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HOW TO USE THE SOIL SURVEY REPORT

Hoil surveys provide basic data for the formulation of land-
¢ programs. This report and the accompanying map present
neral and specific information about the soils, the crops, and
s agriculture of the area surveyed. The individual reader
iy be interested in the whole report or only in gome particu-
' part thereof. Ordinarily, he will be able to obtain the
formation he needs without reading the whole report. Pre-
for both general and detailed use, the report is designed
of the needs of a wide variety of readers under three
al groups: (1) Those interested in the area as a whole;
{hose interested in specific parts of it; and (3) students
‘eachers of soil science and related agricultural subjects.
tempt has been made to meet the needs of all these groups
ing the report comprehensive for purposes of reference.
ders interested in the area as a whole include those con-
ol with general land-use planning—the placement and de-
pment of highways, power lines, urban sites, industries,
fmunity cooperatives, resettlement projects, and areas for
and wildlife management and for recreation. The follow-
ctions are intended for such users: (1) Description of the
which physiography, relief, drainage, vegetation, climate,
gupply, history, population, industries, transportation
4, and cultural developments are discussed; (2) agricul-
1 which a brief history of farming is given with a descrip-
if the present agriculture; (8) productivity ratings, in
discussed and presented the productivity of the different
land-uge and soil management and chemical charac-
f the soils, in which the present uses of the soils are
sad, their management requirements discussed and sug-
| mide for improvement; and (5) water control on the
h problems pertaining to drainage and control of
' ‘ treated.
interested chiefly in specific areas, such as a
ovality, farm, or field, include farmers, agricultural
ed in planning operations in communities or
real estate agents, land appraisers,
lenants, and farm-loan agencies,
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cerned; (2) identify the soils on the tract by referring to

the legend on the margin of the map and seeing the symbols

and colors that represent them; and (3) locate in the table
“of contents under the section on Soils the page where each
type is described in detail, giving information on its suitability
for use and relation to crops and agriculture. They will also
find useful specific information relating to the soils in the

goctions on productivity ratings, land use and soil management,

chemical characteristics of the soils, and water control on the
land.
Students and teachers of soil science and allied subjects,

~ including crop production, animal husbandry, economics, rural

sociology, geography, and geology, will find interesting the
gection on Morphology and Genesis of Soils and Mechanical
Analysis. They will also find useful information in the section
on Soils of the Province, in which are presented the general
gcheme of classification of the soils of the province and a
detailed discussion of each type. For those not familiar with
the classification and mapping of soils, these subjects are
digcussed under Soil Survey Methods and Definitions and Me-
chanical Analysis. Teachers of other subjects will find the
gections on Deseription of the Area, Agriculture, Productivity
Ratings and the first part of the section on Soils of particular
value in determining the relation between their special subjects
and the soils of the area. F

—Adapted from the U. S. D. A.
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INTRODUCTION

1'rom time to time problems are presented before the Bu-
el of Soils with reference to the soil in its role in crop
‘wduction,
armers are often baffled when adjoining fields with practieally
same relief and texture and treated similarly react to
gement differently. "While one readily responds to a
ain form of management, the other seemingly does not.
may be due to certain physical characteristics which are
prently typical of the type and are responsible for a great
ion in productive capabilities of the soil. Intimate knowl-
26, therefore, of these characteristics is fundamental to good
| management.
he s0il survey of the different provinces is a great step
ards the solution of the many problems that beset the
ilipino farmer in his agricultural pursuits. The soil survey
tabato Province was conducted from April to November
, inclusive, by the Bureau of Soil Congervation (now "the
‘wau of Soils) under the directorship of Dr. Marcos M.
ite and during the incumbency of Hon. Fernando Lopez
cretary of Agriculture and Natural Resources.
onnaigsance soil erosion survey of the province was simul-
aly undertaken together with the soil classification work
mine (1); character and extent of soil erosion going
he province (2); to determine the factors that had
logs by soil erosion; and (3) the conservation guide
e84 needed to stabilize the erosion going on.

The soil is known to behave in a peculiar manner.

1




1. RECONNAISSANCE SOIL SURVEY |
o COTABATO PROVINCE

DESCRIPTION OF THE AREA

- Location and extent.—Cotabato Province occupies the entire
wuthwestern part of Mindanao Island. It is bounded on the
orth by Lanao and Bukidnon Provinces; on the east by Davao
‘fovince ; on the south by the Celebes Sea; and on the west by

a Bay and Moro Gulf. Including the small island of Bongo,
has an area of 2,296,790 hectares, the largest province in

e Archipelago. The town of Cotabato, the capital, is 943
___ometers by air from Manila; 379 kilometers by air from
¢bu; and 235 kilometers by motor vehicles from Davao City.

Physiography, relief, and drainage.—-Generally, the province
[ Cotabato is mountainous, except the wide valleys which are
ained by the sluggish river system. A large portion is
nd country. The highest peaks on the eastern border are
nt Apo (2,929 meters *), the highest peak in the Philippines,
1l Mount Magolo (1,450 meters) ; those on the south are

dount Matutum, a recently formed volcano (2,292 meters), and

nt Latian (1,612 meters) ; and those on the western range
Mount Blik (1,226 meters) “and Mount Binaca (1,021
sri.) The mountain ranges on the north are low in com-
gon to those previously mentioned. Little is known of
western range and the same is: true of the mountain range
¢ eastern part adjoining Davao Province.” The larger
ng are those of the Cotabato River which commence at the
ond of the Cotabato River extending inlahd to a distance
il 100 kilomet®s, to as far as Buluan and Kabacan, and
onadal and Allah Valleys in the southcentral part of
ince. The width of the Cotabato plain varies from only
meters to 50 or 60 kilometers.
tabato River including its several branches drains
the whole province. Exceptions are the western range
{he coast and the area around Sarangani Bay.
t rivers in these areas are Ylang and Salaman
ge; and Buayan, Lun Pequefio, Lun Masla,
i Bay. In addﬂ:ion, many

“-\| R i
i i




4 SOIL SURVEY OF COTABATO PROVINCE

Among the larger branches of the Cotabato River are Ma-
litabug, Maridagao, Libungan, Pulangi, and Kabacan on the
northern part; Simpetan, Mlang, Malasila, and Alip on the
eastern part; Marbel, Banga, Allah, and Kabal, on the southern

part; and the Talayan on the western part.
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The Cotabato River is navigable up to Kabacan, and motor
unches can reach Buluan and Daguma along Allah River,

itce being the mountainous area in the northeastern part of

DESCRIPTION OF THE AREA B

il 65 kilometers inland from Cotabato town. Cotabato
¢ is sluggish, the fall being 1 in 5,000 and is quite muddy
ughout the year. It is the longest river in Mindanao, its

dnon Province.
er supply.—Cotabato has piped water supply that partly
¢ needs of the people. Water runs one hour early in the
. Part of the needs of the populace is supplied by rain
collected in cisterns, each house being provided with one
In a few municipalities pump and artesian wells are
ources of drinking water, but in greater part of the
nee shallow dug wells and rivers or streams supply the
o'y needs. Most of these are unsafe to drink and treat-
 like boiling or chlorination are necessary to render them
' Settlers in upland areas away from rivers or streams
in water collected in one way or another.
ulation.—The greater part of the mountainous areas are
primary forest which is made up of a number of
¢ some of which make up the finest and hardest timber
found in the Philippines. The rough and lower areas
the major ranges are under secondary forest of differ-
& of growth. In the primary forest the trees are of
levels or “stories”, and the canopy is more or less
A numbet of -epiphytes and climbing vines entwine
i 1o the trees and the undergrowth is dense.

il L—Soil coverage of Cotabato Province in 1959.»

8oil 6o Area .
Type of soil cover (Ha ) Per cent

______________ 677,420 29.49
______________ 552,280 2405
64,980 283
492590 21.45
22.18

2,296,790 100,00

e e B B e

vestoek Hlabiglios. 1954-1955. Office of Statistienl Coordination and
Heanomie Council, Manila,

under grass and cultivated crops. The Koro-
alleys are mostly under grass and second
: : tivated aveas, Cogon, talahib,

3




6 SOIL SURVEY OF COTABATO PROVINCE DESCRIPTION OF THE AREA 7

The swampy area below Cotabato town until the seashore is §. At the end of the Spanish rule, Cotabato was then the
under mangrove that consasts of trees such as api-apt, bakcman 'h district of Mindanao, composed of the politico-military
and langaraz, ‘ mandancia of Polloc and the military districts of Malabang,

Organization and population.—‘Cotabatoe” in Maguindanao oina Regente, Taceran, Babia, Illana, Baras, and Lebak.

is Kuta Batu, which means ‘“stone fort”. Very meager in- flarly in 1899 Cotabato was evacuated by the Spaniards,
formation is known of the early history of the province. a native government was set up with Roman Vllo as the
What is now Cotabato Province is the home of the Maguindanao d. A rival Moslem government, however, was organued
Moros, who are really an independent people recognizing no or Datu Piang.
‘authority except that of their datus or sultan, and obeying no 1903, when the Moro Province oo cleated Cotabato be-
laws but their own. Because of their warlike nature the datus aie one of its districts. In 1914 civil government was estab-
and their followers had intramural rivalries and feuds with in the Department of Mindanao and Sulu and Cotabato
other datus in the province. - A one of the provinces of the department.

Numerous attempts have been made to subjugate and brmg The census of 1918 gives the population at the tlme as
Cotabato under control during the Spanish regime. : Cotabato 18,091, During the last 30 years, especially from 1935 up
was first visited by the Spaniards when Loaisa and Urdaneta {he present, the influx of immigrants from Luzon and the
entered Polloc harbor in 1526.  In 1590 Rodriguez de Figueroa nyas into Cotabato has been very rapid.. Part of the present
and Pedro de Almonte occupied a town then called Tampacan lation are descendants of the early settlers in the colonies
and tried to stop the Moslems from their piratical activities. gome of them still live on the same place occupied by their
The people could not be dictated, however, and they attacked pstors. Most of the Christian immigrants live in settle-
the Spaniards resulting in the death of Figueroa.. The {# along the roads in the plains and are becoming to be
Spaniards gave up the attempt. Forty-three years later, growing communities. With the opening of the Koronadal
General Almonte penetrated into Cotabato from Lanao, but: Allah Valleys for settlements and the continued influx, of
even this second try was soon given up. For over two hundred igrants into the province the time may not be Iong when
years the Moslems were left alone. ' ‘ population will be increased many fold. The census ‘of

Cotabato was again visited by the government . forces in gives the population as 439,669 or 1914 per! square
June, 1851 when Polloc was attacked and occupied. It was noter. Some of the native population’ still live .in' the
converted into a naval base and later made a politico-military hMlls and lower mountainsides in kaingin. = Aside from the
digtrict dependent on Zamboanga. A more determined policy gme are pagan tribes such as the Bilaans, Manobos, Ta—
has now started. In 1861 three campaigns were launched in , and Tagabilis. .
the region. The first one, led by General Salcedo, the then portation and market. —Tmnsportatlon faclhtles are
politico-military commandante of Mindanao, reached the present wate. As of June 30, 1946, there are only 598.70 kilo-
gite of Cotabato town and effected the surrender of the Sultan of roads, 139.80 kilometers of which is first elass;
and his son, Datu Arnirol. Those who did not surrender - kilometers is second class; and 179.70 kilometers is
went up to Pagalungan. The second was led by Enrique Gar- elasg, The road connecting Dulawan and General San-
cia Carillo, the politico-military governor of Davao and had Savangani Bay is impassable during the height of the
the objective of conguering the Lake Buluan region. The #eason, and the same is true of the Sayre Highway
third campaign under Captain Casto Mendez-Nunez and L. Kabacan and the Cotabato-Bukidnon boundary. Fer-
R Malcampo succeeded in taking Pagalungan. gnt;a,ka,, Sapakan, Pikit, and Kabacan are drawbacks
} In 1862 the military base at Tamontaka was establighed. within the province. Passenger buses of the

Soon after, Cotabato was founded Then ather 1n1.ermr t@wm : gpabug 0) s.nd Pag Transit Company and
jere occupmd and mlhtary eatablisghme : ats win




8 SOIL SURVEY OF COTABATO PROVINCE DESCRIPTION OF THE AREA 9

1 a8 Jolo, Dumaguete, Zamboanga, and Iloilo. Dadiangas
irangani Bay and Parang are two other ports in the prov-
8§ where interisland vessels call. Motor launches ply between
thbato town and the settlements along the western coast as
8 Buluan and Daguma in Allah Valley.

Philippine Air Lines maintain daily flights between
iito City and Cagayan de Oro City, Cebu and Manila as
# Allah Valley, Buayan, Davao, Dipolog, Zamboanga, and

uete City.

- Burplus corn is exported to Davao and Cebu; abaca is
Davao; copra is shipped to Cebu and Manila; and rice
shipped to Manila and Davao. Other farm products
vegetables, livestock and poultry products and fruits
in the local markets in the different municipalities.
lries.—Like the other provinces of the country, Cotabato
ly an agricultural province. The cultivated area in
a8 172,672 hectares with rice, corn, and abaca as the
ps.  With the opening of the Kidapawan region for
nt in 1939 the real commercial planting of abaca also

The high prices paid for the fiber served as the stimu-
he extension of the area planted to the crop. It now
ome a major industry of the province. The industry
Somewhat slowed down the last few years due to the
of the mosaic disease. Steps have been taken, how-
oradicate the disease,
ng is next to agriculture in importance as an in-
Vast tracts of timberland are presently yielding better
the lumber concessionaires. There are 1,212,800
commercial forest of the finest species ever to be
{he country. The most common species cut for
apitong, tangile, and louan.
ber 1951, there were 27 saw mills with an aggre-
of 125,200 board feet. Twelve sawmills with
have an aggregate capacity of 98,200 board feet:
license with a capacity of 27,000 board feet.
5 at Lagao, Buayan has the largest sawmill
rd feet daily capacity.

)y well developed but it affords a livelihood
» along the seacoast. Bangus fish-
be eatabligshed in the - swampy

salan and Iligan in Lanao; and the Pulido Transportation
Company buses connect Kabacan and Malaybalay in Bukidnon
Province. Besides, there are a number of public utility auto-
mobiles for hire to Davao or to other points in Mindanao.
The province is in dire need of more and better roads in
order to open the vast areas of good agricultural lands.
Completion of the bridges at Salimbao and Pagalungan has
considerably improved communications and travel between Co-
tabato and Davao. Without the bridges road travel along
this route after a flood is cut at these two points until after
the ferries which were destroyed or were carried by the swollen
rivers can be restored,

TABLE 2.—Road system in Cotabato Provincens

Types National ’vaincial Municipal

457.78 119.58
61.90 223.90
109.33 213.78

sl e LG & e IR ) e e e P B 629,01 557,26

948,35

a Data furnished by the Designing and Planning Division of the Bureau of Publie
Highways, the total of which is as of June 30, 1961.

The ferry at Tamontaka is a vital link in the transportation.
system to the southern port of Dadiangas. A bridge to replace
the ferry is now under construction which connects Cotabato
to the rich valleys of Allah and Koronadal over a FOA-
PHILCUSA sponsored road project. This route will carry
most of the traffic between Cotabato and the port of Dadiangas
mstead of the Cotabato-Dulawan-Dadiangas Highway. Poorly
congtructed and low the section from Dulawan to Marbel is
very soft, usually muddy during the height of the rainy season.
At certain points like Tacurong and Lambayong the road be-
comes closed to traffic after a heavy rain to protect the road
from destruction.

At Sapakan during a flood both approaches to the ferry are
not passable to motor vehicles owing to the height of the
waters along the river banks. 3

The Cotabato River and its many tribu
tation by motor launches and vintag be
the Cotabato P # of
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ince. A little mat weaving is done in the homes. The mat

woven does not compare with the Lanao mats. , :
Cultural development and improvement.—Cotabato Province

is still undeveloped but is constantly growing. As such not

much progress has been done to provide the people with the
best of cultural facilities. The communities are still expanding

and the farms are beginning to be more intensively cultivated.
In all, new towns or settlements are soon to be converted into
municipalities. Schools and churches (both Roman Catholic
and Protestant) are being constructed. Private schools that
provide instruction from the elementary to the college level
are also present in the larger towns such as Cotabato, Midsayap,
Kidapawan, and Marbel. In some of the towns, libraries are

provided through the generos1ty of the Umted States Informa— '

tion Servme (USIS);
CLIMATE

limate,: a very potent factor in soil formation, undoubtedly
exerts a great influence upon the agriculture of a region. The
seasons in the Philippines are primarily-due to the shifting

north and south of the trade- wind belt in the Pacific. Although .
the Philippines is near the equator, the heat is tempered by

the ocean breezes and living ‘conditions are greatly ameliorated.

As. the province presents great topographic diversity with °

elevation ranging from a few meters in Cotabato proper to
2,929 meters (Mount Apo), the climate in various parts: is
meodified considerably. In this country the climate to which
a province falls under is determined mainly by the type of
rainfall distribution during the year.

Cotabato Province falls under the Intermediate B. type of
rainfall, that is no very pronounced maximum rain period and
no dry season. Records show that temperature varies only
slightly. In three stations, table 3, at Dulawan, Cotabato, and
General Santos, the highest temperature recorded are 82. 6°F,
83.3°F, and 81.3°F, respectively. Lowest recorded tempera-
tures are 80°F, 80.8°F, and 79°F for the three stations re-

spectively. The city of Cotabato is oppressively hot, both on

account of the hot temperature and constant high relative
humidity, the City being located on a low delta of the Cotabato
River. Milder temperatures are experienced at Tupi in Koro-

nadal Valley and in Banga, Allah Valley, ML (i

Table 3

CLIMATE 11
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AGRICULTURE 13

0 kAL ol anorval Santos. While the total rainfall is not high, it is more
" 25 less evenly distributed during the year thus providing
£ i gy cient soil moisture for the needs of the crops. In the
s E 33| "IBRI[INLIIL |2 | 2 ithern part of the Koronadal Valley, however, drought some-
S Eﬁ P Ry S g e g occur which often results in crop failure. Because of
5 G E even distribution of rainfall there are no definite periods
3 i §§j§§§§§§§§§ o i planting or harvesting. On the Cotabato Plain, it is not
S e mementhage lEin riging to find lowland rice or corn at different stages of
2 Gl | & th side by side in different fields. This is a decided ad-
g ‘;; SR e R age of the province over provinces not so favored. For
S = EE b3 L crops, however, there is a certain best season for planting
= g it order to obtain maximum yields.
s S S| SESERBLIING |4 .?Ei he high places which have cooler climate and abl'mdan’c
=~ e | mandss e nacalp i fall like Kidapawan, Tupi, and Aroman are well suited to
35 sE E fe and abaca as well as fruit trees.
§ b . | senacron-roe (o | o : )y ¥Province is below the typhoon belt and strong
B | g Ee | BERRRRSIRRnE B : ( ot, experienced. Relative humidity is oftentimes
il b a and it averages 80 per cent or higher in most towns. The
S S et s E # usually come in the afternoon and hardly any fall in the
vg 4‘:-3 E S o e ﬁ‘ Bt v part of the\.k;iay.

S i \

2 =5 | s2azazzcesns (e | ¢ . % racnlouLInE
< EL | drdcdasaEdy | E Like in other provinces of Mindanao, the earliest form of
S Bl £ culture practiced, was the kaifigin system of farming
- Snnanenavae | pj. tein a forested area is cleared, planted to crops for one
= gg, BRRUUREIIREE | B g vo vears and then abandoned for another location where
5 ; 35 2 ptem is repeated. The people therefor_e led nomadic l.ife
= S|, | snsmeerneeen| | | & one or few permanent settlements. This type of farml.ng
g § E& i ?g 1 continued to the present time by the native population
= 3 = R ’r‘noatly along the lower mountainsides and hills an(.i very
5 & 5 [ sassesessse [z | § 1 the valleys. Rice, corn, tobacco, camote, gabi, and
2 Ef| Yesressdorsy g | B WGre the common crops planted and were used mainly
= 8 z consumption. There was very little trading then
% i 13
§ o E ttlements began to be formed under the leadership
2 S L E most of them were found along the F]otabato
5 - e hutaries. This was due to the easier com-
= £ LR e ortation that the rivers afforded between
| % 2 coast whera they had to trade.
4 cEi :
=
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As is to be expected, the methods of culture were crude, and
they even persist in some places even at this late date. Thig
perhaps may be well for good reasom. In some places on
the Cotabato Plain, the fields for lowland rice are not plowed
or harrowed but a corrugated log of about a meter and a half
long, locally called paligis, is dragged across the field many
times to prepare it for planting. If the field is plowed and
harrowed, a very luxuriant vegetative growth results with very
little or no grain produced. In the kaingin the people use
sharp pointed sticks for making holes where the grains are
dropped. Rice is harvested with the sickle and threshed with
the feet, In places where there are no rice mills the palay
is pounded in wooden mortars with wooden pestles to remove
the hulls, : 1

The lack of roads and the warlike nature of the Moslems then
prevented early development and occupation of the vast virgin
lands of Cotabato. The real start of agricultural settlemen
came in 1937 with the opening of the Cotabato-Davao road
connecting the two provinces. Later, in 1940, the Sayre High-
way was opened connecting Cotabato with Bukidnon Province.
These two roads rendered vast areas of good agricultural lands
available for settlement. In 1939 the Koronadal Valley in
southwestern Cotabato was opened for systematic and ors
ganized settlement by the then National Land Sett]ement Ad
ministration (NLSA). In 1941 the development of Alla
Valley was started also by the NLSA. This rapid agrlcultura
development was halted by the last war but was resumed with
continued zeal since the liberation up to the present. This ig
made possible only by the steady influx of immigrants from
the congested areas of Luzon and the Visayas. In 1948 the
road to Buldun was opened rendering accessible one of 1:
best agr1cu1tura1 sections of Cotabato. o

CROPS

In 1948 there were 172,672 hectares of land plante.d to dif
ferent crops. Over fifty per cent or 98,902 hectares wi
planted to rice. Rice, corn, and coconuts, the three lead
crops, occupy 152,776 hectares.
Abaca.—Abaca ranks fourth as a crop in the prgﬂtew
1938 Kling had the largest area planted to the ¢
Kidapawan, Kiamba, and Glan. In 194 i
3K1dapawan ed i 8
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Bungolanon, Tangongon, and Maguindanao are the most
common varieties planted. Because of the continued high
prices of the fiber, interest in the crop is constantly increasing
and more new plantings are being extended. The presence
of the abaca mosaic disease in Kidapawan as well as in othe
places has slowed down the expansion of the plantations
because of the strict inspection of planting materials. The
disease has done considerable damage and it is feared that
it may cause the death of the industry similar to the damage
done by disease to the abaca industry in Cavite.

Machines are used for stripping fiber, except in the small
holding of the Bilaans, Moslems, and Manobos, where hand
stripping is still popular.

While a number of people are interested to plant abaca, the
areas for expansion are limited by the climatic and soil
requirements of the crop. Places with ample and evenly
distributed rainfall such as those of Kidapawan, Tupi, Upi, ant
possibly Buldun, Bugasan, and Carmen are best suited to "',
crop. Low areas with poor drainage or droughty areas ane
not recommended for the crop.

The average production of only 499 kilos (7 piculs}
hectare in 1955 is comparatively very low with respect to thi
average production in other parts of the Philippines. Abacs
is a crop that responds markedly to care and cleanliness ol
the plantations, hence, one of the easiest ways to increag
production is through clean culture so as to encourage v1gor0
erowth of the plants.

Camote—Camote or sweet potato is often considered as |
poor man’s food. There are no extensive areas planted to th
crop, but it is often grown in small patches in most farm
In kaifgin it sometimes becomes the main crop of the nati
population. Besides the tubers, which is the main crop, th
young shoots are often used as vegetables. In 1948, Bugaga
Kiamba, Dinaig, and Koronadal produced most of the ero
The average production is quite low in comparison with oth
provinces in spite of the fact that the crop is often pla
on newly-opened lands. The poor culture is undoubted.
cause of such a low yield. From the standpomt q:f
quirements the Koronadal and Allah Valleys are the
suited to the crop because of the sandy nat e
therein. The heavy soﬂs of i

(> LNne

i planted. The total area planted to camote in 1955
70 hectares.

@.—A total area of 1,100 hectares was planted to
in 1955 with a production of 6,097,600 kilos of tubers
al P182,900. The production of tubers vary from 12
ns per hectare.

the limitation on the importation of flour into the
has created more interest into the possibilities of the
c¢ture of cassava flour. In the town of Cotabato a
ilion intended to put up a cassava central for manufac-
¢ cagsava flour if there is an assurance of continued
¢ of raw material (cassava tubers). The whole Allah
oronadal Valleys are both very well adapted to cassava
i because of the sandy nature of the soils. In 1948,
Wwn# that produced most of the crop were Buayan,
ulawan, Kiamba, Koronadal, and Glan. Like camote,
p which is often planted in kaingin and newly-
eag. It is a good source of starch and can be used
ber of ways.

Wt —Coconut is the third most important crop in Cota-
an area of 15,370 hectares planted in 1955. A
products are obtained from it, the most important
are copra, oil, tuba, degsicated coconut, and the nut
th is used for food. Most of the trees are found
- coastal towns of Salaman, Glan, and Buayan and
l town of Dulawan. The greatest amount of copra
tured in Kiamba, Dulawan, Dinaig, and Buayan.
oduced is mostly sun-dried, but smoked copra is
ol in the towns of Kabacan and Kiamba. Most
~manufactured in the Moslem regions of Dulawan
Pagalungan; dessicated coconut, only in Kabacan;
[ Lhe trees tapped for tuba, a native drink, are in
gan,

i# the second ranking crop of Cotabato. In
‘6 52,000 hectares or 7.6 per cent of the cul-
anted to the erop with a total production of
Midsayap, Kidapawan, Pikit-Pagalungan Si-
the municipalities that produce most of
e gz'aduetion is 17 cavans * a hectare
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glutinous variety is popular among the hill people, Bilaans and
other non-Christians. Three crops are often planted in a yeal
with a fourth crop which is harvested green. While the crop id
grown throughout the province most of it is grown in the four
towng previously mentioned.

In all places except Midsayap the crop is grown in rotation
or after other crops. Rice is the primary crop after which
corn is grown as a secondary crop. Corn is often the firs
crop planted in newly-opened kaingin for the reason that i
does not need as thorough land preparations as other crops
In Midsayap corn is grown all the year round and the deleteriou
effects of the practice is beginning to tell in the form of
decreasing yields. While it is true that there is no season
for planting, the best yield is obtained from crops planted
during the months of May and June.

Palay.—Rice is by far the most important crop of th
province. In 1955, a total of 103,650 hectares or 15 per cen
of the cultivated land was planted to the crop with a tota
production of 3,874,400 cavans. The total area includes thi
second crop of lowland rice and upland rice.

Cotabato is fast becoming a rice producing region Whl
the area planted to the crop in 1938 was 39,646 hectares
it rose to 98,902 hectares in 1948. The bigger portion of
the rice erop is lowland, with standard varieties such a
Apostol, Raminad Str. 3, and Wagwag. Mancasar and Elon
elon. are the most popular varieties. The municipality o
Dulawan alone produces a little less than one half of th
crop and Midsayap, Dinaig, Buluan, and Pikit-Pagalunga
produce the rest of the crop. The average yield is variabl
depending upon the variety, soil type, and water supply. Ther
is no much room for improvement in the culture of the croj
The poor preparation of the fields results in the growth |
weeds that compete with the crop for plant nutrients.
planting season commences in June through October and
harvest season, from October to December.

There were in 1948, 29,963 hectares of irrigated land.

the farmers themselves. There are also indiv,Lduﬂrlly ﬂnnm
and operated irr ﬁﬂtign ﬂ&tm&: ‘
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osperous farmers are using them. While they ‘alré
in popularity their high initial cost militates against
ide use. The defunect National Land Settlement Admin-
(NLSA) and the Land Settlement and Development
ation (LASEDECO), which operated in Koronadal and
alleys, were also instrumental in popularizing farm me-
tion. Upland areas and plains without standing water
dillable for mechanized farming, but lowland areas good for
rice are not suited except to some special types of
'y. Even on farms where agricultural machinery is

" Other crops—Among the promising cropss that may be gro
is Irish potato. It can be grown successfully in the lower slopel
of Mount Matutum where the climate is cool with sufficien
rainfall. Buldun, Barrira, and Sinolon areas may prove su it
able for Irish potato because of their highs elevation and light
textured soils. Cotton has been proved adapted to the southeri
part of Koronadal Valley.

TapLe 4—Avea, production, and value of ten leading fruit crops |

e he farm operations undertaken with machines are limited

L . hren | Numbex of | Production 'p;‘eparation such.as plowing and harx:owing and planting.

g i i) on and harvesting are not mechanized. In Koronadal
R 1’;{: o lnh Valleys, howevser, where farm‘ing is carried on in a

: 113?3 3y ey 200 o ggﬁ le, every. operation from clearing to harvesting and

Jookrult -2- oo = iy 4og 20l e: 618, 200 : mechamze(.i. .In a few farm 'Iots, howeve}', the farm
%;‘.'{’;’3?5_ - 380 gg aer ng?iggg- ong are combinations of mechanized and ordinary farm-
(%:E:grm ooenieenean . %ﬁ, ass 12 1o the h.elp extgnded by tractor poqls of the LASEDEC.JO.
TEr A L I S IO 90 14,200 | 1,049,800 vince like Cotabato where labor is scarce the adoption

_r hanized farming by those who can afford would go
way towards increasing the area of cultivated farms
mately, production.

tion and inquiries during the course of the survey
that the use of fertilizers and lime has not yet started.
wors are of the belief that because their farms have
ivated for only a few years they are still fertile and
3 a8 not to warrant the use of fertilizers or soil amend-
most cases the belief is well founded. In a few
vover, like in the municipality of Midsayap, the con-
ing of corn has already started to manifest effects
etion., Where formerly yields of 40 to 60 cavans
- eorn & hectare were obtained, now the yields have
26 or 30 cavans. Realizing this, some farmers
ting upland rice in rotation with corn, perhaps
that the system will stave off further depletion,

 « Crop and livestock statistics, 1954 and 1955, Office off Statistical Coordination
Standard, National Economic Council, Manila.
s: less than 10 hectarves; kg-kilograms h, number of hilllz,

TABLE 5.—Area, production and wvalue of ten leading crops in Cotabe

Area Producti
Crops (Heotages) ction

8,830 | P 4,413,100
77970 |7 3,902,000
12100 | 6,097,000
152370 |° 60,357,000
527000 | 4904700
1032650 | 93,874,400
37760 | b 2,579,500
12500 | b 805,300
37740 | v 4,488,000
12800 | 692,700

1992220 | SHEEEEE

2 CQrop and livestock statistics, 1954 and 1955, Office of Statistical Coordination
Standard, National Economiec Council, Manila, :

B Kilograms.
© Nuts.
4 Cavans.

ig the growing of different crops in a re-
on the same land in distinction from a one-
| rd ahange of crops determined by

In Cotabato Province the carabao s.nd : Loy i or ] e e plan.” In a strio,t saf.nse, crop
cast 1ron plowshare a.n moldboard together wit - v

AGRICULTURAL PRACTICES
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Ag the lands have been opened only a few years back, no
reciable changes in their use have been tried. During the
it year or two immediately preceding the last war, ramie
then planted on a number of farms in different parts of
he province. During the Japanese occupation ramie growing
wis stopped and has only lately been revived. Some of the
mer ramie fields were reverted to rice or corn fields. In
Midsayap, some fields which have been formerly continually
planted to corn are now planted to upland rice. Lately, the
ages of the mosaic disease of abaca in the Kidapawan
o is causing the reversion of some plantation to other crops.
ore the war, cattle ranches existed in Koronadal Valley and
1l Dinaig, but due to the extinction of the herds the former
fture lands are now idle or some portions are planted to crops.
\4 has been mentioned earlier in this report the influx of
migrants into the province has caused the opening of large
s of virgin lands converting them into verdant cultivated
olds,

land on some farms but most often the crops are both or
all soil-depleting crops like corn after rice. :

A good crop rotation is both desirable and beneficial. From
the standpoint of soil fertility, crop rotation (1) changes the
location of the feeding range of roots; (2) counteracts the
possible development of toxic substances; (3) keeps the soil |
in suitable physical condition; (4) helps maintain the supply
of organic matter and nitrogen in the soil; (5) keeps the soil
occupied with crops; and (6) improves crop quality.” A good
crop rotation helps in the control of plant diseases and ingect
pests as well as in weed control. These last two advantages
that can be derived from crop rotation are no less important
than the rest as every farmer in Cotabato can testify how
ubiquitous weeds and insect pests or plant pests are. Where
the farmers are properly informed and acquainted with the
aforementioned advantages, they need not be told a second
time bhefore they adopt the practice,

Because of its favorable climate and fertile soils, Cotabato
is very well adapted to general farming. On the Cotabato
Plain, lowland rice may be the primary crop and a number
of other crops may be grown after it. Mungo, cowpea or
gome other beans, tobacco, vegetables, and many others are
well suited. In Koronadal and Allah Valleys, peanuts, cassava,
sweet potatoes, and vegetables, not to mention rice and corn,
have been proven to be suitable. Diversified farming lessens
the danger of low income caused by low price; it distributes’
labor during the year; and it is an insurance agamst total
failure due to weather, pests, and prices.

The broad Cotabato Valley and both Allah and Koronadal
Valleys are all naturally favored with the presence of a
number of large rivers which could be diverted for _ir‘ri_gation
purposes. With sufficient water provided, the late-maturing
but high-yielding standard rice varieties can be planted. Two
crops may be grown instead of ome, if desired, with production
stili assured. With the development of irrigation the need
for proper drainage would naturally arise because of the nec-
essity for the removal of the excess water. Generally, the
whole Cotabato Valley has a drop of only 1 in 5,000 8o that
efficient drainage has to be provided if irvigation is develope
The presence of larga low bOdI@S :fi
.Lgugg el

LIVESTOCK AND POULTRY INDUSTRY

Hand in hand with crop production is livestock production.
Uarabaos are raised on a number of farms and they are the
Hiin beast of burden. DBefore the war, Cotabato ranked second
i) Bukidnon among the Mindanao Provinces in the number
i beef cattle raised. Presently, however, the industry has
il been rehabilitated yet due to the lack of animals to restock
ranches.
Hogs and chickens are raised on every farm and in backyards
i the towns. While there -are no commercial establishments
heelalizing in their production the increase ig quite encourag-
. Most of the products are for home consumption and
the local markets and very little, if any, is left for export.
h abundant feed available like corn and palay, there is
good reason to expect an expansion in production.
rges are raised mostly by the native population {(mostly
sms and Bilaans) because of their need for the animals
ravel or trade, hunting, or for dowry. As a rule every
is a good horseman. Other animals like goats, sheep,
ducks and pigeons are raised on a lesser scale.
IWH 'bha number of livestock in the province.
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TABLE 6.—Number and value of lLivestock and pouliry.s

Kind of livestoek Number Value

(Pesos)
Carabaos 95,720 14,985,100
Eatble ooy et s s R R e S e S e s 40,680 4,872,800
Horses__.___ 4,560 484,500
Hogs 37,380 903,100
Goats 10,530 108,600
Turkeys 60 800
Chickens_ --...| 1,381,130 1,674,000
19013 T TR OGS N O LS T e SIS 95,600 121,700
(= paeti e m SO IR L e Lot fo ) o | ks 3,620 10,900

aCrop and Livestock Statistics 1954-1955. Office of Statistical Coordination and

Standards. National Eeconomiec Council,

census there were 51,484 farms in the province, 72.21 per
cent of which has an area of 351,754.68 hectares cultivated
by full owners. Part-owners operate 1.45 per cent; share-
tenants, 12.60 per cent; share-cash tenants, 0.19 per cent;
cash tenants, 0.20 per cent; other tenants, 11.24 percent; and
farm managers, 0.02 per cent. The total farm area is 416,415
hectares. An increase of 178,330 hectares in farm area was
registered over that of the 1938 figures. This is due to the
influx of settlers into the province after the war years.

Most of the farmgs in 1938 were 2 to 3 hectares in area. In
1948, they were 2 to 9 hectares. A number of farms are over
1,000 hectares, most of them belonging to corporations. Tt is
interesting to note that only 12.11 per cent of the area cul-
tivated is under operation by tenants, while 84.47 per cent is
operated by full owners. Owners and part owners cultivate
an average of 9.26 and 8.61 hectares, respectively, while tenants
cultivate an average of 3.23 to 5.02 hectares omnly. In this
province where ownership of the land is easily acquired, only
a few farmers become tenants. A settler in his first year
in the province as tenant soon joins the ranks of owners after
several years either through homestead application or purchase.

TYPES OF FARMS

The relationship of the area planted in a particular crop or
in group of crops to the area of cultivated land in each farm
constituted the basis for the classification by type of farm.
In 1948 Cotabato farms were classified into twelve types as
follows: ‘

1. Palay farms are farms on which the area planted to low-
land and/or upland palay was equal to 50 per cent or more

ultl

i

TYPES OF FARMS

PERCENTAGE NUMBER OF FARMS OPERATED BY:

COTABATO ZAMBOANGA

14200 LK TR
Full Owners
’ siznind 130 %
Part Qwneps freecines 1L,48%0
B 27.00%
All Tenants 243 0pE
.
Farm Mgrs b 0.02°s a.07')e

PERCENTAGE AREA OF FARMS OPERATED BY

COTABAT ZAMBOANGA

L
L

84,40

Full Owners|
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TABLE 7.——Numbe4ﬂrof fa/rms, farm aree, and cultivated land
of farm operator® ‘ i

by tenuire

Tenure of farm operator N';;’.E; o (P;f‘é;?a?é:f‘

Cultivated
an
(hectares)

38,206 | 351,754.68
764 B

Full owners
6,385,

Part owners ___

189,735.87

g3, v

Share tenants. - 6,488 30,5

Share-ragh tenants. - f 38 20,24[;62 M’ggg‘(}é

Qash tenants __.___.. 146 524,84 475.12

Other tenants_ - - 5,789 | 28,520.61 12,528.28

Sy G e Ty O NS, [ R T R S i 8 7,855.65 1,754.02
Torame oy uetblo i BEEI IR WCREREE 0 L I 51,484 | 416,415.02 | 172,672.09

* Summary Report on the Census of Agriculture, 1052.

TABLE 8.—Number of farms by size-

Size of farms (hectares).

Rl 0,60t 0o 0anAe fRs e WEN T SURTIOR 1L Sl
e R N T L Ml S P TR o s i s e YT e

500 to 9.990...
1000 to 1998
20.00 to 49.99____
50.00 to 99,99 _

T T R R i i e DB R R T e i
L L R e TS T T I e e TR A W

Total number of TarTns M D L L SO T s B

Number of
farms

51,484

a Bureau of the Census and Statistics, Summary Report of Agriculture, 1948
5 A

Bureau of Printing, Manila, 1952.

4

ol

TABLE 9—Farm aree and valwe of farm eqm‘qomén by tenure of farm

operator® :
Farm operator Area Value
; (Hectares) (Pesos)
Truil e et

Pa]_t%‘;r;irrz_ T e (351,764,685 3,186,111
Share tenants.__.____ i 20'353‘?5 78'.237
Share-cash tenants ___ i T G
bt L R T T T e e 445,66 11,906
G0 SR ) o
Tarm managers..._ Al B e b B SO B R SR 7:855:65 49:‘580
416,415.02 | 4,692,181

a Summary Report: 1948 Census of Agriculture,

TYPES OF FARMS 29

PApLe 10—Area and per cent of the aciual wtilization of the furm lands
i Cotabate

Farm land Area Per cent

qureau of the Census and Statistics. Summary Report of Agriculture, 1948,
Hurean of Printing, Manila, 19562.
9. Corn farms are farms on which the area planted to
jorn was equal to 50 per cent or more of the area of cultivated
nd.

3. Abaca farms are farms on which 50 per cent or more of
he cultivated land was planted to abaca.
4, Sugarcane farms are farms on which the area planted to
garcane was equal to 50 per cent or more of the area of
fitivated land.
5. Coconut farms are farms on which 50 per cent or more
of the cultivated land was planted to coconuts.
6. Fruit farms are farms on which the calculated area planted
o fruit trees was equal to 50 per cent or more of the area of
ultivated land.
. Tobacco farms are farms on which the area planted to
gbacco was equal to 50O per cent or more of the area of culti-
ated land. :
8. Palay-tobacco farms are farms on which the area planted
alay was equal to at least 25 per cent and the area planted
{obacco was equal to at least 25 per cent of the area of
vated land.

Vegetable farms are farms on which the area planted to
ote, mungo, soybean, tomato, sitao, cowpea, patani, bean,
wte, onion, radish, eggplant, cabbage, gabe, watermelon,
or potato was equal to 50 per cent or more of the area of
ted land,

eatocl farms are farms which have (1) an area of 10
or more, (2) more than 10 heads of cattle, horses,
eep, g than 20 per cent of the total
ction of crops, fruits .or nuts.

O N
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12. Other farms are farms which could not be classified
under any of the above eleven groups.

FARM INVESTMENT

The investment on a farm usually consists of the land,
buildings, implements, and work animals. The implements of
the average farmer consists of a plow, harrow, sled or bull cart.
On the larger farms are found agricultural machinery such as
{ractors, and accessory implements such as plow, harrow, or

prain drill. Work animals are often carabaos or cattle bulls.
~ Buildings on the larger farms, aside from the house, consist
of a granary or corn crib and sometimes a shed of some kind.
" By far the land is worth the most, followed by buildings, work
animals, and implements. A larger number of the lands on
farms are homestead grants. A carabao of average size costs

‘no less than P300 and the larger ones P450. An ordinary

fractor, on the other hand, costs around P5,000 to P7,000 with
accessory implements.

TaBLE 11.—Value of farm lands, and buildings by types of farms®

Land and Land
Types of farm. buildings only
 (Pesos}

e SRR e B e e S e .804,4514 | 40,727,782
(Ai‘grn __________________________________ 5 sl e LR S R N B e RE %,4{3’?,8%’
TN T L N B i S EA 477.0
Hugar cane__ 0 N i I P hga LA e e YR XA , 811 ’152,922
(i;nu:nm et b L e e e e NS o e Xl T T L, 589, 4,083.%0
e b T Ll L T LR DR S e L IR 37, 208,035
e A T T T ST i G S LR SR e 0 2 29,394
e e B ST S S R S e R R D 26, 04 22,200
RIS Crop- L oL e e DR e RS A 202,012
BRRNSe Eocl: . i ot oD L1107 1,095,147
e A - L Rl el s St T e Bl DS 4 .94 13,883,591

R e i S LR 8 o, T ,535,486 | 65,468,724

a Bureau of The Census and Statisties, - Summary Repert of Agriculture, 1948,
Bureau of Printing. Manila. 1952, 1

SOIL SURVEY METHODS AND ﬁEFINITIONS

Soil surveying consists in the examination, classification,
and mapping of soils in the field. The soils are exammed
systematmal]y in as many places as possubl
ag those in road or railroad cuts

SOIL SURVEY METHODS AND DEFINITIONS il

thorizon in the profile as well as the parent material is studied

in detail noting carefully the structure, color, texture, porosity,
vongistence, and content of organic matter, gravels, roots, con-
¢retions, and stones. The reaction of the soil and ifs content
of lime are determined by simple tests, using nitrazine paper

d dilute hydrochloric acid respectively. Drainage, both ex-

rnal and internal, and other external features, such as
ptoniness and the relief or lay of the land, are taken into
ponsideration, and the interrelation of the goil and vegetation
B studied.

The goils are classified according to their characteristics in-
o classification units, the three principal ones are (1) series,
(2) type, and (3) phase. In some places two or more of these
brincipal units may be in such intimate or mixed pattern that
hey cannot be clearly shown separately on a map but must
he mapped as (4) a complex. Areas that have no true soil
lich as riverwash or bare rocky mountainsides are called (5)
niscellaneous land types.

The series, which is the most important, includes soils
having the same genetic horizons, similar in their important
¢haracteristics and arrangement in the soil profile, and de-
veloped from one type of parent material. It, therefore, com-
brises of soils having essentially the same general color,
atructure, and other important internal characteristics, the same
natural drainage conditions, and the same range in relief.
The texture ¢f the upper part of the soil including that

wommonly plowed, may vary within a series. The soil series

¢ given names of places or geographic features in which
oy were first found. Kidapawan, Kabacan, and Parang are
umes of important soil serieg in this province.

Within a soil series are one or more types, defined accordmg
the texture of the upper part of the soil. The class name
the so0il texture, such as sand, loamy sand, sandy loam, loam,
loam, clay loam, silty clay loam, and clay, is added fo the
‘ieg name to give the complete name of the soil type. For
¢e, Kabacan clay loam and Kabacan clay are soil types
the Kabacan series. These types have approximately
internal and external characteristics except for the

face soil, The 3011 type is the pr1nc1pal

§ cter 11; 1s
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A phase of a soil type is a variation within the type, which
differs from the type in some minor soil characteristics that
may have an important practical significance. Differences in
slope, sftoniness, and degree of accelerated erosion are fre-
quently shown as phases. For example, within the normal
range of relief for a soil type cerfain parts may be adapted
to the use of machinery and the growth of cultivated Crops.
and other parts may not. Even though no important differ-
ences are apparent in the soil itself or in its capability for
the growth of native vegetation throughout the range in
relief, important differences may exist in respect to the growth
of cultivated plants. In such an instance the more sloping
parts of the soil type may be classified on the map as a
sloping or a hilly phase. '

Cotabato soils were developed from different parent materials.
Soils of the lowland are of alluvial origin while those of the
upland areas, hills, and mountains are of ghale, sandstone,
conglomerate, limestone, igneous rocks and other volcanic ma-
terials, and older alluvium.

Clasgification of the soils in Cotabato was based on the soil
profile characteristics, development of which is greatly in-
fluenced by relief and parent materials. Before the recon-
naissance survey was undertaken there had been previous studies
- of Cotabato soils. In 1939 and 1940, a detailed soil survey
of the Koronadal Valley was made.

TABLE 12.—Soil types, arew, and their present use in Cotabato Province.

The base map used in this reconnaissance soil gurvey has a [;‘t;’p‘; Tl Areain | poy gant Present use
scale of 1:250,000. Traverses in the field are of wide intervals No.
and features that can be conveniently mapped are shown, while B @ BT 9,750 | 410 | Rice, com, soconut, vepetsbles,
those that cannot be indicated because of the small scale are ' e o
b 5 rui rees,
included in the description of the goil. 446 | Buayan clay loam ... ToBUhL S082 (e S p, forest.
‘ ik Dadi Band el s 15,625 .68 Lowlandrice_,coconut,peanu ,TO0
Soil samples of the different soil types are collected for i ecenesnlonnyican > crops, frufl " trees,” corn, "vee-
laboratory studies, the number for each type depending upon 487 | Dadiangas sandy loam ______.__ 21,875 | 0.94 | Lowland rice, rosonal, peamut,
the extent and agricultural importance of the type. The vegetables.
; s 3 . s . . #89 | Dalican elay loam _____________ 18,750 0.60 | Rice, corn, coconut. e
determination of the soil class name in the field, which is il | e e 1,875 | 0.07 | Coconut, rice, corn, vegetables.
b feel d - f t.h heck d . t}’]_ 1 b t : REENI S Kabacan clay oo Ll e ol 46,875 2.03 Riﬁe. co"nf L,()tcgnlit, vegetables,
= ol I ruit trees
done ¥ th_e ee meqlo ? l.S urtnher C.EC € 11‘1. € laboratorys R FCahacan clay loam s oo iin o 18, 750 0.81 Rmae:‘a’éiin, coconut, vegetables,
by mechanical analysis, using the modified Bouyoucos method. FODL orgoe, cotice: (lOLt ] Heee,
The soil reaction, or pH, and the available constituents are et I L SR SR e i Rises Soi s Bocin e
determined in the laboratory by standard methods of chemical 443 | Lutayan sandy loam ___________ 15 500 ARL | Bees R e B
dnaIYSIS. 442 | Malalag fine sandy loam________ 1,250 0.06 R(i:%?%egol‘n,,baﬂanasj root crops,
s &ﬁﬂ San Munue! gravelly loam ______ % ggg (l)']fg 02%0%1:1(“ banana, peanut, talahib,
THE SOILS OF COTABATO PROVINCE gg ggg 1\1\}32;21 lsi?ﬁﬁééiﬁ"' . 41‘1‘% i e hcoconut sugar cane,
' ilt F Th 1.81 b o aca, root crops, ir
Soil is Nature’s gift to man. From it is drawn food, IR oty oy loan e ;:rt;?n%egaetabks, secand growth
orest
> A i o . | i . 25 8 Ri i ut, rslgcfﬂhiES
floslnddslin hich don, centases man s ot e R B R e e
produce in varying degrees of success. Civilization hag pro= i Tinumbulan peat .-~ -7 2,275 | 0.10 Rl;gasspgﬂwr byacinth, mar
gressed only as much ag Mother Earth is induced to give what

industry and ingenuity has made possible. For centuries man
has used the land but only very recently has he understood the
importance of it in crop production. Through the years man
has learned to differentiate from the standpoint of erop pr
ductivity different kinds or classes of soil !
of the d1fferent classes, their omgm,

nd the resulting
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1L SURVEY OF COTABATO PROVINCE THE SOILS OF CO
TABATO PROVINCE
| TABLE 12.—Soil types : 25
\ o ooty pes, area, and their present use L el 5
otabato i : g = i) W Uit = = !
Province— (Continued) T o ge el ElEER LR, i
SOILS OF = = = = o Bo =T 2 =) ES
THZ INTERMEDIATE UPLANDS s e $E Rl $=  oE 5
: 25 5 45 0 Bx 2% § g4 Le B o
[ Soli = 5 S Be B @ = W c
t 2 =g P i R SR RS eI
; ﬁge Soil types Area in E = %F& :hg g2 B s §§ 3 sl & E S
i ; hectares |Fer cent Prbaent e e Ew g T3 . GRe ot FEpE 2 :g: &
w =l .2 =] i ==
5 [ @ @ a 4= = -
i 449 | A 545 22 EEE 488 EE = 589 22 M|
roman clay loam g b g oy a Homlos g2 4 E8%Hm & B g8 g8
L e R e T e 37,500 | 1.63 | Rice, ¢ SR €58 1§58 BF TE SEap gd =8 2
e cr%fpﬂg bI;?;n;t, }fruit trees = = g = el E,,: e £8
¥ na, abaca, coffee
commercia ’ ) ee ¥ n - e B
432. | Buldun sandy loam.___ SUXE T cial and nen-commercia g g ek 4 ik - g
--------- Pt 0.28 | Rice, corn, sugar cane, b gy £ 525 52 E"E. i g ) ]
I x ’ K ne o 2 e =
] coffoe, 1ot erops, durian, other g Boiae e CRLEd e Rl 2
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f Pl i : 2 = corn, oy i =] e = B = ) a (i
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i 983 Kidapawan sandy clay loam .__ s -9 IS = = e .2 =
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! y , fruit tree -2 < e S aibnt ol " % ? el
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A s e Ty 59,8564 2.61 Ricg ';%I;;]coﬁriﬁficiﬂl timber. ‘E E E; g EEE EE g‘é-‘; '5§ A E‘;g g ﬁ &
» , fruit trees it = — (&) (&) R e Seo =] &0 b
‘ . abaca, b rees, Collee, R a7 2 =1 B
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f root ¢ 2 2 , collee [ @ CYrzifh @ .= = ) g
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The soils of Cotabato are divided into four groups, namely,

SOIL SURVEY OF COTABATO PROVINCE

(a) Soils of the Plains and Valleys, (b) Soils of the Intermediate

Uplands, (¢) Soils of the Hills and Mountains, and (d) Miscella-
neous Land Types. Under the last group is included Soils.
Undifferentiated, which comprise different soils hardly accessible
and of little or no agricultural importance. The soils under
each group are as follows:

(a) Soils of the plains and valleys: Sﬂ'ggy'ne
1. Banga sandy loam
2t Buayanecl syl oa i SISNese eI R e e
3. Dadiangas loamy sand .........

4. Dadiangas sandy loam ..

5. Dalican c¢lay loam
6. Glan clay loam
7. Kabacan clay
8. Kabacan clay loam ..
G Ty i el b o e S e
10. Lutayan sandy loam

11. Malandag fine sandy loam ..........o.ccocoeeereenneen. 442
12, San Manuel gravelly loam ... 456
18. San Manuel loam ......c..c...... 190
s ssansManueldgandy dloamy SiE SUERE T SR e TN R s 96
15, San. Mantel siltydelayiloam Shsninie i L n

16. Tamontaka clay 435
1 Binmarael vy et o iR b e ol R 630

(b) Soils of the Intermediate Uplands:

1. Aroman eclay loam 449
2. Buldun sandy loam ... 489
3. Haraon, elay oon L0 182
4 Kidapawansiclay Hoamute KL 0 MRl i e S 211
5. Kidapawan sandy clay loam ... 583
b Kardarangan clayva sl i Bt e Cnnse Ll 448
7. Langkong sandy loam ... 458
SeeMaleailoam oo i o Lo s e e e 444
9. Matulas fine sandy loam ... 447
10. New Iloilo fine sandy loam ... 445

IS Earenp e claysloam i s 431,
12. Quilada sandy clay loam ... 451
13. Sinolon sandy loam ......... 441
14 "Taclobanticlay: ©onH W 194
15 Tapitfinessandy loami f i ot e 270

(¢) Soils of the Hills and Mountains

1o Baluts elayitloam s
2. La Castellana clay ..
3. Macolod clay i
. Madunga el

11111 |

SOILS OF THE LOWLANDS 41

SR MalaiaeRlonral Bt N L TR 213
6. Nupol sandy loam 439
(d) Miscellaneous Land Types
T drosolE M : - 1
2. Mountain soils, undifferentiated 45
3. Riverwash .. 152
4, Soils, undifferentiated .......cccocoeeeence 433
6t Tinambulon -Eeat S OuuaiEbeiilgs [ 1 EL DS 30D I L A8

The distribution of the different types throughout the province
{8 shown in the accompanying map while the present land use
{8 shown in Table 12. - Mechanical analysis of the different types,
phown in Table 11 was made as a check to the field classification
‘which was done by the feel method. Generally these two
methods agree. Where the mechanical analysis differs from the
[eel method owing to the colloidal properties of the soil as in
cases of some of the red soils of the Philippines, which contain
4 high per cent of clay but exhibit the loam texture in the field,
{he field classification of the soil is followed. These soils are
very friable and mellow and easy to cultivate. However, if the
¢lay content is very high the textural class obtained through the
‘mechanical analysis is given preference. The hydrometer
‘method of mechanical analysis by Bouyoucos was used.

SOILS OF THE LOWLANDS

This group represents soils of recent alluvial deposits. They
pecupy the level areas along the coast and the inland plains.
Incidentally these constitute the principal agricultural areas of
the province, occupying a position in Mindanao similar to that
the Central Plain in Luzon. Since the region is steadily
ereasing its production of rice and corn, the Cotabato Plain
muy yet become the principal rice region of the Philippines.

BANGA SERIES

The Banga Series occupies the greater portion of the Allah
ley along the Banga and Allah Rivers extending from over
teen kilometers south of Banga to as far as Maganuy on the
The soil is dark brown to brown, fairly well drained on
of the porous condition of the soil. The area is covered

cogon and falahib. Binayoyo trees are scattered
and there are clumps of trees, remnants

Tidl g0 Tound are
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A description of the profile of Banga sandy loam is given below,

Depth Characteristics
cm.

0- 10  Dark brown to brown, structureless, slightly compaect, sandy
loam. Fair in organic matter content. Stones absent.

Boundary to the lower horizon is diffused and smooth.

10—~ 60  Brown to medium brown sand, loose and structureless. Stones:
absent. Boundary to the lower layer is diffused and smooth.

60-120  Brown, structureless, loose, course sand. No stones. Boundary
to lower horizon is diffused and smooth.

120-15¢ Grayish brown or gray, very coarse sand with gravel. Loose,

The soil is generally cultivated and grown to a number 0.3
crops. Rice and corn are the main crops. Mungo, beans, veget-
ables, cassava, camote, banana, and fruit trees are also grown.
There is only one soil type represented in the series, the Banga
sandy loam. It has an area of 93,750 hectares.

BUAYAN SERIES 1

The Buayan series consigts of secondary soils developed from
alluvium deposited by the Buayan River. It occupies the level
or nearly level land near the mouth of the Buayan River and a
narrow strip along the upper Buayan, southeast of Nupol Hil ]
in southern Koronadal Valley. Owing to the sparsely settled
condition of the area the land is not widely cultivated; only the
portion on the west side of the Buayan River is the land con-
tinuously used. A part of the area is irrigated by the Siluay
Trrigation System. Cultivated patches are found here and there
in the other areas of the series. The great portion of the land
is in gecondary growth forest. Buri palm and dadiongas, a
thorny shrub, are scattered over the area. The cultivated crops
are rice, corn, cassava, sweet potato, peanuts, vegetables, banana,
coconut, and sugar cane.
Farmers utilize the land in the culture of lowland rice. It
is easy to convert into rice paddies on account of the level relief.
In spite of the moderately heavy subsoil, water easily percolates.
During the growing season when rainfall is frequent there is
enough water impounded in the paddies to supply the needs of
the plant.
Areas within the Siluay Irrigation System are assured f:
water even during the months of least rainfall. The use of
irrigation water, however, may require the ingtallation ¢
drainage system unless the land be used exclusively
rice or other crops that require much w
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Figure 7. 1, Profile of Banga sandy loam; 2, Profile of Buayan clay loam.
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{ending inland beyond Lagao as far as Nupol Hill to the north.
The color is gray to light gray and very loose. Owing to the
norous condition of the soil it has very little capacity for holding
moisture. It is primarily used for the production of peanuts,
vorn, coconuts, some fruit trees, and upland rice. Palay, how-
sver, is not very well adapted. Prior to the Second World War
{his soil type was mainly grown to peanuts and cotton. With

lowland rice is practically the only crop grown. Irrigation
water facilitates crop diversification. The soil is easy to work
and it still possesses enough of its native fertility. 1

Only one soil type represents the series, Buayan clay loam.
A profile deseription is given below.

D:gfh Characteristics 3 .
0- 45 Dark gray, coarse granular, slightl ; the completion of the Siluay Irrigation System, lowland rice is
loam, well penetrated by ;'ootsf?; Cﬁntea?r?: thi: _fl‘lable % gl In t.hls siieien Lty Do nenroncd NS
organic matter. Coarse skeleton absent. Boslllil: mo’? nttl:)f E lowlarly Htefebee HolGonstirs Buiehs Do g e 1o
. ry to the I'he subsurface layers of this soil are so porous that it may

lower layer is clear and smooth.
require a quantity of water prohibitive in cost. Using the soil

for the production of lowland rice may be justified for reasons
{ necessity alone.

45— 95 Very light gray to brownish gray, coarse granular silty clay
foam. Loose. Roots penetrate this layer. Boundary to the
lower horizon is gradual and smooth.

95-148  Very light gray, slightly compact, ve i
, very fine sandy loam with
few gravel. Structureless. g
148-150 Layer of waterworm gravel and stones with coarse sand, 1 The Dalican series occupies the area Ao daan e
loosely cemented together, Dalican Rivers. It is one of the more elevated portions of the

(otabato Plain. Agriculturally, it is underdeveloped. The
higher portions are planted to coconuts, corn, vegetables, fruit
{rees, bananas, and other crops. The lower areas are rice lands,
mostly lowland rice. Agricultural practices are antiquated.
|'arm machinery, unlike in other parts of the Cotabato plain is
conspicuously absent. This may be accounted for by the dearth
of transportation facilities. No vehicular transportation is
wvailable, Carts on land and vintas and motor launches in
vlvers are the chief means of travel. The proposed FOA-
PHILCUSA road from Labungan to Tupi will connect this area
Dt ot ) {0 Cotabato and Dadiangas, two of the province’s ports. Pos-
e e dibly this will hasten the area’s agricultural development.

ek,
0- 25 Dark gray, structureless, loose sandy loam. No coarse skeleton, Because it is more elevated than most areas in the Cotabato

25— 56  Coarse sand with gravel and stones. Gray, loose, structureless. Plain having a level to slightly sloping relief, this soil may be-
55-150  Layer of gray coarse sand with stones and gravel, tome o better agricultural land than either the Tamontaka,

j?adémngas loamy sand (438).—The Dadiangas loamy sand was Kabacan, or Timaga soils. Drainage is not much of a problem,
delineated in the Allah Valley at the southern end on the east cause a great portion of the land is sufficiently elevated. Irri-
bank of the Allah River. It is a belt along upper Allah River on water can easily be had. In some places land owners
associated with the Sinolon and Banga series. Small areas are ve their own frrigation systems. The series is represented
found also in Makar and Dadiangas. The soil is grayish brown i 1o "
or light gray. The solum is the same throughout except for the i 0 140 ) a #oil is brown, dark gray, or
presence of gravel and some stones in the subsoil ' 1 ev = in color,

Dadiangas sandy loam (437) .....T m iRl brow . ' . v tly

DADIANGAS SERIES

The Dadiangas series occupies a strip of land along the east
bank of the Allah River between Kolambug and Sipaka extending
to the west of Sapali to Selken and Lampuko; and in Lagaco
i_l)adiangas, and Makar in western Koronadal Valley, The soii
is gray to dark gray and of a level relief. Vegetation is mostly
cogon and talahtb. A spiny shrub locally called “dadiangas” is
scattered over the area, The presence of the shrub gave the
name to the port of Dadiangas. Peanut is the main crop of the
area. A profile description of the series is given below.
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A profile description of the type is as follows: Jf the area occurs, especially the Pikit-Peidu Pulangi area, when
the Pulangi River rises. Two types are represented the Kaba-
inn clay and Kabacan clay loam. The Kabacan clay has deeper
surface soil, slightly more compact and the lower layers more
nottled and concretions appear at greater depths than the
fter. In the latter, sand grains are in greater proportions.
' The series forms one of the most important agricultural areas
i the province. Except the Midsayap area, the principal crop
4 rice. Otherwise, corn is the dominant crop. Around Mid-
wyap corn is grown at all times of the year. Only Ve.ry little
fice is planted. This is the corn region of the province.
The soils are brown, dark brown, dark gray to almost black,
lightly compact clay loam to clay. The subso_il is brown, r(.ed—
Gravelly clay. When dry, it crumbles very easily, Strucd lish brown clay loam to clay. Below 1.:his layer. is brown, redd}sﬁ
tureless. Box;ndary abruét and smooth. i rown clay Ioam' to clay. Below th1_s layer is bi'own,.lléeddis
150-158  Dark gray silty clay. Structureless. This layer is a dark yrown or brownish gray, soft, plastic, and mottled, silty ciy
band below which is a layer similar to the one above. The pam to clay. Sometimes the mottlings appear to become the
soil type covers 13,750 hectares. Jominant color giving a rich orange color to the soil. This
luyer is gritty; its grittiness increases with depth.
At 60 centimeters below the surface, concretions, spherical
yr irregular in shape, are present. A great deal may be preser-lt
of Glan from the shore to the foot of the hills. It ig in great about 80 centimeters, less numerous at over one met%r }1:1
part cultivated, planted to coconuts, corn, and rice. The uncul- depth. Concretions, however, were not present in some of the
tivated portion is in cogon. It is of secondary origin. The jorings made within the area.
relief is level or nearly so. ' ~ A profile description of the series is given below.
Glan clay loam (450) —This is the only type representing the
series. Below is a profile deseription of the soil.

Depth Characteristics

cm.

0- 20 Dark gray or nearly black when moist, gray to light gray when
dry. It is granular elay loam with a moderate amount of
organie matter, well penetrated by roots. Boundary io the
lower horizon is diffused and smooth.

20- 70 Brown to dark brown, columnar clay, plastic and sticky when
moist, hard when dry and brownish gray. Roots penctrate
the upper portion of this horizon. Boundary to the lower
horizon is gradual and smooth.

70-110  Brownish gray to gray, sticky, columnar sandy clay. When
dry, it crumbles easily. Sand grains are coarse. Beundary,
clear and smooth,

110-150  Very light gray to white, with a very light tinge of yellow.

GLAN SERIES

The Glan series is confined to the level land around the town

D:E-R‘lt.h Characteristies

- 25  Dark gray to almost black when wet, plastic and slightly eom-
N pact clay. Friable. When dry, it is hard and gray.

U6 B0  Brownish gray to reddish brown, slightly compact, plastic clay
loam. Mottled orange. Concretions present.

Bss'lB() Reddish brown, soft, plastic, silty clay loam. Mottle‘d orange
y and gritty. Becomes more gritty as the depth increases.
Coneretions present.

Depth . .
om. Characteristics
O— 8 Dark gray clay loam, compact, sticky, and plastic when wet,
On drying it becomes hard. Coarse skeleton is absent.
8- 380  Grayish brown, compact, sticky clay. Very hard when dry.
30-150  Yellowish gray, very sticky clay, more plastic thap above,!
Softer. Orange mottlings appear at 120 centimeters. Be-

comes gray with depth. a,bacan clay (4 2) eimh o type occupies the Midsayap—LumU—

IELkit-Peidu Pulanm, and the Balatikan areas on both sides
: - These ave level, low-lying area. As
nu;:dation of thele areas

KABACAN SERIES

The series dominates the area along the Pulangi River roughly
from Kabacan on the east embracing Pagalungan, Pskit Bal
t1can, Silik, and Peidu Pu]angl and Midsa

he hig way to the I
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The same problems confront the farmers here ag in the clay loam
type.

The soil is usually deeper and darker in color than the othe 3
type. Although it is very similar to the Bigaa soils, it differs
from the latter in the color of the substratum, which is reddish
brown in the former while it is gray in the latter. This typa
covers 46,875 hectares.

Kabacan clay Toam (453).—The lowland areas south of Car-
men along the highway from Bukidnon to Cotabato and Bukidnon
to Kidapawan as far as Katidtuan belong to this type. East
of the Katidtuan the relief changes with the change in soil
type. The land is almost level, low and poorly drained. Unless
drained, it becomes specialized farm area suited only to the
growing of rice. Other seasonal crops requiring a well drained
field cannot be profitably cultivated. Diversification becomes
difficult and the farmer is dependent on a single crop. Crop
failure brought about by bad weather conditions or a heavy
infestation of pests and diseases creates financial difficulties,

This type covers an area that requires the farmers’ industr
and ingenuity in his management to counteract adverse effects
of weather conditions and attacks of pests and diseases. In
the province, pests especially rats are the worst enemy of tha
farmers. Control of the pests gives the farmer a fair chance
of a good harvest; weather conditions in the province are very
favorable to the growth of rice. The type covers 18,750 hectares,

characterized by a lighter textured surface soil whi‘ch is loam
fo sandy loam, different from the clay surfa:ce soil near t'hg
shore. A profile description of the series is given belf)w. Libi
fmm was the only soil type delineated under this series.

U:rl;th Characteristics

(- 15 Dark gray, slightly plastic, slightly compact loam. Hard when
dry. :

15— .25 Grayish brown silt loam, very slightly sticky, plastic, and
slightly compact. Hard when dry.

05~ 90  Pale brown, slightly sticky and plastic silt loam. Compact.
Becomes more compact as the depth increases.

00-150  Brown, compact, hard, but friable, sandy loam. This material,
on exposure, easily crumbles.

LUTAYAN BSERIES

This occupies a level area along the east and south shores of
ake. Buluan. More elevated than Tinambulan p'eat, a small
wrea on the south shore of Lake Buluan, the land is used for a
number of crops, among them, coconuts, corn, and rice. In the
Llncultivated area, cogon, telehib, other grasses, and second
igrthh forest compose the vegetation.

Lutayan sandy loam (443) —This is the only type represent-
ing the series. This type was first identified in 1939 when the
defunct National Land Settlement Administrat}on had "ch‘e Koro—
imdal Valley soil surveyed in detail. F-ound in the V}cnutyn of
Lake Buluan, it had its origin from a mixture of‘ alluvium from
fhe hills and plant remains of the lush vege.tat}on arounq the
luke, Nearer the lake, more of the plant remains are ev1den‘t
han from the soil farther away. Very close to the lake the soil
Tl‘bakeﬂ on the characteristics of the Tinambulan peat.

The level relief and porous condition of the surface soil adapts
i{ to a number of crops. Primitive agriculture, Illowever, has
1ot developed the soil to its wide variety of possible uses.

rk brown. It
The goil ig grayish brown, brown or very dar _ :
;I;?r darl S atimes almost black when wet. On drying, it
18 pra ¥ woil is 10 fo 20 centimeters defap,
y a glightly compact, grayish
ticky. hard when

LIBI SERIES

The series occupies the level to undulating areas in the vicinity
of the Lun Rivers, the Big Lun an the Small Lun east of
Sarangani Bay in Southern Koronadal Valley. Covered chiefl y
by secondary growth forest and small patches of cogon the
area consists largely of abandoned kaingin. Small patches of
cleared land are found where rice, corn, and vegetables are
grown, Coconut trees to supply the needs of the natives have
been planted. The land slopes gradually from the hills to the
sea.

The soil is of finer texture along the shore but becomes
coarser near the hills. It is loam to sandy loam 3.5 kilometerd
from the shore near the foot of the hills. Simi , the goil
i8 loam to sandy loam along the streamsg, b 2
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Given below is a description of a soil profile of the series.

Depth

ent. Characteristics | Lo

0- 20  Dark brown, gray to almost black, friable and granular sandy
loam. Non-calcareous. Fair in organic matter econtent,
Mellow when moist. k

Grayish brown, slightly compact clay loam, non-calcareous and
poor in organic matter content. Gritty.

36— 60  Grayish brown, non-calecareous, granular clay,

sticky. Mottled.

Brownish gray to light gray sandy clay loam to light gray
sand.

) 100 Brown, coarse sandy clay loam, slightly sﬁcky and plastie.
Coarse granular structure. Boundary to the lower horizon
is gradual and wavy.

16{} Coarse brown sand with gravel.

SAN MANUEL SERIES
20- 35

The soils vepresent recent formation, alluvial deposits -from
slund areas the materials of which are derived from differ-
| rocks. Tt is highly permeable and very fertile. Soils of
4 series are considered among the most productive soils of
country.

e San Manuel soils are found along the coast on the west
tl southwest; along the Simuay River to the north of Co-
huto Poblacion; along the Pulangi and Kabacan Rivers; and
4 Mlang area. The color varied from light gray to brown,
brown, or reddish brown. The depth varies from 30 to
g centifneters. The soils are widely cultivated to diﬁ'e{:ent
ops due to their productiveness. The uncultivated portions
¢ in secondary growth forest and grass. ;
San Manuel silty clay loam (94) —This type is generally used
iibaca plantations in the west cqast, especially in the sout.hern
Wil of the province. From Mati to Maganao the type is of
general use. Corn dominates the area around Salama'n
Wl Kalamansig with a goodly portion in coconut: Aba‘ca is
10 planted. If abaca continues to command a high price it
| in time occupy the major portion of these coastal x'_)lamrs.
biuth of Magano abaca is the principal crop. At Kling is

plastie an

60-150

MALANDAG SERIES

Between Buayan River and the hills adjacent to Nupol
at the foot of Mt. Matutum is the Malandag Plain of about
a thousand hectares generally undulating with patches of rolling
relief near the hills on the west and along the streams.
Tinagacan River cuts the plain in two, running almost midway
between Buayan River and the hills on the west. Along the
streams and the more elevated areas second growth trees
cover the land. The lower areas are in grass. Patches of
cultivated areas planted to abaca and coffee are found i
the higher areas while rice and corn are the principal ecul-
tivated crops in the lower portions.

The soil iz very dark brown to almost black when moist,
turng dark brown or medium brown when dry. It is very
friable, fine sandy loam on top of a brown to dark brown

sandy clay loam, slightly Plastic and sticky. At a meter or bown the abaca well known for its excellent quality. Soils
more below the surface is brown coarse sand and gravel 3

i i idsayap—Manuangan area are planted to
i R Below (Dis ok ol foung ﬁhI:nEYE;elile:? ?colvfjl’g:ea;y clljops. Thii is considered the corn
waterworn pebbles and rocks. | ’ ! he
i g : 1 of Cotabato Province.
i e One'sml b Ma]'an'dag il loam,. S rerree i ¢ surface soil ig 10 to 35 centimeters deep and the color
T e proﬁlg . 2 folhuey ] from light brown, brown, to reddish brown. Texture
¢ underlying layers varies, a characteristic of most soils
fal in origin and of recent development. The layer below
surface soil in this case varies from sand to clay loam
ometimes clay. It is fair in organic matter content.
{y is high. The type is considered one of the best
hinca in the province. .
| loam (466) ~The soil type is fou

Depth
cnl.

Charactleristics 1

0~ 15 Very dark brown to almost black, friable and granular, loose',
fine sandy loam. Moderate amount of organic matter

present. Boundary to the lower horizon is diffused and
smooth. :

16= 60 Dark brown, coarse granular, sandy
Sand graing coarser than laye

nd

01

| |
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oorly drained. A considerable portion of the land is under
water at certain periods of the year. :

A little rise in the level of the Cotabato River floods the land
4long the banks. Being low-]ymg, the land is used prmmpally
for lowland rice. Other crops, owing to the soil’s water logged
condition, are not adapted. On the more elevated portlons,
however, use for other crops had been made of the land.' Vege—
{ables and other crops are planted. Coconuts on these areas are
tloing very well. Uncultivated portions of this soil type are
wvergrown with marsh vegetation and bancal trees. Houses
ire marked by bananas and fruit trees standing out markedly
amongst grooves of coconut.

Drainage is the main problem in this soil. Very low portions
may not be drained. Flood losses are caused by water standing
on the land for days. If the land can be properly drained, it
will be one of the most productive lands in the Philippine_s.
I{ is deep, level, with a high organic matter content. If drained,
ils use may extend to the cultivation of many more crops o_ther
{than rice, a few vegetables and coconuts.

Only one soil type is represented in the series, the Tamontaka
elay. The soil is very dark brown or almost black. Where it
iu sufficiently elevated to completely drain the surface, the soil
i slightly lighter colored and less deep. The depth ranges
from 20 to 45 centimeters.

is mixed with the soil. The land is used principally for co
conut. Rice and corn are also grown. The highly porous con-
dition of the soil does not favor crops like rice which needs
much water. In some places the soil is inclined to be loamy
sand. Hence, only coconuts are cultivated. This is overgrown
by cogon, talahib, and brush.

San Manuel sandy loam (96).—This type occupies a narrow
strip of level to slightly sloping land on the east coast of
Sarangani Bay, north of Glan between Big Glan River and
Big Sapu River. It is planted almost exclusively to coconuts.
A few bananas are found. Secondary growth forest and brush
occupy the uncultivated area,

San Manuel loam (190) —San Manuel loam is found along the
Simuay River near Balut; along the Pulangi River above the
confluence with the Kabacan River; Kabacan River and its
branches; and the Mlang area from Simpetan River on the
north to Alip River on the south. It is brown, reddish brown
or dark brown, friable and loose. It is very fertile. And bein o
of medium texture, it has a wide range of crop adaptability.
In some places especially the area close to the gravelly type a
sprinkling of gravel is found on the surface. The depth of the
surface soil ranges from 10 to 70 centimeters. The depth from
the surface to the substratum is variable, two or over two meters.

Along the Simuay River, this type, particularly in the Pres:
betero farm, is used mainly in the production of tomatoes. A
go-called giant variety, because of the big size of fruits, is
planted. Second generation seedlings do not produce as well ag
the first planting. Plantings of cuttings do not possess the
vigor of the mother plants. They are also shy bearers.

This area may be planted to other crops. It lends itself
very readily to crop diversification. Large scale production of
vegetables and other crops may prove profitable. The Simuay
River can furnish the irrigation water if this becomes necegs
sary.

Agriculture in the Mlang area is diversified. Almost all crop#
are planted. Rice being the staple food covers the largest area.
Corn, vegetables, fruits, and others are fairly widely cultivated.

A profile description is given below.

Depth Characteristies

o, )

| 0~ 45 Very dark brown to almost black, soft, plastic, slightly sticky
i when thoroughly wet; rriable when dry. Granular clay,
very well penetrated by roots. Moderate amount of organic
matter present. In waterlogged arveas partly decomposed
leaves and stems of aquatic plants are present. Mottled
brick red. Boundary to the lower horizon is clear and
: gmooth.

Ah- 00 Reddlih brown, hrown, brownish gray to yellowish gray, mottled
' I red, slightly compact, very sticky and
t Caarse granular clay. Roots penefrate

TAMONTAKA SERIES n, Boundary to the lower layer

Starfing from Dulawan towards the sea i upie ' - ; R e
the land along the Ootabato River, b ' ght b ' sh gray to L ‘
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TIMAGA SERIES vast area of rolling lands especially along the western coast.

Frosion has advanced considerably in some areas and has
destroyed farm lands.

£ oriculture has progressed considerably. The use of ma-
chinery is common. Waterlogged condition so uften found
in the first group of soils is almost absent. Only in exceptional
cases does this condition exist. Under the prevailing conditions,
agricultural corporations as well as private individuals found
it more profitable to use machinery instead of the carabac
and plow in the production of crops.

This series occupies the level land south of Dulawan between
Dansalan and Talayan Rivers and east of the Sapakan-Tacurong
road to the Liguasan Marsh. Associated with the Banga candy
loam, sometimes it exhibits some of the characteristics peculial
to the latter. Usually level, low especially in adjacent areag of
the Liguasan Marsh the vegetation is dominated by bancal trees
Marsh grasses also abound., Brush and secondary growth tree
cover some of the more elevated areas. Rice is the principal
cultivated crop. Other crops are grown in limited extent.

~ Although not as easily flooded as the Kabacan soils by reason
of distance from the big streams, its adaptability is limited
Being low-lying, the water table is very high, a condition which
requires drainage. Lowland rice is the best adapted crop and
almost exclusively grown. '

The soil is dark gray to almost black when wet; it is gray
and hard when dry. Below the surface is grayish brown ol
brown, mottled, slightly compact silty clay loam to clay or sandy
loam. This is underlain by brown to grayish brown clay over
a grayish brown, gray, slight gray, or bluish gray, plastic clay
loam to clay. :

Timaga clay loam (630).—This is the only type representing
the series. A description of the profile is given helow.

AROMAN SERIES

The Aroman series occupies a belt south of Mt. Table between
aridagao and Pulangi Rivers, from the foothills of Mt. Table
on the north southward embracing Carmen on the south where
the land acquires its soft contours and merges with the level
area of the Kabacan series.

A small portion of the area is cultivated. All along the
highway kaingin on the hillsides and fields of rice and corn
are in evidence. A great portion of the area is in secondary
growth forest. Of small extent is primary forest farthfest
[rom the highway. The Central Mindanao Experiment Station
of the Bureau of Plant Industry is located in Aroman.

Because of the rolling relief the growing of seasonal crops
14 limited. The land is very susceptible to erosion. _Only close
growing crops are safe to grow without creating erosion haza{:'d.
Permanent crops may be planted safely. Crops that .requlre
] wéll drained soils will grow well in thi‘s goil; the rel.1ef and
‘physical characteristics promote good drainage of the soil. The
peries covers 37,500 hectares represerfted. by only one soil
type. A profile description of the type is given below.

Depth
11, Characteristics
0- 20 Dark gray to almost black, fine granular, friable clay loam
When dry, it is gray, hard, and brittle. Boundary to th
lower layer is clear and smooth.
20- 60 Grayish brewn, friable, silty clay loam. Coarse granular strue
- ture. Boundary to the lower horizon is clear and smooth
60-100  Brown to grayish brown, plastic, sticky clay. Slightly ccmpac,
Coarse granular structure. Boundary to the lower horizoi
is clear and smooth. 3 ‘
160-150  Grayish brown, soft, plastic, sticky clay loam. Below thil

depth the soil becomes gritty. Massive. ; T’m‘i"

0. 20  Dark grayish brown clay loam, prismatic, fair in organic
L matter content, Boundary to the lower horizon ig diituseu

Characteristics

SOILS OF THE INTERMEDIATE UPLANDS

Under this group are soils of greatly varying relief, plani
cover, and soils. Relief varies from slightly undulating uplanc
to rolling and steep. Vegetation consigts of - |
some of the rolling areas, second grov
‘with scattered trees. In

q 1 oolh, .
’ an, Plagtic,. When  dey, it 1s hard
o the lower layer 18 clenr and
. i i i y 1“§' M
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Kidepawan clay loam (211).—This type is an extension of

the same type mapped in Davao Province. It is characterized

by a rolling to steep relief. Secondary growth forest covers
the major portion of the area. Cultivated patches, mostly
kaingin, are found over the area. Abaca, coffee, rice, and corn
are the crops usually grown. i

Kidapawan sandy clay loam (583).——This type covers a very
much bigger area than the Kidapawan clay loam. It is bro

to reddish brown sandy clay loam usually 20 to 25 centimeters

deep. The subsoil is slightly lighter in color and heavier in
texture. Below this is yellowish brown clay substratum. |
This soil is presently one of the most productive soils of
Cotabato. From this area Cotabato harvests the great bulk
of her abaca production. Situated at the foot of Mt. Apo, i'f
is favored by a climate highly suited to abaca and coffee. Co
conuts, rice, corn, sugar cane, vegetables, banana, fruit trees
and other farm crops are also grown. A forest of lanzon is
found in the type. It occupies a rolling to moderately steep
relief, i
KUDARANGAN SERIES

The series is found in the Kudarangan Hills between Midsaya
and Dulawan and along the highway from Midsayap to Pikit}
A considerable portion of the Banisilan area is also of this series';
It is characterized by a rolling relief, mostly grassland with
sparsely scattered trees. Some areag are under secondary growt h
forest or cultivated fields. Among the cultivated crops are
abaca, rice, corn, coconuts, banana, fruit trees of different spe:
cies, and vegetables. The parent rock is shale with admixture
of sandstone; the shale ig either noncalcareous or slightly .".
Small areas of coralline limestone formation are found associate I
with the shale. In the Kudarangan area was found a deposi‘
of oyster shells in different stages of weathering on top of a
shale formation. ‘

The shale formation near Pikit resembles clogely the Bauang
series, but the soils lack the friability so pronounced in the
Bauang soils especially in the subsoil and substratum. Kuda-
rangan also resembles Alimodian. But while Bauang and A-l. ]
modian are reddish soils, the Kudarangan doil ary dark,
almost black in some cases, It is aldso more p rdes

f the Tha

4 hectares, O
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pepresents the series. A profile description of the type is
‘uiven below.

Depth Characteristies

ocm,

(- 15 Dark gray to almost black, or dark reddish brown, friable, and
granular clay, well penetrated by roots. Plastic and
sticky when wet; hard when dry. Boundary to the lower

horizon is clear and smooth.

[5- 80  Grayish brown to reddish brown, coarse granular clay. Plastic
and sticky when wet; hard when dry. Well penetrated by
roots to a depth of 35 centimeters from the surface.
Boundary to next lower layer is diffused and sinooth.

K0-110  Grayish brown, brown or reddish brown, plastic clay, mottled
orange and rust brown. Coarse granular.

110 and Soft shale or sandstone, caleareous or noncalcareous.

below 3

TANGKONG SERIES

Along the Cotabato-Lanao boundary on the northwest corner
of the province from Laka Baranibud on the east to Bugasan
al Matimus Point on the west is the Langkong soil with a level
{o undulating relief. It is of volcanic origin mainly volcanic
wand. In Cotabato this is a belt approximately 5 to 7 kilometers
wide, Usually covered by virgin forest, second-growth forest
now covers a great part where kaingin has been made by the
natives. Kaingin and patches of land broken by the plow are
found scattered over the area. Where cultivation has marked
the land, abaca, coffee, and bananas are found growing luxu-
viantly. Vegetables, rice, and corn are the usual farm crops
grown. Among the wild fruits, durian is found all over the
aren. Given below is a description of the soil profile.
Depth Characleristies
el
- 20 Dark grayish brown to very dark brown when moist but dark
brown when dry. Sandy loam, very friable, mellow, with
crumb structure. Boundary to lower layer iz gradual and
smooth.
Ul 45 Same as above bul of denser material. Boundary to lower layer
- in yl and amooth.
1 to darlk brown, prismatie, silty clay loam to silt
hreaks into granules in the hand.
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Highly fertile, ijf properly managed, it will give good returns
over a long period of time. Owing to the loose sandy 1ayer
beneath the surface, it is highly erodible. 3
The soil is grayish brown to ver abl

; : v dark brown, very friabile

?;1(1 lgoiﬂse{ ug};flerlauil) by a layer of denser though of similax
aterial to the surface soil. The substrat is si g
R ratum is silt loam 4_

MAKAR SERIES

»The serieg occupies the upper and middle porti akal
plain in Southern Cotabato asseciated with It)hetg);d?afnt;:shsigll; '
loam. The land is level to undulating rising gradually from
Sarangani Bay to the hills on the west. Native vegetation 0‘
the place is “giron”, a pasture grass, cogon, and talahi.
Lanete trees are scattered over the area. Makar loam':is'th:
only type mapped. Below is given a profile description. )

Depth $ isti
cli;)‘; ! Characteristics

0- 5 Dark brown to almost black, slightly compact, friable loam. No
coarse skeleton. E ; i i it L

Smmth,s eleton. Boundary to lower horizon is ‘abrupt and

5~ 70 Grayiljhl brown, very loose silt loam. Structureless. No coars
skeleton. B . i.

o oundary to the lower layer is granted, and

70-100  Grayish brown sand with gravel. Very loose.

_ Makor 'loam (444) . —Being utilized as a grazing land, very
I%ttl‘e cultivation is done in the area. Cogon grows in a,y ver .
l1m1ted. scale. The soil is brown, dark brown, or almost bIack
Below is silt loam underlain by sand and gravel. .

MATULAS SERIES

The series is a strip of land of undulating to rolli ief
between Banga and Marbel. It is a primarygsoil dgfilge%i 1;1(1)9
sandstone: The vegetation is generally second growth forest:
The area is being converted into cultivated fields. Rice and co -~l
are the pl_“mcipal crops, and they are grown on the more lev:
p}aces- while abaca is grown on the more steep slopes. Becaus
labor is not easily secured as in other parts of Cotabato, tractor -7
and other farm machinery are used. M 4
; Surface drainage is good to excessive w
is good. The series is represented by
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Characteristics

Dark brown to brown, structurelss, slightly compact, fine
sandy loam. Fair in organic matter content. Coarse
skeleton absent. Boundary to the lower horizon is diffused

and smooth..
1) 60 Brown to medium brown sand, structureless. Coarse skeleton

absent. Boundary to the lower layer Iis diffused and

smooth.
{0120  Brown structureless coarse sand. Boundary to the lower layer

is diffused and smooth. No coarse skeleton.
10150  Grayish brown or gray, very coarse sand with gravel.

NEW ILOILO SERIES

This series comprises the rolling and hilly areas between
Harbel and Tacurong. Cultivation has converted the more
entle slopes of the hills into cultivated fields. These are grown
o rice, corn, and other seasonal crops. Settlement of the area
i slowly converting even the more steep slopes into fields of rice
and corn. Erosion hag in some instances changed the texture
of the surface from fine sandy loam to clay after the subsoil

his been exposed. Plowing has mixed the surface and subsoil,

and where the surface has become very shallow due to erosion
{he resulting mixture is clay. The series covers 6,875 hectares.

profile description is given below.

Dopth Charaeteristies
CT.

0- 15  Brown to dark brown fine sandy loam, structureless, and
friable. Roots penetrate easily. Coarse skeleton absent.
Boundary to the lower horizon is gradual and smooth.
i~ 46 Brown to grayish brown, granular, plastic and sticky clay.
Gravel is brown when wet but turns white or gray on
drying. :
46100 Gray, brownish gray, granular, plastic, and very sticky clay.
i Boundary to the lower horizon is clear and wavy.
100 150  Brownish gray, plastic, and sticky clay with limestone gravel.
W Gritty. Boundary to the lower layer is diffused and wavy.

New Ioilo fine sandy loam (445) —The soil is brown to dark
ywrown, fine sandy loam, underlain by brown to grayish brown
and sticky clay. In many places the soil appears to be of
plastic clay on account of the eroded condition of the
ered by grass and aecond-growth forest.

el
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PARANG SERIES

The series occupies an undulating to rolling and steep relief
north and south of Parang and in the vicinity of Nuro. 'i'he
10il is more widely cultivated in Nuro than in the other places.
Rice, corn, sugar cane, and other seasonal crops are cultivated
on the more gentle slopes. In some of the steep slopes abaca
18 grown. Kaingin on the steep slopes is planted to upland rice,
camote and bananag by the natives. Erosion has not done much
damage, except along the road from Parang to Buldun mainiy
due to the comparatively virgin state of the cultivated areas.
(rass and second growth forest cover most of the areas which
‘were formerly kaingin. The virgin forest which still covers the
higher and steep slopes of the hills are slowly disappearing
because they are turned into kaingin, which if not checked will
iltimately denude the hills and slopes of mountains.

The Parang area is covered mostly by second-growth and pri-
mary forests. Most of the cultivation is done around the towns
of Parang and Bugasan. Coconut is the main crop of the area.
The Bugasan Plantation is planted mostly to coconut. Fruits
und vegetables are produced around Parang. Durian, a wild
fruit, abounds in the Parang area.

The Kabayoan Plantation grows abaca, coconut and coffee. A
profile deseription is given below.

; 2, A road cut showing depth of soil

Depth
e, Characteristies

(0~ 20"  Light reddish brown to brown, blecky clay loam. TFriable when

’ dry; slightly sticky and plastic when wet. Well penetrated

e by roots. Contains moderate amount of organie matter.
Boundary to the lower horizon is diffused and smooth.

00~ 70  Brown to reddish brown, blocky clay, friable when dry, sticky

: and plastic when wet. Slightly compact. Coarse skeleton

absent. Boundary to the next layer below is diffused and
: smooth.

0-100  Brown, reddish brown, granular clay. Friable when dry, plastic
when moist. Few roots penetrate this horizon., Coarse
skeleton absent. Boundary to lower horizun is gradual
and smooth. g

Structureless gravelly clay, slightly sticky when wet. ' A great

[ iron concretions present. Below this horizon is

ig the only type representing
to bric the
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group of well drained upland soils, the red color due in part tg
the oxidized condition of the soil. In color it resembles Aunti
| polo and Luisiana series. It lacks, however, the even brick
red color of the former and the even coloring of the latter fc
identify itself with either one. Topographical characteristics
! drainage, and vegetation are quite similar. Parang series dis
: tinguishes itself from the other two in the presence of irol
concretions in the substratum which is absent in Luisiana series
and the presence of tuffaceous concretions in Antipolo, series
instead. ]

(0~ 85  Light brownish gray to light gray, compact clay. Hard when
dry. White sand grains present. Blocky structure.
Boundary to the lower layer is diffused and smooth.

85~ 05  Brown, reddish brown sand. Structureless. Sometimes this
layer is not clearly defined. This is jdentified with the one

below.
05-150  Gray sand, very compact and hard. Below this is sandstone
at 2 meters or more.

Farm practices in this soil will require the use of conserva-
lion measures and safe disposal of excess precipitation.
Drainage is mainly on the surface. The compact mass of sand
at about 80 centimeters prevents further percolation. See-
page is possible only along the slope of the rock beneath.
In the Philippines where the culture of lowland rice requires
flooding of the paddies this condition is very satisfactory.
Water requirements of the rice plants are easily supplied
through the impounded water. Only in cases of prolonged
drought do the plants suffer. But while this condition favors
the plant, excess water is bound to injure other crops not
tolerant to water. Other crops must of necessity be planted.
(tood management practices require it.

Qafe cultivation of the slopes is possible only through the
application of soil conservation measures. Erosion is great
becauge percoIatlon is impeded. This is the cause of much
of the erosion losses in this soil types.

SINOLON SERIES

The southern end of the Allah Valley is of this series. This

occupies a level to undulating relief covering 21,250 hectares.
Only one soil type, Sinolon sandy loam, was delineated. A
profile description of the type is given below.

QUILADA SERIES

The Quilada series occupies an undulating to rolling reliel
between Kidapawan and Kabacan from Km. 227 to 248 along
the Cotabato-Davao highway. It reaches as far as six kilometers
east from Kidapawan to Simpetan River on the south. To the
north it goes up to Sayugan. The series occupies 51,875.
A great portion of the area is in commercial forest. Cul
tivated areas are planted to abaca, rice, and other seaso
crops. Abaca covers the major portion of the open areas nea
Kidapawan. Owing to poor permeability some of the lowel
areas are waterlogged. In these areas grasses and trees 0]
the marsh vegetation predominate. '
The goil is grayish brown, dark gray, or nearly black, loos
and friable. Underneath is brown to yellowish brown gilty claj
loam subsoil with plenty of concretions. At 85 centimeters 01
below boring with the soil auger becomes difficult due to th
compact layer of sand. This hard compact layer of very Tow
or no permeability is the distinguishing characteristics of th
series. Only one soil type, Quilada sandy clay loam, representi
the series. A description of the profile is given below.

Depth Charactervistics
Depth Characteristics o,
g ¥ 0- 16  Dark gray to mearly black sandy loam, friable and ganular.
0- 8 Grayish brown, dark gray or nearly black, mellow sandy cla Mellow when moist.

16~ 90  Brown to grayish brown, friable, loam to sandy loam with
few gravel in some places. Mellow.

Light brown to light grayish brown coarse sandy loam. Gravel

E-llke materlal are present occasionally. Loose

loam with moderate amount of organic matter. Gritty an
structureless. Boundary to the lower horizon is diffuse
and smooth.
8- 30 Brown to yellowish brown, silty clay loam with concretiond |
considerable quantity. Structureless. Boundary to th
lower horizon is clear and smooth.
30~ 60  Brownish gray, compact clay.
tion especially in the

ely sattled



66 SOIL SURVEY OF COTABATO PROVINCE SOILS OF THE INTERMEDIATE UPLANDS 67

within the area. Nearer the hills and at the foot of the moun-

to abaca, small plantations have been opened, notably the Yap
{ains the land is rough, and steep slopes are common. Farther

and Piang abaca fields. Other crops like corn and rice are
also planted. The greater portion of the area is covered by down the valley the land is gently undulating to rolling. The

talahib, cogon, and second-growth forest. Being highly per- valley floor is almost level in many places especially the approach
meable by reason of its sandy nature, water is easily lost. Thig to Lake Buluan. 7
characteristic may have spared the land from continuous culs Being adapted to a wide variety of crops the land is utilized
tivation by the natives. Remnants of forest and isolated clump$ for almost all plants cultivated in the Philippines. In addition,
of trees are evidences of former cultivation in the area. Un: Irish potatoes, Bermuda onions, and cabbage, which are con-

availability of water during dry spells restrict cropping prac: yidered temperate crops, are also grown. On the lower slopes
of Mt. Matutum and the adjacent hills second growth forest

tices. Incidentally crop adaptability is very limited. :

With the use of irrigation water this soil may be made to predominates. Small spots of virgin forests of the dipterocarp
produce better crops. Allah or Sapali River may be tapped fol {ype are also found. A profile description is given below.
the purpose. At present only rice, corn, and abaca are grow L ' '
Recently the culture of Irish potatoes was started in Koronadal e Characteristics
Valley. In Palcan, Tupi, and even Polomolok farmers have 0- 20 Black or nearly black when wet, gray or dark gray when dry,
successfully grown the crop. Extension to Allah Valley friable. Rich in organic matter content and non-cal-
contemplated. With climate and soil conditions in Tupi similax careous. Boundary to the lower horizon is clear and
to Sinolon high hopes are entertained that cultivation of 1:11 smooth. -Rlch in organic mczltter .content and non-caleareous.
crop will be a great success. 4 Boundary to the lower horizon 19: clear and smooi::h. ‘

20— 60 Brown, dark brown fine sand, nan-calcareaus. Structureless;

fair in organic matter content. Slightly compact but

friable. Boundary to the lower horizon is clear and smooth.
e (G0-150 Gray, grayish brown, or brown eravelly sand. Structureless,
FACHORA Sobiii “ ! slightly compaet, and friable. Non-caleareous. : Pebbles
and boulders are present in this horizon. s

The soil is gray, dark gray, to nearly black underlain by
grayish brown to light brown sandy loam.

Soils of the Tacloban series are primary soils developedl-frﬂou.

th.e weathering of andesite. The relief is rolling to hilly, Tupi fine sandy loam (270).—This is the type representing
with go_od external.drainage. Generally, soils formed are brown the series. The soil is dark gray to almost black when dry,
to reddish brown in color. . i loose and friable with a considerable amount of organic matter.
I:r} this province, Tacloban soils are under forest cover. In A large area of the foothills of Mount Matutum mostly covered
cultivated areas, corn, upland rice, camote, and coconuts a by cogon with sparsely scattered binayoyo trees is of this type.
ErowLE On.ly one soil -typ'e, Tacloban clay, was mapped undes Below the surface is brown sand. The substratum is a mix-
this series in the province. fure of gray coarse sand, gravel, and stones. The stones are
Tcaclf; ban clay. (194).—The Tacloban clay in Cotabato is an light, soft, and porous.
extgnswn c.xf the same soil type mapped in Bukidnon. It is of & A number of crops is grown on this type. Diversification of
rolling relief and generalb.r covered by second growth forest, “urops is markedly shown in the vicinity of Tupi. The Matutum
On?y §mz§ll I.JatChes of cultivated fields are found in the area: Agricultural Development is presently engaged in growing Irish
Kaingin is, in general, the most common form of cultivation polatoes, coffee, and abaca. Potatoes grown in this place com-
e e covgrs 12,800 Hecres; are favorably with imported tubers. Flevation at the Ma-
TUPI SERIES ‘ tum A A t site is about 2,000 feet. At
y ) feot oduction in Tupi is above the

A great portion of the Koronadal Valley is occupied by tk
Tupi series. It extends from Polomolok on the south to M;

LS g2
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tainous. External drainage is excessive, while the internal
form is good.

The soil formed is generally grayish brown with abundant
basaltic and andesitic boulders. La Castellana soil in the
province was delineated in the northern boundary of the
province.

La Castellana clay (305) . —This type occupies the northern
boundary of Cotabato, an extension of the same type established
in Bukidnon, alongside the Macolod clay. On account of its
topography, which is from strongly rolling to hilly and moun-
Lainous, this soil is not considered agricultural. This charac-
feristic is aggravated by the presence of boulders on the surface.

The surface soil is brown to dark brown clay loam when
moist changing to light brown or grayish brown when dry. Tt
is granular and friable, and has a fair content of organic
matter. The depth varies from 15 to 25 centimeters. Below
this layer reaching a depth of 50-70 centimeters from the sur-
face iz the subsoil. This is brown to reddish brown clay
loam to clay, slightly compact with a granular structure.
Stones and boulders are present and obstruct root penetration,
tility of the land. The substratum is gray to dark brown, compact, and hard

The soil is brown, dark gray to hght eray, friable and clay loam. The native vegetation is primary and gecond-
granular. The depth varies from 5 to 15 centimeters. A growth forest. Patches of kaingin are found.
profile of Balut clay, the only type representing the series,
is given below.

SOILS OF THE HILLS AND MOUNTAINS

This group comprises the less desirable soils of the province
from the agricultural standpoint. These are generally steep
and are suitable only as forest lands and to a lesser extent as
grazing lands. The vegetation congists mainly of virgin and
secondary forests and grasslands with patches of cultivated
plants mostly in kaingin.

BALUT SERIES

The series is found in the vicinity of Lake Balut occupying
the rolling and hilly area along the road across the Simuay
River from Cotabato to Parang. The land is mostly covered
by cogon with scattered binayoyo trees. Where the natives
have not considerably used the land, scattered trees of second
erowth forest dominate the vegetative cover. Kaingin on steep
hillsides are fast converting these hills into barren lands where
only cogon and binayoyo trees survive due to the constant
burning of the grass. Cogon usually wins out against other
orasses where erosion has done its work in removing the fer

MACOLOD SERIES

This is a primary soil, characterized by a brown, tenacious,
vlay loam surface soil with abundant coarse skeleton made up
of a mixture of fine rounded and sharp angular, weathered
undesite.

The relief is rolling to hilly and mountainous. External
15~ 50\ Medium brown (dry state), columnar elay. | Skicky and plast ilrainage is excessive, while the internal form is good.
when wet. Slightly compact. Coarse skeleton absent Greater portion of this soil in the province is under primary
Boundary to the lower layer is diffused and wavy. {orest. Cultivated areas could also be found but in small
50-100  Medium brown (dry state), columnar, gravelly clay. Pebbles pattern. In the cultivated areas, coconuts, upland rice, corn
: present mixed with highly weathered gravel. Boundary fc and bananas are grown.

the lower layer is diffused and wavy. m,
100-150  Highly weathered sandstone with gravel, stone, and houlders, Macolod ¢ g 36} This type is found along the bank Of
' he P } places this is found in associa-

Rounded edges indicate transportation or abrasion.
Stones and boulders are

Depti -
e Characteristics

0- 15 Dark gray to light gray, slightly compact, coarse granular clay
loam, well penetrated by roots. Fairly rich in organic
matter. Coarse skeleton absent. Boundary to lower hor
zon is diffused and smooth.

LA CASTELLANA SERIES

Soils under this series are developed prine
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Below this layer is light reddish brown, slightly compact clay. primary forest of mixed species. Where cultivation of the
The depth goes below the surface 60 to 65 centimeters. Below | land is done abaca and bananas cover the bigger portion. Up-
this layer is weathered rocks, generally andesites. ‘ land rice and corn are also planted. Majority of the cultivated

The land is mainly covered by a second-growth and primary areas are kaingin.
forest. Rice and corn are the principal crops. Banana and |
root crops are also grown. Cultivation is by kaingin. The '
natives know little of other agricultural practices. Besides, |
these people have not completely lost their nomadic habit. :

The relief is strongly rolling to hilly and mountainous.
Surface drainage is free and excessive while internal drainage
is good to fair. Soil losses due to erosion are great once the
natural cover is destroyed. This type covers 6,618 hectares
or 0.28 per cent.

)

NUFPOL SERIES

The series got its name from Nupol Hill at the foot of Mount
Matutum, associated with the Tupi series. Only through the
examination of the profile are the distinguishing characteristics
differentiated. While the substratum of Tupi is gray coarse
sand with gravel and boulders, Nupol is sandy clay also with
boulders. Below this is sandy clay, reddish brown, or brown
with no coarse skeleton.

Cogon dominates the vegetation of the area. Second-growth
forest grows along the banks of gullies. Wooded areas represent
‘the portions which were not much used as kaingin. Presently
yery little of the area is cultivated. Rice is the principal crop
planted in the kaingin. The series covers 5,625 hectares.

Nupol sandy loam (439).—This is the only type representing
(he series. The soil is very dark gray to almost black. On
drying it becomes gray or nearly so. A profile description of
the soil is given helow.

MADUNGA SERIES

Soils of the Madunga series are primary soils derived from
shale and thick deposits of sand, gravel and pebbles.

Typical rvelief is rolling to hilly with excessive drainage.
Primary and secondary forest are the present vegetative
cover. In some cultivated areas, corn, upland rice, bananas,
camote and coconuts are found.

Madunge clay loam (212).—This type is an extension of the
game type established in Davao. It covers a hilly area along
the border of Cotabato-Davao boundary east of Buayan River
Vegetation ig chiefly cogon in the open areas. The rest is i
gecond-growth and primary forest. Kaingin is the usual. cul-
tivated spot found in the area. In the less steep portiong sea-
sonal crops like rice and corn are grown. Abaca is also
planted,

Deptn -
ent. Characteristics

0- 15  Dark brown to almost black sandy loam, friable and structureless.
Slightly compact and fair in organic matter content. Stones
are absent. Boundary to the next layer below is gradual
and wavy.

96~ 60  Medium brown to brown sandy loam, slightly compact. Strue-
tureless. Gravel sometimes present. Boundary to the lower
horizon is clear and wavy.

B0- 170 A layer of pebbles and stones imbedded in sandy clay. Below
this layer is sandy clay.

MALALAG SERIES

Soils of this series consist of brown to grayish brown, friable,
thin surface and subsoil with low fertility. - The relief ig hilly
and mountainous with excessive drainage. Primary forest an'
cogon are the present vegetative cover. Only one soil type wat
mapped under this series in this province.

Malalag loam (213) —Being established in Davao, this soil
extends into Cotabato along the boundary of Cotabato and Davag
where the two provinces share a peninsula. The land is fe
the most part rollmg and hilly, some patehes

MISCELLANEOUS LAND TYPES

Hydrosol (1).—This represents a group, the principal charac-
toristic of which is its submergence throughout the year or the
wreater parg of it. It is of two kindg, the swamps and marshes.
~ Swamps by areas mainly covered by dense
A great portion of these rises

w tide and becomes sub-
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of the Ambal River. The river has cut deep east of the area
and left this waste land dry the year round. Boulders, pebbles,
pravel, and sand cover the place. It is of no agricultural
importance. The Bureau of Public Works is presently using
the sand and gravel for road construction.

Mountain soils, undifferentiated (45) —This covers by far
{he largest single group of soils mapped. The reason for this
is lack of transportation facilities and roads, the wild country,
{he poor peace and other conditions prevailing in the province
or parts thereof at the time of the survey. Another reason
is its isolation, peopled only by nomadic pagan tribes with
little or no means of transportation. Agriculturally, these
lands are presently of little value. A great part of these lands
are rough and thickly covered by forest. Without roads de-
velopment of these areas is a gigantic task.

On the northern boundary (Cotabato-Lanao) is wast traet
of land, development of which is easy if penetration by Chris-
tian settlers is made possible. This can be achieved through
{he construction of roads and improvement of the peace and
order condition in the place. Criminals from three provinces
__Bukidnon, Cotabato, and Lanao, find the place a gafe refuge
from the arms of the law. Suitable guides are very hard to
socure. Tribal enmity also helps in the isolation of the place.
~ There iz no doubt that these areas now classed as Mountain
Yoil Undifferentiated, will play an important role in the econo-
mic life of the province. Its vast tract of timberland is a
gource of wealth. The minerals hidden await the day when
roads are built in the territory. The virgin soil in the rolling
areas and valley floors require only the opening of these lands
{o agriculture. How much of these are suitable for agriculture

i# hardly known.

Figure 9. Profile of Nupol sandy loam.

Marshes are represented by accumulated water along rive:
afad.lakes, notably the Liguasan and Libungan marshes. Oth
similar areas exist but are small in extent and of little import
ance. All are fresh water marshes and mostly covered by
gras:ses. No salt water marsh was mapped in the province. .'
i I};lguasan Marsh comprises parts of Buluan, Pikit, Pagalungal

abacan, and Mlang; the Li 3 i
Pl Dulag eT lrIbungam Marsh, par.ts of Tumbag Mountain soils, undifferentiated, cover vast tracts of land
g som.:ce o gam?nﬁsh a‘;sg 1:}?;*‘]3‘::‘5‘3 ?ret%f little value along the western coasts of the province to the east of Sa-
il ke fo’r i ,h Sl . In these marshes th pangani Bay, along the Davao—Cotabato boundary north and
the natives. In some ca]sis vlvhzr the eg’? Wi }?SEd i i o Kidspgmar. e ol et
cultivation, lowland rice is grc?wne WI?TEZI;'ISDS lf':tHOW to n Rugragato atg Rl sror of 5ok R S
e : ulawan a 4?__‘ Soils undifferentiated (488) .—The group represents soils of

.As in th‘? case of the swamps, the soils under water are ¢ Tk ' g 121;110;1 t;;aafnleasclgfo;hi?rf;; ccm;x:;il;'di;
. different lkmd but are not delineated due to diflicu : e i8 | : p dit{o
setting soil boundaries. bbbk ' : ' ik o mrl kel
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i a guide and will greatly help the fieldmen in the identification
of the different textural classes,

Sand.—Sand is loose and single-grained. The individual
prains can readily be seen or felt. Squeezed in the hand when
dry it will fall apart when the pressure is released. Squeezed
when moist, it will form a cast, but will erumble when touched.

Sandy loam.—A sandy loam is a goil containing much sand
with enough silt and clay to make it gomewhat coherent.
The individual sand grains can be readily seen and felt.
Squeezed when dry, it will form a cast which will readily fall
apart, but if squeezed when moist, a cast can be formed that
will bear careful handling without breaking.

Loam.—A loam is a soil having a relatively even mixture of
different grades of sand and of gilt and clay. It is mellow with
somewhat gritty feel, yet fairly smooth and slightly plastic.
Squeezed when dry, it will form a cast that will bear careful
handling, while the cast formed by squeezing the moist soil
can be handled quite freely without breaking.

Silt loam.—A silt loam is a soil having a moderate amount
of the fine grades of sand and only a small amount of clay,
over half of the particles being of the gize called “silt".
When dry, it may appear cloddy but the lumps can be readily
broken and when pulverized, it feels soft and floury. When
wet, the soil readily runs together and puddles. Either dry
or moist, it will form casts that can be freely handled without
breaking, but when moistened and squeezed between the fingers,
it will not “ribbon” but will give a broken appearance.

Clay loam.—A clay loam is fine-textured soil which usually
breaks into clods or lumps that are hard when dry. When the
‘moist soil is pinched between the thumb and fingers, it will
form a thin “ribbon” which will break readily, barely sus-
taining its own weight. The moist soil is plastic and will form
4 cast that will bear much handling. When kneaded in the
hand it does not crumble readily but tends to work into a heavy
compact mass.

Clay.—A clay is a fine-textured soil that usually forms very
hard lumps or clods when dry and is quite plastic and usually

#ticky when he moist soil is pinched out between
@ tht [ 1 bhon.”

lﬂgk '

plant materials is mixed with the peat. ati i
predominantly marsh grass with somepbanca;rgsee:?geéﬁ'iiz 1; 0
its low position—the soil being barely above the level of the
wa!;er——o.nly a small portion of the area is presently eultivafe -\:
_It is easﬂy. flooded with a slight rise in the level of the lake
Lowland rice is the only crop planted. Practically no othe .
crop can pe planted due to the waterlogged condition of the
soil. Dl‘"amage will undoubtedly increase its crop adaptabilit “:.
and agricultural possibilities. ‘

T'he. s:%oil is very dark brown or black when moist 0-j
drying it becomes brown, very light and spongy. FI‘OIil th
sur.face to 150 centimeters deep, the goil is very uniform
It is safe to assume that the soil is very much deeper an
of the same material. At the time of the survey there Wer
no .means of determining what material lies beneath 15
centimeters. |

SOIL TEXTURE AND MECHANICAL ANALYSIS OF
COTABATO SOILS

: By soil texture is meant the relative proportion of the various
size groups (soil geparates) that compose the soil. The different
soil sepa:rates are grouped according to size of particles. Size

' _of ﬂ’-le different particles range from less than 0.002 millimeter
in diameter to 2.0 millimeters. Particles larger than 2 milli-
mett?rs but Iess.than 10 inches are considered coarse skeleton
Their presence in sufficient quantities has produced class term
as gravelly loam or cobbly loam, ete. Clay, the finest is':
be_loyv 0.002 millimeter in diameter; silt, fron;. 0.002 to 60
millimeter; fine sand, 0.02 to 0.2 millimeter; and coarse saz’ld
from .0.2 to 2.0 millimeters. According to the amount "
ggiddlffletrenlt size g;lroups the soils are given class names as
- , silt, clay, sandy loam, si
N be.y v , silt loam, sandy loam, ete., as ‘the
The different soil separates are determined i d '
by means of mechanical analysis. Mechanin?aﬁh:.;?t?;sliztogg
the different soil types are conducted as a check against the
Mleld classification which is done by the feel method., A V(—JI‘Bj
~close approximation of the textural class can be d'e.termine
‘ -’chis method. Frequent checks, howeve it Inborator
¢ mination are necegsary to acquire ae T 1
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TABLE 14.—Awerage mechanical analysis of the Soils of Cotabate Provines

Soil
b Sl Total Sand Silt Cla
s colloids. | 2.0-0.05 |0.05-0.002 1039(1)%%
Per cenl. | Percent. | Per cent.
449 | Aroman clay loam __
484 | Balut clay ijr;am,ﬁ_____..::—,,: 77777 B P e 3}.2 B
440 | Banga sandy loam _.____ T S G TR i e .
4?16 Buayan clay loam_____ __ ¥ zg' 4 oot &
432 | Buldun sandy loam® ____ ‘}3 0 gg 5 A
438 | Dadiangas loamy sand___ 1 o dg 0 -
437 | Dadiangas sandy loam 2 _ }3 g B4 i
454 ]?ahean elaeloamt e T 12]'6 S )
460 | Glan clay loam ._. . __ 1 ‘248 a5l
452 Kabacanelay....__.____ %2 : i 0g
gﬁd Kabacan clay loam=» e ?‘-G ‘24'4 P
583 | Kidapawan sandy clay loam 3)3 : g acs
4:18 K.ul:,larzmgan Glasr e e "‘3'? e S
iiﬁ }_-ﬁélloam“,w,._.___._‘,, g 0 SRR IR 3)73 igg %go
2 sutayan sandy loam _ 56 5 i
;114 lﬁa}cardloam,i,,___::,,, 4213 g gjg 196
2 afandag fine sandy loam ¢ air0
445 | New Iioilo fine S D 2250 & 2500
434 I}'upol saridyako rr iR B 02]5)) §2‘4 a2d
4]:!1 Parang clay loam __.__ . __ b 192 e ae
451 | Quilada sandy clay loam . - : e ?2_ : g
190 §an Manuel loam. o i 2o . §0-6 73 520
96 | San Manuel sandy loam . ___ ... ___ . 8.6 pie i
94 | San Manuel silty clay loam ___ 5 '.3 8 e i
44{1_ rS‘molon sandy loama ___ . ERES ¥ i']'?'ﬁ 18'4 59
4550 T 2montaicalol gyt fic ISR E, 5. - i .
fi3U Tlm_ag_a clayviloamo e & i ?4'2 S £
270 | Tupifine sandyloam.______ "~ égg %gg gzi

MORPHOLOGY AND GENESIS OF SOILS

Soils are natural media for the growth of plants.” }

are dynamic, ever-changing materials that vary from on

place to another depending upon the interplay of the factors of

.301_1 forn’{ation, but they normally reach a state of near equil
brium Wlth their environment after a long period of exposu
to.a given set of conditions. The five principal factors j-
S(.)ll f?rmation are: (1) parent material; (2) climate; ’.j
biological activity (living organisms) ; (4) relief; andl, (

time. All these soil-forming factors are interdependent, eacl

modifyi‘ng the effectiveness of the others. The character of th
veget.atzon is determined, in part, by temperature and rainf -I
and in ‘turn modifies the effects of these, especially rainfa.'
The ?ehef influences, through drainage and runoff, the effect)
of rzjunfall and of time. The character of the parént madt; c
mcidzﬁeils the effect of rainfall and of time. "3
n the soil map of the world by Fi y

Ph'il'ippines falls in the region oiy th:an%]ec?ngng r;}:’l?;;]: aé -
This is a generalized map, however, hence other | i

occur, the presence of whick - ¢

amdls
S H 1

HSUury W |

MORPHOLOGY AND GENESIS OF SOILS T

divided between the red or brown and dark colored groups.
They range from light brown or reddish brown to dark gray

or black surface soils and yellowish brown to gray subsoils.
The surface soil is prevailingly fine in texture although there

e also extensive areas of medium-and coarse-textured soils.
Many rounded as well as angular boulders are found on the
wurface and in the soil in large areas in the mountains. In
limestone areas outcrops of limestone bedrock occur. The
greater part of the surface soils are somewhat plastic and
wticky and the same is true with the subsoilg, but a number
of them become friable on drying.

Cotabato Province falls under the Intermediate B type of
climate, characterized by a more or less evenly distributed
rainfall without any dry season. The mean monthly rainfall
{n the driest month is 75.2 millimeters and 2822 millimeters
I the wettest month. The relative humidity is constantly high
owing to the great amount of water vapor in the atmosphere,
due to the evaporation from the sea, the great expanse of the
{orests, and the abundant rains, which is evenly distributed
throughout the year. Because of the frequent heavy rainfall,
leaching takes place resulting in the waghing away of calcium
earbonate, the main mineral component of some of the rocks
piving rise to the soils.

With the exception of the lakes and marshes, all parts of
the province must have been originally under forest cover.
Ag time passed, however, the kaingin system of agriculture
practised by the native population resulted in the emergence of
wide grasslands both on the plains and on the hills and lower
‘mountain sides. During the process of soil formation a fair

mount of organic matter accumulated in the soil. The soils
that developed under grass are darker-colored than those under
forest, but do not, as a rule, contain higher amounts of organic

matter than the latter.
The province is underlain largely by igneous rocks with some’
glomerate and agh beds and lesser areas by recent alluvium,
dimentary rocks such as shale, sandstone, and limestone,
ised coral ree (st of the igneous rocks are of the
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posited on the valley or along streams. Those of the latter clag
~are either colluvial or alluvial.

The soils derived from rock material weathered in plac
belong to the Kidapawan, Malalag, Parang, Langkong, Buldun
Tupi, Madunga, Tacloban, Balut, Nupol, Matulas, Kudaranga
Aroman, Quilada, and Faraon series.

Soils formed from alluvial material include the San Manu
Dadiangas, Banga, Sinolon, Malandag, Kabacan, Timaga, Glan
Buayan, and Dalican series.

Some of the soils of Cotabato are zonal and some are in
trazonal and azonal. The zonal soils include those havin
well-developed «oil characteristics that reflect the influend
of the active factors of soil formation—climate and liv
organisms (chiefly vegetation). These characteristics are bes
developed on the gently undulating (but not perfectly level
upland, with good drainage, from parent material not of extrem
texture or chemical composition that has been in place long
enough for the biological forces to have expressed their fu
influence. The Kidapawan, Parang, Tacloban, and Aromal
soils may be said to belong to the zonal group of soils.

The intrazonal soils, on the other hand, have more or led
well-developed soil characteristics that reflect the dominatin
influence of some local factor of relief or parent material ovel
the normal effect of the climate and vegetation. Any one o
these may be associated with two or more zonal groups but n
one with them all. Most of the soils of Cotabato fall under this
group. ;

The azonal soils are without well-developed soil characteristic
either because of their youth or because conditions of paren
material or relief have prevented the development of definit
soil characteristics. Each of them may be found associate
with the zonal groups. San Manuel, Kabacan, New Iloil¢
Tamontaka, and Timaga series belong to this group.
_ Cotabato soils were developed under different sets of condi
tions. Although climate has exerted practically the same in
fluence upon their development, the variety of combinations @
the forces of soil formation have caused different degrees @ r
profile development.

- Based upon topography mode

| $u1 [ Hii fall

MORPHOLOGY AND GENESIS OF SOILS

Profile Group II

Banga sandy loam

Buayan clay loam

Dadiangas loamy sand
Dadiangas sandy loam
Malandag fine sandy loam
San Manuel gravelly loam
San Manuel sandy loam
San Manuel silty clay loam

Profile Group IIT

Dalican clay loam
Glan clay loam
Kabacan clay loam
Libi loam

Lutayan sandy loam
Tamontaka clay loam
Kabacan clay
Timaga clay loam

Profile Group VI

Buldun sandy loam
Langkong sandy loam
Makar loam

Sinolon sandy loam

Profile Group VII

Kidapawan clay loam
Kidapawan sandy clay loam
La Castellana clay

Macolod clay

Malalag loam

Nupol sandy loam

Parang clay loam

Tacloban clay

Tupi fine sandy loam

Profile Group VIIIL

Aroman clay loam

Balut eclay loam
Kudarangan clay

Madunga clay loam
Matulas fine sandy loam
New Tloilo fine sandy loam
Quilada gandy clay loam
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PRODUCTIVITY RATINGS OF THE SOILS OF COTABATO

¥
[

Soil productivit
In forested are

or in newly settled and sparsely populated districts th

~will prove very usgeful.

The topography i

OF COTABATO PROVINCI

Productivity rating is a summarized expression of the produc

These are generally formed o
of labor, capital, and the soils’ characteristics in the productio

ludes soils on older alluvial fans, alluvid
plains or terraces having moderately developed profiles (modé

mc

.

SOIL SURVEY OF COTABATO PROVINCE
Many of the higher coastal terrace soils belon
In the method advanced by Storie four factors ai

The topography is generally rolling to steep.
In other words, it is the actual performance of th

Under Profile Group IX are soils on upland areas developes

Profile Group VIII includes soils on upland areas develope
on goftly consolidated material.

Profile Group VII are soils on upland areas developed o
on consolidated sedimentary rock. These are soils that haw

hard igneous bedrock. These are formed from the underlyin

Profile Group VI are soils on older terraces and uplan
areas having dense clay subsoil resting on moderately consoli

dated material.

Profile Group 111
rately dense subsoils) underlain by unconsolidated material

These are generally deep soils not underlain by claypan @

hardpan.

0
igneous rock and occupy a rolling to steep topography. Th

These are characteristics of the soil itself including the so
profile; texture of the surface soil; slope; and conditions @
the soil exclusive of the profile, surface texture, nutrient le

erosion, and micro-relief. This method is particularly adapte

been formed on stratified rocks such as limestone, sandston
multiplied together to obtain the final index of productivily

and shale.
ratings are obtained by inductive and deductive methods.

the first method the different characteristics of the soil

Antipolo soil is a good example of soils formed from basalfi
congidered.

rocks.
30il under certain forms of management.

the marly or soft sandstone-like material.
to places where no yield data are available.

generally rolling to steep.
PRODUCTIVITY RATINGS OF THE SOILS

to this group.

of crops.

8

It

is methe
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use. Nor can it be said to represent the inherent pr_?‘odu'ctivity

gh’a% z E f;j
§§B“§ }E" ~§ of the particular soil. Management practices is ar important 1
85, o | Bges leewes 2 | F § factor in crop production. Two soils of similar characteristics I
%gEag LR e Bl e may respond differently to a certain form of management. '
S = ! : £ % The effects of weather condition and management practices |
§E§§§ Eaomratiienieg o o will cause a variation in yield from year to year. It may in- |
SE L ! e f crease or decrease in accordance with the effects of weather.
LoBe, B B e 'g §§ > 2 Productiv_it‘y ratings, Table 15, of Cotabato scils are based _
4 she e iR O T on information gathered from farmers in the course of the j
'§ e ; T B E survey and data supplied by the office of the Provincial Agri-
g | = Evsgs | B35 i 3 culturist, Cotabato Province. Ratings are in percentages based
5 & cg8" % ] E § 2 from standard yields in the Philippines. These are obtained
('|> '“g’ gg02,.8 | 8% {iapie 5 without the use of fertilizers or amendments. Standard yields |
s |z LETEL) P Hinl e are rated as 100. : :
.§ = 7 _:m S TR S It will be noted that except peanut and abaca, for crops
& 'g g’glg g% eI L 5 B grown throughqut the Philippines, most C.ota.bato soils e}fc?ed
“ ; Pﬁfsn = A ég 8 “.che standard yields f?r th.e country. This is not surprising
% (4] g §f§§§ BB 111118 (o E ma]s(;nufch as the pr;;)vmce 1?: ge}rl'y refltlantly openid A higher |
2 gg;:‘a g ' 2 i : yield of crops may be expected here than in mogt provinces in i
2| [gar,s |essaimmsssn |2 s g |
& ;?';% 3% A LAND USE AND SOIL MANAGEMENT
& oEBS .2 8882 '8 'ges = A ; Agricultural practices have not changed much since the turn
'g §§;§§ e H ‘mw i “3 E of the century. Practices handed from our forebears are still
= : ";c: : Gt e E in use. Kaingin is found wherever there are forests. The.u.lf_se
B ggg‘."ég;ﬁ' ARSI ARE T B of crops, such as legumes, designed to conserve the fertility
kS HrEst 2 iE L ol is disregarded. Their presence on the farm is merely incidental.
% 29, 8 | 8388 | 12g 12 2 Ay In Cotabato with large plain areas, the influx of agl"icultural
& 5%3"“§ e Heod picneers, both poor and moneyed, has produced a mixture of
o) —1— R . : 4 antiquated and modern methods of farming. The poor settler,
A WL e e - unable to provide himself with costly farm implements necessary
E e Bl e % to cultivate large tract of land, uses his carabao and plow for
& i e ! ;’j £ planting rice and corn year after year. » :
£ e = ik Corporations also have a hand in the development of Cotabato
2 poE i g § like the Kling, Lebak and Tipudus Plantations, and Matutum
g Fi R Agricultural Davelopment to name a few. These corporations
% 3§§§§ L ?’.t ; p ‘ n of Philippine export crops, like
§§§‘ égg : 2‘—5 ; " to abaca the last named Cor-
ErEhgs i ¢
R 22l
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particular and the country in general. It has for years produced
the best fiber that has made Manila hemp famous in the world
market. The workers have used machines whenever these are
found efficient more than the hand labor, and they have kept for
thirty years a field of abaca plants as good as any abaca pro-
duced in the province. Experiments are being conducted in
connection with the fertilizer requirements of the crop.

Coconut plantations are usually covered by brush, but in the
Ruales Plantation in Cusiong, municipality of Dinaig, cultivation
is practiced. Every year the plantation is plowed 6 inches deep
and cultivated once in three months with a dise harrow. In
this way the plantation is kept clean throughout the year.
Evidence of the beneficial effects of cultivation is the more
luxuriant growth and a heavier yield of nuts in the cultivated
lots. In this plantation, it is claimed that the yield averages 100
nuts per tree per year. "

Clean culture is practiced in abaca plantations exposing the |
doil to the action of erosion during the early stages of the growth
of the plants. However, as the plants mature the foliage forms
a thick canopy over the land and keeps the soil from the pelting
of rain drops. Whatever plant remains left on the land such
ad leaves or sheaths help prevent washing of the soil.

Field crops require a more intensive application of soil con-
servation measures than either abaca or coconut. These rep-
present the food and money crops. Like most farm crops they
are clean-tilled and erosion-promoting. An exception is the
lowland rice which is grown in paddies. The levees impound
the water and at the same time prevent any appreciable erosion.
Soil loss is only through “differential erosion.”

The common mistake of farmers is the cultivation of sloping
land without providing measures for the control of runoff.
While cultivation of the land is a necessity owing to the limited
area a farmer holds, a little care in the use of the land may
help keep erosion to the minimum. Slightly sloping land plowed
on the contour and strip cropped may eftectively control runoff.
Steep slopes may be cultivated only occasionally. Its best use
is for permanent crops like orchards, or as a grassland pasture,
If used regularly for the growing of seasonal crops, terrace
have to be constructed. Very steep slopes ar
forest. land orgfor vwildlife

ok - LAND CAPABILITY CLASSES 35

WATER CONTROL ON THE LAND

Control of water in Cotabato is concerned with irrigation,
drainage, and the control of runoff. Paddy rice culture has a
better chance of success with the use of irrigation water. “lt
also provides the fields a greater degree for diversification.
Wide tracts of level land in Koronadal, Allah, and Cotabato
Plains can be made more productive through irrigation es-
pecially the sandy soils of Koronadal and Allah Valleys. Lagao
farmers in Koronadal are now able to plant rice and other crops
aside from the peanuts and a few vegetables which were
practically the only crops grown before irrigation 'Wat.er was
available. It is fortunate that large streams abound in both
Allah and Koronadal Valleys which can easily be used for irriga-
tion purposes. ;

Along with irrigation, drainage must of necessity be employﬂed
to remove excess water from the fields. Besides, these ?}ams
are low and is only slightly sloping providing very slow drainage.
Low-lying areas which are under water during months of heavy
rainfall can be reclaimed.

By far the biggest problem in Cotabato is control of runoff.
Many farms on sloping areas have lost a considerable amount
of goil. Farms have been damaged. In many instances con-
siderable erosion losses have made farms unproductive. Gullies
have deepened considerably, badly cutting the land and prevent-
ing passage of tillage implements. !

Present practices are not conducive to the conservation of t}_le
so0il. Plowing is done up and down the slope; furrows are laid
in like manner. And where the subhorizons are loose sa,nd
particularly in Allah and Koronadal Valleys, neglected rills
soon become deep gullies. Drainage ditches, sometimes, in one
geagon widen and deepen into gullies. In these areas, the need
for proper land use becomes the greatest need: Present pme-
tices, therefore, must conform with the requirements of the

land.
LAND CAPABILITY CLASSES

For the purpose of making full use of any land based upon soil
congervation pi the land-use capability of the !an_d ig de-
termined, This m certain land characterigtics very

T NG | L thﬁm ar E}Opﬁ; per-
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|

capability is based. As slope increases the dangers from erosion
increase, land-use becomes more limited and diminishes to a
point where only grasses or trees are economical to grow.
Machines have considerably lightened the burden of the farmers
and in a way increase farm incomes; use of machines become
an important consideration in the evaluation of land-use capa-
bilities.

Alicante and Mamisao (3) classify land according to their use
capability into classes A, B, C, D, L, M, N, X, and Y. Classes
A to D are lands that can be economically cultivated for the
production of seasonal crops. Classes I, M, and N are for
pasture and woodland only. These are not suitable as eropland.
Class X is low and may be level but owing to the submerged ‘
condition it cannot be used for farming. The land is mostly
marsh lands. Class Y land is usually very steep, rugged, and
hag little or no vegetation, and has no use other than for |
wildlife.
. Class A land is suitable for continuous cultivation of seasonal
crops without employing special farming practices. Tt is level
or nearly level land and, therefore, not subject to erosion. Tt

ig fertile, permeable, not flocded, and has no stones to hamper San Manuel gravelly loam are both level or only very slightly
tillage. operations. It is an excellent farmland. It needs only sloping. The former is low and constantly wet such that only
ordinary good farming practices to produce moderately high lowland rice can be grown in this soil, while the latter has light
yields. Soil types classed under this capability class are Banga subsoil with very rapid permeability and low available moisture.
gandy loam, Buayan clay loam, Lutay=n sandy loam, San Manuel Class D land is suitable for limited cultivation of seasonal
gilly clay loam, San Manuel loam and San Manuel sandy loam. crops employing intensive or complex application of manage-

‘Clags B land is suitable for continuous cultivation of seasonal - ment and conservation practices. Class D land has slopes
crops using simple farming practices and conservation measures. usually greater than B and C. Erosion is moderate to severe.

The land may have the same relief as A, but it has certain This is best suited for hay or pasture or permanent crops such
natural limitations. It may be low-lying requiring drainage as coconuts and orchard. Owing to the steep slopes susceptibil-
or is too porous that its moisture holding capacity is very poor. . ity to erosion is great permitting only occasional cultivation of
It needs irrigation to produce well. Or if the soil is naturally seasonal crops. This class requires well protected divertion
highly erodible even if it is only slightly sloping it may require terraces and waterways for carrying water out of the field.
- simple erosion control devices. Or the land may be deficient Unless lands for the production of food crops is inadequate
in lime or of very low fertility. These natural limitations retirement of this land to permanent vegetation is its best use.
although of minor importance will cause the soil to be placed in Refrain from its use as a eropland will go a long way towards
a class lower than A. For the purpose, subclasses are assigned the prgservation of mos farmg, Irosion damage is not only
to denote what particular limitatiens are possessed by a piece d to t i Eroalon debms depomted on the
of land to cause it to be placed under a subclass. Subscriptq.:  lower ) eroded
are added to a partwular class to form subclagses, i.e.,, B |
Be. Subscmpts w, 8, and e repreaent dlﬂ’erent

which may denote very low fertility, very poor water holding
capacity, or very shallow soils; and e for erosion hazard.
Another subclass, Be stands for extreme climate limitations.

The different subclasses determine the kind of conservation
practices to apply. Subclass Be, for example may require such
simple conservation practices as contour plowing, strip crop-
ping, liming, or fertilizing.

Class C land is cropland on moderate slope. It is suitable
for continuous cultivation of seasonal crops using intensive or
complex application of farming and conservation practices. The
land possesses severe natural limitations that require intensive
application of conservation measures to allow the land to be
safely cultivated to produce moderately high yields. Buffer
strips, strip cropping, and terracing will control erosion and
permit regular cultivation. Usually this class has a greater
slope than B. Class C land may also be level but is situated
on flat areas very poorly drained and constantly wet requiring
intensive water management., Or it may be a deep soil with
thick light topsoil and very light subsoil with very rapid per-
meability and low available moisture. Tinambulan peat and
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LAND CAPABILITY CLASSES

TABLE 16.—Land capability classes of Cotabato soils.

89
/

Class L land occur in level or nearly level relief. It is either

too wet or too stony to be suitable for cultivation to crops as

Soil type.

Slope-
erosion
class.

Soil
those for class A. It is, however, suitable for the production e/
of forage grass or woodland products without any restrictions. N
Class M land is normally more steep than class D and, there- 150
fore, it should be retired from cultivation. It is suitable for 0
growing permanent vegetation either for pasture, forage, or ' 1%
woodland with moderate restrictions of use. The restrictions 13
consist of limiting grazing to the carrying capacity of the i
pasture. A good range management includes, (1) construction . i
of contour furrows and contour ridges to check runoff and b
and conserve moisture; (2) planting of desirable forage plants; i
(3) fertilization and liming; and (4) proper seasonal use and 13
rotation of pasture to permit the grass to recover and form seed. i
A class M land may also be level or nearly level where forage %
vegetation is scanty because of dry climate as in arid regions, or 147
it may be bottom land or low land subject to extreme deposition i
or erosion. 182
Class N land is generally more rugged than class M land.
If used as a pasture, more intensive range management practices i
are necessary as compared to M. Moreover, a very severe re- i
striction in the way of limiting the stock number is enforced. 191
It is best to use this land as a woodland. %gi
4
It will be noted in Table 16 that some of the soil types were i
classed under two or more land capability classes. The reason bt
for this is that these soil types occupy rolling to steep relief, 162

Buayan clay loam
Lutayan sandy loam __ oo iiammeo oo
San Manuel loam.__ ..
San Manue] sandy loam. . - oo el
San Manuel silty elay loam_ . . oo
Glan clay loam_._ .- _ =
Kabacanelay - .occoooono -
Kabacan clay loam._ .. ____
Tamontaka clay - oo -o--
Timaga clay loam ._
Tinanbulam DeAt - weeeciboomoddmpmarmmmmmonsnemma e
Dadiangas loamy sand - ..o .-~ 3
Dadiangas sandy loam. . _........-
San Manuel gravelly loam
Buldun sandy loam__ ... -—--oo.
Dalican clay loam_ - oo momomccionos
Langlong sandy loam._ oo
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Malandag fine sandy loam_.
Banga sandy loam_ .. -

Sinolon sandy 108M - - - e e aeemnmme e

Aroman clay 10am - o o oo
Matulas fine sandy loam
Quilada sandy clay loam

Faraon olay oo occacMeamssiiiotodiaeckeanaiooo-

New Iloilo fine sandy loam oo mo oo
Kudarangan elay . - oo oo ooommmmm e oo
Kidapawan clay loam_ . .o e
Kidapawan sandy clay loam. . ... .-~
La Castellana clay._. .-
Parang clay loa
Tacloban clay_
Tupi 8ilt 1oAM o oo oo e e e emmm e
Balut elay 10aMm - - - oo - cmem e o e o mcmmmemme e eoaio e
Macolod Clay oo om oo omeem o mmm e emmmmmmmmma
Madunga clay loam - oomimoo i hmeeeeoo
Malalag oA - o comemmmmmmcnmememmmmmeemmeomeao
Nupol sandy 1oam oo oo e e
Hydrosol © ot eimcc oo emcewmmmmm—mm—mmmmmommooeosc
Rivetwagh el e L et

: Ta—o

" ' 1
7
e
©
i
(=1

Laﬂﬂ
)
1

a-0

o®
Lo

TRoRETP D
BT e D]
[l =R—]

ﬂantll“ﬂn

1

PR
e e e

Capability
class.

e

the variations in slope wide enough to cover two to four classes.
Kudarangan clay was classed under two land capability classes.

Class X land is for wildlife only. The land is level or nearly
level but is permanently wet and cannot be drained. It ig
suitable for permanent vegetation but not economical for grazing
or for the production of woodland products. It may be used as

fishing grounds. The marshes and swamps are included in thig
clags. : 1

Class Y land is for wildlife only. The slopes are usually ve
steep, rocky, or rugged. It cannot be used for the economi
production of pasture or woodland products. Riverwasgh,
though level or nearly level, belong to this class owing‘ to it
almost barren condition.
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Animal nianures, green manures and commercial nitrogenous
{ertilizers such as ammonium sulfate and sodium nitrate correct
nitrogen deficiency. Phosphate deficiency is remedied by the
application of phosphatic fertilizers like superphosphate and
guano. The application ¢ wood ashes and/or commercial
potassic fertilizers like muriate of potash, and potassium sul-
fate checks the deficiency in potassium.

Extreme soil acidity, which is also found in some Philippine
goils, is corrected by application of lime. This does not only
correct the acidity, it also supplies calcium. Magnesium de-
ficiency is remedied by the addition of dolomitic limestone or
magnesium sulfate. The incorporation of some trace elements
in certain brands of commercial fertilizers to correct such de-
ficiencies in the soil is now becoming popular.

CHEMICAL CHARACTERISTICS AND FERTILIZER
REQUIREMENTS OF THE SOILS OF
COTABATO PROVINCE

By GLoria B. QUERLIERO, EUSEBIO A. AFaga and MARTIN V. TIANGCO *

4

The laboratory investigations on the chemical, physical ant
biological characteristics of the soil are conducted in the Soi
Laboratcries to supplement the classification of soils based ot
the morphologic, genetic and cartographic studies in the field
These investigations, especially those involving the chemies
characteristics, are useful in tracing the development of soill
from their parent materials and formulating sound soil manag
ment and cropping practices,

Studies on the chemical properties reveal:

1. The scil reaction or the degree of acidity or alkalinity of i

soil, which serves as a guide for determining the natura
crop adaptability of that soil;

2. The presence of nutrient elements required by plants fou

their growth whether in sufficient, deficient or excessive
amounts ;

3. The presence and kind of toxic substances and degree of

toxicity of such substances; and, ;

4. The fertilizer and lime requirements of the soil types fol

increased crop production.

Carbon, hydrogen, oxygen, nitrogen, phosphorus, potassium,
caleium, magnesium, sulfur and iron must be present in larg—
amounts to satisfy the needs of the plant for their growth,
Boron, copper, manganese, molybdenum and zine, the so-called
rare or trace elements, must also be present, although in very
minute quantities as a fraction of one per million. Only carbo al
hydrogen and oxygen come from the air; the rest are derived
from the soil. A deficiency of any one of the essenial plant
nutrient elements adversely affects the quality and quantity
of crop yields.

Nitrogen, phosphorus and potassium are the elements thak
usually become deficient or critical in amounts due to tillage,
cropping, leaching and erosion. The application of manur"
and commercial fertilizers thus becomes necessary in order (o
replenish the supply, or to replace what the crops have tak
from the soil and those elements lost through leaching or erog

* Superviging Analytical Chemiat, Soil |
? % = : €

METHODS OF CHEMICAL ANALYSIS

The determination of replaceable or readily available soil con-
stituents was preferred to total analysis because the results
obtained with the rapid or availability tests correlate better
with plant growth or the response of plants to fertilizer treat-
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In the preparation of samples for all the chemical tests, thi
surface soil samples were first air-dried, pulverized with
wooden mallet, passed through a 2-mm. gieve and thoroughl

The pH value or soil reaction or the hydrogen-ion concentrs
tion in the soil is determined with the use of a Beckman
meter fitted with a glass electrode. Ammonia and nitrates wex
determined by the methods of Spurway (40). The Truog metho
(45) was followed in the determination of readily available pho
Available potassium, calcium, magnesium, mangane
and iron were determined according to the methods of Peedl
and English (35). A Leitz photoelectric colorimeter provide
with suitable light filters was used in the colorimetric determing
tiong of the above constituents.

INTERPRETATION OF RESULTS OF CHEMICAL TESTS

Soil reaction or pH value—This means the acidity or a.lkalin'
of the soil expressed mathematically as the pH value. A
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The pH values of the surfase soils of Cotabato Province range
from 5.70 (that of Glan clay loam) to 7.30 (that of Nupol sandy
Joam) as shown in Table 2. Of the 24 soil types analyzed, 16
goil types are slightly acid (pH 6.0-6.5) to very slight acid
(pH 6.5-7.0) in reaction according to Pettinger’s chart. These
goil types that are slightly acid in reaction are San Manuel
gilty clay loam, Sinolon sandy loam, Kidapawan clay loam,
Quilada sandy clay loam, Aroman clay loam, Kabacan clay,
Timaga clay loam, Malandag fine sandy loam and Makar loam.
Those that are very slightly acid in reaction are Dalican clay
Joam, Faraon sandy clay, Kabacan clay loam, Lutayan sandy
loam, Parang clay loam, Kudarangan clay and San Manuel clay
loam. The soil types of medium acidity (pH 5.5-6.0) are Tupi
uilt loam, Glan clay loam, New lloilo fine sandy loam, Banga
gandy loam and Malalag loam. Buayan clay loam, Tamantaka

TABLE 18— The pH requirements of some economic plants.

San Manuel silty clay loam__
Sinolon sandy loam

Kabacan clay loam
Kidapawan clay loam
Lutayan sandy loam
Quilada sandy clay loam ___
Parang clay loam
Aroman clay loam
Buayan clay loa

Glan clay loam__

"""""" : g (| sullable for growth of upland wiee, variety Inintiw, by Rola, Nona A.

Kudarangan clay
New Iloilo fine sandy loam __
Timaga clay loam 4 ;

Malandag fine sandy loam___| 6. a4 i

Tamontaka clay 5 2 ) i alph

value of 7 indicates precise neutrality, lower values indi
idity, a igher indi ini i ] Strongly |Medium | Stightly | Neutral | Stightly |Mediux
ac t)(,_ nd higher values -mdlcate alkghn}t_y. This property ¢ rongly | Medlum | SUERiLy | HEEEN SHBER Vel tin
the soil affects the behavior and availability of plant-nutries i Gl pH R
. G -0, 5-6.1 .2-6.9 7.0 7.1-7.8 | 7.9-8.5
elements and those of toxic substances. It constitutes a vel - = 54. : Lo :
important limiting factor for plant growth and reproduction ‘Abaca ! Al 2 0 ’ 5
ca - ) i L
TARLE 17.—Chemical analysis of the different soil types of Cotabato Y 5 X ;r"( % --------
: ¥ X Y
Province. 1 ¥ x X Y 0 0
A Ve D€ X YRR o
. 2 % Y N X X X X
Available constituents in parts. per million (ppm.) S Hce oo Y X X b X 0]
; e
pH i I i
vaue | Am- | Nb, D8] Po- |l | Mag | TR pg potatoT 1111l Lo Bt sl SRROKE o 0
monia 08 tas- cium |nesium | oo 2 % § %,{ 0 0 o
(NHJ) [(NO )| (B) | (K) | (Ca) | (Mg) | (Mm) Y X X x b4 %
Ko e e
Dalican elay loam___.____—_. .60 10 10 89 96 | 2,600 L
________________ .95 [ 10 2 28 55 | 2,200 u__Y___v § %{( %‘c ;{{ ;{f

80| 10 2 16 | 82

X—most favorable reaction

Y.—reaction at which plants grow fairly well or normally

(O-—unfavorable reaction

i faged from the soil reactions where they are grown with the productivity ratings

wf the goil types in 11 provinces, A pH ranging from 5.7 to 6.2 was found to be most
and N. L.

Ualver, 1040, Effecta of soil reaction on the growth of upland rice and on its nitrogen,

, phogphorus and e Philippine Agriculturist 88:120-125.
& Laken mostly Welr, 1086, Soil Sclence, Its prineiples and

avence of plants, Mich, Agr, Expt.
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in available form. Other factors than reaction may promote the presence
of an abundant supply; moreover, certain crops having a low requirement
may be fully satisfied with a low supply.

clay and Nupol sandy loam fall under the group of sligh
alkalinity in soil reaction. In other words, basing on the p
value of these soil types they fall only under four classes &
alorementioned.

Referring to Table 18 which shows the pH requirements o
some economic plants, the soil types which reacted most favorihl
to rice are San Manuel silty clay loam, Sinolan sandy loan
Tupi silt lcam, Quilada sandy clay loam, Glan clay loam, Net
Iloilo fine sandy loam, Bafiga sandy loam and Malalag loan
The soil types which reacted unfavorably to rice are Buaya
clay loam, Tamontaka clay and Nupol sandy loam. The re
of the soil types have reactions at which rice may fare well 0
normally. In other words, of all the soil types analyzed i
Cotabato province, only the three mentioned are not advisabl
for rice growth. The productivity ratings for upland rice 4
shown in Table 15 contradict this statement. This show
therefore, that although the pH value is the limiting factor 10
plant growth, this cannot be the only basis because such soil type
like Buayan clay loam (pH 7.2) and Tamontaka clay (pH 7.0
which have crop productivity ratings of 125 and 120 respec
tively, for upland rice have also quite sufficient amount
phosphorus and potassium. In other words bhecause of thi
slight increase of value of these 2 soil types from the neutrs
reaction, the unfavorable reaction they might have for jn:
might have been offset by the quite sufficient amounts @
phosphorus and potassium they contain.

For further clarification about the previously mentione S
Pettinger’s chart (Fig. 19), Truog(46) recently published
modified version of such showing the general trend of t
relation of soil reaction to the availability of plant-nutrie J
elements. This chart is reproduced here with Truog’s accon
panying explanation.

Ag previously mentioned, plants require different soil reac-
tions or have different pH preferences and different tolerance
limits. Table 18 indicates that plants like rice, pineapple and
tobacco prefer medium acid soils (pH 5.5 to 6.1) while other
species like alfalfa, sugar cane and orange prefer slightly acid
to slightly alkaline reaction (pH 6.2 to 7.8). The pH tolerance
limits for the first group of plants mentioned are estimated at
pH 4.8 to 6.9, while those for the second group are pH 5.5 to
8.5. Certain plants, however, like corn and tomato have rather
wide pH tolerance limits (pH 4.8 to 8.5), although their optimum
requirements are of narrower range (pH 6.2 to 7.0).

Basing on the soil reaction of the different soil types of
(Cotabato provinee, it can be concluded that such crops like
alfalfa, lima bean, corn, lettuce, onion, sweet orange, peanut,
pineapple, rice, soybean, sugar cane, sweet potato, tobacco and
tomato can be grown fairly well.

Ammonia and nitrates—These are the 2 forms of nitrogen
which plants make use of. Nitrogen, a constituent of the pro-
loplasm of every living cell, is used largely by plants in their
vegetative growth. It is also needed vitally for reproduction.
Hoil nitrogen, which is found chiefly in the organic matter,
passes through three stages in order to be used by plants in
i process called nitrification by the action of specific soil micro-
organisms. The nitrogen is converted first into ammonia then
into nitrites and finally into nitrates. Plants assimilate their
Hitrogen from the soil as nitrates, while rice and cther members
uf the grass family absorb ammoniacal nitrogen. This latter
form cannot be leached easily unlike the nitrates form which
are not fixed and which are very soluble.

According to the methods of Spurway for determining both
monia and nitrates, 2-5 parts per million (p.p.m.) of soil
o considered low, 10-25 p.p.m. as medium or normal supply,
d 100 p.p.m. or more as very high or excessive. Low tests
/ also mean that the ammonia is used up by plants as fast
' ( 1 the base exchemge complex of

The influence of reaction on arailability of each nutrient element |
oxpressed by the width of the band (the wider the hand, the mot
favorable the influence) carrying the name of the respective eleme:
Thus, for the maintenance of a satisfactory supply of available nitr
for example, a reaction or pH range of 6 to & is the most favora
Thig does not mean that if the reaction of a soil falls within this rai
sntisfactory supply of available nitrogen is assured, All it means
that as far as reaction is concerned, the conditions are favorable
a satisfactory supply of this element in available form. Also, the na
at pH b does nol necess
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Most cultivated or agricultural soils exhibit phosphorus de-
ficiency. As a result of this deficiency, plants become stunted 131
prowth and have dark green color. Corn plants develop reddish
or purplish coloration on the leaves and stems while some
varieties of rice may be delayed in maturity by as much as two
months,

Potassium.—Table 17 shows that the available potassium con-

the soil types have rather low content of nitrates. In thi
gituation where the supply is rather low, the use of commereit
nitrogenous fertilizers becomes imperative. The choice of th
nitrogen carrier will depend on the cost of the fertilizer
its application and the crops grown. Nitrates are prefer
to ammoniacal nitrogen for short-seasoned crops like vegeta e
because the immediate effect is desired. Long-seasoned croj 3 : 49
like sugar cane and irrigated crops like rice are applied wit tents of the soils of Cotabato Province vary from as low as

the ammoniacal form of nitrogen fertilizer for economy an p.p.m. (Aroman Cla&y loam) to as high as _885 p.p.m. (Buas-rar;
efficiency. clay loam). According to “the Interpretation of the Chemica

Phosphorus.—The quantity of available phosphorus that shoul Analysis” by Marfori, 100 to 150 p.p.m. of avalla]?]e potas-
be present in the soil to sustain normal plant growth varie gium (as determined by the method of fll?eech and Er}ghsh, 1944)t
according to soil and climatic conditions. According to Truo scem to be an adequate supply of this plant-nutrient elemen
(45), under Wisconsin (U.S.A.) conditions the minimum lim in the soil for most crops. With this as basis, there are ?ply
for available phosphorus should be 37.5 p.p.m. for good, heay 5 soil types that do not reach the 100 p.p.m. mark for available
or clayey soils and 25 p.p.m. for lighter or sandy soils. H potassium. They are Dalican clay loam, Faraon sandy clay,
also suggested that for certain sections of southern Unite Tupi silt loam, Aroman clay Ioam.a.nd Malandag fine sandy I?ami
States where the climate permits a longer growing period tha In a critical study of the fertilizer re.qmrements of lowlanc
in the northern part, 10 to 15 p.p.m. of readily available pho rice on some Philippine goil typ'es, Miarforllwl) etea f.'ound that
phorus might suffice for a good crop of corn. For some Philip where the soil is highly deficient in available 'potassuun.ﬂ snf}all
pine soil types, there are indications that 30 to 40 p.p.m. applications of potassic fert.lhzer geperally will not give Im-
available phosphorus, as determined by the Truog method, migh mediate significant increases in crop yield because of the ﬁxatlo‘il
maintain a good crop of rice. (Marfori, 30) : of the added potassium in the kz-ase-ex,change .complg}f of the SOI};

As shown in Table 17, only 10 soil types have less than 8 However, large initial applications of potassic fertilizer on suc¢

p.p.m. of available phosphorus. They are Faraon sandy claj a soil will satisfy or satur‘ate its p{;tas§1um-?x;n%hza1;9:}r1’fgdg}£
Tupi gilt loam, Kidapawan clay loam, Quilada sandy clay loam leave enough - re.adlly_ ava:t_lable: pﬂo asslwi? olt Uy qlq:) %Ound
Parang clay loam, Aroman clay loam, Glan clay loam, Kuda needs of plants, insuring higher c1gp 1\3};1«3}.03. iy lco::\m witin
rangan clay, New Iloilo fine sandy loam and Banga sandy loar that on DBuenavista gilt loam an aligaya clay

: : i i ¢ .p.m. and 50 p.p.m., respec-
As a whole the soil types have rather higher available pho: | available potassium ('zonten;:q oi 9 _ppf = agepstatisﬁcauy
phorus content than those of the soils of some other provine tively, large applications of potassic Ier g )

surveyed like Misamis Oriental, Bukidnon and Negros Ocel significant increases in crop yield, using Guinangang rice as the

e ; iki: ] Manuel siit
dental. These soil types in order to support plant growth an plant indicator. On Marikina clay loam and San Manu

; : : : i
: ; Wi I loam which contain respectively 132 p.p.m. and 161 p.p-m. ©
EifgggigﬁoS‘Zﬁtzeﬁaﬁ ) I;Zi%%%h%fs phospizic S available potassium, repeated large applications of potassic fer-

0 ; g Hlizer did not give at all any statistically significant increase in
Phosphorus is needed in the formation of seeds .and has vield, also using Guinangang rice as the crop indicator.
marked influence on the maturity of crops, especially g : E:;pei'iments by Locgin on potash fertilization on sugar cane
crops. It also hastens the ripening processes in plants, P )’ hin: i #, Occidental Negros (26) ghow
grown in phosphorus-deficient soils are of inferior feedin, - ¢ e wailable potassium, as
because of their reduced phosphorus content. Plants haitive
gufficient supply phorus de

%

> LOTTIA,
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corn or clover will not respond to potassium fertilization, whi
the available soil potassium is 150 p.p.m. or more. '

Potassium is found in both the organic and mineral matti
of the soil but oceurs chiefly in the mineral portion in unavailak
form. Most soils contain relatively large amounts of total a‘}

especially in sandy soils. The unavailable mineral potassiul
gradually becomes available to plants through the action
weathering, by base exchange, and through solution in the s0
matter. In soils where the base-exchange capacity is rathe
large and the total exchangeable base content is low, part
all of the potassium added as fertilizers is fixed in the 1-
mineral exchange complex and may be considered stored £
future use of plants.

Potassium, unlike phosphorus, is not localized in any part &
the plant, although it tends to accumulate in the leaves and ste
instead of in the grains. (It has a tremendous effect on th
gynthesis of carbohydrates and proteins.) It is needed in th
production of starch, sugar and other carbohydrates and in th
translocation of these materials within the plant. Tt also e'-
proves the general vigor of the plant and increases its resistane
to diseases. Millar and Turk (32) state that it increases plu -
ness in grains and makes the stalks or stems of plants mo
rigid, thus minimizing lodging. Plants grown in potassiw
deficient soil have leaves that are yellowish or dull-colored 'v-
the tips and margins which finally become brown, spreading ug

- ward and inward toward the centers. Small, shrunken, ¢
~ misshaped flowers, pods, fruits, tubers and roots are also form

Caleium.—Calcium performs many important functions in th
#oil, affecting it physically, chemically and biologically.
.:-'Jhysical structure of the soil is affected by caleium. Seil colloid
']gturated with calcium are flocculated, while those deficient i
culeium are generally diflocculated. This is the reason why 8 il
high in lime content are more granular and porous,
better tilth and are less easily puddled than soils low in
content. Soild with good tilth are easier to cultivate and has
better aeration and drainage than soils with poor tilth,

- When used as a liming material, calcium neutral

of soils and corrects the toxie co
idity, It a th

According to Bray, (8) for most Illinois or Corn Belt so-,

tassium, but the amount available to plants is generally smal

b A
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deficient soils, phosphorus is usually comparatively unavailable
to plants although the total phosphate content may be relatively
high. Below pH 6.0, the tendency to form calcium phosphate
decreases. 'This phosphate soluble in carbonic acid is therefore
readily available to crops. However, the amount of phosphates
that combine with hydrated oxides of iron and aluminum increa-
ses forming compounds with very low phosphate availability.
Liming, therefore, not only increases the pH value of the soil,
but also increases the availability of phosphorus through the
formation of calcium phosphate which has greater availability

than the phosphates of iron and aluminum.

Truog (46) states that in the nitrification process “the oxida-
tion of ammonia to nitrous by Nitrosomonas and other related
species, and of nitrite into nitric acid by nitrobacter is markedly
retarded by soil acidity. This is due to the sensitivity of these
organisms to the acidity which develops when the nitrous and
nitric acids are not neutralized, as is the cage naturally in an
ncid soils often greatly stimulates nitrification and thus the
production of readily available nitrogen.”

Smith and Hester’s (38) findings on the effects of liming the
g0il on plant composition are: (e) the CaO content of cabbage
loaves had been increased (from 4.42 per cent to as much as
7.53 per cent), (H) besides increasing the yield of tomatoes te
more than double, their vitamin C or ascorbic acid content had
been almost doubled also (from 96 p.p.m. to 170 p.p.m.), and
(¢) corn grain showed an increase in protein content of 40 per
cent due to application of lime alone. 3

Among the many soil types analyzed so far for available cal-
¢ium by the Peech and English method, those that rated high
in crop productivity gave about 2,000 to 6,000 p.p.m, of avail-
able calcium. Calcium contents of the soil types of Cotabato
province ranged from as low as 1100 p.p.m., (Sinolon sandy
loam and Tupi silt loam) to as high as 11,600 p.p.m. (Malalag
loam.) The soil types having available calecium content of less
{han 2,000 p.p.m. are Sinolon sandy loam, Tupi silt loam,
{idapawan clay loam, Quilada sandy clay loam, Parang clay
w lloilo fine sandy loam, Tamontaka

1 loam. These soil types will
] content
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purity of the juice. Experiments by Locsin on liming sugal

cane soil in Occidental Negros show that the yield in the contrg

(no lime)} was 80.62 piculs of sugar while that in the area aj

plied with 3 tons lime per hectare was 116.85 piculs, givin

increase in yield of 36.32 piculs of sugar per hectare due {

liming. Too much caleium content may prove otherwise 4

shown in the same table. This is the reason for the low pre

ductivity ratings of Malalag loam for upland rice, corn an

cassava.
Magnesium.—Soil types that rated high in crop productivity

and which had been analyzed so far by the Peech and Englisl

method in our laboratory gave about 600 to 1,700 p.p.m. ©
available magnesium on the average. However, for certai

¢ species of citrus [pumelo or Citrus mazxime (Brun) Merr‘;
" symptoms of magnesium deficiency had been cbhserved on soil
, that contained even as much as 950 p.p.m. of available magné
sium. Table 17 shows that except for Glan clay loam and Sa
Manuel clay loam, all the soil types of Cotabato province af
below the 600 p.p.m. level and they are rated as magnesium dé
ficient soils. The addition, therefore, of magnesium bearin
i fertilizers or dolomitic limestone becomes necessary to corret
this deficiency.
Magnesium is found to affect the citrus crop especially. Find
ings by Camp et. al.; (12) at the Citrus Experiments Station il
Florida, U.S.A., have shown that in cifrus, magnesium deficieng
had caused a reduction in the total crop, size of the fruit, sugat
acid, and vitamin C contents of the juice.
Manganese—Agricultural soils generally contain very smal
amounts of total manganese, less-than 0.1 per cent (1,000 p.p.m.
but the requirements of plants are so small that they are usuall
#atisfied. The manganese contents of the following plants &
reported in the literature are: cabbage leaves, 34 p.p.m.; raddi§
roots, 29 p.p.m., rice grains, 23 p.p.m.; and tomato fruits, 4
p.p.m. Representative soil types from various parts of th
Philippines which were rated high or at least medium in cr
productivity had been analyzed for available manganese by th
Peech and English method. The available manganese ¢ontent
varied from about 15 to 250 p.p.m. It may be seen in
17 that the soil types that are considered low in manganesa C
tent are Dahcan clay loam, Faraon sandy

1o nnn,'lﬂw 318
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250 p.p.m. of available manganese are Parang clay loam and

Kudarafigan clay.

Iron.—Although the total iron content of an average agricul-
tural soil goes as high as five per cent (50,000 p.p.m.) or more,
the amount of available iron (to plants) is very small. Trace
of iron is present in each soil type analyzed..

FERTILIZER AND LIME REQUIREMENTS

Unproductive soils arise from several factors. One of these is
the loss of plant nutrients by crop removal, eresion, leaching
and volatilization as in the case of n1trogeh The qumkest means
to replenish them is the use of fertilizers. Generally, fertilizers
include all materials that are added in the soil primarily to in-
crease the plant food elements which are indispensable for
proper: growth, higher yield, and better quality of erops.

Fertilizers are ordinarily classified as inorganic and organic;
or nitrogenous, phosphatic, and potassic depending on the prin-
cipal constituent they carry. The inorganic fertilizer may be
further subdivided as single element, incomplete, and complete
fertﬂizér The percentages of nitrogen, phogphorus, and potas-
sium contained in fertlhzers are expressed in terms of (N),
(P905) and (KQO) i

The amount of fertilizers to be applied in the goil depends
on the balanced plant nutrient requirements, soil types, climate,
and the cmpping gystem employed. To obtain better results
and quicker response, organic matter in the form of farm
measutles or composts is apphed in addition to the inorganic
fertilizer materials.

Soil 'reaction or pH-value of agricultural soils generally
ranges from pH*3 to 10. Different groups of crops grow
well within a specific range of soil reaction. Rice and pine-
apple, for instance, prefer to grow on medium acid soils, pH
5.6 to 6.1; while corn and tomatoes have optimum require-
ment of pH 6.2 to 7. In general, pH-value of approximately
6.6 ig degirable for most crops. Most of the plant nutrients
are available at this pH-value.

The deﬁnite range s011 reaction requirements for different
: the addition of Ilmmg materlals in the
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It is calcium carbonate or limestone
about 50 per cent to pass 100 mesh.
less than the other forms of lime.

acid, respectively, as the same weig

tralizing power than limestone.

SOIL SURVEY OF COTABATO PROVINCE

The most common liming material is the agricultural li

TABLE 19.—Fertilizer and lime recommendations for the different
soil types of Cotabato Province for various crops.

pulverized to 20 mesh a
Its neutralizing power i

Pure calcium oxide or lim
and magnesium oxide neutralize 1.78 and 2.5 times as muck
Thi
hydrated forms of caleium, magnesium, and dolomitie hydrati
as well as magnesium carbonate and dolomite have higher n
Nevertheless, limestone is th

ht of pure limestone.

Agricul- Arpmo- Super- Muriati

paeal surllénlllumte i gf;'s h

i a otash

Soil types lime. n (20%N) |(20% P05 (GE%K-T?
Ton /ha. Ky./ha. Kg./ha. Kg. /ha,

FOR LOWLAND RICE

PN eanTclay Tou it im sl e e, SO el e RSl W Rl
Faraonclay— . .
San Manuel silty clay loam _____
Sinolon sandy loam ... ______
Kabacan clay loam _____
Kidapawan clay loam ___
Lutayan sandy loam ._._
Quilada sandy clay loam
Parang clay loam
Aroman clay loam
Buayan clay loam _
Glan clay loam....
Kabacanclay _____
Kudaranganelay ___________
New Iloilo fine sandy loam___
Timaga clay loam
Malandaiiine sandy loam_ __
Tamontakaelay___ ... .__._ .
Banga sandy loam_
Malalag loam _____
Makar loam
SmEnevanuel elay loam _= 0= S0 CUELEEIT T a

IEHRRN Bl Ipa et o it P
Faraon clay— o
San Manuel silty clay loam .
Sinolon sandy loam
Tupi silt loam_ ... _ .
Kabacan elay loam
Kidapawan clay loam
Lutayan sandy loam ________
Quilada sandy clay loam___._

Parang clay loam

Aroman clay loam _
Buayan clay loam
Glan clay loam
Kabacan clay _
Kudarangan cla;
New Iloilo fine sandy
Timaga clay loam ______

Tamontaka clay - ...
Banga sandy loam .
OUID ma s

Malandag fine sandy loam..
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TapLE 19.—Fertilizer and lime recommendations for the different soil
types of Cotabate province for wvarious crops.—Continued

Bifitaon clay il 2o boi s DB
Hun Manuel silty clay loam. .__ .
inclon sandy loam _____
"upi silt loam. . _
Kabacan clay loa:
%ldapawan clay loa
lLiutayan sandy loam
?uilada sandy clay loa
Parang lay loam_____
%ruman clay loam __
uayan clay loam
(ilan clay loam._ .

upol sandy loam
un Manuel clay loam

alican clay loam
‘araon sandy clay____.___.._
Han Manuel silty clay loam __
3 {nolon sandy loam _________
Tupi silt loam__.__
ubacan clay loam

unyan clay loam _
lan clay loam.-
abacan clay ...
udarangan elay ...
ew Iloilo fine sandy loa
maga clay loam
“l“ndai fine sandy loam_
Bhtleatelny. .
o pandy loam
alalag loam ..
ukar loam
upol sandy foam ...
an Manuel clay loam

Dalican clay loam ... oocacooqioioo

3 Ammo- Super- Muriate
; Agricult- nium phosphate of
Soil Types ural sulphate potash
lime 20%N) | (20%P209)| (60% K20)
Ton/ha. | Kg./ha, | Kg./ha. Kg./ha.
FOR ABACA (Maguindanao)
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TABLE 19.—Fertilizer and lime recommendations for the different

X ; Lheapest among the other llmmg compounds m terms of cost
types of Cotabato provinee for various crops.—Continued

per ton.
Some of the good qualities of hmestone which other hmmg

3 Ammo- Super-
Agricul- i .
Al | L e phosphate materials do not possess are: (1) It can easily be spread and

limea | (20%N) |(20%P205,

mixed with the soil, (2) there is no caustic action on the skin,
Gm/tree | Gm/tree | Gm/tree i

and (8) does not injure leaves of plants. i
- The lime requirements of soils depend also on the soil types,

Flan clayiloamm porie s SIS GL DR ] e 50 15
Kabacan clay ... 50

Kudarangan ciay .- 50 R climatic conditions, degree of erosion and the agricultural prac-
New Iloilo fine sam:iy loa 50 100 | _
e e : : B0 oo tices employed. To maintain lime in the soil, liming is necessary
e F e B L A [ S e
%;rr?gosggl;a;lﬁ};‘a ......... i -5 15 every 5 years. Split application of lime in small amount is
ST i} .
Malalag loar - e better on lighter soil than on soils of heavier texture. A
Nupol sandy loam __ RO T oreater amount of plant nutrients are lost at a higher intensity

San Manuel clay loam

of rainfall and degree of erosion, thus requiring more often and
heavier applications of lime. This holds true also where in-
tensive farming and heavier application of mtrogenous fertl-

For COFFEE AND CACAO (1-6 years old

Dalican clay loam .o |mmmmm——n—- 15,0000 oy SRS

Tg;g%ﬁ;%ﬂ;;ﬁ;ﬁgiaﬁ:::::::::::::::::::7 e Y lizers are practiced. : |
Tupi silt loam. . ... 2| 20000 17000 | TT2TE0R Twenty-four soil types of Cotabato were analyzed for their -‘
ey T e e available plant nutrients. The average chemical analysis of
e e i e BB e each soil type is tabulated in Table 17. The fertilizer and |
e e lime requirements for lowland and upland rice, corn abaca,

Huayan clay loam 7,000 L0000 |eu il .

cassava, coffee, and cacao based on the average chemical analysig

ﬁhgl clay lloam, .'i,()(}() 300
acan clay - SO0 2| Bl aainE - . -
Kudarangan clay ... 1,000 3007|__ are indicated in Table 19.
New Toilo fine sandy leam._______L____________._. 1,000 3,600 |___ { : 3 i fi ot Vs .
e i 000 |l Only 10 soil types require lime application ranging from 0.25
Tamontaka clay. . e o e e ié:ﬁoﬁ’ I:OOO 777777 300 ) i ¢ e
Banga sandy loum 20000 1000 300 to 2.25 tons per hectare for lowland rice and abaca; and from
RIE T iloam: s S N G R Y S e 000N Al ] ; y S84
A e L 0.50 to 4.5 tons per hectare for upland rice, corn, and cassava.
1ol gan e oA 0 ) O T s 15000 %] 505 E N E TS L i ( 3
R Manm{dmom _______________________ e P For 1 to 3-year-old coffee and cacao, the range is from 50 to
el ' : 300 grams per tree; and 2.5 to 20 kllos per tree ‘for 4 'to
EORLOR, 6-year-old trees.
iR N S R W O e e Parang clay loam, Buayan clay loam, and Makar loam contain
T e 1] SRS RS R S GO e o g 300 50

) I e [ T | | sufficient amoufats of nitrogen for lowland and upland rice
Sinolon sandy loam __________ ;

Ao 1 i oo - R0 AN 50| 300 300 while the rest require application of ammonium sulfate

horey T by R IDT i S T T ket et
L o e N Y 1 8o | analyzing 20 per cent N ranging from 100 to 200 kilograms per

Lutayan sandy lonm

R ik i LS i S e 800 | 300|360 hy hectare. For all the soil types, the required range is from 100
Peraneclavioarngees. oo o SRR TRl SR 0.50 100 260
anhe s e | 000 L ot to 800 kilograms per hectare for corn and cassava; while that

Buayan clay loam SO0 S k
Glan gﬂy};m ------------ for abaca ig 100 to 500 kilograms per hectare. The requu‘ement
a ayo_.o !

Vet OB e i e e T 800 TRG for 1 to 8-year-old coffee and cacao is B0 grams per tree com-

New I roRandy oo R
Hov il tmesandy T oo e L B pared to 1,0 to Bayear-old frees.
e

Malandag fine sand¥ loam.
Tamontaka clay
Banga sandy lo

Malalag loam .

Makar loam ...

Nupol anndr Tonmise s i
Ban Manuel clay loam
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abaca, and cassava. For coffee and cacao, the range is from
15 to 100 grams per tree for 1 to 3-year-old trees; and 0.3 to
3.5 kilos per tree for 4 to 6-year-old trees. :

Eight soil types do not need application of potassic fertilizer
For the other soil types, the rate of application of muriate of
potash analyzing 60 per cent K,O varies from 50 to 400 kilo:
grams per hectare for lowland and upland rice, corn, abaca,
and cassava. For 1 to 3-year-old coffee and cacao, the range
is from 10 to 30 grams per tree; while that for 4 to 6-year-old
trees is 250 to 1,000 grams per tree. '

The chemical analyses of the 24 soil types for fertilizer and
lime requirements for lowland and upland rice, corn, aba
cassava, coffee and cacao show that in their available for
about 87.4 per eent to 100 per cent is deficient in nitrogen,
45.8 per cent in phosphorus, 66.7 per cent in potagdgium, an-
41.7 per cent in calcium. Considering these deficiencies of
these major plant elements due to the continuous consumption
of plants, weeds and soil organisms, the application of fertilizers
and lime to the soil to maintain its fertility level is unguestion-
able. However, these fertilizer and liming materials must be
used judiciously ; otherwise they are not only injurious to plants'
goil, and micro-organisms but algo uneconomical.

Fertilizers should be applied under favorable weather condie
tions and when the soil contains sufficient moisture. The
various methods of applying fertilizer to the soil are broad-
casting, localized placement, and combination of broadecasting
and localized placement, '

Broadecasting is merely scattering the fertilizers over the
field and working them in the soil evenly. On the other hand,
localized placement means the application of fertilizers in band
along the row, around the plants, or in the furrow after which
it is covered by a thin layer of soil before sowing the seeds,
Drilling, ring or trench, perforation and foliar methods are
some examples of localized placement. This method is laborious
and tedious but the fertilizers are placed within easy reach of
plant roots so that the loss of nitrogen and the fixation of phog-
phorus and potassium are greatly minimized. This holds true
especially to phosphorus being very immobile and easily fixed
in the soil in extreme acidity and alkalinity as insoluble phog-
phates of Fe, Mn, Al, Ca and Mg. Fertilizing permanent cr Op
about half of the recommended zors should
BER Cro| .

within the aub-: !rf"- au
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half is applied at plow depth. In case of trees, fertilizers are
placed along the expanding root system indicated by the drip
line of their crowns.

The time factor is also important to be considered in fer-
tilization. The soluble nitrogenous fertilizers as in the nitrate
forms are applied to the soil just before planting and as top
dressings to maintain proper vegetative growth. The ammo-
nium forms are not subjected to rapid leaching. Soluble super-
phosphates and muriate of potash should be applied during the
last preparation of the land to be planted. Apply the less
soluble forms of phosphates as rock phospate or basic slag few
weeks before planting and sowing; while farm manures and
composts are incorporated with the soil a month in advance in
order that the nitrogen, phosphorus potassium, calcium and
other plant nutrients may be rendered in their available forms
by the time the plant needs them. It is preferable to apply
fertilizers when the leaves of the plants are dry. Deposition of
fertilizers on wet leaves causes the destruction of plant tissues.

If lime is recommended, the same methods are employed as
in the application of fertilizers and under the same favorable
conditions. It is usually applied at least one month before the
fertilizer is added. When the lime requirement is relatively
high, it is advisable to make two or more split applications
rather than one heavy application. A change of more than one
unit of pH in one application is injurious both to plants and
bacteria. Split applications prevent overliming of certain spots
of the area limed. f




IT. SOIL EROSION SURVEY
EROSION SURVEY METHODS AND DEFINITIONS

Erosion survey is an appraisal of the physical land conditions
obtaining in a given area particularly the degree by which ero-
sion has damaged the land.

Erosion * is a process of detachment and trangportation of
soil. Soil is transported through the agency of wind and water.
The quantity of soil removed during a single rainstorm is de-
pendent upon the slope of the land, intengity of rainfall, duration,
and the inherent erodibility of the soil. Two kinds of erosion
are recognized (1) normal or geologic erosion and (2) acce-
lerated erosion. Geologic erogion is a natural process, timeless
in nature and proceeding at a slow rate under conditions of
natural vegetative cover undisturbed by human activity. Soil
erosion or accelerated erogion is a rapid removal of soil caused
by human disturbance of the land surface. Under the collective
influence of vegetation, microorganism, climate, corollary physi-
cal and chemical activities, the soil is so processed normally, as
to establish within its mass characteristics that give it marked
resistance to erosion. Sponge-like and granular topsoil absorbs
rainfall at a rapid rate. Bare soils are very much more sus-
ceptible to erosion than those with heavy plant cover. Long
slopes have higher erogion rates than shorter ones. The reason
for this is that a bigger volume of water concentrates on
long slopes compared to Short ones and the velocity attained
is greater. The soil can absorb only so much water for a certain
- length of time and whatever rain that falls in excess of the
absorbing capacity of the soil is added to form more runoff.
But the vegetative cover shields the soil while the roots bind it
and become more difficult to detachment.

Three types of accelerated erosion are generally recognized,
namely, sheet ervosion, rill erosion, and gully erosion.

Sheet eroawﬂ. 15 ‘hhe more or less even removal of surface
rabﬂity of the scul to this soﬂ

|
:
|
|
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soil itself. Areas where a loose shallow layer of surface goil
is underlain by a heavy subsocil of very low permeability are
subject to this form of accelerated erosion. It is also likely
to prevail on soils of high silt content, fragile sandy soils, and
all soils deficient in organic matter. Sheet erosion grades into
rill erosion. In fact, whenever a great deal of sheet washing
occurs there is bound to appear rills. As the water collects
into streamlets, these cut into the land and leave incisions,
a characteristic of 7ill erosion. These incisions are easily ob-:
literated by simple tillage practices. Gully erosion is that which
results when the concentrated runoff increases sufficiently in
volume and velocity to cut deep incisions into the land. Thes
incisions cannot be obliterated by tillage practices.

Shallow gullies refer to those which can be crossed by tillage
implement and which do not seriously hamper the cultivation
of the land.

Frequent gullies is that condition of the land where gullied
have so scarred the land as to adversely affect proper farm
operations. This, however, does not prevent cultivation of the
land. Gullies in this case are less than 30 meters apart.

Original surface soil refers to the uppermost layer of land
which is of uniform texture and color oftentimes referred to ag
the A horizon.

Original depth of surface soil refers to the depth of the sur
face goil of a virgin land.

In the survey, three physical features of the land were
mapped: (1) soil type, (2) slope, and (3) degree of erosion.
Soil type is determined in the usual manner of classifying soilg
during the soil surveys. Slope is determined by the use of the
Brunton compass.

The degree of erosion is determined by estimating the amount
(usually in per cent) of surface soil, subsoil, or substratum
that has been lost or washed away from the land. The
difference between the depth of the soil and the original depth
is considered as the amount of soil eroded. This is done by
comparing the profile of the soil under study with the virgin
soil profile of the same type under similar conditions. When-
ever the virgin topsoil is shallower than average plow depth,
the position and depth of the lower part of the solum may be’
used in estimating the degree of erosion. Plant sueee
eroawn hlstory, and visible ev1dence of active erosi
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depth of soil together with the presence of gullies are delineated
into the different erosion classes. The depth and frequency of
occurrence of gullies are also noted and classification of the area
affected made accordingly.

In the classification of erosion conditions in the province and
the use of symbols, reference was made of “Miscellanecus
Publication 852 of the United States Department of Agriculture”
with slight modifications. Below is given the different Symbols
used in the survey of Cotabato Province.

0—No apparent erosion. No sheet erosion and no gullying.

1—Slight sheet erosion. No gullying. Less than 1 of
original surface soil eroded. Erosion clags 1 is
mapped if the effects of erosion can be identified
but the average removal is less than % the thickness
of the original surface goil.

2—DModerate sheet erosion. 14 to less than 3. of the
original topsoil eroded. If the thickness of original
surface soil was 16 inches and the present topsoil is
between 4 and 12 inches a sheet erosion of clags 2
would be mapped.

27—Moderate sheet erosion with occasional shallow gullies.
One fourth to less than 34 of the original surface
soil ercded.

8—-Serious sheet erosion. %} or over 3, of the original
surface soil eroded, or all tiie surface soil and less
than 14, of the subsoil eroded.

38-—Serious sheet erosion with frequent shallow gullies. 3/
or over # of the original surface soil eroded or all
surface soil and less than 14 of subsoil eroded.

~ 4—=Severe sheet erosion. All surface soil and 14 to 3,
of the subsoil eroded.

b—Excessive sheet erosion. All surface soil and over 34,
of the subsoil is washed away.

W—No mal erosion (actlve) Removal of the surface goil
l by the formation of soil under-
aing, where
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once the water has cut the resistant subsoil down into a loose
or soft layer of underlying material, the caving-in that results
hastens further truncation of the profile. Unprotected lands
vary in their susceptibility to erosion depending on topographic
conditions and intensity and amount of rainfall. Bare soils are
more susceptible than those with plant cover, and the denser
the vegetation the greater the protection afforded. The greater
the slope the greater is the danger of erosion. Long slopes are

ing the soil reduce the loss of soil to a point whex

soil loss is counterbalanced by the formation of solil
underneath.

Symbols 7 and 8 are used in conjunction with sheet erosion
symbols. They are not used alone.

TABLE 20.—FHuxtent of soil erosion in Cotabato.

Average ' more conducive to high erosion rate than short slopes because
) g amount T £ - L
e ot e salon Exosion griedln i carth lost of the increased speed of the run-'off 'generated as .the slope g_ets
1 oS |@A471 tons/ha ¥ longer. Heavy downpour of rain is more erosion-promoting
5 ) than light rains because of the greater run-off that results.
No apparent erosion .. _.—----_ .. 0 415,489.31 | 1 The soil can absorb only so much water for a certain length of
olight t o) a2 s B e 1 361,285.07 3 150,439, 103, - . . .
i e o e 2 136,199.65 10| 199:055 38 time and whatever rain that falls in excess of the absorbing
Moderate sheet erosion_ ... o 15,158,81 14 29,456, 59 ‘ o ias
Serious sheet €10SION - oo oo o oo o 3 8.498.12 20 | 23]5907 7811 capacity of the soil is only added to form more run-off. Besides,
Berious sheet erosion ..o ___o_._._._ 38 24,575.65 22 75,044,204 1 . . . 5
Hovere to excessive erosion .. - oo ... 4 9.876.20 10 | 54.783 662.4 the large drops of rain that fall during heavy rains exert heavier
Excessive sheet erosion...___._._____ 5 4,823.26 55 36,820,766, ¢ E : 5 A ; .
N Gfinal shiost oot e dols bisiil W | 1,809.859.84 | impact on the soil grains resulting in their faster detachment
Rl asdified aroas LRI R Rl den e L 2l il ey s B R T BT L] :
o —— o from the soil body.
(0L B e v e S e O R et R e e 69, , 499 . . . .
5 T i Observations and interviews during the course of the survey
* Average depth of Cotabato soils: ] reveal the following general causes of erosion in the province:
zﬁﬁff soil e e ff‘ “::t'fi;n&: (1) The planting of corn, which is an erosion-promoting crop,
...................................................... 2 C 1metes . . .

b Gustafson, A. F. Using and Managing Soil: . more than any other crop on the sloping lands in the province.
SRR e g i O S : Corn is a short season crop that does not need as elaborate
77§~ = 1888 fons per hectave, | cenmtimeter deep land preparation as other crops, hence, the moment a clearing

_ is made corn is invariably the first crop usually planted. Be-
Gy R N cause the climate favgrs the planting of three crops a year,
most often the farmerd are led to abuse their soils by planting

The survey revealed that from the time agriculture wél
egtablished in Cotabato there has been lost from the farni
569,195,449 tons of soil, Table 20. At present 415,489 hectan
are not eroded and 560,416 hectares of Cotabato farmlands ai
under all classes of erosion.

Erosion conditions in the province vary widely. Thig |
mainly due to variations in slope. The soil and vegetation all
play a big part.

corn all throughout the year. This is especially true in the

newly-opened areas like Kidapawan, Buldun, Bugasa, and Car-

men. (2) Inadequate protection given the land especially during

periods of heavy rainfall. The rains fall somewhat evenly

during the different months of the year, but more from July to

October. During these months of heavy rainfall, some kind of

'~ cloge-growing crops preferably a legume, should be planted

' instead of corn in order to afford more and better protection to

LaleRs OF soIL BIORLEH the soil. It might be better yet if this legume crop can be turned

‘Other things being equal, the susceptibility of a field to eroa under ag a nure in order to increase the organic matter

is dependent to a large degree on the inherent erodibility o | 4) The planting of steep glopes to sea-

soil itself. Areas with loose shallow surface soil underlain : ;¥ | g |

dense subsoil of low permeability, soils of high silt

fragﬂe gandy soils, st1f‘f clays, and all goily '
are all vulner ~sh
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2 .

Figure 11. 1, Rice intercropped with corm: 2, Clearing on a hillside. Note the

formation of a gully. (Courtesy of Mr. Glicerio Pescador.)

severity of erosion going on in their farms and the advers

effects resulting from it. The soils most affected by ero

are deep soils with more or less uniform characterestics [

the surface down to the parent material. For this reason

farmers think they are still farming on the fertile st

soxl when in fact they are already working on the sub
le there has 1c
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FACTORS AFFECTING SOIL EROSION

Soil erosion is always associated with the cultivation of the
land. Crops demand the elimination of weeds to produce their
best. The process benefits the plants and at the same time
saves the farmer the cost of the fertilizer the weeds may absorb
if not removed. But in so doing it exposes the land to the
action of rain splash and surface runoff. In this way farm-
lands are eroded and in many instances neglected causing con-
siderable losses in fertilizers applied and also the soil itself.
Too often demand for farm produce has focused hig attention
to the production phase of the farm operations forgetting the
more important aspect of agriculture—soil conservation.

Erosion is influenced by a number of factors and the degree
of erogion damage is conditioned by soil, slope, vegetation, and
climate.

Soil.—The soil possesses certain characteristics which influence
its erodibility. Its physical structure, texture and content of
organic matter determines its resistance to washing. A porous
goil, which permits rapid infiltration, is naturally more resistant
to washing than another where there ig little or no infiltration.
It was found that with the same slope and practically the same
texture, the more Yrosive soil lost through erosion three times
as much as the less erosive soil.*

Erosion is effected by runoff and any soil that permits more
water to be absorbed cuts down on the volume of runoff thereby
reducing proportionately the amount of soil washed away. A
heavy impervioug clay permits very little rain to doak through.
Erosion in this case is brought about by the large volume of
surface runoff. This condition is modified by the addition of
organic matter. A good physical condition of the soil engendered
by the increase in organic matter content creates better infiltra-
tion.

Slope.—Slope in many instances limits land capability through
its close relationship to erosion which is most destructive where
runofl attaing high velocities. As the velocity is increased its

: g capacity was likewise increased, thus
Long slopes are critical areas.

: itl eed and

hou
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gradient increased.* In the same test, it was establizhed that
runoff losses were increased to a small extent, and erosion to
a very great degree, by the increase in the steepness of a slope
even though the steeper slope (seven and eleven per cent plots)
was only two-thirds and one-third the length of the three
per cent plots.
Vegetation.—Plant cover is a very good protection to the land.
The thick forest cover of many steep hills and mountain side
has prevented erosion and consequent destruction of the land
Rain drops find their way to the soil along free trunks or softly
drip from the foliage without the hard splash on the open fields
Water is received and absorbed into the blanket of decaying
leaves and twigs on the forest floor. Because of the thick
carpet of partly decayed plant remains and their high absor
tive capacity very little runoff results in forest areas.
In grassland areas it was estimated that 7 inches of soi
will erode in 3,500 years while the same soil continuousl
planted to corn will wash away in only 56 years.*
Rain impact in grassland is spent as it strikes the leaves, th
remaining force does no harm to the soil. Just as in the forest
- the soil is porous, infiltration rapid, and the absorbing capacits
of the soil great. Roots bind the soil very tightly, protection ti
the soil is, therefore, great and very slight erosion takes place.
Cultivated fields have been observed to lose more soil unde
clean tilled crops than with close growing crops. Increase
ground cover in conservation cropping practices reduces botl
runoff and erosion. As the slopes become more steep, mo
ground cover is needed to reduce the erosion losses.*
Climate.—Rainfall is the factor in climate that causes erosiol
Loss of soil varies with different degrees of rain intensity an
duration. While rainfall in itself is not the cause of eros
excesd rain, that is rainfall not absorbed, the volume and velo
of runoff influence erosion. Prolonged rain of low intens
does little harm ; most of the rain that falls is absorbed. Usu
infiltration almost equals the precipitation thus creating v
little runoff. High intensity rainfall, on the other hand, cre:

* Enlow, C. R. and G. W. Musgrave. Grass and Other Thick Gros
Vegetation in Erosion Control. USDA Yearhook 1938 pp. 61

* Carrcker, John R. The Effects of Rainfall La:nd Elonl,,
ping P actmes on RunofE and Soil Losses. J of
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a considerable amount of runoff. Puddling of the soil comes
very soon after the rain starts. The soil’s pore spaces become
clogged and very little water is absorbed thereafter.

TABLE 21.—Different soil types in different erosion groups, the area and
per cent of each group.

Average amount of
original surface
soil eroded

Erosion

Per
class

cent

Area in

Erosion group hectares

No apparent ero-
sion

No sheet erosion

7 Banga sandy loam
No gullying .

Buayan clay loam

Dalican clay loam

Faraon elay

Glan clay loam

Hydroso

Kabacan clay

Kabaecan clay loam

Langkong sandy loam
bi loam

Lutayan sandy loam

Muduragn clay lonm

Malandag fine sandy
loam

415,489, 31 18.09

Parang clay loam
San Nfanuel gravolly
loam
San Manuel loam
San Manuel sandy
loam
San Manuel
clay loam
Sinolon sandy loam
Tamontaka clay
Timaga clay loam
Tinambulan peat
Tupi fine sandy loam

silty

e

Less than one fourth
of the original sur-
face soil eroded

—_

Slight sheet ero-
sion and no
gullying

Aroman clay loam
Balut clay loam
Banga sandy loam
Buldun sandy loam
Dadiangas sandy
loam
Dalican clay loam
Kidapawan clay loam
Kidapawan sandy
clay loam \
Langkong sandy
loam
Madunga clay loam
Matulas fine sandy
loam
Parang clay loam
Quilada sandy clay
loam
San Manuel loam
Sinolon sandy loam
Soils, undifferentiated
Tupi fine sandy loam

361,285, 07

Maodorate
arogion

aheet

[~

Balut clay loam
Dadiangas  sandy
Lowm

on cliuy

136,199.65 |  5.91

One-fourth to loss
than three th
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TasLE 21.—Different soil typs in different erosion groups, the area and
percent of each group.—Continued

Erosion| Average amount of 5
Frosion group class original surface Area in Per
soil eroded hectares cent
Serious Sheet ero- 3 | Three-fourths or | Faraon clay 8,498.12
sion over three-fourths | Parang clay loam b
of original surface
soil eroded
Serious sheet. ero- 38 | Ov:r three-fourths | Nupol sandy loam 24,575.65 1.01
sion with fre- of the original sur- | Sinolon sandy loam
quent gullies face soil eroded Soils, undifferentiated
Tupi fine sandy loam
Severe sheet ero- 4 | All  surface soil | Soils, undifferentiated 9,876.20
sion and one-fourth to | Tupi fine sandy loam
three-fourths  of
sub-soil eroded
Excesgive  sheet 5| Al Surface  soil | Madunga clay loam 4,823.26
erosion aud over three- | Nupol sandy loam
fourths of subsoil
eroded
Normal erosion w Soil loss thru erosion | Faraon clay 1,3809,859.34 57,01
i3 balanced by soi} | Kidapawan clay lecam
formation under- | Kidapawan sandy
neath clay loam
La Castellana clay
Langkong sandy loam
Lutayan sandy loam
Macolod clay
Madunga clay loam
Parang clay loam
Tacloban clay
Unclass- 11,024.59
ified —_— |-
areas otale SR 2,296,790.00

SOIL EROSION IN DIFFERENT AREAS

Erosion conditions vary widely in the province of Cotaba.
owing to differences in slope, plant cover, and inherent erodi
bility of the soil itself. The level and nearly level lands ant
not eroded or only very slightly S0, -while the sloping lan
exhibit the different classes of erosion, from no erosion |
severely eroded hillsides where little or no soil remains. Th
heavily vegetated areas, although some are quite steep, appes
to resist erosion very well. In the cultivated portions where th
soil is bare part of the year or is scantily clad with vegetatiol
erosion is severe in quite a number of places.

In general the soils of Cofabato are only slightly erode
Density of population which is only 19.1 per square kilome
may have exerted some influence because farms, so far,
confined mainly on the level or only on slightly slopma' ar
In heavily populated places even the steep sl ‘
Except abaca plantings, steep slop
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to the exceptionally high price of abaca, recent planting were
made even on steep slopes. Clearing of the hill and mountain
sides is usually done by the non-Christian hill-tribes who do
not care to mix freely with either the Christian or Mohammedan
Filipinos.

With reference to relief, mode of formation, and parent ma-
terial Cotabato soils may be divided into the following:

1. Soils of the lowlands.
a. Soils of secondary origin.
b. Soils derived from organic material.

2. Soils of the uplands, hills and mountaing.
a. Soils derived from igneous rocks.
b. Soils derived from shale and sandstones.
¢. Soils derived from limestone.

SOILS OF THE LOWLANDS

This group includes the most important agricultural soils and
represents the great portion of the cultivated area of the prov-
ince. These are usually level or nearly so, very slightly eroded
or not at all. Although intensively cultivated in some places
they are not eroded on account of their almost level relief. The
Cotabato delta, the land adjacent to the Liguasan and Libungan
Marshes, the Buluan Lake wegion, and the plains of Koronadal
and Allah, all, are agricultural lands which have been under
cultivation for some time. Except in a few places the soils in
this group show no effects of erosion.

Along the southern and western coasts of the province and
along streams and plain areas of the same group above described,
the soils are slightly eroded, or not at all.

Except the Banga sandy loam, Timaga clay loam, and a portion
of Dalican clay loam, which are slightly eroded, all the soils
gshow no erosion occuring. Erosion on the Banga sandy loam
especially is heavy along stream banks and slightly sloping
areas. Considerable washing has taken place in this soil type
owing to the highly erodible condition of the soil.

FROM ORGANIC MATERIAL
v a tinn is
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tural land. It is presently used as lowland rice fields. Becaus

the soil is waterlogged, only rice and/or other water-loving plant
can be grown. There is no erosion problem.

SOILS OF THE UPLANDS, HILLS AND MOUNTAINS

T-‘he. soils in‘ this group present a variety of erosion conditiong
Thl::s is especially true near populated areas which have beet
cultivated for some time. Soils are moderately to seriousl)

eroded in some places. Others farther away from towns an

joarrios are only slightly eroded. Where the land is forestet
it has escaped damage. Vegetation, which affects erosion ve B

greatly, has contributed much to the degree of erosion on th

land. Soil washing is lessened considerably by the presence of

thick vegetation but its absence will cause the soil to erode
an accelerated pace. Other causes are the farm practices co ;,i

ducive to soil erosion such as cultivation of steep slopes, plowing

and furrow making along slopes, and making of ka1ng1

Leaving the land bare is another cause of eroded farm land

{lll the aforementioned practices still find favor among farmer:
in the rolling and hilly areas of the province.

SOILS DERIVED FROM IGNEQOUS ROCKS

These soils are not widely cultivated, except the Kidapawai
and Buldun areas. Most of them are located far from center:
OEE population in a rugged terrain without transportation facﬂ:
ties. In the cultivated areas the soils are only slightly eroded,

Kidapawan clay loam.—Abaca is the main crop in this type
Uncultivated portions are either abandoned kaingin or logged:
over areas. Krosion in this type is class 1. )

Kidapawan sandy clay loam.—This soil type is extenswe
cultivated. It is considered among the best soils for abac
Although steep slopes are cultivated it is only slightly eroded.
Slopes vary from 5 to 60 per cent. FErosion in this soil type

class 1. Abaca, upon maturity, protects the soil from ra 1

- #plash. Unless a large volume of runoff results from too hea
precipitation, which is seldom, erosion cannot be severe,
;jmate in Cotabato is without a very pronounced maximum r
- period. It is only during the early stages of the growth of
~ abaca that the soil is exposed. Planters keep the soil fx
'ﬁ  other ation. W nthe]‘ Ves o _
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Cropland areas in this type which are planted to rice and corn
require certain conservation practices such as contour strip crop-
ping, the use of buffer strips and a good rotation of crops de-
signed to cover the land a good part of the year especially
during months when precipitation is especially heavy.

Malalag loam.—Erosion in this type is very severe in the
steep slopes of the hills. This had been under kaingin and
planted to seasonal crops. With only scant vegetation, erosion
has washed away all the surface soil and over three-fourths of
the subsoil. In the slightly sloping areas, 5 to 8 per cent, no
apparent erosion is taking place. It may not be amiss to state
that climate in a way may have spared the land from serious
erosion. The even distribution of rainfall without a pro-
nounced rain period has eliminated unusually large volume of
runoff which usually results from heavy precipitation.

Conservation of the soil in this type becomes of utmost im-
portance owing to the thin surface soil and its low fertility.
Tts steep slopes permit its utilization omly for grazing or
forestry.

Nupol sandy loam.—Thésgreat portion of this type is under
forest cover or grass. Hence, normal erosion prevails. Open
areas covered only by grasses may be used for grazing with
controlled utilization of the same.

La Castellana clay lowm.—The area occupied by this soil type
is forested. Normal erosion prevails although steep slopes pre-
dominate.

Buldun sandy loam.—This type is one of the most intensively

. cultivated soils of the province. The Moslem Filipinos use it

for cultivation of upland rice, corn, and vegetables.

Slopes in this type vary from 3 to 8 per cent. Frosion losses,
go far, are slight. Losses occur during the early stages of the
growth of the rice plants. Upland rice is sown hroadcast.
Until the plants have sufficiently covered the land, erosion is
very rapid, Losges also occur along corn rows.

Contour our strlp cropping and a gystem of

i ' 'hha nseeuaary easures to




Parang clay loam.—This soil type occupies an area north of the area is in forest. The Mindanao Central Experiment Sta-
Parang along the Cotabato-Lanao road and west of the Parang- tion covers the main portion of the cultivated area, which may
Buldun road on the east. On the north, this type merges with account for its slightly eroded condition. Only slopes of 8 per
the Langkong sandy loam along the Cotabato—Lanao boundary. cent or less are intensively cultivated in the station. Steeper

Another area of the same type is along the proposed Upi-Mati slopes are in orchard. s

road including a small area of silt loam type in the vicinity of Erosion control requires planting in contour strips in the
iro, cropland and cover crops in orchards. Timber areas as in
Kudarangan clay have to be conserved except in areas which
are better adapted as cropland.

Balut clay loam.—This type is among the most seriously
eroded areas in the provinece. Owing to the nature of the
parent rock which is soft sandstone this soil is highly erodible.
In this type erosion damage is very severe in the steep slopes.
The soil is moderately eroded. Even cogon, which is the prin-
cipal cover of the land, is inadequate in the conservation of
the soil on the steep slopes. Kaingin, which is the principal
cultural practice of the native, have denuded the hills around
the vicinity of Lake Balut that cogon becomes the main cover
of the land. Reforestation of the area and the preservation
of forest growth seem best for erosion control in the area.
Burning of the cogon have to be stopped if adequate cover for
the protection of the land is to prevail.

Madunge clay loam.—A small portion of this soil type is
eroded, that part where the slope of the hills meets the Ma-
SOILS DERIVED FROM SHALE AND SANDSTONE 1 landag plain not very far from the Cotabato-Davao boundary.

Matulas fine sandy loam.—Matulas fine sandy loam occupies
the less steep slopes, distinguished from the Faraon clay which
are on the more steep slopes of the hills that separate the level
lands of Banga from that of Marbel’s. The former soil type
ranges in slope from 3 to 8 per cent and is planted to rice,
corn, and abaca. Rice and corn fields are only slightly eroded
while the soils under abaca show no apparent erosion.

New Ilotlo fine sandy loam.—This soil type covers a rolling
area north of Marbel west of Lake Buluan. Planting of upland
rice and corn, which are erosion-promoting crops, has caused
the soil to be Eligh ljr roded. The great part which is covered
by #secon | not eroded. Paddy rice culture has

Rice and corn are the principal crops grown on a big portion
of the Parang-Buldun area. Here, erosion is moderate espe
cially along gullies. Wooded areas are not eroded. On the
Upi-Mati area the same erosion conditions prevail in so
places while in others erosion is serious. As in the Parang-
Buldun area normal erosion prevails in forested areas.

Steep slopes planted to abaca have not escaped erosion damage
These are also moderately eroded. Grassed areas were cleared
before planting, exposing the soil to the action of rain splash ant
surface runoff. Before maturity of the plants is attained &
great deal of soil is lost.

Owing to the steep slopes erosion control is rather dlﬁicul
Close growing crops have to be planted to cover the soil the

~ great part of the year, but farming practices expose the soi
when plant cover is needed most. Permanent crops are be
to plant in order that the soil can be kept covered as required

Kudarongon clay—Along the highway between Midsayay
and Pikit where the soil has been under cultivation for so nl
time the surface soil is eroded by less than one fourth of it
original thickness. Farther away from the road where a thicl
vegetation of forest cover prevails the soil is under normal
erosion. In the Banisilan area where the natives grow rice ani
corn the soil is moderately eroded (Class 22). One half to les
than three fourths of the surface soil has been washed aw
Erogion has carried away 2 to 4 centimeters of the surface soil
Slopes in this type vary from 8 to over 60 per cent. Irosgio
control in this soil may require a revision of existing praclice
or a change over from cropland to pasture. The land ig betl
suited as a grazing land than as cropland. Permanent
such as abaca or orchards with cover crops may p,'rg
practical application. Timber areas have to be

roman clay loar
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slightly eroded or not at all. Kaingin, which had reduced th
primary forest cover into secondary growth, is responsible f¢
the slightly eroded condition of the surface soil especially alon
the banks of gullies. This highly productive soil can be save
from further loss of soil through the preservation of the fore
cover along streams and gullies. Owing to the porous conditio
of the soil only the slightly sloping areas may require simpl
conservation practices.
Stnolon sandy loam.—This soil type, derived from an ol
sand deposit, readily erodes especially after the surface
has been removed. Very loose sub-surface layers promote rap
gully formation on neglected waterways. The soils on the
covered areas are slightly eroded. Because the area is vel
sparsely populated, only the more level areas are cultivats
except in the few abaca plantations which occupy even the ban!
of shallow waterways. The highly porous condition of fl
soil and the comparatively light, even precipitation pose vel
little or no problem in soil erosion.
Tacloban clay.—This soil type, which is almost wholly cover
by thick forest growth, is not eroded. Normal erosion prevail
Quilada sandy clay loam.—Quilada sandy clay loam is prin
pally used for abaca growing. Unlike in other types utiliz
in the same manner, an appreciable amount of soil has be
washed away on the nearly level to gently undulating slope
Poor permeability is mainly responsible for its eroded condi
because a large proportion of the rainfall is not absorbed..
Cropland areas where seasonal crops are cultivated requi
conservation practices to minimize erosion. Steep slopes pi
sently under forest cover should be preserved or planted
permanent crops.

SOIL SURVEY OF COTABATO PROVINCE
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SOILS DERIVED FROM LIMESTONE

[laraon clay.—In a number of places where limestone fo
tions were delineated, the soils are moderately deep, dark
almost black. Slopes range from 5 to over 100 per cent.
heavily forested areas along the coast, the Mt. Table ared, |
hills between Dansalan and Pulangi River, and along Mar
River, normal erosion prevails. In other areas under {I
type particularly Awang and Labungan, the soil is mod
eroded. One half to less than three fourths
is eroded. A small area between Labi

~ poverished or destroyed by the loss of the soil. They extend to
~adjacent lower areas an -
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caused serious soil losses. Control of erosion in this area
may need the construction of terraces aside from contour strip
cropping. Timber areas must be conserved and selective cutting
of trees employed. j

Soils undifferenticted.—This land type consists mainly of
areas hardly accessible, forested and little used for erop produc-
tion, except by natives who make kaingin in the mountains.
Erosion, therefore, is hardly significant except in places where
the natives have so denuded the land. Along the shores of Sa-
rangani Bay on the east some of the hills are slightly eroded.
On the west coast the hillsides are moderately to seriously eroded
to one half or over three fourths of the surface soil.

HYDROSOL
Hydrosol areas occur in places which receive depogition instead
of being eroded. Unless converted into fishponds these places
become filled in time and become agricultural land,

EFFECTS OF EROSION

The physical effects of erosion are many and varied. The
569 million tons of goil wasted have been deposited in the sea
and along the rivers. There 18 no better evidence of heavy
erosion in the province than the formation of a bar at the
mouth of the Cotabato River. The river channel from the
mouth until Cotabato town or possibly farther upstreams has
become shallower as shown by the fact that formerly large
boats could reach and dock at Cotabato but now only motor
launches drawing a few feet can reach the town. When the
tide is high, however, boats of the FS class can dock in town.

Of far greater importance than the loss of plant food consti-
tuents is the loss of the soil itself. The whole physical mass
of the soil including the mineral particles, the plant nutrients,
and the beneficial micrcorganisms are all washed away. While
crops remove only the immediately available plant nutrients
leaving the greater bulk of the soil material which may sub-

- sequently be converted into available forms, erosion, if left un-

checked, finally removes all leaving nothing to be improved.
The physical effects of erosion are not confined to land im-
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alluvial plains along many rivers are covered by unproductiv:

! sand and gravel materials and debris of no consequence.
! Soil erosion causes increase in the height of floods along man:
of the streams. Channels which were formerly deep an
narrow have become shallow and wide with increasing depositi
of material washed down from the uplands. Yet, forced upot
this decreased channel capacity is an increasing volume o
runoff. This results in more frequent overflow with furthe)
increase of undesirable materials deposited along the valley an
stream bottoms that make formerly productive lands unfit f 01
cultivation. :
Economic effect.—Cotabato Province, like all other province
in the country, is mainly agricultural. It is but logical to in
I that a process like erosion, which undermines the productiv
. capacity of the soil can have only an adverse effect upon th
j{ economy of the province.

SOIL SURVEY OF COTABATO PROVINCE
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It is not to say that it is the sole o
: main cause of disruption of the economy, but that it is one (6
‘ the contributory factors. '
i The effects of erosion are reflected in progressive diminutiol
L in the area of productive land and in decreased farm income:
In advanced cases, it may lead to submarginality, abandonme nf
\ rural migration, general community disintegration, and 31m11 L
b maladjustments of an economic or:social nature.
These adverse effects may be temporarily staved off by othel
1 offsetting physical or economic factors. The constant applicd
i tion of fertilizers and organic matter may prolong the productiv
| capacity of a farm, and similarly high prices may compengali
! for high production costs on erosion-depleted land. In th
f former case, however, failure to control erosion will ultimatel
| result in the complete removal of not only the fertile topsoil bl
| also the subsoil,

In the latter case, regardless of how higl

i prices become, it cannot go on indefinitely because one Ju
j cannot go on farming on bedrocks or land too riddled wil
gullies, '

Social or cultural effects.—Cotabato Province is one that i
still growing and on the way to development. As it is, most
: the erodible lands have been opened only a decade or so
i hence, they have not been exhausted to the extent that the
effects of erosion has manifested in the social or cultural |
the people as it has in Antique Provmce. Mogat of th

_strip cropping,
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By inference it may be said that low production means low
income for the farmers; low income means low tax collection
for the government. And when the coffers of the government
are empty, roads cannot be constructed or maintained, schools
cannot be constructed, hospitals or dispensaries may be inade-
quately equipped, and other public services may be lacking such
as water supply, sewerage system, ete.

METHODS OF EROSION CONTROL

Since ancient times man has used terraces to hold the soil.
While some of these were primarily constructed to impound
water, conservation of the soil is at the same ltime effected.
The Banawe rice terraces of the Philippines is a very good
example. These are constructed on very steep slopes, cutivation
of which was made possible only through the use of terraces.
Bench terraces in Batangas and other provinces in Luzon and
limestone dikes in Cebu and Bohol are used as erosion control
devices. Earth dams are constructed across gullies to check
further damage. Planting of trees, bananas, or bamboos at
head gullies are checks against headward cutfing, sometimes

. referred to as waterfall erogion.*

Recently, through the activities of the United States Soil
Censervation Service + other methods of erosion control came
into general use. Some of these are in use for some time but
were not of general application. Through the efforts of the
s0il technicians of the Soil Conservation Service these are
now popularly used. Methods of erosion control are of two
kinds (1) vegetative method and (2) mechanical method.

VEGETATIVE METHOD OF EROSION CONTROL

Where the slope of the land is not steep, plants are used
chiefly in the control of erosion. Thege are planted in rows or
strips across the slope, so that runoff is retarded in its down-
ward flow doing little harm due to its lessened velocity and
volume ; more water is absorbed the longer the water stays in
the place. There are four types of strip cropping 1+ recognized :
(1) contour strip eropping, (2) field strip cropping, (3) wind

* Jepson,
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Contour strip cropping.—In this method of control the ecr¢ the line of contour. This method is particularly adapted to
are planted in strips or bands on the contour across the sla areas where very irregular topography prevails which makes
of the land. The crops follow a general sequence of crop rof contour strip cropping difficult to be of practical application.
tions. This is usually done on land under land capability clai Wind strip cropping.—Wind strip eropping is of no practical
IT and IIL* These classes of land are regularly used as cr@ use in the Philippines. There ig litfle or no wind erosion in
land. Class II has certain limitations of slope that requi the country.

moderately intensive measures of erosion control. Class I Buffer strip cropping.—In buffer strip cropping, strips of
owing to its steeper slopes than Class II land, requires mol grass or legume crops are laid out between strips of crops in
intensive measures of erosion control. This will require rof the regular rotations. Strips may be narrow or wide and may
tions with particular emphasis given on soil building crof be even variable in width. They may be placed only on steep,

Legumes and grass are good soil builders. From the standpoll badly eroded areas of a slope, or they may be at more or less
as nitrogen gatherer legumes are the best to use. Legum regular intervals on the slope. Usually only one of the crops
when planted in rows, are not so good as erosion preventit of the rotation is planted in the field; in other words as many
crops. Grass although not a nitrogen gatherer, is a very go fields or field units are provided as there are crop units in the

soil cover in erosion control. _ rotation. The buffer strips are used to give more protection
In determining the number of crops or field units, the firn from erosion than is afforded by a solid planting or grain of

to consider is crop rotation. However, crop sequence has intertilled crops. Where the buffer strips are on the contour,

bearing on the capability of the land and erosion condition, an they facilitate contour tillage.

may have to be based upon them. Highly eroded land necessaril The kind of strip cropping to be used depends on a number

requires more soil building crops than a well preserved soll of local conditions such as the kind of crops that can be grown,
Also as the slope becomes more steep less erosion promotin “wthe kind of erosion, and the physical characteristics of the soil.
crops need be included in the rotations. And the soil has ti Width of strips—There is no rule for determining width of
be under thick vegetation most of the time. Rotations whic strips.* This depends upon several factors: (1) degree and

provide strips of close growing perennial grasses and legume length of slope, (2) permeability of soil, (8) susceptibility to
alternating with an intertilled erop or a grain crop is the be erosion, (4) amount and intensity of rainfall, (5) kinds and
arrangement of crops for the control of erosion on cropland arrangement of crop rotation, and (6) the size of farm equip-
Such an arrangement of crops can be obtained by using a 4 ment. .

vear rotation—an intertilled crop, small grain, and 2 years o Generally, the width of strips should be the most convenient
meadow ; a b-year rotation—an intertilled crop, small grain, ani to farm without its being so wide to permit large concentration
3 years of meadow; and 6-year rotation—an intertilled crop - of runoff. It hag been found that more goil and water losses
a grain crop, and 4 years of meadow. To get the proper ar occur by having strips too far off the contour than by making
rangement in fields, tweo field units are necessary for the 4-yea too wide strips of intertilled crops. On uneven slopes where
rotation and three field units for the 5 and 6-year rotation: gtrips do not follow the contour closely, narrower strips have to

In any of these three rotations one field unit will have alter - be made to prevent erosion than on uniform slopes with only
nating strips of intertilled crop and meadow, while a second uni slight variation from the contour.
will have alternating strips of grain and meadow, and the thire Terraces when used with a strip cropping system influence
unit, in the cages of 5 and 6-year rotations, will be all in meadow - the width of slope. In some cases the width of strips will be
Field strip cropping.—In field strip cropping uniform width the ; stween terraces. Sometimes, it may
of strips are placed across the slope but does not follow clogely : A vige 8 Lhe wide enough to include more
* Hoskengmith, Roy D. Classification of L :
§ L ‘B.?'!ri. fﬂlﬂ‘ﬂ sgi e‘_, ’? Lio) A

-
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size that it is capable of carrying at 2 feet per second. If the
slope is increased sufficiently to produce a velocity of 8 feet per
second the erosive power would be increased 16 times and the
transporting power 1,024 times.” Velocity increases also with
length of slopes. The amount of runoff inereasges in the contri-
buting drainage area.

Channel terrace is principally used to conduct water out of
the field. Absorption is of secondary importance. Because the
water is drained off the field very slowly, a congiderable amount
of rainfall is also absorbed before rumnoff is finally conducted
out of the land. This type of terrace is of practical value in
the Philippines where torrential raing are very common. The
volume of rainfall is so great that only a small percentage of
rain is absorbed. Excess rainfall is particularly damaging espe-
cially on long slopes. Thus, terraces are of great value in
cutting the field into several short slopes where runoff can be
easily handled and channelled out of the fields. Channel ter-
races are constructed with a grade of one tenth of one per cent.

Grassed waterways.—Grassed waterways are essential °
strip cropping. These serve to conduct the water out of 13
field. Concentrated runoff will in no time destroy these watel
ways if they are not protected. And the best protection is
thick growth of grass. Upon laying out strips these wate
ways should be seeded unless a thick growth is already ests
blished. If a waterway is badly eroded or gullied, it may B
necessary to level it with a disc plow or grader before pm
paring the seedbed.

A hay or straw mulch will protect the seeding until the graj
is established. Later it may be necessary to place pieces of S0
in spots where the new seedling or sodding has heen Wash |
out in spite of all precautions.

Turnover and field borders may best be kept in permanen
soil. It will keep the soil and facilitate turning of equip
from one strip to another. Cultivating this portion of the u
may cause the loss of the soil and promote gullying.

: MECESNICAL METHOD (OF FROSION (CONTROL At this incline, water flows very slowly, the veloeity not suffi-
Where runoff and erosion cannot be controlled by vegetatiof cient to cause damage.
mechanical devices are employed in soil conservation. Terrace . The channel is shallow and wide with gently sloping sides,
dams and diversion ditches as well as contouring, ridging, an broad enough to allow cultivation. The channel must have
subsoiling are among the devices employed. ample capacity to carry the expected heaviest rainfall in the

Terraces are hillside ridges constructed to control the floy locality.

of surface runoff, Terraces are classified * into channel terrac Ridge terraces are constructed for the purpose of impounding
ridge terrace, and bench terrace. On long slopes these act runoff so it will be absorbed by the gsoil. These are constructed
make the slopes shorter, thereby diminishing erosion. Distance on the contour, and are used mainly in regions of low rainfall
between terraces must, therefore, be guided by the steepness ¢ where every drop of rain has to be conserved. Here in the
slope. On steep slopes distances between terraces must nece Philippines this type of terrace is of little practical value inas-
sarily be narrow. “In designing a system of terraces, therefon much as heavy rainfall is very common in the islands. Washes
it is valuable to know how great an increase in velocity amn are likely to occur which may cause more harm than good.

erosive power can be expected as the degree of slope i Bench terraces has been used for centuries. This iy the type
creases . . . if the slope is such as to produce a runoff Veloc preferred in slopes of 15 per cent or over. In Mountain Prov-
of 2 ft. per second, theoretically that slope would have to i ince where steep mountain sides are cultivated, conservation
only 4 times as great to produce a runoff velocity of 4 feet p of the soil is maintained by these terraces. Where the pressure
second. Yet at 4 feet per second the power of the water | of population is such that even steep slopes have to be cropped,
erode or tear away soil is 4 times greater than it is 2 feet p the bench tarra.nﬁ will make posgible permanent cultivation of

second. The carrying capacity of water has an even greal | be negligible, a result of differen-
proportionate increase . At 4 feet per second the runoff - lial erosion, : i haain inbiiuiiinhy .
can carry almost 32 times the quantity of material of

" Hamilton, g, L Terracing for Soil and Wa

Biill. ~.m- [)
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drainage ways. If these do not exist disposal areas which shoul

fit into the watershed pattern have to be constructed before th turned uphill and the channels are blocked at intervals to
terrace system is laid out. Outlets, as in the vegetation methoi prevent all water running out of the furrow in case of a break.
of erosion control, must be grass-covered. i Lister furrows are primarily used to hold water out of the
Gullies present a serious problem in some areas. While th gullies.
great portion of the present cultivated area in the province | Terraces of the absorptive type are laid out to keep the water
level or nearly so, more sloping lands are added yearly to th in the field. These are larger than contour furrows providing
cropland so that erosion, more particularly gully erosion gai more storage capacity. The ends may either be closed or open.
in importance. The loose subsurface layers of a great portio In region of heavy rainfall open ends will provide drainage of
of the Koronadal and Allah Valleys are very erodible. 4 excess water., This is a safety measure againgt overtopping.
Gullies are formed through neglect of waterways, paths mad Farth fills are earth dams placed acrogs the gullies. These
by livestock gradually worn by continued use and clearing & can be used to reclaim small gullies provided sufficient storage

ateep hil‘Isides. Once formed, gullies extend usually by watel capacity be available above the earth fills, Spacing depends on
fall erosion. Water falling over a vertical overfall undermin the slope of the gully. '

the edge of the bank, which caves in, and the waterfall move Diversion of runoff.—Diversion of runoff from the gully’s
upstream. This undermining goes on rapidly in soils who head, provided it is safely disposed, is very effective in the
subsurface layers are very loose. control of gullies. Water diverted should be conducted only

Gullies are usually preceded by sheet erosion. Oftenti on well protected areas otherwise new gullies will be formed.
clearing of the steep slopes contributes in no small measure { Diversion ditches are particularly adapted to areas already
the formation of gullies. Steep slopes have to be retired frol covered with trees and grass. They should be large enough to
cultivation and put in permanent vegetative cover. An im carry all runoff from the drainage area during heaviest rainfall.
portant consideration in the prevention of gullies is the prope The grade should be small enough so that the velocity of the
disposal of excess runoff. . water is not destructive. '

Retention of runoff.—Where the soil is porous and the glop If gullies have to convey runoff, sufficient protection should
is moderate, control of the gully becomes more simple. Runoll be afforded. But it should not lessen the capacity below the
which finds its way into the gully and prevent the estabhshm ! discharge runoff it is to carry. Plant cover must be established,
of vegetation there, is considerably reduced by proper farh mechanical devices used only so that vegetation is helped to
practices, cropping and tillage. Reduction of runoff, if _r".‘n establish itself. Trees and grass when well established are
practices are not sufficient, by subsoiling, contour furrows « very efficient in the control of gullies. Dams and other me-
ridges, listing, level terraces with closed ends, or earth ﬁllsr chanical devices are used only when vegetation is not adequate.
impounded water may be of practical use.* Vegetation in conjunction with mechanical device is a very

Subsoiling, done on the contour in strips or continuous in th good combination in gully control.
field depending on the absorption required, reduces runoff | SUMMARY
| permitting more water to be absorbed. Subsoiling is usual
| employed on soils with impervious subsurface layers. This

; used in conjunction with contour ridges or absorptive typ
terraces.

Contour furrows are ridges or ditches constructed acros
glope with a plow, lister, or terracing machine. The end

Cotabato Province occupies the entire southwestern part of
Mindanao Island which, together with several small islands,
cover 2,296,790 h ta.ra Cotabato, the capital of the province,
o ieters by air

"‘.Tepson, Hans G, Prevention and Cnntrol of Gulliel. I’EM I

Hull, No, 1
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The agricultural development of the province gained an im-
The Cotabato River system drains almost the whole province: petus with the completion of the Cotabato-Davao road in 1937
It is navigable until Kabacan and motor launches can reach and the Sayre Highway in 1940, connecting Cotabato and Bukid-
Buluan and Daguma along Allah River about 65 kilometer§ non. These two roads opened large areas of good agricultural
inland from Cotabato town. land for settlement. A steady influx of seftlers from the con-
A great part of the mountain areas is forest-covered which gested areas of Luzon and the Visayas made possible the develop-
produces some of the finest and hardest timber in the Philip ment of the province which was temporarily stopped during the
pines. The plaing are in most cases grass-covered with in Japanese occupation from 1942 to 1945,
tervening cultivated spots and secondary growth forest. The ten leading crops are palay, corn, coconut, abaca, camote,
Cotabato is the home of the Maguindanao Moslems. Cotabats peanut, mungo, banana, tobacco, and cassava. Other crops that
in Maguindanao is kute bato, meaning “stone fort”. The tribal show promise are ramie, Irish potato, coffee and cotton. Irish
form of government prevails ; the Moslems recognize no authority potato is a new introduction to the province.
except their datus. Several attempts to subjugate the natives While the use of machinery is becoming popular it is limited
during the Spanish regime failed, and not until 1851 when the to plowing and harrowing of the land and in planting. Cul-
Spaniards gained a foothold in Polloe. In 1914, upon the estab tivation is done with the native plow and carabao and by hand.
lishment of the Department of Mindanao and Sulu, Cotabate Harvesting is done by machinery only in the farms of the
was organized as a province. defunct Land Settlement Development Corporation, where all
Population increase was slow prior to 1935. That yeak phages of farm operations are mechanized.
marked the beginning of a rapid inerease due to the influx ol Management practices do not include the use of lime and
homeseekers from the Visayas and Luzon. These Christiafl L fertilizers of crop rotation. Irrigation, except a few communal
Filipinos now occupy the fast growing settlements along the systems and on individual farms, is non-existent.

M e The soils of the plains which comprise the level coastal

There isadeartp of roa('iis‘ in the province. The few kilometer areas and the valleys along the rivers are secondary sgoils
o r?ad Sgle Toti condltlon' to carry traffic the whole yean derived from composite materials. Thege belong to the Buayan,
Portions of the road connecting Dulawan and General Santor San Manuel, Tamontaka, Libi, Dadiangas, Banga, Malandag,
i samanoani Bay are impsseable during the heigh oigg Lutayan, Glan, Kabacan, Timaga, Sinolon, Makar, and Dalican

rainy season. In_ gome places, the .roads become impassabli series. The rolling areas, hills, and mountains represent soils
after a heavy rain. At several points, ferries which cari§ derived from igneous rocks, sedimentary rocks and volcanic
traffic across the rivers are sometimes carried by floods di materials. Some are developed from a mixture of different

il the dow of traffic. 3 rocks. Among the best agricultural soils of the province are
Cotabato falls under the fourth type of climate in the Philip Langkong, Buldun, and Buayan. The Buldun soils originated
| pines—no very pronounced maximum rain period and no d from igneous rocks; Langkong soils from voleanic sand; and
season. The even distribution of rainfall provides enougl Buayan soils from alluvial deposits.

mousbhite ok the neods.of fhe erops, . Hence Seho SRS For the purposes of guiding the farmers into a better under-
finife period for/planting or harvesting, (On the CotabatGRE. gtanding of the uge capability of the different soils of Cotabato,
different stages of growth of rice or corn crop are offentimg they are divided inte different classes according to the best
seeny eudes by seide dosdenn diEld Y uge they can be p il type ma.v :fa.ll under aavaral
Crude methods of culture are found side by side with th "mﬁabm@,“ : - )
modern ways of crop production. In one place a farms
the “paligis” method in the preparation of tha field for pls
(1], »a:‘ [ th [ i W il
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cultivation with ordinary farm practices. Examples are San
Manuel, Buayan, and Dalican soils. '

Class B soils may be less productive than those of the firgt

class or require certain practices to make the land produce
moderately high yields. Tupi, Parang, and Kidapawan art
some of the soils under this class. .

Class C land, on moderate slopes, require the application of
intensive or complex soil conservation measures in order that
it could be used continuously for seasonal crops. Some of the
soil series under this class are Kidapawan, Kudarangan
Parang, and Tupi. :

Class D soil is suitable for limited cultivation of seasonal

crops employing intensive and complex management and con
servation practices. Erosion is moderate to severe, La Cas
tellana, Kudarangan, New Iloilo, and Aroman are some of th
soil series included in this class. :

Class M land is usually more steep than class D. It I
not suitable for the cultivation of seasonal crops. Its best us
is for either pasture, forage, or woodland.

Class N land is generally more rugged than class M. It
best use is as woodland. ;

Class X land is level or nearly level but is permanently wet
and cannot be drained. Its best use is for fishpond. :

Class Y land is good for wildlife only. It is usually ve
steep, rocky and rugged. 1

Cotabato is possessed of rugged terrain in the middle o
which are extensive plains and valleys, which are the prinei
agricultural areas of the province. It is favored by a clim
with an even distribution of rainfall with no Very pronounce
maximum rain period and no dry season. !

Although the survey revealed that over 569 million tong of
soil have already been eroded, erosion is still not a seriou
problem except in the rolling areas of the newly opened lan
of Kidapawan, Buldun, Bugasan, Parang, and Carmen w
steep slopes are planted to seasonal crops especially co
which provides inadequate plant cover. A

Soil erosion is always associated with the cultivation ¢

land. Crops demand the elimination f we to |

SUMMARY 1387

In general Cotabato soils are only slightly eroded. _Cultiva-
tion of the steep slopes are not commonly done except in plant-
ings of abaca. ' '

Control of erogion in the province i8 not practiced except in
gullies where the farmers put up dams of earth or plant bapanas
and bamboos at head of gullies to prevent headward cutting.

The effects of erosion are many and varied. It has caused
the loss of =oil and deposited them on stream k}eds and at the
mouth of rivers. The sand bar at Cotabato is a very goo@
example. It obstructs navigation upstream. Higher ﬂoo.d
levels with frequent overflows have resulted from the deposi-
tion of eroded materials on the river beds.




GLOSSARY OF COMMON ECONOMIC PLANTS FOUND IN "‘
COTABATO PROVINCE ‘

Common name Scientific name TFamily name
AbacaBNEweie. - Muse textilis Nee. ...t MUBACEDR,
AcacTafessingt. Saemanea seman (Jacq.) Merr, ... Leguminose,

Agifigay ........ et Rottboellia exaltata Linn, ... Gramines.

Agoho ....... ... Casuaring equisetifolia Linll. ... Casuarinacez.
Alclegigs,. o oo Albizzia acle (Blanco) Merr. ... Leguminosse.

Alibanghang ......... Bauhinia malabarica ROXD. v wa T, ]
AL oo Melanolepsis  multiglandulose (Re-

inw.) Reichb. f. and Zoll, ........ wws Tuphorbiaceze. |

Almlogs il Shorea almon Foxw. .. Dipterocarpaces. |
Alugbati . i Bogella rubre Linn. ... . Basellaces, |
Ampalaya ... .. Momordica charantic Linn. ............. Cucurbitaces,

Amugis .,...............’Koo?dersiodend'ron pinnatum (Blan-

COY I VIRTT . - oo snins it e s- i S GRS 0 G0

Anabiong Trema orientallis Blume. Ulmaceze, ]
Anahau ... .. Livistona dichotoma Forst. ... Borraginaces. |
Api-Api .. .. Avicenia officinalis Linn. ... Verbenaces, |
Apitong Dipterocarpus grandiflorus Blanco. .. Dipterocarpaces.

ArrowEeobl Marante arundinacea Linn. ... Marantacese.

AL TSt 2 e Amona squamosa Linn. ... Anonacezm,

Avocado Persea americana Mill. i . Lauraces.

Bakauan-babae ...... Rhizophora mueronata Lam wecveeeeeen. Rhizophoraces,

Bakauan-lalake ... Rhizophora ecandelaric D.C..ooooeeeecee. Do.

Balathats et Licuala spinose Wurmb. .....oceeee Palma. i
Balete ......... ..-- Flicus bentaming Linn. ....... Moraceze. 1
Balimbing ... .. Awverrhoa carambola Linn. ... Oxalidaces.

Bamboo ....... e Bambusa spinosa Roxb. feviiiiiiinies Graminese

Banaba ..o Lagerstroemia speciosa (Linn.) Pers. Lythracea.

Wanana: .o Musa sapientum Linn. ... Musaces.

Banato ..o Mallotus philippensis (Lmn) Muel.
: ‘ Ao b weieennene. BUphorbiaceze.

Bangkal Nauclea omenmhs Lmn .................. Rubiaceze.

........ Dolichos lablab Linn. ....coccceevieneeeeee. Leguminosze.
Binayoyo ..... ... Antidesma ghuesembilla Gaertn. ...... Euphorbiaces.
Binunga ; Macarange tanariug (Linn.) Muell.-

. . e e L Ty

Boho o e Sch’izosmchyum lumampao (Blanco)
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B nont nene Salentifiemame Tamily Aol Common name Scientific namo Family name
| Caeno oo, Theobrome cacao Linn. ................ Sterculiaces. Laniti i e, Wrightia laniti (Blanco) Merr. ...... Apocynacee.
\ : O o R Cajonus cajon (Linn.) Millsp. ........ Leguminosz. Lanzones ..o Lansium domesticum COPPER i Meliacese.
| it T NIG0 et Chrysophyllum eainito Linn. ... Sapotaces. Lauan-puti or Pa- |
t Calopogonium ..... Calopogonium mucwnoides Desv. ... Leguminose. losapigiil . Anisoptera thurifera  (Blanco) |
i Cashew oooeveeeen. Anacardium occidentale Linn, ........ Anacardiaces, Blume .. s Dipterocarpacese.
| O nasava SRR Manihot esculente Crantz. ... . Euphorbiaces LiettuceSEnet il .o Lactuca satwa. Lmn. e Compogitae,
5' Ehico L. .. Achras zapota Linn. ... ... Sapotacez. Lurabang ........... Aleurites moluccane (Linn.) Willd, luphorbiacez.
i Coconut . . Cocos nucifera LN, .c.oees. Palme, Makopa ... oo Syzygium  samarangense  (Blume
1 iniTec L E Cofien ops Tnin e B Rubiacex Merr. and Perry ... it e Miyttaceee.
ooom ™ . Imperata cylindrice (Linn.) Beauv. Gramines. Malungay ... Moringe oleifera Lam. ... Lt MOTINRACER.
i Eorn ... R AT A Dl e et b Do. Mango ... . Mangifera indica Linn. ..o Andcardiaces.
i . Cotton . Gossypium hirsutwm Linn. ... Malvacewe, Marang ... ... Artocarpus odoratissima Blanco ... Moraces.
‘ Cowpen ... . Vigna sinensis (Linn.) Savi. ... Leguminosse. Molave ... e Vitew parviflore JUSS. s VOLDERACEHR.
Cucumber . . Cucwmis sativus Linn. ... . Cucurbitaces, Mungo .. . Phascolus aurews Roxb. ... Leguminosae
Dao . Dracontomelum dao (Blanco) Merr. A Mustard ... . Brassice integrifolic (West) Schulz, Cruciferse.
and RoIfe e Anacardiacess Nangka . Artocarpus heterophyllus Lam. ... Moraces,
iapdapil i e Erythrine variegote Lmn rrerenne Leguminosse. f Narra ... ... Pterocarpus indicus Willd. ..o Leguminogée,
Derris . Derris elliptice (Roxb.) Benth ... Do. Niogniogan .... Heterospathe elata Scheff. ...cooeee Palmm,
Dita  ceoeecerieieeveeen. Alstonia scholaris ( Tinn.) B. Br... Apocynace. NPT .. Nypa fruticons Wurmb. ...l Do.
Dungon- late woenre Heritiere littoralis Dryand. ............ Sterculiacesm. Onion ..... Al cepa Tinms i LG Liliaces,
Durian ... ... Purio zibethinus Murr. ..............c........ Bombacace. Oranged L Ll Citrus auwrantium Linn. ... Rutacese.
il Fgaplant ... ... Selanum melongena Lmn . Solanacere. ; Pandakaki ... Tabernaemontana pandacagui Poir.. Apocynacea,
] Gabi e, Colocasia esculenta (Lmn) Schott, B damiN eIl si Pandamus tectorius Solander ... Pandanaces,
Sl Kl AR BTG - Sl I LA e e, Papaya ... Carico popoaye Linn. . ... Caricacem®.
i nrlic THOOTIL Alliwm sattvum Linn. .oeeoeeeeeee... Liliacens. Para rubber ... Hevea brasiliensis (HBK} Muell.-
‘r (Epha ettt AL Zingiber officinale Rose. oeeeieie Zingibel-acega__: Ao i e BIpHOEBIEEETS,
J Giron ......iocoeveeenne. Andropogon zzzanmdes (Lmn) Uzr- IEEARTAE, it e 4 Phco‘;eolus lmwtus Lmn e tiaseee Li PO,
g st L s Braminest Patola .. Luffe acutangule (Linn.) Roxb. ... Cucurbitacew,
( EROSTERERE S L L Pszdmm guajavn Lmn MR L Myrtacess Patolang blioo‘ o Luffa cylindrica (Linn.) M. Roem.... Do.
| Tuayabano ... Anona muricate Linn, ..ceoeeeeeeeeee. Anonaceie. Peanust vo..ooooeeeen... Arachis hypogaes Tinn. ............. Leguminose.
' Guijo oo, Shorea guiso (Blanco) Blume ... Dipterocarpae Pechay oooocoeoeo.. Brassica chinenmsis Tinm. .....o... Cruciferz.
Huani oo, Mangifera oderata Griff., ... Anacardiac Pineapple . .eeeeee Ananas comosus (Linn.) Merr. ... Bromeliaces,
Himhabhao ........... Allaeanthus luzonicus (Blanco) F.- PUmelo R Citrus moxime (Burm.) Merr, ..... Rutaces.
{ v e IR e D Moracete. i R e Raphanus sativus Linn. ............ Crucifere.
' Tlang-ilang ........... Cananga odorata (Lam.) Hooker f, Ricels WV LN Orza sgtivg. lann. ... Gramines,.
| and Thomas. ....... LN Anonaceny B o SRR NS Gl s spe Lann s s iR e Palmze,
i dGandl o . Imtsia bijuga (Co]ebr) 0 Kuntze Legummcﬂm_‘ Ramie ........... . Boehmeria mives (Linn.) Gaudich .. Urticacez.
i_ Ipil-ipil . Leucaena glowea (Linn.) Benth. .. Do. Rimas . Artocarpus ecomvmunis Forst. ... Moracese.
‘ T AR iy e Corchorus capsularis Linn., ... Tilincess., Hampaloe . Tamarindus indica Linn.  Merr. Leguminocse.
Feakavati o Glirieidia sepium (Jacq.) Steud. ... Leguminogme, Santol ... . Sandoricum koetjape (Burm. f.) Meliaces
Krmnachile .t Pithecolobium dulce (Roxb.) Benth. Do, ' Sepuiditla . Psophocarpus tetragonolobus (Linn.)
BH REATINE i Artocarpus camansi Blanco ................ Moracem, ? Il bt o A i S Leguminos®
Kamias —coeeerets Averrhoa bilimbi Linn. ....cicaiaes Oxalidm . Pachyrrhizus erosus (Linn,) Urh. . )
Kapok Ceiba pentandra (Linn.) Gaevtn, ... Bombac - g 1 o

Katurai ... Sesbtmm gmmﬂom (Linn, )y

43 Pers, ... Legum
JEandol i Bsﬂ
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Common name Scientific name Family name
Sweet potato ........ Ipomoea batatas Linn. ............ Convolvulaces
Riacco o Nicotiana tabacum Linn. ............ Solanacez. 4 BIBLIOGRAPHY
'Tatbau_ . . Lummnitzere littorea (Jack.) Voigt. .. Combretaces. . ALicanTE, M. M., D. Z. RosuLi, R. IS8R0, and 8. HERNANDEZ. Soil
Talzlilnb Saccharum spontameum Linn. ... Graminews, Survey of Bulacan Province, Philippines, Dept, of Agr. and Comm.
(igthisays oo Terminalic. catappe Linn. .......... Combretacez, Technical Bull. 5 (1936) 28 pp. Bureau ol Printing, Manila.
Tambo - Phragmites vulgaris (Linn.) Trin. . Graminesws. ¢ 2. ALICANTE, M, M., D. Z. RosELL, R. T. MARFORL, and 8. HERNANDEZ. Soil
*E‘a.m.ﬁgile Sf%orea polysperma (Blanco) Merr. .. Dipterocarpace . Survey of Pangasinan Province, Philippines. Dept. of Agr. and
Tibig .......cccoo.... Ficus mota (Blanco) Merr. ............. Moraces. ; Comm. Soil Report 7 (1940) 47 pp. Bureau of Printing, Manila.
Tindalo - Pahudia rhomboides (Blanco) Prain Leguminosz. . ALICANTE, M. M., and Jesus P. Mamisao. Methods of Conservation

Tomato Lycopersicum esculentum Mill. ....... Solanacez. . Farming. DANR Technical Bull. 17.

Tropical Kudzu ... Pueraria jovanica Benth Leguminosz. . ALICANTE, M. M., D. Z. RoseLr, A. BARRERA, and [, ARISTORENAS. Soil
i .. s o Droscanen: alota Blinnia 0l Dioscoreaces. = Survey of Ilcilo Province, Philippines. Dept. of Agy, and Nat.
(Wino . cocnaiamia i Lcogenamo: lewcantha (Duch.) Rusby Cucurbitacem. Res. Soil Report 9 (1947) 62 pp. Bureau of Priufing, Manila.
Waling -waling ..... Vanda sanderiane Reichb. ............ Orchidaces. 5. BATDWIN, Magk., C. B. Kegrrog, and J. Twmore. Soil Classification.

Watermelon ... - Citrullus vulgaris Schrad. ... Cucurbitaceaa. Soils and Men (1938). USDA Yearbook 1938: 070-1001,
Riaical e Saee - IS honieaibore ol Sl Gaay O SRR G Dipterocarpaces . BennNerr, H. H., ForesT G. BELL, and Berr D. RoBINSON. Raindrops
g and Erosion. USDA Cir. No. 891, 1940.
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