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Summary
The agricultural product exports are 7,104 billion baht (142.08 billion EUR) and Thai
farmer’s income depend on the export markets and the annual growth rate as high as
8% (ITD, 2008). Thailand imports more 25 billion baht (500 Million EUR) worth of
chemical fertilizers a year. It is pesticide imports amount to 7 billion baht (140
Million EUR) annually. This means that Thailand spends around 32 Million baht (640
Million EUR) each year on imported chemical fertilizers and pesticide.
Thai farmers apply fertilizer according to the sale promotion at the fertilizer local
shop and strong believe in the local farmer who is successful in that area. Land
development department (LDD) understand their behavior so LDD official have been
train the farmer leaders and make the network more than 70,000 farmers to be a
trainer for training. In Thailand, Precision Agriculture to become change and used the
GIS, GPS, RS and Ortho-aerial photo color as the devices to manage the farms in
small scale which requires a high technology farm management systems and make the
application software to farm management that is TSM SIMFARM (Thai soil
management simulation farming). For site-specific fertilizer recommendations, soil
testing is an important tool. Soil testing as a tool for fertilizer recommendation is not
widely practiced in Thailand due to the limited number of soil testing laboratories and
lack of research on fertilizer recommendation. Furthermore, soil testing is costly for
poor farmers. To help the farmers test the soil samples quickly, identify their soils and
apply the economical fertilizer recommendation are very site specific nutrient
management in Thailand used TSM SIMFARM in 75 LDD station as the
representative of each province. Moreover, Thai government understand the farmers
do not have more information on soil and plant nutrition and management, they do not
know how to calculate the costs and use the inappropriate organic and inorganic
fertilizers. The TSM SIMFARM prepare the soil management to them especially N, P,
K, Lime requirement and organic fertilizer recommendation. The objective are reduce
chemical fertilizer application and accelerated to apply the organic fertilizer
application to Thai farmers. The expected of this management will enhance Thai
farmer cut the cost, get more return and sustainable agriculture.
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Introduction
Thailand lies between 5° and 21° N latitude and between 97° and 106° E longitude. It
is a peninsular country in Southeast Asia sharing boundaries with Myanmar in the
west, Lao PDR and Cambodia in the northeast, and Malaysia in the south. Thailand
has a land area of 51.31 Million ha and 28.58 Million ha is a arable land area, of
which 56 % is cultivated for annual. Thai farmer accounted for 38% of the country’s
65 Million population in 2008.
The Chemical Fertilizer Industry forecast in Thailand
The chemical fertilizer industry has been very important to Thailand's economic
development and will continue to be in the years to come. Chemical fertilizer has
played a vital role in raising agricultural productivity. It is significantly of the steadily
declining area suitable for agriculture in all regions of the country as well as the
increasingly strong competition in the global market for agricultural goods. In order to
improve the standard of quality of farm produce and to ensure that supply will be able
to meet the ever rising demand, chemical fertilizer remains an indispensable factor of
production in agriculture. A study of chemical fertilizer showed that there is still
plenty of room for further growth of this industry during the next few years. The
overall use of chemical fertilizer in Thailand's agricultural sector, according to the
experts, should total around 6 Million tons per year. However, the actual use of
chemical fertilizer today is just over 4.33 Million tons per year and the value much
more 917.66 Million EUR. But in spite of good future prospect, Thailand's chemical
fertilizer industry still faces many limitations. One is the dependence on imported raw
materials. Volatile rate of exchange has been a serious problem for Thailand's
chemical fertilizer producers who find themselves constantly up against higher
production cost and financial liquidity problem. Producers of chemical fertilizer, both
in liquid form and pellets, basically import raw materials from abroad to mix with
what is called "mixer" to achieve various nutrient formulas that are in demand on the
domestic market. Chemical fertilizer produced by these companies comprises mainly
the following 15 formulas: 46-0-0, 18-46-0, 0-0-60, ,15-15-15, 16-16-16, 10-20-10,
12-24-12, 15-7-18, 16-8-14, 20-20-20, 21-0-0, 16-20-0, 16-16-8, 16-8-8 and 13-13-21
etc.,
Chemical Fertilizer Usage
The decline in land area suitable for agriculture and the deterioration of soil quality in
cultivated land have resulted in a steady increase in the use of chemical fertilizer.
Thailand's agricultural sector's chemical fertilizer use during the 10 year period
increased at an average of 10.27 per cent per year. From a total of 1.4 Million tons in
1986, chemical fertilizer use climbed to 2.6 Million tons in 1990 and eventually to 3.3
Million tons in 1995. For the period between 1996 and 2000 that chemical fertilizer use
increased from 3.4 Million tons in 1996 to 3.48 Million tons in 2000 and eventually will
rise to 3.65 Million tons in 2003. In 2007 the chemical consumption in Thailand is 4.33
Million tons. The average rate of increase is 1.3 per cent per year. Chemical Fertilizer
Market, Thailand's chemical fertilizer market is strongly competitive. Promoting a
chemical fertilizer's brand name is very important because, if a brand name becomes wellknown to customers, maintaining the slice of the market the product has captured can be a
lot easier. All of chemical fertilizer in Thailand was either imported or mixed with
imported raw materials. Among the fertilizer industry's many problems are: 1) nearly all
chemical fertilizer and raw materials for mixing must be imported. Necessary raw
materials for manufacturing chemical fertilizer cannot be found in Thailand. 2) Prices of

raw materials for chemical fertilizer on the world market fluctuate wildly, especially the
three basic ingredients of N-P-K fertilizer -- UREA, DAP or Di Ammonium Phosphate
and MOP or Muriate of Potash. 3) Uncertainly involving the exchange rate has a negative
impact on production costs. 4) The volume of chemical fertilizer sold each year depends
on the weather and on prices of agricultural goods. 5) Prices of chemical fertilizer are
controlled by the government. In spite of its dependence on such external factors as
machinery, raw materials and energy, Thailand's chemical fertilizer industry will remain
just as indispensable to the future of economic development as it has been during the past
decades. Besides, its agricultural sector's use of fertilizers is still well below the level
recommended by experts. Total chemical fertilizer use is, in fact, just over 4.33 Million
tons a year. The experts say the total amount should be about 6 Million tons annually.
Thailand's farmers to understand how to increase farm output per unit of input as
recommended by the experts. Marketing strategy designed to help farmers get better
prices for what they produce is also equally important. It is the best way to increase their
income, so that they are able to take full advantage of new technologies in agriculture.
This paper presents a brief overview on the present status of agricultural residues, their
utilization for a raw material to produce the manure and liquid manure etc., The prospect
for intensifying and expanding their uses is economical for small holder which is so pool
farmer and low opportunity.
The retail price of chemical fertilizer in May 2008, Thailand
The chemical fertilizer pricing is very fluctuate in Thailand because Thai inflation is
higher 3.5 % and the problem is rapid gasoline price increase have occurred in
response to crude oil.
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Thai farmers have paid much more cost and the way to survive that is reduce the cost
by reduce the chemical fertilizer application and turn to use organic fertilizer. The
farmer can produce by themselves from organic waste recycling. This is the retail

price of 36 chemical fertilizer formulas in Thailand and just only 15 formulas popular
and show in the yellow strip below (Table1).
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Table 1 Chemical fertilizer formula in Thailand
Efficient fertilizer use means matching the supply of nutrients to those required by the
crop. Rather than managing the nutrients for separate successive crops, crop
production involves managing the nutrient supply and requirements of the total
cropping system.
Soil testing is necessary to identify nutrient deficiencies. There is a need for an
expanded soil testing service, and for simple and quick testing procedures. In areas
where rural transport is difficult, a mobile service which collected samples for testing
might be very useful and Thai government officer especially LDD who be involve
with the chemical fertilizer application to the farmer field try to reduce the chemical
and turn to use organic fertilizer by means of GIS and ANN (Artificial Neural
Network) technique. The ANN has so powerful to match the chemical formula with
crop requirement and the GIS to identify by spatial analysis for evaluation the soil
nutrition level for example N, P2O5 and K2O.
Utilization of Organic Wastes
Applied manure, compost, liquid compost and other organic materials are known to
have a beneficial effect on soil productivity. Field crops tend to receive higher
applications of organic fertilizer than the chemical fertilizer, the limiting factor is
being the cost and the number of organic waste at the farms.
Organic farming has had a tentative start as an alternative production system but now is
more widely accepted. A change to organic production may have a number of benefits, and
policy debates or interventions to support growth in organic farming inevitably have to
consider why farmers do, or do not, take up organic techniques. While the institutional

settings and the economic and social contexts of farmers have an influence on decision
making. Agricultural crop residues are abundant at least 43 Million tons per year both in
kind and quantity. Currently, most of them are wasted on the fields and ploughed into the
soil as conditioners or organic fertilizers. Theoretically, the organic amendment reduces
50% to import chemical fertilizer 1.92 Million tons per year and pesticides 25,155 tons per
year. That meaning more than 430 Million EUR per year (21,500 Million THB per year) is
saving. However, the convention to conversion is gradually changing and the government
policy should subsidize the budget 175.44 Million EUR per year (8,772 Million THB per
year) for replacing the dramatically deplete of plant nutrients (Yuttachai et., al., 2007).
The philosophy for chemical fertilizer, organic fertilizer and management are going
on the Thai government policy that is showed as this diagram.
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Philosophy for chemical and organic fertilizer usage

Crop Selection and Fertilizer Efficiency
There is a considerable difference between different types of 65 crop types, in terms
he of their efficiency of nitrogen, Phosphorus Potassium use. Data presented at the
country report has been shown for the 12 crop types that are as:
1. Rice has been grown 10.77-14.28 Million Ha. 37.3-49.97 % of the arable
land area. The average yield is 407-451 kg/rai (2,543.8-2,818.75 kg/Ha). For the crop
requirement need 18-3-3 (N-P2O5 - K2O kg/rai) and ANN calculate to used and
recommend the formula of 25-7-7 (N-P2O5 - K2O) 450 kg/Ha (117 EUR). The TSM
SIMFARM recommend 25-7-7 (N-P2O5 - K2O) 150 kg/Ha (39 EUR) and saving cost
for chemical fertilizer expend 66.67%.

2. Para rubber has been grown 3.28 Million Ha. 11.49 % of the arable land
area. The average yield is 276 kg/rai (1,725.0 kg/Ha). For the crop requirement need
24-4-19 (N-P2O5 - K2O kg/rai) and ANN calculate to used and recommend the
formula of 13-3-10 (N-P2O5-K2O) 1,153.75 kg/Ha (216.91 EUR). The TSM
SIMFARM recommend 13-3-10 (N-P2O5 - K2O) 692.5 kg/Ha (130.19 EUR) and
saving cost for chemical fertilizer expend 39.98 %.
3. Sugarcane has been grown 2.35 Million Ha. 8.24 % of the arable land area.
The average yield is 10.19 T/rai (63.71 T/Ha). For the crop requirement need 18-1514 (N-P2O5 - K2O kg/rai) and ANN calculate to used and recommend the formula of
15-15-15 (N-P2O5- K2O) 625 kg/Ha (180 EUR). The TSM SIMFARM recommend
13-3-10 (N-P2O5 - K2O) 692.5 kg/Ha (130.19 EUR) and saving cost for chemical
fertilizer expend 39.98 %.
4. Corn has been grown 2.16 Million Ha. 7.56 % of the arable land area. The
average yield is 603 kg/rai (3.77 T/Ha). For the crop requirement need 20-7-7 (NP2O5 - K2O kg/rai) and ANN calculate to used and recommend the formula of 12-4-7
(N-P2O5- K2O) 1042 kg/Ha (233.4 EUR). The TSM SIMFARM recommend 16-16-9
(N-P2O5 - K2O) 347.5 kg/Ha (71.6 EUR) and saving cost for chemical fertilizer
expend 69.33 %.
5. Tapioca has been grown 1.76 Million Ha. 6.16 % of the arable land area.
The average yield is 3.67 T/rai (22.93 T/Ha). For the crop requirement need 16-8-4
(N-P2O5 - K2O kg/rai) and ANN calculate to used and recommend the formula of 168-8 (N-P2O5- K2O) 625 kg/Ha (145 EUR). The TSM SIMFARM recommend 16-8-8
(N-P2O5 - K2O) 375 kg/Ha (87 EUR) and saving cost for chemical fertilizer expend
40 %.
6. Oil palm has been grown 379,840 Ha. 1.33 % of the arable land area. The
average yield is 2.48 T/rai (15.52 T/Ha). For the crop requirement need 26.25-2.3-60
(N-P2O5 - K2O kg/rai) and ANN calculate to used and recommend the formula of 133-10 (N-P2O5- K2O) 1,262.5 kg/Ha (237.1 EUR). The TSM SIMFARM recommend
13-3-10 (N-P2O5 - K2O) 757.5 kg/Ha (142.4 EUR) and saving cost for chemical
fertilizer expend 39.9 %.
7. Pine apple has been grown 167,300.1 Ha. 0.59 % of the arable land area.
The average yield is 3.86 T/rai (24.11 T/Ha). For the crop requirement need 75-34136 (N-P2O5 - K2O kg/rai) and ANN calculate to used and recommend the formula of
15-7-35 (N-P2O5- K2O) 2,429 kg/Ha (631.5 EUR). The TSM SIMFARM recommend
15-7-35 (N-P2O5 - K2O) 757.5 kg/Ha (379 EUR) and saving cost for chemical
fertilizer expend 39.99 %.

8. Longan has been grown 139,200 Ha. 0.49 % of the arable land area. The
average yield is 528 kg/rai (3,300 kg/Ha). For the crop requirement need 36-6-210 (NP2O5 - K2O kg/rai) and ANN calculate to used and recommend the formula of 25-7-7
(N-P2O5- K2O) 900 kg/Ha (234 EUR). The TSM SIMFARM recommend 25-7-7 (NP2O5 - K2O) 540 kg/Ha (140.4 EUR) and saving cost for chemical fertilizer expend
40. %.
9. Coffee has been grown 69,856 Ha. 0.24 % of the arable land area. The
average yield is 131 kg/rai (818.8 kg/Ha). For the crop requirement need 27-6-24 (NP2O5 - K2O kg/rai) and ANN calculate to used and recommend the formula of 13-3-10
(N-P2O5- K2O) 1,298.1 kg/Ha (244 EUR). The TSM SIMFARM recommend 13-3-10
(N-P2O5 - K2O) 778.75 kg/Ha (146.4 EUR) and saving cost for chemical fertilizer
expend 40.01 %.
10. Orange has been grown 60,648.9 Ha. 0.21 % of the arable land area. The
average yield is 2,449 kg/rai (15.31 T/Ha). For the crop requirement need 45-8-10 (NP2O5 - K2O kg/rai) and ANN calculate to used and recommend the formula of 25-7-7
(N-P2O5- K2O) 1,125 kg/Ha (292.5 EUR). The TSM SIMFARM recommend 25-7-7
(N-P2O5 - K2O) 675 kg/Ha (175.5 EUR) and saving cost for chemical fertilizer
expend 40 %.
11. Soybean has been grown 18,042.7 Ha. 0.06 % of the arable land area. The
average yield is 245 kg/rai (1531.3 kg/Ha). For the crop requirement need 12-3-0 (NP2O5 - K2O kg/rai) and ANN calculate to used and recommend the formula of 28-11-5
(N-P2O5- K2O) 267.5 kg/Ha (81.3 EUR). The TSM SIMFARM recommend 25-7-7
(N-P2O5 - K2O) 180 kg/Ha (46.8 EUR) and saving cost for chemical fertilizer expend
40.45 %.
12. Durian has been grown 112,640 Ha. 0.39 % of the arable land area. The
average yield is 1,063 kg/rai (6643.8 kg/Ha). For the crop requirement need 30-20-24
(N-P2O5 - K2O kg/rai) and ANN calculate to used and recommend the formula of 1611-14 (N-P2O5- K2O) 1,136.25 kg/Ha (259.1 EUR). The TSM SIMFARM
recommend 16-11-14 (N-P2O5 - K2O) 681.88 kg/Ha (155.47 EUR) and saving cost
for chemical fertilizer expend 39.99 %. TSM not only reduce the chemical fertilizer
but also increase organic fertilizer and management such as green manure, compost,
manure and liquid compost etc., When indigenous crop varieties were grown, little
fertilizer was used, and legume pulses were grown in rotation or as intercrops. With
the introduction of high-yielding varieties and chemical fertilizers, crops began to
dominate the cropping system at the expense of legumes. If the previous crop has
been given the recommended fertilizer applications, no more fertilizer is needed for

the green manure. Thus the production potential of the farm is increased, at a
relatively low cost.
Spatial analysis for Site Selection and determine the integrate plant nutrition
and management
We have used spatial analyst of Arc GIS for selection of the suitability of soil and
plant nutrition and management. As well known that GIS is a system of computer
hardware, and software, designed to allow users to collect manage analyze and
retrieve large volume of spatially referenced data and associated attribute data
collected from a variety of sources. It plays a special role the context of generating
and managing complex environmental database system such as soil and water
database. The use of GIS is found ideal for preliminary suitability of plant nutrition
and management selection studies. This technology makes it possible to relate the
present land used of a site with the parameters of its inhabitants. The ability of overlay
gives it a unique power in helping us to make decision about the identification of crop
type and crop requirement of plant nutrients. Once a GIS Database is developed, it
can provide an efficient and cost effective means of analyzing the best site for
applying the organic and inorganic fertilizer. Manual method of selection of such sites
is very slow and takes a long time to operate. Integration and correlation of the
information related to the factors considered for site selection, which is very complex,
can be handled easily with GIS. We have taken experts opinion from various fields,
which were required to finalize the parameters, which govern the selection of such
site. The artificial neural network is used to comply and calculate the formula of
economical chemical fertilizer together with organic fertilizer and management.
Geographic information systems (GIS) provide a powerful analytical tool for
understanding the spatial distribution of N, P and K map as a major of plant nutrition
turn to the soil and related environmental factors. The integration of spatially explicit
data with models allows us to understand how different scenarios for land use
management and may affect to decrease chemical fertilizer demand.
Millions hectares of land a year are being degraded in all climatic regions. The current
rate of soil degradation is estimated at five to seven Million ha per year and it may go
up to ten Million ha by the end of the century (FAO/UNEP 1983). Oldeman (1994)
estimated that human induced soil degradation has affected 24 percent of the
inhabited land area. UNEP (1986) reported that as much as two billion ha of land that
were once productive have become unproductive through soil degradation. Soil
degradation is clearly the largest component of land degradation. Water erosion is the
dominant human-induced global soil degradation process, affecting nearly 11 Million
km2 of land surface. Deforestation, overgrazing and intensive agriculture, resulting
from population pressure, are often the causal factors of soil erosion and mass
movement. More than 50 percent (ranges between 54 to 74 percent) of the dry areas
of the world are affected by land degradation (Dregne and Chou 1994). About 0.8
Million km2 suffer from secondary salinization, caused by land mismanagement, with
58 percent of these in irrigated areas. Nearly 20 percent of all irrigated land is saltaffected (Ghassemi et al. 1995). Land degradation in Thailand have caused decline
land quality and most of all caused by misused of land and wrong human activities,
has been a major global issue since the 20th century (Eswaran et al. 2001). In
Thailand all lands suitable for arable cropping are already being used and the trend is
to encroach on marginal lands, leading to land degradation problems. LDD (2001) has
been categorized main items to match the soil and plant relation and identify the plant

nutrient to apply to the soil. The work flow diagram explicit the minimize chemical
fertilizer usage and that is automatic electronic chemical fertilizer application. The
workflow shows the way to operate and integrate soil database, crop requirement and
GIS technique all together and send the fertilizer usage to the farmer at real time as
Land development department electronic fertilizer application (LDD e-FA).

LDD Electronic fertilizer application (LDD e-FA)

Soil fertility in Thailand
Sixty percentage is poor soil and just forty percentage is moderately fertile soil. The
five categories of soil property are used to classify soil fertility such as OM, CEC, BS,
P2O5 and K2O (FAO,1973). LDD use this criteria to classify soil fertility and mapping
and make N, P2O5 and K2O map by means of GIS technique. LDD has evaluated the
plant nutrient soil of Thailand and recommend to the farmers. The concept of
chemical fertilizer application to the farmer is reducing the chemical fertilizer rate and
increasing the organic fertilizer that farmers can produce by themselves. The pH and
Lime requirement is the basic principle for the chemical fertilizer usage to Thai
farmers because soil of Thailand normally is acid soil so Lime requirement should be
apply in to the soil before chemical fertilizer application. The GIS technique is used
and identified the acid soil and lime requirement in Thailand by Yuttachai et., al.,
2004 in figure 1 and 2 respectively.
Yuttachai and Aekkapol (2005) make the soil N, P2O5, K2O and soil fertility level
susceptible map in Thailand by means of GIS to evaluate the soil nutrition level for
calculating the fertilizer application at the farmer field in figure 3, 4 , 5 and 6
respectively.
Acid soil in Thailand needs lime requirement because the pH is a limiting
factor to transport plant nutrient from soil to the cash crops. In the north and northeast, the soil is 1:1 type but the central and south is different soil type mostly 2:1 type.
The lime requirement show in table 2
Lime Requirement (Kg/Hectare)

Description

pH

Area (Million
Hectare)

Central, South

North, Northeast

Very severely
Severely
Moderately
Slightly
Very slightly
Neutral
Slightly alkaline
Medium alkaline
Strongly alkaline
Very strongly alkaline

< 4.5
4.5-5.0
5.0-5.5
5.5-6.0
6.0-6.5
6.5-7.3
7.3-7.8
7.8-8.4
8.5-9.0
> 9.0

3.43
5.06
9.56
12.85
17.31
2.75
0.32
0.13
(38.24 ha.)
(32.00 ha.)

160.00 - 368.00
96.00 - 160.00
43.20 - 96.00
11.20 - 43.20
No lime
No lime
No lime
No lime
No lime
No lime

32.00 - 73.60
19.20 - 32.00
8.64 - 19.20
2.24 - 8.64
No lime
No lime
No lime
No lime
No lime
No lime

Table 2 The areas of Acid soil and Lime requirement in Thailand
The plant nutrient in soil is used the GIS technique to evaluate N, P2O5, K2O
and soil fertility classes and show the detail in table 3, 4, 5, 6 and 7 respectively.

Sand
Description

Silt

Legend

total N (%)

Legend

total N (%)

VS

< 0.045

VS

< 0.024

Slightly

S

0.045 - 0.07

S

0.024 - 0.038

Moderately

M

0.07 - 0.10

M

0.038 - 0.055

High
Very high

H
VH

0.10 - 0.15
> 0.15

H
VH

0.055 - 0.081
> 0.081

Very severely

Clay
total N
Legend
(%)
VS
< 0.032
0.032 S
0.053
0.053 M
0.075
H
0.075 - 0.1
VH
> 0.1

Table 3 Range of total N content in sand, silt and clay soil texture in Thailand

Description
Very severely
Slightly
Moderately
High
Very high

Legend
VS
S
M
H
VH

Area (Million hectare)
Sand

Silt

Clay

0.76
0.91
0.38
0.23
0.07

7.33
4.18
3.09
1.47
0.29

2.77
5.32
3.48
2.10
0.99

Table 4 The areas of N content in sand, silt and clay soil texture in Thailand

description
Very severely
Slightly
Moderately
High
Very high

<6

Area
(Million hectare)
20.864

6 - 10
10 - 15
15 - 45
> 45

8.08
6.2784
11.7904
4.3888

P2O5 (ppm)

Total

Table 5 The areas of Available P in soil of Thailand

51.40

Table 6 Description area of Available K in soil of Thailand

Description

exch.K (mg/l)

Area (Million hectare)

< 0.2
0.2-0.3
0.3-0.6
0.6-1.2
> 1.2

7.64
13.29
15.64
7.53
7.31

Very Slightly
Slightly
Moderately
High
Very High
Score

Area (Hectare)

Area (%)

5

7,316,580.80

14.23

6

8,123,313.60

15.80

7

4,971,172.80

9.67

8

4,100,392.00

7.98

9

4,788,915.20

9.31

10

4,557,238.40

8.86

11

4,611,649.60

8.97

12

3,329,696.80

6.48

13
14

790,765.60
134,830.40

1.54
0.26

15

14,825.28

0.03

Total

42,739,380.48

Soil Fertility Level

Low

Medium

High
83.13

Table 7 The areas of Soil Fertility in Thailand

Irrigation infrastructure
Irrigation is a most important infrastructure for modern agriculture. If farming is to
rely on natural rain, intensive farming systems cannot be established. Irrigation not
only prolongs the farming period but also allows farmers to regulate water levels
according to the requirements of their crops. The Thai Government has recognized
this importance and has undertaken many irrigation projects. Their performance,
however, has been relatively poor. In 1970, around 12.45 Million rai of farmland were
irrigated (Donner 1982), but 25 years later, the irrigated land has merely increased to
28.69 Million rai ( 4.208 Million Ha. in figure 7), amounting to less than a quarter of
total cultivated land. Not only is the total land under irrigation small, the quality of
irrigation service is also disappointing. According to official records, the efficiency of
large and medium-scale irrigation is as low as 19.68 per cent during the dry season
and 81.35 per cent for the rainy season (Office of Agricultural Economics 1997).

Figure 1 Acid soil and susceptible map in Thailand

Figure 2 Lime requirement zoning map in Thailand

Figure 3 N content in sand, silt and clay soil texture and susceptible map in Thailand

Figure 4 Available P and susceptible map in Thailand

Figure 5. Available K and susceptible map in Thailand

Figure 6 Soil fertility and susceptible map in Thailand

Figure 7. Irrigated areas and mapping in Thailand
Conclusion

It is generally ideal agricultural system must be not only productive but sustainable.
Some types of crop production are presumably more sustainable than others, but to
define which these are, we need indicators of sustainability. It is still difficult to
define these indicators, especially in quantitative terms. General indicators of
sustainability have been suggested, including productivity (yield), stability (yield over
time) and social acceptability (to both farmers and the general public). The problem is
to apply such criteria to give quantified results.
The fertilizer efficiency include improved water management, efficient crop
combinations, and improved formulations such as reducing the fertilizers application
rate and increasing the organic waste recycling to synchronize nutrient availability
with crop needs. The timing of fertilizer applications and the soil nutrition fertility
level are also important, not only to minimize leaching losses, but also to maximize
yield. Crops are very sensitive to nutrient deficiencies during the early growth period.
Because of the high levels of nutrients removed with the crop. There is a widespread
need among the region's field crop farms for more soil testing, including perhaps a
mobile service specially adapted to the needs of small-scale farmers and it is very
useful to use TSM SIMFARM application software enhancing the right way to apply
chemical fertilizer. It is economical 40-50 % for the cost of chemical fertilizer
application but still maintain soil productivity.
Sustainable agriculture must take into account the long-term impact of agricultural
production on environment. However, environmentally friendly methods may involve
some sacrifice of yield, in which case there is the question, Who should pay the cost
of this? Fertilizer recommendations for the farmer field based on maximum yield
usually involve some cost to the environment. Conversely, environmentally optimum
application rates can result in a substantial loss of yield.
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