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COMMENDATTONS
Swasary

The Govermment. of B.ngladesh shou .d undertaie a complete soil
fertility evaluation and improvem:nt uvrogram (much more than
a soil Lesting projectle

The Pangladest Arricaltural Resea o) Tnetitvse {BARI Y should
be aiven the responsibility of cxcercdsing 1zadership in
developing snd corducting the soid fortility evaluation and
inmprovement proogeon,

-

A Coordinatineg o Advisory Commitioc should be constituted
from representabivos from varicus sastltutes, Universities,
and other wuzencisys that will be directly cor dndirectly
involved in the =0il fertiility evaluation and  Lmprovement
prograt. This Trouk should be croanized hy BARC wad give
BART assisteance in policy ana methododory tor the various

phases that o noulivle Loe prog e

One moderi. officient Llapo-atery for soil, plant and watel
analyses shoull be cstablichad al, BARY {Joydebpur). This
laboratory should be eguipped wibh multiple unit apparatus

to permit ranid bandling 0 aamples wivhoul sacriliecing
accuracy, The ianporabory ahenld have the capacity for 30C to
500 samples per day. It chould have the following additional
functicns: a’b zzrice all institutes and anencisg involved

3

in the program, v/} serve as & control luboratory i‘or other

,

soil, plent and wober annlysss l.boraisries, ¢) serve as a
trainins center for analyticsl technicrmns from £olils labora-
tories thioughout the cowniry, ¢ d) serve as a model for

construction ot cther Lrbhoratnrias 25 the ined arisesSs

A1l existing data that ig colevant bo eron produstion and

correlakion studies should oe assenhled and interpreted for
use in the proiram.
Conuract vescarch related to s0il fertility should be unified

under one major S0l fertility evalaation and improvement

contract, Under thiz contrach thern, sub=-contracts or pro jects
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that would it irte the ar ¢ rosearch areas of the program
would be delezated to various ins,itutes. These sub=contracts
would include resverch in such arzas us sampling for both
plants and soils, laboratory techmiques, soil and fertilizer
manazemens, etca.; 8s well ag Lracabicnal correlation studicsSe
The principle contract would ue coordinated hy BARC through
the advinory corinlttec.

Correlation studies should Le restructured cnd expanded to
cover various soil and environmental conditlions to establish
oritical levels for ail essenbizl elements and necessary
nutrient bolances For speciiic conditions such as clay content,
types of clays present, orrtanic matler and other soil charac-
teristics. Tre rwessareh invelves five steps:d )'ﬂo7lecting
representative soll canples from major cropping areas (major
soil types), b} routine luboratory analysic to letermine adverse
soil conditions and ~li essenbial element deficiencies, c)
sorption or fixation siudies, d4) conducting a modified missing
elenent neteed plent "tvdy in the greenhouse and e) estab-
Liching field triais with treatments hased on information

42

gained frowm the other stuilied,

Initially the soil fevbility evaluation and improvement
prozram should us - Agro Services Tnzernationzl methodology and
critical levels as & iiret approximation while they are
developing their ocwn fse . iities amd btechhiquase

Guide sheets for m=king fertilizer recommendations should be
prepared based on all available inTormation {local and abroad),
that deals with fertilizer use, lime, manures and other soil
amendments. This guide shaets shounld be related to the status
of the soil ¢ rospect to available nutrients, climatic
conditions, Lo manaﬂcment practices including pest control,

the use of improved varieties, and the potential capabilities
of the farmers, Ilaturally, economit considerations will have

to be involved and avaluateds

Platezu or standard yield goals should be established for the
major food crops in the various rerions of Bangladesh. These
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standard yields should be reaso. aoly achieved with respect
to climate, varietics petential ;, and farmers capabilities,
However, they should be, suf e ently higt Lo help meot the
country's increasing need for food and also be high enough

t0 test nutrient requirementSe

The eificiency of nitrozen utilization by rice, maize and
wheat can be used as & suide to determine areas where other
nutrient elemenve are likely to be deiicieat. Goals should
be established relative to the nuaber of kilograms of' graln
produced per kilegram off nitrogeil appiied lor the food crops
(none-legume). Efforts then, should be directed tc correcting
the factors responsitle for low aitrogen eficiency by the
Crope

Putting the information into usu cained from the soll fertility
evaluation and improvement nrogran je the most important part

¢ the program., A 7001 start can he made by coordinating the
soils prozram with on 70ing progrons such as the various
cropping systemns projects, and with training centers such as

at the Patiya Thana Centroi Couperative Asscclatione

Two aspects of the soil fertiiity evaluation and improvement
program need to be streused in the juitial out~reach programo
These are a) how to tale reprosentotive s0i), plant, and
irrigation water samples, and 1b) the proper use of fertilizers
and lime based on inTormatlon czined from the analysis; Also,
it will be important to assure that the fertilizer materials
recommended end nacded based on the analysis, are-readlly

available for the farmer tO purchase§

The work plan and activities presented in the Portch report

of July 1952 should be imtegrated with the sugestions presen=
ted in this present report to form the basis for a plan of
action for the soil Pertility evaluaticn and improvement

program of Banzlndesha

As the progiam moves forward many new problens will be
discovered for which additional research 1s needed, These
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should be carefully noted, their priority established, end
assizned to various institutions ivor conducsing the studiese
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THE EVALUATION AND IMPROVEMENT
(F SOIL FERTILITY s BANGLADESH

1.0 INTRODUCTION
Increasing food production is a must for Banzladesh.
With an estimated annual population growth of 2,5=2.7%,
the present 98 million population i3 expected to reach
close to 146 million by the year 20003 only 17 years
AUE o

iiodash ccoaonde zsins made by Bangladesh duriag the
satt 3 deentes hava been negated by the incresase in
population, Almost 211, if a0t =21 aratle lsnd is cure
rently in cultivation.

To increase Tood production in Banzlwiesh, a greater
yield per hectare must be obtained from all cultivated
acres, 1In other words, a jrester efficiency of production
from =2ach acre of land will be necessary. Some of this
will undoubtedly be achieved by better management including
better pest control, better cultivation practices, use of
improved varieties, better water manageoment and morg, multie
ple croppingz. However, it is estimated (Ray Ewell, U of
Buffalo), that at least 50 percent of the increase in
production in the next 20 years will have to come from the
correct use of fertilizers, This is logical since each
kiloggram of food produced requires a certain number of
kilograms of nutrient elements, :

Crop removal of some of the essential elements 1s
shown in tebles 1 and 2 (from tables prepared by the Potash

Phosphate Institute of USA)e
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Table 15 Pounds per acre of nulrient removed for different
yield levels of rice. '

Yield (1b/acre)

Nutrient 1000 2000 1:000 6000 7000
Nitrogen (N) 16 32 e 96 112
Phosphorus(P205) Bo6 17 34 51 &0
Potash(K,0) 2k 483 96 Wl 168
Magnesiuﬁ(Mg) 2 L 3 19 1
Sulfur (S) 2 L 8 12 1L

Table 2¢ Pounds per acre of nutrient removed for different
vield lavels of wheat,

Yield (lb/acre)

Nutrient 1000 2000 4000 6000 8000
Nitrogen (N) 39 77 199 231 308
Phosphorus(PQOS) 11 22 L 67 90
Potash(KZO) 3k 67 134 201 268
Magnesium(Mg) 065 160 240 3.0 4,0
Sulfur (8) 065 1.0 2.0 3.0 4,0

An estimate of the nutrients that will be required to raise
the yield from one level to another can easily be calculated by
subtracting the amounts removed by the current yield from the
projceted one, For exzmple, if 2000 1bs/acre is the current
yield of wheat without fertilizer, and an increase to 4000 1bs/
acre is desired, then 155~77 = 78 1hs/acre more nitrogen will
be needed, At ths same time P205 will have to be increased by
23 lbs/acre; K,0 by 67 1bg end Mg and S by one pound each,

Tt must be remembered; however, that this is the amount
removed by the crop. Not all fertilizer elements applied are

Cont! d"'P/3‘o
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utilized by the crop; For ni-rogen the rate of recovery

i1s usually not more than 50 parcent, It is usually less
than this for the other elemcakse.

CURRENT AND PROJIECTED FERTILIZER USE

To attain foodgrain self sufiiciency by 1985 means
increasing production from about 13.5 million tons to
50,0 million tons, or an increase of about 50 percent,
The projected crop increase is as follows:

Pro jected
Millions tons Fy_ 1980 Fy 1983 % increase
Rice 12,8 17.8 50
Wheat 07 263 200
Jute 5ol 645 20
Fertilizer production 42,9 142.8 250

Thousand tons

Acres irrizated are also expected to double by 1989,
inereasing from 3,9 million to 7.2 million acres. Most of
the acreage increase will be for rice.

In increasing food production for Bangladesh, the
farmers will have two major concerns. First, will be the
potential for profit, and secondly, the risks involved.

For example, the introduction of jppipation reduces the
risk of drought, but also requires better management
practices to pay for the increased investment by increasing
productions Increasing crop production then, will largely
involve the judicious use of fertilizers, lime, and other
soil amendments based upon sound information obtained from
a competent soil fertility evaluation and improvement

prograle

The importance of judicious fertilizer use is accen~
ruated in the caa8 of the poorer farmer who with little
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available credit, must minim:.ze his riskse

Current fertilizer cons mption (Table 3} is only about
20 1lbs/acre of nitrogen and less than 15 1lbs/acre of phog=
phate and potash,

Table 3¢ Fertilizer consumption for 1930 (World Bank
- report) by material,

Material Tonsg _ Percentags
Urea 567,000 67
Triple Superphosphate 216,000 ol
Murcate of Potash 5k, 000 6
Diammonium Phosphate 40,000 ' 5

Of course, several of the better farmers are using
much more than these averages, but many of the poorer
farmers are using none,

To reach the goal of a 50 percent increase in food
production, all acres will have to be fertilized. The
strategy will have to be to get the greatest number of
pounds of grain for each pound of fertilizer used, This
means tailoring the fertilizer to the soil and crop needs.

SCOPE OF WORK

The scope of work for this short term consultancy

included:

3,1 Evaluate the three BARC coordinated solls projects;
a) Soil test crop response, b) micronutrients, and
¢) soil management in terms of':

3s1.1 Past, present and planned methodology.

3el102 Achievements in obtaining research ob jectives,
3,163 Status of physical and human resources.

3,14 Impact or potential impact with farmerss
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3,2 Recommend slternate pro ect strategies wherever
appliceble,

303

3.5

Present the following seminars:

36361

3e3e2

Relative to a soil fertility evaluation program
for Bangladesh for Hathazari, and Jamalpur
research stations, and for "NA and BAU at; BAU,

At a two day sessiocn at BARC in the following
sub jects a) Objectives and methodology of a

soil fertility evalusztion prosram for Banglae-
desh, b) Taking soil samples, c) Facilities and
techniques for a research and service soil and
plant analysis laboratory, d) Laboratory and
areenhouse techniques to determine soil amend=-
ment needs for optimum use, e) making recoms=
mendations, f) correlation studies, g) Keying

on nitrogen, and h) changing concepts in research
to reach higher yield goals,

At the end of the consultancy present a seminar on a)
his observations, b) strategies in research and ¢)
methodology for getting recommendations used on farms
in Bangladesh,

Develop a working agreement between AST/BARC/IADS to
provide technical backstopping for the TADS soil
speclalist in the following areasi

3.5.1

36542

3..5.3

Consul-ancies of Dr. Fitts on overall project
strategies and evaluatione.

Consultancies of Dr. Hunter for in-country
training in leboratory and greenhouse methodo=

logles.

Provide training at ASI for & Bangladeshi Soil
Science leaders to develop a) philosophies,
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and b) techniques of opersation and maintenance
of a modern laboratory in a developing country.

3.5.4 Routine and spec: al analytical work.

3.6 Prepare a written report including observations on
above items,

AGENCIFES AND AREAS VISITED

Apparently there are about six institutes (or equiva=
lent) in Bantladesh that have soil science divisions,
Those include: Bangladesh Agricultural Research Institute
(BARI) with soil science division, and on~f'arm research
division} Bangladesh Rice Research Tnstitute (BRRI),
Bangladesh Jute Research Institute (BJRI), Institute of
Nuclear Agriculture (INA), Bangladesh Agricultural
University (BAU), and Dhaka University (DU). Each of these .
institutes has a soils laboratory. The on=farm research
division of BARY hag four., One at the main station at
Joydebpur and three others scattered throusghout the countrye.
The one located at Comilla was visited and assumed to be

representative.

A three week period does not permit an in depth study
of all activities of each program ineluding space, equip-
ment, personnel, procedures etcs Therefore, in visiting
the laboratories, most emphasis was directed to observing
available space, laboratory equipment, and arrangementse
No effert was made to evaluate the capabilities of the

jsboratory technicians and chemists.

4,1 Laboratories visgited,

4,101 BARI, Soil Scis=nce Division at Joydebpur 3
Dre MeSe Islam,

The Bangladesh Agricultural Research Tnstitute
has four soils 1sboratoriess 1) soil physics,

Cont'd=P/7e
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2) soil chemistry, 3) soil microbiology, and
%) on-farm research division,
.\

1l

In addition to the three main laboratories 1ﬁ
the s0il science division there vers severali
smaller rooms designated for specific purposes,
One was a balance ‘room with several good
Mettler balances, a Kjeldahl room for nitrogen
determination., This was very old, and the
equipment was not in a very good state, An
instrument room was set up for the soil
chemistry division which included an almost
new Perkin Elmer atomic absorption spectro=-
photometer, a Turner flame photometer, a
Corning pH meter and an old Beckman pH meter
{probably not functioning), and a Corning
colorimeters, An old still for pure water was
set up in orelaboratory and probably has a
capacity of 3 to 5 gallons per hour,

Separate rooms were available for plant and
soll preraration. The latter was done by
hand,

Space was adequate, but could be much better
arranged for routine and research analyses.

BARI, on Farm Research Division at Joydebpur:
Dr, Ho Rahman:

The laboratory had adequate space and several
good instruments including a Corning pH meter,
a flame photometer, and a colorimeter., Ap=
parently considerable emphasis is placed on
soil texture which is determined by the hydro-
meter procedure, A relatively large still for
distilled water was in the laboratory.

Cont!d~P/8,
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Scil samples were prepared by hand. About 1 Kg
sanples were laid ouvh on squares and alloved to
air dry, after which they were ground by hand,

Although space was adequate, it was poorly
arranged and organized. A1l were stand up type
benches.

BRRI ¢ Soil Science Division at Joydebpurs Dr,
Nurul Islam Bhuiyant

Two rooms were included in the BXRI lsboratory -
one was airconditioned and served as the instru-
ment room plus an office. The other was a
spacious room with several laboratory benchese.

Although fairly well equipped with instruments
(including an atomic absorption spectrophotometer,
Mettler balances, Corning pH meters and colori~
meters; the laboratory was poorly arranged and
not conducive to handling many samples rapidly.
A1l were stand-up benches - most were littered
with bottles, beakers etco

OFRD -~ Comilla: Chemist: Mizanur Rghman Khan.

The principle activity of this center was to
conduct on-farm demonstrations. Emphasis was
aiven to variety as wvell as fertilizer use
demonstrations, Targets were sent to them from
the Central Office ( Joydebpur) and they wvere
expected to achieve these tarpets for the nurber
of demonstrations conducteds | '

Soil samples were colleeted from the fertilizer
demcnstrations sitas ~thor bhe demonsbrstion was
completed. Laborabor: mulyaha ere Loon cade on
the saa_o.es Lo Loy Lo rulﬂie e candyiical

seaulis Lo those obtained in the field,

" Cong'd=P/9,
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The lancratory wns spaeious, d2ab and cleane
Obviously, very few samples ware bein; tested,k
They had a Corninj pi meser and colorimeter,

They were in the process of sebtting up a new
Cornins Clame photomehers A few samples may

nave been run “rom the demonstration plots, but

no correlation analyses had been attempted, Field
demoastrations were conducted with rice, potatoes,
mustard, wheat, mungbean, and cowpeass

BAU - Mymensingh$ Drse Z.H. Bhuiyaj M. Eaqubj

- F, Choudhury.

The University has several laboratories for soil
testing and various types of research, Consider=-
able emphasis was upon certain phases of soil
mierobiolozy; particularily, rhizobium for
jnoculation cf legumese Also studies with blue.
areen algae for nitrogen fixatlon with rice were
underway e«

The laboratories were spacious and adequate for
teaching but lacked equipment for complete soil
researche. Dr. Eaqub had received training in
Germanye This was reflected in the eguipment in
nis research laboratory. Most was of German
origin including a flame, photometer, colorimeter
and pH meter, He was doing soil testing for the
small fee of Tk 5.0 per sample.

BJRI ¢ Dhakas Dr, Khan Majlls,

This laboratory has two rather small rooms., One

is us2d for an office as well as an instrument
room and is airconditioned. The equipment was

from different countries but most was from Britain,
The atomic absorption spectrophotumeter was 2 PYE
Unicam with a digital flameless stomizer attachment
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(but the atiachment was not being used). A
Phillips pH meter, & Japanese spectrophotometer
(Skimoden) and a Mettler halance.

In tue larger laboratory a six unit Kjeldzhl
apparatus was evailable along with a large shaker,

Most of the laboratories visitad were using similar
extractants. Tobtsl N in the soil was being deler=
mined by the Kjeldanl digestion procedure. Olson's
sodium bicarbonate wzs used for pnosphorus, but

the Jute Research laboratory also used Bray 1 for
soils below a pH 6.5. Potassium ond cation
exchangze capacity is determined with nceutral
amnoniunm acetate (pH 7,0), A hvdrochloric acid
extractant is urually used for the heavy metsls
(Fe, M1, Zn, and Cu), but not nmany lzboratories
werz bLestinz for thes cderonutrientse

To date, very few soil samples are being tested
from farmers [ields to guide in the use of ferti=-
1lizers. Most of the samples are collected from
experimental sites to try to relate the yield
regults with the nutrient level in the soile. One
of the major deficiencies in all laboratories is
the lack of guod correlation data for use in the
interpretation oi soil anzlysese.

¥,2 Field Trials and Demonstrationse

BARI has a central experimental station at Joydebpur,
and four regional gtations., Visits were made to the
central facility and to two of the stations; Hathazari

and Jamalpur. Visits were also made tc BAU and INA field

trials and demonstrations.
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Joydebpur:

Most of the crops had been harvested at the time
this site was visited. A source and rate of
nitrogen trial on rice in cooperation with IFDG
was still underway, Alsc, a trial with blue
green algac to study nitrogen fixation for rice,
was observed,

M N+« P~ K - 8 study was alsc underway on
peanuts. The highest rates used were 15=-60-30¢
Other P rates were O and 30. K rates were 0 and

5o

The yields of all crops were very low. Obviously,
nutrient deficiencies exist that were not being
taken care of by the applied vreatments. These
probably include too low rates of fertilizer
application for somec 2lements including P and K
and omission of other elements such as zinc,

Dr. Islam indicated they had found that the algae
fixed about 20 kp/ha of N for the rice crope -This
will be sufficient nitrogen for only sbout 500600
kg/ha rice. Obviously, if high yields are to be
attained other sources of nitroseu will be needed
but every bit helps,

Hathazeri : Dr. Ahul Quasem, Director.

This is a relatively large research station and

a nurber of field trials were underway. Many

nad been harvested but trials of rice, ground nut,
cowpeas and waize ware observeda

The rice trial was in cooperation with IFDC and
was a rate, source of N, and time of application
study. There was considerable difference apparent
but yields probably will not be as high as they
should be,
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A residual study was underway with P and K in a
cowpea =~ rice croppiig system. The rates of
P205, 0, 30, and 60 and the rates of K;0 were

0, 15, and 30 kg/ha. 4An application of 30 kg/ha
of N was applicd to all plots. A good response
was apparent to both P and K buvt the rates were
far too low to attain hirs yiel daz,

A maximum yield trisl uvith oper pollinated maize
was underway, It included rate studies with
N-P-K in a partial factorisl desiymn. Rates of

N were 0, 60, 90, 120 and 150 1lbs/acre., Rates

of P,0y were 0, €0, and %0 and of X,0, O, 30, and
60 1bs/acre, One treatment also ingluded sulfur,

Some large differences were apparent and some
good results will be obtained from the fertilizer
applied. However, maximum yields wili not be
obtained and increases that are recelved are not
likely to be very eflflicients This is because
other elements are deficient and are not being
supplied, '

The regional research centers also have an out-
reach program where their staff work with units
of %0 to 190 families. Various factors that
influence yield such as climatic conditions,
varieties, management practices, and fertilizer
are evaluated and a program put together for their
farmers at their cropping system cite,

Two ¢ pping system farms were visited including
discussion with the farmers, As a result of the
program, both farmers were diversifying more and
producing more crops over a given period of ti 2,
One farmer who farmed only his own 1.5 acres
raised crops only for his own use and sold very
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little. His sons vorked elsewhers and brought
money home for buy:ng fertilizers and other
inpuis. In return they received part of the
food produced. o

The second fermer owned about 2 acres of land but
rented 3 more, He was producing crops for market
as well as satisfying his own needs, Ground nut
was one of his cash crops. His rental agreement
was probably as good as could be found in Bangla-
desh, He simply guaranteed the owner a certain
amownt of erop such as 1000 kg/hectare, and any
yield above this was his, Under -uch an agreement
there is good incentive for the farmer to obtain

as high a yield as possible., He is thus willing
to invest in fertilizers and other improved

inputs, Thils results in more production and a
better econony for the farmer and his suppliers.,

This cropping systems program appeared to be well
organized and conducted,

A talk was presented to station personnel on soil
fertility conceptse.

%,2,3 Patiya Thana Central Cooperative Asscciation
Station of BADC, Mr., Mostafa Anwar $ Deputy Director.

This is a horticultural crop station with emphasis
on production, There is little or no research
other than obssrvations of some treatments or
varieties, Imphasis was on producing cabbage for
this season and also watermelone. Other crops
included egg plant, celery, parsley, beetls nut,
and citrus. One of the main objectives of the
cooperative station is helping the small producer
market his products,
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The associatlion plac:d a great deal of emphasis on
training. Apparentl- there are 304 groups in the
association. Each ¢mn send a representative one
day each wecek for a I hour training sessiotle
Timely topics in accordence with the season and
growth stage of the crop, were discussed. The
program was cutlined a year in advance. This
would be an excellent means of training farmers
about the use of soil analysis, getting represen=
tative samples, and how to use the resultse

An interesting area along a river pank several
kilometers south of Patiya was visitede The soil
was a fine sandy loam with considerable silt. It
was flooded each year during the monsoon season
thereby receiving fresh nutrients. Ground nuts
were being grown on the low 1snd while tobacco was
being grownlfurther up the slope., MNo fertilizer
was used on either crop but both were doing Quite'
well.

Jemalpur Regional Research Station. Dr. All Ahmed:
Director.

An IADS representative, Tim Kelly is located nere
end help with the organization of the visito

This is a large research station with a total of
192 acres with 150 of these cultivateds A

total of 3 deep tubwells and 6 shallow wells are

on the station to supply water for irrigatioﬁo

A talk on soil fertility concepts as they related
to data from gnalysis of soil from the station

was givene.

The soils are Very heavy (high in clay)and offer
a management problem in water control and cultural

practicese.
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A cooperative IFDC fimld trial with N rates, .
sources, and time of application on irrigaﬂéd
rice was observed, This was a good trial and
some good information should come from it.

There appeared to be a direct positive relation
between the rates of N applied =nd growth. This
would indicate that higher rates should also
have been tricd in order to reach higher yields,
or to put more stress on the soil to supply other
nutrients. Some evidence of K deficiency was
noted,

A cropping systems site had Just been selected
and work was just beginning, No field trials
ware installed as yet., Talks were held with some
of the farmers at the site. They were very
interested in tihe prospecctive work.

Banzladesh Agricultural University, Mymensingh ¢
Dr. Z.H. Bhuiya = Dcan, Drs. M. Baqub and F.
Choudhury =~ Soil Science. '

The University agricultural research farm was
visitede Two experiments with rice were underway.
One under the leadership of Dr. Choudhury included
water management as well as applied nutrients. One
treatment was for continual flooding (about 1 inch)
and the other was maintaining the soil at field
capacity. The objective was to ohserve the dif=
ference in oxidation and reduction on the avail-
ability of sulfur and nitrogen. A split plot
design was used for the experiment. However, &
problem was encountered with water seeping through
the small dikes from the water covered plots to
the field capacity ones, To conduct this type

of trial it probably will be necessary to have

the water management treatments separated by
larger dikes in two different blocks.
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Dr, M, Eaqub was th: leader of a BARC coopera=
tive soil test crop response correlation study
with rice. This was probably the best conducted
trial observed. Gosd uniform stands were in

each plot. The greatest respcose was to nitrogen
with not much for potassium. However, the soil
level for exchangeable K was 12 the optimum range;
thus, lit.le or no response would be expected.
Included with the N-P-K treatments were sulfur and
zinc, Good information should come from this
trial, a

A visit was made to an on-farm soil fertility
trial conducted by Dr., Eaqub, An excellent

demonstration with some potentially good ylelds
was observed, The [armer; although impressed by
the good growth did not plan to follow the fertie
1ity practices because with ten children he had
no money to buy fertilizers,

4,2,6 Institute of Nuclear Agriculture, Mymensingh 3
Dr. Luftar Rahman: Acting Director: Drs Idris
All - 501l Science.

A brief visit was made to the Institute of Nuclear
Agriculture, A discussion was held with many of
the personnel and a talk on phanglng concepts in
so0il fertility was given to a joint group from
BAU and INA, About 100 people attended.

There was no opporturity to visit their labora=-
tories or field triairs due to a shortage of time.

5,0 BANGLADESH SOIL SAMPLES ANALYZED BY AST

51 1Introduction:

Under the leadership of Dr, Sam Portch, four composite

goil samples were collected from pobential 1FDC research
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sites for P sources trial.:. ©Samples were sent to the Agro
Services International laboratory in Florida, USA, for
analysis, Both a complete soil analysis and a sorption
study was done on each sample. The purpose of the
sorption study was to ascertain if any reaction would

take place between the nutrient clement applied in the
fertilizer, and the soil to which it would be applied.,

_In each instance, a recommendation was left for each

location for fertilizer applicatiornie

Joydebpur Sample (BARI):

This soil had a pH of 5.3 with 1,6 milliequivalents per
100 wl of soil of exchangeable acidity. Both calcium
and mapgnesium are adequale, Thus, pa-dy rice probatly
can be grown successiully withoul liming. For other
crops such as ground nut, mungbean, and wheal; however,
this exchangeable acidity should be neutralized, Both P
and K reacted strongly with the soil, or was t'ixed,

Zinc also was very low and will reguire considerable
quantity to bring it to an optimum level,

Manganese is high in the soil and way be contributing
to P fixation. If so, neutralizing the exchangeable
acidity will reduce the amouni of phosphorus needed.

Hathazari Sample (PARS):

The pH of this sample was 5.4, However, the exchangeable
acidity 1s low at 0,2 meg/100 ml soil. Since calcium
and magnesiun are oplimum, liming should not be necessary
at this time. ‘

Although the level of P is fairly good, there is con-
siderable reaction initially between applied phogphorus
and the soil., Manganese present nay he responsible for
this phosphorus fixatione A liming study should be
undertaken in which 2000 kg/ha of lime 1s added to
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neutralize the acidity, -aise the pl, and eliminate
some of the manganese, arter about 9 mouthsz, the
phosphorus level should he checked again.

Potassium is reccting fairly stroncly with the soil.
The rates used in residual studies aad the maximum

yield trial are far too low.

Zinc is also iow in this soil. fhout 9 kg/ha of Za
(36 1bs of 7n sulfiate) uvill be neaded o bring the

level to optunum,

Jamalpur Sample (RARS):

This soil has 2 pH of 5,9 with no oxchengeable acidity
and adequate quntities of caleiwm ond magnesiume

The so0il; however, is reacting very styongly with
potassium and genting sufficient potassium for the crop
will be a problem, The phosphorus level is quite low
but the soil does not apnuar to be reseiing with applied
phosphate. It should bz possible to huild up the phose-
phate level fairly easily.

Both zinc and mangancse are Llow with zinc being much
more so than manganesa, For high yields; however, both
should be applied,

Madhupur Sample {BADC Farm):

Iris soil has a pll of 9.2 with 0.3 meg/100 ml soil of
exchangeable acidity. Both calcium and magnesium are
below optimum with magresium below the critical level,
The amount of ncidity is not excessive for rico, but the
level of maznesium is too low, Ii nwvailable, the best
source of magnesium will be an appiicabion of 2000 kg/na
of finely ground dolomitic¢ limestone, This will not only
neutralize the acidity, bubt will alco supply the neaded.
calcium and magnesium,
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This soil is not reacti:z with either phosphorus or
potassium so these two lements should offer no big
problem. Zincj however, is very low and will require
a sizeable application.

6.0 EVALUATION (F BARC COORDINATED CONTRACT HESEARCH TN SOILS

6e 1

Lt

Introductions

There were four main proposals evilnated. These were
a) coordinated soil test crop response correlation
studies, L) a project on micronutvient research, c) a
project on problem soils (soil menagement) and d) a
propasal for research on potassium needs.

6.1.1 The Coordinated Soil Test Crop Responsze Correla-
tion Studies:

These cooperative studies have been conducted
gsince 1980-81 with the fivst annual report
(1980-81) published. The principal investigators
were lealers Irom various research institutes
(INA, DU, BJRI, BARI, SRI and BAU), This was
established as a three year praject with the main
ob jectives?

a) To correlate soil test values for selected
nutrients as determined by variocus soil test
methods with crop response and nutrient
uptake,

b) To investigate appropriate extractants and
analytical procedures.

¢) To determine Ly soil test selected nayailable"
nutrient parametera for 20 established physio-
gpraphic soil unitse

d) To monitor by soil testing residual availe
ability of selected nutrients as influenced
by management on bench mark soillse
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e) To utilize soil .esting with soil survey
information as 2 basis for extrepolating
fertilizer recousmendations and extension
training activities.

These are good objectives, but they are not
easily attained,

A review was made of the first wnual report and
it is well done with much infermation reported.
Some excellent maize vields are reported from

the Narsingdi station with regsponses to fertie-
lizer application, In contrast. yields of maize
at the Savar location even with irrigation, were
very low with no signiricant rcsponses to applied
fertilizer.

Yields of wheat and rice were not very high
although much higher than wost [armers vieldse.

The treatuments in general considted of 8 treate
ments including 3 rates ol N, and 1 rate gach of
P, X, S and Zn. Rates varied somewhal from crop
to crop with N being varied the mosts TFor rice
P,0g was 80, K0 60, § 30, and Zn % kg/hae
Similar rates were used for waize ad wheat,

These trials are called missing clement trials
but they are not; they are additive trials. It
is difficult to appraiss any clement since only
one rate was usad., Often several elements wvere
absent when another was nheing evaluated, In a
typical missing element btrial, all elements
except one are applied par plot. The rates of
the elements not under test in the particular
plot, has to be sufficiert so that it will not
be limitine when testing the one element. The
problem, of course, ig zebting 2 sufficiently
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large amount oi' each oleuont without zetting it
out of palance with Hther elements,

No effort was made in the repori to correlate
the yi=21ld data with soil test values. With only
one level of each e¢lement, this will be diffi- .
cult vnless the rates are high enough to assure
an adeguate anount to the crop.

Microelement Research:

This project was just wnderway and no evaluation
of data was possible., However, the research ‘
objectives seem good but they probably can best
be obtained by merging this project with the
soil test crop response trials,

Soil Management witn FProblem Soilss
(o]

Again, this project was recently initiated and
only first steps had been takep, The objectives
are good, but very broad and difficult to obtaine
With the exception of the one proposal involving
soil conservation practices (Hill tract project),
all touch heavily on soil fertility and chemistrj.
Again, it is suggested that this project be merged
under the soil test crop response trisls, This
will probably require a new proposal, but one
good, well focused project with adequate coordinas=
tion and leadership will yield mora cowmplete
information if it involves all three proposals.

Potassiym Resecarch Proposals

This project was written for a grant to the
Canadian (CIDA) sovernment. It was obvious that
Dr. Portch nhad influence in its preparation because
the methodology was much improved from the othexr

pro jectse

1
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7e0 GENERAL RECOMMENDATIONS AND T TR FA0 DEMONSTRATIONS

To assist in promoting f{ -rtilizer use Lo increase rice
production, the Directorate of Agriculture with assistance
from ¥LO put out about 800 demonstration fertilizer trials
during the T. Aman season. The averase results {rom 619 of
these trials were reported by A.R. Khan and F.0, Valera.

- In the demonstrations, applications of elcments were
N-90, P205—67, K20-45, S$-17, and Zn=-6 in kg/ha. It is not
reported, but these probably were non-replicated demonstra-
tions applied in farmers fields,

Sizeahle average increases were obtainad from all
elements in the demonstration and averare increases were
profitable. 7Two question are; however, what proportion of
the 300 demonstrations gave profitable increases and what
proportion did notj and hovs can these responses be predicted.
Average values may be helpful tc a rezion as a whole, but for
specific farms, they do not apply. A good example of this
was reported in India in 1971. Fourteen [icld trials were
conducted with paddy rice within a small area (radius less
than 10 km) in the Sambalpur District of Southern India,
These trials were part of the all India Coordinated Fertilizer
Scheme wunder the leadership of Dr. 1.C, Mahapatia. Only two
soil types, both of which were slightly acid, were involved,
Seven of the fields were below the critical level for phose
phorus as shown by soil analysis, and seven were above, There
was no relationship between soil type and phosphorus levels.
Both above and below the eritical level conditions eccurred

in both soil types.

Results from these trials indicated that the net return
from the application of phosphate to the soils testing below
the critical level was 378 rupees (about 50 U.S, dollars),
but the seven ficlds above the critical level lost 4 rupees
(about 0,50 U.S. dollars) per hectare. Average data did not
make a distinction between which farmers would meke or lose

moneye
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Simitar vesults were oo wuoted fron O yvears of field
trials with potatons (about 00 trials) in Peru. Soils
besting below - o orivizal l:vel Jor phosptorus returned
$7.,25 US per dollar invested in P, Fields testing above
the critical level lost &U80.9 for cach deo’lar inveshod,
The averace resurn Uor uic 103 £eids wis 5038%,00 Loon
the application of 30 kg/ta P?Og. llowaver, the weturn per
hectare for snils below the 2ritie:l Terel waz notually
$190.,00, Unfortunately, for Jarme s whe vhere above the
eritical soil test leval, but used tne averase reconnenda=
tion, a loss of $12,00 was recorded fer ench hecoars
fertilizecde

The report of the 619 Iield demonsir.ations showld have
jndicated at lessl the percentage of flields on which more
than 2000 xg/ha vicld increases vere octained: as well as
percentass with 1600=2000 and 0-1000 kp/ha incroases. And
indication should have been made as £o tne percontage of

trials were less yield sas obtained on the fertilized plotse.

This iaformation would Lo much more incormative than
average increases because all farme will nei show an
increase in vield of the came magnitude. and Tarmers need

to be able to evaluate risk: involvzd,

GENERAL CLARAGTERISTICS O8f A GOTL FiiTILITL
EVALUATION PROGRAM ‘

8,1 Factors Influencing Crop Yields:

In the production ol food crops tln pressest interest
should bte "n the npubs influencing both the quantity

and quality of yield over a period o0& y8rse Sustained
ey the survival of Bangla-

hizh yields is @ necessity
deshs,
the use of only nitrogen fertilizer

Practices such as
may nave a large initial efiect in ineraasing erop yields.
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However, the higher yi:lds may soon deplete other
essential elements or, may get them out of balance,
This generally creates second or tnird generation
problems which usually are more complicated than the
initial problem,

Frequently, an effort is made to relate crop yields

to a single factor such as the availability of & given
nutrient element such as nitrogen or phosphorus, This
concept was qulite evident in the Bangladesh trials
observed for correlation studies. Actually, several
factors are involved which may be expressed by the
equation,

Yield = function(soil, crop, climate, management).

Yield includes both quantity and quality.

The soil component includes the essential elements, and
their availability; adverse conditions such as acidity,
alkalinity, salinity and toxic elements; air, water;j
depth of profile texture, microorganisms, etc.

The crop variable includes the kind of crop, variety,
plant population per hectare, quality of seed, etc,

The climate component includes precipitation (amount
and distribution), temperature, wind, light (quantity
and gquality), day length, etc.

The management variable includes pest control (insecté,
weeds, disease, nematodes), and cultural practices such
as seed bed preparation, planting, cultivating and

harvesting.

Cood farming manazement, of course, involves fitting
together the many variables in the yield equaticn some
of which cen be controlled and some nots

In all instances; however, reliable information is
needed in conducting good soil management which includes
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overcoming edverse soil (onditions and nutrient
def'iciencies.

What is a Soil Fertility Evaluation and Improvement
Program:

A soil fertility evaluction and improvement program

has as its objective: The judicious use of fertilizers,
lime, manures, and other soil amendments to build and
sustain high crop yields.

A soil fertility evaluation and improvement program
involves several parts.

Soil fertility has to do principally with plant nutrient
elements and soil conditions.

Evaluation is concerncd with levels of availability and
nutrient balance in the soil including appropriate
methods of assessing these factors (soil analysis, plant
analysis, soil survey, climatic conditicns etCo)o

Soil fertility improvement involves the addition to the
soil of fertilizers, lime, manures and other soil amend-
ments in such quantities, at such times in the season,
and in such ways as to provide the optimum nutrient
environment for crop production at the desired yield

level.

Thus, a soil fertility evaluation and improvement program

is site specific and situation specific, It is the
judicious use of informetion for a specific field in
which consideration is given to factors that will
influence yield, the capability of the farmer, and the

availability of capital,

Facets of a Soil Fertility Evaluatiomn and Improvement
Programe
A soil fertility evaluation and improvement program
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involves several interrel ited lacets:d

a)

b)

c)

d)

e)

£)

Sampling (both coil :ad plont moberialsys  The
sample must represeni. the area (zone) about which
information is desiren, Sanplirg in the greatest
source of error in a :«oil lerii. ity ovaluation
program because the enslytical - osults czn be no
better than the sampleo

Laboratory Aneslysis (both roil ud plont materials)s
Speed and accuracy are ccoonbtiol dn operaving a
laboratorve FResults mas. nobn oy be rceurate,

but must be returned to thoe facwer prior to plarting
the crop.

Interpretation of tha fnalytical Dztna:  What do the
nurbers mean, Is the element below the critical
level, optimum, or in excess. HWhat about adverse
soil conditions; do these existe

Recommendations:s This invelves bhrinsing together
all information which iz necded Jor the yield
equation and producing & practical recomaendation

for the farmer or resesrchel.

Putting the information into usc: This is an
educational program and no doubt, is %the mnost
difficult to conduct. Ecucation must be done to
decision makers, administrators, fertilizer manuface

tures and dealers, researchers, and farmers.

Research: Soil science is a dyr.omic science.
Research is necessary Lo mect thu conbtinuing need
for information sboul new prodncts wnd practicese
Each phase will uncoveir nuoi proviems that need

researchs.
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Each facet in one sense, iu an entity by itself, but
all facets are interdependent, To have a successful
soil fertility evaluation and improvement program, all
facets must be considered simultaneously., In conduc-
ting a program, of course, training is involved in all
facet.s,

ihe customary starting point in a soil fertiliity
evaluation and improvement program is the establish~
ment of a satisfactory laboratory that has the necessary
capacity and also the controls to insure accuracCye
Unfortunately, soil testing has of'ten been considered
synonoumous with a soil fertility evaluation and improve=
ment program, In many instances, the only step taken

is the creation of a laboratorye. However,‘until the,
information generated by analysis is put into usse,
nothinz has been accomplished. Thus, the best starting
point should be educationj training peonle to use the
information.

Due to the tendency of administrators and others to
establish a laboratory and stop; it 1is suzgested that
the term "soil fertility evaluation and improvement?
be adopted rather than soll testing. Emphasis should
ve on the total program, and not only the laboratorye.

The program covers a wide spectrum. of activities from
gathering information, interpreting it for specific
conditions, and then putting it into use. Each phase
or facet is important end becomes an essential link in
the system., When any phase is neglected or fails, the
quality of the entire service likewlse is impaired.
There is no need for an efficient laboratory operation
iunless the results of the analyses can be related to
and calibrated to reflect fertilizer needs on farmers

fields.
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Likewise, there is.only limited practical valuve to an
extensive field fertility program if a program mec¢ha=
nism is not established to apply the results to other
related soilse 1In addition, good technical program
systems are of little value unless they are understood
and used, This is the function of appropriate educa-
tional prosramse

A good soil survey report and map can be used for
information about the lower horizons since soils

change but little from year to year in the horizons

below the plow zone. The plow zone; however, may change
markedly over a relatively short time since this zone
reflects soil munagement practices. Crop residues,
manures, fertiiizers, lime, and other soil amendments

are incorporated into the plow zone. QOver 50 percent

of the roots of most znnual crops are found in this zone.
Likesise, this 1s the zone of greatest microbial activity.

Since it is the layer of soil in which fertilizers and
1ime will be incorporated, it is important to.evaluate
the zone relative to the quantity of nutrients already
present, and available to the growlng Ccrope Furthermore,
it is important to ascertain if the soil in the plow zond
will react with some of the nutrient elements applied
rendering them less available. For these evaluations,
the soil ls separated into two classes or categoriess

a) below a critical 1evel where a sizeable increase is
likely to occur [rom the application of an element, and
b) above the critical level where 1little or no response

is expected.

Plant analyses should reflect the content of the various
essential elements available to the plant. Like soil
analyses, these results have to be interpreted. 1f only
one element 1is deficient or out of pbalance, it can
usually be easily spotted. However, when several
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elements are deiicient then the predominate element
may be the only one shown d2ficient,

Plant analyses will not tell why an element is present
or absent. If a fertilizer element 1s applied but is
not reflected in plant onalyses, obher steps must bé
taken to ascertain why. Plant analysis are boest when
accompanied by a soil analysise

9,0 A NATIONWIDE SOIL FERTILITY mVALUATION AND
TMPROVEMENT PIOGRAM FR BANGLADESH

9.1 Introductions:

conducting a competent soil fertility evaluation and
improvement progran in Bangladesh will roquire the
cooperation of several agencies and orranizations; the
activities of a large numbcer of people;y and subshtantial
financial support. The cost; however, 15 wminimal in
comparison to the almost 200 million dollars currently
invested annually for fertilizere

If only 2 percent of the money invested in fertilizer
(+ million dollars) were spent annnally to develop and
maintain a program that would assure vise investment of
the larger omount; it would be a very wise decisione
The return {rom the proper use of fertilizer, lime, and
other materials would pay [or the program many times
over thise

9,2 Present Soil Fertility Evaluation ana Improvement
Program in Bangladesh:

geveral institutes and azencies are doing work that
involves some facets of a soil fertility evaluation and
improvement programy but a coordinated projrum that ties
all aspects together does not existe
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Several s@ils'laboratories are¢ in operation and some
fiéld trials have been and are being conducteda

However, the informetion gained is not bLeing pubt into use
‘except poésibly by general recourendations.

Laboratories visited o1 the most part had some good
equipnent but none had saltipie wnit apparatus to
permit rapid handling of comples,  No study was made to
determine the accuracy ol rosults, However, 1t 1is
expected that il zome s0i)l samplcs were lhorowshly
‘mixed and portions cxchuged between the various
Jaboratories for analysis oand interprctationj con-
siderable variation wouvld be obtained irom the same
sanple.

Very little attention has been paid £0 sampling either
for soils or plants. Very little equipment is avail-
able {or this pwypose, Likesise, no system has been
developed for (ebitins comples delivered te a laboratory
and results returied fo the farmer,; quicklye

A good sturt in a coopersiive proirav has been made in
the Coordinated Soil Test Crop Response Correlation
Jtudics that dnvolves 1) Institute of uclear Arricul-
ture, 2) Dhaka University, Scil Scienee, 3) Banzladesh
Jute Reserwch Institube, %) Bangladesh Agreicultural
Research Institute, a) on=-rfarn research division and

t) soil science division, 5) Sugar Ressarch Institute,
and Banzladesh Agricultural University, soil science
'departmeht, 1t is importaant tc note that the Dangladesh

Rice Research Institute is not in this ;roupe.

‘The trizls to date; nowever, vill nave limited value
‘since 1) rates of some elements are to low to eliminate
them as limiting factors wnen studyirg other elementsj
wid 2) elements easential for plant growth may have
eficient, put were not included in the trials.

| jon. JFollowing the
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This critical phase needs Tevis
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procc lures outlined in th2 potassium project would be
an e:ellent start,

A11l {icets of a soil fertility evaluation and improve-
ment H>rogram need strensthening in Bangladesh, In
fact, most aspects will need to start from the begine
ning, This will necd to be a cooperative program since
sever al agencies will be involved, Nevertheless,

‘leadurship is needed by one ajency OF institute to

cocy: inate activities and to see that all facets

rece. ve suficient attentione

Lead: rship for the Soil Fertility Evaluation and
Impr: vement Program in Bangladeshe

Of t e organizations visited, the Bancladesh Agrieul=
turs . Research Institute (BART) at Joydebpur, is in

the ' est position to give the mnst effective leadership
in d.veloping and maintaining a competent soil fertility

eval wation and improvement prozralls They have adequate

spac: for developing a good high capacity laboratory
(sw jested floor plan Jeft with Dr. Portch) that can
sori ice all of the research institutes, agricultural
teac 2ra, and fapmers in Beangladesh foxr the noar futurea
is recommended that the soils division

Therazfore, 1t
1lity of leadership in

of 1:ARI be given the pesponsinl
and maintaining a viable soil

org:nizing, developing
vement prograile

fer+ility evaluation and impro

Est:blishment of a Coordination and Advisory Committee.

nat the Bangladesh Agricul-
take is the creation

One of the early activities b
tur-J Research Council should under
of n soil fertility conrdination and advisory committee,
The present Zroup involved in the Coordinated Soil

Tes: Crop Response Correlation Studies could easily

asc e these responsi’bilitj.es° The leader of the soil_
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fertility evaluation anc¢ improvement program or th
member~directcr for solls in BARC, might serve as
chairmane.

The committee not only can advise on precedures,
activities, programs etcC., but can also do much to
help in bringing data togather for nrocesging and in
coordinating training and other activities. 0f course,
the menbers of the comnlttee must hold a fairly high
level office in their respective institutes in order
that decisions can not only be made,but action takene
These members must also be highly interested in a
national soil fertility evaluation and improvement
program, In some countries such 28 Costa Rica, the
importance of the Coordinating and Advisdry Committee
is recognized by giving it official government statuse

FEstablishment of One High Capacity Soil and Plant
Analysis Laboratory?

Tnitially, it is recommended that only one high
capacity laboratory be establisheds This should be
at BART (Joydebpur) in the soil science divisione
Other high capacity lshoratories may be needed at a
later date as demand dictatesj however, one good
labnratory is needed initially to spearhead the
programe

In designing the laboratory, 1t is recommended that
the multiple unit concept be followed, This concept
entails analyzing a number of samples simultaneouslye
Every procedure, starting with receiving the sample
and ending with reporting the results, must be soO
arranged that samples will move uniformly through the
1aboratory. One slow procedure or step, will create

a Wpottleneck™ and limit the efficiency and capacity
of the laboratory. Likewise, the introduction of a
few pieces of agquipment or apparatus, may help a giver.
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procedure, but unlese it is the slow ::ep, it will
not greatly increase the capacity of the laboratory.

The multiple unit concept not only increases the
capacity but also increases accuracy c.’ the labora=-
tory by reducing "human errors" in laboratory
procedures. ' .

This laboratory should be designed to nhandle 300=500
samples per day plus one control sampl: per 10
unknown samples testeds The control s:mples are used
to assure accuracy of the analysis,

Several alternations will be needed ir. the present

BARI soils division facility. Additici.al equipment,
apparatus, and supplies will be needed also, A list
of needs, including the new multiple it apparatus

has been prepared by Dr. Portch. His iict can be check
for completeness by ASI if desired, '

Two pieces of each equipment such as pi. meters, spece~
trophotometers, and atomic absorption :pectrophoto-
meters should be purchased or assigned to the labora=
tory. It would be best if similar units were purchased
so that interchange of parts can be mz.e, but this is
not essential, The two instruments serve to backstop
each other in case of a breakdown. A +igh capacity
service laboratory cannot afford to be inoperative

even for a short period of time,

Determinations to be made by the labor:tory should
include pH, organic matter, soluble salis (for salinity
detection), exchangeable acidity, calcium, magnesium,
potassium, sodium, active cation excha ge capacity
(summation of all above cations), ammcnium nitrogen,
available phosphorus, sulfate sulfur, Toron, copper,
iron, manganese and zinc. Of the soll supplied essen-
tial elements needed for plant growth, only molybdenum
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is omitteds It is nee ed in such samall guuniities
(60 gm/ha) that it is .dfficult to acenratel:-
establish a meaninsful 2riticel level, ith the
above determinations, Jd:i'iciencics can he noted s
well as nutrient impbalauces detec.ed,

Other elements can bz deit-rmined o the gons 1imiorae
1

tory if needcd. This wmighi inelyv o chlorine for
some crops or pollubtion from fomzs TouraesS.

Analytical Procadurzs:

Like in most counbriaes, wne ¢oils of Daneladesh vary
greatly. Most have bezn {forccd {or several zenturies.

Py

Thus, the top soil relfiects bhe eddition ol many

manures etc., as vell as deoletion Irou meny years of

”

cropping. 'The nH of tre gcils range frow cirongly
acid in some of the tea producir; areas to allkkaline

(calcarcous) in the dryver rapionc,

Unfortunately, a universal cxtractant thot vill remove
all elements equally, =nd it o wide rangs of goil
conditions has not he fouvad as yel; and probably never
will be., The essential elements ocour in so nany
different ferms i the goil and thelir relecse ig
influenced by states of oxidation end wzoduction as well
as microbial activity.

Numerocus exiracting sclulions have been tried around
the world, All are empirieal; buf, so far the empiri-
cal procedures have proven to he the pogst accurate and
reliable,

Numerous studies were conductad over g world wide range
of soills for a pericd ol several years by staff menbers
of the North Carolina Swate University, Internaticnal
Soil Fertility OTvalusztion end Improvem: i (ISFRI)
project (predecessor of 4SI). Improvements weres nade
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in the sodium bicarbonatt procedure to give it even
a wider range of uses, he ISFII procedurcs (devew
loped under the leadersh: o of Dr. A.JH. Dunter)
includes sodium bicarbon: e, EDTA, ammonium floride,
a floculant and a gel., FSeveral of the essential
- elements availability including calcium, iegiiesium,
potassium, phosphorus, ircn, manganese, copper and
zinc can be determined by this extractant.

The ASI laboratory uses four extrac..onts., In addie
tion to the modified sodium bicarborale procedure,

a 1 N potassium chleride ecxtractant is used o

evaluate exchanzeable acidity, ond calcium and
magnesium, Calciuir and magnesium cen o determined
with elither extractant., Water is used [er pH and
soluble salts meacurenments. A mono~caleium phosphate
solution is used to determine sulfur ond horon, '

The modified sodium bicarbonate extractant (ISFEI
procedure) probably comes the closest to heing a
unaversal soil extractant of any tried to date. It can
be used equally well on a wide range of soil conditions
varying Ifrom strongly acid to ctrongly elkaline., It

. has been adopted in seve ral countries because of this
wide range of conditions over which it can be used,

Rather than spending a lot of time testing one procedure
afi.er another, it is strougly recommended that Bangladesh
adopt the ISFEI procedure using the four extractants
described above, Useful information can itien be genera-
ted immediately with a exiremely hish provability of
being correct. At a later dnte, and as sophistication
develops, nevw wuethods con bhe tested arainst this
standard,

In addition te sedil wawlyses, the lohoraitory con be
easily adapted to making plant and irrigation wabter
analysese.

Cont!d-P/36.



36
9.7 Correlation Studies.

All data, whether soil, plan" or water analyses, have
te be interpreted. What do the numbers mean. This

is a most important aspect of & soil fertility evalua=
tion and improvement program because if interpreted
incorrectly it can resul: in misleading information.

" Interpretation of the data first involves the biological
interpretation as related to plant growth; and secohdly
an economic interpretation, It is important that these
two interpretations be made in the order mentioned above,

The biological interpretation ultimately involves field
trials, But, gocd ficld trials are difficult and
expensive to conduct., Every effort should be made to
assure success of a field triale This involves not only
good managementy but alsoc obtaining as much information
about the field, the area, and the crcp grown as is
possible, prior to establishing the trial, ‘

The first step is collecting soil samples representing
larger areas of cultivation., These samples, after
thorough mixing, are analyzed in the routine manaer to
determine the presence of adverse soll conditions, such
as acidity, and possible nutrient element deficiencies,

Next, sorption studies are conducted to determine if
applied nutrients will react with the soil resulting in
a reduced availability to the plants,

From the results of these two studies, treatments are
outlined for a missing element study with potted plants.
An optimum treatment is predicted which includes all
elements that have been judged to be deficient in the
particular soil, The rate of application of each
element is adjusted by use of the sorption studles.
Treatments in the potted plant studies will then include
the optimum treatment plus or minus all essential
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elements. If an clement hod been judged to be deficient
and was included in the opiimum treatment, then one
treatment would be the optimum :ninus that element to

see if it was really needel, On the other hand, if

an element had been judged suflicient then it wonld be
omitted from the optimum treatmentas Then, it is neces-
sary to include one treatment that will be the optimum
plus this element, to see if any increasc Was obtained

from its applicatiou.

From ths laboratory analyses, scrption studies, and
potted plant research nutrient deficiencies and
imbalances jin the soil can be ascertained. Armed with
this information much better treatments can be outlined
for field trialss You will already know what elements
are deficient; therefore, needing study, and what rates
of fertii.zer application is anticipated for optimm
yield, Thus, the correct elements are studied at rates
that will give a proper biological response curve, The
efficiency of field trials is thereby inereased many fold,
and the data can be interpreted [or economical, practical
fertilizer recommendations for [armers.

Procedures for conducting correlation studies are out-
1lined in Technical Bulletins nuwmbers 3, 5; and 7, plus

~ the 1973 Annual Report of the International Soil Fertility
Evaluation and Improvement project ot Nerth Carolina
State Universitys. These are being reproduced and will
soon be availsble in Bangladesh,

Getting correlation data for the interpretation of soil
and plant analysis is a continuous process. Steps should
be taken to continue and strengthen the coordinated soil
test crop response prvject to conduct this very important
aspect of soil fertilivy evaluation. The more data that
becomes available, the more refined can be the inter=
pretation of scil conditiors and therefore, the recom-
mendationg made for improved fertilizer manegement
practices.
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9¢8 Soil Sampling:

Getting representative scil samples is very important
both for research and for a soil testing program,

Much more emphasis needs to be placed on this in
Banzladesh, There are two basic strategies that gshouvld

be used; one for small and the other, for larger' farms,

9,841

Small farmst Bangladesh is couiposed largely of
relatively small farms, Almost half of the farms
are 2 acres or less with another 25 to 30 percent
ranging from 2 to 5 acres. These are cultivated
mainly with human labor with an ox team used to
prepare the land. Usue’™ | at least two crops are
grown per year, Obtaining site specifie, situa-
tion specific information for one small farm
would not be difficult; but to do this for the
huge multitude of farms will be a monumental, if
not impossible, task, Therefore, a somewhat
different approach is recomaended,

After the soil testing laboratory has been estab=
lished and is operational, the first assignment
will be take over the correlation studies initia=-
ted by using the ASI laboratory for analysis and
sorption studies, And, get correlation data from
the various regions of the country as outlined
above, The next step will be to work with the
various cropping system sites to sample and test
all demonstration or research areas before the
demonstration is established, Then, the treat~
ments for the demonstration or research trials
can be based on the soil analysis plus any other
pertinent information available,

After a sufficient number of demonstrations have
been completed in an area, the program can be
multiplied in many farmers fields,

Cont td=P/39,



39

The following step wili be tc organize u group of
farmers in an area like observed at ths Patiya
Thana association center, Thare 30U nssoniniions
composed a training group. If for example, it

is assumed that 300 farms are selected; the
capability of the 300 farmers, although &ll may
be small farm owners, will be quite diflfercnt.
Some will be leaders generally ready to try new

techniques to increase yields. At the some time,
these people generally are beter abliz to iuke
any risks associated with inc-eased cosbs for

inputs, Thus, we can separat: the farmers initially
into two classes,

Standard yield goals should b3 established for
both classes of farmers (leadars and average).
Standard yields are those obt:ined for the major
crops grown in the coummunity +hen zood management
practices ere followed. Thesz practices include
use of good varieties, good szed, proper land
preparation, good cultural practices, and the
judicious use of fertilizers, especially nltrogen.
Nitrogen is the most deficient element in Bangle-
desh soilse. It is also the most widely used and
farmers are familiar with it.

The purpose of esteblishing a standard rield goal
18 to stretch or increase yields above what each
group of farmers is presently obtaiiing: unless
they are already quite high. The otily vay to
increase yields is to recognize that they are
low, look fo. limiting factors, and thon take
steps to correct them,

A standard yield can be used to identify problem
areas. For example, if 5000 kg/ha is a good
yield for an area, and is set as the standard
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yield, and this goal is :ttained only with the
use of additional nitrogin, then other elements
are not limiting at present, for this standard
yields On the other hand, if the standard yield
1s not reached with nitrogen, then other elements
are probably limiting. Of course, poor varieties,
adverse climatic conditions, etc, may be resgpone-
sible for falling short of the standard yield goals
Naturelly, these factors have to be evaluated in
tne interpretation of results. Assuming then,
taat other factors are not responsible; a soil
test can be used for predicting other nutrient
deficiencies,

Uniform areas with respect to soil type, cropping
pattern, climatic conditions, irrigation, and
other management practices should be selected.

Returning to the example of the 300 farmers; assume
their area includes 100 hectares, It would be
difficult to obtain representative samples for each
of the 300 farms, Taking one or two sample cores
per farm is not correct. The correct procedure
would be to select 10 to 15 farms at random, but

oii a grid pattern to assure that farms will be
spattered, This can be accomplished by separating
the 300 farms into a grid of 30 fields each., Then
rindomly, 1 or 2 fields could be selected from each
ol the 30 grids, Selected fields should be care-
flly sampled with 30 cores for each composite
sample, These composite cores must be thoroughly
mixed before removing the one pound sample to be
sbnt to the laboratory for analysise

Voriability can then be noted between the fields
chosen for sampling. If all results are fairly

comparable then similar fertilizer recommendations
cin be made for the two levels of farmers; one for
the better farmers, and one for the average farmere .
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At the same time as saipling is done, it would
be wise to take larger soil samples {rom one or
two farms in the area. These samples (20 kg)
should be taken at the same depth of sampling as
the smaller soil fertility samples. These
samples should be used for additional studies
beyond routine analysis. These studies should
include sorption determinations, to determine
reactions between fertilizers and the secil, and
potted plent trials, using the missing element
technique described earlier.

If several nutrient defliciencies are uncovered,
tren on-farm field trials can be establisl.ed to
check the best methods for applying the needed
nutrients including rate, time, method of applica-
tion, and matcrials tC use.

As this wnit area approach is repeated many times
across Bangladesh, suificient correlation data
will be produced for the jnterpretation of soil
and plant analysis for the various problems that
will be encountered.

0f course, & certain number of trials will have

to be conducted on fields not delicient in a given
elenent in order to have soils that are above the
eritical level for correlation of this elemente

Larger farms: Procedures outlined for the small

farms can be used for the larger ones, The dife

ferences will be in the method of selecting areas
to be sampled, and possibly in setting a standard
yield goale

gince the purpose of soil analysis is to obtain
jnformation that can be used for sound fertilizer
management practises, it will he desirable to
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ascertain variation: that exist within given
given fields, Variations usually can be spotted
from differences in crop growth., Farmers are
usuelly aware of them. However, they may not
kxnow what causes the variation. If the areas
are sufficiently large to warrant separate
treatment, then they should be samplad separvately.
Such differences may be due to acidity that cen
be overcome by limingj; or erosion or soil
removal, that would need more organic matter

for correction. Other profile characteristics
should not be overlocked such as the-presence of
a clay pan or a shallovw soil, These, of course,
require on site inspections. '

1t should be remenbered that the number of cores
taken for a composite sample is not dependent wpan
the size of the field for which information is
desired, but the variability of the aree in |
question. A completely homogeneous field of 20
hectares would require but one core samplej but,
soils are not homogeneous; in fact, most soils

are extremcly heterogeneous as 2 result of managee
ment practices. Therefore, 30 core (sub-samples)
samples should be taken for a composite sample
regardless of the size of the'land to be evaluated,

EFFICIENT FERTILIZER USE

10,1 Introductions

The economics of fertilizer use depends upon-the return

obtained from money invested for fertilizer. This can

be translated simply into; how many kilograms of rice,

maize, or wheat etc., are obtained per kilogram of
jlizer applied,
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Jitrogen, A (uides

Since nitrosen deficiency i widespread in Bangladesh
and since it is likely to . the mosi deficient, it
can be used as z guide to ¢ flcient fertilizer usee

>

Technical Bulletin numbey 6 titled: Soil MHitrogens
Supply, Processes, and Crop Reouirements by W.V.
Bartholomeu (1972} of the Insernctionzl Scil Fertility
FEvaluaticn ond Toprovosent project of ‘srih Carolina
State University includes valusvle tcbies that indicate
the kilosrams of nibrogen required for vapions Crop
yields (from 0 to 12 000 Xz waizz; 0 1y (,000 g wheats
and O to 0,000 Vv wica), Thene tables were prepared
by Dr. Bariinolonew = olw roviowing ond Leindating data
from all »Harst: ¢ Lin o uorla,

The tables ean alce be wsed to determine the approximate
amount of grain that zhould be obtained pex kilo of
nitrogen applicd. 1This ig & straight line relationship
from the very low to the wvery high yields {There may be
a slight decreass in ULILs rangel)s In generali however,

r

the.efficiercy in oo of nitrogen chould pe rach alike

N

regardless of th: yield oLbained,

Tgble I is a reproduction of part of tinese data. It
indicates the nitrogen efficicney in kilegrams of grain
yield per kilogram of nitrogen applied for average and
better than avcirage farmars. For oxample, witihh rice, an
average

Table 4: Nitrogen efficiency {(Kg of grain yield/kg of N)

for averanc and better bthan averare farmers for
maize,wheat mnd rice,

———

Tig1A Fange, (Ko prain/is 1)

Ly ad

_Crop pvercoe Vapnorn  Behier than Average Farmer

Maize 28x33 3238
vheat 122 16~23
Rice 2325 ' 3233

farmer should get 23~25 kilograms of rioce for every
Cont ' d=P/ My
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kilogram of nitrogen applicd while the better farmers
will get 32«33 kilograms of rice.

From the information observed in Bangladesh, the return
from applied nitrogen is mch lower than these Tigures,
This clearly indicates that other factors are limiting
the efficient use of nitrogsen. This can be a number of
factors such as poor'hater or pest control management
but it can also be due to deficiencles of other essene
tial elements that were either not applied or not in
sufficient gquentities; with the nitrogen. The addition
of all essential elements low in the soil ig needed to
get efficient use of applied nitrogen, Otherwise, both
farmers and the country are losing money on the investe
ment they make on nitrozen fertilizer,

If aress are not zetting these returns for applied
nitrogen, then studies need to be undertaken to ascertain
what the limiting factors are. A good, viable soil
evaluation and improvement program can determine these
deficiencies and suggest corrections, ’

First, of course, the research worker needs to ascertain
rates, methods of application, time of application and
best materials to use to assure ei'ficient use of nitrogen
in attaining the standard yield goal that has been ectab-
1lished for an area, This does not mean thal lmmediate
action cannot be taken in the field, Until more precilse,
local data is available, information and methodologies
from the literature could bte used as a first approxima-

tion,

If a standard yield can be attained with the addition of
only sufficient nitrogen, and the return per kilogram of
nitrozen applied agrees reasonably with the data in
table 4j then other deficiencies do not exist at the
pregsent level, With continued high yields; however,
deficiencies of other elements are likely to develop.
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The soil fertility cvalu tion and improvement program
should bhe uhin to identi y these consbroints before
crop yields are greatly apresuede

P

A soil fertiiity evaluation oad improvemsnt program for
Banzlodesh neads L0 bo nCcoordinabol pros-oan since it will
service larmers, oxionsion wolilerd, veved lmer deolers,
researchers ctce. She laborahory ot he conoidered a8 a

4 1 Cperiete Tt iaT N on da L l
e & Ll W ~ .
g e Al RS VS GLRPRe

service tool thot ig pnrhy but ondy

PLOIT L

One of the menh imnori:al norts o Lo pro o il be the

edanabional oo iell, snd over

the whole counbry, #iwel, local aordenliay al Tenders pust
be trained in soanplo Taning, end i bhe vao of the informos
tion provided by the récnrmenanlions  Cnose lenaders will
initially be responsiols Jor supnle coliecbion so thab good

samples will be obbelncd,

Demonstraotions 2on be czrricd ant b owortters frop various
institutes at iheir =ropping srutas niitse  Gub, Gven more

than demoiistrabiryg how Lo o0 pehten lalds will be needed %o
et the farmer to snevedse Cl'op < icids, TFor one thing,
materials needed will have to L2 arailohle and at nrices that

will result in profif Yrom bnelr uens .

Other imporiant factors Loat voave bo be considered and
coordinased into the propram e CTOP reics suppoyt and even
crop insurance to halp peotech the farmer acainst natural
disasters such as Jdrought or aropr Gaangt.  LE wioks in using
fertilizers cin be reduced and e it pocom2s rore certain
then the behter farners il onikly aden’ new prachticesS,
Shortly thersaflnon Freir neiznbours will follow suit. Most
countrizs have nrobt paen ahle te pranbily inlrease vields for

a given cro; vitrout Tirst sevuiag o floor price that guarans-
tees the farmem a price whera ne cen muke i repgonsble preofit
by following gocd management practices@
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12,0 PORTCII REPORT

In July of 1982, Dr, Sam Portc! =~ now a permanent TALS staff
membcr in Bangludesh ~ made a consultancy trip to review the
soils progroms, IHis report titled "Mepors %o Sengladesh
Agricultural Rescarch Council (BARC) on Soil Pertility"
contains many cxcellent observosions and rocomaendations
that coincide with this present repocta. his resuits from
the fact that Dr. Portch worked for severl yeotrs on the
International Soil Fertility Evaluation and Imprcvement
project of North Curolina Statc Tniveraiby where mony of the
technigues and philosophiss reported were developad, The
Portch report difiers from the present reporty however, in
that it offers = relabively detailed work plan that includes
a plan of action end an activity [low chart. These have been
evaluated during the presenv consultoneye The work plan
seems to pe well developed iu a step wise form, 1t sghould
be followed as closcly ze possible; ond wherever possible,
incorporate the new concepts generated from thls report,

It cannot be over emuiasi sod thet the soil fersility evalua=
tion and imprOVLment nrozram suzgested by both Porten and the
present report; must consider all phases of tho program simul=-
taneously., The laboratory nust not be ihe prograi, nor the
field work, And, fingneing ond cooperation to conduct a total

program are essentiala

Tt is suggested that the Advisory Comnittee suggested in this
report be constituted immediately and develop a working policy
and plan shaped alter the Poritch and this reporte
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Appendix-I REFORTS DIEN LUWED

1. Banzladesh Current Economic Po:iticn and Short Term Cutlook
March 21, 1980,

2, Bansladesh ¢ Current Economic Situntion ond Review of the .
Second Flan February 23, 1981.

3. First Annual Report Cocrdinaled Soil Test Crop Response
Correlation Studics ~ Soils snd Irrigatio, Division 1980-81,

%, Ananual Report (1980-81) Soil Test Crop Response Correlation
Studies for Wheag, Polato, Cotien, Tobacco, Grain and Lentil,
BART -~ Division of Soil Scicnce,

5. The Bangladesh Fertilizer Sector. 1978 « Inlernationsal
Fertilizer Development Ceniels

6. 1IIDC Preliminery Draft - 1983. Review and Alternatives for
Using Phosphosgypsum as an Agcizultural Sullur Source for
Bangladesho.

7+ Soils of Banzladosh @ General soil Type - SeMe Saheed.

8, Fertilizer Cuide {or HMajor Crops ol nangladesh -~ BARC

9, Need for Scil Testing Services in RBan:lzdesh -~ Dr. Mo Amirul
Islam - 1980,

10, Annual Report 198001 Extension and Research Project - BARI,

11, On Farm Studies on Fertilizer Response of Potato - K. Anam,
M.H. Mollah, J.U. Ahmed, 31962,

12, Potassiwm in Ran;ladesh Soils and Crop Hespouse =~ Dre Z. Karim,
BARC. .

13, Promotion of Increased Fertilizer Use Lfficiency Through
Field Plot Demcnstration - G.%. Khan and ',0. Valera.

1%, Characterization of Soils for Non-Irrigated itice Cultivation
in Dangladesh, He Broamer - 790, Dhaka.

15, Response of Maize to Trrifali el
7. Karim, A.J. H.S. Karim, MS. Khan, M. Ratman, K Short and A,
Rajnan, 3oil Physie Section, BARI, Division of Soil Science, -
1961,

16, Potassium Supplying Power of Rice Soils in Bangladesh. A.K.M.

or ab Differen’ Levels of Nitrogens

Habibullah, S.M, Ratian ard T.H. Bhulya T.M.A, Jour of Bangladesh

Academy of Science Vol, be 1 & 2, 198C,

17, Studies on the Plant Myhrient Status in Ban~ladesh Soil, M.TI.
Ali, E.H. Bauiya, M.M. Rahman a1d A.K.M, Habibullah INA.
Ban:ladesh Jour, Agric. Scicnce, 5(1)25~39, 1982.
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18, Potassium Studies in Soils and Crops of Daniladesh, A
Research Proposal 1983,

19, Various Contract Researeh Projects in Soils from BARG.

20, DNeport to Banzladesh dgricultural Research Gouneil (BARC)
on $oil Pertility ¢ S, Portch July 1982,
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IT TNERARY

Dr. J.W, Fitts
Soil Fertility itpecialist
March 25 to April 19, 1983

Date Location Description
March 25 Dhaka Evening sarrival
26 " Weekend
27 " TADS/BARC/ATD
28 Joydebpur BART, BRRI Drs.
29 Dhaka BARC report
reviewlng
30 Comilla=Feni=- Travel by land
Chittagong
31 Bathazari Visit BARI and  Drse
cropping
systems site
April 1 Patiya and South Visit BADC and Drs.
area
2 Dhaka Return from
Chittegong
by air
3 " BAIIC report
reviewing
4 " BARC report
‘ reviewing
5 Jamalpur Mymensingh BARI - BAU
6 Mymensingh INA -~ BAU
7 Joydebpur BART present
seminar
8 Dhaka BARC report
reviewing
9 " Weekend
10 " Report pre-~
paration
11 n Report pre=-
paration
12 " Technical
seminar BARC
13 " Technical
seminar BARC
1k " Report pre=-

paration and
briefing at BARC

Departure

Loczl Cooydinator

Dr. Portch
Dr. Portch
Dr, Portch
Islam & Bhuiyan
Dr. Portch

Dr, Islam

Islam & Guasem

Islam & Portch

Dr., Portch

Dr. Portch

Dr, Portch

Mr. Kelley & Dr. Eaqub
Drs, Baqub and Ali.
Drs. Islam & Porich

Dr. Portch

Dr., Portch
Dr., Portch

Dr. Portch
Dr, Mannan
Dr, Mannan

Dr, Daugherty

Dr. Portch



Appendix-IIT TALK - PRESENTED

by

Dro J.We Fitts, Soil Fertility Specialist
March 25 to April 15, 1983

Date Locatlon  Attendance - Topie

March 31 Hathaz~ri 30 Research Concents ol a Soil
Fertility Evaluation and Improve-
ment Proiram.

April 3 Janalsour 20 01l Pertiliiy Problems in Soils
from Jamalpur.

April & ifrwencinh 1480 Cronist Coneepts in Soil Pertility
Evaluation znd Improvement.

April 7 Joydeuva {0 Sonsd o Geneephs in 8oild Fertdlivy
Evaluation and Improvemento

pril 12~  8ARC 5C PDr. iiits oresented a series of

i3

5e
e
7e
8o

talks tnat were follouwsd by discus=-
sion merieds led by Dr. Portche
There were eight topics presented.

Ob jectives and Methodology of a Soil Fertility Evaluation
and Improvement Prograa for Bansladesile :
Soil Sampling Procedures for Bangladesh.

Facilities and Techniques for a hiesearch and Service Soil
and Plant AMnalysis Laboratory,

Laboratory and Greenhouse Techniques for Nutrient Survey
Studies to Determine Soil Amendment Needs for Optimum

Plant Growth,

‘Making Recommendations for Farmers from Soil and Plant

Analyses Data,

Correlation Studies.

Keying on Nitrogen.
Changing Comcepts in Research to Reach Higher Yield Goalse

"
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