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PREFACE

@ Soil Classification and Erosion Survey of Misamis
il Province have been undertaken. The report with the
ing maps is considered a handbook of the agricul-
oils of the provinece. It is a ready reference for a
tive agricultural development of the area, for soil re-
or students in agriculture, for agricultural settlement
ization, and for correct land-use planning and soil con-

- While it may lack details, being only a reconnaissance,
of information exists that when supplemented by a
atic fact-gathering is decisive in solving the agri-
blems of the province.

ad that the information herein would give valuable
e farmers in general and the province in particular,
[ through this handbook the general agriculture of
is improved the aims and purposes for which the
undertaken would not be in vain.

ors gratefully acknowledge the invaluable assis-
d by the Honorable Provincial Board of Misamis
out which the work would not have been made
Governor Paciencio G. Ysalina who generously
oil Survey Party in conducting the surveys of the
\ Provincial Treasurer and Auditor who faci-
eution of the work, and finally, to the Provincial
pervisor and his personnel who made every
ccess and early completion of the work and
eultural data, and to the Provincial Forester
perated and supplied the needed forest data
o authors are deeply indebted.

/ THE AUTHORS
Baci i/
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HOW TO USE THE SOIL SURVEY REPORT

Soil Surveys provide basic data for the formulation of
land-use programs. This report and the accompanying map
present information both general and specific about the soils,
the crops, and the agriculture of the area surveyed. The
individual reader may be interested in the whole report or

only in some particular part thereof. 01'dinari1y he will ba

able to obtain the information he needs without reading the
whole report. Prepaved for both general and detailed use,
the report is designed to meet the needs of a wide variety of

readers under three general groups: (1) Those interested in

the ‘area as a whole; (2) those interested in specific parts ‘of

it; and (3) students and teachers of soil science and related

agricultural subjects. An attempt has been made to meet the
needs of all three groups by making the report comprehensive
for purposes of reference.

Readers interested in the arew as a whole include those con--

cerned with general land-use planning—the placement and
development of highways, power lines, urban sites, industries,
community cooperatives, resettlement projects, and areas for
forest and wildlife management and for recreation. The fol-
lowing sections are intended for such users (1) Description
of the Area, in which physiography, relief, drainage, vegetation,
climate, water supply, history, population, industries, transpor-
tation, markets, and cultural developments are discussed; (2)
Agriculture, in which a brief history of farming is given with
a description of the present agriculture: (38) Productivity
Ratings, in which are discussed and presented the productivity
of the different soils; (4) Land Use and Soil Management
and Chemical Characteristics of the Soils, in which the present
uses of the soils are described, their management requirements
discussed and suggestions made for improvement; and (5)
Water Control on the Land, in which Pproblems pertaining to
drainage and control of runoff are treated.

Readers interested chicfly in specific areas, sueh
cality, farm, or field, include farmers, '
eregted in planning operations in

al farms, and real estate agents, land appraisers, p;l‘ﬂ:
yo purchasers and tenants, and farm-loan agencies.
poaders should (1) locate on the map t};e tl:ractt Co&cslilé-
& ils on the tract by rvefering to -
on l’cc;?éltl?r{grgilr? gf‘fn tshe(:) map and seeing the symbols and
at represent them; and (3) locate in the table of‘ cqn-
or the section of Soils the page where ‘eack}'type is de-
in detail, giving information on its sultabll_lty for us(,
yelations to crops and agriculture. Thgy will algo find
ecific information relating to the s_oils in the sections on
ity Ratings, Land Use and Soil Managemer}t, Chem-

acteristics of the Soils, ah’d Water Control on the Land.

dents and teachers of soil science and allied 'subjects,‘
crop production, animal husbandlfy, ex.zonommf;, rural
, geography, and geology, will flpd interesting 'the
on Morphology and Genesis of Soﬂs' anc_i Mechampal
., They will also find useful information in the sectmli
and Agriculture, in which are presented ‘F.he- genera
of classification of the soils of the province and_ a
| (iscussion of each type. For those not faml}lar with
‘ication and mapping of soils, these gu_bqe‘cts are
under Soil Survey Methods and Defin}tlor}s and
leal Analysis. Teachers of other subjects will flnd. t‘ne
- Description of the Area, Agricultu?e, Produc'timty
and the first part of the section on $01ls of. pal‘tlc_u]a;'
 letermining the relation between their special subjects

#oils of the area.

~oAdapted  drom the WS.D.A,
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b aph, 3rd line from bottom, that should be
4 ‘pgll;%g{&% from bottom, insert it between fact-ga-
and is. : :

th line from top, due to should be read and.

I'able 9, under column Soil Type, 203 should be read

o o Hhe essi 1d be read Areas
Gth line from top, the expression shoul St

-J;. slopes even gm;ater than 30 per cent are c‘leared, and
wated, and runoff is rather excessive. Uncultivated por-
are in most parts under cogon grass.

) i - ] Id be
ragraph, 2nd line from bottom, that shou'
[ ¢ si:i}a ainsgt %he channels between process and widen.

d paragraph, 2nd line from top, (7) should be read

_-7‘ Nos. 6 and 9 are duplications of Nos. 3 and 4, respec-

gied surface. The coast is irregular wi-th high
with bays bordered by sloping lowland in river
nd ig generally narrow and crossed by many
hes; and short stretehes of sandy beach. The
y gullies, narrow ravines, and canyong w
and there are numerous sharp ang

?1 fdaly
 d# in @ nortl
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2 Soil Survey of Misamis Oriental Province Summary 8
vond type with no dvy season and with a very pronoun(:::
ainfall from October to January oceurs in the eagtern l;aiﬁ
fice, The third type with no very pronounced max::rlrllum ks
a ghort dry season lasting from one {to three mon tgh oc tar;
and western parts of the province. The dry m‘on I\Sf[ 8 t(;
1? and end in April, while the wet monthg are from May

The vegetation of the province is four kinds, namely: forest, open
grassland, cultivated land, and swamps and mangroves. The higher moun-
taing including slopes are thickly forested and timber construction purposes
are abundant. Part of the rolling areas and some of the hills are generally
cogonal and the other places are covered with secondary forest. The
plaing and valleys are devoted to cultivated crops, such as coconut, riee,
fruit trees, corn, vegetables, abaca, root crops, etec. The swamps are
mostly of nipa palms and mangroves, i

The early history of Misamis Oriental is the history of Misamis
Province (Misamis Oriental and Misamis Occidental). Later Misamis
Province was divided into two provinces, Misamis Oriental and Misamis
Occidental. Misamis Occidental constituted all the regions west of Iligan
Bay, while Misamis Oriental comprised all the regions east of the Bay,
including Camiguin Island. Cagayan de Oro which was the capital of
formerly Misamis Province was retained the capital of Misamis Oriental
and accorded a Chartered City, inaugurated in August, 1950,

The population of the province was 125,788 in 1918; 213,812 in 1939;
and 369,671 in 1948 with an increase of 247,883 or 191.56 per cent
from 1918 to 1948.

Transportation and communication facilities are available in the
province. TLourdes is the only town not connected to any class of road.
Ag of January, 1948, there ig a total of 437.30 kilometers of roads in
the province breaking into 188.80 kilometers first class, 183.90 kilometers.
second class, and 65.20 kilometers third class. Regular bus transportation

service is maintained throughout the province by several transportation
companies,

v nee has a wide variety of erops wifch coconut and ;me alq
rtant. Coconut occupies practically 75 per cent ?f : er;:u~
Clorn, abaca, bananas, fruit trees, vegetables, root crops,
' uﬁ‘ar cane are some of the other crops Srown. 4
ers employ generally the native plows and h-au:row; azwéﬂi
o lillage and the carabaos and cows as ‘the source 3 P icu::
farm practices from the primitive tcz more advance : agr en.t
alow, but there is 2 trend towarfis_ improvement. '111‘ re:,o i
of fertilizer in the farms is gaining .momentum_. ralc d:s
cultivation of the farms especiaily' in the rol?mg up an.
o primary need of the province is work animals.
1 area of the province is 112,661 hectare.s, 67:233 h‘?m’f?
per cent of the total area of the province 1s 'cultlvr?lea;
49 shows that of all the farms of the province, ¢ §
ated by owners; 7.61 per cent hy part owners, 4.45 pe
; and 21.44 per cent by tenants. )
{ Migamis Oriental are classified and n‘lapped into ;chree
paged on their relief, namely, (1.) S°1¥5 of the dp a,msc;
ﬂlnting" areas, (2) soils of the hills, high uplands, an
miscellaneous land type.
i plains, valleys, and undulating areas have an arz;a.t}ci
78,17 hectares or 14.09 per cent of the total area of th
p of soils comprises the coastal plains, the xzalle%rie;x:j
1w gently undulating areas of tbe lower up.landis. : th;
ppad under this group of which Mambajao clay tlS tAh F
{neipally to coconut. It is also best adapted to the
%?&her oil types are San Manuel loam, U.mmgali
Tuntog clay, and Matina clay. T‘hese soil types
| {0 eoconut with rice as the next important crop.
{o the growing of abaca besides the farm crops

The Philippine Airlines Incorporated maintaing air transportation
facilities in Cagayan de Oro City. Maritima Express Lines and the
Manila Steamship Company Incorporated call at Cagayan de Oro and Bugo
ports weekly. Small boats and motor boats call also at Cagayan port.
Foreign ships doek at these ports once in a while, ‘

Telegraph service is maintained by the Bureau of Posts in Cagayan
de Oro City and other towns.

A provincial high school and trade school are found in Cagayan de
Oro City. Junior high schools are located in other towns. Elementary
schools are maintained in all towns and big barrios. In small barrios,
the primary school is in operation. Private schoolg owned by the Catholic
Church and private organizations are found in Cagayan, Gingoog, Mam-
bajao, Talisayan, Initao, and Manticao. Ateneo de Cagayan is the oldesl
and the biggest of these private schools,

The Bureau of Health maintains a provincial hospital in Cagayan de
Oro City. Pueviculture centers are organized and operating in mogt 1 loam
towns. The Philippine National Red Cross has a chapter office in Cagayan ian clay, stony phase, Jasaan cay 1 ¢
de Oro rendering humanitarian work in the province. loam, Cam‘lgum' clay, Z!Solma(::‘ctig..

Agriculture ig the most important industry of the provinece. Other : : lountain sl und'xfferer 11:; Jn;
industries are fishing, lumbering, grazing manufacturing, commerce, weayv- aldeved the moﬂf_i 1mp}o;r 2 and
ing, and canning, it lly to mcqn*::;:, ;9:1;;’1‘; Ana

Two types of climate based on rainfall distribution occur in 5 : : bl
provinee, viz., the Second Type, and the Third Type or Intermediate Ty

()
\ h’gﬂh upland, and mountaing have a total arca
46 per cent of the total area of the province.
wrens, hills, plateaus, and mounta1-ns of the
" and one land type compese this group.
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4 Sotl Survey of Misamis Oriental Province

of farm; (4) the soils, describing in _de-
u:fi,lasvcingy\ﬁth a discussion of thei‘r ag.ricultural im-
3 (D) productivity ratings, pressentmg in table ‘fo.rm
uetivity ratings of each of the soil ty.pes an.d glx'(?tiplng'
i:es according to their relative physical sg1tab1!1ty f}(il
0; (6) land use and soil management, d1scus§1ng the
eg of the soil types, their management requirement,
g suggestions for their improver.nent; anq (:7) 1-:he
1 map in pocket showing the location ar.ld distribution
ferent soil types classified in the province.

The hydrosol and the beach sand are mapped under the soils of
the miscellaneous land type. These are found mostly on the coastal regiong
bordering the sea with a total area of 6,107.62 hectares or 1.56 per cent of
the total area of the province,

The soils of Misamis Oriental are primary and secondary soils and
their parent materials have different physical and chemical composition.
On the basis of topography, mode of formation, and kind of profile, the
soil series in the province arve grouped into six profile groups, namely,
Profile groups I, 1I, III, VII, VIII, and IX,

Productivity ratings of the various soil types on the important erops
grown in the province are shown in Table 11. These ratings were obtained
on the basis of the average vields of erops where farm practices do not
include the use of commercial fertilizers or amendments. The most pre-
ductive soils are the San Manuel loam, Umingan loam, Bantog clay, Mam-
bajao clay, Matina clay, and Jasaan clay.

Table 11 also shows the relative physical land classifieation of the
soil types for use into first-, second-, third-, fourth-, and fifth-class soils. |
Its ultimate purpose is to provide information on the relative physical
adaptation of various snils on the present set-up of agriculture in the
province,

Ordinarily, the first-, and second-class soils do not have slopes moro
that 5 per cent and are not affected much by runoff and resulting erosion.
The third-, fourth-, and fifth-class need special agricultural practices
for the regulation of runoff and certain mechanica] meang of controlling
erosion, ;

GENERAL DESCRIPTION OF THE AREA

wmis Oriental, one of the provinces of.M,indanao Islal}d,
on the northern part (Fig. 1). It'is bounded' on the
he Mindanao Sea, on the east by Agusan Province, on
by Lanao and Bukidnon Provinces, and on the west
Bay. It has an area of approximately 3_,916.81 square
o8, or 391,681 hectares, including Carplguln Isl_:a.nd.r C.'?m—.
de Oro City is the capital of the province and is 475 air
Manila. It can be reached either by boat or by plane
ila. The actual soil cover is found in table 1.

I. SOIL SURVEY OF MISAMIS ORIENTAL

A pprozimate area of the actual soil cover of Misamis Oriental
The report and the accompanying maps in pocket present

Province as of June 30, 1946!

the Reconnaissance Soil Survey and the Erosion Survey of e Bty

Misamis Oriental Province conducted from February 11 to May KIND | bectares

30, 1950 inclusive. The information herein may familiarize T ; 166,760 12,58
forest 69,841 17.83

various persons who are interested particularly on the soils, the B et 1,140 29

. y 1 sh and mangroves) 22,14
crops, the agriculture, the management, and the soil erosion of ‘ gh marsh an S 17.16
the region and/or for reference on future work on scientific | % -

; ] 391,681 100.00

researches and investigation of the soil of the province,

B fom Yearhook of Philippine Statistics. 1946,

!

INTRODUCTION

This part of the report includes the discussion on ;
description of the area particularly the locati nd -
ogy, relief, drainage, vegetation, history, p
tation, cultural features, and in
emphasis on rainfall, temperatu
including the climatolog

' ) 6f the province, especially in the eastern
_ gl%éf:lgﬁswc?:ﬁ&l reefs which are parfcly exposed alt lolxlv
The hills along the coast and the rolling areas abov;ai te
plaing are of Tertiary sedimentary rpcks suchls. ?L&
| , conglomerates and limy shales. Igneous 1o
moc # with some ngg |




such as schist, slate, gneiss, and quartzite are present in the
hilly regions and mountains of Lourdes and Lumbia.

The provinee is rather mountainous. In the majority of
cases, however, the mountains are below 1,000 meters above
sea level. Mt. Mapua is the highest mountain in the mainland,
being 1,480 meters above sea level. Camiguin Island, which is
a part of the province and lies about 5 miles off Sipaca, has
steep, wooded volcanic mountains rising to more than 1,527
meters with slopes and narrow coastal lowland covered with
abaca and coconut plantations and a little wet rice land. Mt.
Mambajao and Mt. Sinablayan in this Island are 1,713 meters
and 1,921 meters high respectively. Mt. Hibok-hibok is an active
voleano in Camiguin Island. 1t erupted in 1948 before the soil
survey was conducted, also in September, 1950 and July, 1951
after the soil survey of the province, i

Misamis Oriental has a rugged surface (Fig. 2). In the
eastern part are sharp angular hills cut by streams in deep
gorges. The coast is irregular with high headlands that alter-

Soil Swrvey of Misamis Oriental Province

nate with bays bordered by sloping lowland in river valleys,

In the central part, the upland surface is cut by many gullies,
narrow ravines, and canyons which are 500 feet deep or more.
The upland descends abruptly in a rough escarpment to narrow
“coastal lowlands which are less than two miles in width. The
Balingasag-Lagonglong and the Cagayan lowlands are the
widest. Mangrove swamp is wide in Cagayan de Oro. In the
western part, the rough upland and hills rising abruptly from
the sea have altitudes of 1,500 to 2,000 feet. Most of the upland
is sharply cut by valleys, narrow ravines and gullies. The coastal
lowland is generally narrow and crossed by many strealiis;
local swampy patches and short stretches of sandy beach are
component parts. ‘

The general trend of drainage condition of the province is
in a northward direction. The eastern part is drained by the
Linugos, Odiongan, Ginggoog, and Lonao Rivers; the central
section by the Balatucan, Cabulig, Tagoloan, Agusan, Cagayan,
and Ipona Rivers: and the western part by Alubij id, Initao, and
Talabaan Rivers, Fig. 8 shows the physiography and relief of
the province. i s

The higher mountains including slopes are thi
and timbers for construction purposes are in 1n
hills are covered by second-growth forest,

ckly forested,

i isami iental showing rugged
lling lands of Misamis Oriental e
"'a?:hn’rﬂsT?enc;co:‘n?'eliaef occupies a big area in the province
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lie higher fiat uplands and the rolling areas in-
" Hills and the rolling areas along the coast are
Iy to coconut and in some cases to ipil-ipil or
4 and valleys are devoted to the growing of
¢o, abaca, root crops, fruit trees, vegetables,
conuts. The swamps and marshes are covered
and mangroves of different species. These are
near the mouth of big rivers and along the pro-

history of Misamis Oriental is the history of
o (Misamis Oriental and Misamis Occidental).
a part of the Kingdom of Corralat, a Moham-
‘Mindanao. It was ruled by Lord Salanpangm, a
anish missionaries whose leaders were the Re-
| near the present site of Cagayan de Oro and
zing the natives. At first they were not mo-

LEGEND

Lowland araas

Hills and Mountains

Intermediate vplands

NY S OoDY

King Corralat heard of their presence, he took
yo them away by force from his territory. Lord
{he vassal to the king became a convert to Chris-
olected the missionaries. Ie made a strong for-
gayan against King Corralat, so that the mis-
g safety in the place, built their convent which
center of their missionary work in the region.
were the first inhabitants of Misamis. The
nigrants into the provinee from the Visayan Is-
arly from Bohol and Cebu, compelled the Bukid-
\w to the interior. To the present date, Bukid-
‘is lost in the province.

isamis gained the status of a province. It was
ar district divisions called “Partidos,” namely,
samis, included under it were the Ports of Misa-
addition to Loculan and Initao; (2) Partido

e ——
&

e

 Flg. 3.Sketeh map of

 natura

Is Orlental Province showing genara

oued of Dapitan, Lobungan, and some villages;
do Cagayan, including Cagayan, lpona, Molugan,
and (4) Partido de Catarman, which is the

iaa { L0 I CAREEN & CRTE I

acame one of the four political
of Lanao, all of Bukid-
ato were included in ils




Soil Survey of Misamis Oriental Province

During the later part of the Spanish rule Mindanao was
Misamis Province became one of
these districts with Cagayan, now Cagayan de Oro as the capital.
In December, 1899, Misamis Province came into the hands of the
Revoluntionary Government, but three months later it was cap-

made into seven districts.

tured by the Americans.

On May 15, 1901, civil government under the American
regime was established. The subprovince of Bukidnon was in-
In 1907, Bukidnon was given to

cluded in its jurisdiction.
Agusan Province.

Later on, Misamis Province was divided into two provinces,
viz., Misamis Oriental and Misamis Ocecidental. All the regions .
west of Iligan Bay composed Misamis Occidental and all the

regions east of the Bay including Camiguin Island constituted

Misamis Oriental. Cagayan de Oro was retained the capital of

Misamis Oriental and was converted into a chartered city, inau-
gurated in August, 1950.

The population of Misamis Oriental in 1918 was 125,788;

in 1939, 213,812; and in 1948, 369,671. The increase of popula-

tion from 1918 to January 1939 was 88,024 or 69.9 per cent, and
from 1939 to 1948 was 155,859 or 72.8 per cent. But the increase
18 to October, 1948, was 243,883 or 193.8

of population from 19
per cent.

The towns of Misamis Oriental except Lourdes are con-

nected with either first, second, or third class roads. The ca-

pital is connected to Bukidnon, Agusan, and Lanao Provinces by
a national road. As of January, 1948, the province had a total

of 437.30 kilometers of roads, 188.80 kilometers of which is first

class; 183,90 kilometers, second class; and 65.20 kilometers, third
class. |
There are several private transportation companies operat-
ing in the province, some of which are the International Bus
Company, Mindanao Bus Company, Maria Cristina Bus Com-
pany, and the Republic Transportation Company.

The Philippine Airlines Incorporated maintaing air trans-
portation facilities in Lumbia, Cagayan de Oro connecting it
with Manila and other airports of the country. Air service is
daily except Sunday. Boats of the Maritima Express L
the Manila Steamship Company Incorporated, besis

" gt ins e,

and '
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once a week. Foreign ships dock also at these ports

1, a while. . gl
here is a telephone system operating in the province czn-
:Cagayan de Oro with nearby tqwns. Te]egraghm 8 a(;
are located in Cagayan de Oro, Gingoog, Mambajao, an 1
slher towns. : t bl .h. h.
lie Bureau of Public Schools maintains a provincial 1gd
and a provincial trade school in Cagaya_.n d.e 01;0 a;l :
high schools in other towns. It.also rqamtams elem i
shools in all towns and big barrios besides the %rlt?ar)g
4 in small barrios. Private schools run by the 51 (;)1-10
| and private organizations are found in Ca.gayans e of
Mambajao, Talisayan, Initao, and Mantmgo. l(1me1
rivate schools offer collegiate courses besides t ei, ele-
\v and secondary courses. Ateneo de Cagjayan and our-
ege are the biggest and oldest colleges in the province
g collegiate courses. -

Bureau of Health looks after the individual anfi ?ionfl—
health through the Puericultqre Centerg organize (lln
towns. The provincial hospital is located in Cagaya?f'cg
’Ihe Philippine National Red C.}-oss_ has a ch.aptg:' o 1-(1)\;-
:Eyan de Oro, rendering humanitarian work in the p

Jdculture is the most important industry in thei p.l‘O;l;lc;:

is confined mostly to the towns along the sh0} es.']kf‘eh
ghpond in the province for the culture of milkfis .
af the fish is caught in the open sea. i
;;r'a bering is anotl_*;er important industry i}l the %rc.)v:::;i:
9 gives the daily capacity, area of ponce_ssmn, and in 0
or capital of each sawmill in the province. ‘A’g_pfr;simr
are four big sawmills with a'tot{.:tl daily capacity 316 300
o 54,000 board feet and a total investment of P1, 000,
ging used to be a profitable .iudus_try. .before World W:;_
ing the Japanese occupation, this industry was prac

hed out and has not been rehabilitated as ygt. e
o and. ooy co are becoming important_industmeg in.
¥ Qgﬁ*ayan de Oro and I_j}ugo, hesm?es
g ud ina, Mambajao, and Gin-
Bukidnon Proyinee
T 18 DYoo=

11

\Y KaTH




10 Soil Survey of Misamis Oriental Province

ducts. Cagayan de Oro and Gingoog are the centers of trade and
commerce in the province.

The pineapple cannery of the Philippine Packing Corpora-
tion is located in Bugo. Hats, mats, slippers, and ice cream
manufacture, salt making, nipa thatching and weaving are the
household industries.

TABLE , 2.~—Sawmills, their location, daily copaeity, aren of concession,
and investment in Misamis Oriental Provinee?

TE 13
Name of sawmill Location Daily capacity | gontosbion | 1} atment. or
i ni'u: Jh I
‘ Bd. Ft. OLEEUNERIE | Pesos) 114
1. Willkom Sawmill |Tood, Cabalantian, 1,500 to. . dor oty J
< Lourdes, Mis. Or. 2,600 7,160 26,000.00
) | roau Db
2. Claveria Sawmill |Luna, Claveria, Misa- 6,600 to
T mis Oriental 75000400 -fjf‘boovn. 90,000.00
3. Sta. Clara Lumber|Lunao, Samay, Gin- 12,000 to I ph gl
Co. Inec. goog, Mis. Or. 17,000 500,000.00
4. Anakan Lumber |Anakan, Gingoog, | 24,000 to ! (!
Company Misamis Oriental 28,000 86,080 1,000,000.00

. #tDeltta furnished by the Office oE the Provincial Torester, C:umwm de Oro, stamls
rien LA

CLIMATE

Climate is one of the primary factors of soil formation.
Besides its direct effect on the weathering of rocks, it plays no
small part in affecting the characteristies of soils especially over
broad areas. In combination Wﬂfh the natural vegetation, it
is the force largely responsible (there are other factors be-
:sides) in bringing into existence the general pattern of soils.
The kinds of vegetation and the predominant vegetation in-
“fluence the quantity and quality of orgamic matter for soil
'bul}dmg and in turn the decay and the rates of biological and
«chemical changes of organic matter depend primarily on tem-
perature and moisture. The combination of these effects de-
termines to a great degree the characteristics of ‘a given soil.

The kind of natural vegetation is also determined by the
climate of a place. In like manner the agricultural pattei*n is
strongly subject to climatic influence including eroswn ds.
There appear many different types of plants as :
of the chmatw influence under which they' ave
|, Many specxes of pl!mtsl hsm'b




Climate ‘ B

fi-adaptation to climate, and many types of plants have ad-
ted themselves to a wide climatic condition. On the other
man may change agrieultural practices according to his

125°

SKETCH MAP i and habits, but these are subject within the limits of clima-
oF ondition. In some cases, agricultural production is a failure
MISAMIS ORIENTAL PROVINCE use climatic consideration is not fully and adequately re-

led, so much so when we take into account that “an area
weneral is especially suited by climate and soil to produce
it it does.” The differences in natural landscape that ac-
mpanies one climatic region to another can be explained in
'l by the result of erosion activities due to water, wind, and
her agents which share in the shaping of ‘the land surface.
Land use capabilities, industries, health, and land settle-
bt are also within climatic limit. Under these considera-
ins the climate of a place should receive adequate recogni-
i in the planning of agriculiural projects.

Misamis Oriental has two types of climate based on rain-
Il distribution in the Philippines, the second type and the third
, or Intermediate type A. They occur in two regions (Fig.4).
second type is characterized by a very pronounced maxi-
iim rainfall from Oectober to January and no dry season. This
/e of climate occurs in the eastern part of the province, from

SCALE 1:£,000,000

R

NVSNOV

I 2,,(“ < __: Jilinoguitan to the boundary of Agusan Province, including Ca-

IR0 S esitos /" \ in Island. Normally under this type, rainfall is fairly well

CAGAYANDEOROCITY - { tributed throughout the year and sufficient for all the crops.

Gine o™ hile the agricultural pattern of the whole province is the same,

'\\ ,/ @,0‘:‘ icultural practices under this type of rainfall can be so me-

%y \‘\ $° fied as to carry out an intensive cultivation of the land. In
Nag LEGEND

ther words, this region is adapted to crop diversification and a
imnd program of crop rotation may be adopted as one of the
uses of the land in this region. Crops such as durian,
on, and abaca are planted commercially in this region but
not found commercially in other parts of the province.
The third type, or intermediate type A, has no very pro-
inced maximum rain period with a short dry season lasting
y [rom one to three months. This type of rainfall occurs in
ntral and western parts of the province. The dry months
: start fr ebruary and end in April, while the wet
. 4=Sketch map of Misamis Oriental showing the areas under the two types ' 2 January. The lands under this type
I e farm crops but can not, how-

|
i % Second Type

[ ] Third Type o L

it 2[:'5 © AFTH0




12 Sotl Survey of Misamis Oriental Province

precipitation is rather low in comparison with that of the
second type as shown in table 3. Agricultural practices under

the two types of rainfall are somewhat slightly different, being

influenced and modified by the existing climatic conditions.

Table 3 gives the average monthly and annual rainfall and
the number of rainy days of each month of the year for the two
types of climate in the province. Mambajao weather station
represents the second type while Cagayan de Oro and Balingasag
weather stations represent the third type. The second type has
a greater precipitation and more rainy days than the third type.

The mean annual rainfall in Mambajao is 2461.7 millimeters

which is 858.4 millimeters and 802.2 millimeters more than
those of Cagayan de Oro and Balingasag, respectively. It has
also 168.8 rainy days which is 40.5 days and 47.2 days more
than those of Cagayan de Oro and Balingasag, respectively.

The average monthly normal temperature and the extreme ‘

of temperatures for Cagayan de Oro are shown in table 4.
April and May are the hot months; December, January, and
February are the cold months. Differences in temperature
within the province are caused by differences in elevation.
The mountain regions and the higher uplands bordering Bukid-
non and Lanao Provinces have lower temperatures than the
coastal regions. Figs. 5 and 6 show the graphs of the c¢limatic
elements of the second and third types of climate.

TABLE B.-—Mean monthly and annwal rainfall and number of rainy
days in Misamis Oriental?

-t d t
Third type of rainfall } bg;c'?ainfiﬁe
Month Cagayan de Oro 4 : Balingasag 5 Mambajao 6
__Rain- Rainy ' Rain- Rainy Rain- i Rainy
fall days fall days Tall days
¥ i 1
96,1 9.3 75.2 7.0 I8R5 1| Jtat)
L 381 e 517 6.8 18585 | 40 re1148
March 35.1 4.9 25.6 2.7 140.8 | 116
April 28.3 3.8 21.3 2.5 Aze 6.8
May ¢ 111.2 10.5 47.8 10.0 114.2 9.8
e 221.1 16,2 177.8 18.0 148.9 | 13,0
Juy 215.2 14.8 241.0 13.4 191.6 ! 14.6
August 1988 14,3 179.0 12.4 140.5 | 128
September ; e i 14,5 274.4 12:8 178.9 129
otoher - 202.5 1319 |, 2259 1504 B06.0) ¢ {111,115
Novembor 117.9 9.3 253.6 10.4 265.2 ! 18,1
December | 111.9 10:2h vy, 1868 10.2 377.0 204
Monn wnnual 1,608.8 o7 T 121.4 24617 8
) A T
- e
 Helighn, Miguel, 8,0, Observation of Rainfall in the Philippines, u,
I ; bt
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Agriculture

¢ relative humidity is similar to that of Surigao. 1t
from 79 per cent to 86 per cent. The prevailing winds
the months from May to November are those from
i and E-ESE, while from June to October are those
W-WSW. The province is below the typhoon belt and
s not been any remarkable or destructive typhoon that
gcl in the province.

i, Average monthly mormal temperature and the extremes of
~ temperature for Cagayan de Oro, Misamis Oviental

I Maximum Normal Minimum
iiths ! temperature temperature ° temperature
1 °C ° g ° g
I 31.6 25.6 18.9
32.4 25.8 18.5
| 33.5 26.5 19.4
| 34.2 27.5 20.4
34.2 28.0 21.5
| 33.9 27.4 21.4
84.7 27.3 21.1
! 34.4 27.3 Pl
'3 ! 34.5 27.2 it
i 33.8 28.8 21.3
32.9 26.6 - 20.5
e L 2.2 26.0 ki Hr e
inunl % 38.4 26.8 20.4

. Jose Coronas, The Climate and Weather of the Philippines.

AGRICULTURE

riculture is the leading industry of the province. It is
wl that this industry began long before the first Spaniards
l in the region. The 1949 “Facts and Figures of the Phil-
¥ show that the potential area available for agricultural,
jtial and other purposes after the timber is cut is 249,932
4. The total estimated area cultivated for the same year
different farm crops and fruit trees was 75,460 hec-
with the total value of the produce amounting to
0950, Table 5 shows the area, production, and value of
\ leading crops of the province in 1949 arranged in the
of hectarage.
weonul. — This is the most important crop and most ex-
aly grown in the province. 1t is widely planted especially
the shove, irrespective of whether the land is level low-
‘  hilly, It grows well from sea level
‘sen level (Fig. 7). The climate
' -‘ fh
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In 1949, the area devoted to coconut was 86,630 hectares
and the value of the produce was P17,377,720. The most im-
portant products derived from coconuts in the province are
copra, oil, and tuba. About 250 nuts make a picul of copra.
Sun-drying (Fig. 8) and smoke-drying or “tapahan” are the two
common methods of copra making in the provinee. Incidentally,
these two methods are the common methods used in the Phil-
ippines. The so0il types of Misamis Oriental where coconut
grows best are Mambajao clay, Matina clay, San Manuel sandy
loam, Faraon clay, Bolinao clay, Camiguin clay, Jasaan clay, and
Umingan sandy loam. The five leading towns growing coconut
are Gingoog, Talisayan, Cagayan de Oro City, Initao, and Mam-
bajao. Misamis Oriental is among the leading coconut produc-
ing provinces of the Philippines. .

TABLE 5.—Avrea, production, and value of the important crops of
Misamis Orientals

i . -
Kind of crop ! Area in hectares Production in Value in pesos
{ kilograms
Coconut: | 36,630
Copra 46,462,000 17,177,620
Food nuts 1,766,000 169,600
Home-made oil 80,230 32,500
Corn  (shelled) 20,900 14,295,600 2,633,400
Rice (rough}) 5,090 5,853,760 1,663,000
Camote (sweet potato) 2,380 5,640,900 554,000
Abaca 2,300 1,150,000 460,000
Tobacco 300 165,230 148,710
Gabi 300 600,000 60,000
Cassava 140 294,000 13,700
Ubi 90 180,000 18,000
Sugar cane 60
_ Muscovado and panocha 94,000 28,300
TOTAL 68,200 76,431,720 22,868,920

f Facts and Figures of the Philippines. Bureau of the Census and Statistics, (1948-1949).

Corn. — Paradoxically, corn (Fig. 9) is second to coconut
as the leading crop of the province while rice is the staple food
of the people. This is not because the majority of the people pre-
fer the planting of corn, but because the physiographic condi-

~ tion of the land is much more suited to the extensive planting of
- gorn than rice. In 1949, the area planted to corn was 20,900
- hectares with a total production of 14,295,600 kilos valued at
- P2,633,400,

~ Corn is genera

) (11 ] !

-

Iy planted twice a year in Misamis €
8 from May to June and harvested

{ ] 5

L]

i illy areas along the
ig. 7.—C t trees are planted in level lands and hi ¥ ]
" shc;::.nu This crop has the largest area planted in the province.

it the commen methads of curing copra in fhe province s
g §—Cro of The plefure abave shows nuts divided into halves and

.‘ un f_?f ﬂrvlﬂﬂ.




Fig. 9.—Corn is the second impertant crop of the province as regard to
area planted. The picture above is a corn field on Jasaan clay
taken in Claveria of about 2,500 feet elevation.

Agriculture 156

e and harvested in January and February. The varie- -
d are the Yellow and White Flints. It is planted on
il types mapped in the province but grows best on
clay, Jasaan clay, San Manuel sandy loam, and Umi-
y loam soils. Production to the hectare ranges from
to 26 cavans. £

— Next to corn in area is rice. This crop constitutes
food of the people in Misamis Oriental. The produc-
he province in rice, however, is not enough for its po-
1 and thus it imports rice yearly from other provinces
it up the deficiency. The total area planted to this erop
was 5,090 hectares which produced 5,853,760 kilos va-
,663,000. Rice is planted both in the upland and the
The leading towns producing rice are Claveria, Gin-
Halingasag, and Talisayan.

o groups of rice varieties are planted in Misamis Orien-
lowland rice varieties and the upland rice varieties. The
Wl rice varieties planted are Apostol, Elon-elon, Guina-
¢ lismerismis, Calamyon, and Dahili. These are planted
swland areas which are irrigated or which are entirely de-
gt on rain for water. Under normal conditions these rice
g give an average yield of from 30 to 55 cavans of palay
hectare. San Manuel sandy loam, Umingan sandy loam
clay, Bantog clay, and Matina clay are the soil types
devoted to lowland rice in the province.

he upland rice varieties are Cayatan, Speaker, Dalaog,
blo, Romero, Lubong Pute, Bulaonan, and Dumali. Ca-
ves the highest production for each hectare, which is
, and Dumali gives the lowest production, which is 26
8 & hectare. Jasaan clay, Mambajao clay, Bolinao clay,
i clay loam, Alimodian clay loam, and Lourdes clay loam
' portant soil types planted to upland rice. In Claveria,
fing of upland rice is partly mechanized. The production
a8 70 cavans a hectare. This high production may be
the fact that the land is newly opened. Besides, the cli-
y favorable to upland rice.

Of the ten leading crops of Misamis Oriental,
0) ranks fifth in area. The area planted to this
00 lfmlshres, which was 50 per cent less

m& ho decrease in area
the I - Most




16 Soil Survey of Misamis Ovriental Province

of the abaca fields before World War II were either abandone
and have not been rehabilitated or they have been converted to
upland rice and corn fields. The value of the total produce
in 1949 was P460,000 as shown in table 5. Claveria, Mam-
bajao, Salay, Balingasag, and Gingoog are the leading abaca-
producing towns of the province. The yield for each hectare
of abaca (Fig. 11) ranges from 7 to 30 piculs. Maguindanao,
Bongolanon, and Tangongon are the principal varieties planted.
The important soil types devoted to abaca are Mambajao clay
and Jasaan clay.

Two of the basic requisites for good growth of abaca are
suitable soil and climate. The climate of the eastern section of:
the province is most favorable to the culture of abaca. Rainfall
is evenly distributed throughout the year, a condition which
gives sufficient moisture for the need of the plants. The soils
of this section of the province as described elsewhere in this
report are suited to the crop. Besides there ig no abaca mosaic

. |0.—Abaca plantation on Jasaan clay taken in Claveria of about 2..500
i feet elevation. This is one of the ranking crops of the province.
The plantation is not well taken care of.

in the province, unlike in Davao. Given therefore the proper
encouragement and good facilities, Misamis Oriental may vet
become one of the best abaca producing provinces of the coun-
try. She has all the bright prospects of contributing a big share
‘in the rehabilitation of the abaca industry. She has good ports
in Cagayan de Oro City and Bugo as outlets for the crop.

Tobacco. — This crop is planted for home consumption and
the local market. There were 300 hectares planted to tobacco
in 1949 with a production of 165,230 kilos which was valued at
P148,710. The average yield for each hectare of tobacco leaves
in the province is 11 quintals or 550 kilograms. San Manuel
‘#andy loam, Bolinao clay, Jasaan clay, and Bantog clay are used
j_or the planting of tobacco in the province.

-~ Sugar ¢ane. — Like tobacco, sugar cane is grown for home
eongumption and the local market. The stalks are sold locally
for chewing or milled in the local wooden sugar mill for the
production of muscovado sugar and “panochas.” The total value
of the produce in 1949 for muscovado sugar and panocha was
P28,800, Claveria and Cagayan de Oro City are the important
towns producing sugar cane in the province. Jasaan clay, Mam-
bajao clay, San Manuel loam, Jasaan clay loam, and Lourdes
clay loam are the soils generally planted to sugar ¢

Other erops; Root crops. — These crops co
portant gecor food of the people in gen

Flg. Il —Abaca fiber extracted from the abaca plant. Production of this

erep in fthe previnee is from 7 to 30 pleuls to the hectare.




Fig. 12.—Sweet potato is a leading root crop of the province. This picture
shows the crop planted to Mambajso clay in Gingoog.

Fig. 13.~Native enion planted to Jasaan elay in C-
of the area ls about 2,700 feet a




Fig. 14—Portion of a cabbage truck garden in Luna,

; Claveria. The eleva-
tion of the place is 2,800 feet ab - Foye
and Mrs. Pablo Bagofigon. *rareasn el Couteayiot My,
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of the mountain people in particular. The area devoted
crops in 1949 was 2,720 hectares and the produce was
at P646,790.

amote (sweet potato) is the leading root crop (Fig. 12).
2,720 hectares planted to root crops in 1949, camote occu-
n area of 2,390 hectares and the value of the produce was
1,090, Gabi is second in importance. Cassava, ubi, and na-
nion (Fig. 13) arranged in their order of importance are
her root crops of the province. San Manuel loam, Umi-
loam, Mambajao clay, Jasaan clay, and Jasaan clay loam
davoted to root crops. '
Leguminous erops. — The leguminous crops are planted in
and scattered areas. They are sometimes planted in ro-
with corn and upland rice. The 1949 “Facts and Figures
Philippines” gave 90 hectares as the area planted to these
b4 of that year with a total production of 44,000 kilos valued
#15,020. Peanut is the most important of these crops. The
er legume crops planted are sitao, cowpeas, patani, batao,
il soybeans.
Vegetable crops.— Of the vegetable crops, cabbage is the
oal important, being planted in truck gardens (Fig. 14). It
ostly planted in Luna, Claveria with an elevation of 2,850

above sea level on Jasaan clay. This region can be favor-
compared to that of Trinidad Valley of Baguio for the
ing of cabbage. The fields are not fertilized. In 1949, the
planted to cabbage was 40 hectares with a total produc-
of 220,000 kilos and the value of the produce was £154,000.
her vegetable crops are pechay, mustard, eggplants, tomato,
0, squash, and patola. These are planted mostly in home gar-

. in backyards, or in small open areas. The supply of leafy
[ruit vegetables of the province is adequate.

 I'ruit trees. — Fruit trees constitute one of the principal
% of the province. The climate of the province is ideal for
growing of this crop. Besides being less visited by strong
, it has a well distributed rainfall throughout the year
, accounts for the favorable growing of different varieties
it trees. The ten leading fruit trees of the province ar-
in the order of hectarage are shown in table 6.

n s {he most important fruit tree in the province. It

1 type od and is planted in backyards,

e '."i? ":l




18 Soil Survey of Misamis Oriental Province
well also from sea level to as high as 8,000 feet above sea leve
in Claveria. In 1949, the area planted to banana was 4,840 het
tares and the value of the produce was P1,152,000. Balingasag
Salay, and Claveria are the leading towns producing banana it
the province. %
Mango ranks second to banana in area planted. The valug

of the produce, however, is third to banana, lanzon being second
In 1949, the total value of lanzones amounted to P150,000, whils
that of mango was P127,500. Initao is the leading town pro
ducing mango followed by Cagayan de Oro. Kinogitan lead;
all the towns of Misamis Oriental in the number of lanzon tree
which is closely followed by Gingoog. Talisayan, Mambajao,
and Claveria are the other lanzon-producing towns of the
province. &
b
TABLE 6.—Area, production, and value of produce of the ten leading fm':
trees of Misamis Oriental Province? ;

Names of trees Area in hectares Production in kilog Value in pesos
Banana 4,840 2,880,000 1,152,000
Mango 400 318,750 127,500
Lanzon 340 £ 750,000 150,000
Jackfruit 260 1,225,000 98,000
Coffee 250 61,000 91,500
Cacao 220 30,200 60,400
Avocado 110 98,200 34,000
QOrange - 90 78,140 27,660 ;
Pomelo ; 40 70,000 | 7,000 i
Papaya 30 142,000 i 28,400

T O AT \ 6,570 5,658,380 1,776,860 g

? Facts and Figures of the Philippines. Bureau of the Census and Statistics. (1948-1949),

AGRICULTURAL PRACTICES { 31 .

Agricultural practices in Misamis Oriental do not differ
from those followed in the other provinces of the country. The
farmer uses generally the native plow and harrow as the main
implements of tillage and the carabao or cows as source of
power. . Lately, the use of tractors has been introduced, but in
a limited extent and confined mostly to the flat uplands and
moderately rolling areas of Claveria, i 3

Fertilizers are not commonly used by the farmer. Recently,
however, a growing interest in the use of fertilizers has been
noticed among the farmers. Such interest, if continued and pro-
perly implemented is a healthy sign of a change for a better

ture in the province. Better seed selection @md eloan
weticed. . Thorough preparation of th

11

a shingles

ig. 15.—Nipa leaves are made in’ro' nip 5
& fof houses and other establishments. This
is onc of the home industries of 'H_'lc pro-
vince. The picture was taken in Balifigasag.
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 up and down the slopes resulting in accelerated erosion.
i so that a greater portion under seagonal crops has a
nging from 3 to 12 per cent. There is no program of soil
tion and soil wastage due to erosion is widespread. Im-
ont of the badly depleted areas is little attended to, if not
v neglected.
Op rotation is practiced in a very limited extent by few
The majority of them plant different crops regardless
succession. This is not a sound practice because the
ensily exhausted of its fertility. i
yoen manuring and the addition of crop residues to the
o entirely ignored. Organic matter aids in the retention
lature and also supply plant nutrients. When legumes are
green manure, the nitrogen content of the soil is also
ed. Strip cropping, contour furrowing and cover crop-
the rolling regions are not practiced, On the other hand,
sln system of agriculture is still prevalent on the slopes of
and mountains. This kind of agriculture should be dis-
aged because it is destructive and enhances soil erosion.

.

LIVESTOCK AND LIVESTOCK PRODUCTS

vestock in the province of Misamis Oriental is principally
by the farmers themselves. The carabaos and cows are
used as work animals in the farm. Some progressive far-
4 have more than one of these animals, some chickens, goats,
.4, ducks and horses. They are raised either for meat or for

, 'ff-ore World War 1I, a wide area of the rolling uplands
s utilized for grazing cattle. The war, however, especially
the Japanese occupation_, adversely affected thig industry.

ﬁ:"?.—Kinds, number, and valies of liwestock and pouliry in

. Misamis Oriental Provincel®
T { . : :

! nd of livestock & poultry Number Value in pesos

j I 12,800 o 2,320,600
[t 8170 336,870

» . SR feage 247,220
8 oVl | 57,940 2148780
i ik i ; 3,880 27,160
BEL Gas01001 o ' 0900 S
(T e 177,860 284,580
i pdnboitooos o T i L
' ' 1,390

_.20 99_0
TR | | besae
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Practically all the commercially raised cattle were lost and th
industry has not as yet been rehabilitated. Up to the time of thi
survey there has been only one cattle ranch in the proving
Even the number of work animals in the farms have not i increase
much in some parts of the province that farmers still cultivat
fields by means of hoes while other farmers rent tractors i 1
plow their farms. Table 7 gives the kinds, numbers, and valug
of livestock and poultry raised in the province.

Poultry raising is confined to backyards. Almost evem
home has few chickens raised in its yard. There are some poul
try raisers who keep larger ﬂocks, but such projects could nol
be considered as commercial in scale.

Agriculture 21

o1 some of the lower hills and rolling regions inland have
\ turned into crop lands. Land concession had been subdiv-
and turned over for agricultural purposes after the timber
1 heen cut and abandoned by the lumber companies.

FArRM TENURE

The 1939 census of the Philippines classified the farmers of
¢ province into four classes, namely, owners, part owners,
iants, and managers. _ :
Owners are tarm operators who own all the land in which
oy work. Part owners are farm operators who own part and
il or lease other parts of the land which they work. Tenants
& farm operators who rent or lease from others all the land
' ¢h they work, and managers are farm operators who super-
¢ the working of the farm for landowners, receiving wages
ualaries or part of the crops for their services.

The tenants are further classified into three, as follows:
Share tenants — farm operators who rent the land they
ork and pay as rent a share of the crop or crops grown; (b)
anh tenants are farm operators who rent the land they work
1 pay as rent a specified amount of money or a definite quan-
{y of the crop or crops grown; (c) Share-cash tenants are
arm operators who rent all the land they work and pay as rent
whare of the crops in addition to a specified amount of money.
 There is a total of 22,521 farms in Misamis Oriental with an
von of 112,661.28 hectares, Of these farms, 71.56 per cent or
92.84 hectares are operated by owners; 7.61 per cent or
172,14 hectares are operated by part owners; 4.45 per cent or
7.04 hectares are operated by managers; and 21.44 per cent
) 18,469.76 hectares operated by tenants, 16.12 per cent or
L 169.95 hectares of which are operated by share tenants, 0.17
cont or 197.72 hectares operated by share-cash tenants, and
ver cent or 102.09 hectares operated by cash tenants,
The farm land of the province is well distributed among
poople. Only a small number are tenants. The average size
farm landholding is 5 hectares per farmer. This accounts
the absence of any serious agrarian problem between land-
. and tenants in the province.

LAND USE CHANGES 5
In the 1939 census of the Philippines, the farms of Misa
mis Oriental were classified into the following classes: (1)
cultivated land, 67,233.01 hectares; (2) idle land, 25,790.5¢
hectares; (3) pasture land, 8,974.97 hectares: (4) forest land
7,792.88 hectares; and (5) other land, 2,869.87 hectares. Cul-
tivated land 1ncluded land cultivated to seasonal crops and those
lands planted to coconut, fruit trees and nut trees. Idle land
meant land suitable for the growing of crops, coconut, and frul
trees but which was not used for the purpose; neither was it
used for pasture. Pasture land was used exclusively for pasture
and forest land was the portion of the farm land which was
occupied with forest. Other land meant land occupied by houseq,
buildings, improvements, and waste land.
Land use changes in the province were from pasture, 1dle,
and forest lands into crop lands and other lands. While there is
no available record to show the land use changes that have taken.
place since 1939, records, however, show that the cultivated land
has increased in area from 67,233 hectares in 1939 to 75,460
Liectares in 1948, thereby correspondingly decreasing the areas
of the other classes of farm land. This increase may be due todl
(1) the increase in the population of the province from 218,812
in 1939 to 269,671 in 1948; (2) World War II and the unfavor-
able effect it created on food supply; (3) forest have encour-
aged the people to settle in the interior. The increase in popU=
tio ecessitated a bigger farm area to accomodate the ex-
i rieultural activities in the province fi
ngequently more of

PARM INVESTMFNT
an s : rding the amount of invest-

¢ ﬁn
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inventory of their own expenses and income: The farm eq -'j
ment and the work animals are considered as investment in

farms in this report. The census of 1939 gives the investme
on farm equipment and work animals as follows: -

- i ’ Number of Value
Kind of equipment equipment (Pesos)

area cultivated.

Was equal to 50 percent or more of the area cultivated.

the cultivated land was planted to abaca.

Hvatod

5. Coconut farms are farms on which 50 per cent or mo W

Qﬁ 'ghe cultivated land was planted to coconuts.

6. Fruit farms are farms on which the cadculated ar

planted to fruit trees was equal to 50 per cent or more of
area cultivated.
7. Tobacco farms are farms on which the area planted

arvea cultivated. ‘
'ﬁ;:e farms which ha,v (4

by,

i any of the above nine groups.
) i i

Soil Survey Methods and Definitions

TABLE 8.—Number of farms by type in Misamis Orientallt

23

, horses, goats, and sheep; or (3) less than 20 per cent of
 {otal farm area was used for the production of crops, fruits

10, Other farms are farms which could not be classified un-

land and or upland palay was equal to 50 per cent or more of t

2. Corn farms are farms on Whlch the area planted to coil
8. Abaca farms are farms on which 50 per cent or more

4. Sugar cane farms are farms on which the area plante
to sugal ‘cane was equal to 50 per cent or more of the area cul

tobacco was equal to 50 per cent or more of the area cultivated

- 8. Vegetable farms are farms on which the area p]anté
to camotes, mongo, soybeans, tomatoes, sitao, cowpeas, patani
beans, cadios, onions, radishes, eggplants, cabbages, gabi, water
melong, and potatoes was equal to 50 per cent or more of thi

e 2 S e B G S RS o S MR i, S 8,702 )
o HAPYOWE  wems s ains by s i o 2,2%%) . Lo 1 =
S e R B T B e e ! ; Type of farm Number of farms Per ‘cent
EREWOEIENanImalar o b i S e 14,337 ) 1
> : 1,355 6.02
TYPES OF FARMS o 6,006 L 26.67
T46 3.39
Misamis Oriental has diversified agriculture. The census 1aizke 20
the Philippines in 1939 gives the number of farms in the pros A bra
ince classified according to types shown in table 8 They ai 88151 1,58
described as follows: 4 1,646 7.81 fith
: B Total, = '
1. Palay farms are farms on which the area planted to low i 2B ER 10500

b 3 i P
1 (ensus of the Philippines, 1939, Agriculture, Province of Misamis Oriental. Bul

'l"' V. SOIL SUR,VEY METHODS AND DEFINITIONS
,- So0il surveying congists of (a) the determination of ths

phological characteristics of soils, (b) the grouping and
aupifying of soils into units according te their characteristics,
their delineation on maps, and (d) the description of their
‘acteristics in relation to agrlculture and other act1v1tles of

)

A

8

} The soils 1ncIud1ng their 1andscapes and underlying forma-
4, are examined systematically in as many sites as possible.
ings with the soil auger are made, test pits are dug, and ex-
res such as those found in roads and railroad cuts are stu-
. An excavation, road-cut, or railroad cut, exposes a series
layers or horizons called collectively the soil profile. These
Lzons of the soil, as well as the parent material beneath, are
1,ed in detail, and the color, structure, porosity, consistency,
ure, and content of organic matter, roots, gravels, and stones
Qted The reaction of the soil and its content of availab!r-\

e

1 and internal, the relief of the land climate, and
catures qre_taken 1nto consideration, and
he ﬁﬁ}}q;r,l”and other

f.,
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4 degree of erosion, degree of slope, and the amount of gravel
| alones on the surface soils, are delineated on the map.

A soil complex is a soil association composed of such in-
ale mixture of series, types, or phases that cannot be in-
od separately in a small-scale map. This is mapped as
inlt and is called soil complex. If in an area there are
srpl series, types or phases that are intimately mixed such
ambajao, Camiguin, Jasaan, and others that are mixed
futher, the complex is named after the dominant member or
mbers, such as Mambajao-Camiguin complex or Jasaan com-

On the basis of both the external and internal charactersti
the soils are grouped into clasgification units, of which the thi
principal ones are (1) soil series, (2) soil type, and (3) s
phase. When two or more of these principal mapping units a
in such intimate or mixed pattern that they cannot be cleai
shown on a small-scale soil map, they are mapped or group
into (4) a complex. Areas of land that have no true soil, su
as river beds, coastal beaches, and bare rocky mountains, a
grouped into (5) miscellaneous land types. Soils of areas th
are inaccessible, like mountains and great forest regions, whi
are of no agricultural value for the present, are classified
(6) undifferentiated soils. ‘

A geries is a group of soils having soil horizons similar i
differentiating characteristics and arrangement in the soil pu
tile, except for the texture of the surface soil, and developed froi
a particular type of parent material. It comprises soils havin
esgentially the same general color, structure, consistency, rang
of relief, natural drainage condition, and other internal an
external characteristics. In the establishment of a series,
geographic name is selected, taken usually from the localif
where the soil was first identified. For example, the Mambaja
series was first studied and classified in Mambajao, Misami
Oriental,

- Surface soil and subsoil samples for chemical and physical
lyses are collected representing each soil type or phase, the
mber of samples being determined by the importance and ex-
{ of such soil types or phases. Profile samples are also ob-
,-f, od for further morphological studies of important soil types.

" The soil survey party composed of two or three soils men,
ips the area and delineates on the map the various soi_l types,
inses, complex, and miscellaneous land types. All local and
fural features found in the area are indicated on the soil map.
hose are trails, roads, railroads, bridges, telephones and tele-
h lines; barrios, towns, and cities; jrrigation canals, rivers

; ki ; : il lakes; prominent mountains, etc.
A soil series includes one or more soil types defined accord 3

ing to the texture of the surface soil. The class name, such A
gand, loamy sand, sandy loam, silt loam, silty clay loam, clay
loam or clay, is added to the series name to give the the com
plete name of the soil type. For example, Mambajao clay i
i 80il type of Mambajao series. The soil type is the principu
unit of mapping. Because of its specific characteristics, it i
ugually the unit to which agronomic data are definifely related

VI. SOILS OF MISAMIS ORIENTAL

The soils of Misamis Oriental are predominantly clay. Other
sxbures range from sand and loam to clay loam. They exhibit
Il shades of color from light gray, yellowish gray, brownish
Ey, reddish brown, red and black, but the reddish color is pre-
lominant. The lighter and reddish colors are mostly in upland
d rolling to hilly regions while the brownish and other colors
.\ in the coastal plains. Most of the soils are low in organic
tter content. The consistency of both the surface soil and
hoils varies from loose and friable to moderately compact,
{iely and plastic. These differences in consistency make the
al drainage variable. The surface drainage is influenced
velief of the land.
#4 per cent of the soils have sloping, rolling, hilly, or
{ of which is rough mountain or

T'l=

The phase of a soil type is a variation within the typg
which may be of special practical significance, differing frof
the goil type only in some minor features, generally external
Differences in relief, stoniness, and extent or degree of erosion
are shown as phases. A minor difference in relief may cause @
change in the necessary agricultural operation or a change in
the kind of machinery to be used. The phase of :
glight degree of accelerated erogsion may prese
lizer requirements and other cultural manag

1)
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cultural value. Large areas require extensive soil conservatm
R practices, like terracing, strip cropping, contour cultivation, ete.,
i if used for the growing of farm crops to minimize or reduce
the losses of surface soil from run-off. Some areas should not
have been brought under cultivation., Ag a result, soil erosion
is very noticeable and truncation of soil profile is much in evid:

3. Soils of the rolling areas, high uplands, hills, and mount-
ains.

a. Jasaan clay (317)

b. Jasaan clay loam (318)

TABLE 9——Afrea, and principal erops on eueh soil type in
Misamis Oriental

I
|
|
|
ence. Gullies are plentiful. Some areas have been abandone; - e s R L | e — |
nd e No. ;
a hav became cogonal 5 Faoa] 2,114.82 0,54 Nipa, mangroves and
The soils of the plains are considered the best agrlcultur for fishponds.
soils of the province and can be farmed with ease. They ar ‘l_IS ® i b ag The nix'srov;rw.starg?mﬁlgrﬁ the |
adapted to various farm crops. Occurring on a relief with g s SRR |
highest slope of about 3 per cent, they can be cultivated conti: ‘ Ly 7 - I
- { b i o \ B ———— 1 ice, 18 & -
nuously for seasonal crops throughout the year with the least Qe s 5 T me?ﬁogégio,'c%?;l;na;o:Iégei:- |
problem on soil erosion. With the use of such farm practices ] Loam i ?ii]aiz jr:;t :::S i 1
application of commercial fertilizer and organic matter, green oo | umingan loam 5,577.10 1.42 ’;g_?;‘.:cghdpiir;j;gascamute, fruit
manuring, crop rotation, and proper tillage, they w111 g1v T e e oral T
! 168 Umingan clay 2,602.47 0.64 ALEL R 2 2 ‘
moderate to high yields. loam j Eauns jant FEnil RS : I
Three general groups of soil on the basig of topographie 25 | Bantog clay 5.045.02 1.2 ﬁg\gzllz?da;éce;b;zznut, corn, ba-
position are found in Misamis Oriental, namely, (1) miscella: = — : Lowland rice, eoconut, corn, ba-
Matine clay C O 4708.93 1.20 |nanas, fruit trees, tobacco, and
neous land types, (2) soils of the plains, valley, and undulatln{r 203 i L cogunal, -
AL e Lowland rice, « ; nut, co-
areas, and (3) soils of the hills, high uplands, and mountains.. » et Tantamity RPMIN oA iy << b Bt it e
The soils in each group are in turn classified into soil types, P : B : bananas,
based on the genetic and morphological characteristics of the > o e ) STk i e e
profile. The soil types were mapped. Their descriptions and . Pl Suapeannty; onton, oM |

trees, and wvegetables.

agricultural importance are discussed in the following pages.
The areas, percentage, and the principal crops grown on each
soil type are shown in table 9. The accompanying map shows
thelr dlstrlbutlon and relative extent

— : Abaca, upland riee, coconut,

5. 4.80 corn, fruit trees, bananas, root
115 Ja]s;)a;g it Gl crops, cogonal and secondary
forest, '

: Caoeonut, bananag, ipil-ipil, fruit
1419 Jasaan clay, 18,863,091 4,82 irees, cogonal and secondary

stony phase { forest, 1
)il 1 Coconut, fruit trees, bananas, il
The soil types under each group are as follows: o R el ol ugfgfd fruit. trees, ananas,
ek s i ero
14 MISCEHaneOUS land types. nao complex

Gneonut upland rice, corn, ba-
i 5,227.27 8.99 nanas, camote, sugar cane, to-
€54 Lrig;i;as e &gt bacco, cogonal, secondary forest. I

a. Hydrosol (1)°
b. Beach sand (118)

Coconut, abaea, fruit trees, ba-

’ ] j 190 Camiguin clay 67,101.86 17.13 ?anai, cogonal and secondary
. 2 ' r

Soils of the plains, valleys, and undulating areas. o

a. San Manuel loam (190)

b. Umingan loam (322)

|
|
Coconut, bananas, fruit trees, I
Bolinao clay 28,952.93 6.12 upland rice, tobaceo, ipil-ipil, |
4 i corn, and cogonal. l

|

F, Coconut, bananas, f{ruit trees,
C Uming‘an clay loam (168) > 9 riis Tarpon  clay [ F,266,07 1:84 Fl?illail;)c}l rice, ecorn, cogonal and
X b i * 1 o] .
: i
d. Bantog clay (228) . ) '

Coconut upland rice, corn, ba-
F.&F nanas, fruit trees, cogonal and
A | kecondary Torest.

e. Matina clay (206)
" 71’. Mamba_j,_éao clay (315)

up) 1Ly }nlu

v Lorost
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. Jasaan clay, stony phase (319)
. Jasaan-Bolinao complex (321)
. Lourdes clay loam (316)
Camiguin clay (820)

. Bolinao clay (158)
. Faraon clay (132)
Alimodian clay loam (126)
Mountain soil undifferentiated (45)

1. Mechanical Analysis

The mechanical analysis of the surface soils of the variou
soil types was made to check up the field classification whiel
was done by the “feel method.”
table 10. Generally, the field classification agrees with th
results of the mechanical analysis.
where the field classification is doubtful.
exhibit the loam texture in the field. They are friable, mellow
and easy to cultivate but the clay content is high. Under these
conditions, the field classification is maintained except when the
clay content is so high that the textural grade is made to con
form with that obtained by the mechanical analysis.
meter method of mechanical analysis by Bouyoucos (7) was used.

Soil Swrvey of Misamis Oriental Province

The results are shown ii

There are cases, however
Some of the soilg

TABLE 10.—Awerage wmechanical analysis of Misamis Oriental soils

The hydrd,
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soil has no agricultural value. It is, however, gulted
adapted to the growing of nipa palms and some species of
voves. It is also used as fishponds for the cplture.of
The leaves of the nipa palms are maclie into mipa
g (Fig. 15) for houses and buildings, while the man-
are good sources of firewood. The areas r}earby, W_h1ch
{ under water all the time are converted into salt beds
o extraction of salts. ”
each sand (118).—The beach sand is the narrow stmphof
| nlong the seashore. This soil has no developed p?c'otlle.
il of 3,992.80 hectares is mapped. Little further inland
{ed to eoconut, bananas, and some fruit trees. Coconut

% well in this soil.

The Soils of the Plains, Valleys, and Undulating areas

, e soils under this group are the alluvial soils of_ the prc?v-
| They comprise the coastal plains, the valleys in the in-
, and the gently undulating areas of the lower 'uplands.
. geries are Umingan, San Manuel, Bantog, Matina, and
bajao. They are developed from materials of recent' ai.lu-
depositions and as such show variable characteristics.
¢ nurface soils are of moderate fertility and f-aarly deep.
dity ranges from pH 5.50 for the Mambajao clay to
.40 for the Bantog clay. :

These soils are planted to various crops, the most import-

Type ] Sand Slit Clay
number (F6) (%) (%)
190 San Manuel loam 48.0 40.8 15.6
322 Umingan loam 32.4 44.4 28.2
168 Umingan clay loam 32.8 32.2 41.0
228 Bantog clay 8.4 28.4 69.2
206 Matina clay 4.4 39.4 67.0
315 Mambajao clay 18.4 24.6 63.2
817 Jasaan clay 14,8 31.0 60.2
818 Jasaan clay loam 30.8 80.0 392
126 Alimodian clay loam 37.8 85.6 29.6
316 Lourdes clay loam 44.4 22.4 37.2
163 Bolinao clay 13.0 39.2 56.2
820 Camiguin clay 15.0 29.6 59.4
132 | Faraon clay 12.0 47.8 48.2
821 | Jasaan-Bolinao complex 32.4 28.6 51.0

t of which is coconut, occupying more thap' h_alf of the area.
due to the fact that coconut is the principal money crop

gxé% province. Lowland rice is the second important crop
185 iod, Other crops are corn, banana, tobacco, vegetables, root
5. abaca, and fruit trees, such as avocado, _sta,r appleff
i , papaya, lanzones, durian, and others. This group of
70,0 have an area of 55,173.17 hectares or 14.0'::) per cent 0‘
68 area of the province. Mambajao clay is the largest

cent of the total
; ) "ﬂF L1y

Loun

2. Miscellaneous Land Types

All lands which possess little or no definite soil
fied under the group of miscellaneous land types.

Hydrosol (1).—A total of 2,114.82 hectares or 0.54
area of the province is mapped as hydic

are classis '

ype among the soil types in the group and coconut is the
al crop grown.

SAN MANUEL SERIES

was firat identified and mapped in Tar’l?\c
' naidered one of the best soils
1B inan Provinces,
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ol from soils in the surrounding uplands and deposited by the
treams as they flow to the sea. Coconut is the permanent an d
rincipal crop, while lowland rice is the important annual crops
an Manuel loam is the only soil type mapped under this series.

San Manuel loam (190).—This soil occupies a total of

18,462.75 hectares or 3.44 per cent of the total area of the
province. It is found along the banks of the Ipona, Cagayan,
and Tagoloan Rivers. The plain in Medina also belongs to this
goil type. It is mearly level to slightly sloping with the
highest slope of about 2 per cent. The gsurface drainage as
well as the internal drainage is moderately good. The coconut
area in Ipona has the following profile characteristics.

Depth of the
s0il Characteristics

om.

0- 30 — Surface goil, brown to pale brown loam to silt loam, mo-
derately loose, friable and fine granular structure. It is easy
to cultivate and contains adequate amount of organic mattexr.
In some places the surface soil is grayish brown and in others,
especially when the areas are devoted to lowland rice,
gurface soil has plenty of brick red streaks. There is no stone
or gravel and affords deep root penetration. It hag a clear
and smooth boundary with the subsoil. 1 4

30- 60 — Upper subsoil, brown to pale brown silt loam, moderately
fine granular, loose and friable. i 1
60-100 — Lower subsoil, brown to ash brown silt loam to fine sandy.
loam, looge and friable. Massive structure, clear and smooth
boundary wtih the substratum, I’
100-150 — Substratum, fine and grading to sand, yellowish brown loosa
and structureless, !

San Manuel loam is practically cleared. and eultivated, with

about 80 per cent planted to coconut. The rest is devoted to

lowland rice and occasionally planted to corn, tobacco, and ve=
getables. The average production of nuts per tree per yeat
is 37. Rice yields 40 to 55 cavans of palay a hectare depending
upon the availability of water supply and the variety of -ricl
planted. Corn gives a yield of 8 cavans a hectare. -This soil
has never been fertilized since it has been first brought into
cultivation. i !

San Manuel loam is of average fertility. Chemical analy=
gis o/ of the soil samples collected for this soil indicates des
ficiency in ammonia. Under this circumstance, the addition to
the soil of a liberal amount of ammonium sulfate fertilizer is im=
portant to supply the deficiency in ammonia and ine
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ields of the crops. The soil has a pH of 5.8 which is medium
itid in reaction. ,

UMINGAN SERIES

The soils of the Umingan series occur in close association
ith the San Manuel soil. They resemble in color but differ

ininly in that the Umingan series has a layer of stones and
glavels accumulation it its profile, a chavacteristic which is
ibsent in the San Manuel series. In some places there are two
iyers of these accumulations found in the profile which are
iparated by a layer of sand. The first layer occurs a few cen-

imeters to about a meter below the surface, and the second

ayer is about fifty centimeters to one meter or more below

e first layer of stone accumulation. This is a distinet char-
dleristic of this soil series.

~ In most places the surface soil is brown, grayish brown to
ght brown and the subsoil is light brown to pale brown sandy
iim, clay loam to silt loam, loose and friable. These soils are
sveloped from materials deposited by the flowing streams from

lie high uplands. They occur on a level to slightly unduiat-

topography and usually along the river banks, or plains

brmed between bodies of rivers. Surface and internal drainage

410 generally adequate. At places, however, there are patches
if swaled areas which are poorly drained both externally and
iternally. Umingan loam and Umingan clay loam are the
51l types mapped. ‘ EL- S

 Umingan loam (322).—This soil can be farmed with less
rt, because it occurs on a level to slightly undulating areas.
lotal of 5,577.10 hectares or 1.42 per cent of the total area
{he province is mapped. The largest areas are in the Ba-
yasag-Lagonglong plain’ and the Alubijid plain. For agri-
ral purposes, this soil is suited to the cultivation of
ous farm crops, and responds well to good management. 1%
asily tilled. The only hazard to agriculture is the over
ng especially those areas along the river banks. It has
following profile characteristics taken from a rice field in

k Characteristics
(hisg 1'lui;

(

il fp gra,yi’ah Brown, loose, granular loam

ount of organic matter, Affords good
¢ fones are found in the &

HLo
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Fo:60un o S}lbmill,t 11ight blgown to brown, loose, friable and fing oes, rice, or other seasonal crops. Almost half of the tilled
granular silt loam. Poor in organic matter, abrupt and smootl E : 3 ;
boundary with the lower horizon. s is permanently p]ant.ed to coconut and the other half is used

Ga-100 5 e Light brown to ash brown, loose and friable. Fine granula iincipally for lowland rice and corn. Root crops, vegetables,
san e ; .

: y ~ re also planted. Coconut has a fair production
100- 30 — Layer of gravels, pebbles, and stones accumulation. Thil fruit trees a b Ri iald 3[..1 e 0 .oavansea hee-
layer varies to a depth from few centimeters, to about on [ nuts per tree per year. ice yields 35 %o

meter or more from the surface soil. This accumulation is the bire; corn, 5 to 10 cavans.
mu;tﬁil?i%cﬁr;nsmcs of this soil which distinguishes it fron 3 The chemical tests of Umingan clay loam show a medium
180-below — Substratum, brown, light brown to ash brown sand, loost i0id reaction, a pH of 5.8. It containg low readily available
and structureless, ‘ Bhosphorus, hence the addition of phosphatic fertilizer like
The Umingan loam is one of the best agricultural soils o meo-phos is essential to increase the phosphorus content of
the province. It is especially important because of its level ta he soil and the yields of the crops.
slightly undulating relief, and its wide crop adaptability. The ‘ gl
areas mapped are cultivated and about 70 per cent of which i ’ - ' BANTCEEEES
permanently planted to coconut. The rest is devoted to sea The soil of the Bantog series occurs on level areas and is

sonal crops. Rice is the main crop, and corn, camote, and ve loveloped from materials washed from the weathered products
getables are the secondary crops. Coconut yields 30 to 40 nuti of basalts, andesites, and shales of the upland. It has a brown
ber tree per year and rice yields 35 to 45 cavans of palay pel {0 dark brown clay surface soil and brown to light grayish
hectare. l hrown clay subsoil. The external drainage is adequate but the

This soil is low in readily available nitrates and potas intermal drainage fends' to be slow. Bantog clay is the only

sium. When the land is fertilized with ammonium sulfats #0il tyvpe manped. _ ;

and potassic fertilizers the nitrate and potassium content, of thé . Bantog clay (214) —This soil is found scattered in small
soil would be brought to normal for the growth of the crops nreas in the province. The largest areas are the plain in Gin-
thus would improve the production in this soil. The soil re goog proper- and the coastal plain along the national road from

action is medium acid, the pH value being 6.10. of kilometer 148 to kilometer 160 going to Agusan Province. The

Some coconut fields are cogonal and the growth of th her areas are located in the eastern part of the Cagayan de
trees is quite poor. With this condition it is advisable to covel o plain, and parts of the plains in Opol and Alubijid. Occur-
crop the fields with Centrosoma or Calopogonium. These cover ng on a nearly flat surface with a glight slope in a direction
crops help eradicate the cogon. Besides, they fix atmospheric stream flow, this soil has a fairly adequate external drainage.
nitrogen in the soil and improve it physically to the desired 'he internal drainage, however, tends to be slow due to the

condition for the better growth of the coconut trees. , pxtural character of the soil. The fol-low.ing ‘is a profile
Umingan clay loam (168).—Umingan clay loam is thy \aracteristics of this soil taken from the rice field in Opol.

other soil type mapped under the Umingan series. It differ Qs of the Gharbotoritios
i Tmi 1 i b1 s em, g ;
mam]y.from e Wmgeaniloamsin T'hat itshas a day. Ioa{m 9 ! 0- 85— Surfaee soil, brown to dark brown clay, compact, sticky,
face soil to a depth of 25 to 30 centimeters. The relief is level R plastie, and good medium granular st}"uctgé’e.h In thﬁ 1'1c§-. pit}:l-
{ i A dies, it ig quite soft and has plenty of reddish streaks, In the
i e Rl :g‘reates‘t SIOI.JG domot exceed (A3 uncultivated areas, it is hard and cracks to as deep as one foot
cent. The external and the internal drainage are good. - _ when dry. Tt has a fair organic matter ct‘)intent t::thnr]lJ affc.fl)rds
The areas are small and scattered, and in close sassociation ' _‘d,,ei%ﬁ §ﬁ2t,ﬂﬁ‘;§}{”ﬂ“"“1 fiken s diftused and, amoofh, Roun Ry

with the Umingan loam and San Manuel loam. A total A PO~ Bubsoll, brown light bll‘OWﬂ to fl‘wiShI bm‘;n' dm"d‘a"aml’f
: : : ; ) 0 d & ' oty ve, It ig hard and com-
2,602.47 hect:ftre‘s is mapped. About 50 per cent is cultivate ff;;“g;;,‘: ﬁtﬁifyué;d pla;gic when wet.
and the rest is in cogonal and secondary forest. The forest Threwn elay 3 hrown mottlings,
and cogonal areas, when cleared, can be planted to ¢ 111 ny I
- ¥ T ="

=t —dliasEeohenss s oca- - ks +—=Ji8 =
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Bantog clay is suited to the growing of various tfarm crops.
Practically, all the areas are cultivated, but about one half of
the total area is planted permanently to coconut. The rest ig
devoted to lowland rice as the main crop; corn, camote, tobac-
co, vegetables, and some root crops are the secondary crops.
Coconut gives a fair yield of nut per tree per year. The pro-
duction of rice and corn is of the average.

| This soil has a slightly acid reaction, the pH value being
6.4. It is deficient in nitrates but contains normal readily
available ammonia, phosphorous, and potassium. Ammonium
#ulfate fertilizer when added would supply the needed nitrogen:

for the growth of the plants and would improve the yields of
the crops.

MATINA SERIES

The soil of the Matina series occurs on level to nearly level
topography and has been developed from recent alluvium wash-
ed down from hilly areas of shale, calearecous shale and lime-
stone formation. It has a very dark brownish gray to black
clay loam to clay, coarse granular surface soil, and a dark
prayish brown plastic clay with a medium columnar structure
Subsoil. Below 90 to 100 centimeters from the surface is a
brown sandy clay loam slightly compact and with a yellowish
mottling. This soil is one of the young soils that has not had
enough time to develop as manifested by its profile. Matina
clay is the only soil type mapped.

Matina clay (206) .—Areas of this soil occupy the plain in
Lourdes, the coastal plain in Manticao, the rice field between
the Cagayan and Ipona Rivers along the highway, and the plain
from Kilometer 7 to barrio Opol, Cagayan de Oro, along the
highway. The largest areas are found in Manticao and in
Cagayan. The total area mapped is 4,708.93 hectares.

.~ The relief is level to nearly level. The drainage, both sur-
Aface and internal, is slow. The surface soil and subsoil are domi-
nautly black, Their depths are shown in the profile descrip-
~ Hlon,  Few gravels of calcareous limestone are found sin the
urface in some places and in other places gravels are also

in the upper subsoil. Following is a general
L of this type taken from a rice

2 b

SR CYRENTI T Iy

ol

e .
I £

e

ig. 16.—Profile picture of Matina clay taken in the rice field of Lourdes.

This is a deep soil and the color is dark to black.

Profile picture of Mambajao clay faken
"Pmb a0, This soil is deop and has
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dith of the
#oil Characteristics
om.

- 80 — Surface soil, very dark brownish gray to black clay loam
to clay, Coarse granular and brittle when dry, but plastic when
moist, Slightly compact, affords deep root penetration and
fair in organic matter content. Gradual wavy boundary into
the lower layer,

0« 45 — Subsoil, gray to dark grayish brown plastic clay with me-
dium columna1 structure, Root penetration reaches this horizon.
Clear and smooth boundary.

1. 90 — Lower subsoil, soft, granular brown clay to clay' loam.

Clear and smooth boundary into the substratum.
0150 — Substratum, brown sandy clay loam, slightly compact, me-

dium columnar structure,

This soil is easy to till and responsive to gocd manage-
ont. It is not susceptible to erosion duz to its nearly level
slief and when properly managed may give high yields of all
enlly grown crops. About 80 per cent of the area is under cul-
yation and the rest is shrubby and open land. The culti-
ited area is almost equally planted to cocenut and to lowland
ce. It is adapted to both crops and alsn other farm crops.
veonut gives a good yield of nut per tree per year. Rice yields

to 40 cavans a hectare with the rice fields unfertilized.

Jher crops grown are corn, tobacco, root crops, vegetables,
Piit trees, and banana.

Matina clay is slightly acid in reaction. The pH value

il the soil is 6.4. Application of commercial fertilizer in this
oil is not practiced. Chemical test shows that the soil contains
afr amount of readily available essential elements for the

nts. Under good soil management and proper farming
ctices, this soil will give high yield for the crops planted.

MAMBAJAO SERIES

- Mambajao series is a new soil series identified in the mun-

aliLv of Mambajao, Camiguin Island. The soil of this se-

4 has been developed from recent alluvium washed down from

i) areas of andesite and voleanic formation. The relief is
to sloping and moderately undulating with the greatest

ie of about 6 per cent. The elevation is from sea level to
£ 50O feet above sea level. The sloping area is well drain-
it the level portion has slow internal and external drainage.
eteuizﬁd.”by a brown to light brown and strong

rately el clay ﬁurﬁace soil and a light brown

i oi.l,_ amba.]aq
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Mambajae clay (315).—Agriculturally, this is one of th
most important soils of Misamis Oriental Provincs. It occll
pies an area of approximately 23,876.90 hectares or 6.10 per cen
of the total area of the province. Areas of this soil are scaf
tered in Camiguin Island and in the eastern part ¢f the proy
ince, with the largest areas between the municipalities of Gin
goog and Medina and also between Talisayan and Kinoguitan
Quite extensive areas are also found in Mambajao and Catai
man. The following profile (Fig. 17) gives the internal char
acteristics of this soil. It is taken from a coconut field i

Peason it is not uncommon that rice and other seasonal crovs
are cultivated like the kaingin method. |

The chemical tests of Mambajao clay show a pH value of ‘
6 which is medium acid. It is low in readily available !
nitrates and phosphorus. With good management and with the !‘
application, of sufficient amount of ammonium phosphate fer- “
tilizer, crop yields may be increased. ; |

4. The Soils of the Hills, High Uplands, and Mountains '

Mambajao. The soils occupying the ;'ol'ling areas, .hills, platgau and |
| Depth of the nountains are placed under this group of soils. In this group ‘
I o ' o ‘1o six soil series, one soil complex, and onc land type. These

4. dgp 20 Surface soil, brown, light hrown to strong brown moderat 'e Jasaan, Alimodian, Lourdes, Bolinao, Faraon, and Cami-

ly compact clay. Soft and friable when moist, sticky and p
tic when wet, and hard and compact when le Columnar t
fine «rranul:n' structure fair, in organic matter content an
affords good root penetration, Boundary with the subsoil |
wavy and diffused.

30- 65 — Subseil, brown, light brown to reddish brown and moderate
! 1y compact clay Modemtely sticky and plastic when wet,
- and friable when moist, and brittle when dry. Columnar str
ture with clear and smooth boundary with the lower honza

65- 95 — Gravelly clay with few stones, brown to reddish brown,
95-150 — Substratum, sandy clay, brown to yellowish brown witl
grayish black mottling and few sandstone gravels. Compa
and massive structure.

Sheet erosion is noticeable in the sloping area. It is quitd
active particularly in areas under clean culture. Thao total are:
devoted to this kind of farming, however ie small and is most:
ly in upland rice, peanut, and corn. : '

Mambajao clay is suited to all locally grown crops, being
under the second type of rainfall. Abou: 40 per rent of thi
total area is cultivated, 70 per cent of which is mostly it
permanent coconut field giving a yield of from 35 to 40 nut
per tree per year. The 30 per cent is planted to ahaca as the
main crop. Other crops are fruit trees, rice, peanuts, corn,
gabi, cassava, and banana. Abaca yields 2¢ to 30 bales of 6
kilos a bale per hectare in Mambajao before the Hibok-Hibok
volcano erupted in 1948, 'h

The uncultivated area is in secondary forest and gras
lands, all of which when cleared can be used successfully foi
the B‘rowing of agricultural crops. In Mmsapma

I 'lavel -'tb 'gently rolling area with p |

¥

Win series; Jasaan-Bolinao complex; ana Mountain soils un-
ffetmtxated The total area is 330,400.20 hectarves or 84.35
per cent of the total area of the province. |
These soils had developed from the weathering of vari011s
‘ocks, such as basalt, andesite, undifferentiated metamorphic
tocks, shales, coralline limestone, and sandstone. The Jasaan,
Tld Camiguin series had developed from the residual material
{ conglomerate, basalt, and andesite; Faracr: and Bolinao from
‘oralline limestone and the Alimodian and Lourdes series from
le and sandstone. Jasaan series has its parent materials
Weathered too deep that the resulting soil has a thickness of 2
fioters or more.
Qccurring on hilly and mountamous ar eas these soils have
1 rugged surface. There are many sharp angular hills cut hy
Blreams in deep gorges. Numerous gullies (Fig. 18), narrow
Avines, and canyons are also present in this group of soils in-
ating how seriously erosion  have talen place. Surface
ainage is good to excessive and the internal drainage is fairly
squate.  The hills and rolling areas along the coast are ex-
sively planted to coconut. The flat and rolling areas inland
either used for pasture or cultivated [or the growing of
vicultural crops, or when not in used, are cogonal, open land
socondary forest. The higher hills and the mountains in-
ing portion of the rolling arecas bordering Bukidnon and
“are thickly forested. .The cultivated areas are planted
| fruit trees, upl&nd rice, corn, root erops, and
m 645 of the Iaaaau cla:v
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JASBAAN SERIES

Jasaan series is a new soil series identified in Jasaa
The soils of this series are primary soils developed in pla
from the weathered volcanic rocks, such as basalt and andesit
The relief is flat upland, rolling, hilly, and mountainous. T
external drainage is good to excessive and the internal drainaj
is fair., Erosion especially in the rolling and steep regior
is serious resulting in the truncation of the profile. In man
places the parent rocks are exposed to the surface. The sul
face soil is brown to light brown clay loam to clay an
the subsoil is light brown to reddish brown. Where erosiol
has taken place the surface soil is light brown. Normall
the parent materials of these soils had been weathered to
deep that the resulting soils have a thickness of 2 or more
ters. Jasaan clay, and its stony phase, Iasaan clay loam, an
Jasaan-Bolinao complex were mapped,

Jasaan clay (317).—This type covers an area of 34,967.
hectares or equivalent to 8.94 per cent of the total srea of th
province. The largest area mapped is in the environs of Cla
veria, Jasaan, and Balingasag. Other areas mapped are locat
ed in Gingoog, along the Gingoog-Claveria proposed road, ang
in Cagayan de Oro, along the Bugo-Malaybalay road. [
relief is flat upland, rolling, and hilly to mountainous. Thi
external drainage is fairly adequate. The cultivated area
Hinaplanan has the following profile characteristics. Figune
19 shows the profile picture. '

18—-Portion of the rolling area of the province showing numcrous

Fig.
3 gullies. The picture was taken in Lumbia.

Depth of the X
soil Characteristics

0- 35 — Surface soil, moderately compact clay leam to clay, brown
to light brown, slightly friable, and soft when moist, sticky and
plastic when wet, but hard when dry. Has a fairly good amount
of organic matter and affords deep root penetration, It ha
4 columnar structure. In some places, stones and boulders and
embedded in the profile. The boundary to the subsoil is clear
and smooth, |

35- 50 — Upper subsoil, clay, light brown to reddish brown, moderato-
ly compact and columnar structure, Root penetrates down to
thig horizon, No gravel or stone in this horizon,

50-100 — Lower subsoil, same ag above except for the presence of
gravel and stones in this horizon. Boundary to the substratum
is diffused, *»

100-150 — Substratum, elay loam, light brown to reddigh brown, 100!
and very friable, Massive structure. This horizon: has i thiﬁkﬂ
negs of one meter or more,

il can be successt
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o its rolling relief, otherwise, erosion will become excessive.
1 Hinaplanan, Claveria, besides using animal power to plow
he farms the farmers employ five tractors. The method
{ plowing, however, is up-and-down the slope. This is des-
uctive cultivation because it promotes in no little degree
heet erosion by allowing the concentration of run-off in fut-
ows. Terracing, contour cultivation, sfrip cropping, and a
g range crop rotation should be practiced especially on the
iore sloping areas. These practices help not only to check
id protect the soil from further sheet erosion but they also
uprove the soil fertility and increase production.

- About 30 per cent of this soil is under cultivation; the rest
e in cogonal, and secondary and primary forest. Upland rice
nd abaca are the main crops. Corn, cabbage, native onion,
wchay, root crops, vegetables, fruit trees, coconut, and banana
o the secondary crops. Upland rice yields 50 to 65 cavans a
ctare of unfertilized fields. This high production may be
ie¢ to the favorable climatic condition occurring in the ares
and the fact that the land has been newly opened for cultivation.
Abaca yields 15 to 25 bales a hectare of about 63 kilos a
ale. In the barrios of Rizal, Tamboboang, and Madaging of
liveria, abaca plants are growing luxusiantly that the pro-
liiction reachkes as high as 35 piculs a hectare. The abaca
ints are planted both in the level and iolling to hilly areas
“ith an elevation of about 2,800 feet above sea level. These
arrios of Claveria have the potentialities that can sustain the
irements of an expanded abaca industry. Given proper
ities, they may become one of the best abaca producing
5 in Mindanao.

- One of the important secondary crops planted in Jasaan
iy is cabbage. In Luna, Claveria where the elevation is about
0 feet above sea level and the temperature is mild even dur-
the day, cabbage is planted in truck gardens (See Fig.
- The production per hectare ranges frem 9,000 to 12,000
nd a cabbage head weighs 1.2 to 3.5 kﬂos The cabbage
are not fertilized.

1 ela.,y is low in readﬂy avaﬂable n1tra,tes, phos




40 Sotl Swrvey of Misamis Oriental Province Soils of Misamis Oriental L
Jasaan. clay, stony phase (319).—The Jiffererice betwes
Jasaan clay, stony phase and Jasaan clay is the presence
plenty of stones and boulders on the surface of the former, whi
makes cultivation impossible without their removal (Fig. 20
This soil occurs in the upland and rolling areas of Cagayan «
Oro, and the rolling and hilly areas above the coastal plain frol
Cagayan de Oro to Jasaan. A total of 18,863.91 hectares ¢
this was mapped. Practically the whole area is freely ar
excessively drained that sheet erosion is and has been actiy
in this soil. ' ]
Spots and small areas are cultivated after diligently ¢
moving the boulders and stones. They are planted to uplan
rice, corn, vegetables, and some root' crops. Some areas ar
planted to coconut and bananas without removing the stoneg
They are planted in between the boulders., The flat areas i
Cagayan de Oro which are cogonal are used for pastures. Ti
natural vegetation is cogon with seattered binayoyo trees
secondary forest. This soil is not suited to agriculture an
should be left under cogon and forest. It could be used fo
pasture purposes to some extent. i

Jasaan clay loam (318).—This soil occupies the southeri
part of Lumbia along the Cagayan River up to the border
Lanao Province. A total of 18,815.89 hectares or 4.80 pal
cent of the total area of the province was mapped. The
lief is rolling, hilly, and mountainous. In many places, erosior
has been severe forming plenty of gullies. The fields undel
clean culture have active sheet erosion,

upping, and terracing to protect the soil. from further s?hest
weion. | Abaca, fruit trees, root crops, pmeapp_le, corn, vege-
hles, banana, and upland rice are suited to this soil. ;

. Jasaan clay loam needs phosphatic ferti'liger anc} hm'e.
« available phosphorus is only 6 parts per m1111o11-wh11e th}‘:t
‘calcium is 1,400 parts per million. Theg.e are low fpr t e
imal needs of the crops and therefore requlres the a_pphcatmn
| gufficient amount of phosphatic fertilizer ‘and lime. The
bil has a pH value of 5.90. \ ‘ : '
Jasaan-Bolingo complex (821):—This .?011 commlex 18 t:;tln
ssociation of the Jasaan ar olinao soils that one %El ‘.e
ther cannot be indicated separately in tl}e map _used. eis.e—
'i'é, the association js mapped as a untf 1‘1d callgd (”3011'1};1 e}};
:i dominant texture of the soil is clay. Jt occupies the hills
Wt and west of Jasaan, and covers an area of 4,592.?5 hec.tares.
! Being hills with steep slopes, the external drainage 1; f}i:
Lussive and erosion has been serious. About 40 per] contt? e
a is planted to coconut and bananas. A small por u;nth
nted to upland rice, corn, and root crops by the use o _el
kiingin system. The rest is in secondary forest.-LThm smt
should he left under permanent crops or I forest tn prevent.
“worious erosion. ‘ ;

LOURDES SERIES

Lourdes series is a new soil series identified_ in _Lourdesja,
Misamis Oriental Province. The soil of “this sem‘esp is a pri-
ary soil developed from the weathering ~f undifferentiated
gtamorphic rocks and sedimentary rocks, such:as gandstone

Jasaan clay loam is similar to Jasaan clay. They diffel
largely in the texture of the surface soil in that while the for
mer has a clay loam surface soil, the latter has clay. The sui"
face soil with depth of from 30 to 35 centimeters iz brown ta
light brown, moderately loose, soft and friable when moist and
contain a fair amount of organic matter. Belcw the surface
goil to the substratum, the characteristics are the same as thogse
of the Jasaan clay. ' ‘ ‘

ay loam surface soil and a brown to light brown slightly com-
lor in the lower layer. The relief ranges from rolling to hilly

‘whore the drainage is not adequate, the area has gcnerally ex-
tossive external drainage. The native vegetation is cogon and
esl. Lourdes clay- loam was mapped. % b .
ourdes clay loam (316) .—This soil 11e§ in the envworis
log, the western part of Tumbia, and in the south-west-

) A total of 85,227.27 hectares or:
: vince was map-

Ll

Small and scattered areas of this soil are cultivated. a-';
rest are cogonal and secondary forest. The rolling d¥Feas when
el eould be cultivated to agricultural crops o 1o,

used for evops it is essential that farm |

atlvyal upl

Lj

d shales. It has a brown to dark brown moderatcly compact
Ect gsandy clay loam subsoil speckled with black and reddish.

d mountainous. Except the small valleys between the hills-
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primary forests. The rest is cultivated. Occurring generall
on a rough terrain, the surface drainage is excessive and erosio
has been serious. querous gullies, narrow ravines and can
vons are found in this soil. In many parts of the area the sur
2 face soil is thin and in some other places the rock under ha
been exposed to the surface. This type has the following pro
file characteristics taken in a cogonal field in barvio Awane
Cagayan de Oro. The profile picture is shown in Figure 21

Depth of the
sofl Characteristics
cm,

0- 25 — Surfacq soil, brown to dark brown clay loam, moderately
compact, sticky when sufficiently wet, slightly friable when.
moist, and hard when dry. Has tubular pores, fair in organic
matter content and granular structure. In some places, gravels
and stones are found in this horizon. The boundary into the

. subsoil is clear and smooth. 1

25- 45 — Upper subsoil is brown to light brown sandy clay loam,
slightly compact brittle and erumbly when dry and moderately
friable when moist, granular structure. Iron concretiong are
found in some placeg in this horizon. The boundary is diffused.

45-100 — Lower subsoil, ash brown to light brown clay, speckled with
black and reddish color, friable when moist and brittle when
dry. Massive structure and has a diffused boundary with the

- substratum, :

100-150 — Substratum, brown to ash gray brown clay loam to loam,
speckled with reddish yellow color and presence of dark brown
mottling, Massive structure,

There are areas of this soil which werse previously under
cultivation but were abandoned because the land could no
longer give profitable income due to erosion. However, there
are areas, such as the small valleys and the flat uplands which
- when properly managed, can be used economically for farming
purposes. .

Lourdes clay loam is more adapted to pasture and forest
urposes than for agriculture. It has been badly depleted of
g fertility due to erosion. In many cases, the surface soil has
: removed leaving the barren subsoil. Consequently, agri-

ilture is not economically productive. Farming this soil needs
nl conservation practices to reduce erosion damage, re-
11 the soil and to build the soil to a highar state of fertility.
v application of ammonium phosphate fertilizer, saddition
inic matter, crop rotation with legumes, green manuring

, contour and strip cropping, and good tillage oper:

0 very necessary and important farming practices i

ldg.  The soil has a pH val
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‘which is medium acid reaction. Upland rice, corn, Ssugar
eane, tobacco, fruit trees, bananas, coconuts, root crops and ve-
wetables are grown in this soil.

Below 80

BOLINAO SERIES

The soil of the Bolinao series is light to dark reddish
brown, moderately compact clay surface layer and a reddish
brown heavier clay fine to coarse granular subsoil. This soil
as developed from the weathered products of dark to reddish-
volored coralline limestone. The topographic feature is nearly
flat upland, undulating to rolling upland, and hilly. Surface
pun-off is slow to excessive and the interaal drainage is fair.
Bolinao clay was mapped.
Bolinao clay (1538) —Areas of this scil occupy practically
e whole municipality of Alubijid and El Salvador, and a big-
er portion of the mumicipality of Initao. Small portions oc-
eur in Cagayan de Oro and Lumbia bordering Bukidnon Prov-
ince. A total of 23,952.93 hectares was mapped It has the foll-
owing profile characteristics. The profile picture is shown in
Tig. 22.
Bapth of the

soil Characteristics :
| em, ‘

0- 35 — Surface soil, brown to reddish brown clay, compact .and
hard when dry, plastic and sticky when wet, well developed
structpre, high moisture holding capacity. Roots penetrats
easily and are abundant in this layer. Hags limited amount of

::enﬁme'l*ers from the surface is a weather-

Fig. 21.—Profile picture of Bolinac clay.

8%% well-decomposed organic matter. Boundary with the subsoil is
=g clear and smooth,
: =55 Ab- 55— Subsoil, strong brown to reddish brown clay, compact and
e : hard when dry, highly sticky and plastic when wet, fine to
= o coarse granular, and hag a clear and smooth boundary with the
&%0 \ lower horizon.
o iHB- 80 — Lower subsoil, differs only from the above horizon due to
3 the presence of limestone gravels, Diffused boundary with the
£2 ‘ lower horizon,
s R0-120 — Reddish brown weathered limestone rocks, soft, and gra-
ST 5 ‘ nular with egravels, At some places this layer ig ag deep as 2
0 0 B meters from the surface.
i §' 5‘ =150 — TReddish, porous and hard limestone rocks.
i L
Sad In some places the surface soil has abundance of angular
EE g rounded limestone gravels. In the eroded condition lime-
< ne boulders and outerops appear scattered on the surface in-
_ aping in the cultivation, Sheet erosion has been serious in

£ Im'rﬂ'ﬂmll vt sl dm
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to wpland rice, corn, banana, some fruit trees, sugar cane, to
bacco, and vegetables. The uncultivated areas are cogonal, s@
condary forest or covered with ipil-ipil. [

Bolinao clay needs a heavy application of phosphatic fer
tilizer like ammo-phos. This is because chemical test founc
this soil to be containing only 3 parts per million of readily
available phosphorus which is very much heiow the normal nee
of the plants. Farming practices like the addition of organi
‘matter, green manuring, crop rotation with legumes, terracing
contour farming and good tillage operation are essential
make the soil produce high yield as well as to conserve
The soil reaction is slightly acid, the pH value being 6.4.

- TARAON SERIES

Like the Bolinao soil, the soil of the ¥Faraon series is de
veloped from the weathered products of coralline limestone
‘but the resulting soil is dark brown to black slightly compae
clay in the surface layer and dark yellowish-gray clay subsoil
The limestone rock under is grayish to white in color, while
that of the Bolinao series is reddish browa. The rolief is un
dulaiing to rolling upland and hilly. External drainage is good
to exessive and internal drainage is fair. Frosion in this soil
has been active and serious.  Faraon clay is the soil type map
ped. i i i { |
Faraon clay (132) .-~ This soil occupies the western part of
Initao and the rolling and hilly portion of Manticao along the
coast to the border of Lanao Province on the west. It has a
total area of 5,265.07 hectares. The profile characteristics of

this soil taken from a coconut fleld in Manticao is describ
below !

I Depth of the
| sail
cm,

0- 30—

Characlerisiics

Surface soil, dark brown to black clay, slightly com
medium granular structure, soft and very strongly plastic when
wet, ahg'gt,]‘x hard and brittle when dry. High moisture holdin
capaci brupt and smooth boundary with the subsoil,

© 80~ 46— Subsoil, dark yellowish-gray clay, strongly plastic wl
ok oo ek e hen dry, and modervate fing granul ¢

it r are partially weathemd
~the lower horizo




Fig. 22.—Profile picture of Camiguin clay. This sell
type represents the largest soil in Misamis
Criental. The picture was taken along the
road to Kinoguitan.

Soils of Misamis Oriental

In some places angular and rounded limestone gra
jundant in the surface soil. In the rolling and hilly areas the
e soil is thin and in other places the surface soil has been
ely removed exposing the dark yellowish-gray subsoil. This
(ue to erosion which has been active in this soil '
~ About one half of this soil is cultivated and 80 per cent of
hich is permanently planted to coconut. The rest is devoted
| upland riece, corn, banana, fruit. trees, root crops, tobacco
vegetables. This soil is good for orchard, especially citrus,
goes, banana, and other fruit trees. The limestone when
erly prepared is good for liming sugar cane and rice fields.
fls also good for road surfacing:. The uccultivatad areas are
’h‘m cogonal, secondary forest or covered with ipil-ipil. :
4 5 '~ CAMIGUIN SERIES
i. Camiguin series is the other new soil series identified in
amis Oriental. This soil was first found and mapped in Ca-
guin Island. This is closely associated with the Mambajao
d Jasaan soils. It differs from the last two soils ‘n that ‘the
migwin soil has big boulders of basalt and andesite as well
rock outcrops scattered in abundance in the qurface  soil.
oge are also embedded in the profile. These boulders and out-
sps make cultivation with the use of plow and tractors impos-
ihle. The relief is volling, hilly, and mountainous. = The eleva-
n is from 300 feet above sea level to 3,000 feet. Due to the
f, the surface run-off is good to excessive. The internal
1inage, however, is fair. The native vegetation is cogon, few
iltivated crops, and secondary and primary forests. Camiguin
ig the only soil type mapped. - ,.

- Camiguin clay (320).—This soil had developed from the
eathered products of volcanic sand, bagalt, and andesite
oly. Tt is widely distributed in Camiguin Igland and in the
saatern part of the province. It is one of the extensive soils in
province covering a total area of 67,101.86 hectares. It
the following profile characteristics taken from a coconut
in Quinoguitan. Figure 23 shows the profile picture of

'WFE- ‘
: Characteristics

. brown to light brown compact
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limited amount of well-decomposed organic matter. Cl "
4 smooth boundary with the subsoil. i
25- b — Upper subsoil, brown to light brown clay, compact an
hard. Root penetration reach this horizon. Columnar stru
ture and poor in organic matter,

o lighter color of surface soil than the uneroded areas. This
& has the following profile characteristics taken from a cut
it a kilometer from the Agusan boundary.

70- 70 — Lower subsoil, light brown to reddish brown clay with fey 0 of the

) sandstone gravels. Columnar and diffused boundary. | il Characteristics

70-100 — Strong brown to reddish brown clay loam to sandy loat em. . .
| 80 — Surface soil, brown to reddish brown clay loam, loose, good

with sand stone gravels and few stones. Massive structure ant
has a elear and smooth boundary with the lower horizon.
100-150 —  Substratum, clay loam to sandy loam, light brown to red
dish brown spotted with a mixture of brick red and dark browl
weathered sandstone, Massive structure,

medium granular struecture, slightly friable when moist, hard
and brittle when dry, fair in organic matter content. and affords
good Toot penetration. In places, broken shale and sandstone
gravels are found on the surface. Boundary into the subsoil
ig clear and smooth,

(0 — Subsoil, light brown clay loam, slightly brittle and mo-
derately compact, poor in organic matter.  Has a clear and
smooth boundary with the substratum,

160 — Substratum, gray to grayish-brown highly weathered shales,
and weathered sandstone, weak coarse platy and slightly com-
pact. Shale and sandstone are stratified in places.

About 10 per cent of this soil is cultivated which is mostl]
located along the shore, and practically all this cultivated la d
is devoted permanently to coconut, Small area is planted
upland rice, corn, fruit trees, banana, and root crops. The rest
is either cogonal, secondary forest, or primary forest. Coconu
grows well along the coast in this soil (Fig. 24). In Camiguin
Island, coconut is planted to as high as 1,200 feet elevation with
good growth. Because of the presence of boulders in the sur
face layer, this soil especially the rolling area can be devoted to
the growing of permanent crops, such as fruit trees, and
coconut,

About 30 per ceni of this soil is cultivated and the most
portant crop planted is coconut. Other crops are upland rice,
1, camote, cassava, gabi, vegetables, banana, and some fruit
w0y, The rest of the area is either cogonal or secondary
arest.
Crop yields in this soil are low, due to a greater extent
\ the badly or seriously eroded soil that in many places the
roductive subsoil, or the layer of stratified shale is exposed
i the surface. And also to the fact that the soil is very much
fleient in the readily available nitrates and potassium, be-
ilog the prevailing improper methods of cultivation.

* This soil, however, could be brought to yield a reasonable
i level and economically profitable crop by adopting proper
practices that would promote the best of the soil conserv-
1 and allow soil fertility to develop. For this reason, heavy
lication of nitrogenous and potassic fertilizers should be

to correct the deficiency in nitrogen and potassium. The
pal application of organic matter, crop rotation as well as
s manuring are farm practices esgential for the permanency

ALIMODIAN SERIES

The soil of the Alimodian Series is developed from the wea-
thering of stratified shales and sandstone. The surface layer
is brown to light brown and reddish brown, slightly friable clay
loam, and the subsoil is light brown, slightly compact clay loam.
Fragments of shales and sandstone rocks occur on the surface,
and layer of stratified shales and broken sandstone rock ma '
be near the surface. The relief ranges from undulating to
strongly rolling hilly areas, and the drainage is good to exces-
sive throughout. Sheet erosion is severe in cultivated area on
the steeper slopes and on the hill slopes which are bared of:
vegetation, Alimodian clay loam is the soil type mapped. -,
: fllimodfian clay loam (126).—A total of 9,729.99 hectares
qf this soil was mapped mostly in the eastern part of the provineg atability of soil fertility. The erosion damage could be
to the border of Agusan Province. Because of erosion, the sod or avoided by the use of contour plowing, strip and
surface goil varies in thickness as well as the color, The nors autour croppings, and terracing.
mal depth of the surface soil is 80 centimeters. \ ' Hetepipin undifferentiated (45).—The doils classified
finds that in some areas the surface soil is legg |gﬁi]l ﬁﬁdiﬁ‘érentiaéed are rough moun-
s sde é a i‘ -q o, - ba a /ey because they are
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28.56 per cent of the total area of the province
mapped. They occupy the high mountains and the rough h
and mountain ranges bordering Lanao, Bukidnon, and Agu
Provinces. Most of the areas are in forest. The cleared ar
arve cogonal. These soils are of no immediate agriculturai vé
for the present and they should be left as cogonal and forest,

VIL M‘ORPHOLOGY AND GENESIS OF MISAMIS ORIENTAL SO

The soils being the product of the forces of wea‘me
and soil development on the parent materials give rise to :
soil types with diverse characteristics. We find some soil t ‘
having one or more distinet differences from one anot
There are soil types which ave broadly different in many 1
pects, aside from the wide areas whose soils may be si "r
but manifest distinet differences in characteristics.

These various characteristics and differences of soil ty)
are due primarily to the influence of (1) the composition ¥
the parent materials, (2) the climate under which they &
formed or existed since accumulation, (3) the plant and anin
life in the soils, (4) the relief of the land, and (5) the ieng
of time the forces of development have acted on them. A8

‘ The climate of Misamis Oriental is not uniform throug
out the province. It is characterized by two types of rainfal
no dry season with a very pronounced maximum rainfall
the eastern part and no very pronounced maximum rain per
with a short moderately warm dry season in the central a
western parts. The moderately high temperature favors ra,
chemical reaction under moist condition. High rainfall i

fluences intense leaching of soluble materials, as alkalies a1
alkaline earths.

The general rvelief is i'rom lt,vel lowland, undulatmg’, i
upland, rolling, hilly, and mountainons. The surface. draina;
in the level lowland is poor to adequate and good to free an
excessive in the rolling and hilly to mountainous regions.

The soils had been developed mostly under forest cover,
when men started to work the land many changes
that the present vegetation besides the forested

i positions.

erates and ash beds.

1(l mountain regions.

dary soils.
i weathering of the parent materials.
| d, the rolling areas, the hills, and the mountains are the pri-
They have well developed profile characteristics.
o secondary soils are those transported by water an_d wind.
sse are the alluvial soils of the plains and valleys which have
deposited at different times.
tly and moderately developed profiles. : . j
Qgraphy, mode of formation, and kind of p'roflle, six profile
foups of soils are established in Misamis Oriental as follows:

ry soils.

Profile
1o
Profile
il
2.

Profile

Moarphology and. Genesis

i covering of leafmold or forest debris is on the surface and
& A horizon may contain enough organic matter.

The parent materials have different physical and chemical
The hills along the coast and the rolling areas
o the coastal plains are Tertiary sedimentary rocks, such
limestone, sandstone, conglomerates, and limy sha]eg.
her wuplands, hills, and mountains
ks, mostly intermediate to basic flows with some agglo-
Undifferentiated metamorphic rocks
o slate, schist, gneiss, and quartzite are found in some hills
And as a result of these wide variations
' rock formation, several distinet soil series have_ developed.
| some cases, similar parent materials have given rise to more
an one soil series.
The soils of Misamis Oriental are primary soils and sec-

The primary soils ave formed in place through
The flat up-

Group I

Coastal beach sand.
Growp 1

Umingan series
San Manuel series
Group IIT

. Bantog series

. Matina series

., Mambajao series
y Group VII

1. Jasaan series

iguin series

They have undeveloped to
On the basis of
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Profile group VII includes upland soils developed on hard
encous rocks. Jagaan and Camiguin series are classified under
his group. They have developed from basalt and andesite
oeks under a flat upland, rolling, hilly, and mountainous topo-
praphy. These soils are fairly deep and the reddish color of
e soils is a characteristic of Philippine soils developed under
imilar topographic and climatic features like the Tugbok soils
3f Davao and the Luisiana soils of Laguna.

While these soils have been developed under similar con-
itions and from similar parent materials, yet externally and
lternally they manifest distinet differences i_n characteristics.
The Camiguin series is characterized externally by the presence
o[ big boulders and rock out-crops which interfere in the culti-
mtion. These boulders are embedded in the profile to as deep as
ne and one-half meters form the surface. This characteristic is
snerally absent in the Jasaan soils.

Profile Group IX
1. Faraon series
2. Bolinao series

Profile group I are the soils having undeveloped prof
These are young alluvial fans, flood plains or other seconds
deposit. Beach sand which has an undeveloped profile of
layer of fine to coarse structureless sand represents this gr

Profile group II is represented by Umingan and San M
nuel series. These soils are young alluvial fans, flood plaj
or other secondary deposits with a slightly developed profile u
derlain by unconsolidated materials. The profiles of these s0
are much more developed as compared to the beach sand. T
Umingan and the San Manuel series, while, they belong to t
same profile group have distinct differences from one anothi
The Umingan series for example has a layer or layers of grav
and stones accumulation in the profile which is absent in § Profile group VIII are soils on upland areas developed on
San Manuel, series. This graveljand stone accumulation/iy sonsolidated sedimentary rocks. These are the soils that have
distinct characteristic of the Umingan series. Both soils @ hoon formed on stratified rocks, such as, limestone, sandstone,
well suited to lowland rice and other farm crops and have mol 11d shale. This group is represented by the Alimodian and
or less similar physical land characteristics. the Lourdes series. The Alimodian soil had been developed on
: itratified rocks, such as, sandstone, and shales under topo-
graphic features of rolling, hilly, and mountainous. The ve-
solation is from the parang type to forested. Closely associat-
ol with this soil is the Lourdes soil which had been developed
from metamorphic and sedimentary rocks like sandstone and
shales. These are primary soils formed in place through the
forces of weathering and soil development on the parent ma-
Larials.

" Representing profile group IX are the Bolinao and the
IMivaon series. These soils had been developed on consolidated
k materials like limestone having a rolling, hilly and
untainous relief. These two series, although, under the same
file group and developed under similar topographic and
natic features with similar parent materials, have distinct
forences. Faraon series on one hand has a soil of dark
wn to black and a highly weathered limestone rock of yel-
On the other, Bolinao soil is brown to
t brown highly weathered limestone
( o goils and the highly

. il

Profile group III includes soils on older alluvial fans, flog
plains or ferraces having moderately developed profiles (m
derately dense subsoils) underlain by unconsolidated materia
Bantog, Matina, and Mambajao series belong to this grou
These series have their parent materials deposited
long period of time and thus have their profile moderatel
developed. Their physical land forms are similar but their it
ternal characteristics as well as their soil colors are differen
These differences may be due to the differences of their parer
materials. The Matina series has dark to almost black surfa
and subsoils. It is developed on parent material washed dow
from hilly areas of shale and limestone formation. Some sha
and limestone gravels are found in the surface. The Mambajs
series has light brown to reddish brown surface and subso 1
Its parent material originated from hilly areas of andesite an
volcanic formation. Bantog series on the other hand has
brown, dark brown to grayish brown surface and 1, L&
goil is developed from parent material of b '

0 1080 soils are dominantly clay

deen Lo

1€ Mhese 8oil
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comp?sition of the parent materials. Bolinao limestone
contain more of the iron elements than that of Faraon limest

The .mechanical analysis of the soil samples of the
ferent.scul seri_es is shown in table 10. This table showé b
;'h;f so_ﬂs of Mlsami‘s Oriental contain high percentage of el

e highest is Matina soils with 79 per cent clay followed
the Bantog soil with 69 per cent clay, and the lowest is §
Manue:I .soﬂ with 15 per cent clay. This high clay content
the soil is expected because the parent materials are of the

forming soils. The parent material i
. 2 aterial is L
influence soil formation. one of the factors @

der

The pH value ranges from str i ‘
' ' ong acid of the Jasaan s¢
to 'sl;ghtly acid of the Faraon and Bolinao soils. The aci&
alc'tmn.of the: .Jasaan and the other soils may be due to: 1
climatic condition of the province which because of heavy r:

apply directly to a specific tract of land for i

: - any particular
bet?ause the soils shown on the map are not of the same fertiy |
neither the max}agement practices are similar from farm to farm
and that the climatic conditions fluctuate from year to year. :

The rating of each of the soils for each crop i
to a‘standard of 100. This standard index reprgsgitgogll? 3
p_roxamate average hectare yields obtained on the more e
sive and better soil types of the regions of the Philip
without the use of amendment. An index of &0 ‘
ha goil is about half as productive th . oo

f 190 indicates that the soil is quite moze productive
weified crops as the soil with the standard index. 0
The soil types are arranged in the productivity table it the

Hoil types!

physical use adaptability under

Productivity Ratings of Misamis Oriental Soila
v

of their general productivity under prevailing fairming

wctices, This arrangement of the soil types is not a measure
| {0 the importance or suitability of certain soils for the par-
eular crops and it should not be given too much significance
that matter. The arrangement is presented to give infor-

ation as to the general productivity of each soil of Misamis

TapLE 11.—Productivity ratings of the soil and physieal land

classifieation in Misamis Oriental

Crop produetivity index ?
L0 WS _|Physical
land

Bl PN SN

Tobacco | Banana | classifi-

100=1475| 100=900 cation ?
kilos bunches

per Ha, | per Ha.

Abaca
100=15
piculs

Rice
Coconut Corn
100=87560| 100=17 Lowland Upland
nuts cavans | 100=60 | 100=20

fall the :
: re has been IeaChlng of soluble materials, as alkalies per Ha. | per Ha, | cavans | cavans | pet Ha.
alkaline earths. On the other hand, Bolinao and Fa : |SE B | e
- i raon SO _”_——_—“—_._"—'—' | e |
are developed from lim : i Manuel 110 75 85 — — 85 95 |First
estone, hence sligh i . class
) ght acid reaction. Bl 2an loam | 110 (& 8 - B 85 9 feol
VIII. PROD ﬁl(;]E__Elf.Y__u 1004_—_3_‘—_—1“— =5 I3 it
ODUCTIVITY RATINGS OF MISAMIS ORIENTAL SOII j 110 | 80 20 100 170 - 1(;(3 ‘:Slecond
i ; ] 110 75 50 — — 65 class
are srli;he p?oimtlwty ratings of the soils of Misamis Orie & i 8 = it e o it
own : _ s = i T
e | Withn} able 11. Th(.a 1."at1ngs are based on estimates, inte elay = 200 170 75 85 [Lhird
o e ariners, municipal agricultural inspectors, provil e _ | =0 | 1m0 u 85 ol
9 g 1? t}lra supervisors, and also from bulletins, pamphlef Rllinodian  clay 4% 50 e 75
11SUS i = - . ~ o ARAR e e B BAAL T
i, prév?ni ;Stl?rsfl and other publications on the agriculture ¢ Bho clay | 1105 50 = 78 £ 80 100 Tourth
g f ; } 3 i = = AL 5 L 75 ass
i ese estimates are on current practices withou e \ "0 % 3 50 SE 6 g0 [soil
e use of amendments and are id . e
el el e considered to be as precise fmiguin clay | 100 | 5 o — — - 65
o ished an.d that they can serve to show the relatis atn-Bolingo o O ‘\ oo E
productivity of the soils of the province. However, they may n¢ . - e 2 i % el
y 73 ‘ 45 Lo Matg ittt L 65

e | —_
SR Tl

1 Qpjls are listed in the approximate order of their general productivity under
currvent practices and their relative physical suitability for growing eropbs.

2 Soils ave given indexes that wive the approximate average production of each
arop in per cent of the standard of reference. The approximate average vield oh-
fained without the use of fertilizer or other amendments on the more extensive and
better soil types of the Philippines in which the crob is most widely grown,

i his iz a grouping of the soil iypes and phases aecording to their relative
Misamis Oriental conditions.

ypoductivity ratings are to supplement the de-
| type in the soil survey report to show

@ previous performance of the
ir external and internal

fedids &1
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their farms, measures and practices whereby soil fertility 1
be preserved, water supply safely guarded, erosion and dev A
tion prevented, so that the highest possible agricultural p
duction is achieved.

Use of the land in Misamis Oriental has always h
guided and based essentially by the physical character of 1
land, but it has not been unusual or strange to see incorm
use of the land. There are those heavily eroded lands @
steep to hilly relief placed under cultivation. There are lan
in crops which are not all normally suited for cultivation
regard to permanent land use, and there are also lands und
forest or pasture which normally and physically are fitted
the cultivation of farm crops. These are few examples of {
misuse of the land in the province. :

Misamis Oriental is one of the provinces of the counti
so hilly and mountainous that arable lands are to be found
the narrow plains along the coast and river valleys. The land
topographic character may be divided into three general fe
tures, to wit: (1) the hilly and mountain regions (24 per cenl
of the total land area of the province); (2) the rolling are

(60 per cent); and (3) the coastal plains and river valleys (1
per cent). :

4 when used as crop land. Since the coastal plains and river
leys for cropland areas are Very 1imitef1, the people have ;ldo
ourse than to farm these soils. Their cultlvat}on should,
aver, be based on a well planned program of soil <?onserva-
1, such as terracing, contour plowing, strip cropping, crop
lution ete., to prevent them from being eroded or depleted.

Along the coast of the province, the hi'Hy and rollm_g .al.'ef}ls
: permanently planted to coconuts, fruit trees, or ipil-ipil.
ls method is a correct practice because the surfgce nf the
d has cover and the top soil is less exposed to erosion. Fur-
ur inland, a great portion of the rolling areas 18 more Or less
anently cultivated to upland rice, corn, a_nd other food
ops. The up-and-down-slope plowing prevails. Even th_e
wly cultivated areas along the the slopes are placgd in the k_al-
in system of farming. This system _of culf:watmn is preju-
sl to the land and greatly hastens soil erosion. -

. It is not uncommon therefore, to see in tl"le province of
[{samis Oriental the improper land use and soil r.nanagerﬁer}t
ping practiced in the rolling areas. A large portlon.of these
sveas should have been under vegetal cover by devoting them
g the culture of permanent crops. All those areas that hz_we
wen kept for the cultivation of seasonal crpps, 111?e those hav1.ng
antle slopes should have been tilled using g.oﬂ conse.rvatmn
arnctices. Some of the soil conservation farming practices are
tour tillage, contour strip cropping, contour .buffer strip
i nting, contour furrowing, terracing, cover cropping, and well
slanned crop rotation.

One of the primary needs of these soils is a larg_e supply of
anic matter. The addition of same is of prime importance.
@ organic matter aids in the retention of moisture and also
plies plant nutrients. The planting of legurr'le crops, su.ch as,
pas, soybeans, mongo and beans in rotation Wlt'h rice or
and then plow them under as green manure IS a good
pee of organic matter besides increasing the n1t1'~ogen of the
The liberal application of farm manures W.ﬂl also help
¢ part of the organic matter needed by the soils.

" | g and viver valleys are considered the

] ils of the province. They are of
1, Wi le difficulty and

‘The hilly and mountain regions are delineated as undii
ferentiated. Some are too steep for profitable production of
crops and neither can they be used for pasture purposes
Others are thickly forested that for the present time they have ne
immediate agricultural value,

The rolling area constitutes the land of the province whe il
specific farm practice and soil management should receive
full consideration as guides for their utilization to obtain eco
nomic yields. Their relative suitability for agricultural use
must give recognition of the factors that influence the yieldss
Under this area are the soils of the Jasaan, Camiguin, Bolinao,
Faraon, Lourdes, and the Alimodian series. While these soi L
could be utilized for the growing of some farm crops, as i
now being practiced, their cultivation should be conditioned
under special soil management practices to protect them from
soil erosion and to maintain soil productivity at a g
These soils are better adapted to pasture la |
crops, such as, fruit trees, coconut, abaca

d or permanent crops they are capable of giving more relurmg
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continuous cultivation of seasonal crops without endange
them to soil erosion, and with the use of the ordinary mel
of farming, such as, application of fertilizer, green manui
crop rotation, and good tillage operation, are capable of h
built up to a fair or high state of productivity. The area, h
ever, is relatively small and it includes the San Manuel, U
ngan, Bantog, Matina, and Mambajao series. More than 50
cent is permanently planted to coconut and the rest to rice, ¢
and other food crops. While these soils are of recent alluvi
they have been long under cultivation without the benefit of
conservation practices hence, have naturally been depleted
their fertility. The practice of growing one crop on the sa
land year after year giving no regard to improving or ma
taining soil fertiilty is faulty. Liming, fertilization, crop rof
tion, and addition of organic matter are entirely disregard
Even the coconut trees which are permanent crops seem to |
under nature’s care. Some plantations are not weeded. All
not cover cropped. As a result of the faulty farm manag
ment prevailing in the province, there could be expected 1
other consequence but low production. As a matter of fas
the farmers realized it in their farms that they have been &
periencing a marked downward trend in crop yields. Of cours
there are some factors that influence this decrease, but it coul
not be denied that farm management practices are quite prim
tive and play an important part in the decrease of the cro
yields. On the other hand, it has been shown that with th
proper innovation in farming there has been noted a marker
increase in yields.

s for permanency and stability of their soils to insure
sconomic welfare of the whole region.

In Misamis Oriental Province, any effort directed toward
wontrol of run-off and the resulting erosion should be cal-
ld on a program to harmonize farming system with the’
tal relief of the land, the condition of soils, and the climate.
i important because the active agent of soil erosion in the
Uince is water, and soil erosion in this place is enhar‘lced
sgh incorrect land use and poor soil-management pra_ctlces.
lentally, there are farming systems, inherently soil and
o conserving, adapted to the physical condition of the land
| {heir implementation provides to make possible the mos‘st
¢live control of run-off. Precipitation in the province is
¢ heavy for at least six months of the year and the inten-
of rainfall during this period does an enormous amount of
fge to the plowed lands and bare lands by erosion due to
patrained run-off.

The topographic character of the land of the province has
i divided into three general features, viz, the hill and moun-
11 regions, the high upland and rolling arveas, and the coastal
ns and river valleys. They are discussed at length in the
sceding pages, including their land-use, soil and water con-
Sivation, and proper soll management for the best economic
slds of crops. The hill and mountain regions which are clas-
fled mountain soils undifferentiated in this report have either
ing and secondary, or thick primary forest covers. Under
o vegetal covers they are safe from the inroads of soil ero-
hecause the flow of run-off is so regulated by their vegetal
~ The coastal plains and river valleys are primarily devoted
major row crops of the province. Erosion in this type
alief is not so much a problem because of uniform run-off
to the almost flat relief. Besides, the fields are divided
paddies by dikes controlling the flow of water from one
iy to another. On the other hand, due to the absence of
Hon maintenance, an economical and fair distribution
vital. The ordinary method of farm prac-
! (fectively soil moisture in this kind of

§ip-bigint

X. WATER CONTROL ON THE LAND

One important agricultural aspect for secure crop produc
tion is the control of water on the land, failure of which may
mean undue adverse effect on the productive capacity of the
land. Uncontrolled amount of water in the soil and the run:
off on the land have been recognized to ultimately influence
poor crop yields and the corollary effect on increased soil erosion,
Under any prevailing improper method of land cultivation, soil
osion is tremendously accelerated, but where the methods of
d cultivation suit the land, there is little if amg \
. Thus, it is very necessary fe
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Normal or geological erosion.—Normal or geological ero-
i 18 a process by which soil particles are removed under na-
il conditions operating through long period of time. It has
Il poing on for ages. Under this condition, it is considered
it of the whole complex soil making process, that is, the
of the topsoil through this kind of erosion is balanced,
ipgh soil formation from the materials beneath. This is
eficial rather than destructive erosion.

Accelerated erosion.—Accelerated erosion is made possible
{0 man’s activities. It removes soil materials very much
or than the soils are formed from the material beneath.
. kind of erosion is the “most dramatic and disastrous of
ovil things that can happen to the soil.” It makes agri-
e deplorable by converting fertile fields into waste lands.
‘valuable topsoil containing all the essentials for a produc-
woil is lost and the capacity of that soil to produce is lessen-
hen both the topsoil and the subsoil are lost exposing to
mirface the underlying bedrocks below that soil has very
L if there is any left to work with. The land is practically
and whatever agricultural practice is employed, has no
v worth or use. However, if the soil there is retained, it
e made highly productive through the employment of good
proper farming management.

’ Accelerated erosion in Misamis Oriental is caused mainly
The reconnaissance erosion survey of Misamis Oriental o y hing water, and perhaps to a very little i
conducted simultaneously with the soil clagsification and ms Blilter talcs place only along the shore and hence, is very
ping of the province to (1) give a picture of the different ¢ B icont
g{fees S g erOSiOI.l i th.e province;{(2)iipee-cii .'ater erosion is the most important of the accelerated
dIffe':rent fa@rs e b e b the oy lons and is responsible for the depletion and destruction of
e dug to agrlculture and the country; and (4)'to suggest f, pood, and fertile agricultural lands. This is the result
sible remedial measures to control or check soil erogion. ‘I : H‘ﬁhe forces of flowing water that erodes the surface soil
data gathered in the survey show that the lands of the pi¢ B8 1o adequate protection. Water arosion are of four
ince vary in their erodibility and response to remedial m BB lcct, vill, sully, and stream-bank erosion.

L s of erosion.—Sheet erosion is defined as a more or less
removal of soil from an area without the development
: : . : 4 {euous water channels. It is hardly noticeable in the
S delfmed A gfaologlcal_proceas L :ltl earlier stages. But it covers a wide area and is
removes or wears away sm]_s and geologic mater}als frpm’. _ va, This erogion, varies among soil types
land surf.ace through the a_tctlons of natural agencieg primar ; T ———y soils
water, wind, and gravitational creep.” Ace '

two main groups of soil erosion reco

province. Due to the irregular topography and generally ¥
parts are devoid of effective forest covers in addition to tl
being cultivated the secils are subjected to varying degree
sheet and gully erosion., The gullies are deep and nument
The cultivated area is under clean culture, a practice wl
favors free run-off. Areas having slopes even greater than
per cent are cleared and cultivated. Uncultivated portions ar
most parts under cogon grass are bare of covering, and run
is rather excessive.

It is obvious that the condition of erosion in Misamis Ozl
tal Province is serious that the task of controlling run-off
imperative and should be given an immediate attention.
special conservation practices discussed and recommended
the section of Land-use and Soil Management in the preced
pages hold equally well as effective measures to regulate
flow of run-off in this type of relief, thereby preventing i
erosion and conserving soil moisture. Where the hills and h
uplands are bared of covering, reforestation should be und
taken. Such step is designed to provide the land with bel
ficial covers to offset the danger from erosion by arresting {
flow of run-off.

II. SOIL EROSION SURVEY OF MISAMIS ORIENTAL

KINDS OF SOIL EROSION
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erous small but conspicuous water channels or tiny rivu
that are minor concentration of runoff. Tillage ope
eagily erases these shallow channels. This is not as destrue
as the sheet erosion.
Gully erosion.—This form of water erosion is the remg
of soil resulting from the formation of relatively large ¢
nels or gullies cut into the soil by concentration of run
It is the most conspicuous among the water erosions and &
one can recognize it even from a long distance. Locally if
destructive but affects a much smaller total area of arable
and does less damage on most farms than sheet and rill ¢
sions. Gullies are developed in exposed natural drainage ¥
in depressed irregularities in plow furrows, animal trails,
tween rows of crops that run up and down the slopes,
Deep gullies are not even crossable with the common type
farm machinery and form barriers that subdivide fields
smaller units. However, gully erosion affects a much smal
total area of arable soil and does less damage on most fart
than sheet and rill erosions. |
Stream-bank erosion.—This form of water erosion is cau
ed by the cutting away of the soil along the bank of a str
hurrying on its way. Run-away stream wears down its ban
and is generally severe at the outer bends of the loops it fort
(by the stream) as it flows around or winding (flov
through meadows or pasture. At normal time, water in {l
stream is slow and does not do any damage but when flood
storm occurs, the stream rushes so rapidly and does lots |
damage and even changes its course hundreds of feet destroyit
the lands on its path.

FACTORS AFFECTING SOIL EROSION IN MISAMIS ORIENTAL

There are several factors that affect the extent and sewi
rity of soil erosion in any given area. In Misamis Oriental, {i
following are the most important, to wit: climate, slope, soils
vegetation, and land management.

Climate~—Climate is one of the primary factors in

development and incidentally the main agent that renders th
soil desolate. It influences erosion hazards and to it is attribut
many basic changes in soils. The loss of surfa
hund eda n:E 'bons of goil per hau

Fig. 23.—Hills dissected by qullies. I+ is typical of the rolling areas of

Misamis Oriental.

. 24.—Siream bank erosion is one of the forms of water erosion. The
i Fabyva plufuro {backTround) shows how stream bank erosion had

desiioye: agrlaul*ure land en its ways.
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vity level, and a change in the moisture relations of the remain-
ing soil are primary changes brought about by climate as a
result of erosion.

Rainfall and wind which are chief elements of climate are
the two principal agencies of destructive soil erosion. In many
pountries, topsoil may be completely removed from the land
by runoff just as by wind. In the Philippines, however, espe-
cially in Misamis Oriental, wind erosion is very insignificant
In contrast to runoff or water erosion, Runoff removes the sur-
face soil and also produces channels or furrows in the surface
{hat through hollow-cut process widen into gullies and become
5 serious hazard to tillage operations. :

The nature of rainfall influences the differences in the de-
gree of erosion. Rainfall of greater intensity for shorter period
generally washes away more surface soils on the land than
gentle rainfall falling over a longer period of time. Heavy
downpour results to excessive runoff because the soil can not
absorb it readily and does considerable erosion damage.
On the other hand, a gentle rain gives a greater chance for the
#0il to absorb it and thereby there is less surplus water as run-
off and little erosion damage.

The climate of Misamis Oriental has been fully discussed
in the beginning of the report. Accordingly, based on the rain-
fall distribution of the Philippines, the Second Type and the
Third Type or Intermediate Type A occur in the province. The
wocond type has a mean annual rainfall of 2,461.7 millimeters in
Mambajao as compared to the Third type which has a mean
wnnual rainfall of 1,603.3 and 1,659.5 millimeters in Cagayan de
Oro City and in Balingasag, regpectively. October to January
wre the months of heavy rainfall for the second type while for
the third type, it is from June to October. The mean annual
minimum temperature of the province is 20.4°C, and 88.4°C is
the mean annual maximum temperature. There has not been any
remarkable or destructive typhoon that occurred in the province.

Slope.—The surface shape of the land limits the degree of
asion That is, significant physiographic units or land forms
ts of slope groups, and each set of slope groups
t of erosion from the other sets of slope

: ‘ flat land havmg an average
: ‘_muehe affected
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an average slope of 5 per cent gradient. A rolling land w
an average of 15 per cent slope gradient is much more affect
by erosion than any of the first two sets of slope. On the oth
hand, erosion losses is less in this set of slope when compal
to lands with 50 per cent slope gradient or with steep slop
This is because the velocity and volume of runoff is diregl
influenced by the slope gradient of the land. Thus the higl
the slope gradient, the greater will be the velocity of surf:
runoff, and since the power of water to scour or erode the &
is determined by its velocity and volume, a fast moving wa
has a greater eroding power and carrying capacity than sl
moving water.

In Misamis Oriental about 254,059 hectares or 59.76 |
cent of the total area of the province vary in their degree .
slopes and as such are under different erosion classes. A
129,128 hectares, or 33.17 per cent, are also within this categ:
but owing to the fact that they are presently under thick Tor
and grasslands, soil removal is balanced with soil developmer
If and when these lands will be cultivated they would becor
seriously to severely or excessively eroded under faulty mai
agement. i

Soil.—Soils vary in their susceptibility to erosion and fl
amount of erosion that may be expected depends upon the en
dibility of that soil under a particular condition. The physie
character of the soil influences its erodibility. Soils of loo
surface layer underlain by a dense subsoil of low permeabilit
are susceptible to water erosion more than soils of rapid su
face and subsoil permeability. Erosion is also severe on soil
of high silt content, weak sandy soils, stiff clays and soils d
ficient in organic matter. But soils of high water absorbin
power, rapid water permeability and containing sufficiel
amount of organic matter are relatively resistant to erosiol
Organic matter in the soil increases the water holding capacit
and promotes granulation thereby allowing more water i
move downward and consequently reduces the surface runof

Some soils are erosive, although they have a very g
slope, when exposed to sudden rains could erode rapidly, |
ever, other soils with sufficient permeability
horlzons, allow the downy _




Fig. 25.—The configuration of the land affects erosion.
shows the foreground is level and no apparent erosion. The hills
in the background are seriously ercded.

The picture above

Fig, 26.—~VYegetation is an effective protection of soil against eresion and
the sloping areas should be under thick vegetation llka fhe pIﬁ%ure

above,

2
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18 regulated by the rate at which water enters the surface soil
and percolates to lower depth. That is, runoff is usually great
during a high intensity and short duration of rain if the soil

g slow in taking in, and transmitting water to its lower ho-
rizons.

The soil texture and structure also influence erosion.
Heavy soils which are very sticky and very plastic when wet
are strongly resistant to the passage of water and during heavy
rains promote high runoff. Whereas, soils that are friable,
loose, and have good granulation in all their horizons are very
pervious to water so that even during heavy rains water per-
colates easily to the lower depth and little is left as runoff.

Vegetative cover. — Vegetation helps in the development
of soil and also protects it from being eroded by water and wind.
Experimental results show that unprotected soils are easily
affected by erosion. They also indicate that soils containing
high amount of organic matter and humus are less susceptible
to erosion than soils of low organic matter and humus
content. Vegetations keep the soils firmly in place. They die and
decay and are incorporated ‘nto the soil as organic matter and

humus. This eventually improves the soil’s fertility and power
to absorb water.

Improper cultivation and grazing reduced a large portion
of the natural plant cover that originally protected the soils from
the destructive effects of erosion by water and wind. The fields
that have steadily lost their vegetative covers have their erosion
increased. In Misamis Oriental erosion has increased on
many soils owing to improper cultivation on the land. This is
especially true on the sloping and rolling areas where the man-
agement practices are faulty allowing too much run-off., The
moment the land surface has lost its protective cover as a re-
sult of cultivation, it becomes directly exposed to the abrasive
action of the elements. Growing plants effectively protect the
#oil against erosion in the sense that they cover the surface.
Land covered with thick forest or of grass is safe from erosion
of cither rain and wind. Even if there is run-off the debris

or the sod legsens ity velocity and does not move the soil so read-
: aindreps easily break up the soil granu-
the ao:!l to be clogged thus

i dd
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Land management. — Proper land management dces 1
only help maintain or improve the productivity level of f
farm but also tends to increase the yields per hectare. On |
other hand, improper farm management practices enhance i
erosion and soil deterioration. Continuous loss of soil fm
cultivated lands in Misamis Oriental, and this is also true to
parts of the country, is due to a greater extent to improj
management practices and the misuse of the land. If erosion
to be minimized in cultivated lands and agriculture is to be pi
manent, the management practices must be such as to consel
the soil from deterioration of its fertility through erosion a
to cultivate only those lands adapted to agricultural purpos

The land area of Misamis Oriental adapted to continuo
cultivation which is not subject to erosion is approxima
97714 hectares or 7.07 per cent of the total area of the provin
and about 6,531 hectares or 1.66 per cent are appreciably affe
ed by small extent of sheet erosion. The pressure of the gros
ing population of the province however, which had increas
from 126,788 in 1918 to 369,671 in 1948 or 191.56 per cent hi
rolling lands, and even the steep lands and hill slopes have he
brought to cultivation. Forests were cut down and grasslant
plowed under disregarding the suitability of the land to agricu
ture. Conservation practices were not followed and the cong
quence is shocking. Many of these lands have become rugg
because of numerous gullies that had badly cut and their surfa
soil completely eroded. Other areas owing to their deteriorats
condition cannot be profitably used for agriculture and wel
abandoned.

The cultivation of the steep lands has been done due
lack of suitable agricultural land in the province as a result
the increase in population. In many cases, farmers follow:
clean-tilled cropping system of planting corn and rice in the
areas, a system which enhances erosion and detrimental
the land. Such areas should be retired to permanent cover b
ereosion control. In the first place, they should have not @
cleared nor cultivated. The “kaingin” system of
another faulty method in agrmulture ben; ‘
pa rgt;,m:;rﬁﬂsed 0 in ]

vElLen
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Soil Erosion Survey Method

SOIL, EROSION SURVEY METHOD

Soil erosion survey method consists of estimating erosion
and mapping eroded soils primarily caused by the forces of wa-
ter and wind. The system of classification followed in the re-
connaissance soil erosion survey of Misamis Oriental was based
on the United States Department of Agriculture Soil Conser-
vation Survey Handbook and Soil Survey Manual, and on ‘the
Soil Erosion in Missouri.

Each soil has a standard which was made for a reference
in the appraisement of losses on erosion. Since a soil in a natu-
ral condition has a normal range of thickness of each horizons
and the solum, they were accurately determined for use as
guides to erosion losses. This is shown in the following illus-
tration.

A virgin land and a cultivated land of the same soil have a
different depth of their solums. A virgin soil may have the
Aoo and Ao which may be 15 centimeters. This upper 15 cen-
timeters of the solum has abundant roots and debris. When
the whole solum of this virgin soil is examined, it would show a
total depth of 100 centimeters from the surface of the Aoo
down to the substratum. But where the same soil has been
cultivated normally under a good management and without
erosion, the depth from the surface to the substratum would be
85 centimeters. This latter figure should be the standard
against which to measure erosion classes within the soil type.

In like manner similar soil slopes were measured and com-
pared in thickness for different slope classes within the permissi-
ble range of a soil type.

When a region is well-settled it is difficult to find virgin
areas of soil types. Hence, in this case the cultivated soils of
known management where there is neither erosion or deposi-
tion taking place are used as standards.

On the basis of the degree of erosion and gullying of both
the surface soil and subsoil, five erosion groups or degrees of
erosion were identified comprising nine erosion classes. The

nine erosion classes were mapped.
 Erosion up ig judged by the extent to which the original
1 sn removed through sheet erosion. This is
by a compamson between the present
' pih. of comparable virgin pro-

Fig. 27.—XKaifigin system of farming is a faulty farm practice. [t is one
of the main causes of soil erosion. The above picture shows that
part of the hill slope is under kaifgin.

Fig, 28.—Picture shows the typical relief of Lourdes elay
from 0 ta 100 per cent, The d
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files of the same type under similar topographic conditions.
In cases where the virgin surface soil is shallower than the ed; and 17,055 hectares, or 4.35 per cent, have all their surface
average plow depth, the lower part of the solum may be used soil and including 374 of the subsoil have been eroded. From
in estimating the degree of erosion. ‘ these data a total area of approximately 234,039 hectares, or
59.76 per cent of the area of the province, have been adversely
affected by varying degrees of soil erosion and g‘ullying.'
Considering that a hectare of soil to a depth of 17 centi-
meters weights approximately 2,000 tons, and since 227,566
hectares of the province have been moderately to severely and
excessively eroded, approximately 455 million tons of the soils
of Misamis Oriental, have been lost already through surface
wash and gullying from the time cultivation have started in the

i _ Erosion classes are variations of the degree of sheet ero-

sion in the erosion group. They are established primarily be-
| cause of their significance to soil use and management and are
| used as units of mapping. Table 12, shows the system of classi-
1 fication and the degree of erosion in Misamis Oriental.

TABLE 12.—The system of classification, their description and degree
of erosion in Misamis Oriental

i Elfﬁnn DESCRIPTION Degree of :
| L Erosion province.
0 No sheet erosion, no guliymg No apparent erosio
z n :
I[‘ 1| Small emf}i of sheet_cxosion snd mo gullving. Lo Sight_shoet Most of the lands adversely affected by accelerated erosion
g an of original surface soil eroded erosion in the province are those having slope gradients of 4 per cent
I 9 Moderate sheet erosion. 1/4 to less than 1/2 of the
i original surface soil eroded.
i 25 | Moderate sheet erosion. 1/2 to less than 8/1 of the Tapre 13.—Aiea, percentage, and soil types under the different
Moderate i > 2 GG / ! v
b ouglnal surface soil eroded. £Losion types of eroston wn Misamis Orental
227 Moderate sheet erosion with oceasional shallow gulhes
1/2 to less than 8/4 of original surface soil eroded. Average |
4 : g — Degree of amount of Area in Per cent of
3 §61123?i zl;s(elid'erosmn. 3/4 and over 3/4 of surface erosion (;{li;;fi:czg Soil type hectares lanx;iro?i-iieﬂf
Severe sheet erosion. With frequent gullies, Over Serious to severe eroded
a8 3/4 of the original surface soil eroded or all EESIOLE e
surface So,ﬂ and less than 1,/4 of the subsoil eroded. ]I;Igac?bcs’}and
5 Excessive sheet erosion. All the surf i i : No apparent 0 Umingan clay loam 27,714 7.07
over 3/4 of the lsubs@ﬂ erodcde. Eilgcefsol Mard | MixeessiveRernsion erosion San Manuel loam
Balance between soil removal and development is gjﬂg; 2113?’
w it;ta;l:g. Forested and grassland not disturbed | Normal ﬁminbg%n lol&m
; ambajao clay
Mambajao clay
Slight Less than | Umingan clay loam 8,513 1.66
EXTENT OF SOIL EROSION IN MISAMIS ORIENTAL erosion 1/4 Bantoz clay
] = Jasaan clay '
. The accompanying map shows the distribution of the difs L e
] A : = i ] mingan clay
| ferent erosion classes delineated in the province. Table 13 shows e ace L dtor e B Terean Pl
| 1 5 . 1 erosion than 3/4 Jasaan clay, stony phase
the extent of the various types of erosion. Jasaan clay loam
A lt f . ‘ ¥‘0]ina0 ?lay 138,029 35.26
Tes & . 5 . araon clay
; s a result of the 1ndiscr1mn}ate clearing and the impro Camiguin clay
: per management, accelerated erosion has taken a tremendou diiolan clay e
i . . H 3 p Jasaan-Belinao Complex
: toll in the lands of the province. As shown in table 13, 6,518 Horious to 8/4 of sur- |Jasaan clay, stony phase
hect 1.66 ; e savere face =o0il |Lourdes clay loam 72,442 18.49
ectares, or 1.66 per cent of the area of the province, has b aroslon to 1/4 of |Camiguin clay
slightly eroded, that is, 1/4 of the original surface soil had b g (fmem gl
already removed; 138,029 hectares, or 35.26 per cent have bee BB, | Earts of K 17,0 4.35
Aol an ifferenti 1055 35
moderately eroded with occasional shallow gullies, or : B 1 e ciay loam <
less than 3/4 of the original surface 5011 eroded ; 72, =
aoll undifferentiated
aﬁé zrnsalgmla) 180,028 88,17
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and over. Due to the increase of population more and more
the rolling lands including the steep slopes and hillsides ha
been cultivated. And because of improper tillage and manag
ment, they eventually lost their vegetative covers, hence, erosi
takes its toll. These varying degrees of erosion occur on the i
gions between the coastal plaing and the primary forests of {l
mountain ranges along the eastern part of the province, most
on the Mambajao, Faraon, Bolinao, Alimodian, Jasaan, Lourd
and Camiguin series. Erosion is excessive on the strongly i
ing areas, steep slopes, and on hillsides under clean-tilled cro
ping system. !

SOIL EROSION IN THE DIFFERENT AREAS

The soils of Misamis Oriental were discussed in detail ¢
cept the extent of their erosion in the section on soils in ti
report. Accordingly, there were three general groups of S0
reported based on the physiographic condition of the land of {l
province. Each soil of these three soil groups present a certa
degree of erosion, and when they are taken together would {
dicate the extent of erosion that has taken place in the proving
The soil types under each soil group are as follows:

1. Soils of the plains, valleys, and undulating arecas.
. San Manuel loam

. Umingan loam

Umingan clay loam

. Bantog clay

Matina clay

Mambajao clay

o e ot

. Soils of the rolling areas, high uplands, and hills,
. Jasaan clay

. Jasaan clay loam

. Jasaan-Bolinao complex

. Jasaan clay, stony phase

. Lourdes clay loam

Camiguin clay

. Bolinao clay

. Faraon clay

Alimodian clay loam

3, Miscellaneous land types
Hydu 1 " 4

L

Soil Evrosion in the Different Areas

1, EROSION OF THE SOILS OF THE PLAINS, VALLEYS, AND UNDULATING AREAS

The soils in this group are secondary soils developed from
recent and older alluvial deposits. They occupy generally the
plains and valleys of the provinces with a relief varying from
nearly level to slightly undulating. The greatest slopes of the
undulating areas do not exceed 6 per cent with an average of 4
per cent. The greatest slopes in the plains and valleys do not
exceed 2 per cent. Erosion on these soils vary depending on the
degree of slopes and farming practices, from no apparent sheet
erosion to slight and moderate sheet erosion. The undulating
areas generally have moderate sheet erosion. On the other hand,
there are areas within this group that receive yearly deposits of
soil materials from the adjacent uplands when the rivers over-
flow their banks. Areas, however, along the rivers suffer from
stream-bank erosion when the rivers hurry on their way during
floods or heavy rain.

Erosion on San Manuel lowm.—The San Manuel loam was
mapped in Mambajao, Mahinog, Tagoloan, and parts of the
plains in Medina, Cagayan de Oro City and Balingasag. Areas
of this soil have nearly level relief with the greatest slope of
about 2 per cent, and there is no apparent sheet erogion. A largs
area of this type receives soil materials from the adjoining up-
lands. However, owing to the fact that the areas of this soil
are generally located along the river, it usually suffers from
glream-bank cuttings when the rivers wear their banks during
periods of heavy waterflow. Sometimes stream-bank erosion is
perious.

Erosion control in this soil is not a problem. Part of the
area is planted to rice and the dike in the fields regulate the flow
of water on the surface. The other portion is planted to coconut
and since the area is nearly level, erosion is not a problem. The

‘management practices, therefore, do not influence erosion. Ne-

vortheless, soil fertility has been depleted owing to the planting
of the same crop every year without the addition of commercial
vtilizer. In order to improve the fertility of this soil and main-
in it to a high level, it is essential to have a good rota‘tior‘l sys-
of farming combined with the application of fertilizer.

ng of cover crop specially legumes in the coconut fields is
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2, SOIL EROSION ON THE ROLLING, HIGH UPLAND, AND HILL AREAS A . 4 .
to 1/2 of the surface soil has been eroded while that found in

1y oShe il o thia group n he provine ae o most R Cagavan de Oro Gity i cogonal and has 1/4 o the suxtace o
from undulsting to: uelling. toistrongly. volling, :and hilly: o eroded. J‘I:m rlareas located in J_asaan and Claveria are severely
sion on these soils has been from moderate to serious to seve eroded. with frequent d.eep gullies. They have Iost.over 3/4 of

3 the original surface soil to about 1/4 of the subsoil. Many_ of

and excessive. About 1/4 to all the surface soil and over 8/4
the subsoils have been eroded and with frequent gullies.
some sections, all the original surface soil and subsoil have bei
washed away exposing the bedrock beneath. Included in ti
group are the soils of the Jasaan, Lourdes, Bolinao, Faraon, (
miguin, and Alimodian series comprising a total area of appro

{hese areas are sparsely vegetated.
The greatest contributing factor to erosion on these areas
is the slope of the land. Not only is the land more rolling but

also is hilly with steep slopes. Coupled with the scarcity of trees,
erosion has became severe. Any erosion control program on

mately 199,890 hectares, or 51.45 per cent, of the total area of § these areas revolves into a good reforestation program. Those
province. ' scattered areas being cultivated under kaifigin system should be
Erosion on Jasaan clay. — Erosiveness of the Jasaan cl planted to permanent trees.

varies considerably due to the differences in topography, syst Erosion on Jasaan clay, stony phase. — Slopes on the Jasaan
of farming, and management of the soil. The plateau or { clay, stony phase, vary from 3 per cent to 80 per cent or more.
nearly flat upland with the highest siopes ranging from 5 fi But there are small scattered areas between Cagayan de Oro
per cent in Claveria and Cagayan de Oro City has slight City and Lumbia along the provincial road to Bukidnon that
moderate sheet erosion. About 1/4 to less than 1/2 of the @ are nearly flat with the highest slopes of about 4 per cent. Prac-
ginal surface soil has been eroded. The erosion has been P tically these areas are not cultivated owing to the presence of
marily due to faulty system of farming and management of 4 plenty of stones, boulders, and outcrops on the surface that ha-
spua i Epikihay " nozmal Buriacs soil dgpth of 25 cent1me‘ zards cultivation. However, due to the relief of the land and
and about 27 centimeters has been left in the less eroded @ ) e e B Eoe P ag dandnlne
tivated areas and about 20 centimeters in the moderately erod g° REAVY|GEXSUDS 98, LR “: JGE Brevens e Fapt R e

' tion of water through it, there have been excessive surface wash

cultivated areas.

In Claveria, the area cultivated is mostly devoted to §
grain type of farming using upland rice and corn. In sor
portions, root crops such as onions, camote and cassava &
planted and in other sections abaca is grown. The cultiv i
is mostly up and down the slopes resulting to moderate
erosion with some shallow gullies. Accordingly, the prd
tion in this area has decreased due to the effect of erosion 1o
of the surface soil and the neglect of using commercial fertili

taking off rapidly the surface soil and at the same time affect-
ing the vegetation.
Frosion on the nearly level areas is moderate with about
1/4 of the original surface soil already eroded. The strongly
tolling and hilly areas on the other hand, have 1/4 to more
than 3/4 of the surface soil and 1/4 or more of the subsoil
logt through crosion. Frequent deep gullies are distinet and they
1 be seen at a distance. The removal of the.original surface

in the fields. In the past years the farmers produced as hi il has left infertile subsoil. Consequently, even the vegetation
as 85 cavans of palay per hectare in this area. The highest tl this soil phase is very poor. It is covered by thin cogon,
can get now is about 65 cavans of palay to the hectare, T ghrubs, and few trees.

area should be under good farming system practices su ' Erosmn control on this soil should stress more emphasis on
crop rotation, contour cultivation, terracing, and the u { - Since practically the area of this soil phase
commercial fertilizer to improve the fertility and ) W& nat aul uld be reforested in order that more trees

soil qnd te water i’o the cropll. , I ol > ; harn| :..mg tha Qgg‘gn should be prevented
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. Erosion on Lourdes clay loam.— The relief of this goil
Erosion on Jasaan clay loam. — The greater part of | ranges from rolling to hilly and mountainous. Slopes vary from

soil is strongly rolling and hilly with slopes varying fi
8 to 70 per cent or more. It occupies the area from Lun
to the border of Lanao and Bukidnon along the Cagayan
About 10 to 20 per cent of the area is under thick forest #
has normal erosion, Kaifigin system of cultivation has stead
thinned the forest area and from it thrives cogon and seconds
forest. As a result between 1,/2 and 3/4 of the original surfa
soil has been lost through erosion. There are small areas w )
are nearly level and these are slightly eroded.

The important factor causing erosion on the Jasaan el
loam is the nature of vegetation, hence erosion control shou
depend to a considerable extent on good vegetative cover. K
ifigin system of farming in this soil should be stopped to prevel
the destruction of the forest area and to minimize erosion lossé
Since a greater portion of the area is under secondary fore
and cogon, these kinds of vegetation should not be injured i
order that they could grow thicker to cover the surface soil an
to effectively reduce excessive run-off and too much erosion. I
and when, however, the area is cultivated only the lower slope

should be tilled using crop rotation, contour cultivation and ter
racing.

8 per cent to 100 per cent and over with excessive run-off allow-
ing considerable variation in the degrees of erosion. Thus in
some portions of the area where the slope is from 8 to 25 per
vent and are cogonal have a moderate sheet crosion. About 1/4
1o 1/2 of the original surface soil has been washed off. Where
the area had been tilled over 1/2 of the original surface soil has
been eroded. The areas having slopes of over 25 per cent to 50
per cent occupying the region south of Lourdes proper to Mts.
Taguslit, Tuagon, and Nagalangan, have been seriously eroded
and 3/4 or over 3/4 of the original surface soil-has been washed
away. Areas with over 50 per cent slopes have been severely
oroded with deep gullies. In some places almost the whole
original surface soil has been removed through surface wash
and in the other places 1/4 or more of the subsoil has been
eroded. The area occupied by primary forest is about 20 per
cent of the total area of this soil and has normal erosion.

Erosion losses in this soil are due undoubtedly to the topo-
graphy of the land and the fact that the areas are generally bared
of forest. The sparse vegetation is a mixture of cogon and other
grasses, and shrubs which could not prevent the rapid flow of
gurface water. Although the farming practices are improper,
they cause insignificant erosion in the area because a very little
hectarage of this goil is farmed in contrast to the untilled areas.
Besides, most of the areas cultivated are the valleys and the
level portions.

Any program of erosion control on the Lourdes clay loam
resolves itself on reforestation as most of the land is uncultivated.
The tilled rolling areas should be under a good rotation system of
farming such as terracing, contour farming, and strip cropping.
These farming practices should also be followed when more of .
the undulating area become cultivated. Grazing is suited for this i
land. Application of lime and commercial fertilizer is important
practice in farming and should be resorted to in this soil so that
any combination of farm crops can be grown and good pastures
can be fairly easily established on the farm.
Frogion on Bolinao clay. — The Bolinao clay practically
s whole of Alubijid and El Salvador. A bigger por-
gayan de Oro City, and Lumbia bor-

1 type

Erosion on Bolinao-Jasaan complexr. — This soil comples
occupies the hills east and west of Jasaan, and has from 5 to 9
per cent slope or more. About 50 per cent of it is planted per
manently to coconut and bananas. A small portion is unde
kaifigin and the rest is secondary forest.

Erosion on this soil complex has been serious and abouf
1/2 to over 3/4 of the original surface soil has been eroded
It is possible that in the past this soil had been under kaingin
system of farming and later on, one-half of it has been planted
to coconut and-the rest become secondary forest, thus erosion
has been serious. Due to the slope of the land, coupled with the
heavy texture of the soil which is heavy clay and of poor permea-
bility, very little water seeps into the ground causing run-off
to become excesgive.

To control erosion on this soil complex is to plant cover crop
~especially legumes on the coconut field. This cover crop preventy
- the excessive flow of surface water, It also impro ilit

el LY. 11 (!
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a heavy clay soil with a poor permeability. The relief is ne
flat upland, undulating, rolling and hilly. The slopes vary f
5 per cent to as high as 80 per cent on the more rolling and I
areas. Surface drainage is excessive but the internal drain
is poor. About 20 per cent of the area is cultivated, 80 per‘f
of which is mostly in coconut. The vegetation of the uncultiv
areas is a mixture of cogon, grass, and secondary forest.
of the hill areas and steep slopes are planted to Ipil-ipil.

Erosion on the Bolinao clay is moderate to serious
severe. On the cultivated fields, because of topography
management about 3/4 to over 3/4 of the original surface
and about 1/4 of the subsoil have been washed off. Slope
even greater than 25 per cent are cultivated to grain crops
the presence of a heavy subsoil allows the downward mov:
of water very slowly. Consequently, excessive run-off has |
causing a rapid washing away of the surface soil. In some
tions of the area, the parent material of limestone rock is ex D
on the surface. In many places are scattered limestone gr
stones, and boulders i abundance on the surface as a resu
erosion. In the uncultivated areas, the extent of erosion she
that 1/4 to 1/2 and over of the original surface soil has b
eroded in the lower slopes. On the more rolling and hilly ai
3/4 and over of the original surface soil and 1/4 or over
subsoil have been removed as a result of erosion. The pa
rock in some places of the uncultivated area is exposed as (¢
crop on the surface.

The important factors causing erosion on Bolinao clay
slopes of the land and the management. The cultivated areag
under clean-tilled cropping systems using grain crops, a farm
practice that induces erosion. To prevent erosion on the &
tivated areas of Bolinao clay is to plan a good farming pr
based on the relief. A good rotation system of farming, conf
farming, and strip cropping are most important. Because of
seriousness of erosion there is very little surface soil left ¢
terracing seems not practicable. Only the lower slopes sho
devoted to grain farming using good management practices
rolling areas where erosion is serious farming should be ¢
to the ridge tops and should be under strip cropping
farming and crop rotation. Where gullying is serious a
farmmg more dlfflcult it is desirable that such fields

t H ,”H}F I‘, ‘-!“.7‘;,‘ 111}




Fig. 29.—Area of Bolinao clay. The foreground is severely eroded, while
the kackgreund is moderately to seriously eroded.

Fig. 30.—Mountain soils undifferentiated showing area excessively eradad,

Soil Erosion in the Different Areas 79

areas should be under tree cover. Ipil-ipil is a kind of a tree-
legume that is most adapted to this soil. Where this plant is
grown as it has been grown in many areas, it has a good growth
and grows fast. When this crop is planted in the uncultivated
areas, it could easily give a good cover to control erosion.

Erosion on Faraon clay. — The Faraon clay, like the Bolinao
clay, is roiling and hilly with slopes varying from 5 per cent to 80
per cent or more. It occupies the rolling and hilly areas of Man-
ticao along the shore to the boundary of Lanao, and also the
western part of Imitao. The rolling and hilly areas along the
coast are planted to coconut. In some places, corn, upland rice,
and camote are raised.

Erosion on the Faraon clay varies from moderate to serious
erosion. About 1/4 of the original surface soil to all of it and
1/4 of the subsoil of the more rolling and steep slopes have been
eroded. Gullies in this soil are also numerous, Some are shallow
and others are wide and deep. The nature of the relief, and part-
ly the management practice including the vegetation are the im-
portant factors that contributed erosion in this soil.

The erosion controls suggested for Bolinao clay hold equally
well with this soil. Both have practically the same relief, ma-
nagement practices, extent of erosion, physical characteristics
of the soil and parent materials.

Erosion on Camigwin clay. — Camiguin clay is well dis-
tributed in Camiguin Island and the eastern part of the province.
The relief is rolling to hilly and mountainous, and the slopes
vary from 5 per cent to 100 per cent or more. The elevation is
from 300 to 3,000 feet above sea level. The surface drainage is

pood to excessive but the internal drainage is fair owing to the

nature of relief and the heaviness of the soil. The surface soil
reaching to about 70 centimeters deep is compact clay, sticky, and
of poor permeability.

Erosion on this soil like the other upland soils of the prov-
ince has been moderate to serious and severe. This is especially
frue on areas cultivated or sparsely vegetated. The more un-
dulating areas have moderate erosion and about 1/4 to 1/2 of the
riginal suriaca goil has been lost because of sheet erosion, and

' ﬂcasmnal The more rolling areas has suffered
‘ aind about 3/4 or more of the original
wway.  The hllly areas whlch are not
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eroded, having 3/4 or all of the original surface soil and abou
1/4 of the subsoil had been removed by surface wash. T
higher hills and mountains are thickly forested and have a not
mal erosion.

The contributing factors to erosion on the Camiguin cla
are the slope, vegetation, and farming management. Most of thi
rolling and hilly areas along the coast are planted to cocony
permanently, and presently erosion on these lands is moderati
They need cover crop to reduce run-off and minimize erosion
However, the rolling areas which is under clean-tilled croppin
system has been seriously to severely eroded. Crop rotation an
planting of cover crop should be practiced in the more rolling
areas. Grain farming should be allowed only in the lower slopé
with good rotation, contour tillage, terracing and fertilizing
practices. The open lands if necessary should have their vegeta
tion kept intact and burning or the kaifigin system of farmin
should be stopped to have a surface protection of the soil ant
minimize erosion losses.

Erosion on Alimodian clay loam. — Slopes on the Alimodial
clay loam vary from 2 to 50 per cent or more. The lower slopé
have an average of 10 per cent. This soil is moderately eroded
In some cases about 1/4 to less than 1/2 of the original surfae
soil has been lost through surface wash, and in some areas 1/,
to less than 8/4 of the original surface soil has been eroded. Ii
the higher slopes about 3/4 of the surface goil has been washat
away. In these areas, shallow gullying has been moderate. Thi
higher hiils are either secondary forest or primary forest.

Most of the cultivated portions of this soils are the undulal
ing areas averaging 10 per cent slope and are mostly plante
to coconut. Grain-type of farming is generally on the lowe
slopes, although some areas on the higher slopes are kept unde
clean cultivation. Most of the rolling areas are cogonal an
secondary forests.

To control erosion on the cultivated areas under clean cul
ture, it is essential to use a more suitable rotation gystem o
farming, with contour cultivation and fertilization, The aren
planted to permanent crop should be grown to :
legumes as cover crop. However, because the #
terracing seems not feasible. Where the
steep, trees should be Zrown | ahould be
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3. EROSION ON THE MISCELLANEOUS LAND TYPE .

Most of the miscellaneous land types, except some areas of
the mountain soils undifferentiated which are bared of vegeta-
tion have no apparent erosion or are in normal ercosion. This
is because most of them are either nearly flat land or in primary
forests. :

Hydrosol—Hydrosol is one of the miscellaneous land types.
1t is nearly level and is underwater most of the year. It is located
usually near the mouth of the rivers, and in some protected bays
along the shore. Nipa palms and various species of mangrove are
grown in the hydrosol. Some areas of the hydrosol are made into
fish ponds for the culture of fish, and some areas are made into
salt beds where salts are manufactured.

Erosion on the hydrosol is not apparent. On the other hand,
because of its location, it receives soil materials from the up-
lands and higher adjacent lands.

Beach sand.—The beach sand occurs along the coast. This
land type is generally level and have no apparent sheet erosion.
However, when the sea waves are strong, they may either carry
some of the beach sand into the sea or deposit some stones and
sandy materials.

Mountain soils undifferentiated.—This land consists of some
plains, rolling areas, high hills, and mountains ranges which are
thickly vegetated. Most of the high hills and mountain ranges
bordering Lanao, Bukidnon, and Agusan Provinces belong to this
land type. They are generally under normal erosion owing to the
thick vegetal covering. Nevertheless, there are areas in the
lower slopes where the forest cover was cut, perhaps as a result
of kaifigin, and erosion has taken its toll. Some of these areas
are at present severely eroded. Other places are excessively

eroded. These seriously and excessively eroded areas, should be

planted to trees for protection against soil erosion.

EFFECTS OF SOIL EROSION
Iirosion in the Philippines has become a national problem.
Mamisao (43) pointed out that of the 11,637,068 hectares of open
land - qultivated land of the Philippines, 8,948,576 hectares
' Q. arosmn and 4,947,374 hectares are subject
a tq'@l area of 8,805,948 hectares,

. E‘Mlmm; aa\d
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In Misamis Oriental there are 27,714 hectares or 7.07 pé@ and as lands in the upper section are cut by erosion, floods
cent of the total area of the province that have no apparen grow more violent causing rivers to change their courses de-
erosion including 7,833 hectares, or 2 per cent, of beach sand an stroying large areas of agricultural land in their paths.
hydrosol that are non-agricultural lands. As matters stand, onl

19,881 hectares or 5.07 per cent of the land of the proving The cost of soil conservation in building up the lands affected
are good agricultural lands against 234,059 hectares or 59.7 by erosion is tremendous and in some cases the money and ef-
per cent that are subject to different stages of erosion. Morg forts used are not worth the rehabilitation made. While it is
over, the bulk of the good quality cropland is steadily losin true that erosion on certain farms is hardly detected and appears
its fertility under prevailing methods of management. slowly, the steady loss of topsoils is felt when crop yields de-

Soil erosion has also attendant economic consequences.

Considering that the population of the province is 369, 61 crease. Formation of gullies and the exposure of heavy sub-

h (1948 census) there is 1 hectare of good land for every 1? per soil make the land more difficult to till. Eroded soils require
sons not emough to support a decent living. Even if th more fertilizers and more water for profitable crop yields. It
234,059 hectares that are subject to different degrees of erosiol reduces the farmers’ income and the families’ living standard.

are included, still there would be less than a hectare for every Farming becomes more difficult, more costly, and less benefi-
man, woman, and child and this area could not give a modesi cial. To the individual farmer the result is bad, but it is tragic
living standard. Unless the soils of the province are properly to the country, taking the farming community as a whole be-
safeguarded, the province will ultimately face a serious threal cause erosion undermines the social and economic life of the

of land shortage. ] entire nation. A truly sound and lasting national prosperity and
' Furthermore, erosion is a threat to future security. M peace cannot' be attained if the soils ‘are fiot conserved.
i misao (7) again pointed out that 67,000 kilograms is the aver: .
e age amount of top soil washed off from each hectare of land CONTROL OF SOIL EROSION .
iy in the Philippines carrying with it an equivalent amount of T Bennett (20), stated that “since the dawn of time, soils
i trient elements as follows: i have been on the move. Rain and wind have scoured away almost
p Ny o 4 e 50 tons of ammonium sulfate i constantly at the earth’s surface and transported soil particles
P.0; .... 5 tons of superphosphate from place to place. But under a protective cover of grass, trees,
K.O .... 23 tons of potassium sulphate or other thick-growing vegetations, the rate of soil removal has
Based on the number of hectares affected by erosion in the always been exceedingly slow-no faster, generally, than the nor-
province, the loss of soil fertility is enormous. The use ol mal rate of soil creation. This favorable soil balance prevail-
commercial fertilizers may help to relieve the farmers bu ing under natural conditions was disturbed almost from the
there is the monetary consideration and the fact that unles; moment when men first started to till the earth for food.”
the management practices are corrected the fertilizers applied Removal of soils by rain in the Philippines have been stea-

ave of no consequence as these will ultimately be washed off dily going on since the beginning of our agriculture. While there

by run-off. have been some individual farmers who have noticed this happen-

Soil erosion also affects the good lowlands by deposition ing and have tried to remedy it by using their own treatment,
of not only fertile alluvial materials from the uplands, but alsc many have tolerated the destruction of their farms, maybe be-
infertile subsoil, sands, gravels, stones, pebbles, and sometimes cause they may not have been aware that erosion has been stead-
boulders rendering the lands unsuitable for cultivation. H ily removing tons of the topsoils off from their farms. Erosion
also destroys standing crops from these lands as a resul‘c of de too often overlooked, hecause its inception is

positions. Furthermore, because of erosion g ther - hare L wma’veg tons of the surface soil from a
are rivers and irr a'l:mn canals that beco : g of the loss un m
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- Erosion control practices are profitable. They save soils for against erosion. 'On the other hand, when used improperly the
the generations to come, and also increase the yields of cropg benefits derived is less than the harm they give.
The rice terraces in Mountain Province have been producin "Vegetative methods of erosion control advances the idea

good rice crops for many years, and have been handed down # that the soil have adequate vegetative protective covers. Ade-
unnumbered generations. Whether the Ifugaocs have been corn quate vegetative cover is a combination of good farming prac-
scious of the problems and remedies for erosion or that they wen tices. It protects the soil from erosion losses, and it helps to
constrained to construct the terraces due mainly to the influend maintain or improve soil fertility besides increasing the yields
of environmental condition, one can never tell. The fact remai il of erop per unit area. Some of the vegetative control measures
however, that whatever their reasons were, it is clear that th are strip cropping, cover cropping, crop rotation, close-growing
terraces have saved the hill sides from damage caused by erosion crops, retirement of severely eroded cultivated land to the per-

The effective approach to the control of erosion is througl manent protection to grass and trees, and planting farm wood-
a well planned soil conservation system. Since “soil erosion i lots and wind breaks. Mechanical methods on the other hand
the result of man’s failure to adapt his culture to natural limita includes artificial structure, likes dams, terraces, and diversion
tion upon land use,” the adoption of a farming system appro ditches. Contouring, ridging, subsoiling, etc, are also classified
priate to the land’s specific needs and adaptibility for use, give under mechanical measures. These methods of erosion control

a feasible solution of the problem of soil erosion. Wrong use 0 are based on land-use capability, thereby necessitating land-use
the land has been too frequent. The cultivation of areas tha planning survey to classify the land within a use capability group

have over 25 per cent slope under clean-tilled eropping system in order to determine which of the land classes need the intensiw.ze
and on the severely eroded areas or on steep or hilly relief ar practices required to conserve soil and moisture and maintain
examples of the misuse of lands. The cultivated lands planted f¢ productivity. Accordingly, there are four classes of crop-land
crops at present are not all adapted to them according to per use capability, and each class, depending on the degree of slope
manent land use. Each soil type or phase has its own character based on land-use erosion, requires a certain number of prac-
istic and capability for crop production and its misuse would tices for the control of erosion. In general, vegetation furnishes

cause and accelerate erosion. , the best surface protection, but when supplemented by the me-
Soil conservation is patterned on the premise of land usi chanical measures become more effective and economical in the

adaptability. The land is cultivated in its known fitness 16 control of erosion.
physical bounds so that it is managed with suitable measure Coincident with the control of soil erosion is the collective
for erosion contro.. While soil conservation offers the besl cooperation of the Government and the individual farmers. Co-
means of controlling erosion, its use in the Philippines however operation is essential to get effective results. Incidentally, the
has not yet gained a proper place in the agricultural pattern farmers should be informed or educated in the adoption of
In the United States as a result of the work of the Soil Con sound land-use principles and practices and unless the people,
servation Service, soil conservation measures have been adapte - particularly the farming community are not acquainted with
through a planned system of land use and has very largely con ~ {he causes of erosion, its effects, and methods of control, the
trolled erosion in numerous areas of the country. problem of soil erosion control can not satisfactorily be solved.
Essentially, soil conservation control of soil erosion inve It is imperative that the people should learn and appreciate the
ves a combination and a systematic use of different co Importance of soil, “that it is the basic natural resource of the
patterns fitted to the “peculiar needs and adaptability - - farming industry; that the soil is the source of all the farmer’s
various kinds of land requiring protection.” Me - income; that any investment of capital or labor which the
vegetative methods of erosion o@n’bml, ave ' oil, to build up and preserve the fertility,
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terest in good farming practices.” Any program of erosiol
control lacking educational background, is a sure failure wh
the respective control measures are adopted by the far
This service to education and direct aid to farmers can be
ried out in actual field demonstrations of the accepted practle
in soil conservation farming with the close cooperation of t.
different agencies concerned with agriculture in this country

CHEMICAL CHARACTERISTICS AND FERTILIZER
REQUIREMENTS OF THE SOILS OF MISAMIS
ORIENTAL PROVINCE

By R. T. Marrorr, L. E. VILLANUEvVA, and G, C. BANDONG

An understanding of the chemical nature of soils is fun-
damental in the promotion of scientific agriculture. It is
therefore necessary that the soils of Misamis Oriental be stu-
died and classified based on the morphologic and genetic char-
acteristics found in the fields supplemented by the chemical in-
vestigations and interpretation of the results of analysis of the
soil samples brought to the laboratory. The results obtained
from the chemical investigations aid in adapting and formulat-
ing a systematic and proper soil management for an efficient
cropping practice,

The chemical studies reveal the following: (a) soil re-
action (or pH value) which serves as a guide to crop adapta-
tion of the soil type by denoting acidity or alkalinity and vice
versa; (b) quantity of the nutrient elements needed for plant
growth as to deficiency or sufficiency; (c¢) presence and quan-
tity of toxic substances, and (d) fertilizer and lime require-
ments of the soil type for a maximum crop yield.

Plant nutrient elements needed in greater proportions are
carbon, hydrogen, oxygen, nitrogen, phosphorus, potassium,
calcium, magnesium, sulfur, and iron, while those needed in
lesser amounts to the extent of only 1/4 part per million in a
goil solution are boron, copper, manganese, zinc, ccbalt and
molybdenum. These latter six elements are technically de-
signated as trace elements because they are needed in small
amounts by plants. They are also essential to plant nutrition.
When present in big quantities, they give toxic effects to plants.
Their absence or deficiency in the soil, however, causes necro-
fiec symptoms. Carbon, hydrogen, and oxygen are derived from
the air while the other elements come from the soil. As a re-
‘ liult of th deficiency of any or several of these above-mention-
ad vields are reduced.

] Hznﬂ of Boil Laboratories, Soil Chemist and Jr, Soil
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Chemical Characteristics and Fertilizer Requirements

The essential nutrients may run short in the soil due i
cropping, leaching and erosion. Nitrogen, phosphorus and pt
tassium are the major nutrients that are always easily depletat
in the soil. As a result, deficiencies of such elements are likel
to occur in any soil type and unless they are corrected, norm
growth of plants would not be possible. Applications of mi
nures and commercial fertilizers are necessary to replenish tk
supply or to replace what the crops removed from the soi
Nitrogen deficiency may be corrected by the addition of amn
mal and green manures or commercial nitrogenous fertilizel
such as ammonium sulfate and sodium nitrate. Superpho
phate, guano and other phosphatic fertilizers will check p
phorus deficiency. The application of wood ashes or commel
cial potassic fertilizers such as muriate of potash and potassiui§
sulfate will also solve the potash problems of soils. Calciul
and magnesium are minor or secondary nutrient elements whi
may occasionally be present in insufficient amounts. T
calcium deficiency, however, may be corrected by the additia
of lime or dolomitic limestone to the soil; it not only suppli
calcium ions needed by plants, but also corrects the acidity ¢
the soil, thereby, preventing the occurrence of an unusual an
excessive acid reaction. ; ;

METHODS OF CHEMICAL ANATYSIS ¢

Crop response to fertilizers applied in the soil is correlal
ed to the determination of readily available nutrient element
This determination also serves as an index of the fertility ¢
the soil. It is only for nitrogen where total analysis was emn
ployed because this element, in the presence of proper mic
organisms and under favorable conditions, is easily convertibl
into forms available for plant assimilation. 5

Calibration of the rapid chemical methods under Phili]
pine conditions with the results of liming and fertilizer exy
riments conducted both in the field and in spots in the g
house is being conducted up to the present time by the Diy
of Soil Laboratories. For lack of comprehensive data
local experiments, the results obtained abroad are then

In the preparation of samples for chemical analys
tests, the surface soil samples were .

a4 wooden mallet, p N0
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A Beckman model H-2 pH meter fitted with glass electrode
was used for determining soil reaction or hydrogen ion con-
centration in the soil. The organic matter was determined by
following the Walkley-Black Method (71).

The total nitrogen content of the soil was determined ac-
cording to the “Methods of Analysis” of the Association .of
Official Agricultural Chemists of the United States (18). The
methods of Spurway (63) were followed in the determination
of ammonia and nitrates. Readily available phosphorus was
determined by the method of Truog (67). Available potas-
sium, calcium, magnesium, iron and manganese were deter-
mined according to the methods of Peech and English (56).
A Leitz photoelectric colorimeter provided with suitable light
filters was used in the colorimetric determination of available
constituents.

INTERPRETATION OF CHEMICAL TESTS

Soil reaction or pH value—Soil reaction or pH value is
one of the outstanding physiological characteristics of the soil,
and since microorganisms and higher plants respond so mark-
edly to their chemical environment, its importance has long
been recognized. It denotes the degree of acidity or alkalinity
of the soil and it is expressed mathematically as the pH value.
A pH value of 7 indicates precise neutrality, lower value indi-
cates acidity, and higher value indicates alkalinity. The be-
havior and availability of plant nufrient elements as well as
those of toxic substances is affected by it. As such, it becomes
a limiting factor for plant growth and reproduction. Soils with
a high degree of acidity or those with very low pH values have
soluble aluminum in such a concentration as to be toxic to
plants. Aluminum is rendered very soluble at very low pH
values. On the other hand, soils with very high alkalinity or
those with very high pH values render the iron, manganese,
copper, and zinc in an unavailable form to plants thereby causing
the plants to exhibit malnutrition or abnormal growth.

Truog (68) recently published a modified version of Pet-
ghowing the general trend of the relation of soil
bility of plant nutrient elements. This is
j Truog's accompanying explanation.

sregsed in terms of the pH
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one pH value to another is shown graphically in the diagram by
the change in width of the heavily cross-hatched area between

the curved lines.

Fig. 31.—Width of bands indicates "favorableness of reaction influence” to the

presence of adequate "amounts necessarily present'': these amounts are

influenced by many other factors.

The influence of reaction on availability of each nutrient
element is expressed by the width of the band (the wider the
band, the more favorable the influence) carrying the name of
the respective element. Thus, for the maintenance of a satis-
factory supply of available nitrogen, for example, a reaction or
pH range of 6 to 8 is the most favorable. This does not mean,
that if the reaction of a soil falls in this range a satisfactory
gupply of available nitrogen is assured. All it means is that
g0 far as reaction is concerned, the conditions are favorable for
a satisfaotory supply of this element in available form. Also,
the na nd for nitrogen at pH 5 does not necessarily
ey of th1s element will prevail at that pH;

g rned; he conditions are
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factors than reaction may promote the presence of an abu
dant supply; moreover, certain crops having a low requiremet
may be fully 'satisfied with a low supply.” '

Different plants have been found to have different opf
mum soil reaction requirements or pH preferences and di
ferent tolerance limits. It will be noted in table 14 th
some plants like rice, pineapple and tobacco prefer mediul
acid soils (pH 5.5 to 6.1), while other species like alfalfa, su
cane and orange prefer slightly acid to slightly alkaline rea
tion (pH 6.2 to 7.8). The pH tolerance limits for the fii
group of plants mentioned above have been estimated at D
4.8 to 6.9, while those for the second group are pH 5.5 to
Some plants, however like tomato and corn can folera
rather wide pH range (pH 4.8 to 8.15), although the b
growth of the plants had been obtained between pH 6.2 and T.

The surface soils of the different soil types of Misam
Oriental were analyzed and they are presented in table |
arranged in the order of decreasing productivity ratings.
corn. The pH values of the soil types ranged from pH 5
for Jasaan clay to pH 6.75 for Faraon clay. Except for B
nao clay and Faraon clay with an accompanying calcium con
tent of 17,800 p.p.m. and 25,600 p.p.m respectively, all the ol
types would respond to a light to heavy application of agricu
tural lime depending upon the amount of available calcium the
contain. Jasaan clay and Mambajao clay which have relative
ly low calcium contents accompanied by lower pH values thai
the other s0il types would probably give better response to lim
ing application than Lourdes clay loam and Jasaan-Bolinao com
plex which have about eight times as much of available calciul

and higher pH values. [

Nitrogen.—Nitrogen makes up 2 to 4 per cent of the d
weight of plants. It is essential to new cell formation and |
a basic part of proteins and of chlorophyll, the green color hu
matter of plants. It is used largely in the development of fr
grains and seeds. Stimulation of plant growth and haste
of maturity may be due to an ample supply of available nit
gen in the soil. However, an excessive supply may ten
cause not only excessive growth but also other Edvgﬂe eflf
such as: (1) lodging in small grain crops |
ete.; (2) susceptibility to plant dise

whorug
N
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strength of bast fibers in fiber plants. Where succulence is
considered good quality for certain crops like leafy vegetables
and forage grasses, an abundance of nitrogen in the soil is high-
ly. desirable.

The sources of nitrogen in arable soils is derived from
green manures, farm manures, crop residues, commercial fer-
tilizers and from rain. Certain microorganisms also fix atmos-
pheric nitrogen for the use of plants. Nitrification, which is
brought about by the action of specific goil microorganisms, con-
verts the nitrogen of nitrogenous organic matter in three stages,

lTABLE 15. The pH requirements of some economic plants
X — most favorable reaction

Y — reaction at which plants grow fairly well or normally
O — unfavorable reaction

Plant Strongly Medium Slightly Neutral Slightly Medium
acid acid acid  reaction alkaline  alkaline
pH pH pH pH pH pH
4.2-5.4 B, 5 6.1 6.2-6.9 7.0 7.1-7.8 7.9-8.%
Abaca, Musa textiles Nee ! a'e X X X Ve 0
Caimito, chrysophyllum  caimito

Linn? X X X X, 0 s}
Coffee, coffea arahica Linn 1 b'g X 25 5'e 0 (6]
Cowpr’a Vigrna sinensis (Linn.)

Savi? Y Y X Y Y s
Corn, Zea mays Linn, ? b Y X X b Y
Durian, Durio zibethinus Linn ! e X e g o} (o}
Peanut, Arachis hupogaea Linn 2 e N X X N =
Pe-tsai 4 Brassica pekinensis Rupr * ¥ e X X X X
Rice, Cryza sefiva Linn? Y X X N Y (8}
Bugar cane, Saccharum

Officingrum Linn (g} W X X X Y
Tobaceo, Nicotiana tabacum Linn 2 Y X Y o} O o3
Hweet potato, Ipomoee batatas

(Linn,) Poirt Y X X i o] o]
Cnssava, Maenibot esculenta Crantz. X X X X Y Y
Fineapple, Anonas comosus

(Linn.) Merr? ¥ X Y .0 (0] (o}
Nunana, Musa sapientum Linn,?! Y 5.4 X X e O
Tomato, Lijcopersicum esculentum

il 2 ¥ X X X A Y
Onion, Alliwm cepa Linn 2 0 5'g X b X '
QUK{\eHn. Glicine maex  (Linn.)

err ? Y X b4 X Y Y
prfmze Citrus awrentinm Linn. 2 —— Ve X X X ¥

! Based from the soil reactions where they are grown with the productlwtv ratings of
ho #oil types in 11 provinces. A pH ranges of 5.7 to 6.2 was found fo be most suitable
the growth of upland rice, variety Inintiw, by Rcla Nena A., and N. Gavlez. 1949.
i'aots of moil remction on the growth of upland rice and on its nitrogen. calcl\:lm, phos-
i ~eantent, Philippine Agriculturist 83: 120-125.

from Weir Wilbert Weir, 1936.
it O, Ohicago and Philadelphia.
041, Hoil reaction (pI) preierences of plants.

wm range glven war pH 6.0-7.5

N,

Soil Science. Its principles and

Mich. Agr.

| 'm;m' sﬂent of poll reaction on
h her # content,
Lty ontimum
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namely ; its conversion first into ammonia, then into nitrites, !
finally, into nitrates. Production of nitrates through nit#i
cation is brought about by certain soil conditions as (1) g
aeration; (b) optimum temperature of 80-90° F; (c) pr
moisture; (d) proper microorganisms; and, (e) suffnnent
ply of nitrogenous organic matter. !

While most plants assimilate nitrogen as nitrates, rice a
other members of the grass family absorb it in the ammonia
form. In the ammoniacal form, nitrogen can be fixed in {
soil and it is therefore not easily lost through leaching.
the other hand, nitrates can’t be fixed so they are easily I
through leaching. If commercial fertilizer is to be used,
cost and the amount of application will decide on the ch )l
of the nitrogen carrier for the crops to be grown. Where i
mediate effect is desired as for short season crops like ve;
tables, nitrates are preferable to smmoniacal nitrogen. |
trates in combination with sodium or calcium tend to redu
soil acidity, but ammoniacals generally increase soil acidif
But, for long season crops like sugar cane and irrigated cro|
like rice, ammoniacal nitrogen is preferable to apply than 1
trates for efficiency and lower cost.

Spurway, in his method of determining ammonia and 1
trates, found that 2-5 parts per million (p.p.m.) in soil &
considered low, 10-25 p.p.m. as medium or normal supply ai
100 p.p.m. or more as very high or excessive. Low values ¢
nitrates accompanied by a medium or normal supply of amm
nia are normal for soils where nitrification proceeds to con
pletion, or where the ammonia is immediately converted inf
nitrites and then to nitrates. Low tests may also mean r’u
the ammonia is used up by plants as fast as formed, or th
it is fixed in the base exchange complex of the soil, or I
through leaching. When the soil has a high content of deca
organic matter or when it has been recently fertilized with
moniacal compounds, a comparatively high test for ammu
will be obtained as expected. The test for the v
forms of nitrogen are not very specific unlike that
phosphorus and potassium. The results of the thres nitrog
tests have to be interpreted together to be o
value. High ammonia with low mtra‘te test
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Philippine cultivated soils have been analyzed for total ni-
trogen in this laboratory and it was found that the average
total nitrogen content was 0.14 per cent. With this as basis
it can be seen from table 14 that of the fifteen soil types
identified in Misamis Oriental, only Alimodian clay loam and
Lourdes clay loam fall below the average, both having only
0.12 per cent. The other soil types contain higher than 0.14
per cent and there is even one that exceeds the higher supply
of 0.30 per cent which is Jasaan clay, stony phase, having 0.33
per cent. From these results, therefore, it can be stated that
the soils in Misamis Oriental do not need a fairly high appli-
cation of nitrogenous fertilizers. Nitrogenous fertilizers may
be supplied only for maintenance either as in organic or inor-
panic form. As the organic form, application of guano or
green manure may be practiced. The inorganic form may be
supplied with the application of commercial fertilizers like am-
monium sulfate, ammonium nitrate, ete., in the amount of about
150 kg. to a hectare. TLeguminous crops which produce a lot of
nodule bacteria may also be planted.

Soil organic matter—The nature, quality and amount of
organic matter affects our agricultural cropping system. Or-
ganic matter exerts a controlling influence on soil properties,
mcludmg productivity, and without it the surface layer of the
earth could hardly be correctly designated as soil. It i is one of the
most easily exhausted resources of soil through surface erosion
and crep removal. The largest part of organic material of soil
is made up of roots, leaves and stems of plants in various stages
of decay. Much of the organic matter of soils in farm lands
comes from the root system of crops and the mature stems and
leaves after the seed has been harvested. To protect the soil
from erosion then, crops are planted and plowed under while
still green. Farm manures also provide the opportunity of re-
[urning large quantities of plant material to the soil. They

- are worked into the soil to a considerable extent by plowing or

other tillage practices. Due to natural processes also, the plant
1eaVe| and stems in timber and grazing lands are deposited on
: and become incorporated therein. The amount of

n these soils is largely determined by the

unfavorab]e soil colnd_l‘tlona are interferin;

a nd whether the pla,nta are grasses or
= Sl 000 ll)
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Leguminous crops are considered especially valuable a
sources of organic matter; the primary reason is that they hay
the ability to increase the nitrogen content of soil. In thi
connection, however, there is a difference between legumes am
non-legumes in that not only do they vary in nitrogen-gather
ing ability but also that legumes contain more nitrogen in pre
portion to their carbon content.

The decomposition of organic matter in the soil is a big
chemical process and any factor that affects the activities
the soil organisms will necessarily affect the rate of organi
matter decay. (48) Several factors which have a bearing on th
rate of organic matter decomposition are: (1) the nature o
the plant material (including such points as the kind of plant
age of plant, and chemical composition) (2) soil (includir
aeration, temperature, moisture, acidity and fertility 1eve1?
and (8) climatic factors (the effects of moisture and tempers
ture are particularly influential). Due to a higher content ¢
water-soluble constituents, a higher nitrogen content, a nai
rower carbon-nitrogen ratio, and a smaller percentage of lignin
and other constituents resistant to decomposition, the younger
the plants, the more rapid will be their decomposition when i e.
corporated into the soil.

Soil conditions favorable for the growth of common crof
plants are also favorable for organic matter decomposition
The degree of soil aeration is one of the most influential fag
tors in this respect. Organic matter decay is largely a burning
or oxidation process, and the greater the degree of aeration
the greater, in general, will be the rate of decay. Soil moisture
and soil temperature are controlled largely by climatic in
fluences. Other conditions favorable, the rate of soil organi
matter decay increases with an increase in soil moisture to a poi
where aeration is inadequate. The rate of decay increases w
increasing temperature to a certain limit, if all other condi
tiong are assumed to be constant and favorable, <

Humus denotes soil organic matter which has underg
extensive decompostion. (48) It is not a homogeneous substan
lt has no definite chemlcal composition. It is a dark maas

with the synthesized cell substances of
is not statlc but dynamlc in soil CHRIRE]

T30 ——
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The C: N ratio in fresh plant materials that are ¢common-
ly added to soils is usually from abeut 80:1 in mature straw
to 12 to 20:1 in leguminous green-manure crops (48). In any
case, the ratio will narrow or drop to about 10:1 in & relatively
short time after these materials have been incorporated into soils
In other words, the C:N ratio of humus in mineral soils is
roughly 10:1. This means that for each pound of nitrogen in
the soil, there exists about 10 pounds of carboon.

Humus is highly colloidal and, as clay, it functions as an
acidoid or micelle and usually carries a large number of ne-
gative charges. It is composed prinecipally of C, H, O, N, S,
and P, in contrast to the mineral acidoids, which are composed
chiefly of Si, O, Al, and Fe.

The soil organic matter determinations are usually based
on organic carbon analysis, the results of which are multiplied
by the conventional factor 1.724. This factor, 1.724, was ob-
tained by assuming that the carbon content of the organic mat-
ter is fifty-eight (58) per cent. The amount of organic car-
bon is usually related to the total nitrogen content, and under
those conditions, nitrogen analysis may be taken as an appro-
ximate index of organic matter.

A high percentage of nitrogen and low percentage of
carbon gives a narrow ratio, and a lower percentage of nitro-
gen and a higher percentage of carbon gives a wider ratio. In
this case, the narrowest ratio is 1:11.52 that of Faraon clay, and
the widest ratio is 1:23.10 — that of Lourdes clay loam. The or-
ganic matter content of soils of Misamis Oriental r_angﬁfd from
3.90% that of Umingan clay loam to 13.10% that of Jasaan
clay, stony phase. As already mentioned, a high nitrogen con-
tent generally means a high percentage of organic matter—and
Jasaan clay, stony phase proves this.

Phosphorus.—Phosphorus is contained in the threads of
plant cells that pull the materials of the cells’ interior apart to
form two new cells. If the supply of phosphorus is scanty, the
rate of cell division is slowed down; thereby, leaving the plant
gtunted and spindling.

The total supply of phosphorus in soils is relatwely small, and

the avallable supply usually falls short of crop reqmrements
o firgt element that becomes deficient after the

‘Bultw tion. Like nitrogen, phosphorus is
, ;;t in saeds in
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larger amounts than in any other parts of plants, although it i8
found extensively in the young growing parts. 4

Available phosphorus, in sufficient quantities, is necessary
for normal transformations of carbohydrates in plants as in
the changing of starches to sugars. It is also necesary for th
assimilation of fats in plants, and apparently it increases the
efficiency of the chloroplastic mechanisms. It also enters inte
the composition of nuclear compounds in cells. Its presence
aids the plant in taking up potassium and tends to counteract
the effects of excess nitrogen. An excess of this element, how
ever, in proportion to the supplies of other required nutrienti
may decrease yields, especially on the higher soils.

Phosphorus has the most obvious effect on the root syS
tem of plants. Phosphorus-starved plants tend to have a stumni
ed root system which decreases their feeding zone, and thu
the plants are less able to withstand adverse conditions.

Since most soils have a marked capacity to convert 1n0rg‘a, il
soluble phosphates into insoluble and unavailable forms, th
behavior of this element in relation to the acidity or alkalinif;
of the soil and its content of clay and organic matter is of t @
mendous economic importance.

‘Because of the destruction of organic matter by farming
practices and the loss of phosphorus through removal of crop
and erosion, phosphorus is one of the elements that is genera
deficient in soils. A phoaphorus shortage may be identified b
the plants appearing usually dark green. Purplish tints in th
leaves and stems are seen in corn and small grains. Legumé
are stunted and show purplish-green color of leaves. 'I‘obaj
manifests a dark green color and a delay in maturity. ‘

The available phosphorus content necessary to mamta n
normal plant growth varies according to climate and 80
Truog, in his method of analysis, set a minimum limit of r
available phosphorus at 87.5 p.p.m. for good heavy or clay
and 15 p.pm. for lighter or sandy soils under Wiscons
T. S. A. conditions. For certain sections in the sou
U. S. A, he suggested that 10-15 p.p.m. of readily ava
phosphorus might maintain a good crop. Marfori‘,
that in the Philippines there was little res
fertilizer of rice soil having available phosp
according to the Trung method

’l[ s
=t ] ;»: ,:.,7;
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available phosphorus might be a reasonable minimum requires
ment for a good crop of rice.

The available phosphorus content of soils from Misamis
Oriental are show in table. 14. The available phosphorus
content ranges from 3 p.p.m. that of Bolinao clay to 194 p.p.m.
that of Umingan clay. Six of the different soil types have a
somewhat high available P. They are San Manuel loam, 73
p.p.m.; Umingan clay, 194 p.p.m.; Bantog clay, 44 p.p.m.; Mu-
tina clay, 45 p.p.m.; Alimodian clay loam, 90 p.p.m.; and Ja-
saan clay, stony phase, 52 p.p.m. The others have avaﬂable
phosphorus content ranging from 3 to 28 p.p.m., which fall below
the minimum requirement for good crop growth Hence, it is
very necessary that the application of commercial phosphatic
fertilizers be made on these phosphorus deficient soils. Com-
mercial fertilizers like ammophos containing 16 per cent nitro-
gen and 20 per cent phosphoric acid (P.0s;) and single super-
phosphate containing 20 per cent of phosphoric acid (P.0;) may
be used for application. Ammophos or superphosphate at the
rate of 50-300 kilograms to a hectare may be applied to these
deficient soil types according to their phosphorus contents.

Potassium.—Potassium is available to plants only in small
amounts although the total content of potassium in soils is
usually high. This fact then becomes a major concern to the
farmers. It iz usually more often needed and in larger quan-
tities in the light soils (sandy soils) and mucks than in the
heavy soils. In potash (K:0), it makes up about 40 per cent
of the ash of most plants, and is not localized in any part of
the plant to the extent that phosphorus is. Correlation be-
tween the potash content of ashed plants and potash of the soils
have been made. The Neubauer method which makes use of
rice or rye seedlings as the indicator takes into consideration
the amount of potash in the soil available to plants. In some
arops, it may tend to accumulate in the leaf and stem rather
than in the grain.

Potassium is vital for photosynthems in the production of
earbohydrates and proteins. It is essential for the develop-

“ment of chlorophyll, production of starch and sugar, and then
i the gynthesis of fats and albuminoids.

It also improves the
of the plants and increase resistance to pests and diseases.
] gtates that potassium increases plump-
the gtp,llis or stems of plant more

-,_




100 Chemical Characteristics and Fertilizer Requirements

Interpretation of Chemical Tests ) 101

rigid, thus minimizing lodging. Ears of corn produced on i
tassium deficient soils frequently are chaffy, tapering at {l
tips, and the kernels are loose on the cob because they are nt
well filled with starch. y

Not much is known about the function of potassium
plants. More is known about what happens to a plant whe
this element is deficient. From this information, theories we
advanced that potassium enhances the plant’s ability to resi
disease, cold, and other adverse conditions. It also functions |
other procesges whereby sugars are made from carbon dioxid
and water. '

Potassium encourages the development of the root syste
of plants. An excess of this element may delay maturity. |
general, however, it has a balancing effect on both nitrog
and phosphorus with respect to the maturation processes. Tl
intake and retention of water seem to be regulated to some [
tent by the quantity of potassium present, hence, affecting i
resistance of the plant to injury from drought and frost.

Where a deficiency exists, the addition of potassium al
fects the quality of tabacco, improves the quality in potatoes
and increases the sugar content of sugar beets.

The diminution in the rate of growth of corn seedlings
and young plants is a first sign of potassium deficiency. The
young leaves turn yellowish-green to yellow. The edges and
tips become dry and appear scorched or fired. When these
foliage symptoms are recognized early in corn plants, muriate
of potash must be applied to correct the deficiency. Make the
application prior to the last cultivation.

. Potassium becomes available slowly in many soils, and
there is no way of increasing the rate of liberation in depleted
soils enough to meet the requirements of the corn crop satis-
factorily. It has been proved that when the corn crop suffers
from a lack of enough available potassium for normal growth
and production, all of the other crops in the same rotation will
also show response to potash fertilization. In many fields
where limestone and phosphate have been used for growing le-
gumes in the rotation with corn, potash deficiencies appear be-
cause of the large quantities of potassium removed in the in-
creased hay and grain yields. ‘

The major portion of the soil potassium exists in the dif-
ficult available form. The water-soluble potassium is much
smaller than the available and is the one easily lost through
drainage and leaching. Where the base exchange capacity of
the soil is large and the total exchangeable base contents is low,
parts or all of the potassium added as fertilizer become fixed

in the clay minerals and considered fixed or stored for future
use by the plants.

Bray (24) found that for Illinois and corn belt soilsy,
no response to potassium fertilization was noted when the soils
contained 150 p.p.m. or more of available potassium. Murphy
(19) also reported that for Oklahoma soils containing less
than 60 p.p.m. of replaceable potassium, response was favor-
able.' Those soils containing 100-124 p.p.m. of available potas-
#lum have doubtful crop responses and those from: 155-170
p.pm. or more have no response at all. Locsin (38) however,
reported that in his experiments on potash fertilization on su-
gar cane in Victorias, Negros Ocidental, 85 p.p.m. or less gave
positive erop ponge to potash applications while soils con-

4 ‘e gave negative response.

Tobacco requires a great deal of potassium, the plan
shows striking symptoms when potassium is not present in adi
quate quantity. The lower leaves of the tobacco plant suffel
ing from potassium hunger shows a typical mottling, a loss ¢
green color (chlorosis) at their tips and margins which is late
followed by necrosis or development of specks of dead tissual
The dead areas may fall out, producing a rugged appearance ¢
the leaf.

Potassium salts are needed in abundance for the normd
growth and development of the corn plant from the time {1
geed germinates until the plant is matured. The plants
protected from excessive losses of water during period
drought, and it lessens the injuries due to low temperature
Because of its inability to move from one part of the plant t
another, potassium hunger appears first in the older le
The younger parts of the plant draw the potassium away f
this older parts. Healthy, vigorous corn plants always con
large amounts of potassium salts in their tissues, whet
the seedling stage or in plants approaching

¥
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upset in the balance due to an excess or lack of any of them.

is the average minimum available requirement of most crop What may appear to be an excess of calcium in a plant may
such as rice, corn and sugar came. From table 13, it call be a lack of one or more of these other elements, and the remedy
be observed that the K content ranged from 68 p.p.m. tha may be to add the deficient element or elements instead of
Alimodian clay loam to 293 p.p.m. that of Camiguin c cutting down the apparent excess of calcium. Similarly, an ap-

With 100 p.p.m. as the basis for minimum available requ‘ parent excess of potassium, magnesium, or boron may really

ment, there are only three soil types which need potassium fey be a deficiency of calcium.

E_llllzatllon They are Ummgar(li lglaly Ioan; (9693p P )) Alit The amount of calcium in a soil determines the physical
ian clay loam (68 p.p.m.) and Bolinao clay (93 p.p.m structure of that soil. A soil which containg high calcium is

therefore very necessary that potassic fertilizers be applied
these soils either as muriate of potash, which contains 60
K.O or potassium sulfate, which contains 50 per cent K.O de
pending on the amount of its constituent recommended and 0l
the kind of crop to be grown. The other soil types do not neé
any. Their available K content are above 100 p.p.m. or 1 As a general rule, a relatively high percentage of the phos-
ppm phorus in soils well supplied with lime is available for plant

 Caleium.—Calcium is one of the essential plant nutrient use, and the phosphorus of calcium—deficient acid soils is in
which affects the soil physically, chemically and biologic relatwely unavallabl:e formg, even though.the _total phogphorus
Calcium is leached out of the soil as calcium carbonate whe content is comparatively high. The availability of soil phos-
carbon dioxide in the soil solution acts as a potent solvent fol phorus is affected by the acidity of the soil. It is generally

caleium compounds. This accounts for the heavy losses tha most readily available to plants in neutral or slightly
take place. Soil acidity 1s thet inereased. acid soils. With increasing acidity, its availability decreases.

It combines with aluminum and iron compounds in strongly

Itd 1s tpr i)}l:ab]e that nsmge calcu;llzn th?{n :}(l)dm;n h;i: b: acid soils, forming relatively insoluble aluminum and iron phos-

carried into the oceans. Sodium salts make the sea sa Ly phate compounds. In the presence of excess calecium carbonate
the sea would be milky from calcium salts except for the fag o (about 2 iy Ikali e a0 ; :

that the calcium has been combined into the shells of marit : e et cniIes BT Caci

forming tricalcium phosphate, which is of low solubility. Tri-

animals to be redeposited as limestone. This is one of the it Sl Sheahiees S S et B L
teresting examples of how calcium is used by animals to buil b T aa e

bony materials. In plants, it is built into the walls of the cel

granular, porous, easy to work with, and has better tilth. The
acidity of acid soils is neutralized by lime. Lime also corrects
the toxic effects caused by such acidity of plants. Flocculation
of soil colloids is also effected.

to form a productive “sieve” for the nutrients to seep throu When acid soils are limed, the tendency is to make the
in passing into the cells. It also acts as a cement between {I phosphorus more available by converting a part of it that is
walls of the cells to hold them together. It is generally | present as aluminum and iron phosphate to the more available
lieved, too, that it has an influence in the translocation of ¢ calcium phosphates. From the standpoint of plant use, the
bohydrates and certain mineral elements within the plant more desirable forms are the monocalcium and dicalcium phos-
on the development of roots. phates. 1t is also likely that liming results in the liberation of

Calcium may also influence either favorably or unfa the organic phosphorus in the soil through stimulation of the
ably the absorption of other elements. Within certain Ii decomposition processes. However, it is obvious that lime
for example, an inverse relationship has been found be alone will not solve the problem of phosphorus availability be-
the intake of ealcium and potassium by 1t may ‘ are go depleted of phosphorus that lime has

teract to some extent the toxic_efi’ects ( { crop yields unless accompanied by
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When soils become deficient in bases, the solubility of Al
Fe, and Mn increases; in strongly acid soilg, the high concen
trations of these elements may be toxic to crop plants. E (=
cess quantities of these elements may become available at pH
values below 5.5. Soils having reactions between pH 5.5 and
pH 7.0 usually supply plants with sufficient quantities of both
iron and manganese, but at pH values above 6.5 or 7.0, espe
cially in sandy soils, they may become insoluble to such extent
that plants are unable to satisfy their needs. Caution is theres
fore necessary in the use of lime. Tooc much lime may create
iron and manganese defiency.

Calcium is closely associated with certain important mi=
crobiological processes. Its more important effects on the soil
population are in (1) promoting the decomposition of organl
matter, (2) making conditions favorable for nitrification and
sulfofication; and (3) providing favorable conditions for th
growth and functioning of both symbiotic and non—symbmtl
nitrogen-fixing bacteria. In the above mentioned processes
it is not necessarily a matter of changing the pH, but one of
supplying soluble calcium.

Lime may be used as a preventive of certain types of plant
diseases which occur only in acid soils. An alkaline soil causeq
by the use of too much lime is likely to depress certain desirable
microbiological processes, such as nitrification and the decom-
position of organic matter. It is generally believed, although
it does not always occur, that the application of lime in amounts
sufficient to make a soil neutral or alkaline forms potato-scab.
disease. j

Some effects of liming on plant composition as reported by
Smith and Hester (60) are: (a) calcium content of the cabbage

leaves have been increased from 4.42 per cent to as much as

7.58 per cent, (b) the yield of tomatoes was increased to more
than double together with the Vitamin C or ascorbic acid con-
tent, and (¢) corn grain showed an increase of 40 per cent in

the protein content. Madamba and Hernandez (42) in their
experiment in the effect of lime found that the increased yleld.
of upland rice was due to the application of lime.

In table 14 the results of the analysis for the a,vailable,
caleium content of the soils of Misamis Orien | i’;‘om‘.

pam, that of Jasaan clay to 25,000 D.
_ i need
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cause they have a rather very low calcium content. They are
Jasaan clay, Mambajao clay, Jasaan clay loam and Caminguin
clay having 500, 900, 1400 and 1900 p.p.m. respectively. Bo-
linao clay and Faraon clay have very high calicum content—
17,800 and 25,600 p.p.m. respectively, even exceeding the higher
limit of 6,000 p.p.m. for average calcium content of Philippine
soils. The other soil types fall within the average range of
2,000-6,000 p.p.m. of calcium in Philippine soils.

Magnesium.—The key element in the molecule of chloro-
phyll is magnesium. Chlorophyll is the green pigment in plants
that traps the energy from the sun and makes plant life pos-
sible, This pigment starts the chain of events that beging with
the green plants and goes on up through animals and man. It
is credited for being a companion for phosphates combining
with it so that the latter can be moved to their proper places
in the plant in the form of magnesium phosphate compounds.

Magnesium deficiency results in a characteristic discolora-
tion of the leaves. Premature defoliation of the plant also re-
sults. The chlorosis of tobacco, known as “sand drown” is due
to a magnesium deficiency. Cotton plants, suffering from a
lack of thig element, produce purplish red leaves with green
veins. Leaves of sorghum and corn become striped; the veins
remaining green, but the areas between the veins become pur-
ple in sorghum and yellow in corn. The lower leaves of the
plant are affected first. In legumes, the deficiency is shown by
chlorotic leaves. :

In various parts of the Southern States and even in Mas-
sachussets, magnesium deficiency in corn has been reported.
This deficiency in some cases is believed to be intensified by
the unbalanced plant-nutrient conditions resulting from the
continued use of sodium salts in fertilizing other crops in the
corn rotation. TUsually, however, nitrogen and phosphorus de-
[iciency occur in these acid soils, and until they are corrected
the magnesium deficiency may not become dominant. Magne-
gium deficiency is most likely to be present in sandy soils par-
ticularly during seasons of heavy rainfall. The addition, how-
over, of magnesium-bearing fertilizers principally of dolomitic

limestone and magnesium sulfate on the magnesium deficient
_mu; ]q,g; bgnoﬁg .gom,mnn practice,

nn’sal anntam magnesmm in the
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types that rated high in crop productivity gave about 600-1,700
p.p.m. of available magnesium on the average. With this a§
basis, seven soil types fall below the lower limit. They are
Jasaan clay, Mambajao clay, Jasaan clay loam, San Manuel
loam, Umingan clay loam, Alimodian clay loam and Camiguin
clay of 300, 210, 300, 470, 890, 210 and 210 p.p.m. of available
magnesium respectively. These soils then need an application
of magnesium-bearing fertilizers.
Manganese.—One of the trace elements needed by plants
is manganese. A lack of sufficient manganese or boron is
most likely associated with calcareous or heavy limed soils.
Manganese seems to act as a two-banded (double valence) re-
ception committee, of which zinc and copper are also members
to greet the other nutrient ions as they enter the plant celk
and to direct them to their respective positions for carrying out
their functions in the plant. In other words, they are catalysts.
Trace elements, in quantities larger than the plant needs, are
likely to be toxic or poisonous to the plant although the actual
quantity may still be small. Excessive as well as deficient
amounts will produce certain characteristic symptoms.

Investigations have been made about this element in rela-
tion to its influence on soil. Nitrogen-fixation and ammonifi-
cation in the soil are dependent upon its presence. Manganese
is usually present in sufficient quantities in most soils. It need
not be added in fertilizer mixture except in soils where a de-
finite deficiency has been noted. A deficiency in this element

is most likely to be found in alkaline soils, especially those
which originally were acidic and have been heavily limed.
Manganese is also usually needed for certain crops on alkaline
muck soils. _ j

In the absence of sufficient manganese, tomato, bean, oat,
tobacco, and various other plants are dwarfed. Associated
with this dwarfing is a chlorosis of the upper leaves of the
plant, and the leaves become spotted. The “gray speck” of the
roots has been attributed to a shortage of this element in some
soils.

It has frequently been observed that the leaves of onions
growing in alkaline muck soils become dwarfed and eurled dur«
ing growth and that the bulbs remain immature at time,
On similar goils, celery becomes yellow; f o, and

atoes are chlor

| )0
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The soils of Misamis Oriental when analyzed for available
manganese were found to contain variable amount of such ele-
ment. Bolinao clay has a trace for manganese. Faraon clay and
Jasaan clay, stony phase both contain 4 p.p.m. only. These
three soil types may be corrected for this deficiency( basing
15 p.p.m. as the minimum requirement) by adding manganese
sulfate. The other soil types have higher manganese content—
ranging from 19-390 p.p.m. These soils, however, do not need
any manganese application.

Iron.—Although iron is needed in a very little amount yet
it is a most essential element. Iron is usually available to all
plants in acid soils, but in some neutral or alkaline soils, it is
so insoluble that some plants may have difficulty in absorbing
enough. Where excessive amounts of soluble phosphates have
been added to the soil, the iron may be made unavailable to
plants by being precipitated as an insoluble iron phosphate,
’I"his may happen in acid as well as in alkaline soils. It is more
likely to occur in sandy than in clay soils, because the latter
have greater power to fix or “lock up” excessive soluble phos-
phates,

The availability of iron also varies widely with the degree
of ..501'1 aeration, being higher under anaerobic condition. Oc-
casionally, soils are found which are deficient in available iron,
and on soils containing considerable quantities of lime, the
movement and activity of the iron within plants are reduced
in some manner by the presence of excess calcium. Investi-
gations indicate a relationship between the solubility of iron
{md the supply of manganese. There are some reasons for think-
ing that a deficiency of manganese in the soil leads up to an
iron toxicity.

Soils of Misamis Oriental have been found to contain low
amqunt of iron. Although the total iron content of an average
agricultural 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.
Several representative soil types from various parts of Luzon
which rated high or at least medium in crop productivity had
been analyzed for available iron in our laboratory following a
modife _Peech and English method. The results obtained
rangaed from about 2 to 30 p.p.m. of available iron. With these
are only three goil types that fall within




108 Chemical Characteristics and Fertilizer Requirements

guin clay. The other soil types contain trace amount and 1
p.p.m. only. '

FERTILIZER AND LIME REQUIREMENTS

Fertilizers, in a broad sense, include all materials that e“
added to soils to increase the growth, yield, quality, or nut
tive value of crops. Although fertilizers may affect the so 1
and plant growth in a number of different ways, they are u
primarily to increase the supply of available plant nutrient
in the soil and to balance the plant-nutrient ratio.

It is customary to speak of fertilizers and fertilizer mix:
tures as containing nitrogen (N), phosphoric acid (P.0;), an
potash (K,O) instead of nitrogen (N), phosphorus (P), aq
potassium (K). Fertilizers do not consist of the elements nis
trogen, phosphorus, and potassium as such, but they are coms-
bined with other elements to form either organic or inorganie
compounds. Fertilizer materials are classed as nitrogenous,
phosphatic, or potassic depending on whether their principal
constituent is nitrogen, phosphorus, or potassium, although
some materials can be placed in more than one of these
categories, .

Table 16 shows the fertilizer and lime requirements
of the different soil types of Misamis Oriental for corn, coconut,
and rice based on their average chemical analysis.

Only Jasaan clay, Mambajao clay, Jasaan clay loam an
Camiguin clay need application of lime both to increase the
goil reaction or pH value and to increase the calcium conten

Jasaan clay, stony phase does not need any application of
nitrogen anymore. For corn, the rate of application of a
monium sulfate analyzing 20% N to increase the nitrogen cons
tent ranges from 150-800 kilograms per hectare. The same
rate is required for coconut and rice. ‘

San Manuel loam, Umingan clay, Bantug clay, Matina clay,
Alimodian clay loam and Jasaan clay, stony phase have high
content of phosphorus and as such do not need application of
phosphatic fertilizers. The other soil types, however, need
phosphatic fertilizer application like superphosphate containin
20% P.O;, varying in amount from 50-300 kg. per hectare
pending on the phosphorus content for corn, coc

'I‘he amount of potassm fertllizer ‘co

e
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TABLE 16 Fertilizer and lime requirements of the different soil
types of Misamis Oriental,

Ammonium Super- Muriate of
SOIL TYPES Agricultural sulfate phosphate potash
lime * (20% N) (209 P:20s) (609% Ka20)
Tons/Ha. Kg./Ha, Kg./Ha, Kg./Ha,
For Corn i
Jasaan clay 1.50 150 300 50
Mambajac clay 5.50 150 250 —_—
Jasaan clay loam 3.00 150 300 50
San Manuel loam — 1560 ST LAY
Umingan clay _ 150 roh 100
Bantog clay ey 160 _— R
Matina clay —_— 150 Qe 2 50
Umingan clay loam e 150 300 150
Alimodian clay loam —_— 300 —_— 200
Bolinao clay S 150 $er 300 150
Faraon clay — 150 250
Lourdes clay loam T 300 300 50
Camiguin clay 0,50 150 50
Jasaan-Bolinao complex — 160 100 e
Jasaan clay, stony phase —— 50
For Coconut and Rice
Jasaan clay 3.70 160 - 800 50
Mambajao clay 2.75 160 250 ———
Jasaan clay loam 1.50 150 300 B0
San Manuel loam — 160 — —
Umingan clay 2L 160 — 50
Bantog clay —_— 150 —— _
Matina elay —_— 150 — 50
Umingan clay loam —— 150 200 100
Alimodian clay loam —— 300 —_ 150
Bolinao clay _ 160 300 100
Faraon clay — 150 250 e
Lourdes eclay loam — 300 300 50
Camiguin clay 0.25 150 50 e
Jasaan-Bolinao complex e 150 100 —_—
Jasaan clay, stony phase — —_— T — 50

* Limestone (CaCos) pulverized to 20 mesh and about 509 to pass 100 mesh.

potash in its tissues, naturally a high application of potassic
fertilizer must be made to balance or maintain the potassium
content of the soil. The amount of application of muriate of
potash analyzing 60 per cent K.O for corn is from 50 to 200 kg,
per hectare; while that for rice and coconut is 50 to 150 kg. per |
hectare. Mambajao clay, San Manuel loam, Bantog clay, Faraon |
clay, Camiguin clay and Jasaan-Bolinao complex, because they ‘
have high content of available potassium, do not need potassic

fertilizer application anymore.

The time and method of application determines largely the
value of fertilizer mentioned above. When applied at the right

time and in the proper manner, they stimulate the growth of the i

erop and produce satisfactory returns.
gl*ying fartlllzers to the 9011 depending
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in applying fertilizers: (1) the necessity for uniform distribu For annual crops, potash should be broadcast and worked
tion and (2) the necessity of thoroughly incorporating the fertl into the soil some time before planting. In this way, potash
lizer with the soil. These conditions are essential to the succes is dissolved in the soil and becomes available at the time the plants
of manuring. The reason is obvious; for, where the fertilizer | need it.

uneyenly distributed SOl e abundant plant For better results apply fertilizers annually or even twice
while the others receive little or possibly none. There must b o vaar, athes thanin.1 licati t1 i 1

even distribution of fertilizers to provide each plant with sul year, rather than In-large apUy e Sl s grva e
ficient food and to prevent waste of manures and fertilizers.

It is equally important that there must be a thorough wor!
ing in of the fertilizer to insure that the plant food it contail
is placed at a depth in the soil where it can be reached by tl
roots and made available to the crop. Moreover, fertilizers in
prove the physical condition and the water-holding capacity ¢
the soil. A good method of distributing fertilizers evenly is |
broadcasting the fertilizer over the surface of the soil and sul
sequently working it with the hoe, harrow, or plow. Broadcastin
may be done by hand or by fertilizer distributing machines.

Fertilizers, when applied to permanent crops, are dig
tributed or restricted to a comparatively small area around th
plants — usually the area shaded by branches. The developmen
of an extensive root system is therefore encouraged. The p
food itself is also availed of more fully by the plant if there |
enough moisture in the soil and also better to resist drought.

The right time of application is another essential factol
Tor most crops, there are certain general rules as to the tim
of applying fertilizers. 1

Nitrogenous fertilizers, especially the nitrates, are app i
during growth as a top dressing. They are applied before watel
ing in irrigated areas. Fertilizers like the ammonium sulfate
nitrate of soda should be applied when the plants are not
because the fertilizers falling on the wet leaves is apt to ‘b
them. Apply the less soluble nitrogenous manures Some
before planting so that the nitrogen will be in a readily av
torm at the time the plants need them.

Apply superphosphate to the soil just before plan
pecially where the soil is light. The less soluble forms ¢

phates should be applied a few weel pla
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Glossary

........... Psidium guajeve Linn.

GLOSSARY OF COMMON ECONOMIC PLANTS FOUND IN Guayabano#s L. Aanamiricats i
MISAMIS ORIENTAL PROVINCE ! Tpil-ipileeseiiinat .. Leucae@a glaucfz (Linn.) Millsp. .
i Kalabagaitiunand. . Cucurbite maxima Duch ........

St ] ‘ Kaldisapatngall o Cajanus cajan (Linn.) Millsp. .

Common mame Seientific name Family name Kamachile ........ Pithecolobium dulce (Roxb) Hl
Abaca o, Ceseeae Musa textilisiNee W00 AL Musaceae Benth. ..... AL imma dnadsoaiid N Legumino!ae i )
Achuete ........ -+ Biwa orellana Linn. ............. Bixaceae Kamiassanisraals. Averrhoa bilimbi Linm. .......... Oxalidaceae
Agoho ............ Casuarina equisetifolia Linn, .... Casuarinaceae Kangkong ........ Ipomoea aquatica Forsk ......... Convolvulaceae
Alibangbang ...... Bauhiniac malabarica Roxb. ...... Leguminosae Kapok ............ Ceiba pentandra (Linn.) .

Ampalaya ........ Momordica charantia Linn. ...... Cucurbitaceae Gaartiun g i pibisamns ki ..+.... Bombacaceae
Anonas i ey Anona reticulate Linn. .......... Anonaceae Katurai ........ .. Sesbania grandiflora (Linn.) :
Aroman SdLni o thn Acacia farnesiana (Linn.) Wild .. Leguminosae 2 1225 PR T S TR ST IR YL o (Y Leguminosae
Atis (sugar apple) Anona squamosa Linn. ......... Anonaceae TSR | ot et o Benincasa hispide (Thumb) Gogn. Cucurbitaceae
ATTFOWFOOE Lol Marantea arundindceq, Linn. ..... Marantaceae Lanzones: . vinicib o Lansium domesticum Correa ..... Meliaceae
Avocado: UL LUiLl G Persea americana Mill ......... Lauraceae T A anss L Anisoptera thurifera (Blanco) !
Balletetiit i aint s Ficus benjamine Linn. .......... Moraceae Bliimie adbieinil ek e Dipterocarpaceae
Balimbing: .. .c..q. Averrhoa carambole Linn. ....... Oxalicaceae Lumbang ......... Aleurites moluccana (Linn.)
Banaba .......... Lagerstroemin speciosa (Linn.) Wl et e ++..... Buphorbiaceae
Pers. ..o Lythraceae Mabolo st fony Diospyros discolor Willd. ....... Ebenaceae
Bamboo qveaseinas Bambusa spinosa Roxb. ....... .. Gramineae Madre cacao ...... Gliricidia sepium (Jaeq) Steud. .. Leguminosae
BENANA. vl oy v siaies Muse sapientum Linn, .......... Musaceae VoD, iy taielei s et Eugenia mallaccensis Linn., ...... Myrtaceae
IBatao fisetl dbiie, Dolichos lablab Linn. ........... Leguminosae Malungay ........ Moringa oleifera Linn. .......... Moringaceae
Boho aoans oo voene Schizostachyum lumampao Mandarin ......... Citrus nobiles Tour ............. Rutaceae
J(Blanea) Merr. ....comenon Gramineae Mango ..... Gy . Mangifera indice Linn. ......... Anarcadiaceae
Benguet Pine ..... Pinus insularis Endl. ........... Pinaceae Molave ....... v ov. Vitex parviflora Juss . Vviei.... Verbenaceae
Breadfruit ........ Arfocarpus communis Forst ..... Moraceae Bilinigel tat A .. Phaseolus aureus Roxb .......... Leguminosae
BTImE s e Conyphaielata Roxhil b e e i Palmae Mustard .....o..nn Brassica integrifolia (West) '
Ehbbage, a:hnh. Brassiea oleracea Hort .......... Cruciferae ; QLR AR chllEzs . MBI ok . Cruciferaceae
(o R ST Theobromae eacao Linn. ......... Sterculiaceae Nangka ...... .. Artocarpus heterophyllus Lam. .. Moraceae
BaImito | .oiie . Chrysophyllum cainito Linn. ..... Sapotaceae [Warra .., a00000 Pterocarpus indieus Willd. ...... Leguminosae
(e apige T e SR Anacardium oecidentale Linn. ... Anacardiaceae U N\ing vvvvo.s Nypa fructicans Wurmb. ........ Palmae
Cassava ....... ... Manihot eseulenta Crantz ...... . Euphorbiaceae "N O)iion .. ....... coo Alluwim cepe Tanm, ... .00 . Liliaceae
(ChykTol R vl clras sanota IDN Gl colis et Sapotaceae NN (range ...:...... . Citrus awrantivm Linn. ......... Rutaceae
Coconut .......... Cocos nucifera Linn. .......... .. Palmae U ondon ... ... Pandanus tectorius Sol. ......... Pandanaceae
o o s Coffea arabice Linn, ........ ... Rubiaceae N Tinova L . Carica papaya Linn. ........ .... Caricaceae
(ot ok R Imperata cylindrice (Linn} S P o L Phaseolus lunatus Linn. ...... .. Leguminosae
Beatv o ate s i Gramincae NN Foi0ln ... ... ... Luffe cylindrice (Linn.)
ol iy, Zet mioys Linn 0 i .. Gramineae " _ MuteRoermietl 0 Alannil 8oL Cucurbitaceae
Cowpeas ...... .... Vigne sinensis (Linn.) Savi, .... Leguminosae i E T Arachis hypogaea Linn. ......... Leguminosae
Dayap ............ Citrus aurantifolic (Christm) 4 BENEY .. Brassica chinensis Linn. ........ Cruciferae
Bwingle ......oiiiiav i Rutaceae ; per (Black) ... Piper megrum Linn. ........... .. Piperaceae
Db e e Eugenta cumini (Linn.) Druce ... Myrtaceae Hep (Bili) .o Capsicum annwm Linn, .......... Solanaceae
Durransls i .. Durio zibethinus Murr. .......... Bombacacens U Pirieapple ..., ... .. Ananas comosus (Linn.) Merr. .. Bromeliaceae
ol an HiE s e Solanum melongena Linn., ...... + solanaceas S Phimmelo ... .. oo Citrus mazima (Burm.) Merr. .. Rutaceae
Y R Colocasia esculenta (Linn.) i ( s s esees Raphanuws sativus Linn. ........ Cruciferaceae
Sehatb s (R « o alnt s ; Ml aDV L diuidley Palmae

........... . Zingiber officinale Rose ...

“gaman Merr, . ......00s. Leguminosae

! N neae
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Santol o et LI Sandoricum koetjape Meer ....... Meliaceae
Saluyot ........... Chorchorus olitorius Linn. ...... Liliaceae
Sineamas ......... Pachyrrhizus erosus Linn. ....... Leguminosae
Siniguelas ........ Spondias purpures (Linn.) Urb. . Anacardiaceae
SitaoaseaiEes .. Vigna sesquipedalis Fruw ....... Leguminosae
SOVEEanT o loeinitt .. Glycine max (Linn.) Merr. ...... Gramineae
Sugar cane ..... .. Saccharum officinarum Linn. .... Convolvulaceae
Sweet potato ..... . Ipomea batatas (Linn.) Poir .... Leguminosae
Talahib: sulaein s Saccharum spontanewm Linn, .... Gramineae
Eamarind e Tamarindus indicus Linn. ....... Leguminosae
Teak saaaan S R Tectona grandis Linn. .......... Verbenaceae
TobACCO. v ve sevn Nicotiana tebacum Linn. ........ Solanaceae
Tomabo g eii . Lyeopersicum esculentum Willd. .. Solanaceae
Tugue Sl A Dioscorea esculenta (Lour)

Burkill wietess ATk R Dioscoreaceae
Ubis e s e Diosecorea alate Linn. ........... Dioscoreaceae
Tpomastaniis wew... Laogenaria leucantha (Dutch)

Rusby ..... AN C RS RS pucurbitacea& 4

LITERATURE CITED

1. Alicante, M. M., D. Z. Rosell, R, Isidro and S. Hernandez. Soil Surve
of Bulacan Provinee, Philippines. Dept. of Agri. and Comm. Tech
nical Bull. 5 (1936) 28 pp. Bureau of Printing, Manila.

2, Alicante, M. M., D. Z. Rosell, R, T, Marfori and S. Hernandez. Sol
Survey of Pangasinan Province, Philippines. Dept. of Agri.
Comm. Soil Report 7 (1940) 47 pp. Bureau of Printing, Manila,

3. Alicante, M, M., D. Z. Rosell, A, Barrera and I. Aristorenas, Sol
Survey of Iloilo Province, Philippines. Dept. of Agri. and Commn
Soil Report 9 (1947) 64 pp. Bureau of Printing, Manila,

4. Alicante, M. M., D. Z. Rosell, A. E. Mojica, R. Samaniego and I, I
Lopez. Soil Survey of La Union Province. Philippines. Dept. @
Agri, and Nat, Resources. Soil Report 12 (1950) 75 pp. Bureau o
Printing, Manila. i

5. Alicante, M. M. and J, P. Mamisao. 1948. Methods of Conservatic
Farming, Dept. of Agriculture and Natural Resources, Tech
Bull, 17. pp. 1-27 i

6. Alicante, M. M., D. Z, Rosell, A. Barrera and I. Aristorenas, 1947. Ho
Survey of Iloilo Provinee, Philippines, Department of Agricultu
and Natural Rescurces, Soil Report 9. i

7. Alicante, M. M., D. Z. Rosell, F. B. Bernardo, I. Romero and I. HEngle
1948, Soil Survey of Laguna Province, Philippines, Department ¢
Agriculture and Natural Resouurces, Soil Report 10.

8, Alicante, M. M., D. Z. Rosell, J. A. Mariano, F. L. Calimbas and
Tingzon, 1949, Soil Survey of Bataan Province, Philippines,

. partment of Agriculture and Natural Resources, Soil Report [l

0. Alleante, M, M., D. Z Ros E. Mo, L Samaniego and

10.

1kt

12,

13.

14.

15.

16.

7.

18.

9.

20.

21.

22.

23,

24,

25,

Literature Cited 116

Alicante, M. M., D. Z. Rosell, F. L. Calimbag, I, B, Lopes aud 1
Engle. 1951, Soil Survey of Zambales Province, Philippines, Das
partment of Agriculture and Natural Resources, Soil Report 18,

Alicante, M. M., D. Z. Rosell, A. Barrera, J. O. Jaug, and L. Enple.
1951. Soil Survey of Negros Occidental Province, Philippines. De-
partment of Agriculture and Natural Resources, Soil Report 14.

Alicante, M. M., D. Z. Rosell, A. E. Mojica, I. J. Aristorenas and J. A.
Tingzon, 1952. Soil Survey of Bohol Province, Philippines, Depart-
ment of Agrieulture and Natural Resources, Soil Report 15.

Anonymous. Yearbook of the Philippine Statistics 1946. Bureau of
the Census and Statistics (1947) 126-175. Bureau of Printing,
Manila.

Anonymous. 1949. Philippine Agriculture. Volume I. Field Crops.

Published by the College of Agriculture. University of the Philip-
pines. College, Laguna.

Anonymous. 1947. Scientists meet the challenge of Florida’s varied
soils. Fertilizer Review, vol. XXII, No. 3. pp 17-18

Anonymous. Diagnostic Techniques for Soils and Crops. 1948. Edited
by Firman E. Bear and Hermania B. Kitchen. American Potash
Institute, N. W., Washington, D.C. p. 308.

Arciaga, Antonio M., and N. L. Galvez. 1948, The effect of soil reac-
tin (pH) on the growth of petsai plants and on their nitrogen cai-
cium and phosphorus content. The Philippine Agriculturist 32:
55-59.

Association of Official Agricultural Chemists. 1945. Official and Ten-
tative Methods of Analysis, ed. 6. Assoc. of Off. Agr. Chemists,
Washington, D.C.

Baver, L. D. 1935, Soil FErosion in Missouri. College of Agriculture,
Agri. BExpt. Station, University of Missouri. Bull. 349. Reprinted
1941. pp. 1-64

Bennett, II. H. 1941. Soils and Security. U. S. Dept. of Agriculture.
Soil Conservation Service. pp. 1-25

Bennett, H. H. and W. C. Lowdermilk, 1938. General aspect of the
soil-erosion problem. Soils and Men. U. S. Dept. of Agriculture
Yearbook 1938. pp. 581-608

Besson, Kenneth C. 1941. The mineral composition of craps with par-
ticular reference to the soils in which they were grown. U. S. Dept.
of Agri, Misc. Pub. 369.

Bouyoucos, G. T. 1930, A Comparison of the Hydrometer Method and
the Pippete Method for making Mechanical analysis of Soils with
new directions. Jour. Amer. Soc. Agron. 23: T47-7T51.

Bray, R. H. 1944. Soil test interpretation and fertilizer use. University
of Illinois, Dept. of Agron., AG 1220,

Camp, A. F., H. D. Chapman, G. M. Bahrt, and E. R. Parker. 1941

Symptoms of citrus malnutrition. Chap. IX in Hunger Signs in
tops, Published by the Amer. Soc. Agron. and the National Fer-

¢ Aupoce,, Washington, D. C.
{ the Philippine Islands. Census of the Philippines;

[ p. Bureau of Printing, Manila.

e Fr-+ =i

R =t~ (4




116

Soil Survey of Misamis Ovriental Province

07, Census Office of the Philippine Islands. Census of the Philippines;
1939, Agriculture, Province of Misamis Oriental, Bull. No. 32-A
(1940). Bureau of Printing, Manila. 1
Clark, N. 1940. Soil Erosion: Farmers and government together
can whip it, Extension Service of College of Agriculture, the Uni
versity of Wisconsin, Madison, Curcular 311. pp. 1-24 ]
Duley, F. L. 1948. Stubble-Mulch Farming to Hold Soil and Waten
U. S. Dept. of Agriculture. Farmer’s Bull. No. 1997. pp. 1-82 :
Ellis, Carleton, and Miller W. Swaney. Soiless growth of plantd

Reinhold Publishing Corp., New York (15th printing March 1944)
155. 3

28,

29.

30.

31. Enlow, C. R. and G. W. Musgrave. 1938. Grass and other thick-growin
vegetation in Erosion Control. Soils and Men. TU. S. Dept. of :;h
culture Yearbook 1938. pp. 615-633

82, Finch, Vernor C., and Glenn T. Trewartha. Elements of Geograph
(1936) 782 pp. Illus. McGraw-Hill Book Co., New York and London

33. Foster, E. A. and H. A. Vogel. 1941, Cooperative Land Use Planningi"
A New Development in Democracy. U. S. Dept. of Agri. Yearbot
Separate No. 1780

34,

Hutchings, Irmi J. and Thomas L. Martin. 1933. Influence of the ca
bon-nitrogen ratios of organic matter on rate of decomposition il
the soil. Jour. Amer. Soc. Agron. Vol. 26: No. 4 pp, 303-340.

Kell W. V. and R. McKer. 1936. Cover Crops For Soil Conservation
U. S. Dept. of Agri. Farmers’ Bull. No. 1758, Revised 1842. pp. 13

Kelloge, Charles E. Soil Survey Manual. U.S. Dept. of ‘Agri. Mig
Publ. No. 274 (1937) 136 pp. ‘

Linsley, B. M. 1947. Methods of getting the job done on soil testing
Jour, Amer. Soc. Agron. 39: 294-299.

Locsin, Carlos L. 1950. Potash fertilization on sugar cane at Victoriai
Negros Occidental. Jour. Soil Sci. Soc. Philippines 2: 105-108. :

Locsin, Carlos L. 1950. Experimental work on sugar cane in Victorial
1948-1949 season, including part of 1950. Sugar News 26: 338-36:

Lopez, F. B. The Soil and Climate of Misamis Oriental in Relatio
to the Commercial Production of Abaca, Jour, of The Soil So
of the Phil. 1951 Vol. III No. 4. 264-271 pp. '

Lyon, T. L., and H. O. Buckman. The Nature and Properties of Soll
(1929) 428 pp. 33 figs. Macmillan Co., New York.

35.

36.

37.

38.

39.

40.

41,

42, Madamba, A. L., and C. C. Hernandez. 1948. The effect of ammophd
and lime on the yield of upland rice (Dumali) grown on Bueni i
silt loam. Jour. Soil Se. Soc. Philippines 1: 204-209. '

48. Mamisao, J. P. 1949. Soil Conservation Problems in the Philipplis
Journal of the Soil Science Society of the Philippines. Vol I, No.
pp. b-17 ‘

44. Marfori, R. T. 1939. Phosphorus studies on Philippine Soil,
readily available phosphorug of soilg as determined by the
method. The Philippine Journal of Seience 70: i

45, 1

Marfori, R. T., I. E. Villanueva and R. Swm
study of the fertilizer rvequiremonty o

h9.

60.

61,

2.

3,

fif, Thatcher, Roscoe N, 1021,

-

Literature Ciled 117

Mariano, J. A., F. B. Lopez, 1. A. Romero, 1968/ Holl Huiey af Davas
Province, Philippines, Department of Agrieultuve and Natural e
sources, Soil Report 16. [(q . EHl

Merrill, Elmer D. An Enumeration of Philippine Plowering Plants
Bureau of Science Publ. No. 18 (1922-1926) 4 vols, « Hureau of
Printing, Manila. i

Millay, C. E. and L. M. Turk. 1943. Fundamentalg of Soil Science,
John Wiley and Sons., Inc., New York. {

Murphy, H. F. 1934, The replaceable potassium content compared
with field response to potash fertilization of some Oklahoma soils,
Jour. Amer. Soc. Agron. 26: 34-37.

‘Murray, William G. Farm Appraisal: Classification and Valuation
of Farm Land and Buildings, 2nd ed, revised (1947) 73-82. The
Towa State College Press, Ames, lowa, b

National Fertilizer Association. 1948. The Third National Fertilizer
Practice Survey (1944). The Fertilizer Review, 21, No. 1: 7-10,

46.

47.

48,

49.

50,

51.

52. Nichols, M. L. and T. B. Chambers, 1938. Mechanical measures of
erosion control. Soils and Men. U.S. Dept. of Agriculture Yearbook
1938. pp. 646-665

53. Norman, A. G. 1947, The Vearhook of Agriculture for 1943-47. U. gy

Department of Agriculture. Washington 25, D. C.

Norton, E. A. 1939. Soil Conservation Survey Handbook. TU. S. Dept.
of Agriculture. Miscellaneous Publication No. 352. pp. 1-40.

Parker, B. R. and Winston W. Jones 1950. Orange fruit sizes. Ca-
lifornia Agriculture 4, No. 3, 5 and 10.

Peech, Michael, and Leah English., 1944.
test. Soil Science 57: 167-195.

Rola, Nena A., and N. L. Galvez. 1949. Effects of soil reaction on the
growth of upland rice and on its nitrogen, calcium, phosphorus, and
iron content. The Philippine Agriculturist 33: 120-125.

Rosell, D. Z. and A. 8. Arguelles. Soil types and growth of algae
in bangus fishponds. Phil. Jour. Seci. 61 No. 1 187-197.

Sherman, Henry C. 1939, Calcium and phosphorus requirements of
human nutrition. U. S. Department of Agr. Yearbook 1939: 187-197.

Smith, G. F. and J. B. Hester. 1948. Calcium content of soils and
fertilizer in relation to composition and nutritive value of plants.
Soil Science 75. 117-128.

Smith, Warren D. Geology and Mineral Resources of the Philippines.
Bur. Sei. Publ. 19 (1924) 559 pp. Buureau of Printing, Manila.
Soil Survey Staff; Bureau of Plant Industry, Soils and Agricultural
Engineering., 1951. TU. 8. Dept. of Agriculture Handbook No. 18,

pp. 251-325.

Spurway, C. H. 1939. A practical system of soil diagnosis. Mich, Agr.

Txpt. Sta. Tech. Bull. 132

54.
55,
56.

Rapid micro-chemical soil

b7.

h8.

fd, Spurway, C. H. 1941. Soil reaction (pH) preference of plants. Mich.

Agr. Bxpt. Sta. Bull, 306. '

The Chemistry of Plant Life.
11 Book Company, Ine, New York.

MeGraws=




118 Soil Survey of Misamis Oriental Province

66.

67.
68.

69.

70.

T

72.

74.

. Wonser, C. H.,, M. M. Striker, L. G. Bracheen, C. L. Mcintyre and

Tower, H. E. and H. H. Gandner, 1946. Strip Cropping for Comserva-
tion and Production. U.S. Dept. of Agriculture. Farmers’ Bull. No,
1981, pp. 1-46

Truog, Emil. 1930. The determination of the readily gvailable phos-
phorus of soils. Jour. Amer. Soc. Agron, 22: 874-882.

Truog, Emil. 1948. Lime in relation to availability of plant nutrients.
Soil Science 65; 1-T.

United States Department of Agriculture. Soil and Men. Yearbook
of Agriculture 1938 (1938) 948-1078. TU.S. Government Printing
Office. Washington, D.C.

United States Department of Agriculture. Climate and Men. Year-
book of Agriculture 1941 (1941) 265-291. TU.S. Government Print-
ing Office. Washington, D.C.

Walkley, A. and T. A. Black. 1934. Determination of organic matter in
soils. Soil Science 37: 29-38.

Weir, Wilbert Walter, 1936. Soil Secience, Tts Principles and Practice.
J. B. Lippincott Co., Chicago and Philidelphia.

Hoyt Sherard. Soil Survey: Lee County Alabama. TU. S. Depart-
ment of Agriculture. Series 1938 No. 23 (1950) 80 pp. U. 8. Gov-
ernment Printing Office. Washington, D.C.
Zeasman, O. R. and J. W. Clerk. 1945. We Can All Help Save Our
Soils Extension Service, College of Agriculture, University of Wis-
consin, Madison. pp. 1-39




