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Executive Summary

Plant nutrient status and Pedological factorsfor
Remediation of Soil resour ce and Sustainable land use
in the Royal Project’sagricultural areas

Researcher Team

Pongsant SRIJANTR, Punyisa TRAKOONY INGCHAROEN,
Napaporn PHANKAMOLSILP, Suphachai AMKHA, Jirawat PUMPHET

The project aimed to investigate plant nutrient status, soil fertility and pedological
properties with respect to parent materials, cropping systems and microclimate conditions
affecting soil deterioration in order to find appropriate remediation and sustainable land
use for the Royal Project’s agricultural areas, a total of 38 sites. In addition, soil database
that consists of soil data focusing on relationships among soil units on the highlands of the
Royal Project areas were developed. This research project is the collaboration between the
Roya Project Foundation (RPF), Land Development Department (LDD), Highland
Research and Development Institute (HRDI) and Kasetsart University (KU). The linkage
of activities and research works showed in Figure 1.

For over 40 years, RPF continually works on promoting appropriate cropping for
highlands where suitable area for plantation is very limited and farmers undertake mono-
cropping, with intensive amount of chemical N-P-K fertilizers for a very long period of
time. In general, highland soils of the northern area of Thailand are highly developed from
decomposed rocks and old alluvium such as granite, paragneiss, shale, phyllite, limestone,
calcareous rock. Soil reaction is very acid to extremely acid. Major clay mineras are low
activity clays (kaolinite, sesquioxides, gibbsite). In addition, soils are affected by carbonate
and bicarbonate from irrigation water and calcareous soils. These induced to imbalance of
plant nutrient status and shortages of plants micronutrients. More importantly, there is
obviously alack of understanding about appropriate land use and soil management for the
highlands leading to serious soil deterioration especially rapid decrease of soil fertility
status and available plant nutrients, and soil degradation in terms of chemical, physical and
biological properties. All matters not only affect quantity and quality of crops but also
quality of life of hill tribes and local farmers in the highlands. With all these reasons, it is
crucial to arrange a solid plan for soil remediation especially focusing on plant nutrient
status and soil fertility for sustainable land use in the Royal Project’ s agricultural araes.

In year 2009-2011, this research project: plant nutrient status and pedological
factors for remediation of soil resource ands land use in the Royal Project’s agricultural
areas, was funded by HRDI, RPF and LDD for 28 Royal Project areas included 4 Royal
agricultural research stations of Ang Khang, Inthanon, Pang Da, Mae Lord; and 24 Royal



development centers of Kae Noi, Nong Keiw, Khun Wang, Thung Luang, Mae Hae, Mae
Sapok, Mok Jaam, Huai Saew, Nong Hoi, Mae Sa Mai, Mae Pae, Thung Reung, Thung
Rao and Phra Bat Haui Tom, Wat Chan, Mon Ngoh, Huai Som Poi, Khun Pae, Huai Luk,
Teen Tok, PaMiang, Mae Tha Nuea, Huai Nam Rin, and Huai Pong. In 2012, the project
continued onto the last 10 Royal development centers of Sa Ngoh, Hual Laeng, Pa Tang,
Hua Nam Khun, Pang Kha, Mae Poon Luang (supported by Highland Research and
Development Institute, HRDI); and Mae Tho, Pang Ung. Mae Sariang, Mae La Noi
(supported by Royal Project Foundation, RPF).

Project of updating and rectifying soil resour ce databases, land use mapping,
soil fertility and plant nutrient statusin the Royal Project areas

} }

L and Development Department (L DD) Highland Resear ch and Development

- To update and link soil databases and soil Ingtitute (HRDI),
maps in the Royal Project areas with same Kasetsart University (KU)

solf Junitsysiegh. - To study the Plant nutrient status and
- To update and rectify land use maps in the pedological factors for remediation of soil
Royal Project areas. resource and sustainable land use in the

Royal Project’s agricultural areas.

Royal Project Foundation

- soil resource databases and soil maps in the Royal Project areas with same soil unit
system and could be linked its information between the Royal Project stations/centers.

- updating land utilization data and land use maps in the Royal Project areas.

- database of plant nutrients status, soil fertility information and pedological properties
concerning soil resource deterioration and remediation for sustainable land use.

- guideline for soil resource remediation and land use patterns towards sustainable
agriculture in the Royal Project areas.

- application of research information between the Roya Project stations/centers. soil
suitability for economic crops, fertilizer management for good yields and qualities of
economic crops, appropriated cropping system in each soil units, soil and water
conservation techniques, appropriated technology for soil resource and fertilizer
management for sustainable agriculture in the Royal Project areas, etc.

Figure 1 The linkage of activities and research works in Project of updating and
rectifying soil resource databases, land use mapping, soil fertility and plant
nutrient status in the Royal Project areas.



Resear ch Objectives

1.

To investigate properties of soils with respect to parent materials, cropping systems
and microclimate conditions of the Royal Project’s agricultural areas.

To study plant nutrient status and soil fertility of vegetables, field crops and fruits
orchards in the research project areas.

To study pedological properties concerning soil deterioration and remediation in
the Royal Project’ s agricultural areas.

To find guidelines for remediation of soil resource and land use patterns towards
sustainable agriculture for the study area.

To develop soil resource database in the study area.

Resear ch M ethodology

1.

Collect relevant data and information: soil resources, land use, crop production,
climatic environments from literatures and researches undertaken in a few years
time.

Collect soil samples in research plots and farmer plots at 0-30 cm, 30-60 cm, and
90-120 cm (for fruit trees), approximately a number of 90 samples in total (about
15 samples for each station/centre area). The soil samples must represent soil
parent materials, cropping systems and microclimate conditions of Royal Project
areas (Sa Ngoh, Hual Laeng, Pa Tang, Huat Nam Khun, Pang Kha, Mae Poon
Luang). Geographical location of the sampling points was also recorded by GPS.

Describe a soil boring profile of the 0-120 centimeters. This is used as a studied
soil unit for linking data regarding plant nutrient status and pedological properties
with those of LDD’s soil database for further study.

Interview and field observation of land utilization, cropping systems and soil
management schemes undertaken as well as socio-economic data of the local
farmers.

Soil properties were analyzed as follows:

5.1 Physical properties. particle size distribution by pipette method; available soil
moisture by 1/3, 15 atmosphere pressure plate tension; potential hydraulic
conductivity by variable head method, bulk density by core method.

5.2 Chemical properties and plant nutrient status: soil reaction by 1:1 water and 1N
KCI method; organic matter by Walkley-Black method; available phosphorus
by Bray Il method; available potassium and exchangeable K, Ca, Mg and Na
by NH4OACc extraction method; extractable Fe, Al and micronutrients. B, Mn,
Cu, Zn by DTPA extraction and AAS; CEC by NH4OAc extraction method;
%BS was al so calculated.



5.3 Mineralogical properties. type and amount of clay minerals by X-ray
diffraction (XRD) method.

All soil data from field observation and laboratories were interpretation with plant
growth and yields to fine out the plant nutrient and soil fertility status, pedoloical
properties that affected main economic crop production as well as soil degradation,
soil remediation in the Royal Project’s agricultural areas.

Appropriated management schemes for sustainable land use were designed
regarding to LDD soil and water conservation in highland areas, soil management,
cropping systems, soil remediation techniques.

Soil resource database of the Royal Project’s agricultural areas was developed that
consists: 1) soil sampling sites and its information; 2) properties of soils with
respect to parent materials, cropping systems and microclimates; 3) plant nutrient
and soil fertility status, pedological properties concerning soil deterioration and
remediation; 4) soil management and suitable land uses in low activities clay soils;
5) guidelines for soil resource remediation and land use patterns towards
sustainable agriculture in the Royal Project areas.

Arrange aworkshop seminar in order to present the research findings and results as
well as future work plan.

10. Draft final report and the final report of the research project were edited and

printed.

There was a meeting between research project team and heads of Roya

development centers to inform and clarify about the project, including update
information on cropping Systems and crop production problemsin each study center.

Scope of the Resear ch

The study areas for the year 2555 (2012) include 6 Royal development centers as

listed:,
1. SaNgoh Royal development center, Chiang Saen district, Chiang Rali

o a0 s~ DN

Huai Laeng Royal development center, Wiang Kaen district, Chiang Rai
Pa Tang Royal development center, Wiang Kaen district, Chiang Ral

Huai Nam Khun Royal development center, Mae Sruai district, Chiang Rai
Pang Kha Royal development center, Pong district, Phayao

Mae Poon Luang Royal development center, Phrao district, Chiang Mai



Results and Discussion

1. Soil samples of the Royal Project’s development center in Year 2012
1.1 Sa Ngoh Royal development center, Chiang Saen district, Chiang Rai:

Site selections for soil sampling were considered by various soil parent materials
(granite, granodiorite, gneiss, fluviatile alluvium), cropping systems and microclimate. A
total of 17 soil samples were collected from 7 research sites as following: Ban Sa Ngoh
Klang (mixed vegetables plot, fruit tree plantation new plot, 5-6 years Filipinno
ornamental plot); Ban Wiang Kaew (local pumpkin plot with 10 years maize cropping
plot); Ban Pa Mai-Mae Ma (4-5 years rambutan plantation plot); Ban Sa Ngoh Bon (10
years maize cropping plot); Ban SaNgoh Lang (10-20 years paddy rice plot).

1.2 Huai Laeng Royal development center, Wiang Kaen district, Chiang Rai:

Soil samples were collected by considering various soil parent materials (diorite,
shale, phyllite valley alluvium, cropping systems and microclimate. There were 6 research
sites with 16 soil samples including: Ban Huai Kook (10 years maize cropping plot); Ban
Don (3 years beauty seedless grape plantation plot); Ban Poh Klang (8 years maize
cropping plot with mixed vegetables plot, 8 years japanese pumpkin plot, 8 years beauty
seedless grape plantation plot); Ban Tong Moo-Huai Laeng (5 years maize cropping with
japanese onion plot).

1.3 PaTang Poi Royal development center, Viang Kaen district, Chiang Rai:

Site selections for soil sampling were considered by various soil parent materials
(shale, phyllite, andesite schist, quartzite), cropping systems and microclimate. A total of
14 soil samples were collected from 6 research sites as following: Ban Pa Tang
(strawberry with japanese onions and vegetables plot, 3 years peach plantation plot, salad
vegetables plot; Ban Rom Fah PaMon (salad vegetables plot, mixed vegetables plot).

1.4 Huai Nam Khun Royal development center, Mae Sruai district, Chiang Rai:

The soil samples were selected by considering various soil parent materials
(granite, granite porphyry, gneiss, fluviatile alluvium), cropping systems and microclimate.
There were 8 research sites with 20 soil samples including: Ban Huai Champoo (chinese
cabbages new plot from 25 years paddy rice cropping); Ban Pa Muang (Chinese cabbage
new plot from 60 years paddy rice cropping); Ban Pun Na Seri (10 years tea plantation
plot); Ban Ja Kue (Chinese flower cabagge with local tea plantation and apricot plot, 30
years apricot plantation with perssmmon plot, 2 years plum plantation with cherry plum
and chinese pear plot, 10 years tea plantation with chinese pear and peach plot, 20 years
apricot plantation with plum, persimmon and local tea plot).



1.5 Pang Kha Royal development center, Pong district, Phayao:

Site selections for soil sampling were considered by various soil parent materials
(shale, phyllite), cropping systems and microclimate. A total of 16 soil samples were
collected from 6 research sites consisting: Ban Pang Kha Nuea (strawberry with chinese
cabbages and maize cropping plot); Ban Nam Kha-San Kual (2 years arabica plantation
plot); Ban Pang Kha Tai (8 years avocado plantation plot); Ban Sip Song Pattana (6 years
nuan kham mango plantation plot, Leucodendron ornamental cropping plot, organic
chinese cabbage new plot).

1.6 Mae Poon Luang Royal development center, Phrao district, Chiang Mai:

The soil samples were selected by considering various soil parent materials
(granite, granite porphyry, micaceous granite gneiss), cropping systems and microclimate.
A total of 10 research sites with 25 soil samples were collected including: Ban Huai Sai
Khao (2 years vegetables plot); Ban Sam Kula (8 years peach plantation with mixed
vegetables plot, 5 years persimmon plantation with mixed vegetables plot); Ban Mae Poon
Luang (3 years persmmon with avocado and peach plantation plot, tea plantation with
persimmon and peach plot); Ban Sam Li (10 years red bean cropping with organic chinese
cabbage plot, 4 years organic vegetables cropping with radish plot, salad vegetables
cropping with celery plot).

2. Soil properties, plant nutrient status and pedological factors affecting main crop
production in the Royal Project’sagricultural areas

In the study areas, there were 7 main types of land use as vegetables,
horticulture (herbs and spicy), orchard plantation, fruit trees, field crops, paddy rice,
flowers and ornamentals. Water and soil conservation schemes undertaken were bench
terrace, contour cultivation, crop rotation and strip cropping. The soil parent materials were

found mostly residuum, colluvium, old alluvium of granite, granodiorite, gneiss (in Sa
Ngoh, Huai Nam Khun, Mae Poon Luang); shale, phyllite (Pa Tang, Pang Kha, Huai
Laeng); andesite, diorite, schist (in Pa Tang, Huai Laeng). The soil resource in the study
areas was highly developed with deep to very deep profiles, and showed clearly clay
accumulation layers in subsoil horizon. The major clay mineras were low activity clays
i.e. kaolinite, gibbsite, sesquioxides and illite. The soils had medium to fine textural
classes. loam, sandy loam, silt loam, silty clay loam, sandy clay loam, clay loam, sand
clay, and clay with 7.7-22.8% available water holding capacities. The surface soil porosity
was higher than subsoil layers. The potential hydraulic conductivity (K-sat) was more
rapid in surface layer than subsoil layers. The soils did not well aggregate stability with
micro and macro aggregates. These soil physical properties induced severe soil erosion,
water runoff, soil creeping and landslide in sloping areas.

Regarding chemical and plant nutrient properties in the agricultural areas, soil
reactions were mostly moderately acid to extremely acid (pH 4.0-5.5) caused by iron and
aluminum ions. The extremely acid condition (pH <4.0) induced the Phytophthora spp.
diseases. In vegetables, flowers or ornamentals cropping, and temperate fruit trees
plantation, the excessive high amounts of available potassium, phosphorus, manganese



were commonly found because of a continuing high abundance of chemical fertilizers and
manure (chicken dung) application. This can reduce availability of iron, zinc and
magnesium leading to a lack of such elements in plants by antagonism interaction
processes. The very high amount of exchangeable sodium caused by NaCl salt applying
for weed control or high sodium salts content manures. Its residuals could effect to the soil
properties and water resource. There were aso dolomite and quick limes applications for
soil acidity control. However, alkaline water with carbonate and bicarbonate compounds
can change soil reaction into rapid strongly alkaline. High degree of akaline condition of
soils could sometimes affect on plants to shortage of some micronutrients such as iron,
zinc, copper, manganese and boron. These micronutrient deficiencies effect to quality of
crop yields in terms sweetness, size, shape, texture and fiber in fruits, flowers and
vegetables.

2.1 Plant nutrient status and soil fertility of the Royal Project’s agricultural
areas

2.1.1 The natural soil fertility status was found moderate fertility status with
moderate to very high amount of organic matter and low to very high base saturation
percentage. The cation exchange capacities (CEC) were low to moderate. The soils of the
study areas were very low to moderate total nitrogen; very low to excess amount of
potassium, phosphorus, manganese and iron; very low to high zinc and boron; low to very
high copper, calcium, magnesium, aluminum; and high to excessive high exchangeable
sodium ions.

2.1.2 In vegetables, flowers, ornamentals, and temperate fruit trees plantations
were generaly found very high to excessive high amount of phosphorus (502 mg/kg),
potassum (1,329 mg/kg), manganese (196 mg/kg). These could be caused by a
continuously applying high amount of chemical fertilizers, manure (chicken dung). They
could cause antagonism interaction and reduce availability of Fe, Zn and Mg leading to a
shortage of these micronutrients.

2.1.3 Moreover, the field crops, vegetables, or loca fruit trees plots particularly in
the Royal development centers. Sa Ngoh, Huai Laeng, Pa Tang, Huat Nam Khun, Pang
Kha, Mae Poon Luang, were found highly to excessive amount of exchangeable sodium
(2,863 mg/kg) in many farmer plots. This could be caused by applying NaCl salt solutions
for weed control or high sodium salts content manures. Its residuals could effect to the soil
properties and water resource.

2.2 Pedological properties that concerning factors of soil deterioration and
remediation in the Royal project areas

2.2.1 The soil resource in the study areas was highly developed with clearly clay
accumulation layers in subsoil horizon. The major clay minerals were low activity clays.
The surface soil porosity was higher than subsoil layers. The potential hydraulic
conductivity (K-sat) was more rapid in surface layer than subsoil layers. The soil
aggregates are poor to well stability with macro aggregates and micro aggregates. These



soil physical properties induced the reduction of water percolation which could easily
cause water run-off, soil erosion, soil creeping or landslide after excessive irrigation or an
ongoing heavy stormin sloping areas.

2.2.2 In most of the irrigation water, there are some carbonate (COs%) and
bicarbonate (HCO3™) compounds found. In addition, around the Sa Ngoh, Huai Laeng,
Hua Nam Khun, Pang Kha, Mae Poon Luang, centers, there are calcareous rocks found.
Hence, crops in these areas sometimes showed symptoms of lacking macronutrients or
micronutrients: P, Fe, Zn, Cu, Mn and B where contain low to very low amount of such
nutrients. The lacks of these micronutrients could affect both quantity and quality of yields
in particular fruits, vegetables and flowers. The high alkaline water can also reduce active
ingredients of fungicides and pesticides.

2.2.3 The mgjor clay minerals were low activity clays i.e. kaolinite, gibbsite and
sesquioxides. This leads to low buffer capacity soils. Thus, chemical, physical and nutrient
availability could be easily changed rapidly.

2.2.4 In subsoil layers, the soil reaction was found moderately acid to extremely
acid which potential acidity usualy comes from Fe and Al ions. This reduces availability
of phosphorus due to P fixing by iron and aluminum ions. Moreover, in avery strong acid
soils (pH <4.0) with water logging or excess irrigation, crops could easily be damaged by
Phytophthora spp.

3. Relationships between soil units and land utilization in the Royal Project’s
agricultural areas

3.1 In the study areas, there were 7 main land uses as vegetables, horticulture
(herbs and spicy), orchard plantation, fruit trees, field crops, paddy rice, flowers and
ornamentals. Most of agricultural areas were located in moderate to high elevation zones
on slope complex topography with deep to very deep soil profiles, low activity clay
minerals, poor soil aggregate stability. These soil physical properties induced the reduction
of water percolation. Some soil and water conservation schemes were also necessary
undertaken such as bench terracing, contour cultivation, crop rotation and strip cropping
for prevent water run-off, soil erosion, soil creeping and landslide.

3.2 For upland and highland areas, the soils were well drained. The high value
added economic crops were established in irrigated areas including vegetable crops, spice
and herb crops, temperate fruit trees, flowerer and ornamental crops. In rainfed agricultural
areas, field crops, local fruit trees, terracing paddy rice cropping were grown.

3.3 In lowland agricultural areas where the soils were poorly to somewhat poorly
drained. The terracing paddy rice was undertaken in rainy season and vegetable crops were
planted in dry season.



4. Soil management and suitable land usein the low activity clay soil resource

4.1 The highland soils of the Royal project’s agricultural areas mainly contain
kaolinite, gibbsite and sesquioxide clay minerals. They are low activity clays with low
buffer capacity. When the alkalinity increases such as lime materials application, including
carbonate and bicarbonate water, the soil resource could be easily changed to very strongly
alkaline soils and these can cause: 1) reduction of available Fe, Zn and Mn; 2) reduction of
available P as calcium phosphate which is difficult to be dissolved; 3) reduction of
available B; 4) loss pH buffer capacity i.e. pH can be changed very quickly.

4.2 The soil organic matter application as compose, manure, and organic fertilizers
could be increasing the soil buffer capacity, available soil moisture content, and could be
control the rapid change of chemical properties and plant nutrient availability.

4.3 In the strongly acid or extremely acid soils where the fruit trees and orchard were
grown, buried localizing system of marl, dolomite or quick lime in lower layers should be
applied for soil acidity control instead of broadcasting system.

5. Guidelines for soil remediation and suitable land uses towards sustainable
agriculturein Royal Project’sareas
5.1 In the areas that contain high surplus of phosphorus (P) and potassium (K) should
be promoted the legume cultivation as green haricots, sweet snap beans, green soya beans,
red beans etc., with economic vegetable cropping in crop rotation system. This can help
maintaining and adjusting plant nutrient balance in soil resource, reducing antagonism
interaction.

5.2 Should be prohibit use of saline salt (NaCl) solution for weed control in the
Royal Project’s agricultural areas, particularly in vegetable cropping system, fruit trees
plantation, field crop cultivation. These methods can directly affect chemical and physical
properties of soil and also water quality in reservoirs and streams.

5.3 Should be promoted the farmers in steep slope areas that construct the soil and
water conservation system: bench terracing for prevention of water runoff, soil erosion,
soil creeping and landslide.

5.4 In the soil resource that contains low activity clays or sandy soils should be
improved the available soil moisture, soil fertility status, and buffer capacity by using
organic fertilizers: green manure, farm manure, compost fertilizer, etc.

5.5 There should be an encouragement the farmers who used bamboos for nursery
and climber stands that planted bamboo or shrub trees instead of deforestation: cutting
natural bamboos or small timbers.

5.6 There should be the trainings and field soil tests for the Royal Project’s field
officers. They will be then able to do terrain analysis for diagnosis soil properties causing
damages to promoting crops, or to do recommendation for an appropriated soil
management to farmers.



6. Recommendation for futureresearches

6.1 Studies regarding appropriate fertilizer ratio and formula for vegetables and fruit
trees should be undertaken, with the aims to increase quantity and quality yields as well as
to maintain plant nutrient balance such as avoiding surplus fertilizers or residual effects in
the area.

6.2 More studies about micronutrient fertilizer application should be undertaken
because, from field observation, there were symptoms of micronutrient deficiency in many
areas. The suitable amount of micronutrients can improve quality of yield products as
tasteful quality, sizeable quality and textural quality. Such nutrients are iron (Fe), zinc
(Zn), manganese (Mn), copper (Cu) and boron (B).

6.3 There should be some studies about suitable soil management in soil creeping
areas. Such problems can induce severe soil erosion or landslide.
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