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THE AUTHC

Dr. Sam Portch received his Bacl- lors and Masters degrees from
Macdonald College of McGill Universit: in Montreal, and his Ph,Dy
from the University of Arkansas in thr USA. A1) degrces were in the
area of Agzronomy ~ Soil Science,

Dr, Portch has had 20 years experience in the area oi soil
fertility resserch and program development. Hic experience inaludes
positions es Project Tield Supervisor for Macdqnald College Scoil
Fertility Trirls; Research Lszistont al the 801l Testing ond Fesearch
laboratery at the Unilversity of Arkenseos with rosponsibilibies in
service Jeboratory cneration, ond laboratory and field researchs
Regional Virector for Panama 2nd Ecuador for the Internetional Soil
Fertility Bvcluation snd Improvement project of North Carolina State
University, where he devaloped hich capacity lshoratories and estabe
lished soil fertility evaluation progrums, Soil Fertility Consultant
to the COoverament of Feuador for five years, and Soil Conservation
and Managemant Conswltant with 3gro « Scicnee Favironmental Institute
and Interaabtional Agriculbtural Development Service in Ecuador until

the present.,

Dr. Porich is a member of the Fmericen Soll Sciencs Society, the
Americen Society of Agronomy, and the Fovadorian Soil Secience Sccletye
He was henored by this later society being awarded the first liretime
membership'in recognition for his services to the ILcuadorian society.

Dr, Portch's internationel. experiences include working in
Guatemala, Costa Rica, Panama, Ecuador, Venezuela, Dominican Republic,

Thailand ~md other countries’,

This report ia based on his first visit to Bangiadeshs
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SUIGARY

A two wees coasulting crip was mede to Bangladesh to
evaluate, recoimmecad, and assist in plamuing the soil fertility
researcil program,

Visits were wade to r .y national inscitutes iucluding
BARG, BJitI, BARL, BHRI, CeRDI, Jessore Reglonal Research
Stavion, DAU and IdA. Seientlsts were contacted and inter-
viewed relutive Lo thelr progrous and soll fertility research,
At most iustitutes laboratory facilitles wesre visited.

Bangladest is avoured with many well itrained and intele
ligent soil scientists. Laborutory facilities are irregular
Crom institute vo lmbitutey out in geweral are close Lo
. adequate in most cuses. There appears Lo be a lack oy a
coherent nationsl soll fertility propram philasophye

A recomeenduation was muue to develop a denpladesh soil
fertility evaluation und improvement project trat includes
sampling, lacoratory, incerpretation, recoumendabion, researchj
and out-reach compcneﬁts. Recownendations and examples were
given for eacn ccmponent,

An actlvity plan was.developed.
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REPORT ‘I.‘O BANG! ADESH
AGRICULTURAL RESEARC;| COUNCII, [RARC)
on
5011 Fertility
by

Dr. Sam Portch
Consultant .
International Agricultural Development Service (IADS)

1.0 INTRODUCTION

& would be presumptucus of a person to consider that he had achieved
an in-depth working kmowledge of the problems, attemped solutions,
available equipment , and personnel in the area of soil science in Bangladesh

in the short pericd of two weeks,

Tt following roport then, can only reflect the concepts obtained
during this period, Undoubtedly, there will be some errors resulting from
misunders: andinge o neorrect verbal invorration. 1t is hoped that these

are mindmal.

the desire of the authop that the reader overlock these minor

)

It 3
errors when revicwing the overall concepts presented.

The importarice of the role of 301l fertility to Bangladesh
agricuitire has been expressed in many reports reviewed. It is one
comporent of® a rational strategy that is needed to increase production on

existing agricultural land.

Te philosopies and opinions presented in this report are to be taken
in the context of an int egrated agricultursl development system and not as

an isolated scil fertility resecurch erogram. ‘They folluw the same opinion as that
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expressed on page 112 of the Report of the Review Team: Bangladesh Agricultural

Research System presented below:

"It would appear that tillage, cropping systems, soil fertility and
fertilizer use, and water managerent on different scil of the country should
receive oriority attention, in onder to serve the farmer better. All of these
‘needs to ' tied to regional stations and linked to the farming systems research
programs. [aphasis should be placed on use of multidisciplinary teams including
soil scierntists, agronomists, and economists, in order to ensure best use of
soils informution at {arm level. In thesc studies ex;)licit emphasis should be
given to probiens faced by different groups of farmers. Often larger
farmers have the best land, which is also less likely to be flooded or exposed
to other risks." '

Bangladesh has four very positive aspects to its soil fertility pregram:
a) an wrgent need for practical information, b) a cadre of well trained soil
scientists, c) relavively well equipped facilities, and d) a philosophy of
cooperation and coordinstion in their research efforts.

This report roflects the consultants opinions with regards to the Terms

of Refervrnice (2) givern below:

2.0 TERS OF REFERUNCL

The following are the terms of reference for Dr. Sam Portch, consultant

in soll fertility to 2ARC om TADS.

2.1 Serutinize the RARC Coordinated Soil Test Crop Response Correlation
Project in terrs of:

AY

aj Approach and methodology
b) Obhjectives and achievements

¢) Resource capabilities
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202 Recundiand albernole progee’ stravegizs Lo sceelerate
acidevein-ul of garwrabing valid and reiizcle fertilizer
recodieildsoauns Uor Major 3ystun on Bangladesh Senchranrk

PRIV 2 |
I T BRI Y

Z2e3 Piovide u Ao Plun wiloh woulii «tt us a gubl.e %o the
$3adC Cooriuinuied Suwils Tecinicyl Coumiciee in implementing
and moaliboling reconmendations as in (2) avove, Include
Aseded resvu ce zad canpower de-elopmenl n.cds,

3.1 Introductions

To scrutinize Lhe C31 strong reliunce was made on informa-
tion reported in the Sangladesh Agricullural Research
Institube (BaKl), Aucugl Heport 1980-81 Gy the soil
welznce Division, ardd sangladesh agricul tural Rlesearch
Guuneil (wsiil) 50lls and Yrrijation Publication Noeo9e

' ; ‘ of CoT as wa.l as cecnversation with
5011 sciuatists in various iastitules,

Only obscrvaulions are waue in tids scect.ion. decoumendge
tions are preseuated in scebion b '

3e2 Approach and Methnodulogys
At the umarco level voth the approach and methodology appear
bo be guod. From readirig reports one observes that a
cuordim bea and anified methodoloc;y is being used, This
ig beneficiul and will result in a more efficient genera-
tion of weful inlowrmalion,
However, thcre are some provlems or inconsistencles that
appear when one reacuus the wicro-level ol observat.ion.

Bramples way eXplawn these.
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b

a) Chumical extractants ased Lo deteimdine availuvle
elemenbs such as Py Ky 8y 6tce are not aiwuys the same
epom instbute to instituce. when asked the reason for
thig, oue suil scientish stabed tuub each laboratory
used whubever wethiod wus thought best or Lad been using
for some blue (braditicnal)e

b) Yne traditional exp.rimentil design used Lo do the
co.relubion studles (ofteu referrcd Lo as a migsing
slanent triuzl) has certain loherect Jdeficiencles. Thls
results in the luack of correlution bebween soll anulyses
and field posgonses to e elements A ndosing elaaent
study should hLest cmiy tae elewent of interest within
one brewoueitbe This hus not bsen dones (iherefore, the
abilizucion of wuch wl the duta for corrilution studies
is linitode In depon interpretation of eacu trigl is
LeCesuur, o dhds siluwsion 18 ove.luy iragroved for the
159e=05 Lriuls, ab ieust u. wARL ¢

¢) kFiuld ovuscrvabious ol one Liial left doubls s Lo
ity useldlaess for soil Lest correlation. Factor other
than suil furtllity were odviously surhealy liudtdng
yields o uil treavsuis (da Chds cuse 1% was disaeuse
proouleis)e

d) No courdiived strort Lus been made Lo stundardlze

reporting or unlts.

Objectives and Acihievementss
No written overall objcetives for the sSTC project were
found in the docwisuts revieweds Tidls may be the reason
ror beking meassurement and collecting data that may be
somewhat lrrelevant to the ex;eriment,
However, ovjuctives are eluded O in the imtreoducticn of
the Soils aund Irrigatiou Puvlicaticn Ho.9 of BaRC, The
folloving statcuenls are uwpdes

a) ¢“It is aignly important to evaluate fourtility
status of various soils sand find out most economic and
sound fertilizer mansgeuent pracvises to attain desirable
prouetion within tihe limdted weuns of tie country."
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B) apriadturally adves: ed countries like Usa, UK,
Geosany, dollund, iew deslund, Ausbraiia, Frilllpices,
and Jagun bave buen usilic vhie conceph of suil bost ¢rop
Fesponse correlalion tor wuking fertilizep recommcenudat.ions
far agricltural Cropye®

If we assune ovnnt Lla Svavewents sel.cbed are ¢lose
o thie guneral oujuclives of the VIV project; Lieny bhey

408 vusically sound wul POrrectiy concieved for o ooil
fortility research PLOST U

It 1s exteasely dicficudt Sor o siot ver consullbant
Lo debeduine Liue exbsut of bhne acidievemciuis of g Program
Or progect witiwul .wowing ius ulstory,

Frowm cowwants wid documents reviowed il appuared that
sull sciencs at uie viwe was g Very oign pricrity rvesearch
fidde usuby due to luck of cuordiiution, and a proliferae
tion of lwn=facuer orlented researcn, soil scionce did not
achiove Luae expu.cted ampacbe rect lizer recoutieadntions
vere aol scivatiiically bused, and tie overull s30lls
PLOBYUL waS w0l service orieutuds BeCuuse of bhis situge-
tlon B0 wuu romed wud iss fesl coordinuved research

aone la 1560=81,

Taking this approximate dute as a vaseline I'rom which
Yo evaluate achievenunts one cai obiube Ll they have been
sood and positive. Firsty (he recopuition of the need for
toe lomation of the olC preject cen uve consluersd a major
aclevemcnt, Secondly, sTC nas ifniitiabod triuls, and is
(at leust at sSanT 1982-03) lmproving on the exverimental
“desig and will getb Letbor corculubion Lidfornablion fop '
waitlig Ielouuendut.lcns. Thdedly, oalll, probabls Lhrough
influences Jroi WIC Leun wewbers, reulized the need wd
rono el ol ferbility,

reyuestbud Lechuical assituace 1n ihe w

Thus, very positive aciuievencnes have been wade by STC.

Still wuch wore needs to ce dene Lorwrds focusing research
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prioritics on developliy pro:iical guick iwpact recore
aenddatiousy us well as obtal.dng vusic in.orudcion and
developing ueiuouoicpy i0or refiain, then,

Resvurce Cupaviliviess

It was a plegsaui surplise Lo read thabt in 1981 therve
were 19 PheDy, wad 79 o5 level Sanglauesh soil scientists,
Accorulug Lo Dre lede hanman of ualiCy Lliivsy are conselvaw
vtive Iigudrco,

Il was o futier plewsure Lo ueet some of these people
und disCuss veendcual uspects wath themes  Laelr igh quality
of braluing was apparent. A gencral awareiess of the need
Lo develop o wmore visole nabiviad soll fervility program in

bunglauesiy was prevalente

Lle nlian resource vuse in solil sciuice research in
sungladesh 138 goole TYreiining nucus auvroad arve minimal at
i@ professio.al vesearcher level,

NO aosescuent was wade ol tlie human resourcé buse of
extensicu or on=fulm researcuers. It wus stated to me
by wore tian vne $0il scientist Lo be weak, O course,
most of ithe trainiug of this level of teciuiician could De
done iliecountry.

AU the sauwv tlue, 1t was surprdsing to sce the number of
availuole lavoratory rucilities that rauge from adeguate
to unsacisfacworye If a cousolidation of some of thuse
could be doney, very little adaitional eyulpeient would he
necessary Lo nave a wouel luvoratory.

There arej however, rescurce deficiences with regard
to on=rarm research peilicles, Tlost dngoitutes are
restrited bo regionel stabion trials vecause of the luck

of vehicvles,.
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4.0

4.1

Mo assessment was made of field research equipment. In most
cases, when working with small varmers, equipment needs are minimal
and can be manutactured locally.

RECOMIIEMDED ALTERIMATE PROJECT STRATEGIES

Introduction:

fiuch has been achieved by Bangladesh soil scientists. Any
suggestions made herein, assume that the recommendation would
integrate with on-coing work, would capitalize on the well trained
human rescurce base, and would reauire a minimal input of new

equipment.

The objective of the reccommendations made is to achieve a
rapia impact with Bangladash farmers, while maintaining a systematic

research approach for long term development.

It should be clearly understood by policy makers, donor
agencies, and the cenaral putlic that aaricultural science, or in a
broader sanse, aariculture. is a dynamic system. Chanages are made at
the ficld level because of cxternal policy fecisions, climate
alternatives for tho farmer, his manaqgement and a multitude of other
factors. It is; therefore, unwise to think of agricultural research
as static. Mo one recommendation will be forever. There is a
continual need to refine recommerdations to meet chanoes at the field
level. Thus, an aaricultural research program must be developed not
only to attach immediate problems, but also be structured so that it can
arovt, ovelop, ~ad flow to new research arcas and problems as they
develop, or as priorities chanae. The same is true for a soil

science research nroaran.

It should also e clearly understood that a soil seience
research nrocvam shou'ist not bSe isolated. The fundamental yield equation
that states that vield is a function of (Climate, Crop, Manaaement and
Soil) helps place the role of soil fertility into the agricultural
picture.
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1+ unould e clwur frow ondks equation tiat the soll
scienbist caunot separaibe nlasell veen in sds wivlogiosal
avaluation of yladd, trom sucl fociors as climate, types
Sl varistics OF GrGpsy s0il phyuvical churoCterisvics, and
upavilitivs off tie lurier who

Ll mdllngomuiit Luveds dnd C

Wiil wee 1ds rusearaied cecommueinlatoons.  hus, @ s0ll
fcpbiiity pescalcl proglan wust Look oubward and ve
wlbidiselprdiury i Lts nabliree  Ands polnt is made once
Lere Jub appLies to wll discussien and sorobepgles outlined

welowe

The ditimuce goul of o suceessiul soil Certiliby
evolublione wid Lp vy ement proglua is esiiuvient economical
Crop pLrodusion Lngluuiilg Snerecscd jlelds and guulity,
ClL'OURlL Lig propel use of ieritilizer, lime and other soil

wieidneliLse

A oull peprsudilty gvalustion wd Tuiprovement Programi
There alre wWo Lapoliant wol:d in Lhe above title.
vaey are evasunblon i improv swuiice A 5031 fertility
evaruablan eid LEpLrevanen b plrogldl suvolves [UCH mOTe LDan
ostadssisidng and Vperabiig a Laooraboiy e actually, there
aGre six wajor phases ol computientse Liese were clearly
described in wany of thie puuvlications of the Iuvernational
S0il Ferviliiy cvaluabion add iliploveuend (Io¥isI) project
of Worth Carollia Jtule University, a USAlD fuiided programe
After terwipabion of rundang of the loFbBl project these
principles were currivd on iy Agro pervices Internatioual
(Abi) a privale corporation al Dux 007, Orwige CLtys
Flowida, 32703, LBA. Sune 1iteruvure way ve available
from bhat sources The six ,uases, sapLiigs levoratoryy
inberpretaulon, secomnulidution, researcn, and out-reach
will ve i scussed below wid stiubégia8 vecommended for each

component. Tuey wust cperaie sin.Jdranesusly witnin the

Eroplulle
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42,1 Obtaining Hepresestulive bunples of boll boil aud
Plunt Faverius

the amuple Lo be analyzed in the laborstoly wust
represeal Lie condiiion auout Wikl infomation 18 deslires.
Tuis requires volh rescarch sud tralaing in oruer to
reduce smaplliiyg EII0LSe

StanQuid saupling proccdures nuve beed developed and
Sugpusibud Lol Vbhel coulibrles. oouwe of btnuse can probably
e inwedlu suly adopled in Bangludesher For exuipley it
vould ve eapecied Lt & sull saopie made wp of 0 sube
samples caiien to plow depii, would ve represenvative of
vhe field from which 1t was taxed.

on Lhe other nand, viwe for beab soil und plant tilssue
saupling LLy fsvo 0O be researcned. Somctimes, as Lhe cese
nay ve i Swigladeshy sanpling dutes are dictated by '

climsbes

sauple nwrldiing and 3L0rupe isbuns wilil negd Lo be
developsie IU is strongly recousnended that permancnt
Luenbisiusoion sud storage faciiities for all samples taken
frow soii fertility ceswurcn plots be arralguede Sé,mples
will tuen be availede [cr analysis at later dates by newly
developed tecnuiques, The fi<ld data for correlation will
ve on file. |

4,22 Laboratorys
A luwooratory suould be established that will service
ooth rescurchers and farmers, Tids laboratory snould be.
g wodel, by being active wlth voth types of analyses, both
equipaent and techudeiuns will be maintained at highexr
perfolmunce.

Levoratory analyses of wouh soll znd plant materials wust
be both rapid and accuraibe. Halmers aud researciers do not
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want incorreet intoumaiion, Juney do not waut the inforna=
tion aiter tie crop is paaite e lie devoravory wust be
o' high copueity to ueet seasonul needs.

Eyuwipsenb nuast ve sturdy, depcndisly gusaiiy melnbainud
and cueguabe T tue desiced anolyoes. soth the lupwer and
resensoher wust be proviced with all of ke soil tLest
iororantavn vuey hoedj wad noo @ parciul anulyslse ior
axmuple, an analyois gud recommendabion for only Ne Py und
K are of duvious velue 10 vhe lafuel nas o me.jor provle

wllhh & or Gile

Pie Caluer @ reseulnael sioubd also recerve Lue swue

incGrmoeion wed roCusscandaiaon if pe sends Lhe saue saiple

Lo two @ uole lavoraburies. Tious LiteT'e llceds w0 Le &
wified metiodology vused on soil L.sL correlavion studiess
rre melnoddloloy gsiould ve evatuuted and upaeted alluslliy,
coub shiodld be agreed Upon and used by the ajor lavoraivoriess

Onee a oowdard wothodslogy is accepbed o yu.lity ceakrel
Lysuk siivald Le weveloped belween labureboricas The
fullowiily ik lavoratcy and belwen luvoratory. syubam 18

Bugpestete

Each laboratory should have control samples of voth sull
aud plant materialse

a)

b)

One control saaple should bLe analyzed with each 10
unscown or farmers samples.” The laboratory
techniciun should know the results to expech fram
thig contiol sauple so thab analytical .or mechunical
crrors cau be spotted imsediatelye. '

Tre nead of the latoralory suould subimit control
sauiples whae results are xnewn only Lo uime The
freyuency depends on Lotul samples anslyzed. This
will guarastee g ois laboratory teciuicians are
conbrulling qualiby correctlye
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e¢) A certaip nuwber-of senples should be interchianged
- between dilfereut lLuborstories. Number and
freguency would bave to be estavlisned. One coatrol
laboratorys in the cuse of Buigladesh probably st
DARI, could cuvordlitabe tids actrvity,

d) The vornblgol lacoratory would infrequently (once
every 3 onthis) send W5 sawplas Lo &J.B.be‘rator}"
in ke pxierier so Luat pesulis car Ve CoupAred.
Phis will pive tlie ceatral lavocaiory credleicility
wob only «ith olher luvoravoris, out wlso w«ikin
AUEsu LTS et Ll pA IR AL SRCUWT.

Thace 4% 8 sLabeuenc vn page 112 of tbe-jgpoprt of the
Beyisw Teant _Di aslaagsn Agricultural sesegrch Systen ak
more or less swips up the soils lauvoiruiory siluation dn
sungladeshe WPhe country has a bewildering number of
snstitudoas viweb condubt suils reseurch®s Ib scews theb gach
one of these Woewliderisg nurbsr® also bas u so0il and
pldnn Tuboratury » fwrinerniore, plaas wl'e urnderway Lo egrip
aore of these Shvoughou: the country ab 1'egit,mal'sta't,;:..uns-.
The wisdom of tids sncesd ve stidiede

There are auvsalbages: ad disadvantages to centralized
and decentralized systeus of luboratories. These may be
expressed as followss

a) Advantages of Reglonal So0il and Plant Analysis
Laboratoxys
a,1 ieswlis end recoumendaticns retused to the
fanmer 3=4 duys eurilvre

ges wSense of closer personsl contact by tre LTaraer
«ith Lhie lLavoravoryse

b) Disadvintuges of Reglongd. 9.1l end Pland Auclysls

Luvo. avorys

be1 It is dbrficult Lo oueala und weindain o lerge
surocr of pignly guedl:sied bec.ndeiuns bo do the

wilyses in vepatbal staboaide
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b.2 Often, general public services siuch as water and lights are
not dependable. Equipment may be damaged ty failures.

b.3  Services lailures also may result in delays in getting the
results back to fammers. Analyses are gererally continuous
once the process is initiated. Failures can result in having
to initiate the process the following day.

b.4 An Inmense problem of quality control results tecause of human

and physical errors at the different laboratories.

b.5  The farmer and researcher will probably not get as complete an
analysis as neeced. 1t will be too costly to equip 'the regional
laboratories well. For example, at Jessore, we were told that
the on-farm trials division analyzes soil for farmers. The
farmer receives information on N, pH and texture; nothing on P,

K, S, or 7n.

b.6 If sufficient funds were found to adequately equip ail of the
regional laboratories the per samgle cost would be extr'erﬁely hig'z
because of high fixed costs. For example, the per sample cost
may be $10.00 for a laboratory that runs 500 samples a year as
compared to $3.00 when 5000 samples are analyzed.

b.7  Service to equipment by specialized technicians is irregular
and eypensive.

Advantages of a Central Scil and Flant Abalysis Laboratory:

c.l Tt is generally easier to maintain high quality control because
of 1) availability of gpod technicians, 2) easier access to repair
technicians, 3) nore samples analyzed daily; therefore, more
specialized personnel and more control samples analyzed.
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Cod  Lower wild coub por sSanuple
Cel velLber cluace of asbablishing a selfegui'Cicient

wWide with respeet Lo water, light, and aire
coLditividil, in lastrunent TOOME e

co¥ Subber clalce of estavlighiug a sysven .o
coulplube aulyses,

Cod 4 centril sysbem can use wiba rar devalopacnt
Ol w sCil Ceablliiy map, orgunize Certilizer
distriog bouy and jronote tue service voth o
favars ard oliblelans,

d)  Dlswivintages of a Contrul woll wod Plzal Analy sis
Laverabuys

do1 Toe servie cowdd be sligl sLovel” chun the

fugioad Luborgtoy out wits should oever

‘<

eioued b ey Yo

de2 A larie awabwsr of Cacw: s or researchiers would
nob nwve wircot contact with tue ivusratorny.
veeuiiciane  His conbuch would ve lhrough tue

ecbension gpuaboe

From tile abo.ey it el oe cuncluded bhat for Loth rescarci. and
farier service, a wzil oguipped, well orgunized cenorszl soil and
pland anulysis lavoratory would be the most favoranle system, This
does not preclude the necessiy of a small oven or balance for a
regional statio. or sample drying or imncdisie moisture analyses.

A central system, would require considerable changes in the
present struture and methods of operation. According to technicians
at Jessore, resulks from saaples sent to both the BARI -soil sclence
and on farm research diision laboratories; were never returned to
the locgl level.

At present, Learly all samplas anulyzed are for reseaicClicts.
Very little emphasis has been pb on fumwers samples, or on &
systematic scliciue within zome with the objuctive of developing
a famer recomendabtione. Durding discussionas at various lavoratopies
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osbinabes of 200 swaples pel juwry 00 swaples per mwunthy, and 2000
samples per year were glv ens Tids Lls very low volwinej bLucreivres

exceediugly expencive wilduellidcub,

In other developlng courtries, using ohe ASL wouel Laborabory
and tecmiiques, 100 sunples cu be anulyzed daily with a e X1iwun
gtalf of =06 people. Sauplus receive deberminstions of pHy dy Py
K; Cuy ligy 41, in, Cuy ond 20 und S ol dedrsid in bhis .osiudlle
Lato. tories citoriug tals surdlee aave buew fanctiourug CULILLIGGUS
'i‘cr S iy was bon geadys Pige Lapse Lroul Che uwli@no Jie swaple
is receivud wibil wie resuli Ly di sy .vened LUVEL excoeds 15 days,
gl is odioen 10, Hujor deluys ave iu saumple Arying sud report
Lypliige
Wele3 Iuterpretalion ol biwe Aualybical iesulbss

~ This acez of o soil fert.lity evalu.tion and improvaient project
reyuires ovollh seientisic Kuowlaeuge wid shille anabt Jdo the numbers
meanse How Jdo you luterprot the resulls io terwss of pluant require-
menbs, fertillzer neodsy bhuduy wnd mebuodys of appileauion within
VaTious croppluy S/stense

Iniziall,, bthis puzse pegul.res resgaicic VO cebernmine critical
levels for lasorabuly LUSwlhot wnd mowlodge of obiier factors that
may Lafiucnce the 2nberpretation of the results of elther svil or

plant analysis

L2t Ihe deCOomniendalions

frow We analyses and jinterpretation pnuses, & recoanendation
g developed for use of fertilizers, lime and other soil
fPuls wust liclule a cecommendubion on wuounts, method,

amust b
ane e 13
and time & applicuiion a5 werl as sou.ces of uwnesrlulse Tlils bas
to ve relatud not ouly to sue seil auulysls cub ulup to. crop vardviies
climatic cudilions, pest mwlugulielivy and obiler culbural practices,
as weil zs biv faauers caatity Lu use vlie recouwenduticne

An ioitid guine suseb for a CrLop may reseusuvie Lue Followllige

Cropd abeat

2t Ki/h
oll - .
Al}?ll y$is A Pz 5%- Kz O
Low 12 160 60
Yed 100 0 29

iigh 80 Q=20 G
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i his type of guide cheet, owed the actool soll analysis
v s - [N by

heel elist can make

data, a traincd und competent regional seil s
z cecomcacLticn to the far.oere The specizdist will use nds
opl rescorch cxnupionec, lnowle ag ¢ the T | s
e ) = plonee, bnowle:ge o the [rraers wanwgenrent
Ve and avail.ide soterdimds,on which Lo t '
’ avail.ile soleriids,on which to v.se the reccanendas

tione

mp 3 o PR T s T . .

Phis tociaodeim widl huve Lo Le Lrained not only in thae

Qe 0 Sayg ! o B T . 1, . .
science, bub o dn the art of mehing o recoswendaticne It
wold be iueul or bhds person to bhe a oogional soils research

ey PRI ¢ .- RS SE N 2 N <
person, oY have atsass Lo suah o tecliniCléaNe

only through propar use of recomaendations will the goal of

the soil Tertility evaluution wnd improvesent progran ‘be reaciiede

Soil Poviility Hesenrcns:

o205

ho2ebels Intuoductiond
Soil fertility research is done to provide reliable inswers
snch as how ruch fertilizer needs to be

to certain juestions
applicd wnder & given soll rertility conddtioli what type ol

paterial. should Ge usel, at what tin: during the crop or cropping
aethod of applicaticn is most effective.

reroent 1aboratoly, greennouse, and field

n tre informationes 'For each type or

{ a project be developed
data to be taken, and

systan, ond what
Generallyy gevarel Jit
trials are necded wo obtai
jf:importwn;tha
plot desighs

geriaes of Erisls 1v
with cleat chjectiver,
responsibilihies assiineie
AL the sune Liney it should be remembered that each project

should he wrivten wiih frLexibility SO that minor
in procedures ( changes in olements ov levels

mode without prepurinrg & pnew farmal proposale
proposals

t, should spend &S 1ittle time preparing

propose
modifications
studieG), can o

The s01l- sciantls
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a oo L2 > Wt e K -
s possible. Most of lis time should be spent on his rasealch
and transfering hus Tindings w out-1zach personiel.

2 s .
Soil fertility reseavcei in Bangl: desh needs to be focused
11 boih ciort and lowg tewm nocdSe

A Y 5 ERENTERS i ," Ay e Y « Tedn Pl =y
1h1ae inbesiub.od arcusd, a) Iborctory, b) greenhouse and
c) field 1osenreh aust e Joveloped simult aneoui 1ya

.A.

v < ¢ . R N N LA P S TAE T
b oDe5.2 Laboribory Luscortis

Thers ale eV typoes of 1abonabory recearch that can
Lod fer Bugiedoshs Lowevey, 18

be porforaed. Thot suggests
focused an AL Lafrddop e L iman reilinble d spformation in the

shortost Limc. Ywo eajor Lypes shold be donee These are a)
rescurch 10 G LOTT e Do Y aailybiccl precedures for soil
samples for all ot b Ey DL wlib priori by enphasls on elements

Gewons by bed Boove A ninjol dapolante (1fy Py K, 8 and Zn). Plant
sample ethndolony of Latnd elewont centd be useds b) The
gecomd hypo o T abhorane iy veoparehn Anvolves thie characterization

of tue f¢r¢xljwer e ol dnleraectlon oy mojor benchuacTk s0ilse

This is done b)Y Fousing be techilaue doveloped by Dre lunter of

AST, colled 'sorption soatieota

Phis nietholology proviles informetiong in & matier of two

weoks, rolabive Lo the fate o added fortilizer to the soile
Certain soil ohioracioristicos
to be fsovbed! Or fixed, making them

praditional tield triols fail to

pot easily dec vermined, cause

-
oL

fertliizer maberia
unavailable Lo pluntse
detect thic phonomenas

Qften,

Le2oY03e Croenlotde qasearcll
011'1001 WP 'L.g
*osedl snéduld be o
The majoeT anphacis on L,rmnhou /\ ae&u, 351 ‘ o et
‘ A 23 - I\ (<]
chieve three opjaetlyes picsty O -E cermine il yne sho :
- 1utr19vt problons with 1dent1f1ed soil

perlod,pODbxblc, major U
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map units (20). This can be accomplished by a series of low
2 (&) S . P . “ o . . .

cost gre.nhouse tifals using the missing element technique
modified by Dr, Hunter of ASI. )

S?condly, data [rom these studics can be used as a first
approxilmution for corrzlating walytical procedures with crop
responses so thol tie bost analytical nethod can be selected
fer each elanente This is sisply deone uwsing ke plastic
overlay {or computer adulyels) methold Jeveloped by Cate and
Nelson (ISFEI Techuadocdl Zulletin 1),

Thiraly, data from these jgrieunhouwse triagls will serve as
a basis for designine formol scil fertility ficld trials. For
example, it is of Jiudited vadue to study N, P, and X rates if
ano ther clewcnt «uich uws 3, Zn or My, limils respenses. Greens-
ouse *riuls provide dabta on ubiet olements need to be studied or
base applied so us ot to li.udt respenses of elements under

souldye

With a concentrated effort, all of this information discus=
sed in this cectlon can be cbiuined in cne yeary once the cystem

is workinga

YelaHolte Iinld fescarchs
rour major arveas of ficld research that

There are at lcuut
These are a) a diagnogis of

need to be simulbaneously initiatede
chie systens used by the fareer in the area of studye
58 well ws socio-econonic levelsund

s

includes cropping systens
possibilities; b) short toernm cn={am quick iwmpact research hased
on first approximuabions cnd present dataj c) mere formal studies
desigzned to senerate reliable data fcT chemicel analysis and

and d) studies to detemmnine op tiuun
a5 bo fertilizer naterials
f several years.

ficld vesponse covsrelation;
piological and oeoromical 1espons
applied to different crops in a cropping systew ©


http:0n-a2.tl
http:diagnos.is

18

After review of tune liuidd documeuls (Appeadix II) it
bacouie apparent chat soue winor cnuiges need Lo be wade in
the desiga of soil ferv.iily iield trluls and duta iluterpre=-
tation,

Original trduls taviug treatweulss eoutrol, Hyp Hop W,
Py N, PK, N2 PK 9y Ny Fib 8 21 wad N3 PR 8 4u,y liave geversl
wouknsssese A wajor wrdlew is vimt i levels, or for that
watber other elewents, caunobdt ve adeyuabtely evaluabed 1f
anobher elewcnt is liuwiting respouses For exawple N levels
Cainwl Ve stuuled 1L Py Ry 8 elcs are liwdtuds The advantage
of the origual ULriwl design, wus Lhe swall awidur of treabe-
wants (8).

A wodificubion ol Liis uesign vual Luvolves o lalge Duuber
of Lrvabuionts (20-24) was preseniced by BARL so0ll sclentiot,
This desigtt uus tueg advantage buaut it covers the problan
illusbral ed aboves Huwever, it 1s cabresdy large i{or waiisge-
ment in e fielde A siuwpicer Cumpranise desipgn 18 preseuied
velow.

AN exauple is gi. en Uslig vSeatwodus Por a cooton trial
preseunbed on puge 7 of cue BARL Yecunicul Progr 820
for soll sciences Here tuere-are 9 levels uf N, 1 busal treatwent
of P (P is not evaluwled in the ivrisl), % levels of K and 3
leveis of S to be studuieds The iucouplete facborial design
has 24 Lreatacnts.

Without sacrificiug wuch informatiou the experiment can
be ceducued tu & WOre muwodgeavic 12 treatments (Table 1)e This
desigh nas tie added advauntage ol mwaking a with or without
evalubion of the nced ror P,
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Table 1.  Possible Treatments for A Simplified Cotton Soil Fertility Trial.

Treatment No. i __P (Ka/ha) K S
1 0 50 90 40
2 30 50 50 40
3 90 50 20 40
4 120 50 90 40
5 150 50 90 40
6 120 0 90 40
7 120 50 0 40
8 120 50 60 40
9 120 50 120 40

10 120 50 90 0
11 120 50 920 20
12 0 0 0 0

A further reduction in treatments is possible by reducing the number
of doses of M tc four but spanning the same levels. Instead of 0, 60, 90,
120, and 150 Kg/ha; it is possible to use 0, 50, 100, and 150 to develop a
curve from which optimum biolocical and economical data can be obtained.

Field research data interpretation techniques need to be modified.
Yhen factors (disease, climate, physical damage) other than those under study
(elements) Timit yield; data should be eliminated from correlation studies.
This can readilv be done hy settino acceptable limits for crop vields in the
trials. For example, if in one trial with wheat, yields, even for the
expected best treatmant, never are more than 1.5 t/ha while all other trials
reach yields of 2.7-4.5 t/ha, one would suspect a Timiting factor in the first
trial. Including this data in a correlation study could adversely effect the

results and interpretation.
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Tt would also be beneficial for Bang adesh soil scientists to change
their rigid use of statisiical analycis. Holding statistical confidence
1imits to the 57 Lovel and rejecting information outside of this as non-

sippificant, is an injustice, particularl for rerional and on-farm trials.
. 3 (3 3 D i

These ficld Lricls should be statistically analyzed at confidence
Timits of 254, 10%, 5% mnd 13, 1f applicable. 'Me 25% Limit state that
754 of the Line a certain response or lack of it, can be expected.
while this lowe: level of contidence may rob be enough for making a
recommendation to a farmor, it showid not be ignored byﬁ:.he researcher. He
should at least observe the trend 1t indicates and decide vhether a more
precise study is necensary to inprove confidenen before making a

reconmendat ton.

4L the 10% leovel, the soil scientist should be willing to meke a
reconmendation to the farmev. In effect he is stating that 90% of the time
the farmer folleows the recommendation he will achieve the response indicated.

Those ave prevty good odds.

Higher confidence limits are always better. They give the researcher
more assurance in his recommendation. They should re sought through better

management: of experimwents.

4.2.6 Out-reach.

The ultimate goal of a soil fertility evaluation and improvement program
15 economic cron production. 'This is achieved by getting the integrated
practices described atove, put into practise on farms and in fields. It is an
cut-reach program. It requires training of extencion personal and farmers , ‘
demonstrations of inproved practises, and often changing of political policies

s0 thut advantage can be taken of new Lochnology .
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Having & viable soil fertility evaluat ca and umprovement program
s a major advarigge lfor any ageicultirel vescaveh institute. Because,
dhe soll or glant sanple aenb to the lats n,a-ii,m‘;y for malysis can of ten
be used as a link elwsen the researh institabe wel the extension worker
and tarwer. A propgram eon be developsd to supply these peeple witin other
pertinent infopmaition aionyg with the fert llizor reconmendation.  For
exanpile, infurmaticn such ss previows crop, previowe fertilization, size
o field, crop Lo be prowo, sequence I oystoa ote., accompany a soil or
plant canple vien it i sabmitted for wialyses, ‘ihic information is needed
for o sound fevtilicer ooomonaution. Ihis sane information; however,
could be uscad to provide a wore complete recormendation that could include
recomrended vorieties, tnd other cultural ;‘Jx':n':txl;;«-'s. Thus, a soil or plant
sanple can aet an q 1k along which Infornmtion 'nat might otherwise remain in

files in a research institute; can {low to the oxtersion worker arnd farmer.

b.3 GFHERA! RECOMMENDATIONS

The development of a scil fertility evaluation and improvenent program
as descrited above s essential to the progress of agricultural development

{ Bangladesh. Tedmicnd assistancs to 2ecelevate this program is nhecessary.

BARC shoeuld try and cbrain all of the literature developed 'y the
internationad Soil Pepiiiity Tvatuaticn and Inprovenent project hearded b
Y [

Dr. J.W. Pitts 2f Nerih Corelina Stabe Undversity 1 @95-75. ‘This wey be
X gl
possinle through NCOU o by contacting r. Pilts av the ASI address given

carlier. Seven technical bullevine vere Jdeveioped.

The technical assiztance that can b providad by IADS should provide
f .
special assistance to the DARC and other interested institutes to do the

following:
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a)

b)

c)

a)

e)

£)

It is also
orier o
Bangladeshie
work plane
the sugg.stions
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o aa8aery
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dene by aovaloping ooesoperallve spirvit among the several

501l Laboraucidl  te

Qeogunize the puccanse of certelin Laubo.atory eqidpmente
whet vocommenied by AST for mdti~analy: sias wewld be
Tucthierno cay the lawmps Ifor lae utomdc

sad with USAID funds nced

auviaables
chscrpbion aiit ot ZARL L ALCLAS

=0 be cL.ancode Only 2 of the 7 lunps purciascd are
ased for soil or pluonb sieiyses

Agsist the WG in suosing soil fertility regearch
~iting wil developlding srejects for these.
Integrate soil fertility research into the cropping
systonms prograile

to obtain a vehicle so ‘that

s can be rranaported to
sess5ionse

Assist londl scil scienblsts

coth persoanel and ni Lbe 2L
on-farm trials, ricld days, and training

o rocoukuended wat two types ol surveys be made in
ceaeral wowlaige of soils problems in

1a describod pelow in the
sibly folloving

ogtablich a
Oone 18 with soils - TILL S
righ, plant material - pos

The obher is W
Of Dia II. Dﬂk?},lo
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Special empnasie ie given here to the mportunce of the cropping systems
trials being conducted in the couniry. The importance oi these trialm and
the role of fertilizers ir them, cannoi be overemphaaized. Hownver, cropping
system trial trestmemts must be sinple; but based on sound research if they

ars to be affective.

1t i also reco.mended that cropping cys'ems trials be carried on over
a period of years at certain locations. wuick Judgemeat oa the accaptancs
or rejection of a practise could be misleading. For exemple, in one year
the acceptance of a new crop way be nagative becau~s of biclopical (heavy
bird attacks because crep is unique), cr climatical (etaormal rain) constraints.
Often, these limitations can b= jdentified and moditficationa made to overcome

the unegativa aspecta.

Wnes fertilizer use iz considered in cropping gystem it should be done
over several years at the same sgite. In some cases vith the less mobile
elements such as P, and K, their application may be considered more & capital
type investmont whose costs should be distributed over several yesrs, rather
than onz crop. Experiments will have to be designed arnd strategically
located (possibly on reated land were strict control can be maintained) to

study this.

5.0 WORK ""LAN

s, + A"

5¢1 Introduction:

The development of a detailed work plam for a soil fertility evaluatiom
and improvememt program for a country requires detailed imowledge of facili-
ties, personnel, trousporiution consirzints, cropping seasoas and systema,
and other factore. This is impossible to shraip on the first short visit to

a comtry. Therefore, the nlan prenented in genersl in nature.

The following plan of sction azsumed that the Bangladesh soil fertility
evaluation and improvement (BSFEI) program will have one resident expatriate
goil scientist, access to shori term techrical assictaance, financing for

internal and exteranal trairing, sad a relieble ard adequate cash flow.

All activities of the moil apecislist and other short term technical

assigtamce personnel will be conducted with Bangladesh courterparts. Emphasis
jg on development of a national capability.
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5.2. Plan of Action:

lost of the activities describad below, will take nlace simultaneously.

(&2}
°

Activity

IADS soil specialist arrives.
Travels extansively in

Bangladesh to interview researchers
and farmers and observe soils and
facilities.

Mleetine with soil scientists
to discuss philosopies, objectives,

methodoiagy and evaluation procedures

of the BSFEI proaram

Obtain 290 %g of renresentative soil
samples from the 20 major soil
urits beaing careful to assure that

they are representative. These should

be througnly mixed and sub~samples
pe sent to various cooperating

laboratories. BARI should coordinate.

Plant samples also obtained.

One Kg of each sample Trom 3 above
should be sent to ASI in Florida

for complete analysis and "sorntion"
studies.,

BARC 1in cooperation vith IADS soil
snecialist selects 3-5 soil
scientists for 2-3 meonth training
in US. Two months at AST te

a) analyse Banaladesh soils and
familiarize with rmethedoloay,

b) o “"sorption" studies
c) treataent selectiovn of modified

missine element study for
creenrsouse trials,

Expected Result

Familiarize soil specialist with
Panaladesh,

Unify methodology and nhilosopies
for an action program.

Samples used to characterized soils
ana to start quality control and
methodoloqy research.

Baseline soil characterizatinn.
Major problems initially
identified. Initial control samples.

A core of farmer service oriented
Bangladesh scil scientists formed.
A cooperative spirit hetween

these techicians from different
insfitutes. A systematic methodology
learned that can o2 repeated or
transferred in Banaladesh.

Contacts for continued cooperation
vith US or othar soil scientists.



d)

e)

f)

6o

7

Oe

9.

100

M.
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establish, maintain and harfest
some precnhouse trails,

train in management of service
oriented soil and plunt laboratory,

learn maintenance, and troubleshooting
see N o Lo equirment, g) visit

Lo i,

specitic field research in US or

. other countrieso

IADS specialist will inventory
laboratory equipment needs after
attempting to vut exiating
equipment into eperation.

‘Cooporation be’ ‘een institute

lahor:stories will be initiated*
Bangladesh personnel in US (5 ahove) -
will also determine needse

Short and long term experiments
desicned vithin the BSF.I progran
in coonerai’on with other TADS
and Bangladesh researcherse

Laborotory, greenhouse and field
research trials will be initiated
using the 20 soil units as atarting
pointe.

dvaluation and Fublication ot
data obtained in 8 above
for lavoratory and grenhouse

Field data evaluated and data
published as it becomes available

Preliminary fertilizer recommendations
developed for major cropSe Meetings
held with crop scientists, economists,
extention workers, farmers and others
to obtain owinions of recommendationse
Final draft of recoumendation guide
sheets. Reviev of thie done every 18
monthse

‘Aristing equipnent functioning vhere

sossinles Squipment for model
science Yaboratory orderede

Integruated research planned

Auseline moil.characterization
compared (in part) with i3I. First
ap-roximation of best extractant
and expected responses in field.

General understanding of major
problemse

General information on fertilizer
use transferrede

Understanding of farmer and olher
constraints to ideal recommendatione
These incorporated into first guide
sheetse '



12.

13.

14.

Once 11 above completed, a
seriec of technicians training
sessions held to train out-reach
nersonnel in use of guide sheets
based on soil analyses

Laboratory technician training
cource on hest methodology
obtained Trom 9 above.

Ragional training courses (3)
to train soil scientists 1in
BSFEI concepts and methodlogy

Interdisciplinary evaluation of
BSFEI nrogram coordinated through
BARC. Progresses and probliems

as well as future planning
discussed,

26

First farmer recommendations
based on correlation studies.

Increased fertilizer use efficiency.
Improved yields and profit.

Unified methodology within
Bangladesh.

NHational awareness of BSFEI
concepts. Technology transfer

Imprvement in technological
development. Improvement in
BSFEI program.

Awareness of BSFEI progress and
Problems by administrators.
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Table 2¢ APTRUAINMATE TIMS TRAM

4 ¥R aCTIVILIE. FUR FIRST THO YEARS

First Second Third Fourth
Activit 1 tion . . < -
ctivity(See,plan of sctiaD gi. pontns Six Months Six Months Six Honths
1. Arrive and Travel e
2. leaetings —_—
3o Sanmpling S
4, oamples to aSI —
5. Technicians to ASI
$o Lakorztory Inveatory —
7. ZExperiments desisnsd ——
8. Trials initi-ted -
9, &Svaluatien of Lob and >
Greenchouse 2esaarch
10, GTvaluation of Field :;A#
Researeh
11, First lecommendnticns
12, Cut-reach Training ————
13, Lavoratory Training S
14, Regionzl Truining e
15, Evaluation and

Modification




Date

July 9, 1982

July 10, 19352

July 11, 1982

July 12, 1982

July 13, 19832

July 14, 1982

AFFINDIX 1

ACTIVITI G G COHOULDANT IN
SOIL FupRTILITY TO BARC

Activity

Arrive Bangladesh

Visit BARC
Commence Document
Review

Sunday

BARC
Continne Interviews
with Member Directors
and Iad3s Staff.
Continue Document
Review

BARC
Continue Document
Review

USAID

BJRI

BARI

Fersons Interviewed

Dr. M, D, Dawson

Dr. M.A. Mannan

Dr. K.M. Badruddoza
Dr.' Ae He Manzono
Mr. R, Semnes

Dr. Me D. Dawson
Mr. M.U. Ahmed
DPr. B. Greene
DI‘. D. Ihw

Dr. E. Ahsan

Dr. C. McClung

Mr. L, Sikka

Mrs. Joarne Hale

Dr. MsA. Uahhab
Dr. M.A. Ali

Dr. A.As Azad
Pr. A.L. Khandakar

Dr. M.S. Islan
Mr. M. Hossain
Mrs. S. Razia

Mr. AJK.M. Rahman

Mr. M.M. Alam
Misse Ke Begum

Dr. !L.XmH. Amzad !Iosaain

Dre AnLo Khan
DI‘. M.Hd. Mondal
Dr. Ke Anam



Date

July 15, 1982

July 16, 1982

July 17, 1982

July 18, 1932

July 19, 1982

Activity

BART
BRRI
CLRDI

BJRI

Jessore Regional
Research Station

BARC
preliminary Report
Writing

Preliminary Report Writing
and preparation of Seminar

BAU

INA

APPENDIX
Page 2

Persons Interviewed

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Mr.
and

Dr.
Dr.
Dr.
Dr.

M.S. Islam

K. Masumi
Shahiduzzamuan
N.I. Bhuiyan
S.M.H. Zaman
M.A. Wahhab
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MAJOR DOCUMENY3 REVILE 1E]

Programs in the agricultural Research I'roject Phase-II by The

Bangladesh agricultural Resenrch Council. 1987,

Management llonitoring and Bvaluation of agriculture Projects Supported
with an Informition system, by M.U. dhmed and Dr. M.D. Dawson. Dangladesk

Lericultural Resencch Council. 1982.

Programs in the agric ltural Resenrch Project USAID Phase-II 1901-36,

Bangladesh apricultural Research Councila. 1981,

Inventory on Manpow-r and Physical Facilities Available for Irii;ation
and Water Mancgement Resenrch in Ban;ladesh by Soils and Irrigation

Division, Ban:ladesh .pricultural Research Council. 1981,

Soil Conservation iflecds in Bansladesh by D. Layzell. FAQ/UNDI Lond

Use Policy Froject. 1982,

Characterization of Soila for Non-Irrigated Rice Cultivation in

Bangladesh. by H. Brammer FAO agricultural Development Adviser. 1902,

Study of Village Lainds Made Derelict by Non-Agricultural .ctivities.
by Tjapko Jager FAO/UNDP igricultural Develooment Adviser Projecte

1982.

Fotassium in Bun-ladesh 30ils and Crop Response. by Dr. Z. Karim.
Bangladesh agriculturcl Research Council. Soils and Irri -.tion

Publication No. 6. 1950,

So1l Test Crop Response Correlation Studies of Wheat, F tato, Cotton,
Tobacco, Gram and Lentil. by Division of Soil Science. Ban::l.desh

Agricultur-al Research Institute. 1932,
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Fertilizer Cuide fop Mujor Crops of Bangladesh. by The Sub-Committee.
S0il~ and Irrigation Yublica-.icm Nook, &d. #.N.M. Mahbubul Alam,

Bangiadesh agricultural Research Council. 1979,

deport of the Review '‘eam: Sangladeshk dgricultural Research Syetem,
1950,

Pirst 4dunual Report: Coordinated Soil Test Crop Responee Correlution
Studios. by A. Committee. Soils and Ircigation Publication Noe9

Bangladesh Agricultural Research Council. 1982,

Technical irogruiie (1032.82): Soil Test Crop Response Correiation
Studies for wheat, Potato, Cotton, Tobacco and Pulses. by Agricultural
Chemistiry Section. Division of soil 3:ience. Bangladesh agricultural

Remearch Insritute. 1982,

n BARC Paper and Proposal: The Potagsiun Fertilizer and Research

Nesds for Bangiadesh. Auther unknown,

Trainivy Vrograme: ca Trrigation and Fertiliver Management at Farm

Jievel 3ponsored by BARC,
Repional Agricultirsl Research Station. Jasaove,.

Urain snalysis for Bztimating Hutrient Deficiemcy of Soil. by

Dre H. Sakai. 1982.

Various corresposdence and wiace)llamesus reports.



