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1. INTRODUCTION

Agriculture is the mainstay of the Ethiopian economy
employing about 85% of the labor force. It contributes about 45%
of the GNP and accounts for about 90% of the total export
earnings.

Ethiopia is endowed with potentially rich natural resources,
of which land is the principal one. Out of the country's total
land area of 122 million hectares, at present only 17 million
hectares of land, whose fertility is continuously declining, are
said to be under cultivation. On the other hand, the population
of the country which stood at 52.1 million in 1992 is expected
to rise to 67.1 millon by the year 2000, and 113.6 million by the
year 2015.

With the rapidly increasing population, the pressure on land
for the production of the increasing demand for food, fuel and
fibre is becoming enormous. Moreover, the increasing cattle
population and its competition for arable agricultural land is
having a devastaling impact on the soil. TO meet the above
demands, vast tracks of land are being brought into cultivation
yearly. In addition, new and often marginal lands which are more
susceptible to dec-radation with cultivation are also br.-:h-.1 into
production. Further, a combination of factors such Hs poor
management of land and water resources and the low level of
technology employed has resulted in many forms of soil
degradation such as nutrient loss, erosion, salinity, and
toxicity often resulting in desertification.

Considering the fact that the amount of land available for
cultivation and its production potential is fixed, it is
imperative that this scarce land resource be properly managed for
sustained productivity. The immportance of soil at present and
in the foreseeable future as the basis for food production is
evident. In order to obtain acceptable economic yields and at the
same time to conserve the soil fertility, it is imperative that
a more rational and scientifec approach be pursued. Detailed
soil studies supported by strong soil analysj.s laboratory
services in order to better understand the physical and chemical
characterisitics of the soil, constitute the essential tool that
will enable a more rational and appropriate use of the soil.

Soil and plant analytical laboratories are important because
th&- provide an essential sulor: to agricultural research and

_lopment. Good sr7'Ll management is essential to provide the
food needs of the rapidly growing population on a sustainable
basis. The increase in food production by Improving the
fertility of land presently under cultivation and by expansion
of agriculture to virgin areas will be a bigger challenge to soil
management. Soil and plant analysis laboratories play major role
in guiding and improving soil management practices there-by
increasing the food supply.

There are a number of soil and plant analysis laboratories
under various institutions in the country. These
laboratories, though established for similar purposes, are



operating on indivival basis lacking any kind of communication
and exchange of information which are essential for the
reliability and proper utilization of analytical data, Moreover,
most of these laboratories receive insufficient support for
proper functioning.

This problem was thoroughly discussed during the 1 Natural
Resources Improvement conference held in, 1989. Being aware of
the fact that under the present situation the soil testing
services could not be expected to be efficient enough to fulfill
the analytical requirements, the conference participants decided
that a system shall be developed to coordinate the existing
laboratories in the country.

As a first move towards standardization of analytical
procedures and in order to come out with a rational proposal as
to how these laboratories could be coordinated, the NSS of the
MOA was given the task to asses the present status of all soil
testing and plant laboratories in the country.

Based on this proposal the NSS prepared a survey
questionnaire and dispatched it to the different soil testing and
plant analyses laboratories known to it. The questionnaire was
intended to provide Ilformation on techincal personnel engaged
in analysis, the ti:e of analytical services rendered, the
analytical methods employed and the type of instruments and
facilities available to each laboratory. The findings of this
questionaire are embodied in a final report entitled "A Survey
of Soil Testing and Plant Analysis Laboratories in Ethiopia", by
Sertsu and Baisa (1990).

In order to systematically tackle the common problems of the
national soil and plant analytical laboratories in a more
concerted manner, the Soil and Plant Analytical Laboratories
Network of Ethiopia (SPALNE) was established in February 1992.
The Network had 14 laboratories as founding memebers and the NSSP
is an elected coordinator of the Network.

2. GOAL

1-_-e network of soil and plant analytical laboratories has an
overall goal of improving the soil and plant analytical services
to support agricultural research and natural resource
conservation and development endeavors at national level by
increasing the activities and efficiency of the soil and plant
analytical laboratories in the country.

CH,J17.CTIVES

o achieve the overall goal the network (SPALNE) will
concentrate on four major objectives.

i. Standaridize and adopt appropriate methods for soil and
plant analysis

Most methods for soil and plant anaysis were developed
in temperate regions for temperate soils and crops.
The properties of soils of the tropics are dften very



different from those of temperate areas and methods
developed for temperate region soils cannot always be
used for soils in Ethiopia, which is located in the
tropics.

As soils and crops in the different parts of the
country also vary greatly in properties, many
different methods may have to be considered for
analysis. To improve compatibility of data from
different soil and plant analytical laboratories in
the country, it is essential to standardize the
methodology as much as feasible.

Establish close collaboration among soil and plant
analytical laboratories in the country for better
exchange of information

Train laboratory technicians in both analytical
methodologies and maintenance of laboratory equipment.

Well-trained staff are of prime importance for a well
functioning soil and plant analysis lab. Such staff is
scarce in Ethiopia and there is an urgent need to
train technicians in analytical methodology and
maintenance of lab. equipment. The network can
organize in-country training for lab. technicians.

Establish a data quality control system for soil and plant
analysis which is suitable for all laboratories in the
country.

The reputation of a lab. depends on the quality of
data it produces. Large sum of money and excessive
time can be wasted if the data produced by labs. are
not reliable and valid. To improve the quality of data
from the soil and plant analysis labs, in Ethiopia a
system of quality control of data is required.

V. Establsh Lab. Instrument Repair & Maintenance workshop at
a National level.

vi. Establish a system for central procurement of chemicals,
glasswares and spares.

The National Soil Service Laboratory as the coordinator of
the Network and as part of its project activities, has the

responsibilities of assessing and supporting the various
laboratories. Needless to mention, the training offered for the

technicians of many of these laboratories and instrument repair

services rendered to a few of them. Given that the previous
survey of the labs. conducted in 1990 was not very complete. The
NSSP was also given the aassignment to evaluate the present
condition of the laboratories existing in the different parts of
the country, and also to assess additional potential areas for
future establishment of satellite laboratories.



3.1 IEDITE OBJECTIVES

In order to achieve the above objectives specific terms of
reference were assigned to the NSSP as the coordinator of the
Network and as part of the project activities in order that the
acquired informatioon on the status of the regional laboratories
and regional lab. needs could be used as framework for the
implementation of the Network objectives.

The terms of reference were the following:
- By means of questionnaires and visits assess the

existing capacities and requirements of other
laboratories.

Undertake an assessment of requirements for soil
analyses at regional level through questionnaires and
visits.

Evaluation of the existing soil laboratory facilities
4- regional level to determine their capacities to
provide the required services.

- Formulate a detailed proposal including investment
requirements for pilot laboratory in a selected
region.

Evaluate the training needs at regional level for
laboratory technicians, and devlopment personnel.

It was within the framework of these terms of reference that
a team from the National Soil Service Project Visited
Laboratories and Regional offices in the different parts of the
Country, for a total of 40 days (between 201 January and April
8/1993).

The mission had three main objectives:

To visit the soil and plant analytical
laboratories in the different regions as a follow up
to the questionnaires earlier sent out to these
laboratories to evaluate their present status as to
the types of analyses effected, instrumentation, their
capabilities and limitaions and how they would fit in
within the Soil and Plant Analytical Network for

Ethiopia (SPALNE). These on the spot visits were
'tended to make a more complete appraisal of these
laboratories and ensure completion of the
questionnaires.

To visit the Administrative Regional Agricultural
Development Departments as a follow up to the
questionnaires previously sent out to them to evaluate
their laboratory needs and hence determine if new
laboratories need to be set up in these regions or if

existing laboratories where applicable need to be
upgraded. Actual presence was necessary to effect a
more complete evaluation of the agricultural
constraints to.agricultural productivity and assess if
the presence of a laboratory could resolve SoMeóf the



9. National Soil Service (NSS), ETH/87/010, c/o FAOR Office,

P.O.Box: 5536, Addis Abeba.

problems associated with the low productivity/unit
area.

c) To assess the problems of the farmers relating to soil
productivity and fertilizer use in agricultural
production and indentify the most relevant constraints
to crop production in order to refine the training
material for the field extension staff to address the
actual problems faced by the farmers.

3.2 conT?osiTioN OF THE TE FOR THE KISSONS

The team that effected the missions was composed of the
following:

Dr. Sahlemedhin Sertsu NPC, & Coordinator of SPALNE
Dr. Tadele G. Selassie Training Coordinator NSSP
Dr. Yerima B.P.K. Soil Laboratory Specialist NSSP

4. LIST OF L2-901-L2,1TORIES SURVEYED

The questionnaires were sent to 25 laboratories (Fig.1) whose
addresses were known to NSS. The following list shows the names
onf address of the twenty two laboratories which were visited.
Lac:oratories that replied to the questionnaire are shown with
asterics.

Alemaya University of Agriculture (AUA) Soil Laboratory.
Soil Science Department, P.O.Box: 138, Dire Dawa.

Awassa Junior Agricultural College (AJAC) Soils
Laboratory. P.O.Box 5, Awassa.

Awassa Research Center (ARC) Soils Laboratory, Institute
of Agriculture, P.O.Box: 6, Awassa.

Bako Research Center (BRC) Soillaboratory, Institute of
Agricultural Research P.O.Box: 2003, Addis Abeba.

Baro Akobo Basin Master Plan Project Laboratory, P.O.Box:
1086 , Addis Abeba.

Holetta Pesearch Centre (HRC) Soils Laboratory, Institute
of Agricu),ch, P.O.Box: 2003, Addis Abeba.

Kulumsa Research Centre (KRC) Soils Laboratory, Institute
of Agricultural Research, P.O.Box: 489, Asella.

International Livestock Centre for Africa (ILCA). Soil

and Plant Nutrition Laboratory, P.O.Box: 5689, Addis

Abeba.
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Water Resources Devlelopment Authority, (WRDA) Laborat
service, P.O.Box: 5673, Addis Abeba.

Ambo Junior College of Agriculture/Laboratory

Jimma Junior Agricultural College Soil Laboratory

Jimma Research Centre Soils Laboratory .

Adet Research Centre Laboratory.

Mekele ncssarch Centre Soils Laboratory: only building
without doors & windows.

Dessie Agricultural Office Soils Laboratory (only
building present).

Wonji Sugar Estate Laboratory.

Melkassa Research Centre Soils Laboratory.

Melka Werer Research Centre Soils Laboratory.

Debre Zeit Research Centre Soils Laboratory (AUA).

Sinana Research Centre Soils Laboratory.

Ministry of Mines and Energy Research Laboratory.

Tana Beles Project Laboratory.

Wondo Genet Forestry School Laboratory.

Soil Conservation Service Project Laboratory.

In this Survey report a synthesis of the findings obtained
through the questionnaries and the on the spot visits to the
laboratories is made as well as an attempt to analyse and discuss
-he present situations of these laboratories so that -k,propraiate
steps to improve the situation could be taken in the future.

S. STAFF 17,CILITIES

5.1 aff:
7he variation in staff numbers by sex and qualifications

for the laboratories surveyed are shown on Table 1. The total
number of personnel directly involved in analytical services is
133. This figure is very similar to the total number of personnel
involved in analytical services reported by Sertsu and Baisa
(1990) for 11 labs surveyed. This low figure is largely
associated with the restructuring programme in late 1993 which
resulted in the loss of about 32 personnel from the NSSP. The
extent the other government labs have been affected by this
restructuring is not known since questionnaires from these labs
had been received prior to the restructuring exercise.

Y



No Staff

TABLE 1. DISTRIBUTION DF STAFF IN THE LABORATORIES

NSSP ILCA Ministry Holetta Aleaaya Pebre Kuluosa Melka Water Worui Tana Jitaa
of Mines IAR ÑU Zeit IAR Werer Resource Sugar Belles IAR
& Energy IAR IAR Dev. Estate Proiect

Authority
1 2 3 4 5 6 7 9 9 10 11 12

MF MF MF MFMF MF MF MF MF MF MFMF
1 Graduates 6 - - 1 34 -18- I I 1- 3- 4- -1 - - 3 -

2 Technicians 42 1- 115 6112 - 1 21 11 52 2-
3 Administrative

Personnel 1 5

4 Others 11 1- 2 -- - -2 12 - 10 - - 1 -

TOTAL 128 21 1411 6292 1 4 43 41 92 121 1-61

Awassa Awassa Adet Bako Ambo Sinana Nazareth Jimma Wondo SS Mekele Bessie Baro

lAR College IAR IAR Junior C. 1AR Melkassa Junior Genet C. Project 1AR Agric, Akobo

Agric. 1AR C. Forestry Lab. Office Basin

Agric Lab.

13 14 15 16 17 18 19 20 21 22 0 24 25

M F M F M F MF MF MF MF MF Pl F MF MF MF MF
1 Graduates 1 - 1 - - - 1 - 1 - 1 - - - 1 -

2 Tec'hnicians 1 - i - 1 - - - - 1 - 1 - - 3 -

3 Administrative

Personnel 1 -

4 Others 2 - - - 1 - - -

TOTAL 3- 2- 1. 211- 2 - 1 1 1 1 1 - 3 -

Where M = hale, F = Female



The largest number of staff is made up of technicians 59
(44%), followed by graduates 43 (32%) and then by staff with
undefined functions 25 (19%), while administrative support
personnel constitute only 6(5%). The NSSP laboratory has
Administrative personnel which could very adversely impact
on analytical productivity.

5.1.1 Graduates:

There is at least one graduate per laboratory, except in Tana
Belles, Adet IAR, Melkassa IAR, Wondo Genet College of Forestry,
the Soil Conservation Service Project, Mekele IAR, Dessie Agric.
Office lab and Baro Akobo Basia laboratories. The highest number
of graduates is at Alemaya University (8)followed by Ministry of
Mines and Energy Laboratory with 7 and then the NSS next with 6.
For the rest of the labs the number of graduates ranges from 1-4.
The highest ratio of technicians per graduate is 7:1 (Holetta),
followed by Alemaya University (3:1) then The Ministry of Mines
Fnel-: and Water Resources Laboratories with 2:1 respectively.

The ratio of technicians to graduates at the NSSP is 1:1. The
labs with a low ratio of technicians to graduates are likely to
have very low analytical output.

5.1.= ians:

The number of technicians in the different labs vary between 0
and 11. The highest number is in the Ministry of Mines & Energy
(16), the next highest is at Holetta and Water Resource
Development with 7 each. The NSSP is in 3111 place with 6

technicians. The technician problem appears acute. Apart from the
above mentioned laboratories 8(32%) of the laboratories have only
1 technician and 7(28%) of the labortories have no technician.
This is very disturbing since very little analytical work can be
done.

5.2 Facilities:

The status of various essential facilities in the different
laboratories ',.',urveged are shown on Table 2. Except for Jimma IAR,
Bao lAR, Sinana IAR, Jimma Junior College of Agricultural
Laboratory and Mekele which have poor quality water, all the
laboratories surveyed have good quality water whose supply is
reliable for most of the time. Electricity power supply is

generally satisfactory for all the laboratories surveyed.
Greenhouse facilities are only available to ILCA, AUA, Holetta
IAR, Debre Zeit IAR, Awassa IAR , and Nazareth (Melkassa) 1.kR

Laboratories. Field experiment facilities are available to all
except NSSP, Ministry of Mines and Energy, the Soil Conservation
Service Project and Baro Akobo Basin laboratories.

Following the responses 64% of the labs have
spectrophotometers, 40% with colorimeters, 72% have Flame
photometers and only 24% of the labs own atomic absorption
spectrophotometers. X-ray diffraction apparatus are owned only
by two labs, NSSP and 'Ministry of Mines Laboratory. Water
distillers are owned by 80% of the labs. Water deionizers by 52%
while it is only the NSSP which presently redistills alcohol.
Only 44% of the labs can effect sample distiilation. PH meters



TABLE 2. FACILITIES AVAILABLE IN THE DIFFERENT LADDRATOIES AND THEIR STATE

Laboratories and Status of Equipment or Facilities

NSSP 1LCA Holetta Alemaya Debre Kulumsa Melka Water Ministry Wonji Tana Jimma

IAR Univ. Zeit IAR Werer Resources of Mines Sugar Belles IAR

1AR 1AR D2Y. A. Energy Estate Project

2 4 5 6 7 9 9 2 10 11 12

No Equipment

or Faciility

ARAB AB AB AB AB AB AB AB AB AD AB

Basic Facilities

1 E]ectricityReliable) / / / / / / / I / 1 i /

2 Tap Water(Reliable) / / / / / / / / / / / X

3 Tap Water-well(Reliable) D / / X / X / X X X X

4 GrFerrhouee ? 12 / / / X X i X X X X

5 Experimental Field 0 / I I I I I I X / / /
6 Structural Lab.

Infrastructure / / / / / I I I I I

7 Others (Computer) /3 / X / /1 X X X / X X X

Spectrometric Apparatus

1 Spectrophotometer 13 1 Ca 1 2 2 1 Cc X 3 Cd 1 1 1 2 Cu

2 Colorimeter 0 O X X 1 1 I 1 1 1 I 1

3 Turbidimeter 0 0 X X X X X X X X X X

4 Flame Photometer /3 1 X 2 Ka 1 I Ka 2 3 1 1 1 1 Ka

5 AAS 2 1 Jb 1 1 Jc 1 X X X 8 X X X

6 X-ray Diff, (XRD) 1 0 X X X X X X 1 X X X

7 DTA 1 0 X X X X X X X I X X

8 Others (Specify) X X X X X X 1 X X X

XRF

Electro Mechanical

Apparatus

1 Distiller

i. For Water 9 2 Nb X 1 2 1 Nc 1 4 Nd 6 NEI 1 1

ii. For Alcohol 4 0 X I I X X X X I I I

iii. For Samples 6 1 2 X X X X 1 X 4 1 1

2 Water Deionizer 2 2 La 1 Lb 1 1 X 1 .: ' 2 1 X 1

3 Stirrer 1 2 3 3 4 X 1 4 2 X X 1

4 Block digester 2 2 Ma X 1 1 X X 1 1 1 X 1

5 Shaker 4 3 Da 2 3 1 1 Dc 1 2 Dc 4 2 2 1

6 Grinders i. Soil 3 1 1 1 1 X 1 1 3 I 1 I

ii. Plant 2 1 1 X 1 1 1 X X 1 X 1

7 Magnetic Stirrer

i. Drdinary 3 - 5 X X 1 2 10 X X X 1

ii. With Heating 2 2 3 2 2 X 1 5 4 4 X 1

3 Water Bath 1 1 4 1 1 i 3 1 4 X X 1

9 Sand Bath 1 1 2 X I X 1 4 ö X X X

10 Electric Stove 1 - 1 3 3 10 3 X - 2 X X

11 Drying Oven 4 5 Ea 4 Es 4 X 2 EL) 2 2
,
0 3 1 1

12 Heating Plate 2 - 4 X I 5 1 3 11 2 I 2

13 Refrigerator 4 2 1 X 1 1 2 s 1 X X 1

14 Centrifiqe 2 1 Fd 1 Fc 1 2, 1 Fc 2 2 Fe 5 1 F 1 1



1 2 4 5 6 7 8 9 10 11 12

No Equipment

or Faciility

A B AB AB AB AB AB AB AB AB AB AB AB

15 Balances 6 G 8 Ga 10 Ga 5 3 4 Gd 2 2 13 Gb 4 2

16 VaCULIA Pump 1 3 3 1 2 1 1 1 1 X 1

17 Tensiometer X X X X X X X X X X

!E Manitold+15+1/3 bar App. 3 2 X I X X 1 X X X I X

19 Infiltrometer 3 X X X X X X X X 1 X

20 Core Sampler 1 1 X 5 X X X X Y X X X

21 Muffle Furnace 3 H 3 Ha 1 Ha 2 1 1 Hb 1 1 2 Hc X X 1

22 Pycnometer 5 8 X 20 X X X 50 100 10 X X

23 Carbon Train 1 S X I X 1 X X X

24 Pipetting Apparatus

for PSD 3 1 1 3 X 1 X 1 Xl X X

25 Air Compressor 1
1

1 1
-.)

1 X 1 2 2 X X

26 Diluters 2 2 1 X X X X X 1 x X X

27 OthErs (Specify) X X X X X X X 1 X X X

Fusion Furnace

Electrochemical

Apparatus

1 pH M2ter 2 I 1 lc 2 Id 4 le 3 2111 4 1 :.

2 EC Meter 2 1 2 Ob 4 1 1 Dc 1 1 X 1 X

3 Calcimeter - 1 1 X X X X I X ; X
,
A

4 Manometer - X 5 X X X II. A X X

5 Others /42cify/ - X X X X X ï A X X X



12

TABLE 2. CONTINUED

Laboratories and Status of Equ nt or Facilities

Awassa Awassa Adet Bata

1AR College 1AR lAR

13 14 15 16

Arbo

Junior

C. Ag.

17

Sinana Nazareth Li:Ica Woad') 5CS Mekele Dessie Bar

IAR 1AR Junior C Senet C. Project 1AR Agric, Akp

Agric, Forestry Office Bas

18 19 2i) 21 22 23 24 2

No Equipment

or Faciility

AB AB ABABA AB AD AB AB AB ABAD A

' Basic Facilities

1 Elsctricity(Reliable) i / i i

2 Tap Water(Reliable) / / I I? X / 1

3 Tap Water-well(Reliable) / X / / X X I X Y X X X

4 Greenhouse /1 X X / X

5 Experimental Field / / / /

6 Structural Lab.

Infrastructure / / / 1

7 Others (Computer) X X X X X ï X

Spectronetr E Apparatus

1 Spectrophotouter X 1 1 C 1 1 X 1 X X X X X X

2 Colorimeter

3 Turbidineter

1 X

X X

X

X

X

X

1

I

1

X

i,

I

X

X

X

X

I

X

,
X

A i.

4 Flame Photometer

5 AAS

1 Kc 1

X X

1 K

X

2

X

1

ñ

1

X

ñ

X

ñ

,

1

ñ

X

X

A

X

ñ A

1

X

6 X-ray Diff. (XRD) X X X X ñ I X X ñ ñ ñ X ñ

7 DTA X X X X X X X ' X X X X X X

8 Others (Specify) X X X X X X X X X X X X X

Electro Mechanical

Apparatus

1 Distiller

i. For Water 1 Ne 1 3 N 1 1 X X 1
i A S 1

ii. For Alcohol

iii. For Samples

2 Water Deionizer

3 Stirrer

4 Block D gester

5 Shaker

6 Grinders i. Soil

X X

X 1

1 Lc X

3 1

1 1

1 Db 1

1

X

1

X

X

X

1 D

1

X

9

1

1

X

1

1

X

1

A
,

X

I

X

X

X

X

4

1

ñ

x

X

X

X

x

ñ

ñ

X

X

í

X

1

,
,

V,

X

X

X

X

X

ñ

1 i':i

X

X

X

s

t

5

X

X

y
,
I

ñ

K

K

X

X

X

X

X

X

X

,

X

x

X

X

1

1

ii. Plant I X 1 X i x x i X X X X

7 Mangetic Stirrer

i. Ordinary

ii. With Heating

X

1

i

1

2

X I

V

i
..,:

.

X

,,LI

K

i

I

X

X

X

X

X

x

B Water Bath

9 Said Path

10 Electric Stove
11 Drying Oven

12 Heating ?late

X 1

X X

i 1

3 Ea 1

1 1

1

X

2

2 E

1

1

K

10

1

1

1

X

I
,
4

1

1

X

1

1

ti

;r

, ,

X

1

r

,

f,

1

-.,

,

,

i

;

1

i

v

x

X

'¿

.Í'

I

X

Xi

A

1

1

7

;

13 Refriderator X X 1 X
1 1

14 Centrifuge X 1 1 F 1



C= Spectrophotometer D= Shakers

Ca= Spectronic 20, 21

Cb= Cecil

Cc= Hitachi

Cd= Hach

H= Muffle Furnace

Pw=

Hb= HR;r2U5.78

Hc= Austrailian

Carbolite

He= Russia

13

Where A= Status (eg./= Available; X= Not Available, ?F Need repairs or Completion)

8= Mark or Make (C, D, E, F, 6, etc= Different Marks).

Da= Gallenkamp

Db= England

Dc= Stuart

DE= Swedish

Df= Italy

I= pH MEtErS

la= Sermany

lb= Jenway

lc. Gallenkamp

Id= England

le= Beckman

If= Metrohum

lg= Philips

Ik= Hach

11= Russia

E= Drying Oven

Ea= Gallenka,np

Eb= rem2ert

Ec= Australia

Ed= Pickstone

Ee= B T

Ef= Russia

F. Centrifuge 5. Balances

Fa. General Electric )ICE)

Fb= Labofuge

Fc= HaEreus

Fd. USA

Fe= Jouan

Fg= Italy

53= Mettler

Gt. -F7artorius

Thus

Gd= 5hiad:u

5e= Fucsia

J= Atom c Absorption SpEctroppmeter 1. Flav: P:c..or

J;: Vat-18r1 jenway

Jb= Perkin E1.1.,Er
Lc= Cprning 400; 4.

in= BEC42n 5allemkamp

13 14 15 16 17 18 19 20 21 22 23 24 25

AB AB ABABAB ABAB AB AB AB ABABA B

15 Balances 3 Ga 1 464 4 2 3 X 14 6c 2 I X 33
16 Vacuum Pump 1 X 1 2 X 1 X X X X X X ,X

17 Tensiometer X 1 X X X X X X X 1 X X X

13 Manifold+15+1/3 bar App. X A X I X X X X X X 1 X I

19 Infiltrometer X X X X I X X X X X X X X

20 Core Sampler X X X X X 2 X X X 3 X X X

21 Muffle Furnace X i 1 H 1 1 1 1 X X X 2

22 Pycnonmeter XX2XX X X X X A A X

23 Carbon Train X X X X X X X I X 'i X X

24 Pipetting Apparatus

for PSD X 1 6 X X X X 1 X x X A

25 Air Compressor
,i X 1 1 X 1 X X X X X X

26 Diluters X X 1 X X 1 A A A 1 ; A ;

27 Others (Specify) X X X X A X X X X i .:i X X

Electrochemical

Apparatus

1

2

pH Meter

EC Meter

2 1g

1 OP

1

1

2 1

1 0

2

X

2

2

1

'

1

(

i

X

1..,

;

3 Calcimeter 1
X X 1 X X X X X X X

4

5

.;_,Lric.;:,L,..,r

OthErS (SpECify)

A ?, 'A i .(

DensimetEr 1 X X X X I A A A

XHydrometer X A i ï :A X ï

Barometer X X 1 X i 1 X X X
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L= Water Deionizer M= Block Digester N= Water Distiller 0= EC Meter

La= England Ma= Sweden Na: Aquatron Da: Keort Eil

Lb: Kotterman lb: Tecator Nb= Gallenkamp Ob= England

Lc= Perno Nc= Suchi Oc= Metrohm

Nd= Fujixeisakusyo

Ne= Manesty

Nf= Russia

Ng= Karl Kolb



are owned by 84% of the labs while EC meters only obtain in 52%
of the laboratories. Some of the equipment which are very
necessary for laboratory analyses and the percent of the labs
that have them are as follows : Block digesters (44%), shakers
(76%), soil grinders (64%), plant grinders (40%), Drying ovens
(84%), Heating plate (56%), Refrigerator (56%), Centrifuge (76%),
Balances (88%), Muffle furnace (64%), Tensiometers (8%),
Apparatus for PF determination (12%), Infiltrometer (8%),
Pipeting Apparatus for PSD (32%), Magnetic stirrer (48%), Water
bath (68%), Sand bath(44%), Core sampler (20%), and Air
compressors (52%).

Except for the following laboratories, NSSP, ILCA, wongi
Sugar Estate, Water Ressources Development, Ministry of Mines and
Energy, Jimma IAR, Adet IAR, Sinana I.', Awassa College and Debre
Zeit AUA, most of the other labs have equipment that is

considerably depreciated and hardly functional for most analysis.

The survey also indicates that the range of among
the.different labs is very wide, eg atomic absorption, flame
photometers and spectrophotometers used by most laboratories are
of different makes.

6.0 TYP1. iALYSIS II LCTED BY THi

The type of analysis effected by the different laboratories
and the year started is indicated in Table 3. Some form of soil
analysis is carried out in 76% of the laboratories. 28% of the
labs had been functioning before 1970, 24% started soil
analytical work in the 1980 while 8% of the labs started
analytical work after 1990.

Plant analysis is currently carried out in only 28% of the
laboratories. Except for Holetta IAR, Kulumsa IAR and Wonji Sugar
Estate where plant analysis had been effected on or before 1970,
plant analysis in the other labs were started after 1987.

Water analysis is carried out in 36% of the laboratories.
Except for NSSP (1990) Awassa IAR (1985) and ILCA (1983) water
analysis has effected in the 4 labs prior to or before 1977.

Fertilizer' analysis is only being effected in 16% of the labs
while compost and manure analysis is being effected in only 12%
of the laboratories. This survey indicates that very few labs are
presentl- involved in compost and mineral fertilizer analysis,

this is 1.," attributed to the lack of an analytical manual
for 17arameters

7.0 LABORATOR',Z ANALYTICAL OUTPU

The total number of samples analyzed by each laboratory
during the seven years (1986-1992) and the breakdown by the types

of samples (soil, water, plant, fertilizers) is shown on Table

4
The total number of samples analysed by the 13 laboratories

that responded to this question for the 7 year period 1986-1992
is 379930 and range from 78 in the Sinana IAR to 29494 in the
Ministry of Mines Laboratory assuming that the total of 52031

value reported by Holetta TAR relates to the number of

determinations made rather than the number of samples analyzed.



Soil iS) 1932

Plant (PI 0

Uater 1985 0

Fertilizer (F) 0 0

Co.7.r.cet ;:anuare 0 0

(C)

0

O

0

0
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TABLE 3. TYPE CF ANALfSIS AND YEAR STARTED

Laboratories and Status f Equipment or Facilities

WSSP ILCA Minstry Holetta Alemaya Debra Kulumsa Melka Water Wonji Tana

of Mines lAR Univ. Zeit IAR Werer Resources Sugar Bellea

& Energy JAR IAR Dev, A. Estate Project

Tvre s,f analysis T pe of Analysis and YS,r0- Started

Soil 'D) 7='-- 1953
f .

168 1950 1985 1970 '-.) 1961 1960

t j') 1991 :987 0 1968 v 1987 1770 0 0 1560 0 1951

4) 1990 1983 0 1975 1977 v 0 , 1961 1960 2 0

tilizer (F) 1=7,:. 0 0 197; 0 0 0

1c4ost Manuare O 0 0 1985 0 _ 0 1374 0 0 1990 0 0

(C)

Awassa Awassa Adet Bato Ambo Einana Nez,areth Jimma 875

!AR College IAR IAR Junï 10F IAR Junior Cara(L C. 7rjct 10P

C,Aóri. C.Aori,

Type of analysis -;slysis and Year Started

9 0 1991 0 ' 0 ? 198,8, 0 0 1384

? 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 o

0 0 o o 0 o 0

WhEr2 S= Soil, P= Plant, W.= Water, F= Fertiuer C= Cowipost and Ansl Manure,

7e Did not indicate when analysis W8S St r Ed 0= Do not yet z.nElysie in' sated,



The average value for all laboratories is 8456/7 years with an
average of 1208 samples/lab/year. This value shows very few labs
(4) analyze more than 1208 samples/year which value is very low.
The poor state of equipment in most labs, the lack of adequate
water distillation facilities and increasing costs of chemicals
and disposable equipment may be responsible for this low level
of production. Also generally there is a net decreasing trend in
the number of analyses effected from 1987 to 1992. This may be
attributable in some cases to aging in equipment or inadequate
support from donor agencies for purchase of chemicals and
disposable lab. material. In terms of number of samples analyzed/
type of analysis, soil samples head the least with 109779
followed by plant analysis (26000), water(1564), compost(1010)
and fertilizers(66). Most of the plant analysis are being
effected in IAR laboratories and are largely linked to fertility
studies.

8.0 ANALYTICAL TECHNInDT3S

8.1 METHODS OF SOIL TTT TISES

8.1.1 Methods of Analysis

2.1.1.1 pH Determination:

Table 5 gives the number of laboratories using different
extractants and soil : solution ratios for the determination of
pH. Electrometric determination of pH in water is done by 60% of
the labs. Only one laboratory determines pH colorimetrically.
Seventy six percent of the labs determine pH in water, 40%
determine in 1N KC1 and only 20% of them determine pH in 0.1M
CaC12.

The majority of tha labs favor the 1:1 soil solution ratio
for the determination of pH in all of the extracting solutions,
followed by the 2:5 ratio and then the 1:2 extration ratio. pH

on the saturated paste extract is determined by only 6

laboratories in the country.

8.1.1.2 Determination Soluble Salts:

Table 6 gives the number of laboratories using different
soil: solution ratios for the determination of soluble salts. A
total of 5 laboratories determine soluble salts. One lab uses the

1:2 ratio while the 1:5 and 1:10 soil solution ratios
is usea b: 3 and 2 labs, respectively. The soluble salt

determi,r.ioh on the saturated paste extrat is done by only 16%

of the laboratories. Units of expression of results favored are
meg/1 (20%) and meq/100g (8%) of labs.

3.1.1.3 Dete ination of Exchangeable Bases:

This determination is done by 9 laboratories (Table 7). Five

labs use 1:10 soil: extractant ratio, 2 the 1:20, another 2 the
1:50 and one uses the 1:25 ratio. Ammonium acetate pH 7 is used
for the displacement of the bases in all labs. A modification
for preleaching to remove soluble salts ano using a mixture of
50:50 NH40Ac: ethanol for the displacement of bases tc: obviate
CaCO3 dissolution is only carried out at the !,i'SSP. Except for the



TABLE 4. TOTAL NUMBER AND TYPES OF ANALYSIS EFFECTED IN THE LABORATORIES

,

Instituions
&

Type of Analysis

Year

1986 1987 1988 1989 1990 1991 1992 Total

1 NSSP: Soil 3293 3936 2608 3458 3007 2611 1593 20506
Plant - - - - - 30 384 414
Water - - - - 48 29 77

Fertilizer
Compost/

- - - - - _, -

Animal Manure - - - -

Total 20997
,

-: :L.CA: Soil 1900 1339 907 10EE 1369 939 1132 3E92

Plant - 808 692 2874 2602 2348 2080 11506
Water 46 600 137 17 - 79 - 339

Fertilizer - - - - - -

Compost
Animal Manure - -

Tal
Ministry of Mines
and Energy Soil
(Geochemicals) (1) 1000 1200 1100 1400 3995 1815 1752 12162

Wet assay Au+Ag(2) 12941 2514 1524 17039

Fire assay Ag (3) 8231 1359 703 10293

Total 29494

Holetta IAR:
Soil 6787 13394 6900 7162 4100 6003 44346 '.

Plant 3689 1136 1102 560 150 568 7205 ..

Water 123 104 147 13 - - 387

FPrti14zer 36 7 - - - 93

Compost/ - -
_

Animal Manure e7

Total 52331

Alemaya
University:

Soil 2509

Plant 200

Water 49

Fertilizer -

Compost/ -

Animal Manure
Total 2758



TABLE 4. CONTINUED

1936 1987 1983 1989 1990 1991 1992 Total

Debre Zeit IAR:
Soil 1410
Plant 3250
Water -

Fertilizer -

Compost/
Animal Manure
Total 4660

7 Kulumsa IAR
Soil 1438 1438
Plant
Water 1006 998 1010 1005

Fertilizer
Compost/ 4020

.;,... Man5re
Total

438

elka Werer IAR
So'l 601 1322 1495 1500 4918

Plar.t. - - - - -

Water 93 53 492 45: 1136

Fertilizer
Compost/

- -

-

- , -

Animal Manure
Total 5054

Water Resources N.a

Dev. Authority
Soil
Plant
Water
Fertilizer
Compost/
Animal Manure

Total

Wonji S',1gar
Estate 2234 4433 1053 192 435 528 266 9256

c-7ol. 1390 1771 523 78 - - 752 44

Plant 232 108 92 88 111 39 39 709

Water - - 40 20 3 3 - 66

Fertilizer - - - 956 54 - 1010

Compost/
Animal Manure 3905 6337 1702 373 1505 624 1057 15515

Total



TA3LE 4 . CONTINUED

1986 1967 1988 1989 1990 199: 1992 Total

Tana Belles
oject

N.a

Soil
Plant
Water
Fertilizer
Compost/
Animal Manure
Total

2 Jìrnma IAR
Soil 300 300

Plant 1350 1350

Water - -

Fertilizer
Compost/ -

Arli. anre
Total 7-- :611

13 Awassa IAR
Soil 368 100 6 440 492 820 476 2702

Plant - - - - - - - -

Water
Fer.:Llizer

2

-

_ '

-
-
- -

_
,

Compost/ - - - - -

Animal Manure
Total 370 101 6 440 492 820 476 2705

, Awassa
Agricultural N.a

College
Soil
Plant
Water
Fertilizer
Compost/
Animal Manure

Total

15 Adet IAR
Soil

N.a

Plan/-
Water
Fertilizer
Cc:T,post/
Ani.:7.al Manure

'r-,.--7



TABZE 4. CONTINUED

1986 1987 1988 1989 1991 1992 Total

16 Bako IAR
Soil
Plant
Water
Fertilizer
Compost/
Animal Manure
Total

261
-

-

-

261

205
-

-

205

427
-

427

232
-

232

115
-

115

22
-

-

22

1262
-

-

-

1262

i 17 Ambo Junior
College
of Agriculutre

Soil
Plant
Water
Ferillzer
C=ost/
Animal Manure

Total

N.a

18 Sinana IAR
Scil
Plant
Water
Fertilizer
Compost/
Animal Manure

Total

24

-

24

54
-

-

-

54

77.;

-
-
-

7E

Nazareth IAR
Soil
Plant
,Water
Fertilizer
Compost/
Animal Manure

Total

N.a

20

, .,

Jimma Junior
College of
Agriculture

Soil
P1,.,rt

:. _:-.Llizer
ComDost/
Animal Manure

Total

N.a



:ABLE 4. CONTINUED

986 133F 195:5 1559 1990 1991 1992 To.:a1

21 Wondo Genet
College
of Forestry

Soil
Plant
Water
Fertilizer
Compost/
Animal Manure
Total

N.a

22 Soil Conservation
Service Project

Soil
Plant
Water
Fertilizer
Compost/
Animal Manure

Total

'

N.a

23 Mekele IAR
Soil
Plant
Water
Fertilizer
Compost/
Animal Manure

Total

,

N.a

24 Dessie Agric.
Office

Soil
Plant
Water
Fertilizer
Compost/
Animal Manure

Total

-

N.a

aro Akobo Bassin
Soil
Plant
Water
Fertilizer
C.771_
:'.nimal Manure

Total

13719
103
200

-

3176
15

1631
-

1116
-

971

-

18031
123

2502
-

20915



NSSP which also uses (mol)/kg all labs express their results in
meq/ 100g soil.

Ten labs(40%) use ammonium acetate as the saturating agent,
3 labs use sodium acetate and one lab uses CaCl2 (Table 8).
Potassium Chloride is the favored displacing agent used by 4 labs
followed by NH4Ac and NaC12 with 3 labs each and KNO3 with 1 lab.

Distillation is the favored method of CEC determination and
is determined by 36% of the labs. Seven labs determine
exchangeable Na and K by flame emission and 7 labs determine it
by flame photometry. Only 3 labs determine Ca & Mg by atomic
absorption. This indicates that complexiometric titration is the
most used method for determination of Ca + Mg. All labs report
results in meq/100g soil.

8.1.1.4 Dote ination of availabl osphorus:

The Olsen and Bray I methods are most frequently used for P-
determination (Table 9) with 9 labs each followed by the Bray IT
(5 labs), the Mehlich (2 labs) and the Hach method with 1 lab.
ppm is the most preferred means of expression of results. In all
cases available P is read by spectro photometer.

8.1.1.5 Determination of Total Nitrogen:

Total N is determined in 12 laboraties (48% of labs) using
conc. H2SO4 + salt mixture(Table 10) and the results are all
reported in %.

8.1.1.6 Dote ination of organic carbon:

The most prevailent method for organic carbon determination
is the Walkley and Black effected by 50% of the labs(Table 11)
followed by the carbon train combustion and Ignition methods with
1 lab each(4%). Titration is favored detection method (56%) while
the gravimetric method is favored for the latter two methods. All
the labs express the results in %.

8.1.1.7 Dote ination of q

Gypsum determination is done only in 4 laboratories '(Table
12). The preferred detection method is by Electrical conductivity
readinc with reporting units either in % or meq/100g.

8.1.1.8 D ninatic -a cium carbonate equivalent:

The preferred method of CaCO3 determination is by acid
neutralization done by 40% of the labs followed by the calcimeter
method(12%) and then the gravimetric, Fusion with Lithium Borate
and Hach methods with 4% each (Table 13). All the labs report
their results in %.

8.1.1.9 Dote

Very few labs determine exchangeable acidity. Two methods are
used. BaC12, Triethanolamine and 1N KC1 extraction methods (Table
14). The 1:10 soil extractant ratio is favored for both methods
while meq/100g are the reporting units favored.

#t ination of exchangeable acidity:



NleinoAi

5. ULET OF LABORATORIES USING DIFFERENT EXTRACTANTS
ANO SOIL SOLUTION RATIOS FOR pH DETERMINATION

I. 1 Water h 9 4 5 I

9 INKCI 6 I 2 I

5 0.1 CaC1, 2 I I

^ 6. THE NUMBER OF LABORATORIES USING DIFFERENT SOIL:
SOLUTION RATIOS FOR THE DETEPMINATION OF SOLUBLE SALTS

A LE 7 i THE ' DF LABORA7CRI ES USING DIFFEFE:T7 RACLkNTS
AND SOIL: SOLUTION RATIOS TO DETERMINE EXCHA27GEABLE
BASES

TABLE 8. NUMBER OF LABORATORIES USING DIFFERENT SALTS FOR
SATURATION AND DISPLACEMENT FOR THE DETERMINATI*ON OF
CEC AND EXCHANGEABLE BASES AND THE METHODS'OF DETECTION

No.of Detection Methods
Labs Distillation Atomie Flame Flame

ar,d Absorption Emission Photonletry
Titration

S Iiunt 3 3

Cs.. ism Chloride 1

7 Salts

Ammonium A.:etate 3

S. dium. Chloride 3

o.sium Chloride
i' :11 Nitrate 1

!vied-1,d of Determination SO11111011 SLItUrn:d Soil: Solution Ratio
Electrimeiric Colonimine 133SL.! II 1:2 2:5 I 5

Sature:.. i! oil: Solution Ratio Unir s Used in Reporting,

Water 4 5

Extractam No of Soil: Solulion Ratio Units Used in Reporting
L.ab I 1:5 1 '10 120 i 25 I 50 ineq 100:g meg, 'I (rnol)

Ammonium acttaie I 0 5 2 9

Extn.-.t.ant

Units Used in Reporting
me:y/100 mon



Method

1.."...",Cr,0-,. Oxidation Walkley

& Black Niethod 14 14 14

C.:34x r Train Combustion 1 1 1

A.A= Atomic Absorption

TABLE 10. 7'7UKY 7_7::',077=OPIES D:177777_777. MF

THE DETERMiNATiON OF TOTAL hITROGEN

TABLE 11. NUMBER OF LABORATORIES USING DIFFERENT METHODS FOR
THE DETERMINATION OF ORGANIC CARBON

Method No.of Method of Detection Units Used in Reporting

l_abs Titration Colorimetric Gramimetric % gikg

TABLE 12. OF LABORATORIES USING DIFFERENT METHODS FOR
TB. DETERMINP_TION OF GYPSUM

Labs AA Titration Ec Meter Reading L meq/100g

; LE 9. NUMBER OF LABORATORIES USING DIFFERENT EXTRACIANTS FOR
DETERMINATION OF PHOSPHORUS AND THE METHODS OF DETECTION

Extractant No. of
Labs

Soil:Extractant Ratio Units Used in Reporting
1:5 1:7 1:10 1:20 1:40 1:50 ppm mg/kg kg/ha

Olsen a5M NaHCOd 9 9 9

Bray I (0.03M NH,F
+ 0.15NHCD 9 1 4 3 1 6

Bray (0.03M N H,F +
+ 0.1M HD) 5 1 2 1 5

Mehlich (0,1N HCI +
0.025N H.,S0,
Hach Method

2

1

No.of Method of Detection Units Used in Reporting
Labs Distillation Specific ions Colorirnetric % g/kg

84 Titration 71......-..7,.,:le

Conc. El:SO, -r Salt Mixture 12

Precipitati)n with Acetone 3

EtricalConduclivity 1
1

Ni,:thod No.of Method of Detection 12nas L d in Reporting



8.1.1.10 Det nati of EC:

EC on the saturated paste extract is determine by 6 labs (24%
of the labs) (Table 15) while EC in the soil: solution ratio is
determined by 12 labs. The 1:1 and 1:5 soil: solution ratios are
done in 5 labs each while the 1:2.5 ratio is done in 2 labs. The
reporting unit favored is mmhos/cm (done by 92% of the labs doing
EC)

8.1.1.11 ..71rmination of lime :-Gx.n.3.1.rc

Lime requirement is done by the BaC12 - TEA, gravimetric,
fusion with Lithium borate, Ca(OH)2 and Mach methods. (Table 16).
The BaC12 - TEA method is used by 4 labs(44% of the labE doing
this determination). The method of detection most favorcC is by
titration (89% of labs doir the determination). neK)citinc units
are either % ( 4 labs), /kg (3 labs) or meg/100g (1) lab.

The gravimetric and turbidemetric methods are the most common
for the determination of sulfates with 5 and 6 labs doing the
determinations, respectively. The results are generally reported
ir by most of the labs, with only 2 labs re7orting in meg/1
(Ta 17).

8.1.1.13 D ion of inorganic P-fractions:

Currently only two labs are doing P-fractionation of the Fe-P
and Al-P and only 1 lab does occluded Al-Fe-P, Ca-P, Reductant
soluble Fe-P and Saloid P (Table 18). The spectrophotometer is
used as the detection method with only ppm as the unit of
reporting.

8.1.1.14 Dote ination of free Fe and Al- Oxides:

This determination is carried out by only 2 laboratories (8%
of te labs) (Tah)e 19). The phenanthroline calorimetric method
is for the termination of Fe while Al is determined by

absorpt:on and one labs does it by the colorimetric
aluinon method. Results are reported in ppm.

8.1.1.15 rmintio. of amorphous Fe, Al and Si:

7-: c . lab (4% of the labs) determines amorphous Fe and Al
ty ..--77:orlium oxalate extraction. Atomic absorption is the mode of
detection while the reporting units are in ppm (Table 20).

3.1.1.16 Dote tination of available Iron:

:vailable iron is determined by a range of methods: DTPA(16%
, labs), NH40Ac (8%), EDTA(4%) and HC1(4%) (Table 21). The

1:2 soil extractant ratio is favored by 70% of the labs doing the
determination and the 1:10 ratio by 20% of the labs doing the
determination. Only 10% of the labs doing this determination use
the 1:50 ratio. Fifty percent of the labs doing the determination
use a shaking period of 2 hours, 40% use 1/2 hour and 10% of labs
doing the determinatión shakes overnight. The detection method



TABLE 13. NUMBER OF LARCTPIES USING DIFFERENT METHODS FOR
TE DETERMIN:: CD CALCIUM CARBONATE EQUIVALENT

Calcimeter Acid .3 _3 3

Neutralization 10 10 10

Gravimetrie 1 1 1

Fusion with Lithiuni
Sor-ti I l ' I

Hai...h Method I 1

TABLE 14. NIIMBER OF LAECRATORIES USING DIFFERENT TYPES OF EXTRACTANTS
AND 7C)LUTTON RATIOS FOR THE DETERMINATION OF EXCHANGEABLE

Water

Labs Cali:ink:ter Reading Titration AA Other g/kg

2

TABLE 15. NUMBER OF LABOR.ATORIES USING DIFFERENT SOIL:
SOLUTION RATIOS TO DETERMINE EC

Solution Saturated Soil: Solution Ratio Units Used in Reporting

Paste 1:1 1:5 1:2.5 rnmhosiem mS/ern ds4 m

OF LABORATORIES 1.7ING DIFFERENT gETHODS FOR
Er22ERMINATION OF LIME REQUIREMENT

No of Dete.:tion Unos Used in Reportin2

10-11-0 Timmion Absorption (0ther g kg meo 100g

F.. . , :,1-.._.. B4O0.m: I i

.4

H ! 1 I

1.25 2r.i I It) ine4/100g molAg

Method No.of Method of Detection Units Used in Reporting

E \tra4tant Soil: Ex1r-stani Ratio Units Used in Reporting



TABLE 17. HUI.iBER OF LABORATORIES USING DIFFERENT METHODS FOR
THE DETERMINATION OF SULFATES IN SOILS

No or tviethod of Drection
Labs Gravimetric Turbldirncter EC Meter Spectrophownxtcr ppin glkg Ineqr

Oravmietrie 5 5 4 1

Turibidimet6c 6 6 5 I

EC Bridgeag I 1

CaSO,

TABLE 18. NUMBER OF LABORATORIES USING DIFFERE' PIITHODS FOR
THE FRACTIONATION OF INORGANIC PHOSPEOROUS

Fe P

Eerro..

Sodium dithiodae
Scxiium Citrate 1

1) 15M H,S0,

P 1M NH,CI 1 1

OH 2

1%1NaOH 1 1

TABLE 19. NUMBER OF LABORATORIES USING DIFFERENT METHODS
FOR THE DETERMINATION OF FREE IRON AND ALUMINIUM
IN SOILS

EIernent No. of Method of Extraction Method of Detection Units Used in Reporting

Labs. DCB A.A Colorimetric (A1) Rheruinthroline ppm mg/g

2 1

1

DCB= DithioniteCitrateBitarbonate; A. A= Atomic AbsorpticTI

TABLE 20. 1tibiBER OF LABORATORIES USING DIFFERENT METHODS
FOR THE DETERMINATION OF " AMORPEOUS IRON,
ALUMINIUM AND SILICA

UseJ

PPIT1 mg

Form of Irprm-ganic Extracuant No.of Method of Detection Unit, Used in Reporting
L3h5 Spe.nr:or:-..!...17:eter ppm mg/g



used by >70% of the labs doing the determination is the atomic
absorption while colorometric detection is done by < 30% of the
labs. The reporting uints by all labs is ppm.

8.1.1.17 Determination of available Mr), nd Cu:

Tables 22, 23 and 24 indicate that those determinations are
perfomed on the same extract as for available Fe on Table 21 viz
: DTPA, NH40Ac , EDTA and HC1 solutions. As such the 1:2 soil:
extractant ratio and the 2 hours shaking time are similar as for
available Fe. Atomic absorption is the method of detection except
for zinc where 1 lab uses colorimetric methods. Again all the
results are reported in ppm. Similarly < 12% of the labs do these
determinations using each of the extractants indicated above.

8.1.1.18 Determination of availab boron:

Boron is determined by hot water extraction by 16% of the
. The 1:2 soil: is use o7 labs (75% of

labs doing the determination). The tia of etrtion for all
labs is 5 minutes. All labs use spectropotometry for detection
and report the results in ppm.

8.1.1.19

Eight patrcent of the labs deterine Molybdenum by extraction
with (NH4).C204 in a 1:10 soil: extractant ratio and extraction
time is 3-4 hrs and 8-16 hrs for each of the labs (Table 26).
Four percent of the labs determine Mo by NH40Ac extraction in a
1:10 soil: extractant and an 8-16 hour shaking time. Detection
is done on atomic absorption and spectrophotometer and the
reporting units for 2 labs are in ppm and for 1 lab in mg/g.

8.1.1.20 Determination of total elemental analysis:

A range of digestion methods are used for the determination
of total elements (Table 27). Sodium carbonate fusion is done by
8-12 % of the labs, aqua regia digestion by 4%, HF by 4%, HC104
di.istion by 8-24 %, and H2SO4 digestion by 4% of the labs. About
16% of the labs use atomic absorption as a means of detection,
< 8% use flame emmission for K .determination, <4% do Ca + Mg by
titrimetry and 8% determine Na and K by flame photometry and 8-
12% determine N and S by spectrophotometry. About 4-16% of the
labs v7e ppm in reporting hile 4-8% use ug/g. Four percent of

the la2s use cmol/kg for r :r ing Ca, Mg, Na and K.

8.1.1.21 Particle Size termination (PSD):

Particle size deter7i:-Iation by the hydrometer method is done
ty 44% of the labs while only, 2% determine it by the pipette
method (Table 28). All labs (44%) determining texture by une
hydrometer use Na-Hexa-metaphosphate dispersant while 2 of the
3 labs doing texture by the pipette method also use Na- Hexa-
Metaphosphate as dispersant. All the 3 labs doing texture by
pipette do organic matter pretreatments. Free iron is removed by
St of the labs in either method while CaCO3 removal is only done
by 4% of the labs for the hydrometer method & not effected for
the pipette methOd. The USDA fractionation method is used by 36%



TABLE 21. NUMBER OF LABORATOP:ES USING DIFFERENT E:TTCTANTS AND
SOLUTION RATIOS FOE THE DETERMINATION OF AVILABLE IRON

Extract:0n SoiLE0m.itant TimeofE0m.:tiim Ni,ithi,1 of Detection Reporting
R.: Hour, Units

1 2 I 25 110 1 20 1,50 116 1/2 1

, Over AA Colorimetric ppm mg.g
,

night

DTPA
0.0.05M 2

NH2OAC
IN I 2 1 I

HCI ,1,,, 2N 2 II 1 2

HC1 0, IN 1 i 1 I
1

EDTA 1 1 1 1 I

Extra..titiat.

DTPA

,

HC1 0.2N 1

HC1 0.1N 2

EDT A. 1

LE 22. NUMBER OF LABORATORIES USING DIFFERENT EXTRACTANTS ANTI
SOLUTION RATIOS FOR THE DETERMINATION OF AVAILABLE PiLNi

Evractam No.of Soil: Exit:ph-13M TImc pf E / I atection !_;.,i'i, '11

Con. Labs RatioRep, avi,Flours

1:2 1:2.5 1:5 1:10 1:20 1:50 1/2 1 2 Other A. A Colorimetric

TABLE 23. OF LABORATORIES USING DIFFERENT ETTF.CTANTS AND
SOLUTION RATIOS FOR THE DETERMINATION OF AVAILABLE ZINC

TABLE 4 NT:TZ*ER OF LABORATORIES USING DIFFERENT EXTRXTTS AND SOIL:
SOLUTION RATIOS FOR THE DETERMINATION OF COPPE_

ExtracA.Iril Mlle' Of Extraction Deteetion Method Units Used in RePorttne

Ratio

2 1 Ma 1.20 1,501 Other 1'- .AA C.,Itanmetim ppm

DT:
NH.0 IN
EDTA 2 1 1 2

NCI 1

Extractant No.of Soil: Extractam Time of Extraction Detection !vIethod Units Us.ed in Reporting
Conc. Labs Ratio Houm

1.2 l25 1.5 1:10 1.20 1:50 1. 2 1 : AA foiorimetric rtig,g

DPTA 0.005 M 4 4 1 4 1 1 4 4

NH2OAC IN 2 1 2 2

EDTA 1 I
1 2 2

HC1 1 1 1 1

PPm mg/g



of the labs while only 8% use the 3.1 system for the hydrometer
method. Three labs (100%) use the S.I system of fractionation for
:ne pipette method. Also 3 of the labs (100%) who do PSD by the
pipette method report their results in % while 40%(10 labs) that
do PSD by the hydrometer also report results in ppm. Only 4% of
the labs report results in g/kg.

8.1.1.22 Bulk iensitY (BD) Determination:

Twenty eight percent of the labs use the core method for BD,
8% use the saran method and 8% the paraffin method. The same
percent of labs respectively use g/cc in reporting the results.

8.1.1.23 )ete ination of Particl lity (PD):

Thirty t7-_ :.7cent of the 1 ' 7to pycnometer meti-o for
the determination of PD (Table 30). The same % use g/cc in
reporting. Only 4% of the labs use another method in reporting.

8.1.1.24 Dete inationn of soil moisture content:

Forty eight (48)% of the labs determine moisture content
7ravimetrically and also report their results in % (Table 31).

use Neutron Probe Tec' ce for content
determination.

8.1.1.25 Water Retention Deter _ion:

Field capacity is determined by 20% of the labs and wilting
point, 15 bar is determined by 20% of the labs in 15 bar pressure
plates while 8% of the labs use the pressure membrane for the
determination of 15 bar water retention capacity. (Table 32). All
the moisture contents are reported in %.

B. P ANALYSIS

8.1.1.26 Dzc.rmination of total plant elemental content:

Digestion, detection and reporting units are given in Table
33. About 12% of the labs do dry ashing and uptake in HC1 while
4-3% do dry ashing digestion and uptake in HNO3. About 4-8% do
wet di.7e4-: alZ . About 4-24% use atomic absorption
as a of detectio7 hile 28-36% of th2 labs use flame
photoice,..ry for Na and 1, ection. Boron - d P are detected
spectrophotometrically by and 23% of the :abs respec.Lively.
About 4-16% of the labs report results in %, 4-12% the
results in g/kg, 8% use mg/kg, 4% use cmol/kg and 4-8% use ppm.
Very few labs are presently T.cing plant analysis.

3.1.1.27 Determinat! Nitrogen;

Total N in plants is determined by 11 laboratories (Table
24). About 40% of the labs use conc. H7SO4 + salt mixture while
only 4% use H2SO4 + H20. for digestion. 40% of the lts use
distillation and titration detection methods while only 4 of the
labs use colorimetric mets. All the labs -: their results
in ppm.



TABLE 25. NUMBER OF LABORATORIES USING DIFFERENT EXTRACTANTS AND SOIL:
SOLUTION RATIOS FOR THE DETERMINATION OF BORON

Extra...Ent Con, No S,11 E rs sio T'mc F \tra, tIon UnIts Ud in -
Labs. Ratio Hours

1:2 Other 5min 15min A.A Spectmphotorneter pprn mg/g

Hot Water 4 3 1 4 4 4

Boiling Water

15
2

'lilt Conc. No of Soil: Extractant Time of Extraction Detection Method Units Used in Reportiri,g
LarE Ratio HOlirs

1:1 1:10 1.15 3-4 8-10 L-24 A . A SpectropM4orneter ppm mg g

1

A- A= Atom;.:: Atsor-:L01-., FE= Fla7e EssLon, S=Spectrophcc7.ry,
T= TLtration,

TABEE 2 a . '_I'RATORIES "'SING DIFFERENT METHODS 1 FARTUL 5:7E

,,,I.:1-,1,,i No.iTif Disi-i rsin2 .Aiifni. P7:iir.,:atmi:nt,,, Riiiiivi,,,li .ii. Frs:: o o n Units Used in R,,,i'.-i,

Labs. Na-Oxalate Na-Hexa 0 M CaCO, Free Fe USDA Int.Systein i g kg

-rn..!ta-P

TABLE 27 271.E.= OF TEEE071A2ERIZ:
DETECTION TECHNIQUES F'IF.
ANAL'1.7SIS OF SOILS

C :i77T-T:"T TD7,7ET:C:T, L_

THE DETET==NATICN OF TOTAL

Eel-I-rent No.of
Labs.

Method Qf Digestion Miethc-d or Dete,:tion Units Used in Reporting

NaCo,
Fusion

Aqua
Regia

HF HCIO, H,S0, AA FE S T FP ppm ug:g (mong) %

Co
Mg
Na

3

3

1 2

1

1

1

i

1

1

-,_

1

2

4

4

4

- - i -

-1 -

- - 2

1

,
2

I

1

I

1

I

I

K

Zn

3

3

_

1

,

I

1

ti

3

3

1

_

4

4

4

1 -,

3

4

1

.

1 I

Mn 3 Ì 1 4 4 3 1

Cu 1 3 4 3 i

P 3 1 1 3 1 3- - 4 1

N

Cr
1

I

1 - :3 - 1

1

,
, 3

Cd _ I 1

Co 1

_ _ 1 1

P'ro.

Kg

I

.i.

- -

-

1

1

,

.

,

7. 26. ER OF ..i.,AORATORIES USING DIFFERENT EIXTRACTE_NTS 2-1'ITD SOIL:
SOLUTION RATIOS FOR THE DETERMINAT=01:1 OF MOLYBI=M:

3

r i 1

10 1



TABLE 29. NULIBER OF LABORATORIES USING DIFF:=.= : 7,;THODS
FOR BULI; DEPSITY DETERMINATION

Method

T LE 30. NUMBER OF LABORATORIES USING DIFFERENT METHODS
FOR PARTICLE DENSITY DETERMINATION

Method

TABLE 31. NUMBER CF LA3ORATCnIES uFING DIFFERENT 4TEODS
FOR SOIL MOISTURE D5172- =NATION

Z 32. NU. OF LABORATORIES USING DIFFERE= -27.1:0DS FOR
SO WATER RETENTION CEL.RACTERISTICS

No. of Labs Units Used in RePorting

No. of Labs Units Used in Rebcrting
g/cc mg/g

E

r-,

g/cc mg/g

Units Used

Core Method 7 7

Saran COated 2 2
Parafin Coated 2 2

Gravimetric 12. 12
Neutron probe
Technique

rs 5 5

O bar Plate

Other

Method No. of Labs Units Used in Reporting
gfcc g/g



8.1.1.28 Determination of total Molybdenum:

Table 35 indicates that 4% of the labs use HC104 + HNO3 for
Mo digestion while another 4% uses AgNO3 + HNO3. One of the labs
reports results in ppm and the other in mg/kg.

8.1.1.29 Determination of sulfato d chlorides:

No laboratory is currently carrying out these determinations.
Plant analysis is mostly restricted to the cations.

C. .TER ANALYSIS

8.1.1.30 Dete ination of pH, LC ad total dissolved salts:

Table 36 indicates that 52% oZ tile labs deternine pH in water
electrometrically. It also indicates that 48% of the labs
determine EC and that 8% of the labs report results in ms/cm
while :1-lem report in mmhos:cm, 28% of the labs de'Lo:.:min.a
total dissolved solids gravimetrically and also report their
results in g/l.

2-1.1.31 c 1-c';77,

e.nralinity, sulfates and chlorides in water:

Table 37 indicates that 32% of the labs determine carbonates
and bicarbonates by titrimetric procedures. 16% of the labs in
either case report results in mg/1 while 20% of the labs in
either case report in meq/1. Total alkalinity as CaCO3 is only
determined in 16% of the labs.

20% of the labs determine sulfates both gravimetrically and
by turbidimetric methods and report the results both in mg/1 and
in meq/1. Chlorides are determined by 36% of the labs and 16%
re-.-,:rt the results in mg/1 while 24% report the resullts in
meq:1.-

8.1.1.32 D ion of Ca a and Bo:

S.1.1.33

Table 38 indicates that Ca and Mg are determined by 40% of
the labs. 8% of the labs use atomic absorption for detection
while 28% of them use titrimetric procedures for detection. 16%
of the labs report their resullts in mg/1 while 28% report their
results in meq/1. Na and 77. are analyzed by 44% of the labs, 20%
of the labs used flame eTlssion while 20% use flame photometry
for detection; the remai7,ing 4% use titrimetric procedures. In
reporting 4 use mg/1 while ancther 24% also use meg/l.

Boron deeermination is done only in 16% of the labs with half
?abs reporting their results in mg/1 and the other half in

/1. All labs determine boron spectrophotometrically.

ermination of Nitrates

Table 39 indicates that Nitratees are cetermined by 3 labs

with one lab using colorimetric detection methods while the other

2 use titrimetric procedures. All the results are reported in
mg/l.



B. PLANT ANALYSIS

=1= 33. NUMBER OF LABORATORIES USING DIFFERENT METHODS OF
DIGESTION, EXTR.T,CTION AND DETECTION

Element No.of Method of Digestion Method of Detection Units Used in Reporting
Labs DA AB DF Other AA FP T S % gag mg/kg molag ppm

Ca 3 2 2 6 I 3 3 I I

Mg 3 2 2 5 I 3 3 I I

Na 3 2 2 3 3 1 I

K 3 ' 2 2 Q 4 3 1 2

Zn 3 1 I 5 1 I 2 I

Fe 3 I I 5 1 1 2 1

Mn 3 1 2 5 I I 2 1

Fe 3 I 2 5 I 1 2 1

Cd - I - 1

Cr I 1

C, 1 1

Ph 1 1

B 2 I 2
7

Where; OA= Dry Ashing without HF and Uptake in HC1; AB= Dry Ashing without
HF and Uptake in HNO3; DF= Wet Digestion with HF and Final Medium
HCIO.

Tec7.ctLon.: A.A= Atomic Absorption; FP= Flame Photometry;
S= Spectrccr_oInetry; T= Ttration

; NUMBER OF LABORATORIES USING DIFFERENT METHODS FOR TOTAL N
DETERMINAT ION

FiCit

HNO

* Salt Mixture= K2SO4 or Na2SO4 + CuSO4.5H,0 + Selenium

MER OF LABORATORIES USING DIFFERENT METHODS FOR TOTAL
MOLYBDENUM DETERMINATION

Mcchodsordigtstion No. oC N1,:tho-d of Detecnon Units U&ed in Reporting

Labs. Dsti1Iation + Titnition Colorirnetric i g prIn

Conc H,S0,

Salt Niixiure 10 10 10

H,SO,

Dt.ttn..;tion UnIts Csiiegi Ri:rnirfring

. rimetria Titration h pprn nli; kg

Abs.oiTtion



Detenniruition No. of

pH 13 13

EC 12 12 2 10

Total Solids 7 7

TABLE 37. ItiT,Ti_BER OF LABCRATC.RIES THAT DO ,

ALKALINITY, SULFATES AND CHLORIDES DETERMINATION IN WATER

TABLE 38. NUMBER OF LAB011.7_TOr,IES THAT DO Mg, Na+, IC AND Boo'-
PETEP.Z7rATION I

10

11

L.abs. Colorirntnc pH Meter EC Meter Gravimetric InS/crn mrnho/cm g/I

5 5

Method of Detection Units Used in Reporting

5

1

;5)

C= WATER ANALYSIS

TABLE 36. NUMBER OF LABORATORIES THAT DO pH EC AND SOLVED
SALT ANALYSIS

4 7

7

6 6

A.A Aomlc Abscrction; FE= Flame Em:semmcm;
FP= FLame P'hotometer; T= "'trimetrc;
SP= Spectrophotometer /CatmLne Method/

os
Total Alkalinity
as CaCO,
Sulphates
Chloride

8

4
5

9

8

5 5

1

4

4

3

5

4

5

1

4

6

,,t41.011 No. of ').1,.);1-1(-4 nf DeL,)...11.0n Unos

Phenoipthalein Methyl Gravimetric Turbidowtri.: Titrimetric mg/1 mcql Other
Orshge AgNO, (PPm)
end

Point

1)terrmnation No.of MisO of Detection Units Used in Reporting
Labs, AA FE FP T SP mg'l me.://1



8.1.1.34
B:

3.1.1.36

Phosphate analyses are carried out in 4 labs (16%).
Colorimetric detection using vandomolydic acid is he method of
choice of the 4 labs. Two report their results in P.,.:11 while the
other 2 report in ppm.

of Ca, _g, X, P, Cu, Mn, Fe, Zn, Mo and

Table 40 indicates that 4-8% of the labs crry out fertilizer
analysis on the above elements with > 90% using Boiling in HC1
as the 6,a.,gestion method. Except for P which is determined
calorimetrically, atomic absorption is used as a means of
detection. Ca, Mg, Na, K, and P results are reported in t while
the micranutrient results are reported in ppm.

8.1.1.35 Determination of sulf
As table 41 indicates sulfur analysis is only done in i lab

using the method of hoilling in HC1 + HNO3 followed by
turbidimetric detection and reporting results in %.

rmination of total N, r N in

Total N analysis is carried out in 20% of the labs using H2SO4
+ salt mixture for digestion and distillation and titration in
detection, with all reporting results in %.

Ammonia-N and NO3-N are only carried out in 8% of the labs,
using distillation and titration for detection. For 11113-N the 2
labs report their results in ppm while for NO3-N one of the labs
reports while the other reports in %.

E. COMPOST ANALYSIE

8.1.1.37 Date inatin of total N and P in st:

Three labs (12%) de.termine total N by tr,1:2-astion in H2SO4 +

salicylic acid + salt mixture and use distillazior and titration
in detection; while all report the results in % (Table 43).

8% of the labs carry out P analysis by digesting in boiling
acid mixture (HNO3 + H2SO, + HCI04), detecting colorimetrically
and reporting their in % (Table 43).

3.1.1.38 1-.7rminat3(,71 El e1rnts ir
e.niLILL

4-3% of the labs carry out elemental analysis on como,:st and

animal wastes using H-,SO4 + salt mixture for digestion for all
ele7ants except K & Na while 4-8 % of the labs use dry ashing for

fc'f P which is detected colorimetrically the

other elements are determined on the atomic absorption. Except
for tha micl:onutrient results which are reported in ppm, all the
'-her results are in %.



TABLE 39. NUMBER OF LABORATORIES THAT DETERMINE NITRATES AND PHOSPHATES IN
WATER

Where: Phenol Dis= Phenol Disulphonic Method;
ISE= Ion Selective Electrode;

Vanado AciJ= Vanadomolybdophosphoric Acid Method

D. FERTILIZ7R

40, Ci DETERMINT_G Ca, Mg, K, Cu, Mn, Fe, Zn, Mo,

Mg I I

Na I I

K ,
4

(_II, I 1

Mn I I

Fe I I

Zn I I

Mo I

P 1 1

Boìn HCI HNO,

No.of Method of Digestion Method of Detection Units Used in Reporting

Labs. Boiling in Boiling in AA FE S % glkg Other/rpm

HCI NCI°, S.: I-1F

2

Where: A.A= Atcmic Absorption; FE= Flame Emiss'On; S= Spectrophotometry

41. NUMBER OF LABORATORIES THAT DETERMINE SULFUR IN FERTILIZERS

-itT digestion No, of Method of Detection
Labs. Gravimetric Turbidimetric S

Where: S. Sr_,ect.rDphotometric

Units Used in Reporting,
grIcg

Deterniinatik-in N,, )t Method of Detection Units Used in Reportmi:
Labs, Colorirnctrie ISE Colonmetric Titnmetnc mg 1 meq/1 ppm

Phenol Dim. Vanado. Acid

Nitrates
2 2

Phosphates 4 4 7



TABLE 42. NUMBER OF DETERMINING TOTAL N, iONIACIAL
AND NITRATE 7 I.' FILATILIZERS

Determination No,of Method of Digestion Method of Detection Uniu Used in Reporting
Labs 1-1,504 + Salt Distillation ISE % gag Other

Mixture & Titration (pprn)

Element No.of Methc.dofDigestion MethodafDetection
Labs. A B Distillation Calorimetric

& Titration

Where: ISE= Ion Selective Electrode

E. ANALYSIS

NUMBER OF LABORATORIES THAT DETERMINE TOTAL NITROGEN
1-3 TOTAL P IN SOFCCT

% glkg mct3g ppm
Units Used in P..tptt.trting

Where A= H:SO4 + Salicylic Acid Salt Mixture K5O CuSO4.5H20

+ FeSO4. 7H:0
Boiling Acid. Mixture (HNO3 + H2SO4 + HCIOJ

44. NUMBER OF LABORATORIES THAT DETERMINE MINERAL ELEMENT IN COMPOST

AND ANIMAL WASTE

E.lement B of Method of Digestion Method of Detetttion Units Used in Reporting

+ Salt Dry Ashing AA FE FP S gikg ppm

Mixture

W.tere: Sal- Mixture= + Sodium Sulfate - Selenium
A.A= Atzmic Abs.lrpriicn; FE= Flame Emissich;

S=Spectrophotometry; T= Tltrimetric;
FP= Flame Photometry

.3
3

TomIN 5 5 5

Arnmonia N 2 2 2

Nitrate N 2 2



GENERAI0 QUESTIONS ON THE LABORATIO Y 01"T"' -"rON.

After considering personnel, equipment Lnd the different
analytical methods for soil, water, plant, fertilizers and
organic manures and compost it was also necessary to evaluate the
laboratories in terns of mode of acquistion of chemicals, users
of the laboratory, quality control procedures, training, need for
the adoption of standardized procdures and problems that hinder
the smooth running cf the laboratories. This was deemed necessary
in order to make o7-D7T_11 as7,777771nt of the laboratory and make
the necessary reopel-,dations or improvements. The questions
posed and the responses given re examined here after.

8.1.1.39 ostio7
liplacnA

how laborLts acquire ch(-

The results to this question (Table 45) indicate that 52% of
the labs obtain aid for purchase of equipment and chemicals from

Or-7anizatins apart from c'overnTent while the source of
funding for 24% of the laboratories is from govermen. S of the
labs obtain the funding from their own organization while only
4% of the labs acquire the chemicals and equipment through
receipts from their analytical services rendered to the public.
This oates thE.t. 7::ithout aid from Aid organizations and
govez.nnt very f e l.. s can function properly.

2.1.1.40 Question on the number of laboratories that
redistill alcohol for reuse;

The results (Table 46) indicate that only 8% of the labs
redistill alcohol while the majority (60%) do not redistill
alcohol. To get a better understanding why very few labs
redistill alcohol a follow up question indicates that most labs
lack the equipment (36%) while 24% of the labs never thought

about it.

8.1.1.41 Question on the clientel that slIpply the bulk of soil,
water an(1 plant analysis:

The results (Tabli, 47) indicate that research bodies are the

biggest users (48%) followed by government organizations (36%),

then by own user's of the lab results; International
and Universities each constitute about

::; users while the local farmers who are supposed to
benefit most fror:. these analytical services use them least (12%).

.1.1.42 ;1,uastion on 3:-"n for the few analysis effected in

the laboratory:

Results (Table 4) indicate that most labs (60%) lacL the
chemicals and eguiprnt to do the anlysis, 32% of the labs

at:fibuted it to inaCuate personnel, 24% putting ::.he 171ame on

lack of methods develoL:ed for the analysis, while some labs (12%)
attribute it to lack of knowledge by farmers about the existing

services. Some labs (12%) also attribute the low number of
samples to the fact that farmers do not yet feel the need for
these analyses. Other reasons, like lack of finances by farmers
(8%), laboratory located too far away from users (8%), and the



fact that previous recommendations did not provide the increases
in yields expected (4%) were advanced as factors hindering
increased analyses of samples. Solution of some of the probl,
indicated could greatly inhance the amount and quality of
analytical services rendered to farmers.

8.1.1.43 Question on the number of laboratorio that have =do
efforts to sell their products:

The results (Table 49) indicate that very few labs (12%) have
taken the trouble to market their services. Few labs still (4%)
have used radio and the written press as a means of marketing
while 12% of the labs have used botL formal and informal contacts
for this purpose. No lab has used the TV as a means to get to the
population. The low percentage of response indicates that very
f,F2w people, are E.-.7are of the exitencì of Enolytica1 labortories
and the functions they perform.

8.1. .44 by the ries do not market the
labs:

The results (Table 50) indicate that most labs (52%) do not
maret their services. Some labs (36%) do not market their

-±mes because it is for their own use; some labs (8%) 11F,,ve

thought about it while some labs (4%) attribute it to the
fa t1-.7_ their labs are not fully operational.

8.1.1.45 Ouestion on quality control procedures are used

The results (Table 51) indicate that most labs(36%) use
reference samples, followed by 20% of the labs who use recoverv
techniques with chemicals of known concentration. About 12% of
the labs participate in sample exchange programmes while . other
12% just adopt long established procedures without any control
methods. About 4% of the labs use standard control, duplicate
control, internal control, external control and abitration as a
means for quality assurance.

8.1.1.46 QUeStiOn no how
/aboratory:

s recruit staff to the

The results (Table 52) showed that most labs (36%) have staff
posted to them by government irrespective of field of competence:

while -'7 their staff based on competence
through .

167 of the labs have staff selected by the
on 7..he inr_erest of the staff for the vocation.

3.1.1.47 Question no the 1::roblems labs have in retainin their
ifie,d staff:

Most ' (36%) think most staff leave the lab due to daner
from chemical use (Table 53) while 28% think staff leave due
low salaries, laborious and monotonous lab work and the fact that
they have few prospects of moving up the ladder as technicians.
Som.e 20% of the labs find that most technicians shift to other



TABLE 45. QUESTION ON HOW LABORATORIES ACQUIRE CHEMICALS AND EQUIPMENT

Z 46. :..1:1=1 OF

Labs that Redistill Alcohol 2 8
LE17-7 that do not Redistill 15 60
Reasons: - Never thought about it 5 24

LaOk Equipment 1 36

Other, Specify 1 4

47. CLIENTEL THAT SUPPLY THE BULK OF SOIL, WATER AND
PLANT ANALYSIS IN ORDER OF BIGGEST USERS

a_ Lack of finances by clients to
pay for analysis 2 8

b. Lack of knowledge about existing
services offered by the lab 3 12

c. Need or importance of analysis nct
yet felt hy farmers 3 12

re'..ire _ysiL 8 24

1.ac-:. .,. ,

_....1T,er-..o and cr chemicals

to effect analysis 15 60

Inadequate lab. personnel 8 32

d. Clients not confitient in our
analysis results , 4

--oonatory located too far frbm
- potential users 2

Previous razoat:.eni.ations did no7:.
considerably increase yields hence
reluctance on the part of users for
further analysis 1

5. Other reasons; specify 1

Source No. of

Government Grant 6

Other Aid Organizations 13
Own Resources Through Analytical
Services 1

Other: Own Organization 2

Source No. of Labs Response %

Organization No. cf Labs Response

TABLE 48. RESPONSE REASON FOR THE FEW ANALYSIS
EFFrCTED

Responses No. of Response
Labs

Government Organizations 9 36

Internacional Organizations 20

Local Farmers 3 12

Schools and Universites 20

Research Bodies 12 48

Own Users 6 24

^ ;ROATORIES THAT REDISTILL ALCOHOL POR USE

Labs Response %

24
52

4

8



TABLE 50. 1_;ABER OF LABORATORIES T
WHY

Response

,ABER OF LABORATORIES THAT RAVE maDE EFFORTS TO SELL
I 3IR PRODUCT TO POTENTIAL USERS

'4

No. of Response
Labs

Do not market their lab. services: 13 52
Never thought about it before 2 8

Lack of means of communication - -

Laboratory intended for own use only 9 36
Lab not yet fully operational 1 4

Other, specify 1 4

No. of Response
Labs

a. Recovery technics with chemicals
of known concentrations 5 20

b.

c.

Use of reference samples
Participation in sample exchange

9 36

d.

programmes with other labs
Non, just adopt long established
procedures

12

e. Standard Control 4

f. Duplicate Control 4

g. Internal Control 4

h. External Control 4

t. Abitration Conl=r01. 4

Response No. of Response
Labs

Those that have mLdc oPiorts to
market lab. services 3 12

Means of Market1,ng
By radio 1 4
Press 1 4
Television 0

Both formal and informal
contacts 3 12

« 51. WHAT QUALITY =71OL LrrrrtlroDs DO YC. r1L1 DO= 72C)
DEVELOP METHODOLDIES ITbID7,n ASSESS 7:017TE:E
Q=ITY ?

T DO NOT 'T THEIR



disiciplines due to much work in the laboratory. Some labs (4%)
indicate technicians leave due to lack of milk, medical checkup
and care, and lack of insfrastructure to maximize productivity.
Only 4% of the labs reported that they have no problem retaining
the staff.

8.1.1.48

training:

Most labs (48%) select their staff for training based on
competence in the area indicated (Table 56) while 16% of the labs
select technicians on the basis of first come first served basis.
12% of the labs select their technicians for training based on
competitive exams, while only 4% of the labs have technicians for
training selected by governrdent Tithout their input.

8.1.1.51 Ouestion on whethcx results gained by trA.m.-4s
incorporated into t72.0 lab practice tc, increase
efficiency:

Results (Table 57) indicate that 40% of the labs incorporate
the results of the trainees after they retlitn from training in
their regular programmes. However, some labs (20%) do not
incorporate these results. The reasons for non-inclusion range
from methods not available to lack of equipment in the lab (8%),
noth:ng new is brought back from the training (4%), for fear of
distabllizing the established procedures (4%), and because of
little ex. ..iznce of the technicians (4%).

8.1.1.52 Question on if lz.,bs will be willing to sta
rocedures & ecluirment if different from th,_ s:

To this question 56% of the labs responded positively to
taf:ardize procedures, while 64% of the labs will be willing to
stanardize the equipment (Table 58). On the standardizatisql of
equipment some labs though willing indicated that in cases where
the donors gave the equipment they had little choice but would
cooperate if the conditis of the donors were flexible.

ion Q. 1ab staff ar trained;
Most labs (44%) (Table 54) responded that they train their

technicians in other labs within the country while an additional
12% specifically indicated that they train their staff at the
NSSP. 36% of the labs train their staff on the job in their labs
while some 32% of the labs train their techniciar Toad.

8.1.1.49 Question where to train the staff;

Most labs (48%) indicate that they train their staff in labs
which are well-equiped and manned (Table 55). 24% of the labs
train their staff in labs that accept them while 12% of the labs
train their personnel in labs that would give the training at the
least cost. Only 4% of the labs train their technicians in areas
with similar geographic and climatic conditons.

3.1.1.50 Ouestion on -taff for



Staff posted by government
irrespective of field of
competence 9 36
Staff selected by tat 'cac2c1 on
competence through exaLic.: 6 24
Staff selected by govern:lent
based on interest of staff for
the vocation 4 16

, specify 2 8

Staff demand salaries and allowances
ensurate with work load effected

Staff complain of much work in
relation to counterparts in other
field
Staff complain of danger from use
of chemicals
Laboratory work becomes very
repetitous and monotonous
Staff do not see any head way in

ving up in the profession as a lab.
technician
No milk
No medical check up
Lack of essential equipment and
chemicals to maximize use of trained
staff
Have no problems retaining qualified
staff

52. QUESTION ON HOW LABS RECRUIT STAFF TO THE LCtDRY

a. On the job In our laboratory
h. In -.er laha in the country
o. Abro:
C. Other, specify NSSL (M0A)

9 36
44

8 32
12

7 28

5 20

9 36

7 28

7 28
1 4

1 4

1 4

1 4

Response No. of Response
Labs

Response No. of Response
Labs

Response No. of
Labs

T LE 53. QUESTION ON RETAINING STAFF THAT 4



5. QUESTION ON HOW TO DETERMINE WHERE TO TRAIN YOUR
STAFF ?

-7 56. QUESTION ON WHAT C IS USED TO SELECT STAFF
FOR TRAINING

e No. of Response

TABLE 57. QUESTION ON WHETHER THE RESULTS OF THE TRAINING GAINED
BY TECHNICIANS UPON RETURN FROM TRAINIYG
INCORPORTATED INTO LAB. PRACTICE TO EFFICIENCY

Response No. of Response
Labs

a. Do
b. Do

i.

incorporate their training results
not incorporate-because:
Because often they bring nothing
new to what we already practice in

10
5

40
20

ii.
the lab.
For fear of distabilizing the

1 4

iii.
established procedures
Because some of the methods though
good are not adaptable to the

1 4

iv.

equipment we have
Other, specify., little experis

2

of the 7,echnicians 1 4

Labs

a. Labs located in similar geographic

b.

and climatic conditions
Labs well-equiped in instrumentation

1 4

and manpower 12 48

c.

d.

Labs with equipment similar to ours
Labs willing to give us training at

2 8

the least cost 3 12

e. Labe willing to accept our staff 6 24

Labs

a.

b.

Based on first come first serve
Based on competence in the area

4 16

indicated 12 48

-,f. on gove_,.:,,,nt selection with
little influence from us 1 4

d. Based on competitive exams 3 12

Response No. of Response



8.1.1.53 Questicnn on if lab ouloately serves
co unity:

Results (Table 59) indicate most labs (32%) do not adequately
serve the needs of the community, while only 24% of the labs
serve the needs of the community.

8.1.1.54 Question on othor orob). pcoullt the ab:

The results (Table 60) indicate the problem faced by most
labs (12%) is the lack of instrument repair facilities. Also 8%
of the labs responded the following problems where also
encountered; electricity failures (8%), inability to retain
manpower (8%), inadequate training of senior technicians (iT),
lack of well-tre.ined man power (8%), indadequate storage and
analytical work facilities (8%). Though the number of respond:co.,
is low these problems are really present and would neeC very
urgent attention.

8.1.1.55 Question on suggestions to be made to improve the
technicians ob:

' labs (36%) feel that technicians should be properly
also receiv,:: 7±-17iodic refr.?.s= courses. Motivation

ar incentives is consid by some la.cs(20%) to be very
i:.portnt, so is insurance and medical care (20%), free milk
supply (12%), adaptation of technicians to universally accepted
procedures (.16%), salary increment (8%), and job guarantee(8%).
Observations also indicate that the low productivity achieved in
most laboratories is strongly linked to the points outlined above
and in Table 61. Also factors like establishment of appropriate
promotion structures for technicians (12%), exposure of

technicians to labs with well experienced staff (8%),
standardization of working methods and safety procedures (8%) and
shortening the length of working days to minimize contact time
with chemicals (4%) could also enhance the productivitity of the
lab technician. These suggestionns merit adequate consideration.

9. ZUMMARY CONCLUSION.

In order to assess the present status of the soil , plant,
fertilizer and compost testing labortories in the country,

estion7eoi.es were dispatched to a number of laboratories whose

_resses known to the investigators. Out of the twenty five

.boratorias to which 7:":17*74.c-_-.:iY.7 sent replies were
obtained from 22 of 7.)11.:"4 up visit to the labs was done

to do on the s,,_.... :-aluation of the present status as to the
types of an?lysi',-: effected, instrumentation, their capabilities

End limitions tc ensure the questionnaires were properly

commpleted. As a 'result information was obtained on the 25

laboratories.

There are many laboratories existing in the country for soil,
plant, water analysis but the infrastructure of most of these
labs are in very bad state with the result that they cannot
aequately assure the task for which they had been established

C1T,



TABLE 58. QUESTION ON II- LABS WILL BE WILLING TO ADOPT
STANDARDIZED Z.NALYTICAL PROCEDURES IF DIFFERENT FROM
THEIRS hS WELL AS ALSO STANDARDIZE EQUIPMENT FOR
FUTURE PURCI,SES

Response No. of Response
Labs

Standardize analytical procedures 14 56
Standardize equipment 16 64
If it is site specific (1 response) 1 4

Difficult because Univ. receives most
equipment from donors, but would be
willing to standardize if the donors
cooperated or if conditions were
favorable 1 4

59. QUESTION OR IF LAB. ADEQUATELY SERVES THE NEEDS OF
20i2:"C;17:77.:

Response No. of Response
Labs

47,,rves o: - :Li 5 24

:cosno.7.. sE.:ve no -Is of communLty 8 32

Lab not wsll equi ed 2 S

1:=L: 60. ADDITIONAL PROBLEMS ENCOUNTERED IN THE LAB.

Electrical failures 2 8

1-7::,Cility to retain manpower 2 8

Inadequate training of senior professionals 2 8

Lack of well-trained manpower 2 8

Lack of instrument maintenance and repairs
expert 3 12

Inadequate communication links with other
labs 2 S

Inadequate lab. facilities for storage and
analytical work 2 8

Response No. of Response
Labs



TABLE 61, QUESTION ON WHAT SUGGESTIONS SHOULD BE ADAPTED TO
IMPROVE THE SOIL LABORATORY TECHNICIANS JOB IN ORDER
TO INCREASE BOTH QUALITATIVE AND QUANTITATIVE OUTPUT

Proper training and periodic refresher
courses for technicians 9 36
Motivation and incentives 5 20
Insurance and medical care 5 20
Salary increment 2 8

Free milk supply 3 12

Job garantee 2 8

Adapt technicians to universally accepted
and updated standardized procedures . 4 16
Information exchange, 1 4

Establish appropriate career structure
for moving up in the profession as lab.
technicians 3 12
Exposure or visits to soil analysis
laboratories with experienced staff and
specialized equipment 2 8

Shorter length of working days to
minimize daily contact with chemicals 1 4

Collaborate with similar regional,
and international 1ah--7-cries to

.-=::ariize the working methods and the
laLccatory safety conditions to prevent
chemicals hazards 2 8

Suggestions No. of Response
Labs



9.1 PEP iE

Folloving the data obtained on personnel through the
questionnaires about a year ago most labs have adequate personnel
for the level of analytical outputs reported. However, since the
survey was done there has been restructuring which has adversely
affected some laboratories. For example the staff at the NSSP
dropped from 58 before the restructuring to 15 after this
exercise. If this is an indication of what has taken place in the
other labs then the situation for the analytical services in
Ethiopia would be bleak.

9.2

4,1 Soil:

With regard to analytical techniques, determinations of soil

ph vary in most laboratories due to the use of varying
scii:sclution ratios. Most labs determine pH using the glass
electrode. of the labs determine pH in water followed by 36%
in 1,76:1 and then 20% in CaC1:. Most labs use the 1:1 soil:

solution ratio. Only 6 labs determine pH on the saturated paste
extract.

E07177.

Most of the labs have reliable electric water supplies,
1h occasional power failures and errati.:: -tcr supplies have

been observed. Experimental facilities lie greenhouse are
available only to limited laboratories.

The necessary laboratory equipment like pH meters,. E.0
meters, spectrophotometers and flame photometers are cwned by a

jority of the established laboratories. Atomic absorption
sp,ectrophotometer is owned only by 6 laboratories. The major

reported by most of these laboratories are the
Lifinctioning of these instrument and the lack of quali.fied

workshops in the country. There is much variation in the
77aes (or marks) of the equipment and further many labs have very
old equipment and most in disuse to which spare parts cannot be
found today. Most labs lack adequate fumehoods and in most labs
where they exist they have undergone much deterioration. Supply
of chemicals and other consumable items are also reported to be
the major problems of the majority of the laboratories.

9.3 'Cr" OUTPUT:

T: lvtical output of most of these laboratories are low
or nil and except in few cases show decreases through time. This
is mainly attributable to non-functional equipment, limited
supply of chemicals and other supplies, the lack of adequate
personnel in some labotories and the fact that many of these
labs are still in the process of being setup. The majority of the
laboratories are analyzing only soil; plant, water, fertilizer'
compost s:-.mples analyzed only in a few laboratories.

9.4



For the determination of soluble salts varying soil: solution
ratios are used but the 1:5 ratio is the most used. Soluble salt
determination of the saturated paste extract is done only in 4
laboratories.

For the determination of CEC and exchangeable bases most labs
use ammonium acetate as the saturating salt, followed by sodium
acetate and calcium chloride. For displacing the salts most labs
use KC1 followed by ammonium acetate and sodium chloride.Varying
soil: solution ratios are used but 1:10 is the most prevailent.
Most labs determine CEC by distillation and titration. The
determination of Ca and Mg is done by EDTA titration in most labs
while the atomic absoprtion spectroscopy is used in fewer labs.
Na and K are determined in most labs by flame photometer; few
labs use flame emmission. Most laboratories still report their
data in Non-S.I units.

For the determination of available phosphorus the most
popular method used is the Olsen method, by Bray I and
then Bray II, Mehlich and lastly the Hach methoc7,. There are great
variations among the soil: extractant ratios; for the Olsen
method most labs use the 1:20 ratio.

Total Nitrogen is determined in 48% of the 1:17)oratories with
conc. H,SO4 salt mixture used for digestion and detection dz,ne
by distillation and titration; results are repoL-ted in %.

Organic carbon is determined by 56% of the laboratories using
K2Cr207 oxidation method of Walkley and Black. Four percent of the
labs each determine organic carbon by carbon train combustion and
Ignition methods. All labs report results in %.

Gypsum is only determined in 4 laboratories in the country.
The method of precipitation with acetone is used by 3 of the
laboratories.

Most laboratories (40%) determine CaCO3 by the acid
neutralization method while 12% use the calcimeter method. Four
percent each of the labs use the graviric, fusion with lithium
borate and Hach methods. The reporting units are %.

Varying soil: solution ratios are used for FC determination.
24% of the labs determine EC on the saturated paste extract, 20%
each use the 1: soil: solution ratios. , ain most of the
labs _se non-S.I units in reporting while only 4% use 5.1
units.

Lime requirement (LR) is done by 16% of the labs using the
EaC1,-TEA method. gravimetric and fusion with lithium borate
methods are used by 41 cf the labs.

Sultates are de ermined using the gravihetric (20% of labs)

and the turbidimetric (24% of the labs) methods; the EC method
as CaSO, is used by 4% of the labs.

Fractionation of inorganic P is done by < Vs of the labs. The
detection method is colorimetric and results are reported in



Free Fe and Al and amorphous Fe, Al and Si are determined in
lcss than 8% of the labs. The DCB method is used for the
etrotion of free Fe and Al while ammonium oxalate is used for

:-,xtraction of amorphous Fe, Al and Si.

Micronutrients (Fe, Mn, Cu, Zn, B, Mo) are determined in 4-
16% of the labs. The popular extractants used in order of
magnitude are DTPA, ammonium acetate, EDTA and HCL for Fe, Mn,
Cu and Zn. Different soil: extractant ratios are used; the most
used is the 1:2 ratio. Varying times of extration are used with
the 2hr extraction favored by most labs followed by the 1/2 hr
extraction. Most readings are obtained on the atomic absolption.
Hot or boiling water is used for boron which is determined in 20%
of the labs while ammonium oxalate is used for molybdenum
extraction by 8% of the labs. All the results by these labs are
in ppm.

Total elemental analysis for the determination of Ca, Mg, Na,
Y. Zn, Fe, Mn, Cu, 2n, P is done by <121 off "7he using Na2C0,
f-dsion, by 4% of the labs with aqua regia, by 4% of the labs in
HF, while 4-16% determine it in HC104.d4%,f2SO4 digestion. The
atomic absorption is used for detection by 16% of the labs.
Results are reported mainly in ppm, but also in g/kg and fewer
still in cmol/kg.

For soil texture determination the dispersing agent used by
all laboratories is Na-hexameta-phosphate and is determined
mainly by the hydrometer method(44% of the labs) though some labs
(12%) use the pipette method. Preatment for organic matter
reno-;al are used by 28% of the labs in case of the hydrometer
nettod, while free Fe removal is done by 8% of the labs. Most
labs use the USDA(36%) method of fraction sizes with < 12% using
the international system. More than 90% of the labs doing texture
also report results in %.

Bulk density is detemined by tne core method by 28% of the .

labs while 8% of the labs each determine it by saran coated and
parafin coated methods. Results are reported in g/cc.

Particle density is largely determined by the pycnometer
method (32% of the labs) and report results in g/cc.

Water retention characteristics are done on the 1/3 bar and
-= bar pressures tv 20% of the labs and results are reportad in

á

_ Ca, Mor ha, K, Cu, Zn, Mn, Fe,
P is carried :,uc of oha labs using varying dry ashing
and wet di.:;estion methods. Addtionally, the elements Cd, Cr, Co,
Pb, B, and Mo can be deter7lne:I. in < 4% of the laboratries. The
detection method used by most labs is the atomic absorption
spectrophotometer. The flame photometer is used by most labs for
ha and K determination and the spectrophotometer fQr P

determination. Reporting units are varied and include % (4-16%)
pf labs, g/kg (4-12%), mg/kg (8%), cmol/kg (4%) and ppm (4-8%)
of labs.



Total N in plants is determined by 4O of the labs using
cono. H2504 salt mixture.Titrimetric methods are used for
detection and the results are are reported in %.

9.4.3 Water:

The determination of pH, EC and total solids in water is done
by 52%, 48% and 28% of the labs, respectively. EC results are
largely reported in mmh/cm (40% of labs) while total solids are
reported in g/l.

The anions determined in water by the different laboratories
include: carbonates (32% of labs), Bicarbonates (32% of labs),
sulfates (20%) and chlorides (36% of the labs). Except for
sulphates which are determined gravimetrically (20% of labs) and
turbidimetrically (20 % of labs) the other anions are determined
titrimetrically. There is an equal proportion of reporting
results about 1/2 as mg/1 and the other 1/2 of the labs report
it in

The cations determined in water include Ca, Mg, Na, and K
carried out by 40-44% of the labs. Most labs (28%) do Ca and Mg
by EDTA titration while fewer labs (8% use the atomic absorption

ectrcohotmeter. Na and K are determined both by flame
:no°c_omeTry (20%, and flame emission (20%). Reporting units used
by most labs are are meq/1 and mg/l.

Very few labs determine Nitrates (8%) and phosphates (16%
of labs) in water. Titrimetric and colorimetric techniques are
used for detection of NO3 and phosphates, respectively. The units
of reporting by most labs is mg/1 though labs also use ppm
for reporting P.

9.4.4 Fertilizers:

Fertilizer analysis for elemental content is carried out by
only 4-8% of the laboratories either using Boiling in HC1 or
Boiling in HCIO4 HF in digestion. The atomic absorption is the
favored detection method. All results are reported in %.

Procedures for fertilizer analysis have not yet been prepared in
most labs. Fertilizer analysis for total N is done by 20% of the
labs. NH,-N and NO--N determinations are carried out in 8% of the

Compost 1 Wastes:

Compost and animal waste analysis for
carried out only in 4-8% of the labs ue,
mixture and dry ashing as digestion
absorption unit is used by these labs
elements. Total N and P are determined by 8-12% of the labs.

Pfccef.,,res for compost analysis have not yet been developed in
nearly all the laboratories and may be the reason for the low
number of labs carrying out this determination.

element contents is
.conc. H2SO4 + salt

Ihe atomic
detection of the



OBSERVATIONS RELATING TO THE GENERAL LABORAT RY:
OPERATIONS:

The question of sustainability of the laboratories is

crucial. Most laboratories receive financies for acquisition of
chemicals and equipment from aid donors and government grants.
Less than 4% of the labs are self-sustaining.

Alcohol redistillation can greatly reduce the operating costs
of most laboratories but unfortunately due to lack of equipment
or knowhow about this procedure only 8% of the labs benefit from
it.

The clientel that supply samples to the labs are Research
Bodies, Government organizations, own users, international
organizations, schools and universites and local farmers in
decreasing order. This is unfortnate as the target population ie.
the farmers still benefit least from this process.

Reasons for few number of analyses effected in the
laboratories in decreasing order of importance include: lack of

and equipment, inadequate lab personnel lack of
a(f.equate analytical methods, lack of knowledge about services
offered by labs, Thy by farmers or f.nf] of samples,
Laboratories located far from users, and lacd f confidence by
users on the analyis. These shortcomings in the labs need to be
addressed.

One of the reasons for the low number of samples sent to the
J.as is the fact that only 12% of the labs have made efforts to

_ztise their labs and what its function is. This marketing
needs to be done by radio, press, television and both formal and
informal contacts if the farmers and public are to be acquainted
with the essence of the existencee of these laboratories.

There are an array Of quality control methods in decreasing
order: reference samples, recovery techniques, sample exchange
prcc,rammes E.nd use of established procedures. Less than 5% of the
lab,' use Standard, Duplicate, Internal, External, and Abitratrion

methods. The low percentage of labs using any form of
control methods is a cause for concern since the reliability of
data produced cannot be depended upon.

lin7 control and prdductivity starts with the quality of
persc7. 1 recruited by the governmeht irrespective of field of
comL7.stence of the staff. Labs that recruit staff based on

competence come next and those selected by government based on
interest of the staff for the vocation but not necessarily

ce come last. For the lab profession there is h:eed to
hese recruitment procedures.

Most labs have problems retaining qualifed staff for a

variety of reasons paramount among which are complains of danger
from use of chemicals, low salaries incomensurate with work load,
repetitious and monotonous work, few possibilities to move up the
lac1der as lab technicians. Other reasons given but of less

-tance include lack of milk, no medical checkup, and lack of
essential equipment.



Most labs (> 50%) train their technicians in laboratories
within the country and some on the job in the labs. 32% of the
labs train some of their technicians abroad. Consideration of
where to train the staff for most labs (48%) is where there is
qualified manpower and adequate instrumentaion followed by labs
willing to accept the staff. Cost constraints, similarities in
equipment and similarities in geographic condition in that order
also play a great part in determining where to train the staff.
It is hearty to note that selection of staff for most labs (48%)
for training is based on competence, but a significant 16% of the
labs train their staff on a first come first serve basis while
the responsibility for the selection is done by the Government
with little influence from the labs themselves.

Most labs (40%) incoporate the results obtained by the
trainees on return to their labs but some labs do not incorporate
these results because of the following reasons in order of
decreasing importance: methods and results May be good but not
ac:aptatle to available la-- _:::2ment, tccnnicns :-)ring nothing
new to what already exist, fear of distabilizing established
procedures and for lack of confidence in the ability of the
technicians.

Xosl- labo will be log no s-nHardiz-
procedures and equipmen'o, 'cu.': the difficulty of standardizing
equipment is that many labs receive equipment from aid donors and
have no choice as to the type of equipment they would prefer.

Very few labs serve the needs of the community. This is
attributed to lack of equipment, chemicals, distance from users,
lack of knowledge about their existence and functions.

Other problems that have been observed by some labs are
electrical failures, the inability to retain manpower, inadequate
training of senior professionals, lack of well-trained personnel,
lack of instrment taintenance and repairs personnel and
workshops, inadeiate communication links with other labs and
inadequate lab facilities for storage and analytical work.

Some suggestions which have been proposed to be adopted to
ii71-,r0ve the lab technicians job an hence increase productivity
in order of importance include: proper training and periodic
refresher courses, motivation and incentives, insurance and

'cal care, adapt technicians to universally accepted
Tnrdized brco7:ures, su771y of free milk, establish
7iate fi: technicians to progress, give
incrorns, give job guarantees standardize procedures and

safety staniards in collaboration with other labs, increase
information exchane and shortening of working days to minimize
daily contact with chemicals.

9.t7 CLASSIFICATION C: LABCORIES according to capability
classes for soil, plant, water, fertilizer and compost and manure
analysis.

Based on the following criteria the laboratories can be
classified into 5 capability classes. The criteria for
classification include:



Adequateness of infrastructure (buildings and ventilation,
fume hoods, lab desk, water and electricity supply, etc.)

AdenTua,-ene s-1 - of equipment (atomic absorption
spectrophotometer, flame photometer, spectrophotometers, pH and
EC meters, pF assembly, water distillers, block digesters,
analytical balances, centrifuges, etc).

Adequateness of laboratory personnel (lab. technicians and
others).

Adequateness of chemicals and small materials (chemicals,
filter paper, glassware, plastic materials, etc.)

Existence of manuals for analytical procedures.

Ease of accessibility to the clientele.

3ased on the, ehcve criteria the letre
classes 1, II, III, IV, and V in order of decreasing
capabilities.

,--,,,-7 7ies Tocai-irm

1. . National Soil Service Addis Ababa
Laboratory

. ILCA Soil Laboratory Il It

. Ministry of Mines and Energy II II

. 1. Holetta IAR Holetta
. Wonji Sugar Estate Wonji
. Water Resources Development Addis Ababa
Authority

. Debre Zeit IAR Debre Zeit
S. Kulumsa IAR Kulumsa

. Melka Werer IAR Melka Werer

. Alemaya Universi - Dire Dawa

J. 1. Awassa College Awassa
2. Saro Akobo Sassin Jimra

. Tana Belles Project Tana Belles
- Jimna IAR Jimma

--assa IAR Awassa
:, 7AR Adet

1. ,T:7-,o IAR

2. .-i-- o junior College of
Agriculture

J. Sinana IAR Sinana
_______¡

V. _. - reth IAR Nazaret'
JiTna Junior College of Jimna
Agziculture

3. Wondo Genet College of Forestry Wondo Genet
4. Soil Conservation Service Addis Ababa

Project
5. Mekele IAR Mekele
6. Dessie Agric. Office Lab. Dessie



aoove the laboratories are
sif i- diminishing capanilities Tha cr.io-

lffer la oats. slass f= one other are T.t7 fella

CLASS Laboratories wIthin this class have almost no
limitations except for minor restrictions; they are
fully operational.

CLASS II: These laboratories can do most of the analyses and
have acceptable infrastructure facilities but in some
cases the equipment is old and not very functional and
needs replacement. These laboratories are plagued by
shortages of chemical and small materials.

ITI: These lab generally have a limitation of
one or tarfon of tna
infrastructure _nadequate fumehoods, inadequate or
tsor 'water quails: :sorffett F- irrear, abfe-ro
or near absence oi lacoratory cee.-___:lans, some are
very remote from potential users. However, they have
the capability to do some analyses.

Cls7tSS !' 1.7 0 F S one Oasis ratesrtalo
r 1_:L1 p S n_ n

der.,Jraded or ususabie state. They are also pla:::ued by
poor infrastructure (like poor water quality, lack of
adequate fumehoods etc), lack of laboratory
technicians, and lack of chemicals. Very few analysis
are being carried out in these laboratories, for
example pH.

CLASS V: These laboratories have very limited infrastructure,
equipment, chemicals, generally have no laboratory
technicians, ne analytical manuals. Some of these
laboratories are only constituteO of empty tuildin;s.
These latoratoies do not effect any type of analyses
presently.




