sweet potato. La
Paz silt loam with 30 p.p.m. of available phosphorus has pro-
Pilar

(87) has an available phosphorus content of 27.5 p.p.m. These
data show that these soil types which gave around 30 p.p.m.
or more of available phosphorus are definitely not very low in

ng..of ay. Ltor ¢ orains

.‘ 17 e
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Potassium.—Plants need and contain more potassium tha n
other essential nutrient elements derived from the soil. Pl
ash generally contains about 40 per cent of potassium as I
or potash. This element, unlike phosphorus, is not localizec
any part of the plant, although in some crops it tends 0
cumulate in the leaves and stems instead of in the grain.
of the most important functions attributed to potassium is
effect on the synthesis of carbohydrates and proteins by pl
Potassium is needed in the production of starch, sugar, |
other carbohydrates and in the translocation of these mate l
within the plant. It is also needed in the development of chli
phyll and in the synthesis of oils and albuminoids. Potas’
improves the general vigor of the plant and increases its
sistance to diseases. Potassium increases also plumpness
grains, and makes the stalks or stems of plants more rigid, ¢l
minimizing lodging (Millar and Turk).(16) : ;

Potassium deficiency in the soil causes marked disturban
in plants. The leaves become yellowish or dull colored at
tips and margins and finally brown, spreading upward and
ward toward the centers. The deficiency may cause also
formation of small shruken, or misshaped flowers, pods, frui
tubers, and roots. : '

Potassium occurs in both the organic and mineral matte.‘
the soil but is found chiefly in the mineral portion in un
able form. It becomes available to plants through the act
of weathering, by base exchange, and through sclution in t
soil water. All soils, except peats and mucks, contain relatis
large amounts of total potassium but the amount available
plants is generally small especially in sandy soils. -

The major portion of the soil potassium usually exists in
difficultly available or nonreplaceable form, mostly in prim
minerals such as the feldspars and micas which are promii
constituents of igneous rocks. A minor portion of the
potassium, usually not more than one per cent, is presen
available or replaceable form, that is, in the clay minerals
cipally kaolinite, montmorillonite, beidellite, halloysite,
The portion of total potassium that is water-soluble
much smaller than that in replaceable form and it
desirable, indeed a blessing to agriculture, for it is the
soluble potassium that is easily los ¥ ough
or in drainage.

~ In soils of high
F i,
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fertilizers is fixed in the base-exchange complex. Once fixed
that way, the potassium may be considered stored and to be
released little by little for plants’ use.

The results of the chemical test for available potassium of
the principal soil types in Bataan Province as shown in Table
10 were obtained using the method of Peech and English. (19)
Because no data for the minimum potassium requirements of
plants are given with this method, and fertilizer and liming
experiments for calibrating chemical tests suitable for Phil-
ippine conditions are still in progress, the data of Bray(6) and
of Murphy (17) for available potassium which were obtained
with similar procedures are referred to for estimating roughly
the potash fertilizer requirements of the Bataan soils.

Bray states that for most Illinois or Corn Belt soils with 150
p.p.m. (300 pounds per acre) or more of available potassium,
corn or clover will not respond to potassium fertilization.
The minimum requirement of replaceable potassium of soy beans
was estimated at 100 p.p.m. while that for wheat or oats was
about 65 p.p.m. However, for the principal Illinois crops to
be grown in a 4-year rotation, he recommends 100 p.p.m. of
available potassium as the minimum requirement (Linsley) .(12)

According to Murphy, (17) Oklahoma soils containing less than
60 p.p.m. of replaceable potassium generally respond to potash
fertilization when other factors are favorable for plant growth.
He found that on Oklahoma soils with 100 to 124 p.p.m. of
replaceable potassium, the crop response was very doubtful; on
goils with 125 to 199 p.p.m. there was no crop response ordi-
narily; and no soils with over 200 p.p.m. of replaceable potas-
sium ever gave crop response to potash fertilization.

Basing on the data of Bray and of Murphy, it may be tenta-
tively assumed that about 100 p.p.m. of replaceable potassium
is the average minimum requirement of the principal crops of
the province, particularly of rice and corn. Of the seven major
s0il types identified in Bataan Province, only Culis loam is
very deficient in available potassium (26 p.p.m.), while the
redt seem to be sufficient in available potassium, which ranges
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already under the topic “Phosphorus”, the very low productivity
ratings of Culis loam for all the crops grown on that soil
type were probably due principally to its extremely low con-
tents of available phosphorus and potassium, and probably not
due to its available calcium content. Pending completion of
enough liming experiments, the results of which will be used in
calibrating tests for available caleium under Philippine condi-
tions, it may be inferred from the date presented above that
40 p.p.m. of available calcium as obtained by the Spurway
method may be considered not low, if not totally sufficient for
most crops under Bataan Province conditions.

of hea]‘l;hy cell walls. It helps in neutralizing organic acids
regulating acid-base balance within the plant. The cal
content ‘of plants is an index of their feed value, calcium
needed in !:he development of the bones and teeth of an 4‘
’;‘he calcium content of the soil affects its physical strucﬁ
Soil _colloi‘dS saturated with calcium are flocculated, while :-‘
de‘ﬁmer%t in calcium are generally deflocculated. This is +
soils high in lime content are usually in better tilth L
granular and porous, and less easily puddled than soils ’10
lime content. Soils with good tilth are easier to cultivate I‘f
have better aeration and drainage than soils with poor tilt‘
Ad_(ied as a liming material, calcium neutralizes the aecid
of'amd. soils and corrects the toxic conditions usually caused
S()'ll acidity. In this way calcium affects the solubility of.'f
mmellc'al elements as already explained under the topic “‘r
rc_aactlon.” Very important in this respect is the effect of ¢
;{ur}rll) on E}}e cta,vailabi]ity of phosphate (content may be relati
igh). iming, in this cas i ilab
L e, tends to increase the avaﬂah
Rela’Fively large amounts of available caleium are neede
beneficial Ipicroorganisms in the soil and by legumes and s.f'
cane especially. For the microbiological processes in thé
calcium promotes the decomposition of matter and
Tavorable conditions, especially reaction for nitrification. &
sulfoﬁ.cation, in addition to supplying the nutrient require’ il
of microorganisms in their metabolism. Liming, howey
should be regulated as there are certain crops, lik,e rice
Watermelgm, that are easily injured even by slight overlimif
Accor'dmg to Spurway, whose method for determining
ablle soil calcium had been followed in testing the B
sm{s, low test for calcium, below 40 p.p.m., indicates a |
available supply and, if the soil is acid, also emphasizes 1
need for liming to grow “high lime” crops. He considers |
%ﬁ@hp.p.m. of available calcium good for most plants,
igher amounts may be ex i i
e v excessive especially for plan
Table 10 shows that of the seven major soil types i
and studied in Bataan Province, only two, San Mahuel‘ i
loam and Culis loam, gave 40 p.p.m. of avai ol
according to interpretation of ay are
of the soil

o

SUMMARY

Bataan Province is in the southwestern part of Central
Luzon. It covers an area of 1,360 square kilometers, or 136,000
hectares, most of which is occupied by reddish brown to almost
red sedentary soils developed from voleanic rocks. The prov-
ince is generally mountainous and hilly with a narrow coastal
plain on the eastern coast. The plain together with the un-
dulating to gently rolling portions of the mountainsides com-
prise the agricultural area of the province. According to the
Philippine Census of 1939, the population of the province is
85,665.

The climate is humid and tropical, with a long dry season of
about six months from November to the middle of May. The
mean annual rainfall of Balanga is 2,640.9 millimeters.

Agriculture is the principal industry. The soils are well
adapted to a variety of crops, but rice and sugar cane are the
most important products. Rice, the most important crop, oc-
cupies, about 32 per cent of all the cultivated area. Bananas,
corn, mangoes, sweet potatoes, pineapples, and yambeans are
some of the minor crops. The livestock industry is not well
developed and suffered further setback during the Japanese
nceupation.

The change from primitive to more advanced agriculture is
rather slow, but there is a trend towards improvement. Soil-

improvement practices not in general use. Erosion is not
¢ ' o] to high produ
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medium productivity ratings. It is significant, however, that
lhe soil type that gave the highest available phosphorus content
(San Manuel fine sandy loam) was the most productive soil
lype in Bataan Province as far as the average productivity
ratings for all the erops grown are concerned. It may be noted
that the soil type which gave the lowest average productivity
rating for all crops (Culis loam) gave the lowest content of
available phosphorus. ;

Except Culis loam which is quite deficient in available potas-
gium, all the major soil types identified in the province seem to
be sufficient in available potassium.

As verified by the pH values obtained, no goil type identified
in Bataan Province seems to be quite deficient in available

calcium.
GLOSSARY OF COMMON ECONOMIC PLANTS FOUND IN BATAAN

ing to the census of 1939, 35.8 per cent of all the farms wel
operated by share-tenants and 28.7 per cent by owners. ]

pue to the simplicity of the landscape of the province, fi
soils have few variations. The soils of the coastal plain a
represented by the La Paz, Culis, San Manuel, and Pilar ser :-
With the exception of the Culis series, all are important agrié
tural soils. These soils have light to medium-textured sur y
and subsoils, and the color ranges from gray, brownish
to grayish brown. The soils of the uplands, hills, and mountain
oceupy 80.9 per cent of the area of the province. All the soil
in this group belong to the Antipolo series. This series 1
reddish brown to almost red friable clay surface soil and
soil. ~ Due to the steep slopes in most places, only a small por
of this series is cultivated. Most of it is under virgin and se
ond-growth forest. The swamps and marshes are of no agy

cultural importance. They are utilized as fishponds for th
culture of milkfigh. : PROVINCE

Generally the soils of Bataan Province are low in their co Common name Scientific name Tamily name
tent ‘_)f avet.llable nitrogen and phosphorus but are fairly w Achuete Bixa orellana Linn. Bixacez.
supplied with potassium. To increase the productivity of th Ampalaya Momordica eharantioc Linn. Cucurbitacez.
soils, the nitrogen and phosphorus contents may have to be i" ii?ma 1 icacm fa'mesmm,L.(Lmn.) Willd. I-;e;g;ir:;z;sae.
creased h. 1 1 s sy ] \tis or sugar apple nona Sguamosa Linm. .
ti ef byt de aplp lication of commercflal fertlhzers and the ad'o' Arrowroot Marante arundineceq Linn. Marantacez.
R oot satlanageeent pract;ces. “ Avocado Persia americana Mill. Lauracez.

As far as _the pH value of the soils of Bataan Province Bamhoo Bambusa spinosa Roxh. Graminez.
concerned, rice, pineapple, tobacco, and other similar a Boho 7 Schizostachyum lumampao (Blan- Do.
tolerant plants cannot be expected to gi i ields co) Merr.

g1lve maximum yilelds E "

because the avera ; . - Banana Musa sapientwm Linn. Musacez.
6.36 to 7.04) d getpr lf ahileS.Of ulizel S.O ils (ran.gmg frf)m Pl Batao Dolichos lablab Linn. Leguminoss.
i : o not fall within the optimum soil reaction 1@ Bitangol Calophyllwm blancoi Pl & Tr. Guttiferse.
quirement of the above-mentioned crops (pH 5.5 to 6.1). Su Breadfruit Artocarpus communis Forst. Moracez.
gar cane, corn, orange, the various legumes and other aci Buri Corypha elata Roxb. Palms.
sensitive plants, however, may be widely grown in the proving Cassava Manihot utilissima Pohl. Euphorbiaces,
consideri il v 1 e Cacao Theobrome cacgo Linn. Sterculiaces

nsidering soil reactions alone as a factor ! g Sond i

Of the s 1t . 5 ; S81 Caimito or star apple Chrysophyllum caimite Linn, Sapotacez
: el 0L Uy e s identified in the province, five were low Cashew Anacardium occidentale Linn. Anacardiacez.
in total mtfogen contents, and only two, namely, La Paz Chico Achras sapote Linn, Sapotacez.
loam and Antipolo clay, may be considered fair in total nitre Coconut Cocos nucifere Linm, Palms.
gen contents. All the soil types were found 1 : : - Coffee - Coffea arabica Linn. Rubiacez.
" oW in DItEGLE Imperata eylindrica (Linn.) Graminez.

the time of the survey. The medium (not high) productivil W
ratings of three soil types which had fairly sufficient ava i
phosphorus and potassium may be attributed Yy
to their low nitrogen contents, i A
Three soil types gave fairly h |
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Common name

Guava
Ipil-ipil
Kamias
Kamachile

Katmon
Kapok

Madre cacao
Macopa
Mandarin
Mango
Mungo
Mustard

Nangka,
Nipa

Omnion
Orange
Pechay
Pandan
Paayap
Papaya
Patola
Patani
Peanut
Pepper
Pineapple
Pummelo or lukban
Radish

Rice or palay
Santol

Sincamas or yambean
Sineguelas

Sitao

Squash

Soursop

Sugar cane

Sweet potato or eamote
Talahib

Tamarind

Tobacco

Tomatoes

Tugui

Ubi
Upo
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Psidium guajova Linn. Myrtaces . Avicante, M. M., D. Z. RosELL, IR.'Isto, and S. HERNANDEZ. Soi
Leucaena glasea (Linn.) Benth. Leguminose, Survey of Rizal Province, Phihppmes.' Dfapt. Agr.. and Comm. Soil
Averrhoa bilimbi Linn. Oxililsce " Report 2 (1938) 33 pp. Bureau of Printing, Manila.

ALICANTE, M. M., D. Z. RoserL, R. T. Marrori, and S. HERNANDEZ.

Pig?’ei‘;’f‘)b’i%m oo i Leg‘uminosae.‘. ] Soil Survey of Pampanga Province, Philippines. Dept. Agr. and
enth. 4 £ ! . P i
illeni lipps ; Sling ‘ Comm. Soil Report 5 (1938) 37 pp. Bureau of Printing, Manila.
E;D %'lll?ema I;hll’g)pmegzm R kol ALIOCANTE M. M., D. Z RosgLr, R. T. MARFORI, and S. HERNANDEZ.
G;:ri'gfm v ‘m s G, Bomba,c‘aceas, ‘ Soil Su,rvey of Pangasinan Provinee, Philppines. Dept. Agr, and
E i ({fac_q:) Bl . Comm. Soil Report 7 (1940) 47 pp. Bureau of Printing, Manila.
C?Lgmw mla_llaccensgﬁ iy Yyxtaces 2 . ApicanTs, M M., D. Z. Roseir, F. B. BeERNARDO, I. ROMERO, and
ﬂ; tru‘?fm)bd?sd'Loml‘; Rutaceae: b 1. ENcLE. Soil Survey of Laguna Province, Philippines. Dept.
P}?;sg’:ole;sa ;efr::; lelljl ]‘:&nacax:d:ace Agr. and Nat, Resources Soil Report 10 (1948).

o Gy . ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS. Official and ten-

Brassica  integrifolia (West) Cruciferze. tative methods of analysis. Assoe. Off. Agr. Chemists. Washing-

Schultz
1 ton, D. C., 6th ed. (1945) 1-710. TN

ﬁ;::a;‘fgjﬁcﬁz:ﬂ\){;ﬁfﬁ%,s S y;ﬂi;ea : BRA.‘;, R. H’. Soil Test Interpretasion and Fertilizer Use. Univ. of
Alliwm cepa Linn. Liliace;'e. ] Tllinois, Dept. of Agron., AG 1220, May, 1944, : S
Citrus aurantium Linn. Rutacez. . BurpAU OF YARDS AND Docks, DEPAtRTMENT OF THE II:IAV; 5 ative
Brassica pekinensts Rupr. Crucifers. Woods for Construction Purposes in the Weste;*qn ac.‘;v (¢ i egigﬂ
Pandanus tectorius Sol. Pandanacez. Burceau( 109f4£§a1"d3 and Docks, Department of the Navy, Washington,

2 inensi 5 ; 1510 : &
gli?ja S;Z;?;S;Z Linn. gﬁ?ﬁéﬁgﬂ . CENsUS OFFICE OF THE PHILIPPINE I[SLANDS. _ansus.M Of.lthe Philip-
Luffa cylindrica (Linn.) M. Roem. Cucurbitaces, pines; 1918 1 (1920) 630 pp. Bureau of Prng,mg, afmtaﬁe N
Phaseolus lunatus Linn. ‘ Leguminosae.‘_ . CENSUS OFFICE OF THE PHILIPPINE ISLANDS.194§nsuBS ? ey
Arachis hypogaea Linm. by, < pines;‘jl 19139 (Agriculture) Bul. No. B A ), Bureau

i i ing, Manila.

e g W e chd b d e el S e
i ; y : pp., illus. Yor ; ‘
g;t;:inﬁ; ?ﬂ?vb(sBiﬁTn) ity g:iiiﬁﬁse 1 2 KgLLOGGi\]CH;(ZLE(SIQEJ}) Sl?z,ié Survey Manual. U. 8. Dept. Agr. Misc.

: i : e ¥ Publ. No. .- ph. ‘ ;
g;‘zzfoﬂ;ccif;:akjg;z.pe (Burm.) F ?;:i?;lcr;;w' . LINSLEY, C. M. Methods of Getting the Job Done on Soil Testing.
Merr. : i i Jour. Amer. Soc. Agron. 39 (1947) 294-299. ) Wi
Pachyrrhizus erosus (Linn.) 'Leguminosae"-‘ . LyoN, T. L. and H., O. BUCKMAN. The‘kl.\lef\;u;;_uancc Iop:n
Spondias purpurea Linn. Anacardia Soils (1929) 428 pp., 33 figs. Ne?v Yor .Ph‘cl' 1ia: So;-ﬁ;s) %r .
Vigna sesquipedelis Linn, Leguminosw' | : MARFOI?I’ = T BhospTags Studlfs.l S Dltlppine O t’he ‘Truog
Cuecurbita marimae Duchesne Cucurhitao Readily Avalllable Phos;_)horus of Soi s:é 3331 42e ermin v
Anonaivmnieaia. binn Anorieas i Method. Phil. Jour. Sei. 70 (1939) 133-142. den i
Saceharum ()ﬁgfiﬂa?nuﬂ; e Graminem' . MerritL, FEimer D. An. Enumeration of lségpiggﬁ ¢ vcﬂs‘
Ipomea batatas Linn. (Poir.} Convélvulé.e i ' Plants. Burea‘m. of ‘ Scu_ence Publ. No. 18 ( — ) :
Pl e e ' : Bu}'eﬂ“ KR i M&mla'T Fundamentals of Soil Science.
Tamarindus indica Linn, Le&'umin. & ‘ 16, MiLLAR, q' B, and L. M. UR-K-Y ‘lun{ e 4.
Nicotiana tabacum Linn g N _ John Wiley and Sons, Inc, New York, lst ed. . ‘
: ; OIB‘M‘Q;“‘ b ugrny, H, I aceable Potassium Contents Compared With

Lyeopersicum esculentum Mill. ‘
Dioscorea.  esewlenta  (Lour,) Diose

Burk. ieafs il
Diescorea aluta Linn, b
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