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ABSTRACT 

RemrJte sensing deals with the acquisition and interpretation of spectral measurements made 
ai distant locations to obtain information about the earth's surface. 

With the development of sensors cornbined vdth powerful information systems brought 
about bv the advancement of computer technology in recent years, new opportunities have been 
opened up for the application cf remote sensing techniques in agriculture. 

Experiments consisting of spectral reflectance measurements using gound-based sensors 
have provided a large amount of information relating to vegetation identification. estimation of 
plant biomass and crop yield, crop condition assessment including water and fertilizer deficiency. 
On the basis of the results obtained, data from airborne and satellite sensors have been applied 
to agricultural use including crop forecasting, or resources and enl"ironrnent management and 
eYaluation over wide areas with computer-aided analysis techniques. 

l Grassland management: The author analyzed land cover types using Landsat 
multispectral scanner data in northern Tochigi Prefecture. Four grassland classes reflecting 
grassland conditions were identified among the fourteen classes of land cover types described. 
Furthermore, by combining Landsat spectral data with records of first cutting yield, multiple 
regression model was created to Pstima le grassland yield of the district. 

2 Assessment of agricultural development: In most of the de1·eloping countries ,vhich are 
endowed with vast expanses of land, there. are still areas which have remained comparatively 
unexplored. As a result, in these regions. there is a lack of precise soil surveys which are most 
important for selecting suitable land for agricultural development in a short time. The author 
developed an evaluation system using Landsat data for agricultural development in North 
Sumatra, Indonesia. The characteristics of the system are as follo\\·s: 1) each thematic map 
including data on elevation and land-use was integrated as a grid cell data file of 500 meter by 
500 meter in size, 2) according to the quality and quantity of available thematic maps, a three­
step evaluation system was designed for carrying out evaluations at each step, and 3) vegetation 
type was used as a source of information for land e\·aluation. 

Introduction 

Food supply in recent years has become an increasingly serious problem due to the large 
increase in population in the developing countries, while food production in the developed 
countries tends to be unstable owing to the frequent occurrence of abnormal weather 
conditions. Therefore it is of paramount importance to develop methods for forecasting and 
estimating crop production both in the developing and developed countries. 

Remote sensing is not a new concept. From tirne immemorial, man has been using flying 
machines to observe the earth from a distance. Image interpretation with aerial photography 
has been used extensively for this purpose and over the years a sophisticated technology has 
evolved using photographic sensors for remote sensing. 

Also in grassland science, aerial photography has been used in the planning of grassland 
development and evaluation of pasture conditions. These results have been summarized by 
the National Grassland Research Institute (1977). 

On the other hand, with the recent development of computer systems, numerical analysis 
of satellite-acquired spectral data on agriculture has become one of the most promising 
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applications because it gives the opportunity of acqmrmg data timely over areas. 
However, in Japan, research to grassland management by this type of remote ""'"'"m,cr 
is in its early stage. 

Concept and application 

1 Electromagnetic spectrum and bio-information 
Remote sensing deals with the acquisition and interpretation of spectral measurements 

made at a distant location with non-destructive methods based on remote control. The 
physical basis for remote sensing is the distinctive characteristic of electromagnetic radiance, 
in which, usually the region from 300 nm (0.3 µm) to 100 cm of spectrum is used for remote 
sensing measurements (Fig. 1, Landgrebe, 1978). 

Experiments consisting of spectral reflectance measurements using ground-based sensors 
have provided a large amount of bio-information relating to vegetation identification, 
estimation of plant biomass and crop condition assessment including water and fertilizer 
deficiency. On the basis of the results obtained, data from airborne and satellite sensors have 
been applied to agricultural use including crop forecasting or resources and environment 
management and evaluation over wide areas ·with computer-aided analysis techniques. 

The Remote Sensing Laboratory of the National Institute of Agro-Environmental 
Sciences is developing new sensors to acquire plant bio-information. Most of these sensors 
have been used in medicine or engineering and have been adaptated for applications to 
agriculture. Fig. 2 shows the capabilities for detecting plant qualitative and quantitative 
characteristics, such as chlorophyll and water contents, dry matter, protein and carbohydrate 
yields, canopy structure and plant temperature. However, the techniques are still in an early 
stage, and the system to acquire and process data for bio-information requires a higher 
degree of sophistication. 

2 Platforms and sensors 
Fig. 3 illustrates the kind of platforms and sensors used, and the elevation at which 

remote sensing research is conducted. Sensors mounted on ground-based platforms such as 
hand-held radiometer on tripod or truck-mounted boom are suitable to acquire basic 
information about the reflectance characteristics of crop leaves. Camera on captive balloon 
or sensors on low-altitude airplane may enable to detect differences in the conditions of crop· 
growing in farmers' fields. Also multispectral scanner (MSS) or thematic mapper (TMJ 
mounted on high-altitude airplane or satellite can be used for yield forecast of a region, and 
environmental assessment of a district. 

Ground-based spectral measurements 

Fig. 4 shows an example of spectral reflectance patterns of two grass species (tall fescue 
and orchard grass) and two legumes (white clover and alfalfa). Some of the differences in the 
spectral pattern which are observed, are related to differences in species or in canopy 
parameters such as dry weight (DW), fresh weight (FW) and leaf area index (LAI). Fig. 5 
shows the relationships between such parameters and reflectance at 1,040 nm of wavelength 
among six pasture species, each comprising three levels of biomass. A high correlation was 
observed for the plant water amount (FW-DW, g/m2). The correlation coefficients increased 
,vhen several wavelengths were combined, as shown in Table 1. 
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The lower part depicts the regions of primary importance in remote multispectral 
sensing. 
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Fig. 5 Relationship between five canopy variables and reflectance at 1,040 nm of wavelength in 
six pasture species. 

Canopy variables : a) dry weight ; b) leaf area index ; c) plant nitrogen amount ; d) fresh 
weight : e) plant water amount. 
Pasture species : R red top ; P perennial ryegrass ; 0 orchard grass ; T tall fescue : A 
alfalfa : W white clover. 
Each species except white clover, contains three different levels of biomass, 



Table l Linear correlations of :reflectances with canopy variables 

band 
(nm) 

Fresh Dry 
Plant Leaf 
water are;1 

amount index 

Plant 
nitrogen 
amount 

--··~ ,--,------------~-----~ ··---~---

band 650 
850 

1040 
Two bands 

850/650 
Three bands 1040·850/650 

* Significant at 5% level. 
* * Significant at 1 % level. 

* * • Significant at 0.5% level. 

0.604** 0.43()* 
0.763*** 0.701*** 
0.711** 0.433* 
0.864*** 0.660*** 
0.850*** 0.738*** 
0.914*** ** 

Underlined coefficients indicate the maximum values. 

-- 0. 63-1 * * * ~o 259 
0.768*** 0 ** 
0.774*** 0.695*** 
0.899*** 0.680*** 
0.842*** 0.707*** 
0.924*** 0.756*** 

Estimation of first cutting yield of pasture using Landsat MSS 

l Identification of land cover types in Northern Tochigi Prefecture 

- 0. 553 * 
O.S38* 
0. 626** * 

0.852*** 
0. 754 ** * 

0.870*** 

Pasture yields often fluctuate with differences in management, because pasture is usually 
cultivated for a number of years under the pressure of cattle grazing or harvest by cutting 
several times a year. Consequently, pasture shows wide areas of non-uniform growth 
distribution in contrast to row crops such as rice or wheat. Therefore an understanding of 
pasture productivity is difficult to acquire at present which makes it difficult to design plans 
for the improvement of pasture and/ or the purchase of supplemental forage on a farm. 

A study ,vas undertaken for estimating pasture yields using Landsat multispectral 
scanner (MSS) data collected on May 25, 1979. A flow chart of the basic steps taken to 
perform the analysis is shown in Fig. 6 (Akiyama et al., in press, a). A performance of more 
than 90% ,vas attained in every group, with an average of 94% on the whole (Table 2). 
Land-use maps including six groups represented by different symbols covering Nishinasuno 
Town were produced (Fig. 7). 

2 Yield estimation by multiple regression model 
Multiple regression models for pasture yield estimation were designed (Akiyama et al., 

in press, b) using actual first cutting yield data collected from 26 pasture plots in N ishinasuno, 
and combining this information with Landsat spectral reflectance data recorded on computer 
compatible tape (CCT) from the four channels. The equation used (R=0.923***) is expressed 
as, 

Y est. (kg/ha)=--= l 77X1 + 132.5X3 + 99.4X4 -216.2X6 + 10642.5 
Here,estimated yield (Y est.) expressed as a function of Xi, and X, to X6 in the equation 
corresponds to the CCT counts from Channels 1 to 6. In CCT, counts from Channels 1, 3 and 
4 of the Landsat original data. covering the wavelengths 500-600, 700-800 and 800-1,100 nm 
are included, respectively. Channel 6 represents the logistic ratio of Channels 4 and 2, log 
(Ch ,!/Ch 2), which was used to increase the amount of information on vegetation. 

Yield estimation by multiple regression model using four channels was applied to our 
study area, and the magnified Shiobara-Nishinasuno area appeared in a yield map shown in 
Fig. 8. In this map, four yield classes for the first cutting were indicated by grading: 1 for a 
yield of less than 1.9 ton, 2 for a yield ranging from 1.9 to 4.1 ton, 3 for 4.1 to 5.7 ton and 4 
for a yield exceeding 5.7 ton per hectare. 



Table 2 Classification performance of trarning fields in,o nine land-use groups in 
northern Tochigi Prefecture 

==== ~~====-· ___ ., .. ,._ .,. ___ ' =-=~~= 

Land-u:-:,, 
group 

(abbreviation) 

I< un1ber of points classified as : 

1 Forest (For) 
2 l?asture (Pa'1l 
3 Semi-natural 

grassland( NG) 

4 (;ntf course. etc 
5 Dr'.' f1t'ld (DF) 
6 Bare soil (BS) 
7 Urban area (1}S) 

ll Paddy field (PF) 
9 Water CW at) 

Perf()rrr111nce 

90.7 
92.5 
95.0 

(GD) 96.6 
9:Ul 
90 5 
93.7 
94. ;) 
97 .J 

=------~---------~------------

Total 94.(} 

For Pas 

288 26 
9 19, 
0 2 

0 

0 

0 
0 

[) 

4 
0 

0 

0 
0 
0 
0 
{j 

() 

(\ _, 

6 
1 

,, ,, 
0 
() 

0 

299 237 57 92 

Underlined figures indicate correct classification. 
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Fig. 6 Flow chart of the basic steps taken to perform analysis of pasture yield estimate. 



11 
111 
I +I 11 

+1 I I I I I I I 

11 I ti ti I 
I I++ I +1 I f 

I I +I I I+ I I I I 
I I I I I I I I I I II 

I 1++0 11 I I I I I l 
I 100001 I 11 1000 

111100010011 1100 
I I I I 0 O 00 0 O I -t- I I I oo +-

I I I I 00 000 I I I I I I I I+ 
I I I 0000 I I I I 11 O I I I+ 
oo O IO O I ++ I I I 0 O I I+- • I • 0 I I 

OO<tOJ1++1 1110 II ---1 _•••O• 
·+o101100 111+···0 0-----·1·•·· 
000 10 •• I 1+110 • • • 00. •---• ---• • •+ 

I I 000000 I I I 1000 • oo• ---------••I 
OO•OI IJ-t-OO+++oo -i------·---·--· ·1· 

OOOOJ1-1-+01000000 0-01-'t-------- •·I 
OOOOO!Ot-•100 OOQO -01-----------••-

0!00+-• 1000 oOOO+ 00I0•-------00-• •Q-
I O I I O • I O O 00 0 o O · • . • + 0 I oo O I -. - - --- - - o • --O + • 
1 r, -1-•++ 1 00000•••• +-ro+++++ -11 01---•------•- • • 

I +++o+ I+•••+·• ·+-1 o-+ I JI I I 11 10----- -------- •I 
0 I ... 0+1-e+oo-•00-----1 +II 11 o+- I----- ·--·--•o • -
o··ot-o- o•o --1- o-----1-111, l•+•+-------o•oo-_:+ 
00-0Q-OO-e-+ !------+----•II I • - • •O ---1 -•---- •••:, -
oo - Io+ +--o•-+--+---o------ - • 1 •, 1-----oeo--- - . •-

1 - 1 ·+- • 1+-•+·---·-+-------•·••--··I -------· 
-- · · oo - -++----• o- o+ - --4------ .. eoo-----o-,, • -­

• • O• ----+-o----- •-- • • -----•• •000-•-1 IO•I 
----------0 ------ • ••-----. e+0 00- • _:__ 11 00 I 
-----+ · -1 • ----00-1 +• -- - -----• -- •-1 o-+o. oo I 
--o •----- •- •---1 +--••. •-•-• • o-o---+o I ; IO I I 
-- I I- -- •-- I 1 ---•--o--o-•--•-- o-- • --++0-1 
------o-- 0•----•-----•••••-.. •t--•o- •----o 11 
I I -I I oo--• ·+· --------••-• .. ··•·---000-----11 I 0 

+++- -- ... 1 1-1 1-----• •+ ............. --'!- ----1+oo-+-·-----•--+ 7+0--·········••+--•---------- 0 
=t-=--===·::::.;:-::t:;~:::~::::::~ • __ _!__• 1--··•-•~ 

t • •·o----------••------••·-•••-----•o+---••• 
I 1--1----0----•-•o-----•• .. •-------·••- -
1, ---+-+++----••-------•••-- •--o--e-o-­

, I 11 I -o- ----+e -- --- • --oo -•• ----- -- ---+ 
1. -+--+ ---•o+----·•-•---o• ----- ---

ltff;---::o i;----·: •-•--•--------~-- -
II 1-+---•------------------e--

/ I:.:. I::+:: :.:.:::;:! :::::::-
Legend -! +1-·----------0- -----

Paddy fie-ld 
+ Dry field 

Forest 
o Grassland.etc. 

Bare soi 1 
• Urban area 

tL--==-------------+---------------------------•--------------1=::::f•------r+•----_ 
- -------++------------- . - ------------ -----------------••-

------ 1---
----0-• -----· -----o-+-. ----•------o Io--­
-•----+•-+ 

• 

249 

Fig. 7 Land-use classification map using Landsat MSS for Nishinasuno Town in Tochigi 
Prefecture. 
Each symbol represents 171 m x 171 m of area. 
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Fig. 8 First cutting yield estimation map for Shiohara-Nishinasuno area. 
ln the multiple regression model. the best four channels (Ch l, 3, 4 and 6) were used. 
Four yield classes for the first cutting of pasture were expressed with numbers from 1 to 
4, such as 1 : 0-1.9 ton ; 2 : 1.9-4.1 ton : 3 · 4.1-5.7 ton : 4 : over 5.7 ton per hectare. 



Land evaluation for agricultural development based on Landsat data 

1 Assessment of agricultural development in the tropical area 

2'51 

In most of the developing countries ,vhich are endo,ved with n1st expanses of land, there 
are still areas which have remained comparatively unexplored. As a result. in thf'se regions. 
there is a lack of precise soil surveys which are most important for selecting suitable laud 
for agricultural development is a short time. 

It would be useful if remote sensing technology could be coupled \Yith a computer 
information system. and if this new technology could be applied to agricultural development 
programs. In order to fulfil this objective, it would be desirable to conduct detailed analyses 
covering large areas along with designing evaluation systems for land development using 
integrated remote sensing data. such as those relating to land-use, vegetation type, drainage 
system, etc., along with the data already available such as those on geological. topographical, 
climatic and soil conditions. 

However, since the land surface of tropical areas is covered by vegetation all the year 
round due to the abundant precipitation and high temperature, it is difficult to study soil 
conditions from space. If vegetation types could be identified on the basis of remote sensing 
data in which a total assessment of site factors ,vere to be made, appropriate plans for 
agricultural development could be drawn. Indeed the current status of vegetation can be 
considered to ha\·e resulted from interrelations with the environment, resulting in the 
creation of vegetation units, hence the assumption that environmental factors may be 
reflected in the vegetation types. 

2 Land evaluation in North Sumatra 
Japan International Cooperation Agency is sponsoring a project in remote sensing 

applications for the development of agricultural infrastructure in the Republic of Indonesia 
for a S-year period. In this project, Akiyama and Miyama (1984) designed an evaluation 
system for agricultural development in North Sumatra, Indonesia. The target area lies 
between 02 00'-o:no· North latitude and 99"1S' -100'15' East longitude, including four 
provinces and one municipality. 

Topographically, the land area vrill be di\'ided into three parts. southern mountainous 
area, northern plain and eastern vast s·wamp area facing the Malacca Straits. 

On the basis of the vegetation types, Sumatra Island is included in the tropical evergreen 
rain forest zone. In this type of vegetation, plants grow luxuriantly and trees may reach a 
height of 30 m. with buttresses and large leaves as \Veil as numerous climbers and epiphytes 
on the trunks. This type of forest often contains the richest flora on earth with more than 100 
species per hectare consisting of several vegetation layers inside the canopy. 

Many types of soils such as Alluvial, Lowland Podzolic, Peat Soils. Latosols. etc. cover 
the area. Due to the interrelationships bet\veen climate, topography, soil, etc., many kinds of 
forest formation types have been formed and environmental conditions can be assessed on the 
basis of the various types of forest formation. 

Flow chart used in the analysis is shown in Fig. 9. The characteristics of the proposed 
system were; 1) Each thematic map with information on elevation and land-use was 
integrated as grid cell data file of S00 meter by 500 meter size, 2) According to the quality 
and quantity of aYailable thematic maps, a three-step system was proposed for carrying out 
evaluations at each step, and 3) Vegetation types were used as a source of information for 
land evaluation. 

Results of evaluations of areas suitable for paddy fields in applying the PA TTER'.'-J 
method* are shown in Fig. 10 with six grades ranging from excellent to unsuitable. 

--······----------- ---~-~--------•--· 

* PATTERN method: abbreviation for "Planning Assistance Through Technical Evalm1tion of Relevant 
Number" method. 
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Table :1 Number of clear days in several cities of Japan 
----------- ----------=--~=~~======-=-=--=--------- ============= 

Name of 
cities 

Sapporo 
Sendai 
Tokyo 
Osaka 
Fukuoka 
.:\Jaha 

January-March 
(90 days) 

3 
7 

19 
2 
7 
0 

No of days with cloud cover belo,v 15 % 

April-October 
(21.! days) 

9 
8 

15 
14 
10 
4 

!'."ovember-December 
(61 days) 

0 
6 

13 
7 
3 
1 

From Annual Report of the Japan Meteorological Agency for 1981. 

Year 
(36:i days) 

12 
2l 
-~; 
23 
20 

5 

Table 4 Cloud cover rate in the Tokyo Scene of Landsat MSS received by the Earth 
Observation Center of Japan during 1981 to 1983 

Year 

1981 
1982 
1983 

No of scenes with cloud cover below 20% 

January-March April-October November-December 

5 
() 

1 
() 

4 

0 
1 
1 

Year 

6 
1 
6 

Total :V1SS 
receipts 

18 
11 
l6 

From National Space Development Agency of Japan for the Scene of Tokyo (pass:row. 116i:):i). 

extending from April to October, are very high, as shown in Table 3. For example, in the 
Tokyo area, only 15 days out of 214 days of the cropping season are clear (cloud coverage of 
less than 15% i while 32 clear days are observed during the remainig 151 day-period which is 
not suitable for crop growth. Under the limitations of the present technology, it is very 
difficult to obtain satisfactory results from Landsat scenes when the cloud cover exceeds 
20%. The actual cloud cover rate of the Tokyo scene (pass 116. row 35) computed from data 
collected from 1981 to 1983 (Table 4), shows that out of a total of 45 data receptions, for 1:-l 
of them, the cloud cover during the three-year period was below 20% with only ;i coinciding 
with the growing season. It is thus evident that the development of an all-weather sensor 
capable of penetrating the cloud cover such as the microwaye sensor is essential in the 
agricultural areas of monsoon Asia to which Japan belongs. 

2 Spectral division 
Landsat lVISS data provide us with a large amount of information on land resources. 

However, the spectral division of Landsat MSS (0.5-0.6, 0.6-0.7, 0.7-0.8 and 0.8- 11 µml is not 
always suitable for extraction of agricultural information. Therefore. the thematic mapper 
(TM) bands of Landsats 4 and 5, which will be soon in operation have been assessed for their 
capability to extract information on plant. 

Bauer et al. (1978) compared the correlation coefficients of five different canopy 
variables between Landsat TM and MSS bands. A near-infrared band in TM, 0.76 0.90 µm, 
showed the highest correlation with soil cover and leaf area index, while the middle infrared 
band, 2.08-2.35 µm. showed the highest correlation of the six individual TM bands. with fresh 
biomass, dry biomass, and plant water content. These results illustrate the importance of 
making measurements in several regions of the spectrum. especially in the middle infrared 
wavelength region which is not covered by the Landsat MSS. 



3 Resolution ability 
As for the earth surface resolution, Landsat lVISS affords a resolution of 80 m by 80 m, 

which is too coarse for application in agriculture in Japan. In 1985, it is anticipated that it will 
be possible to obtain TM data of a resolution of 40 m by 40 m, ·which may provide more 
precise information. 

Many problems still remain to be solved. However, for the present time and near future, 
in order to manage and conserve agricultural resources and products, applications of remote 
sensing techniques appear to offer a definite potential. 
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Discussion 

Toutain, B. (GERDAT), Comment: Our Institute has a remote sensing division which has 
carried out monitoring work on the grass cover of the Sahelian region for several 
years. Next year we wish to prepare a program for the utilization of the European 
satellite SPOT to evaluate pasture resources in N e,v Caledonia. 



Chairman: Cocks, P. S. (JCAI~DA .. ): 
rnost irnportant aspects dedlt \\··ith the hest \Ya/ of 
and irnprcn-~ing the pruductivity r:f JSSJttnft~. 

developrnent of trc·e crnp and p;:_i'.'.'.;ture sy'.·::ren1s; tnc \-Vt1ys .in v:hich intr;irnational 
cooperation can contribute to the ch~Yelt)pn1ent. of tropical and sul".>tropiczd gr(~sslD.nds. 
Interdisciplinary· n1ethocls of conducting research \viIJ be •:>'.sent.iaL Plant and anirnal 
scientists n1ust \Vork together ,y·lth econc\1nists and anthropo1ogi~ts In i.1npr{J'-"ing 
grassland farming sy,,tems which ,,·ill pla:, a ke~· rr,le in trus den~iuprnent. Ind:c0cd we 
mw;t think in term" of liYestock producing system:. Alsc, effr,ns .:hw1ld lx m;ide tr, 
de\·elop an appropriate technulng:, sinu:: adva1Ked techniqtH'i·, an' 1101 ah,ayeo ;:ui<:;:blt 
for the small farmer::,. It is irnpc" tani 1 odl'm<,:,~;tr,He the farmers that rhe :i;ml kat'<'1 
of a new system will be pn•fitable tn tht'm. 
\re shall now consider the firs1 lor,ic '>Illich d,~als ,\·ith dw Lili utH1z:Hion of 1 be !,,cal 
resources. There arc abundant r,,so,ll'ces in thc tropics and p2.,·ticu1ariy i1: the Asi1n 
region where the amount of prffipitati(,n ic cumparafr.'e1y high. "\'\'!12.t is imp(1rtant i'.' 
to define the an1ount, the quality and the rr1ethods of utilization,, proces-Sing and 
preservation of these resources. 
I would like to ask Dr. Nada to make a o.;eneral curnmcnt (\I°! th•:"se ;1spe;:ts . 

.'\l'ada, Y. l}apan): Before I went to the troµics, J thuught that the pn)cPssi~,g ,,f msterials, in 
particular ~,ilage making would be difficult due !n the high tempaature and high rate 
of decomposition of tht· products. However I found that :,uch pr,y·edure \Yas 
comparatively easy. I assume that there must b,: significant differences ic the 
cornposition of the rnicroflora in the air or siJage bet\veen tropical and te1n1::ierate areas 
since rotting of silage ·wc1s seldom obser,.·ed there unlike in .T :,pan. Hm1·e,·er. the 
decomposition of the materials ;, Y-::ry :·:ipid in the tropics, result;ng i,~ a loss of the 
nutritive value and ert::::rgy. Studio, on these aspects wnuld be irnportant. 

Toutain, R (GERDAT'*): \\'e have compared 1wo r,;pes of silage, namt·;,, maize and 
sunflo\ver and no differer1ces ·,vere detected \\•'ith regard hJ the techn~(p..K:>:; nf 
processing. Hmvever. in f,·eding tri;ils with two lob of weanns, the Ji, ewt·:ght gaiil ,if 
the animnls with sunflower silag't' was superior to tli:it wirh m,iizt· ,ihw,. 

Kitamura, Y. (Japan): \:Ye made silage in incorporating tropical le;./1:n-':> up ;u ,i prc.por li,ir 
of 30~\; of the ration, No additives \~;rere used and the silage ,Yas of good quality, it 
might be possible to reach a proportion of :i(l";; of legume', by ,;,:ing addifr:E"S ,,t;ch ::1s 
molasses. 

Chairman: Cocks, P.S. (ICARDAJ: I Wi)uld like to ask !\fr Chen i,, corn11knt un ti'w· 
utilization of rice straw· in l\lala,) sia. 

Chen, C.P. (l\Ialaysia): Presently, work on :',traw trf'alment is Lein;.; carrit,r1 mn. on a 1;,,rgp 
scale at lVI ARDI*'*. l'I lso in the T\luda lrrigatiun Area, in tlw nur then, pan of \Iai;:ysi,., 
field experiments at the farmer's leYel have hefli cond, 1cte,i b\ t rc·,n iniz st PY with 
urea followed by direct feeding to the cattfr. Guod results \ffre ,1:irnined huL the main 
constraint is the motivation of the farmers . .:\ttemp1 < are hein,;: Dldde at '.l ARD! ln 

conduct experiments on the rreatment nf straw \Yith tffea a11d "mrnonia <hi a large' 
scale and on a long-term basis, 

Mendoza, R.C. (The Philippines): The dt•gree uf utilization :1:1c1 ir:curr,c·rat io11 d the 
by-products in the ration depends nn the type i>l li\'s'.Stock T1K•ff are 0 e\',:,.ill methqd.; 
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to rh::::, digestibility of ere:;) residues. \\""ith regard to the fiber content. ranging 
fron1_ plain to chernical treat.rnent \1,,7J_th anunonia, urea and enzy1T1es such as 
cf11lulasc, and urea;~e.Pre-httrvest -facccrs .must also be taken ·into accountit appears 
th{tt the rare of application of nitrogen fertilizer affects the fibrosity index of strav,--. 
Cr<T \·ariet:, :dso n',;nc·d to the iibrosity index. In addition. cropping patterns slwuld 
b+~ sy :~terr1atized if a stt·ady supply· of high quallt.y 1n£1teria1s Yvhh a lov.rer content of 
,:,.,!Juiose E rn be untained. ,\bu the phy~,ical transformatiu;1 of the fibrous structure of 
tht n '"idues ci1uld increase lhe digestibility. 

l\1,rnidool. C. (Thailand): There are at least three ,vays of improving by-products: L By 
cllemical treatment (urea. ammonia) for ensiling, ":. By fermentation using 
·nicro-,,; 11, .. <nisms :,1.1< n as However in this case the cost of production is high and 
pr1iduction must be on a large sc-ik, :3. By ltsing rice straw in conjunction with legume 
leaves !Le11r:1ew1, Gliricidia, Er\'tl1ri11a, etc.!. This method is particularly suitable and 
:mccessiui for the small farmers. 

Chairman: Cocks. P.S. ilCARD 1'.J: ln Syria. ,.here 'iff varier;;i diffen.'nce:,, in straw quality 
reiated to the amount ut leaYes ren,aining a:'ter harYe,ot. Grain yield is often positi\·el:, 
correlated v,,rith stra,v quality and breeding \York nf grasses could be oriented toYvard 
this direction. 
Could Dr. J ayziwarclana comment nn : he ut ilizaL1u,, of cumn,,mity and backyard land? 

Jayawardana, A.RP (Sri Lanka): In Sri Lank:t there ar,, areas o, land\\ hich ha Ye recently 
been demarcated by law for exclusive use as coff:munai grazin~ grounds for farmers 
who do not mYn J;md. V\' e pl:m to or,;anize the i ,ffmers int,, connerativc:c, so as to h;:we 
them manage these lands accordi11,~ to tlwir need,,. 

Siregar, I\LE. (Ind,mesia): ln Indonesia sources uf forage :,re found on roadside~: in rice 
buncls, m, field boundaries anci in forests in tr ;;d11ional farniin¥. Imprn\·ed species of 
legumes and grassc;, are iutroducecl on roadsides and fi:·ld boundaries. including tree 
legumes (such as Leucaena. Gih icidia. etc.! particularly for the farmers with small 
holdings ,vho apply intensive cropping systems Intercropping is practiced for 
increasmg the production of forage crup:,. as in i.he case legumes combined with corn 

in t}Jc upialld fields. Seed multiplication schemt'S are also being implemented. ln 
addition, agTii-fPrestn i,: an oth,0 r meanc; of increasing forage production in the 
intensive croppin~'f system,,. 

Chairman: CockR, P.S. Ol>\RDA) \\.ho conrs the co~:t of deveiopment of improved forage 
along the roadsides? 

Manidool. C. (Thailand): The guvemmenr coope,,\tes in pni-,'iding the seeds of legumes used 
for the improvem,~nt of roadsides and (>VersuwinR of cummunal grazing lands. 

Siregar, M.E. (Indonec.:ia): The gmTrnment (Departments oi Agriculture, Forestry. Public 
Works, Internal Affairs) and USi\ID* subsidize the schemes aimed at increasing 
foragt· product inn and c:t preventing the erosion of watersheds. In addition. the farmers 
who are organiz:.,d in cooperatives also bear part of the cost. 

Abdullah Hj, B. (Brunei): [n Brunei Darussalam, grazing of cattle and buffaloes along the 
roadsides is dangerou,:. :~ince th,: ;-mima]¼ E1ar be nm over by cars. To prevent the 
losses associated with the accidents the g(rvernment provides subsidies to enable the 
farmers to build barbed-wire fences. Communal g-razing land is mostly restricted for 
use by buffaloes. Studies are in progress to improve the botanical composition of 
grasses and iegumes (Para grass is particularly recommended in swampy areas) and to 
promote management practices such as rotational ,;i;razing. For cattle, intensive 
grazing crmld be promoted nn cornmnnal grazing lands. 

Chairman: Cocks, P.S. (!CARDA): It is difficult to tr,11hfer one form of management from 
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one country to another. For instance it may not be desirable to promote roadside 
grazing in Ethiopia due to the low fertility of the soil (phosphorus deficiency) although 
the botanical composition of the grasses and legumes is adequate. 
We should proceed to the discussion of the second topic on the agenda, namely how to 
improve and increase the productivity of natural pastures in terms of anirnal 
production. Would Dr. Kitamura make any comment on this problem? 

Kitamura, Y. Y. (Japan): The cultivars and species utilized are essentially adapted to the 
conditions peculiar to the respective regions. For instance, in Okinawa, S(vlosanthes 
does not grow well in the northern part of the islands with alkaline soils whereas 
growth is satisfactory in the southern part of the highlands where soils are acid. Trials 
must be performed under the local conditions. 

Siregar, M.E. (Indonesia): In Indonesia work on natural pastures has been carried out since 
1978. In the dry areas of Sumba Island (speargrass is the dominant species) and South 
Sulawesi (alang-alang is the dominant species), improved legumes such as Stylosanthes 
and Siratro cul ti var are being introduced in the natural grasslands. As a result, the 
carrying capacity increased from l head/ha to 8 head/ha. Research on breeding and 
selection is also underway. Collection of native species of legumes is being promoted 
in Sumatra and Sulawesi in collaboration with CIAT*. With regard to screening, 
collaborative work \Vith CIA T and CSIRO* * in relation to seed is also in progress. 
Selection is made for areas with high rainfall and low altitude, low rainfall and high 
altitude, low rainfall and low altitude and high rainfall and high altitude, respectively. 

Jayawardana, A.B.P. (Sri Lanka): To improve natural grasslands pot and field trials are 
most important for the detection of deficiencies in micro-nutrients, in particular, in 
soil so as to bring about improvements with low inputs. 

Mendoza, R.C. (The Philippines): Rainfall is a major climatic parameter in the tropics for the 
productivity of natural pastures which is likely to remain lower than that of improved 
pastures. In the Philippines, the management consists of low cost inputs and strategic 
fertilization. For grazing, stocking rate and stocking density should be distinguished in 
native pastures. For the breeding of species, productivity and persistence of the native 
pastures should be based on optimum diversity. A species should be selected on the 
basis of its competitiveness and associativity ability. The breeding objectives should 
involve species with well distributed growing points, both in terms of space and time. 
Species of grasses and legumes should be selected for good flower and seed persistence. 
Seed production is also possible in native pastures through strategic grazing. 

Chairman: Cocks, P.S. (ICARDA): Could I ask Dr. Takahashi to comment on some aspects 
relating to the fertilization of pastures? 

Takahashi, T. (Japan): The international cooperation between soil scientists and pasture 
agronomists is extremely important to identify deficiencies or excesses of nutrients, in 
particular micro-nutrients ,vhich are associated with special types of soils. Field 
experiments should be correlated with soil survey results. 

Chairman: Cocks, P.S. (!CARDA): Could Dr. Maeno make some comments on the protein 
bank? 

Maeno, N. (Japan): The introduction of legume-based improved pastures is very important to 
increase the productivity of grasslands. However, some inputs such as seed and 
fertilizers are necessary for the introduction of these improved methods. One of the 
alternatives is the introduction of legumes only as a protein bank. Part of the natural 
pastures could be completely replaced by legumes. This area will be used during 
critical stages of animal nutrition. This is an economic method to introduce improved 
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pastures, which is advocated by the members of the Tropical Pasture Program of 
CIAT. Among the species of legumes, tropical Kudzu and Desrnodium oualifo!ium are 
particularly promising. 

Chairman: Cocks, P .S. (ICARD A): Could Dr. Yoshiyama comment on seed production? 
Yoshiyama, T.(Japan): In most of the tropical grasses, seed production and germination rate 

are low, even if the herbage production is high enough. Thus seed yield of grasses and 
legumes should be improved for the benefit of the farmers. 

Chairman: Cocks, P.S. (ICARDA): We shall now move on to the topic of Leucaena 
production. 

Mendoza, R.C. (The Philippines): Leucaena which originates from South America was 
thereafter naturalized in various tropical countries. Presently there are many ecotypes. 
Establishment is best achieved by direct seeding or cutting and the land preparation is 
important. The management of Leucaena will differ depending on the use, mainly for 
wood or leaf meal. To produce leaf meal, high density planting is required. Leaf yield 
is determined by the cutting height rather than by the cutting frequency. As regards the 
feeding quality. Leucaena is a good source of protein when leaves and stems are 
properly mixed (2/1 ratio for 20% protein). Intoxication of cattle by mimosine appears 
to depend on the composition of the rumen microflora. There are several ,vays of 
reducing the mimosine effects: l. Soaking leaves in ,vater enables to remove mimosine 
which is soluble in water. 2. Ferrous sulfate supplementation in the ration results in the 
decrease of the content of mimosine (a rate of 0.2 to 0.4% of ferrous sulfate makes it 
possible to double the proportion of leaf meal in the ration), 3. The increase of 
temperature leads to the decrease in the mimosine level. Also the content of mimosine 
depends on the area where Leuc:aena is grown. Soil factors and rainfall affect the 
mimosin~ content which increases v,ith the amount of precipitation. 

Siregar, M.E. (Indonesia): In Indonesia we use mostly the cultivars Peru and Cunningham 
and multilocational trials are conducted to identify the most suitable cultivars for a 
particular region. Establishment is by seed, optimum cutting height is l m and cutting 
intervals are 6 weeks, especially in areas with high rainfall. Feeding quality is good and 
a proportion of 40% of Leucaena leaves can be given to the cattle in the diet without 
experiencing any problem with mimosine. 

Jayawardana, A.B.P. (Sri Lanka): In Sri Lanka Leucaena is found only in the lowland dry 
and wet areas. We are now evaluating the adaptation of Leucaena diuerszfolia and L. 
shannoni supplied to us by F AO* for the hill country with acid soils. 

Chen, C.P. (Malaysia): In Malaysia the cultivars ML1 and ML2 give the highest yield. For 
establishment, mainly by direct seeding, liming is necessary (2ton/ha) and mulching in 
the early stages shortens the period of establishment. We also apply fertilizers, mainly 
P, calcium carbonate along with promoting nodulation. We do not encourage the 
farmers to establish Leucaena through cuttings or transplanting clue to environmental 
conditions. Management is as follows: cutting height: 0.5 to 1 m, cutting frequency: 6 
to 8 week intervals, liveweight gain: grazing without supplementation, in the case of 
beef production: 400 to 500 g/heacl/ clay, milk yield: 6 to 10 kg/head/day. We have not 
encountered any problem with mimosine since Leucaena accounts for 30% of the total 
intake clue to the insufficient supply of the material. 

Chairman: Cocks, P.S. (ICARDA): We shall now discuss some problems relating to the 
development of tree crop-pasture and forest-pasture systems. 

Toutain, B. (GERDAT): I shall refer to the experience of researchers in Vanuatu who are 
promoting the grazing of cattle in coconut plantations. Presently cattle account for the 
second most important product of Vanuatu and excellent pastures in which Para grass 
is used are found under coconut trees. The problem is that emphasis is placed on the 
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Siregar .. ,t~l~. t_I1~dc)nc::-:ird: In urth SuhY\\·csL r~0Ji cat de are µ:r 
, iun uf bnth cau h_--. and Ci)l'()nut:,-; i~; t<Xt:~:~Ucnt. \fe 

agro-forestry arc_:, being undertaken in Sun1atra 

under~ o.t1, pa_hns .. , .,, ~ ~ , . - . . 
~'.lanidool, t. \ l hallanl~J: t \VuuJCI llkl~ to cu1nrne11t on tt1e de\·elOlY'.1',:~~:, 

iortlst,pa:;turt ~:,,,-sterns, particularlr in the c(·tsc i1f thz~ i 

pastures. Indeed three srp,trate cnrnponent.s ha\:p 10 be cni·,,,,, 

the trees nnd the pasture plants. Particular t'arf• 

rnanage1nent pf the plant ancl :-;piJ nutrients bel:ause t hr 
these elernents bet\veen txees and pa~;ture specie~. Cruinea 
nutriex1t absurbcr frdn1 rbe sni1s unlike (:ori gr~;,s~ \\'hi;..~h 
(:oconut pahns require hig:h le\·t~ls 1Ji Kand :\lg Y\ hHe tTJ 

:;uµp1if'd t n the cattle parti":nlarl:,~ in 
often recc:rded 

tupic, ll<HJH:ly dH_:' ider1iificndlJI1 of ::-..rt·'a~~ \\'ht'if'. intern:-u 
pron1otcd. 1.ncluding the \:~xch;in~!,'t:' of f!f';~t"t i( r~~ources &i.1~-i 

Maeno. 'l". 1J::t,;u;): i'ht· c'X, hangc o' ;,,(:;;: ii t(• t-:nahi,;' 

.. inventory of gent~tic resources· 1~; e'";~-:f:.nt1al fnr fur1 i't.t-•J..~ (lt :. rr:rf ~:n: 
husbandry in thi:~ tropics 

:\l(lchizuki, N. U21xm,: The 
the basis for the 

pl~ai\v ;111, 

establi~hn:ent ii{ an 
by the es~~t1::1nge and e,'<th1rttion ~)f i1T1pnrtant genetic r,~\z;ourc::.:·s 
Japan, ,,·c La\+e cstahli~J1ed :-:u1 in\,.ent0rr of the ge1H~tic re:-~(1nrce:,i. 
pas1 urc pl;1 •, r :•. 

Suzuki. S~ (J~1.pru1): -rhc ~:1tional Ins.thule of /\grnbinlogical !~ 1~:-c.,;,,,es 
cunrc1inatinn nf 
various internationaJ agencies such as the II3P(;R"' ~n prorrintc· 
gern1plasrn and irrforn1:1rL1n on genetic resources. \Ve plan tu est;:zh!i;~h l~ -.·iyer f::1,citi:ic'::: 
for seed storage (including rnicrt1•urganisn1s) and a data bank uf g.:'ned1.· rt:~:otirce~; ;~ 
being prep.::.trec1. \Ye al;-;u orhanize each year 3•-1nonrh co1yrsf;:, t~,r1 if1:<1Pt 1c 

plant bref:ding 1n cooperation \vith JJC./\ ~ •+. for youn~ sc~t~nt: ;,~1 <,. 

'f, Intt-rn:1tinn~-d Hu~3rd fi_:r F'tant (~enctJ,~ }\c'.,11)U1T!:'S 

·q J ;ipan lnt.t'ntal iuna1 C(it)per~.d i,)n 1\genc:· 
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ion the 

nt gen;:-t 1c resuurc(~s of cr,)ps 
\\·ith :;\i)(.i•: arn.' .:,JDP :;AO ,:nee 

,Al thest::. subjects. 
~-'iait'):: h: appears th?t tbP art'-1'.L:? are not \Veli <uited to int~:n~::ive 

iive:~tock d1.1.c1 rn v;_~ri;)us ci -nstrairL.s including clirndtic c(,ndit:.~nns. soil 
··rhf:>1-c:fcir(:: the optirnurn nt1lizai:·ic,n of nDtural ;5ra.sslands requirf:~~- c::arefu.t 

ecological i-udies in relation to the succession of \-·egetat ion associated \YHh grazing. 
~n(l cutting as \'>'./eil er;;, the adaptation rnechanisrn~~ of ;_~,pe-cies, AJso ::-~tudies nn 

1J.nd utiJL?'.::-1.tion fricluding· the of the tarp:et area. should be pron1otr:(l '"fhese 
bas:is through the l)f 

irrf-:·.,rn1at kn1 a.1-r1ung the nat. ions. 
::ipan): ~fhere i.Jre definite c,·:,rL•;trai11t~; in Uh·'• of ren1otc stensing 

1n the tror:lcal countr1e::~. \Vhich can bt.:1 sun1.rn::~sizf·d as fc,lloY\r;._- l., T'lk· cost 
the hciliti,'s are qften imdeq1i::U', :~. '.. ,1,1dsa, 1-.::,,,,;,,tion eartl· 

s·u.rfa.ce ar prr~senl is a~; co~1rsc as 80/80 n1. ~t 1n the rnnn::::,uon tropic~~, the cJuud c.1)ver 
pn:'Yf~l ts thf' :;;1Jlectton of 1-l<nrever this technique iS:: very u~:;efu.l fnr the 

>-1.ssess1nent. of .agricultural developn1ent sinl~e Landsat data enable i.dentif.v 
tore~_::.t .~orrnat ion tyJ,:.:;t:s, Sf.:ti1 conditions and environn1ental prob1e:ns sucb as flood and 
(1ther 1;atuc:~ disa~-:.r:?rs. Fi_;r a. n10-.rc pr(:•ci~~e asses:;n:u~nt uf resources. rern.c.rtJ:: sensing by 
,,.li :,la,1t- mo',, -,uita),J,,, Fin;: th,· ,_:0mbin:;i ion <,[ remq,e >'t·nsin,:,: t,'c'hni'']'Y'S wi;J, 
gras~Jar1d ecosystcrns n1odcL as by Dr, Shiyorni. rnay be \:ery u~:eful for the 
long;--Lc:-r111 a:--:.f:,essrnent of t.r;;;pic.al gra:~:::~land rnanagernent. 

'hairm:rn: Ceri.:s, P.S (lCJ\id).,;,):, ,y,;Jd l ,:,:k Dr Yo8hiyc1m,; rn;;kc th('• f;nal C'.""1n1e,1:, 

on the syn1~_.:osiun1J 
~{nshtva.n1a~ l\ {japan): I fee.1 that htJth the country reportE~ and rhe :~:pecial report~.: 

tl•ree rn.a.in \\'C~re nHY·~t intert~::-;;U.ng. I dn hcjpc that the -.:..,-rduable in-forrnation 
pre3,:?ntecl during the: syrnpnsiu1r: ?\vil1 be n10:;:t useful for th.e prnrnotic1n of future 
,·,:':,earch ,m g(::°',lan<] 

::·:hould 1ike to raise a fe,v point~: 
In the: esta.bh.shrnc'.nl of artificial tht: introduct.i<.H1 of grasse,~, .'.-fnd legu.rnes 

adapted to the various regions i::-.: in1portant to incre;:.ise the procluctiYity of the pastures. 
particu1;-trly in the scrni-arid ,;_:1reas. 

']~he treatn1e:nt and vreser\~ation c,f forage to feed to cattle during the dry season 
mu•,t he ,:r,nsidererl. 

'.5 It is hnportant to select suitable grasses and to stabilize grasslands in ta.king account 
of the grcn:vth con1pet ition bet\veen gra~~::•;es and trePs in the hun1id tropics. 

-l J \,·as nwst imc1,este<i by the methnci.s proposed for the dnTlopment of ii\·estocl; 
keding systems in tropical grasslands. 

it is ab() import ant to ·=elect suitabh- catt If' breed,: hr grazing. along with ir:!pt'O\' l',g 
caJ-f J)roductlvity·. pron1cd:ing the gro\vth ()f caU .. Je and devising n1ethods for the prf'.\rention 
uf cattle disf:a:;es, etc. 

ti I would like to empkisize, finally, that it is ,er\ difficult to i;nprove livt'st11,:k 
production in the tropics and subtropics unless research on pasture and forage CJ ops is 
,-nhan,:ecL T<· ;ichin e this (\bwctive, the exchange of researchf•rs and information among 
the countri(:s is cf pararnount .in1portance. 

Chairman: Cocks, S.P. (lCARDA1 I wonld likf 1:, c,rndude in mentioning rhat 1.he conf<'rence 
sh<rn :, that the re:,earchi:rs inYOi\ed in grassland imprn\·ement in the ! rnpiGd and 
subtropical regj(Jns tend to for111 a very actiYe a.nd dynar11ic rr.r<)Up \Y.ithin the 
agricultural t .. ::ornn1unity .. Also ,;,vhen l visited so1JH:) of the countries of Southeast 1\sia. 
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I \Vas impressed the efforts made by the Japanese government m the 
researchers engaged in such activities. 


