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ABSTRACT

Zikeli S., V.B. Asio and R. Jahn. 2000. Nutrient status of soils in the rain forest of Mt. Pangasugan,
Leyte, Philippines. Ann. Trop. Res. 22[1&2]:78-88.

Soils under rain forests are until now poorly understood. This study was conducted
to determine if nutrient status is a limiting factor in the rain forest soils of Mt. Pangasugan
in Leyte, Philippines. Four sampling sites at varying elevations in a representative catena
were studied. In each site, three soil profiles representing the upper, middle and lower
slopes were sampled. Soil samples were analyzed for OM, N, P, K, Ca and Mg. Results
showed that, except phosphorus, the nutrients are not limiting in the rain forest soils
studied. Phosphorus appears limiting despite the fact that some amount of it 1s brought
into the ecosystem by rain. Results also showed a generally high spatial variability of the
nutrient status of the soils in the study site.
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INTRODUCTION

Soils under rain forests are generally considered to be infertile. This
classical view has until now influenced research and management of
this fragile tropical ecosystem. In a recent review of the subject, Bruijnzeel
(1998) pointed out that this view of tropical tain forest as being perched
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on a nutrient-poor substrate is an overgeneralization and that the extent of
extremely infertile soils in the tropics is smaller than previously assumed.
Likewise, Sanchez and Logan (1992) criticized this view and pointed out that
there are fertile as well as infertile soils in the tropics. Tropical soils are highly
variable (Harrassowitz, 1930; Moormann, 1972) depending upon the parent
rock, geomorphic surtace, vegetation, and human influence. Thus, soils under
rain forests could range from highly weathered infertile type to the relatively
young fertile type on alluvial and volcanic sediments (Jordan, 1985; Longman
and Jenik, 1987).

While the nutrient characteristics of highly weathered rain forest
soil types have been widely studied, very limited research has been done
on the nature of the younger types which are common on volcanic
landscapes of Insular Asia like the Philippines. Likewise, very little 1s
known concerning the nature of rain forest soils in the Philippines since
most soil studies in the past dealt with agricultural soils. Except for the
previous pedo-ecological study by Asio and co-workers (Asio, 1996; Asio
et al., 1998; Jahn and Asio, 1998), no other research dealing on the
nutrient characteristics of the forest soils in Mt. Pangasugan has been
published. Our hypothesis was that nutrient status is not a limiting factor in the
rain forest soils of Mt. Pangasugan considering the fact that the area 1s underlain
by relatively young andesitic-basaltic pyroclastics, and based on our
observation that upland crops are grown successfully in shifting cultivation

fields inside the torest reserve.

MATERIALS AND METHODS

Study area

The study area is the mid-western slope of Mt. Pangasugan forest reserve
in Leyte, Philippines (Fig. 1). The geology of the area is characterized by
Pliocene-Pleistocene andesitic to basaltic pyroclastics. The soils in the upper
slopes are classified as Andosols (Andisols) and in the lower slopes as Alisols

(Ultisols). Some chemical properties of representative soil profiles in the area
are given in Table 1. Annual rainfall, determined in the lowland at 5 m elevation,
is 2600mm although our actual observation indicates that the mountain has a

considerably higher rainfall than the lowland area. Average temperature 1.
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Figure 1. Location of the study site (marked X)
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Fable 1. Soil chenical properties for selected SO profiles in the study sit

Site Depth pH CECs*  BS e
. efl

o TP -

o e e
Al-saturation P-retention

(cm) CaCl, HO cmol kg 0 0, .
| n-l;ﬁ 42 44 8.8 388 10.5 61.0
Alisol 15-26 Bt - &6 748 70.2 20 4 71.0
80 AL A% 738 8% 188 72.0
S0-76 40 45 917 335 58.9 75 0
76-100 40 46 910 285 593 26.0
) 0-25 43 49 288 72.5 219 90.0
Andosol 23-33 A 313 73 .8 203 R9 Q
55-90 . WG B SES 12.7 21.1 91 0
90-122 LT e % 324.3 83.0 12.7 83.5
3 0-20 e U 24.1 31.8 38.1 >99.9
Andosol 20-40 43 350 20.2 50.0 386 >99 9
40-63 &3 3Y 20.8 3¢3 315 >99.9
03-90 a4 5.2 21.6 67.8 238 >99.9
90-100 . S K. 214 12.0 20.6 >99.9
-4 0-45 St WY 18.6 62.8 26.7 >99.9
Andosol 45-90 e Ol 15.0 70.5 218 >99.9
90-130 ol 14.0 01.9 270 >99.9
=200 - 39 = 30 18.0 45.2 392 >99.9

e N al— BT

B e e e B e I B T e ]

* effective Cation Exchange Capacity determined by summation of cations

** offective Base Saturation based on effective CEC

28°C and the temperature regime is classified as isohyperthermic. The forest
is of the Dipterocarp type. Detailed information on the vegetation in the site 1s
found in Langenberger (2000).

Sampling and laboratory analysis

A catena starting at about 100 m asl and extending up to 500 m asl was
chosen. The aerial length of the catena was approximately 2 km. Four sampling
sites were then selected at 100-200 m asl (site 1), 370-400 m asl (site 2),
430-460 m asl (site 3) and 470-520 m asl (site 4). In each sampling site, three
soil profiles representing the upper, middle and lower slopes were sampled.
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Bulk soil samples were collected from the genetic horizons of each soj] Profile
air dried and sieved to pass a2 mm sieVve. Organic matter (OM) was analyz d
following the Walkley-Black method on samples ground to <0.25 mm (Nelsop
and Sommers, 1982), total N by Kjeldahl method, available P by Bray No 5
and available Ca and Mg by ammonium lactate extraction all according}0
Schlichting et al. (1995). Available K was analyzed by the HCl extractjq,
method of Houba et al. (1989) and bulk density by the core methqg
(Schlichting et al., 1995). Samples of fresh rock and saprolites were collecteg
from representative soil profiles and analyzed for total P, K, Ca and Mg Using
X-ray fluorescence spectrophotometry.

Quantification of OM, total N, available P, K, Ca and Mg was dope
by calculating the amount of nutrients for three uniform depths (0-2
20-40, 40-60 cm) using their corresponding bulk density values. The yge
of uniform depths 1n the quantification was necessary to allow better
comparison among the sites. The 60 cm depth was considered since it
was the average thickness of the soils in the area. The 40 to 60 cm range
is also commonly used for the quantification of nutrients in soils of

tropical rain forests (see Nykvist, 1997).

RESULTS AND DISCUSSION

| Table 2 shows that the total OM in the 60 cm depth ranged from 1.1
kg m? in the midslope of site 1 (Alisol) to 6.1 kg m~in the lower slope of
site 4 (Andosol). The OM values for the Andosols were lower than those
reported for cooler subtropical climates (Shoji ez a’., 1992). Resuits also
showed that OM was generally higher in the upper 0-20 cm layer than in
the lower 20-40 and 40-60 cm layers although for some profiles the
difference between the OM in the upper and lower layers were only slight.
Variation in the amounts of OM was considerable within each site (1.¢.
between upper, middle and lower slopes) and between sites. Total N was
moderately high in the soils ranging from 0.2-0.4 kg m?in the Andosols
to 0.4-0.6kg m? in the Alisols. These values fall within the range of total
N values from several rain forest soils reviewed by Nykvist (1997). Very
observable also was the less variation of total N between sites compared
to OM. Available P was very low (0.042-0.20 g m?) in all the soils in the
catena. Variations within a site and between sites were evident from th¢
values both for the different layers and for the whole 60 cm soil depth. Total
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Table2. (continued)
Site Soil type Physiographic ~ Depth OM N P K Ca Mg
position (GM) -1 TR Kg 10 s mgm* = seemeeeeeeeeee- g M2 ~mmemmmmemoeeee
(3) 430-470 masl  Haplic Andosol  upper slope 0-20 1.8 0.1 45.1 11.2 15.8 25.8
20-40 [.8 0.1 46.1 13.9 28.7 30.3
40-60 157 0.0 42.3 18.3 114.2 40.5
Total 5.3 0.2 193.9 43.4 [I8.7 96.5
Haplic Andosol ~ midslope 0-20 247 0.1 59.9 102.5 128.3 ' 4
20-40 0.8 0.0 39.1 28.1 63.6 47.9
40-60 0.3 0.0 15.8 18.3 26.8 20.6
Total 3.8 0.1 114.8 148.9 218.7 121.2
Haplic Andosol  lower slope 0-20 1.6 0.0 38.7 29.8 82.4 37.5
20-40 1.6 0.0 38.7 29.8 82.4 37.5
40-60 259 0.1 1261 50.4 221.8 101.1
Total I3 0.1 204.1 110.0 386.7 176.1
(4) 480-525masl  Haplic Andosol  upper slope 0-20 2.7 0.1 39.1 30.9 27.0 17.0
20-40 2.5 0.1 38.9 5 B 27 16.9
40-60 0.7 0.0 37.3 33.3 30.5 16.3
Total 5.9 0.2 115:2 95.3 84.8 49.2
Haplic Andosol ~ midslope 0-20 0.9 0.1 51.9 36.0 47.2 20.8
20-40 0.9 0.1 51.9 36.0 47.2 20.8
40-60 0.9 0.1 42 5 58.8 I 1.8 17.0
Total 2 0.3 146.3 130.8 126.2 58.4
Haplic Andosol  lower slope 0-20 2.8 0.1 32.9 12.9 8.9 8.9
20-40 1.9 0.1 34.5 34.0 8.5 8.8
40-60 1.4 0.1 35.9 28.6 8.3 9.2
Total 6.1 0.3 103.3 75.4 R 26.9




values of available bases at 60 cm depth ranged from 15 10 149 ¢ m
Jvailable K, 2310 436 g m” for avarlable Ca and from 27 1o 267 .‘ “ ,
qvarlable Mg hese values are much higher than for several ran h:r:.: “:-:
el ewed by Ny kvist (199 7). Considerable vanations in the values of these

essential clements occurred both within and between sites

The high amount of ( MM of ran forest sonks 1« generally known ( Joedan
198S; Longman and Jemik, 1987) However, this i« only gencrally true for ﬁg
qurface honzons Results of thus study revealed that ¢ M acc umt;hlmn n the

cain forest soils were stili considerable at 60 cm sorl depth. Thas could be due
10 the moderate rooting density even in deeper sotl honzons. Presery ation of
OM due to the effect of short-range-order clay minerals such as imogolite and
allophanc i the Andosols and of ron oxides 1in the Alisols help explain thas
observation. In our previous study (Jahn and Asio, 199%). we found that the
Andosols contained significant amounts of imogolite, fernbydnte and allophane
while the Alisols contained lugh amounts of hematite and goethite The hugh
total N is attributable to the high OM since more than 95 per cent of sorl N
comes from OM (Pagel eral., 1982). The low available P 1s due to the following
reasons: low pH and very high P retention of the soils (Table 1), and low P
| content of the andesitic parent rock (Table 4). The abulity of the native vegetanon
~ tocope with this limited P condition, could be explained by an enhanced
~ availability of P dueto mycorrhizal assoctation. Jordan ( 1985 ) reported that
~ suchassociation is important for P nutrition in P deficient soils of rain forest
 ecosystems. Moreover, considerable amount of P could have come from
~ aeolianaddition in the form of dust and ashes from burning activities i nearby
~ shifting cultivation fields as well as from the communities i the low land arca
about 2 km away. This is indicated by the composition of the rain water
sollected in the middle portion of the study area (Table 3). The high amounts
~ ofavailable K, Ca and Mg are due to the relatively high contents of these
~ elements in the parent rock (Table 4) and to the acolian input especially in the
~ caseof K (Tab upper part of the catena are relatively
young and still contain in their profile considerable amounts of shghtly weathered

L
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Table 3. Nutrient contents of rainwa ¥ e

i — ——

Sampling pH
period )
10/10-10/15/98 6.1 0.06 09 1.03 123 1.04 0.9

10/15-11/03/98 6.3 0.09 0.30 0.92 1.38 0.92 0.92
11/03-11/15/98 33 0.02 0.08 }.21 .22 0.90 1.08

- —

Table4. Amounts of P, K, Ca and Mg in the fresh and weathered rocks (saprolite)

below the solum in the study site :
P K Ca Mg
----------------- g/kg ---=-==m-==--=--
holocene andesite fresh 1.06 9™ 59.70  18.50
saprolite 0.81 1030 38.60 11.80
pleistocene andesite/ fresh 1.68 11.80 68.90 22.10
basalt saprolite 0.32 0.30 0.90 2.80

e — —

_ﬂ-—

The results of the study also - dicate a relatively high variation of the
nutrient status of the soils studied. This is supported by the study of Pasayloon
(2000) who, using one of the profiles in site 1, found significant microscale
spatial variation of several chemical soil properties. High spatial soil variability
of soils under rain forests 1s considered as a major factor contributing to the

high species diversity in this ecosystem (Longman and J enik, 1987). Soil
variability is probably due to the effect of geologic, pedologic and biologic
processes which have been going on in the study area for a long time.

CONCLUSION

From the results of the study, it can be concluded that the hypothesis that

nutrients are not limiting in the area is correct except for phosphorus. This
element is limiting in the soil despite the considerable contribution coming from
dusts and ashes probably from nearby human activities. There 1S generally
high spatial variability of the nutrient status of the soils in the rain forest of Mt.

Pangasugan.
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