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GLOSSARY OF TEL:ii TE ABBREVIAT1

DOA Department of Agriculture
DOAE Department Agricultural Extension
1PNS Integrated 1'1 .ot Nutrition Systems

potassium [ element]
K20 potassium w ide [the usual form in which potassium as a plant

nutrient is ;J:Tlied and calculated]
Kaset Tambon local extension officers
MOAC Ministry of Priculture and Cooperatives
N nitrogen [tho ,!tement]
OM organic maik

phosphorus [ì element]
P205 phosphate [We usual form in which phosphorus as pL i1t lutrient

is applied add calculated]
PI productivity ,iidex
SMS Subject Mac, i Specialist
VCR value:cost

The local currency is the baht (B)



1.1 PROJECT BACKGRO
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RODUCTIT,

he most important sector in the economy of Thailand. Increasing

on the land and diminishing soil productivity were matters of great

ment, and Thailand's Economic and Social Development Plans always

)rogrammes and projects which would raise productivity of existing

ion, thereby increasing the country's agricultural production and export

farmer incomes.

of years, significant changes ccurred in land use and cropping

In 1981, 16.5 million ha (36 was arable land out of a total land

About 2.7 million ha (15% oi ; total arable land) was irrigated.

Rainfed areas were mostly used for rice and other field crops, fruits and coconut.

n family holdings had been declining: from 2.7 ha per farm family in

1963, tu 2,4 ha in 1975, and were expected to be only 2.0 ha per farm family in 1985.

'iota! f i 7P,- use in terms of N, P205 and K20 had increased significantly, from

161 000 t in iTÌ ) 436 800 t in 1981/82, but that increase was much less than the rate

of increasc i - use in other Asian countries in the same period.

i-age of fertilizer in Thailand v; ,ery low: in 1981, approximately

26 kg/ha of plat utrient was used on arable land, iLich was less than half the average

use in other Asi,Ti ,2ountries Only India and Myanmar had lower rates.

Then , a large regional variation in fertilizer use within Thailand. In the

central part -Out 50 kg/ha, but only 20 kg/ha in the northeast, indicative of the

uneven degre, !ilizer use in the country.

TI]... -tnt of fertilizer use was affected by both economic and physical

constraia-. rf direct relevance at the small-scale farmer level included:

lack of fund,s frg the purchase of mineral fertilizers;

non-availariry fertilizers at the right time and in the right place;

uncertain i i nd irrigation facilities in certain areas;
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unfavourable relationships between crop and fertilizer prices; and

a lack of location-specific fen ilizer recommendations which :v L21 i.tive

economic returns from fertiliz,;r use.

The Agricultural Development Plan of Thailand called for ci

intensification schemes to increase productivity of the major crops,

coconut, sugar cane, cassava, rubber and jute, covering over 90% of

The promotion of fertilizer use was a public-sector activity,

Agriculture and Cooperatives was responsible for a number of ac:

strengthening, including:

conducting fertilizer nials and 1 ionstrations for the main crops;

providing extension services to farmers, including holding field

yield contests among farmers; and

training extension workers and farmers in various aspects of fertili

The Government of Thailand recognized that it could not cool.

cultivated land: future needs would have to be met through incre,A,

fertilizers would have a key role in providing that productivity incrc

sought external assistance to this end, and support was arranged from o-

through the FAO Trust Fund programme.

A three-year project, FH/THA7025/IMP, Yield increase throu

and related inputs, financed by the World Phosphate Rock Institute (

October 1980, with the aim of .;'r:ting government efforts to inci

productivity through the efficient ai d effective use of fertilizers and

scale farmers. The setting up of fertilizer trials and demonstrations,

of farmers and extension workers, were the main activities of the pro

the country. These crops were the source of 88% of total agricultur q: i igs.

The Plan recognized that one element in increasing croj and

productivity would be the development of fertilizer use, primarily th ony3tion and

extension activities, and improved supply and distribution.

The private sector played a vital role in fertilizer distribution, reonsible for 85%

of total fertilizer consumed, and there were no plans to modify th the private

sector.

,,ry of

iat r uired

and promoting

oi.nent.

rii! itg its

;ity, and

In ,.eo.:o i.ently

i;.th Gulf Fund

ta.i.z.d in

Action and

by small-

r with training

However, due



to limii :d .111

eStabli!: 1.112..

conscii.,11S:1L'..:.:,;

:AMP was due to terminate in October 1983, but it was possible to

contini . 'Ictivities to 30 April 1985 by .iiinding the cost of the international

expert !om sources, and the operational e \ oses mainly from the GoVernment

contribution.

The ..1-4 of Thailand submitted a request for support from the FAO

Technical C Programme to complement the Arab Gulf Fund, Prograrru-ne

assistawe ;H:ort the follow-up project. That assistance was granted in the form

of projitt 11 '512, Yield increase through the use of fertilizers and related inputs.

The T:.,P bu,l'- ,US 100 000 provided about half of FAO's contribution to project

GCPF/T11'- , .ceported here.

1.2 01.117,i OFFICIAL ' GE

The Plan for project GCPF/THA/029/AGF, Increased yields and small

farmers' i ,ugh the use of fertilizers and related inputs, was signed by the

Government id on 17 April 1985 and by FAO on 16 April 1985.

donor budget was $US 200 000, from the Arab Gulf Fund through

its FAO Tri .; ,-rangement, with a counterpart contribution from FAO (from other

sources) of U 1h 000 and government contributions-in-kind of SUS 207 000 and the

baht equival.:m ,103 450.

'Flie :111 ting agency of die project wa.F the Ministry of Agriculture and

Cooperaii, The project began work on 1 T ;t 1785, with the existing National

and Internaiiii h h of the terminating project FT:tri 1A/025/IMP. The duration was

expected to

in D.. P. 1987, the project was revised, an I tended until the end of December

1988, in or,ver activities such as collecting Lial and demonstration data in the

1986/87 on. It was further extended, until 30 June 1994.

The donor contribution, as finally adjusted, was $US 160 000.

more work along these activit remained to be done, not only in

information for fertilizer mi: development but also in creating

nart of the farmers with regard to the efficient use of fertilizers.
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1.3 PROJEC Ot i CTI'VES

The long-term objective of the project was to assist in the deveto

producticm in Thailand, especially by the small-scale field-crop farmer

and irrig:tted conditions. Efficient use of fertilizers and related farm

to increase crop yields in the various agro-ecological zones.

The ultimate goal of the project was to raise the income of

and thereby improve their standard of living.

The irrunediate objective was to assist in the designing and impl

demonstration programme in the use of fertilizers and other input-,

crops, appropriate to the various agro-climatic regions of the country.

to be carried out in the farmers' fields, employing suitable fertili2

together with the use of other inputs and proper crop husbandry. Si

to conduct a programme of simple trials on farmers' fields

determining proper fertilizer rates for each crop under the

soils and climates in the country;

to set up demonstration plots to 1)w the yield potential and the

proper fertilization was api 1 At the same time, farmers

training activities would be Gouducted to support the extensio

use and to complement the setting up of demonstration plots;

to prepare and implement training programmes for relevant profesn:,

and provincial levels in order to increase the effectiveness of

services. This training was to take the form of: (i)

counterparts under the guidance of an internationally-recruited

Nutrition expert; (ii) short-term fellowships for specialized

(iii) comprehensive short-term training courses for advisory

levels;

to assist in devising improved iu...ins to make fertilizers available

right time and place;

to assist in the promotion of effective communication and feedba

institutes dealing with soil fertility matters and agricultural ex

through them, to the farmen, specifically: (i) to suggest prol

in national research progri , especially on soil fertilityii'

agricultural

1.:tinfed

1.:mers

of Ti trial/

uriH fi(Ad

was

.61 ;rnendations

le purpose of

, conditions of

return when

other

..)f fertilizer

iii aT. national

al advisory

training of

lise/Plant

..1111-..)ail.: and

t v;i..rious

at the

1. Cell

' and

to ¡lit I tided

ni..1....i.ep;;



to prepare, on the basis of the project's results and any other information available in

L4 PLOJECT

The op 1.ation co. C»..'

throutit

(DOA. ,

counterparts

extensiol) t )

for feritliz.,:r

extension 'tit

fertilizer (.] en t)t rti

to the agricultural extension sei Hc those practical results from soil

which should be adopted by 1, ,I .mers in order to increase crop

, relevant training and teaching ri:t

lision purposes.

IPLE

tls on fertilizers which could be

roject was coordinated with the Department of Agriculture (DOA),

':;oil Science Division, and the I partment of Agricultural Extension

iTector, Crop Promotion Divisin . These officials delegated national

sponsible for the day-to-day operations in applied research (trials) and

Ons). DOA provided some 40 f technicians on a part-time basis

. Approximately 800 Subject I ati:er Specialists (SMSs) and local

set Tambon) from DOAE we ktailed to the project to lay out

as aud to conduct extension activities.

NTATION
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2.1 FERTILITY STATUS 01 ELD TRIALS

A total of 1 752 surface soil saino (0-15 cm depth) were taken i, :i1

demonstrations during the 1984/85 1986/87 cropping seasons. A 1 L. ; Ink were

analysed by the DOA soil laboratory. The soil fertility status of culti ![id where the

field trials and demonstrations were conducted have been summarized i

Table 1 Fertility status of field trials an,1 ..cmonstrations

CONCLUSIONS

The results of fertilizer trials and demonstrations conducted in the 198z1/° ',eason

under the previous project, FH/THA/025/IMP, but proces:ed IIL pici I by

GCPF/THA/029/AGF are included in this report.

ORGANIC MATTER (%)

Range % distribution
AVAILABLE P2O5 (ppm)

I Izinge % distribution
EXCHANG.

Range

,31_, K20 (ppm)

" Mron

RICE (289 sites in the not ti: ceritro and west)
<1.00 9 . fi 15 <41 12

1.00-2.00 44 3'10 21 41-80
2.01-3.00 29 29 81-120

>3.00 18 20 35 > 120 8-
RICE (420 sites in th:,. irt/ oast and as t)

<1.00 67 49 <41 (.1
1.00-2.00 22 13 10 28 41-80
2.01-3.00 7 13 81-120 11

>3.00 4 "- 10 >120 12

RICE III the luth)
<1.00 5 <6 45 <41 mo

1.00-2.00 30 6-10 30 41-80
2.01-3.00 45 "i 1-20 25 81-120

>3.00 20 -.!C) >120 5

MAIZE .:00 :;ites)
<2.00 40 ,` 6 16 <50 13

2.01-3.00 33 17 50-100 32
>3.00 27 15 16 101-150 18

51 >150 37

SORGHUM (42 sites)
<2.00 57 50 <50 3'
>2.00 43 11-19 24 50-100 21

26 > 100 48

DEMONS°' I



<1.00
1.00-2.00

2.01,3.00

>3,00

Norge

LIRGANIC (%)

<2.00 19

2.00-3.00 :11

3,00 20

.00 2;4

1 00 2 00 36
2.01 3.00 22

3

<1.00
1.00 200 -:3

.00

<1.00
1.00-2.00

2.00

50 10.50 1.00

1.01-1.50

>1.50

available phy

less Lllli icr(

41 ppikn.

were relatively

20

'6

:10

AVAILABLE P205 (ppini

Range % distrbution

<7
7-12

13-18

>18

<7 23
7-12 28

13-18 14

>18 30

<7
7-12

13-18

>18

<9
9-16

>16

SOYBEAN

GROUNDNUT

MUNG BEAN

CASSAVA

SUGAR CANE

COTTON

KENAF

5 <36
16 36-55

12 56-100
47 >101)

10

33

33
24

<11 73

11-20 15

>20 12

56

15

29

1-50

>50

EXCHANGEABLE 1(20 (ppm)

Rang. % distribution

<21
21-30
31-45

>45

(120 si es)

41

37
22

(128 sites)

7

n the northeast and east were most deficient in organic matter (OM),

(P) and exchangeable potassium (K); 67% of paddy soils contained

, 7% had 10 ppm or less available P (Bray No. 2), and 51% less than

t e L Paddy soils in the north, centre, west and south, however,

OM and exchangeable K.

Inch cassava was grown we:-:. most deficient in OM, followed by

, sugar cane, groundnut, cont and mung bean. Soils on which

were n be lower in exchangeable K, and soils sown to soybean, cotton and

(57 sites)

<36 7

36-70

>70 60

41 sites)

<61 34
61-120 20
>120 46

(21 es)

<36 24
36-55 14

>55 62

<6 41

6-10 30
11-15 9

>15 20

soils cP

tipi

i.1

maize, souai dIì,,,i-ghum were grown were relatively high in OM. Generally speaking,

most uplaro 'ere relatively low in available P. Soils on which cassava and kenaf

16 <9
9-16

>16

24
9

67

<0.50
0.50-0.)2

1.50

I 50 17
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sugar cane tended to be higher, sith soils under groundnut acH w 1-11.:al, being

intermediate. Soils on which and sorghum were grown c v iN ay:, highest

exchangeable K, with 55% and 69% of soils containing more than 100 I la rigcable

K, respectively.

2.2 VERT' IZER TRIALS

Simple or unreplicated fertilizer trials were conducted in farmers' fields to refine fertilizer

recommendations and to evaluate Cic economics of fertilizer use i, '21» idomic

optimum rates of application in se1 vd areas. A total of 480 N-P2C t'rilI.zt. trials

on maize, sorghum, soybean, groundnut, mung bean, sesame, cassa aiLL, cotton

and kenaf were set up, of which 396 trial results could be analysed (T;

of economic return and economic optimum rate was based on 1 t ices.

Economic optimum rate is the point on a yield response curve wherc I ,t. Livested

in an input will provide the frIT-T7-- a net return of one baht k; 3). Fertilizer

recommendations were derived frou. 'I-P205-K20 economic optimun:

Table 2 Response of crops to individual plant nutrients

Notes: (1) PI = productivity index. (2) Planted crop. (3) Ratoon crop

Table 3 Nutrient rates at the points of economic optimum rate"'

Piofit
[i, in

I ;.0
I .11m ;.0
I 119
3 '6'1 4.1
1 b48 2.8
8 079 4.5
4i'5 ,;

8

1 ;

Notes: (1) Based on 1986 farm-gate prices. 121 PI = productivity index. 131Value:cost ratio. (4) Planted
crop.

Crop No. of Trials
,ditrogen Phosphate

kg/lia Pr" (N) kg/ha Plm (P205) 5,, ,hz

Maize 40 13.7 63 5.7
Sorghum 42 ,.: 15.3 63 7.7
Soybean 46 3.1 56 5.0 '
Groundnut 57 19 10.9 56 4.0
Mung bean 36 19 6.5 56 4.0
Sesame 9 31 1.3 31 0.8
Cassava 46 75 99.5 38 58.2 E

Sugar cane 19 75 121.0 38 89.1
Sugar cane(3' 25 75 205.8 38 32.5
Cotton
Kenaf

33
43

0,
';(.i
...._.

6.4
11.9

38
50

5.9
5.8 E

Crop No. of
Trials

N 1-,05-K20
(1.Wha)

Estimated yield
increase (kg/ha)

Pr'

Maize 40 1.1-0-19 921 14.6
Sorghum 42 5'i-0-0 885 16.1
Soybean 46 -.1,i-25 338 5.1
Groundnut 57 : 1' 27-37 576 6.6
Mung bean 36 .'i. 26-21 320 4.8
Cassava 38 ,5-.30-68 13 854 71.8
Sugar cane' 19 ",'S 24-47 14 653 98.3
Cotton 33 38-41-51 886 6.8
Kenaf 43 53-16-61 1 408 10.3

:Jirt rn

P1'1) (K20)

9.0
1.8

8 3.7
8 5.6

2.5

80.1
51.1
14.1

9.8
12.



2.2.1 T.ei't

For mai'Le, of 40 trials showed that the productivity index (PI) of nitrogen (N)

was good, at 13. / 'rain/kg N at the level of 63 kg N/lia. Phosphate (P) response was

modermi.- 5 L,.ain/kg P205 at the level of 63 kg P205/ha. At the level of
31 kg h,20/117 of K was relatively good at 9.0 c grain/kg K20. A good relation

between ,.!se f maize and available-P content oí te soil was observed. The' PIs of

P at th... cvt.r , P205/ha were 13.5, 9.8 and 0.0 kg grain/kg P205 for the soils with

available P less than 10, 10-40 and more than 40 ppm, respectively. Application

of 44-0-19 1; /1), i '205-K20 was needed to reach the economic optimum rate calculated

from in 1.1; response curves. Table 4 Pho31 'hate recomnnendations for maize,

This gave a yki,..; u,crease of 921 kg/ha

and a citori B 1 467/ha with a

value:cost rati,.. of 3.0. In general,

the recom ed level was

50 kg N + .- /ha, with P205

application ae,;,..1 II to the available-P

status of the ci T n Table 4).

15.3 k

7.7 kg

relatioo.

baz,ld on available-P

le results of 42 trials showed il[ the average PI of N was good at

the level of 63 kg N/ha. There v,as a moderate response to P, at

the level of 63 kg P205/ha. K response was negligible. A good

inse of sorghum and soil available P was observed. P response was

high, at '5.0 rg jrt!kg P205 for the soil with available P content of less than 11 ppm at

a treatm. r JI, .2 T 05/ha. However, negative response to P was observed when avail-

able P 'x; over ) ppm. The NPK Table 5 Phn,Thhate recommendations for sorghum,
baE., d on available-P

economic:: optimum rate could be reached

by applied 55-n-n of N-P205-K20.

This gave a yield í.crease of 885 kg/ha

and a profit of B 1 410/ha with a VCR of

3.0. In ger.'n' the recommended

application T IT/ha, with no K20,

and with P):. r l'li Tn al.:cording to the available-P r (.7s of the soil (see Table 5).

2. .2

For soyliCiTt., J. us of 46 trials indicated that 1. average PI of N was low, at

3.1 kg 1).-.1.1-11 í r 19 kg N/ha treatment level. kesponse to P was moderate, at

)1: P (Bray
No. z (ppm)

Recommended P20
rates (kg/ha)

10

L:Avail.

10-40
>40

30-40
0-20

o

Avail; ' ! P (Bray
No. , (ppm)

Recommended P205
rates (kg/ha)

<11 40
1119 0-20
>19 o
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5.0 kg bean/kg P205 at the 56 kg.05/ha level. The PI of K a

3.7 kg bean/kg K20 at the 38 kg K2' )/ha treatment level. The NPK ec( 01'1 iinum rate

could be obtained from application of 6-35-25 kg/ha of N-P205-K20. yield

increase of 338 kg/ha and a profit of B 1 419/ha with a VCR of 2.7. ii, btween

0 and 20 kg N/ha was recommended, with 40 kg P205/ha and 30

For groundnut, the results of 57 trials showed that the II ,r;ood, at

10.9 kg nut in shell/kg N at a level of 19 kg N/ha. There was only a u w iLvonse

to P, of 4.0 kg nut in shell/kg P205 at a level of 56 kg P205/ha. A S:)1' 1;:,e to

K, of 5.6 kg nut in shell/kg K20, was also observed at a level of 17) L oplioation

of 23-27-37 kg/ha of N-P205-K20 was required to reach the economic .111 n rate. This

gave a yield increase of 576 kg/ha and a profit of B 3 269/ha with a 11< of 4.1. The

general recommendation was 20-30-40 kg/ha of N-P205-K20.

For mung bean, the results of 36 trials showed that N respoL )derate at

6.5 kg bean/kg N at the 19 kg N/ha L. .atrnent level. The PI of P was 4.. L iv P205

with a 56 kg P205/ha treatment. _ 23ponse was only 2.5 kg bean/kg i w i level of

38 kg K20/ha. Application of 20-20-z1 kg/ha of N-P205-K20 was necC NPK

economic optimum rate. This gave a yield increase of 320 kg/ha and a Hi 1 548/ha

with a VCR of 2.8. The general recommendation was 20-30-30 kg/ha L.1 2.0

2.2.3 Sesame

The results of 9 trials showed that the PI of N was low, at 1.3 kg seed !. N at the

31 kg N/ha treatment level. P response was negligible at a level of 31 w !ha. Poor

K response was observed. CalculatIcT1 of NPK economic optimum rat: 'as incmck:.;ive

due to the fact that NPK respon curves were concave. Ther,..i- lo fen ilizer

recommendation is proposed.

2.2.4 Cassava

High N and K responses and good P response were observed from 4r)
: 'ais. The

PI of N was 99.5 kg tuber/kg N at the 75 kg N/ha treatment level. of P was

58.2 kg tuber/kg P205 at the level of 38 kg P205/11a. At the level of 50 PI

of K was 80.1 kg tuber/kg K,O. A good relation was found between . Ind the

level of exchangeable-K content of the soil based on the results of 38 tri Iii.1,'1 in the

1984/85 and 1985/86 cropping seasons. The PI of K at the 50 kg KA. ',writ level

was high at 93.1 kg tuber/kg K20 fr'- soils with exchangeable K of ], but

the response to K was low, at 19.1 13.1 kg tuber/kg K20, for soils il)le



K l'1

N-P205-

increase of 13

B 8 07'; w ith a

the recoil'',

+30 kg P_

mined froui

(sec TH ()).

2.2.5

For tt, the results of 19 trials showed that the N response was good.

Treqtni, It ',I/ha gave a PI of 121.0 kg c; .ilkg N. The P response was also

good, . 3!.. P205 at a level of 38 kg P20.11 K response was moderate, at

51.1 kg can, i level of 75 kg K20/ha. Applil a ion of 78-24-47 kg/ha of N-P205-

K20 w7"' neeued :h the NPK economic optimum .; Fe. This gave a yield increase of

14 65:' an Fit of B 4 052 with a VCR of 3.2. The general recommendation was

kg/ha 205-K20.

For crop, the results of 25 trials showed that the N response was very

high. The PI was 205.8 kg cane/kg N with application of 75 kg N/ha. The

P response ely low, at 32.5 kg cane/kg P205 at a level of 38 kg P205/ha.

K response -it 14.1 kg cane/kg K20 at a level of 75 kg K20/ha. More than

150 kg N/lm Ili red to reach the N economic optimum rate. However, the economic

optimun' rlL y J K were inconclusive, as the P and K response curves were concave.

There'', .. lidation was proposed for the ratoon crop.

For coil An

6.4 kg

at 5.')

9.8 kg

11

-"lore than 50 ppm, respectively. Application of 95-30-68 kg/ha of

ired to achieve the NPK economic optimum rate. This gave a yield

Table 6 F'owssium recommendations for cassava,
1.41.;cd on exchangeable-K

Ala and a profit of

-)f 4.5. In general,

es were 100 kg N

KIO at a rate deter-

_ xchangeable-K level

Exchartgeab e K

31-50

(PPrn)

-31

>50

Recommended K20
rates (kg/ha)

70-100
30
o

- of 33 trials showed that the PI of N was relatively good, at

at a level of 38 kg N/ha. The P response was also relatively good,

P205 at a level of 38 kg P205/ha. The PI of K was high, at

20 with a treatment of 38 kg K20/ha. A good relationship was

bei sponse and the exchangeable-K content of the soil. The PI of K at

the 77 r orient level was high, at 8.0 IL sed cotton/kg K20 for soils with

exchan K of than 61 ppm, but the PI fell tu 1.8 kg seed corton/kg K20 when

exchaft., al ilk: V. was over 120 ppm. Application of 38-41-51 kg/ha of N-P205-K20 was
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needed to reach the NPK economi ,Imum rate. This gave a yield i, 886 kg/ha

and a profit of B 10 815/ha with a N/ :R of 7.8.

In general, the recommendation Table 7 Potassium recommril',Is for Gotton,

was for 40-40-50 kg/ha of N-P205--10,

with the K20 dose adjusted accocr i1 ; to

soil exchangeable-K levels (see Tablt 7).

In kenaf, results from 43 trials

showed that N response was good: at

50 kg N/ha, it was 11.9 kg fibre/kg N.

There was a moderate response to P, of 5.8 kg fibre/kg P205 at a 1,-1

The PI of K was good at 12.3 kg fibre/kg K20 at the 50 kg K20

Application of 53-16-61 kg/ha of N-P205-K20 was required to reach LAU

optimum rate. This gave a yield inc ,:ase of 1 408 kg/ha and a profit

a VCR of 4.3. The general recom, tdation was for 50-20-60 kg/fin

based on exchangenit I,

2.3 FERTILIZER DEMONSTRATIONS

A total of 3 475 fertilizer demonstrations on rice, maize, soybean,

sugar cane, cotton and kenaf were sci up in farmers' fields in 69 prt,

of 2 053 demonstrations were used fr analysis and interpretation.

2.3.1 Effect of individual nutrients

All demonstrations in the 1984/85 cr,,pping season and some of thost

rExchangeab

(PPrn)

<61
61-120
>120

e K

1986/87 cropping seasons had four :i.:itments, i.e., control, N, NP or N In

legume crops, control, P, PK and i L treatments were also used. en 11 1-iti.-pose of

these demonstrations was to show to Le farmers the effects of The

results of the evaluation are sumn-i (.d in Table 8.

Results from rice demonstrations were available in the large, ross

the country. The responses to N ranged from 620 to 801 iTom

9.8 kg grain/kg N in northeastern and eastern regions, to between 11 in the

south. The VCR for N was above 2 in all cases. The yield increase Ilion

was lower in terms of kg/ha, but the PI was of the same order as N, in oile Ties

of 14 demonstrations in the southern region, where a negative response H.cation was

observed. Aside from one series of 14 demonstrations conducted in
, ii,:rn rc;!,ion,

Che )0.Ailts
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the VCR for P wf,!! in the range of 2.0-2.8. The K response was again somewhat lower

than the P. The :Aged from 5.7 kg grain/kg K20 in north, centre and west, to 9.0 in

the nortlii..!ai The VCR for K was between 1.9 and 3.0.

H. monstration data for maize (372 sites) was obtained from northern,

northet-,,,1 1 ) ''')1 eastern regions. The responses to N were between 615-819 kg/ha

and P.7":.; and 26.4 kg grain/kg N. In one series of 207 demonsutations,

the V.-I. Lo r at 1.8, due to N application at higher rates. However, in another

series of 1(J.' Huí tions, the VCR for N was high, if 4.9. The yield increases due to

P application If 31 kg P205/ha were between 31:i and 450 kg/ha and the PIs were

between 10.2 an .kg grain/kg P205. The VCR for P was between 1.6 and 2.2.

Respons,. to (tively low, ranging between 176 and 200 kg/ha, with PIs of 5.7 to

6.5 k ».11: [he VCR for K was below 2.0,

northern In.1

The VCR for

response to P

northern ar,

P was at an uni,,7,

of 1.3 in floral, r

in the

He the responses to N were between 143 and 209 kg/ha and the PIs for

N we.rol,t(, 11.0 kg nut in shell/kg N. The VCR for N was high, bet-ween 4.3

and 6.3. The were between 3.3 and 4.5 kg nut in shell/kg P205. The VCR for

P was lower 17-u
, )r. N (1.6-2.2). The PI for K was of the same order as that for P

(3.1-4.3). ii.. uu VCR for K was above 2, which was better than the VCR for P,

due to the by u ertilizer prices.

:sponse was high. Application of 50 kg N/ha gave a yield increase

of 3 70_, t's-g/lrl. r N at 74.1 kg tuber/kg N with a VCR of 4.3. P response was

low. A yield ie e r 1' 932 kg/ha or PI for P at 18.6 1 tuber/kg P205 with a VCR of

0.9 we, J.]. applying 50 kg P205/ha. ModrL L response was observed. A

yield in: kg/ha or PI for K at 44.4 kg tube ," g K20 with a VCR of 3.7 were

observed at a level of 50 kg K20/ha.

responses ranged from 114 kg/ha and a PI of 6.0 kg bean/kg N in

-ions, to 211 kg/ha and a PI of 11.1 in the northeastern region.

gh, between 3.1 and 5.7, due to low levels of N application. The

The PIs for P were only 2.9 Ind 1.8 kg beans/kg P205/ha in

gions and in the northeastern rt.;))n, cespectively. The VCR for

level. The PI for K was low, at 1.7 kg bean/kg K20 with a VCR

restern regions, but the PI was moderate, at 4.0, with a VCR of 3.0
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Table 8 Response of crops to individual nutrients in demonstrations

Notes: The regions were: N = northern, C = central, W = western, NE = northeastern, E = eastern, S = southern.
PI = productivity index. VCR = value:cost ratio

Crop Region
No. of
Sites

Control
yield

(kg/ha)

Nitrogen (N Phosphate (P205) Potassium (K20)

Rate
kg/hal

Response Rate
kg/ha)

Response Rate
kg/ha)

Response

kg/ha PI VCR kg/ha PI VCR kg/ha PI VCR

Rice N, C, W 177 3 664 6 757 12.0 2.8 25 365 14.6 2.8 25 142 5.7 1.9
Rice NE, E 257 2 500 63 620 9.8 2.3 25 263 10.5 2.0 25 226 9.0 3.0
Rice S 65 2 228 63 711 11.3 2.6 25 281 11.2 2.2 25 171 6.8 2.3

Maize
14E, C, E

N, NE, C, E 165 3 001 31

o

819
6

26.4

3.7
1.8
4.9

38
31

31

- ;,=-_-'

.j.w_i

315

,.

14.5
10.2

_ ;_,

...: .z.:

1.6

19

31

1F--

1-, k-...

200
5.-,

6.5 1.7
Soybean N, W 62 1 367 19 114 6.0 3.1 56 161 2.9 1.2 38 66 1.7 1.3
Soybean NE 6 1 280 19 211 11.1 5.7 56 98 1.8 0.8 38 153 4.0 3.0
Groundnut N, NE, E 91 1 254 19 143 7.5 4.3 56 253 4.5 2.2 38 118 3.1 2.6
Groundnut NE, E 44 1 340 19 209 11.0 6.3 56 182 3.3 1.6 38 162 4.3 3.6
Cassava NE, E 65 13 116 50 3 703 74.1 4.3 50 932 18.6 0.9 50 2 219 44.4 3.7
Sugar cane N, NE, E, W 16 30 459 75 5 598 74.6 2.3 38 5 305 139.6 3.6 38 3 233 85.1 3.8
Sugar cane N, W 15 62 727 94 21 683 230.7 7.1 31 11 767 379.6 9.8 31 -11 022 - -15.8
Sugar cane NE 6 41 946 75 13 813 184.2 9.4 38 -6 247 - -4.2 63 7 082 112.4 5.0
Kenaf NE 100 944 50 202 4.0 1.4 50 123 2.5 0.7 75 103 1.4 0.7
Kenaf NE 40 1 073 50 199 4.0 1.4 50 136 2.7 0.8 50 124 2.5 1.2



variable, Ti).t

to 230»

restitiiis,.

varied.

The K resroGils,

due to TT

112.4

Fo:. Li.") responses to N were betweer -9 and 202 kg/ha and the PI for

was 4.0 1. 117,1% N with a VCR of 1.4. The U response was lower than the N

resoon, Hereases due to 50 kg P2051ha application were between 123 and

136 lq)1,1 Pis for P were between 2.5 and 2.7 kg fibre/kg P205 with VCR

below 1. Tli. ,..isponse was again somewhat lower than the P response. The PIs for

were bei- 1.4 and 2.5 kg fibre/kg K20 with VCRs between 0.7 and -1.2.

2.3.2 I er lemonstrations

Ferilli2:er yak. f;trations consisted of a control :Ind three levels of either N, P or

NPK. to show the effect of different rtilizer rates and grades and to

calculate CC(1110,. 1 The average results are presente." in Table 9.

For rice.

south showed tl

38-0 lq.;!! h:;.!

Anoth1:::r

treatment (5u-38-0) gave the highest P1(10.9) and the highest VCR, (2.3).

esnits from 45 P demonstrations on soybean in the north showed that treatment

0-38-0 :1\ hi ;t P1(5.1) with the highest VCR (2.2).

ro.{ results from 60 demonstrations in northern and eastern regions

showe, r: .i.qse to P was relatively good at the low level of 38 kg P205/ha in

the ab This gave a yield increase of 281 kg/ha and PI of 7.4 with a VCR

of 3.o. level of application, 113 kg P205/ha, gave the highest yield

incru:t but the lowest P1(5.3) and lowest VCR (2.6). Another series of

9 demo 1,31 sitio in the northeastern region showed that treatment 19-56-38 gave the

highest yielo 409 kg/ha and PI of 3.6 with a VCR of 2.1.

15

'''-rorn a limited number of sugar cane demonstrations were extremely

;es to N ranged from 5 598 to 21 683 kg/ha and PIs from 74.6

1\T with VCRs from 2.3 to 9.4. The P response was lower than the

.nonses to P ranged from ne,, to 11 767 kg/ha and the PIs

9.5 kg cane/kg P205, with VC from negative to as high as 9.8.

again somewhat lower than the k response. The yield increases

ranged from negative to 7 082 /ha and PIs varied from zero to

, with VCRs from negative to .0.

-tilts from 278 demonstrations in the north, centre, west, east and

response to NP fertilizer was relatively good. Treatment of 75-

20 gave the highest PI (9.(') with the highest VCR (2.0).

demonstrations in the central showed that the low-rate
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Table 9 Results of fertilizer rates demonstrations

Notes: The regions are: N = northern, C = central, W = western, E = eav,H, sout,1ern,
NE = northeastern. PI = productivity index. VCR = value:cost

For cotton, results from 14 demonstrations across the nort ,

showed that 38-38-19 gave the lowest increase, 349 kg/ha, but witl

and the highest VCR (3.9). Hol,vever, treatment 150-150-75 go

increase (911 kg/ha), but with the lowest P1(2.4) and the lowest

For kenaf, results from 9 demonstrations in the northeast low

rate treatment 25-25-25 gave a yield increase of 215 kg/ha, with li . (2 .9)

and a VCR of only 1.0. Poor economic benefits from fertilizer u b. .Lti ibuted

to low management standards prevailing in farmers' fields. The .I.rwe yield of
control plots was low, at 801 kg/ha.

2.3.3 Co ost and _iorintrations

aqd northeast

'cf.. PI (3.7)

esi yield

As noted earlier, paddy soils in bi. northeast and east were generally '.lt-fic..41-nt n OM,

available P205 and exchangeable K-20. In addition, upland soils cy i was

grown were also deficient in OM. Therefore, as an application ot ..Lttc(' Mont

Nutrition Systems (IPNS) approach, compost and fertilizer demonst ..Te initiated

in 1985 in order to complement the use of mineral with orgai.l. of plant

nutrients and to maintain soil fertility.

Crop Region
No. of
sites

Control yield
(kg/ha)

Application
N-P205-K20

(kg/ha)

I e..,1c.nqt

.:,1

'
r: Rkg/h.,

Rice N,C,W,E,S 278 3 338 50-38-0 7ri:' t 3 1 8

75-38-0 1 0 1) 2.0

Rice C 7 4 339
100-38-0
50-38-0

1 1-11.

90.1

F. '..,

1( ...r.

1 3

2 3
100-38-0 9311 ":,.1 i n
150-38-0 612»2 :.2 1 I

Soybean N 45 1 378 0-38-0 1F$2 5,1 2,2
0-75-0 23. 3.8 1.6

0-113-0 362 3.2 1.4
Groundnut N,E 60 1 584 0-38-0 21:1 7.4 3.6

0-75-0
0-113-0

4U-
5h...

6.5
5.3

:":,

Groundnut NE 9 19-38-38 29: 2.7
992 19-56-38

19-75-38
40:-,

1 .1.`1

3.6
1.5

.

Cotton N,W,NE 14 38-38-19 3..'9 3.7
1 501 75-75-38 .591 3.1 :

Kenaf NE 9

801

150-150-75
25-25-25
50-50-50

9 I 1

2 I E.,

2112.'

2.4
2.°
1.7

:",

94-94-94 4



For ric.;.

show'

proclul.

COMpLi'_ L'

plus 6.2.5 .1:i

17

om 278 demonstrations in northeastern and eastern regions

age yield of control plots 'm 2 560 kg/ha, reflecting the low

3t...cterizing these two regions. ,e response to NPK fertilizer plus

The intermediate rate of treattni a (75-38-19 kg/ha of N-P205-K20

ompost) gave a yield increase of 943 kg/ha.

For ca-; :. results from 12 demonstrat ,m. in the northeast showed that

with compost was good. treatment 50-50-50 kg/ha of N-

P205- 1)11',' Vha of compost gave the highest yield increase, 11 356 kg/ha or

85%. , Its from another series of 11 &I..' ionstrations in the eastern region

shov,,c:d 1.1! response to NPK fertilizer wit compost. Treatment 188-188-

188 wiLTYrTI ).; ;ave the highest yield increase: 6 778 kg/ha or 52%. The yield

respop cassava under the combined ;..1.il1izer and compost treatment is

presestH

Table 10 Results of demonstrations of fertilizer plus compost

Crop

Trea ents 11, J Yield increase.,_

1,1-P205-K20

kg/ha
Compost
6.25 t/ha kg/ha kg/ha %

Rice Control 2 (.',C)

(27:I si)e in 50-38-19 Yes '.., ..13 653 26
norilt & 75-38-19 Yes 3 '."C,3 943 37
northeast) 150-38-19 Yes 3 i3 1 073 42

Cas .Ivl Control 13 289
17 50-0-0 Yes 18 .101 5 116 39

norll ast) 50-50-0 Yes 23 332 10 044 76
50-50-50 Yes 24 644 11 356 85

Ca.s.-.Av7.1 Control 13 120
(1 i - ,tes in 31-31-31 Yes 15 911 2 791 21

east) 94-94-94 Yes 17 d7 I 4 551 35

.

168-188-188 Yes 19 393
......._

6 778 52
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2.4 TRAINING

2.4.1 IL ocal training

Two national training seminars of Cliee days each were organized. yc i....cided

by about 200 SMSs from DOAE. The topics covered includc, u and

extension, review of the results oí previous years' soil analyses :

promotion activities, identificL of constraints and i oi field

demonstrations.

A total of 101 regional and local training seminars werc

1 436 SMSs and Kaset Tambow The results of previous

reviewed and the problems enconuicred in the implementation o

were discussed.

2.4.2 Field days

Field demonstrations showing a visible fertilizer effect were used tools

through the organization of farmers field d.ays. Field-day activil field

observation, lectures on techniques of crop cultivation and fertilize :ild its

economic analysis, and yield estialie contests. About 1 000 field g:iuized

with about 32 100 farmers attendilig.

2.4.3 Training abroad

External training was organized fc four counterpart staff to aL IAC

(International Agriculture Centre) . )int Course on Fertilizer Use u Li il Etk...asion

in Wageningen, the Netherlands, . fo two counterpart staff to L :Thurse on

Soil and Plant Analysis, at the Uni -:-.rsity of Reading, United Tiim. J lice f the

four fellowships for the FAO/IAC Joint Course were funded by the n..L:tit of the

Netherlands.

Three study tours were organized to provide 22 counterpart st-rf with first-hand

experience of fertilizer extension in other countries with similar con(

Full details are given in mdix 2.

or about

.o.in!.; were

imstrations



2.5 REPOR'l "r AND PUBLICATIONS

The po..iect ed four technical reports. Three of them covered the analysis and

inlet:1)o:: al i on fertilizer trial and demonstration results, and were presented at
various eminars and conferences. A .17`.er was prepared to introduce the

DOAE.. miner. I , ill:Ter programme.

) i.ee handbooks were prepared in Thai: (i) Handbook of Fertilizer

DemoL: ..nce; (ii) Handbook of Fertilizer Act; and (iii) Directory of

Directin lb!: Full details are given as Appendix 4.

2.6 f IONS

The results rertilizer trials on the ten fic'd crops and of 2 053 fertilizer

demonstrations ni rice and seven field crops condni ted on farmers' fields during the

croppin!! 0- 1-84/85 to 1986/87 were analy,. discussed. A total of 1 752

soil Sdi ill trial and demonstration sit.: were analysed.

For tlr soils of the demonstration sites, soils in the northeast and east

were most OM, available P205 and exchangeable K20, while soils in the

north, I south were relatively high in 7.M and exchangeable K. For the

upland .,oi and demonstration sites, s on which maize and sorghum

were grolA .11,, 1.ine highest OM and exchangcfole K contents, while soils under

cassava had the lowest. Most of the soils were relaCvely low in available P.

--:sults of fertilizer trials on the ten field (-Tops showed that good responses

were a no levels of N treatment on ma r, sorghum, groundnut, cassava,

sugar. , but responses to P and K red. Yield responses to plant

nutriem. were at by available P and excharviAhle K contents of the soil. The

on.)nif, iium rates were calculated on the basis of the yield response

obtairo', gate fertilizer and crop prices current in 1986. Plant nutrient

recommer, -ere proposed, derived from NPK economic optimum rates and other

factors such qinu for nine field crops.

Th.' of the fertilizer demonstrations was on food crops, the majority

of the rc,t,W nting cereals (1 076) followed by grain legumes, fibre crops,

cassava and Yield responses and economics of fertilizer application in

19
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terms of VCRs were evaluated under various fertilizer treat)))1,,' 'ik d c.,-Yent

regions. Economic analysis of results indicated that the curreft I ciTilizer

recommendations would only be profitable in specific areas and cou )pt 4

for other areas.

Successful field demonsir ions were used as teaching to. L fhe

organization of farmers' field ch Farmers were responsive to WilL It.. 1 ,ssed

in the field: extensive on-the-spoi. trials and demonstrations in the direct env troinnent

of the farmers are clearly a vital factor in technology transfer.



The results of

the 19r.;-; /85

fertilizeï rc.0:1».,-,

prices prevailiki.

and crop divev!

that this ippi: Ji

possible ..1-1 .

crops.

zer trials on the nine field crops carried out on farmers' fields in

/87 cropping seasons provide the basis for proposing revised

'ions according to soil units, on the basis of fertilizer and crop

I -16. However, considering the varied agro-ecological conditions

i. programmes launched by th2 rdovernment, it is recommended

)71tinued and expanded to COVi. many representative sites as

Ltlop more refined recornmencns, and with emphasis on field

iency should always be studied in the context of the farming

..,-ops were grown. Experiments conducted over a long period on

invaluable as a guide to the major problems that may arise.

)pear to be very few long-term trials in which fertilizer use is

) the needs of the cropping ;,iem rather than the individual

7ecommended that a series of I. mg-term experiments be set up.

-m-eful preliminary site selection, a continuing commitment for

and accurate recording of crop performance and soil

veral years. Such experiments are critically important to any

of soil maintenance. Higher yiidds and more intensive cropping

Jr. that more nutrients are e,crl..u.ted from the soil. Yields fall

when nutrients are not repL.:::(.1 and rather more slowly for

.n systems. Such long-term trials should allow the authorities to

to take prompt remedial action before harmful effects become

21

COMMENDATIONS

3.1 RECOMMENDATIONS

3.2 EXPERTMET,TTS

Nutrient

system

one farming s

Unfortm

managei.i

crops.

These wil 11 I I

initially sin.'.f.11

characteris)1c

success-1'10 fin

systen.,

rapidly ,;.r.1

lowland ri(c

monitor cl-.,ilucf

acute.
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3.3 SOIL TES ING

Calibration of soil values with results of simultaneously cond7 field

fertilizer trials on several field crops revealed a significant cor 1:!0.

nutrient status and yield response to added nutrient. It is therefo t ìmcnrlcd that

the government consider introducing systematic soil testing as a to jug 'ctilizer

recommendations for some field crops. However, further develo u .\vorl in soil

testing will be required to determine critical nutrient concentratH H soil and other

factors that may influence the interpretation of the results of soil

3.4 NG

Among farmers, poor knowled.' 0f the proper use of fertilize?

encountered in the promotion cr lertilizer use. It is recommend Lu ìrs' :now-

ledge of fertilizers be expanded tluough the agricultural exti L i IC.!S, This

presumes continued training of e :1::.rision workers in basic soil and

economic analysis of input and o it relationships. Their involv i 1aaciim.: and

conducting field demonstrations u dl be a practical means to eg,..1) u Widi new

information, skills and tools, to be transferred, in turn, to farmers.

Considering that farmers are responsive to what they field,

extensive on-the-spot demonstra T s in the direct environment M. r.; -1-1 to

be a most vital factor in deliverir, the technology. It is therefo: ncrur I that

fertilizer demonstrations showing a visible fertilizer effect shoulc7 i .0 .1

tools through the organization of farmers' field days.

3.5 INTEGRATED PLANT NUTRITION SYSTEMS T17

While use of mineral fertilizers is t.he quickest and surest way of t rop 7roduc-

tion, cost and other constraints ( icn deter farmers from using tr i m1 Icnded

quantities and in balanced proporti WS. It is therefore recommendc 1.1 trials

initiated by DOA be expanded in order to develop plant nutrient n ,J)),.111 p1:1,;tices

based on cropping systems and i n:Trated use of mineral fertilizer- .idues,

green manures, biological N-iThr.;.0 )n sources and OM of animal i)7- ,i:SI;Ii.nable

crop production in major agro-eLulogical zones of the country.
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Appendix 1

PROJECT STAFF

Dates of Service
Function Starting Concluding

Fertilizer use May 1985 Sept. 1986
specialist

Director, Soil May 1985 Dec. 1988
Science Div.

Soil Scientist May 1985 Dec. 1988

Soil Scientist May 1985 Dec. 1988

Soil Scientist May 1985 Dec. 1988

Soil Scientist May 1985 Dec. 1988

Soil Scientist May 1985 Dec. 1988

Soil Scientist May 1985 Dec. 1988
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Chief, Soil and May 1985 Dec. 1988
Fertilizer Subdiv.

Subject matter May 1985 Dec. 1988
specialist

Subject matter May 1985 Dec. 1988
specialist

Subject matter May 1985 Dec. 1988
specialist

National staff '1)OAE)

Pramual?, S;uiLuI Director, Crop May 1985 Dec. 1988
Promotion Div.

National st OA)

Samrit

Chote

Pairoj

Chumpo

Prasat

Sootin !Ltint,.,1)

Ring

Internaii 'in!

C.T. I-I(i
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A2.1 FELLOWSHIPS
Name

C. Narkaviroj
A. Chareonsaksiri

P. Kesawapitak
W. Intarasatit

Meesawat
Chaivimol

Name

A. Senanarong
S. Chaiwanakupt
P. Satarath

Chuntrapen

P. Somnus
Suanmalee

P. Promsoongwong
S. Suwan
S. Vilaisataya
B. Detsongchan
M. Saevatanonta
A. Dalodom
M. Chuntrapen
D. Jitanoonta
K. Soitong
A. Suriyagarn
S. Yuttagasamson
S. Intaprome
A. Sripichitt
W. Koolsing
S. Srivicha

C. Sittibusaya

Putle
Fertilizer use and rural
extension

Soil and plant analysis

Fertilizer use and rural
extension

Appendix 2

FELLOWSHIPS STUDY TOURS

Note: Three of the four fellowships for the Wageningen cours
funded by the Governrnent of the Netherlands.

A2.2 ST IY TO
Purpose Location

Wheat 1.)1k. demonstr- Nepal
ations; tiltzer trials
and demonstrations

Agricultural produc- Republic of
tion in general and ferti- Korea
lizer resoatch and exten-
sion in pal ocular;

Saemaul Undong
Project;

The F !,art Manage-
ment Eit .ision Prog-
ramme of the Rural
Developtaeill
Administration.

Internnti~) .!1. Conference Nanjing,
on the J, N.,L3ernent and China
Fertiliza A of Upland
Soils

Fel, 1986
-I M.:n.t.it 1986

.:ane 1986

7-17 Sepi, 1986

Location Dates

Wageningen,
the Netherlands

20 lyby 1986
- 12 Io!,/ 1986

Reading Univ., 1936
UK lr'36

Wageningen,
the Netherlands )

1987
- 10 ju1y 1987



Appendix 3

MAJOR ITEMS OF EQUIPMENT PROVIDED

_Quantity Item Cost
(SUS)

2 Minibus (Toyota Hi-Ace Commuter) 18 800
3 Vehicle (Toyota Cressida station w:ion) 27 300
5 Personal computer (IBM compatibi 0) 11 800
4 Printer (Epson) 2 450
1 1,nage scanner 3 400
1 Computer screen for overhead projector 1 200
2 Uninterruptible power supply 1 000

Plain-paper photocopier 6 700
1 Flame photometer (Jenway PFP-7) 4 700
1 Electric typewriter (Thai + Eng1V) 1 000

Air conditioner 4 900

25



Appendix 4

ENTS PEPARED BY THE PRO.IOXT

Chuntrapen, M. 1985. Department of Agricultural Extension's Mineral
Programme.

Ho, C.T. 1985. FAO experience.1 responses to potash fertilizers. 1'4 :ircpare.d 'or:
Potassium in tIze Agriculture S.-stems of the Humid Tropics, the C% INuium of
the International Potash Insti uie. Bangkok, Thailand, 25-30 No', )h(1 I

Ho, C.T., & Sittibusaya, C. 1986. Responses to NPK fertilizer of maiu ;Inc' in
Thailand. Paper prepared for: lit Seminar on Yield Maximizati.'in Croins
through Soil and Fertilizer ILJanagement. Bangkok, Thailand, 12- I, _V ,y ()3(1

Ho, C.T. 1986. Responses of upland crops to NPK fertilizers in the Phd;1 IMu,
Thailand: FAO Fertilizer Priarnme experience. Paper prepared mtcrnational
Conference on the Mana,genzi'n (7nd Fertilization of Upland Soils ,,fa China,
7-11 September 1986.

Handbook of Fertilizer Demonstration Guidance (in Thai).

Handbook of Fertilizer Act (in Thai).

Directory of Direction for Mineral Fertilizer (in Thai).
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