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PREFACE

_Soil erosion hus always been a great problem all over the
id, In certain districts in fhe Fhilippines it is especially
Fious because of exgossive roinfall, Information reined from
surveys is useful in formulating preveutive me: sures to check

: effect of erosicn and thus conscrve the potential fertility of
Fsoil.

4 committee om Philipnine anil surveys was appointed by tie
tary of Agricvlturc and Commerce in Cetober, 1934, This

;ittee, consisiinzs of reprosentatives from the Burcaus of Science,
ot Industry, Forestry, Lands, and Weather, aonnroved the surveys
Philippine soils and decided to establish this project in the

fau of Science. This work is now in progress and is carried on
$he Burewu of Science in cooperation with the Bureau of Plant
.Tbtry and also with the assistance of the othor bureaus concerned.
Since agriculturs is the principal industry in the Fhilippines,
1S & paramount i.portence to investisate the soil in order to

2ase the yield and improve the suality of crops ond thus faci-
5 zcricultural dovelopmeond. This obgective can be attained,
eent, by carrying out e system of soil'surveys.
gae acquisition of field data, correlated with the rosults

ical and mechanical analyses, furnishes valuable informetion
I‘Sing a proper system of agriculiural practice for each

7. 3his work finds special applicabion in the Philippines 3

' of the varied degrees of fertility of the lands and the

s of adaptability to the various crops, There




many years with the same crop,

and in many cases no 2ffort hasg

been made to return to the spil any of the plant foods removed.

Pthe result is a constently diminishing yield to 4he point of

icomplete exhausiion of the seil.

Zxperience haz demonstrate

et

that & given arca is best suited

Bo cortain crops, such as tobsgco, rice, and hemp. A scientific

3 Boil survey of those rrincipal lands will make possible the establish-

zent of a standard tome of soil for s particular crop. Some prili-

1 -0 minary work along this line has been undertaken for ihe coconut and

isuzar districis.

k. i)

~4e velnable results that have been acguired should

be determine, wit. a fair degree of accuracy, the adaptability of

repion to those =articular crops. the accwnulation of reliable

&ta concerning the most favorable conditions under which the prin-

ipal crops grow would suggest meens for inproving poor land that

8 acw undosirable.

0
g

egse soil surveys, which give basic scientific data showing

isen{, conditians in o given erea, should be supnlemented by actual

id experiments on the growing of crops. The results, thus obtained,

ate which crops arc desirable for a particular soil, Such

netion serves as o guide for those who wish to azcguire land

azricultural develownment.

Ae S. ARGUELLES
; Dircetor, Bureau of Science
Vice-Chairman, Soil-Survey Committee
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ILLUSTRATION

So.l-survey map of Bulacan Province, Luzon,
Philippine Islands
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SOIL SURVEY OF BULACAN PRCVINCE
PHILIPPINE ISLANDS

OBEAU .
3 By k. M. ALICANTE and D. Z. ROSELL ii
0f the Bureau of Seience, Manila m
‘?ARP“
and

f. ISTURC and S. HERNANDEZ \\“3? H!Aﬂ\\-&

Gf the Burcau of Plant Industry, Manila

INTRODUCTICN
Scttlement ond history. ——— Bulacan wes one of the ecarliest
Bipnine Provinces founded by the upanlsh government. This
red about 15728. It has been statod, however, that cven before
éyrival of tho Spaniards there was hlready in existence, in
7is now called Bulacan, a thriving sottlementy, The first
Zonary towns foundedriﬁ the early years of the Spanish govern--
were Calumpit (1572), Meycauayan (1576), Bulacan (1578), end
s (1582).
In the interv.l botween the British occupation (1762-1764)
fg middle of th:¢ nineteenth century the boundaries of the
ice were e#tended and the wéaving of cotton agd ginamay fabrics
% nortant imdustries.
;};ing tk¢ Philippine Revolution, Bulacan was one of the
ii conflict. Ilfarianc Ponce and 4. H. del Pilar, whose
‘re prominent in this period, were sons of this‘provincc. g

bato, in the mountains of Bulacan, was the place where,

ber, 1897, the famous Pact of Biac-na-bato was concluded.
the capital of the Archipelago., It was in

Philippine independence was proclaimed.
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Congress vas oreanized ~nd the constitu£ion of the Philippin{:
B ublic vas deafted in the historic church of Barasoain, Malolos.
é&e civil govarﬁmant Va.s ostsblish.in Bulacan February 27, 1901,
The-population of Bulacan was estimated in 1935 to he 275,900,
fie province has 23 towns; 4 first class, 3 second, & thifd, and
fourth., Malolos is the capital. It is 45 kilometers from Menila.
‘ransportation and communication, —-- Pulmcan Province is

i1 supplied wits good roads, railroads, waterwvays, and telephone
fbelecpraph lince. In 1934 there were 182.9 kilometers of first-
roads, 142.1 of sccond class, and 48.3 of third class. These
IS connect the various towns to the.main Manila North Road. In

ticn the land wransportation water transportation is also used

in extent. especially alonp +he coast. _
éihblio Health. —- Sunitary conditions, medical and dental
ction of school children and teachers, industries hyegiene
i centers, communicable diseases end other public health

Bes are taken carc by the Philiprine Bureau of Heslth. 4

account of this work is given the annual report of this

ficesion. —— There are a number of public schools, 212

¥ end 2 sccondary. +hese schools are conducted by the
Bureau of bducation., The annual report of this bureau
—y

Spletie @ecount of tho work that is done in the schools. £

private schools conducted by the Catholic Church.
sgriculture is the chief industry. Fishing
ponds, rivers, esteros, and Manila Bay.

in Maloles, Hagonoy, Bulacan, Paombong, Pal
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Ibando, i""reycaua.;)ran, and Bocaue, Bangus culture has been developed

ensively around MHanilg Bay and is now a source of considerable

icome. The area covered By bangus fishponds alone was estimated

‘about 14,540 hectares in 1934. Obando has important oyster

sheries. Tanning and weaving are also important industries. There

other minor activities, such as the manufacture of cigars, cigar-—

s hats, furniture, and beverages. Einin 0

itly and are now in pProgress.

AGRICULTULRE \\‘%’
A ¢

' Bulacan Province has

an apnroximate area of 260,800 hectares

4 B 150,879 (57.8 per cent) ave under cultivation. There are
b 3,955 hectares (16.8 per cent) available for agriculture,
@éé Bg a total of T4.6 per cent for agricultural purposes. Of

ining area, the upland sections are under forest and the

tions are devoted fishponds,

seven leadiﬁg arricultural crops arranged in the order of
are rice, mangoes, sugar cane, bananas, corn, tomatoes,
potatoes. The minor erops arranged in a similar manner
BS, eoconuts, papayas, sugar apples, pineapples,
OS.-

1933 was estimated to be worth 4,791,170 pesos, .

the value of the rest of the crops combined.

»750 hectares, or 46,2 per cent of the total
cercal is planted in almost all types of
loan of Obando and Polo to the clay soil

x'gultivauion, especially the applicati
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}fr'for'irrigation, veries in different localities. In those
tated in the vicinity of swamps and rivers the land is irrigated
furslly by the woler available. In the upper levels of the low=
ﬁ renions, where river irrigation is impracticable, the rice
idics are dependent on rain water.

The prinecival varieties of rice that are cultivated are elon-
L and the different kinds of macan. Farmers usually harvest the
fby hand. Threshing machines, however, are uscd on the large
itations. The unhulled rice (palay) is stored in warchouses
Scas). ‘here are cighty of these, and they are usually located
Tice mills.

It has been claimed that this province produces the best

es in the lsiands. The area given to this crop in 1933 was 919
es and the estimated number of trees was 49,400. <The commoncst
itics grown are the carabac and the pico. The principal locali-
froducing ther: are Pulilan, Quingua, Malolos, Bustos, Baliuag,
,#.to, Bigaa, Calumpit, and Santa Maria. ' Generally the trees
pattered here and therc, singly or in groups, Withouf syste-
Splanting.

Bugar cane is usually grown on Yuingua silt loam soils in the
iy elevated portions of the lowlands, The area cultivated in

@s 1,700 hecteres with a total producing wvalue of about 400,200 2

“his province has only one sugar central, which mills most

ganc.
in 1933 the areas planted to corn and bananas were 2,340

res, respectively., Peanuts and vegetables, such as egE
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B radishesg,are grown in the vicinit& of Bustes on the Juinrua
e sandy lonm.

Poultry is raised to some extent iﬁ various localities. The
Ele district is in the repion between Sibul and San Rafael. At

cienda Cormencita, which has an area of aboutb

ficctares, raises both poultry and cattle.

The large estates in Bulscan are gencrally owned by the dif-
prders of the Catholic Church. Hor instance, the Hacienda
wista is the »voperty of the San Juan de Dios Hospital in Manila.
Bacienda, which is located in the districts of San Hafael and
fonso, ha an area of about 27,000 hectares and is the

=iin the province. It has 4,393 tenants who rent the land.

pant has about 40 or more farmers who work the land on shares.

the princisal crop. Some farmers get half of the crop pro-

iy fiile others get only a third.
| iy ‘ : :
' ; b other laroe estates in Bulacan are the fanginay in Bigaa,

5 - ] . I
a Bocaue and Biprea, and the iecoletos in Guiguinto. The

land is the same in these estates as at the

CLIMATE

tural country the climatic conditions extending

re important, for they affect soil development.

7@ the characteristics of the parent material.
of climate they develop in time regional
Bilippines surface soils are gradually leae

ult the chemical and physicel properti




6re grodually changed,

There are %wo distinct seasons in Bulacan. The dry season
;curs.during tge_w?gte:_ggj §priqg:months,.while the wet season

in the summer and autumn., Usually the heavioé%hrai all comes

Fing the summer months, while the autunn rains are generally

and seldom result in floodss There is always Some slight

¢ tie dry months.

The monthly r2infall recorded at the three stations in Bulacan
Bven in Table 1. The station in the lowland section is located
*=o;gs, while Lliose in the upland are at Ipo Junction and Tungkong
Tho rainf.ll at those three stations differs slightly as shown
. mean annual reports. The typhoons and resulting floods that
the vicinity of Manila and the Luzon Central Plain affect
‘aacan Province since it is near Manila. The greatest f£loods
in July, 1904, and September, 1914, Typhoons may be expect—
>s between June and November. Droughts are rare though they
doccesionally. Those of 19063, 1912, and 1915 affected the

wai activity of ithe people, not only in Bulacan, bub in most

mperatiure of the provinece is generally rather uniform
the vear (Table 1). The hottest months are April and May,

beginning of the rainy season,

EHSIOG&:‘A HY AND GHEOLOGY
lies between two great physiocraphic divisi
situated within 14° 40' and 15° 17' north

st lonpgitude. It covers an area of
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ly 260,800 hectares. It is bounded by Nueva Zeija Province on

P north, Tayabas on the cast, Rizal on the south, and Pampangs on
fwest, Manila Bay is scuthwest of the province. It is 10.41 kilo-
ers from Manila to the ncarest Rizal-Bulacan boundary.

The ecastern part of Dulacan lics on the western flank of the

fern Cordillera, which is composaed of several high parallel ranges
mding north and south. Because of the topographic condition of
district, agriculturc is not well developed, but valuable forests
irst - and second-group timbers are Pound.

- Geologically this section consists mostly of extrusive and coarse

: and contains iron, limestone, and pold deposits. It has many

e

SHrings o

1 o which Sibul, Pandi, and Marilao are the most im-
“he western section of Bulacan eontains level alluvial deposits,
w-lying tuffaceous portions of which are included in the Luzon
Plain. This portion of the provinec is low country inter-

Dy numerous tributaries of the hio Grande de Pampange and

go and Bocaue idivers.

fhe foothills, adjacent to this low country, are made up of

ous ond alluvial materials in the lower levels and conglomerates
higher altitudes. These hills gradually increase in height
Jose decl Monte to Anpat and the eastern part of San Rafael.

. in elevation is szhout 40 meters.

Briher cast of these foothills is a lava plateau underlain by
basalt, and some limestone. Merging with this lava plate

€a of high parallel ranges made up of coarse-grained




|
{5:9]
i

sive rocks (diorite, sabbro, periodotite, ote.)
The loftiest peak in Bulacan is Mount Orioel, which is

1,192 meters in height.

IREIGATION AND DIATNAGE

oy o
o

The central part of Bulacan is well drainced by the Pampanga
and fAngat Hiver system. Other small rivers, such as the Marilao,
the Bocaue, and the Bipaa, drain the southern portion of the pro-

ce. <he regicr south of Ban Rafael is drained by Maasin,
arlang, San Miguel, and Ilop fivers to Candaba Swamp. This swamp
pties into Manilz Bay through the Rio Grande Pampanga.

There are two large irrigatioﬁ systems in the ricé_districts
She province. 1he Angat system overs an area of about 17,000
“ros. It includes the towns of Bustos, Uuingua, Guiguinto,Bigeaa,
, Bulacan, #.lolos, Paombong, ilagonoy, and Calumpit on the
i side, and San #zfael, Baliuag, and Pulilan on the noxrth side.
flaranda system is located in the town of San Miguel., This
_E-s about 2,550 hectares.

Table 2 are given the names of the prineipal towns im the

$s irripated by the Angat system. The area (hectnores) of

ripated is also included in the table.

average yield of rice before irrigation was about 28 cavans 3

Bre. After irrigontion it was about 57 cavans. This in-

§icld was produced on different types of soil. In some dis-—

e intensive cultivation was practiced the yield amounted
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BULACAN SOILS

The most important factors affecting the utilization of land

=

B the distribution of crops are the élimate and tke waber supﬁiy,
}revionsly mentionéd, and the topogriphy and types of soils.
Topography.  ——- Topogréy v plays a rather important role in
distribution of crops. For instance, the rough and rolling
&s are given to cfops other than rice.. The lowland arcas are
gy planted to rice.
Soil serics and types. ——-— A number of distinct soil series
Fe developed through differences in climatic influence, degree of
hering, charascter of parent materialazdrainage, irrigation,
the lime content of seils.
% soil serics is & group of soils having the same range in
the same character of subsoil (particularly coloT and

the same type of relief and drainage, and B SuUNYMVT

on origin. The series 15 TaTadeh TS <o ‘tﬁsQﬁi&'\q :
The tvpe is the unit of classification and mepping. The

¥ithin o sories differ from esch other omnly in the texture

surface soil. Subordinate differencesin the character of

tvpe are designated as phases.

Phe soil type determincs to a considerable extent the kind
waéxﬁe grown profitably and serves as a basic basis
ersification. Again a particular crop grown on various
f soil is.-likely to ?roduce different yields.. This is

w the data recorded in Table 3.



fa.l naturally into three major groups

iy
&

Bicns. ‘hese may be classified as follows:

§2

Bulacan soils

@ basin soils

acan series

do series

Cuendo fine saandy loam

: yial fens and plain soils
s, - Quingua serics
Cuingua silt loam
Luingua fine sandy loam
Bjraa series
Sigaa clay loam
Bantog series
Zantog clay loam

3. Upiand -nd mountain soils
Prensa serics
Prensa silty clay loam
_Frensa clay loam
Novaliches scries
Novaliches loam
Hovaliches clay loam
Buenavista series ;
Buenavista sandy elay loam
‘Buenavista silt loam
Sucnavista clay loam
Sibul series
Sibul clay

Hovaliches and Sibul soils undifferentizted.

o6llowing pages the soils of this provinzce are des-

4

their location and distribution are shown in

map. lheir relative areas and proportionate
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ISLiND AND BASIN SOILS

PSeils of the island and basin proup occupy the region
Blianiia Bayr. Ther comnrise the Bulacan and Ubando series.
, with btho oxcepiion of the Cbando fine brown sandy loam,
Bia color..

submer: ¢4 soils {(hydrosols) extend along the swamps and

i

the rFivers. J(hese soils are a mixbure of decayed plants,

i

r

3t, =nd send in varigus proportions.

lacan serivs. —— ihe Bulacan series is composed of hydro-
several tvpes and is located along the braided streams and
¥s that ompty into Manila Bay. As these hydrosols are under
7:it is difficult to delineate the boundaries of the different
sc in the complete map the Bulacan series is represented by
The arca covered is about 6 per cent of the total area
provincc. iishponds have beeén constructed in the hydrosols,
lso contain swamps of nipa palms and aguatic plants.

sndo serics. ——— 1The Obando series has & brown surface soil
fine sandy subsoil, The most distinguishing foature

is the prosence of marine shells in the lower sub-
The soil is nlanted to rice and vegetable crops.
wicimitics of Cbando and FPolo.

iy loam. ~-— The Obando fine sandy loam is the
tion of sandwv materials ffom the sea and nearby

It is characterized by a brown fine sandy




Tine brown sand. . Bencath the subsoil is a gray and

Kice is the principal crop growa in
¥pc of scil, though some sugar cane and vegetables of wvarious

& alse culitivatod.

ALLUVIAL PAMNS AND FLAIN SCILS

e alluvial fans and plain soils, with but slight indication

fprofile developmont, consist of assorted coarse stroam sedi-
'Aﬁ recent “ine alluvial deposits. they include the Uuingua,
Bantog, and a portion of the Prensa series. The properties
Soils very with the character of the rocks in the adjoin-

nd The nreasbordering Candaba'Swamp, the marshland, and
ponds along Manila Bay are always flooded during the rainy
-‘e upper areas are seldom, if ever, inundated. The slight
B gives & somewhat better protection from floods during the
lnl-

Bigaa and the Bantog soils are poorly drained, and the

;; this soils differ considerahiy depending upon the depth
BEEinace and oxidation have exbended. During the web .

1 Soils planted to rice are covered with water for two

onths. Other districts remain under water or are satu-

Swater until the advent of the dry season. Mottlings

s dark brown, aznd black are present in the subsoils

substratum.

ia series. —-- The Yuingua soils are light brown to

¥ with light-textured subsoils.  Like the Ban

these soils have the reddish brown stres
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istics of ricefield soils. The surfade is usually loose
Pnes . : :

seldow compact except in hicher areas. L1Ho—subsoil is
erized by light-brown heavier material.

tly elevated and drained part of this scries is devo-

B=uor cane and vegetnbles, while the low districts are irri-
planted to ricc. Fruit trees such as santol and mango

along the rvoads. -vhe mangoos arc especially good in this

silt loam. —== The Juingua silt loam consists of
s0il accumulsted on the slightly clovated areas.
81 has developed under better drainape than the Bigaa and
1s. The culor is light brown to yellowish brown. There
fely o perceptible change in color and structure from the
§6i1 to the subscils. The loose and structureless surface

ever, wnry in color according to the amount of organic

silt ioam has brown friable surface material te a depth
80 centimeters. Deddish-brown streaks similar to those
ils are nresent. The upner subsoil is dark brown, though
2t roddish brown in some parts. This material dis
surface soil as it varies from silty clay loam
xbture. The occurence of heavier texture is due o P
e metcrial from the surface soil. In some

. =

e subsoil i oose and friable, bat on bthe
7

4]
e

© compact. The substratum below a depth of

is cither brownish yellow, reddish brown,
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rown siit loam to silty ¢lay loam.

gations from the texture of the surface and subscil

soil loses moisture and drains casily. This dype

. el g

= of sbout 20,850 hectares, or & per cent of th

(4}

ot Bulacen. I3 extends from Bustos and Baliung to

BRG] i1, Caluns

it and & part of Hagonoy and Malolos.
ted arcas around Czlumpit, Pulilan, and a portion
Bngus are planted to sugar cane and corn. The irrigated
e planted to lewland rice. The upper districts on

of Ln: % River, covering the areas of Baliuag, cast of

| <t

v., ars also utilized for rice, The productiom

oa varies from 35 to 7O cavans per hectare.

finc sandy loam, ——— The Quingua fine sandy loam is
er d-posit of sandy meterials, The depth of the

es according to the levol- of the.river flood terraces.
‘rom 57 to 150 centimeters. The color is typi-
Brown and sometimes pale brown along the water. This

S e uprar and L, . 1
Bl in the upoer and 4the lower parts of Angat River

T oy oo s : P ;
shi: WAl dasatkd,/ 1s used Tor corn and vepetablaes.

£rown extensively in this type of soil.

. . e say j : : S :
Serics., The soils of the Bipaa series distinguished

lk—browvn surfacc soil with notable reddish-brown or

browvn streaks. In some places the surfoce soil is

lilc in others it is either loose or slishtly compact.

is light gray to dark brownish gray, mottled with

and reddish brown clay.

Concretions are present both



.

T L

and in the subsoil, This series is located in the
@esuc, Bigaz, Bulacan, Guiguinto, Malolos and a

fueg and Calumpit. “here is o small area botween
and San Miguel alsné Carlang “iver. This series is
and used for lowland rice,

lodm. ~—— Bigas clay loam is a brown to dark-
jaam surface soil with brick-red streaks., It is very
2, sticky, and somotimes plastic and heavy. The depth
20 4o 30 centimeters frem the surface. The subsoil,
jﬁes from a depth of 40 to 100 centimeters from the surface,
ay, derb-gray ta light and yellowish-brown heavy clay
elay. Iron concretions are present in both the surface

L the subsoil. The presence of concretions is partly due
‘rensa serics adjoining this tvpe.. This series contains
percentage of iron éoncretions. The substratum to a depth

120 centimeters downward is a light-gray with a few

fhe area covered by this type is approximately 17,550

es situated within the towns of Marilao, Bocaue, Bigaa,

into, Bulacan, lMalolos, and a portion of Calumpit. A4 small

located between San Ildefonso and San Miguel. Rice, with

thout irrigation, is planted yearly in this type of soil. .
production is slightly above that of the average soils in this

on (Tabie 3). Some fruit troes also grow well.
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The follawing descrintien is typical of the Bigaa clay

loam. :
Bigaa clay loam

Depth of soil Characteristics

Clla

6 - 25 Heavy brown clay loam, sticky when wetb.
Dried surface soil is finely gwanular.
Contains reddish-brown to red streeks.

25 - 60 Light-gray to brown heavy clay loam to
clay. Mottled dark brown and yellow-
ish brown; few concretions present.
‘Slightly compact to compact sticky.
Exposed to dryness the soil scparates
intc fine granular structure.

60 =110 T Texture heavier than above, being light-
gray clay to heavy. Concreticns are
present.

The clay content of the surface soil of the Bigaa clay loam

is 48 per cent, and this increases in the subsoil, The substratum,

however, has a lower percentage of clay. The sand content is

almost constant from the surface down to the substratum.
The surface soil is somewhot acidie with pH 6.23. The plant

fo0d content apneared to be normal as compared with other Bulacan

soils.

The Bieaa clay loam bos a hich percentape of iron concretions.
s 3 g p (2

Bantos series. ——— Like the Bipaa series the Bantog soils

have a brown to éarkrbrown surfazce soil with reddish-brown or dark-

yellowish brown streaks. The only difference between these two is

that the Bantog soils do mot. have concretions in the surface and

:subsoil. The subsoils are dark-brown, mottled brown, vellow and

v heavy clay loam to clay,
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Thls sopics ig 100:;*?:05 in the southum;t'er.lt‘; a,nfl northern
parts of San Miguel. The %aééern and northern districts receive
weter from the Peflaranda Irrigation Systems,

Bantog clay loam, ~—- This soils is located in the north-
western part of 3ulacan, bordering Pampanga and Nueva Hcija, and
is considéred first-class land. The most important featurcs of
this btype are its dark color, slighﬁly sticky consistency, and
fine toxture of thu surface soil which ranges from 25 to 30 centi-
meters in depth. It is dark-brown heavy clay loam, with brownish-
red stresks, becowing mellow when webt. Some parts of the arca
are light-brown t~ yellowish brown clay loam to clay. This soil
has been undor rice for several yearsy It covers an area of

about 6,550 hectarcs.

UPLAND AND MOUNTAIN SOILS

The upland and mountain districts include the Prensa,
Buenavista, and Novaliches, soils and the Sibul series, These
districts also embrace the undifforentiated Novaliches and Sibul

serics. These soils have developed in places from the weathering

-Jsintegration of the underlying bedrock. They range in
rich brown, brown, light brown to light reddish brown,
sh brown, brick red, snd almost red, The subsoils of those
ferent scries vary in the accumulation of clay and degree of
athering of thc parent rock. The water-holding capacity of

se soils is about normal, though it is limited by the depth of
drock. About a third of the agricultural area of the province

@longs to this grous.
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In the mountein regions the leaves and other plant residues
serve as surfacc mulch. VWhen the area is cleared and cultivated
the bumus is casily used up, leached or washed away in time by
@mary'rainr. ‘The oxides of iron and aluminum, rather then humus,
j@gtermine of the color of the surface soils with the result that
ﬁnst of the well draincd soils arve light-brown and the subsoils
@re brighter in color than the surface soils.

Frensa seric.. --- This sories has a slightly rolling topo-
graphy. It is disiinguished by a light-brown, brown, to light-
Feddish browvn, fricble and granular surface soil and subsoil.
?&m subsoil has a ~onsiderable amount of gravel and concretions.
It is moré sticky -nd contains more plastic clayey materials than
®hat in the higher regpions.

k- Tue lower part of the upland aree is penerally employed for
ﬁﬁne, though the yicld is usually quite low. Application of manure
éﬁﬂ other organic materinls is practiced by some farmers. In rough

BFeas fruit trecos and bamboos are grown.

In the poorly drained districts this clay is mottled with
dark brown, and reddish brown. Like the Novaliches series,
Serics is derived from a tuffaceous material. In many
where from a tuffaceous material., In meny places where the
is exposed, it is mined for building material. The soil is,
er, different from that of the Novaliches series. because of
ﬁhﬁ presence of a high percentage of gravel and concretions in the

subsoi].




gravelly clay loam with concretions of various sizes. This type
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Prensa s:;tg-v Glaylioanos Tho surfaco soil of the Premsa
Silty clay lozm is vellowish brown to light reddish brown. It is
& loosc end gritiy, silty clay loaml. The depth ranges from 15 to
. The subseil to a8 dopta of 20 1o 80 centimeters
BE & nottled gray snd black loam with haumerous concretions and
gravelly material. The lowver subsoil is brownish-gray clayhLs = -

sticky, and hard, sometines with whitish specks. The substratum

Bt & depth ranging from 20 to 110 centimeters is brownish-gray,

extends from Polo to Angat. It is extensively planted to rice,
with or without jrrigation. Because of the poor production af
rice in the unirrigated area the farmers apply manure and other
fortilizers to incréase the yield. This area is about 10,230
hectares.

Pregsa clay loam. —= The surface soil of the Prensa clay
loam is brown 1o dark yellowish brown ox light reddish-brovn clay
loam, loose and granular with numercus spherical iron concretions.
The depth ranpes from 20 to 25 conbimeters, the subsoil is gray,'
sometimes licht yellowish gray to dull grayish browih. It is
loose and gravelly clay grading +o sandy clay with many concretions.
It ranges in depth from 40 to 59 centimeters. The substratum from
a depth of 59 centimeters dovnward is gravelly clay, light grayish

. . - . s,
Brown to dark brown. he most important characteristics of this

ares is the presence in some places of vnlcanic twuffaceous material.
Rice is grown in some parts, but the extent of the crop is depen-—

dent upon the available waterT supply.
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Novaliches series. ——— Tho soils of the Novaliches serics
are light reddish brown, reddish brown, to bright reddish brown.
The surface soil and the subsoil are friable and granular, con-
eretions are present, especially in the subsoil. They are under-—
lain by volcanic tuffaceous material of varying degrées of dig-
integration and veathorihgn

This series occurs both in uplend and lowland rolling and
Billy topography,

In the upland area the lower subsoil has a horizon of light~
gray sticky and plastic clay. The uncultivated soil is covered with
ecgon and a few irces. Alibangbang (Bauhinia malabarica Roxburg)
trees are commoniy found in this soil. Upland rice is the main
erop. Diversified farming is practiced on the large estates.
Frui§ trees especially cashew, are also grown.

Novaiiches loam. -—- Adjoining the Prensa clay loam on the
eastern side of the upland region of Bulacan is the Novaliches
loam. the surface soil is reﬁdish—broﬁn, friable and fipe to

€oarse granular lqam with a depth ranping from 20 to 40 contimeters.
Cancretiéns arc commonly found in %his soil, which is compara-
Eively poor in corganic mattor. Deing very friable, the soil is
gasily eroded. “ho subsoil down 4o a depth of 60 centimeters
®S brownish red, friable and granular clay loam with some concre-
ticns and gravel. fhe substratum from a depth of 111 centimeters
downward consists of tuffaceous material partly disintegraied5
Novaliches clay loam. ——=~ The upper 12 to 29 centimeters of

surface soil is brownish-red to bright reddish-brown clay loam,
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grauular end frigble when seomingly d#y ahd slig?ily stick;ﬂwhen
wet, Heddish brown concretiocns are present in considerable aﬁbunts.
She subsoil to a depth ranging from 54 to 81 centimeters is brick
red clay loam to clay with gravel and reddish-brown concretions.,
The substratum to a depth of 100 to 150 centimeters downward is
Bighly weathered tuffaceous material.

This afga is covered mostly with cogon, though in scme

Places cashew troes are planted. Diversified farming is practiced.

Novaiiches clay loam

Depth of soi:
onmg Characteristics

O - 20 Yedium reddishebrown fine granular,
fwigble ¢lay loam, Swrface soil
is fine fragmental.

20 - 45 Brown to light reddish-brown clay loam
to clay, granular and friable,
slightly compact,

43 = g Lisht reddish brown clay loam., Horizon
of gravel accumulation ranging in
sizes from 0.5 to 2 centimeters in
diameter.

70 - 100 foddish-brown coarse grenular and
friable clay loam with concretions.
Slightly compact tuffaceocus material.

10C - 150 Granular clay loam to clay. Tuffaceous

rock with reddish-brown concretions
of various sizes.

Buenavista seriés. ——— The soils of the Buen&vigta series are
brown, light brown to light reddish brown, to reddish brown. The
surface soil is friable and loose. In some localities, however,
it is slightly compact. The peculiarity of this series is the

presence in the subsoil of zlmost impervious light-gray to light
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yellewish—gray clay and cemcr~tions,
The series is found in the rclline and hilly regions of
San Rafael, San Ildefonso, ond San Miguel. The soils are utilized

-

pEircapally £0p wive. 2

nortion of %he soils of the
dacienca Buenavista, owned by San Juan de Divs Hospital, is clas-
sified under this series.

Areas not planted to rice are planted to corn and cther
erops. the hilly areas are used for grazing. Alibangbang
{Banhinia malabarica Roxburg) is the commonest tree in this region
with various speci s of shrubs,; bamboos, and other trees.

Buenavista - 'ndy clay loam. -—— This type of soil is a
brown sandy clay surface scil with some concretions and gravel.

It is gritty and *cese. The depth renges from 20 to 40 centimeters.
the subsoil is lizht—-pray clay, stiff and sticky, becoming gritty
dovnward, A high percentage of sand is usually found in the lower
subsoil. It ranges in depth from 60 to 10D centimeters. The subs-
trotun from 100 conbimeters Gown is vellowish-gray clay, sometimes
mottled light pray =znd brown sandy cley. Concretions are present

Sl

this arsa. 4 portion of this type is worked for

"

ke

u

of

,

in some p
unirrigated rice.

Bucnavista silt loam. —— The surface soil of the Buenavista
silt loam has yellowish brown to light reddish-brown silt loam with
a fow concretions. It is gritty and loose on the surface but
becomes compact &t a lower depth. The depth ranges from 20 to 25
centimeters. The subsoil down te indofinite depth is light pray

to whitish-gray, stiff and sticky clay. This type of soil, like
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the vogt of fhg Buegewiatn aﬂriggﬁ ig used for wnirrigeted riee,
Some nortions serve as grazing land.

Buenavista clay loam. —— The surface soil of the Puenavista
clay loam is medium~brown heavy clay loan, sometimes slightly
friable, granular, and fine in texture. The dark ecloration of
the surface soil wa . doveloped because of poor drainage. The
depth of the surfuce soil ranges from 25 to 30 centimeters. The =
subsoil is mottled black and brown heavy elay loam to clay. Com-
cretions are prescnt in places near the Prensa silty clay loam
type. “he lower subsoil down to an indefinite depth is light
yellowish—gray to light gray sticky clay, 4 portion of this soil
is irrigated by the Angat System, Zice is séid to have a high
yield in this type of soil as comparcd with the other type in this
series.

Sibul series, —--— The Sibul soil is brown to light grayish-
brown surface soil with a calcareous subsoil. The substratum is
e highly weatherc calcareous rock material., <+his series occupies
an upland area of rough rclling and hilly topography. 2

Being a rogion of limestone formation, the area has luzuriant
vegetation of various species of shrubs and trees, The rather level
portion is plantcd to rice and corn. The highly roliing country
is used for grazing. Young forest loand is found in the upland

section whome several mining claims have been located,
Sibul clay. -—— The Sibul clay soil occupies a considerable
portion of the province. The surface soil ranging from 25 to 30

centimeters in depth is daskebrown to light grayish-brown heavy




4 4 d-rk-brown spherical concretions.

g8y locn to cla s iwd W
The soil is fincly granuiar when dry and somewhat porous but sticky
Sher wet. Tho upper part of the subsoil is @ull brown to dull
grayish browm znd alwnost compact in places that have an appreciably
heavier texture of calearesous material. The lower part of the
subsoil which extends to a depth ranging from 45 to 70 centimeters,
is coarse pranular to cleddy or frisble clay with varying quantities
of calcareous material} The substratum is whitish-gray or 1ight?
brown, highly weothered suffaceous material which is highly cal-
carcous, The upver part of this substratum, hovever, is a zone

of light gray with whitish specks of limestone concretions.

4 description of typical Sibul clay is as follows:

Sibul clay

Depth of soil

cm. Characteristics

G -5 A layer of fine-fragmental soil mixed
with decayed leaves, and roots of

plants.

5 - 20 Yark-brown to dark-gray finec granular
sticky clay. When scemingly wet the
soil is plastic.

20 - 40 Dark-brown to dark-gray coarsc granular
to cloddy, sticky clay. Plastic when
seemingly wet.

40 - 80 - Sticky light—gray clay. Breaks into fine
clods and sharp columnar structure.

80 -~ 1190 Light-gray to gray clay with limestone
coneretions and white specis. The
presence of white specks makes the
color lighter than the upper zones.
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the clay content in the surfuce soil of the Sibul elay is
high but decreases with depth. The sand content is almost cons-
tant from the surface down 4o the lower subsoil and then it
@ncreases in tuc substratum.

The reaction is lightly acidic with pH 6.55. Plant-food
elements are somewhat low as compared with average normal soils.

Novaliches and Sibul soils undifferentiated. —-- The arcas
comprising the Novaliches and Sibul soils updifferentiated are
rough and mountainous and covered mostly with forests, though
in a few places the land is utilized for upland rice and grazing.

s

This undif“orentiaved arcas are a part of the western flank

of the Fastern Cordillera.

ANALYSIS OF BULACAN SOILS

S0il survevs made in the Philipnines include also, fo
completeness, chemical and mechanical analyses of the soil.

Mechanical analysis.——— llethanical analyses were made in
sccordance with th‘ methad of Clmstead, Alexander, and Middleton.®”
In Tabie 5 are given the mechanical analyses of the surface scils
of the different types found in zean frovince., In general

these data serve as a check on the ficld descriptions of ithe soil

typ’?s .

*
Olmstead, L. Z T. Alexender, and H. E. Middleten,
U. S. Dept. Agr. T 1. 173 (1930).




26

Chomical sy S5es. —— vhomjcal analysis give data concerming

the principal nutritive constituents contained in the soil. %he

i

meticds of the Azsociation of Ufficial Apricultural Chemists®
were used in malking these analyses., The major soil types were
sam>led and these were anaslyzed Tor the essential plant-focd
elements such as nitrogen, phosphorous and potassium. The analysis
alsc includes ca vicium, magnesium, organic carbon, and the pi value,
which was ascertained by the electrometrie methed, using the anti-
mony electrode. <2 orpanic carbon was determined by Parr's methcd.‘
The number ¢« ¥ samples obtained from each soil type depends
upon the extent an: the agricultural importance of the type. In
our survey the cliemical analysis was confined to surface samples.
These were taken at a depth of about 16 centimeters. Subsoil
samples were also taken in conjunction with this work, }
The average chemical analysis for Fach type is given iq =
Tablic 6. The results represent total determinations.
As shown by the date the soils of Bulacan aré slightly

@eidic in rcaction with a pH range of 35.55 to 6.55. In general

they arc somewhat low in essentiszl plant-food elements, especially |
phos-horous, potassium, and nitrogem, and require re-enforcement
with fertilizers containing these elements.

Soils in the upland and rolling regions are decidedly acidic

and should be ireated with lime to neutralize this acidity. These
are poor and therefore require the application of complete ferti-

lizers for normal crop production. To increase the organic content,

o

which is gquite low, the practice of gresn manuring is advisable.

f

*Official and Tentative Methods of Analysis of the Assocl&tlﬂn
of Official Agricultural Chemists (1930).
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SUMMARY

Bulacan frovince in the Philippine Island was inhabited

o o ; - :
S dene beforc the Sponish setilement of 1578.

The climate is tropicel and generally cf the wet and dry
asons,
Lpricultural development did not take place until about

middle of the nineteenth century.

The populatisn accordins o the census of 1935 was 275,900,
Transportoiion and communication conveniences, clectricity
telephone seivice, ure available in most of the province.
The principal towns have satisfactory schools conducted by
Philippine Bureau of Zducation. :

Public-health activities are taken care of by the Fhilippine

el Health.

¥ater and pood quelity is plentiful. The province is well
by Pampanga andyhngat Hivers. There are two large irri-
don systems. The Anpat system covers an area of about 17,000
es and the Pefiaranda, an arca of about 2,550 hectares.
Sestion has greatly facilitated agricultural development.
Kice is thc leading crop, oceuyping 69,750 hectares (46.2
- ;faier cent) of the total area (150,879 hectares) cultivated., Mango
~ dis mext in importance followed by sugar cane. Other minor crops
are bananas, corn, tomatocs, sweet potatoes, ete.
Bulacan Province is situated in the central part of Luzon.
Its total area is abont 260,800 hectares. The whole province is;-

within the two preat physiographic divisions of Central Luzoﬁ,
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the Luzon Centrael Plain and the Zastern Cordillera.

The soils are divided.into three mein groups; namely, I,
Island and basin soils: 2, alluviel funs and plain soils; 3, upland
ani mountain soils.

The islané and basin soils comprise 17,740 hectares {6.8 per

gcent); the alluviel fans and plain soils, 60,930 hectares (23.4 per

cent); and the upland and mountain ‘soils, 182,130 hectares (69.8 per
ecent). The area cultivated in addition to that which is still
available for cultivation smounts to 194,834 hectares (74.6 per
cent). The remaiuing land is.covered with commercial and non-
commercial forests.

Nine period of soils established in the province. Fourteen
soil types were identified and mapped. The remaining soils were
elassified as undifferentiated. The largest area of soil identi-
fied and mapoed is the Sibul clay, followed by Novaliches clay
loam, Uuingua silt loam, Bigaa clay loam, and Prensa clay loam.
Profile studics were made of each soil series.

Cf the types of soil cultivated for rice, the Bigaa clay
loam gave the highest yield per hectares. Bantog clay loam was
next, followed by the Prensa and {uingua and silt loam.

Mechanical and chemical analyses were made for each major
soil type.

The average chemical analyses showed that even the highest
yielding types. Bigaa and Bantog clay loam, indicate a certain
degree of phosphorous, mitrogen, and potash deficiency. On the

whole the soils of Bulecan reguire fertilizer application to
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The kind and guantity of fertilizer

est determined by actusl field experiments in -

iive basic sciontific data showing the present
a2 given area. the results of these'sufvey should
ted by actual field axperiments‘on the growinge of
infornaticn thus obiained indicates the kind of soils
table for the cultivation of certain crops; knowledge

from soil surveys in one province may be applied in other

Te sinmilar conditions exist,
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& data given in this table from the numercus reports of
ine Weather Burcau.

le 2. ——— Tcwns in the area irrigated by the 4ngat
Irrigation System.

Hectares
irrigated

2,700.38
361,16
1,347.76
446,26
‘328.16
£554.56
1,665,97
2,883.41
2 BEd.12
2,402.73
406,59
-86.75
125,23
docaue and Bigaa)‘ 658.34

e (Guiguinto) - 114,58

16,999.53
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