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1. THEHE OF REFERENCE

Under the general supervision of the Project Manager the Consultant
will work closely with the project staff and will advige on the American
gysten of soll colassification ag applied to the soils of the Sudan. He

will carry out treaining programmes for counterparts in the use of the

.

above systen and perform other related duties as regquired.
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3. ABSTRACT

In the courﬁé kafhiﬁ assignment the eonsultant was required ito assess
the uge of the Ameriean system of goil classifiecation in the Budan. He also
was to give training on olassification. To aceomplish this mission the
consultent travelled by land rover over 11,000 kilomsters to many parts
of the Budan. Soils were studied as Tar north as Atbara, east fo Kagsala,
west to El Fula and Umm Agaga areas, and south to Wan and Juba areas. Over
150 obgervations of soll pits, and auger boringe were made,., O0f these obserw
vations 116 are diseussed in Appendix 3. A location of the stops ip in

Appendix 1.

Thg consultant has sonoluded that the Amefi@&n syetem of goil
classification, Soil Taxonomy, is applicable to the soils of Sudan. Many
’of the soils are aseommodated by the system however a few soile are not.
The sy@temw SoilyTaxanomy? does provide for additions or oh&ngeaﬂ Where

this is necessary it is recommended in various sections of this report.

As most of the mapping to date has been in and around the Central (lay
Plains mapping proecdures and techniques need to be reviewed and changed
when working in other areas of the Sudan. The gomments and suggestions in
the following seetions are intended to assist the department with ideas

3

for higher quality surveys and reports and to increase the quentity by

teshniques not now used.



Simsim

Wadi

i

Great millet — Sorghum vulgare

1

Area of land = 1.038 acres; 0.42 hectare

A pool usually excavated to collect and store water

Mountain

Water course, usually dry
Sand dunes
Sesame; Sesamun orientale (Linn. )

The bed or valley of & stream in arid regiong that
ig usnally dry except during the rainy season.
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SUMMARY OF RECOMMENDATIONS

There are comments and recommendation throvghout this report in the

different sections and Appendixes. Below ig a brief 1list of the major

reeomnendations.

1o

[

1:;»

That a review be made of all soil series to reclassify them if necessary

using the latest edition of Soil Taxonomy.

That new proposals for taxonomic placements be submitted to the appro-
priate persons in Washington D.C. supported by descriptions and analyses.

(See Appendix 8.10 Procedures for Amendments ).

That all the soil series sghould be revised and updated based on comments

in this report. This should be completed within one year.

That soil sclentiste descoribing soil profiles be more careful in obser-
ving horizonation especially in the upper 50 cm of the soil. Also that

goils should be deseribed to at least 2 meters where posegible.

That mapping techniques need to vary in different areas of the Sudan,
Teehniques used in the central clay plains may not be applicable in Juba,
or Babanusa or other areas of the Sudan. One must adapt techniques to

the ehanging landscape.

That a review be made of the exigting photocoverage and much effort used

to obtain adequate high quality coverage.

That more emphasis be placed on regional reconnaissance soil surveys to
obtain a wide basis for future recommendations about areas needing more

detailed work.

That the soil survey reports be reviewed and that possible new presen-—
tation of data be adopted. Also a new position be created in the

Soil Survey Administration to be in sharge of editing manugcripts.
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9. That the moil ecorrelator, Mohamed A. Ali, attend an intensive training
gourse in the United States in soil olassification, correlation, and

s0il survey operationg.

10. That the proposed new appointes to the position of editing manuscripts
attend a series of special seminars and workshops in the U.S. or other
couritry providing that kind of training.

11. That the soil survey staff hold more seminars and workshops as training
tochnigques to improve their skills
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6. PINDINGS AND CONCLUSIONS

6.1 Boil Classification

The Soil Survey Administration adopted the USDA Soil Congervation
Service system of classification during Phase I ofAﬁhe Project for
Strengthening of the Soil Survey Division. At that time it was known
as the Tth Approximation. A major digtribution of the Tth Approximation
wag made in 1967 along with additions, revisions and supplements. Most of
the goll series have been clagsified using &hd 1967 supplement. In
December 1970 another major revision and gupplém@mt wag printed and
digtributed by the USDA. 4t that time the name was changed to Boil Taxo-
nomy. However only 2 coples were available for use by the Soil Survey
Administration staff. One copy belonged to a FPAC UNDP staff member and
the so0il correlator had the other copy. The latest edition of Soil Taxonoumy
ig a draft of the copy for official printing and is dated October 1973.
The consultant obtained one extra copy for the scil correlator Mohamed
Ao Ali. Problems with correlation because of the lack of current editions

are discussed in the Soil Correlation section.

The USDA system of classification, Soil Taxonomy, is applicable in
the Sudan and with the latest edition can be used to classify their scils.
Some of the problems encountered during the course of 4 months consultancy

are given below,

1, Many soils are not classified properly because of insufficient profile
descriptions. No classification system would work if the pedon that is
to be classified is not properly described. Many of the soils were
described as having one surface horizon from O to 20 and up to 50 om
thick., When the consultant examined the same profiles many horizons
were identified which in turn altered the classification of that
particular pedon. See stops 24, 88, 90, 97, and 113 in Appendix 3
as examples.

It is hoped by the consultant that the soil scientists here will be
more observant when describing soil profiles. The application of

g0il Taxonomy wonld then be much easier and more correct as 1o the



placement of soil serdes.

2. In accopdance with the above comments laboratory data from horizong that
are sampled ané analyzed are meaningless if those horizong‘represent a
mixture of many subhorizons. Major diagnostie horizons are 1ost'comple4
tely because of this oversight. As an example of this refer to the
1aboraféry data of both before and after redeseribing the Muwalla
seriss., (Stop 24 in Appendix 3).

3, Boils of the Sudan other than the Central Clay Plains cammot be
properly classified until additional data is detarmined by the
lab&ra%ory and standard techniques adopted. Man& recommendationg Qeré
made by the Soil Chemist Consultant, John W. Dewis, in April 1974. Yet
many of these have not been completed. Exchange acidity, exchangeable
calcium, and magnegium, free iron oxides, fragments greater than 2 mm,
ulk density, 3 and 15 bar moisture, base saturation by‘mathods
suggested in 8oil Taxonomy are some of the deﬁ@rminatiahs that need to
be made. A close relationship ghould be established between thé q0il
oorrelaﬁor and the head chemigt o coordinate clasgificatioh require—

mentes and laboratory determinations.,

Professor P. Buringh, consuliant to FAO, also discussed soile and their
formation with relationship to soil salinity and alkalinity (sodieity)
in February 1967. His comments are still relevant and should be

reviewed by the Administration.

A procedure should be eﬁtablisﬁéa”ta have at least one of the
laboratory persomnel vigit the sites where soils are sampled. This
would help to establish a better understanding of the needs of the
s0il scientist to properly olas&ifj golls. It would also:helpftﬁe
laboratory personnel to become acquainted with the soils of Sué&n,a&

they occur on the landscape.



lﬁo

¥

e
Te

v 10 -

Mr, Van der Kevie has written a report on the climgte of Sudoan and
ite relationship to soil classgification. To clarify and better
understand some of the solil moisture regimes, goil molsture studies
should be conducted and studied at various locations throughout the
year. It is very difficult in this country during the wet season 1o
travel but an effort should be made to gather this dats where ever
possible. Refer to the discussion of soil moigture in Appendix 3

stops 10-16 and genersl discussion of stops 85-89. .

Some of the mapping units have been named miscellaneous. land types when
in fac% they are poils Qh& can be ciaﬂﬁifiedn Iven though these areas
are very poor for agriculfmrc and no uge ipg intended ot the present
this does not mean that these areas are not soils. A 1igh of definitions
and comments on miscellaneous land types ig given in Appendix 5. fn
example of a miscellaneous land type that was classified ieg given in

bppendix 3 stop ?Oﬂg

. One or tne main problems of the soil scientist in using the Soil

Taxonomy (7th Approximation) is in the use of the keys at various
categoric levels. The tendency is to look ahead where a soil ghould be
placed without going step by step through the keys at each category.

As an example, a soil has very red colors (2”5YR) and an argillic

horizon. The user commonly automatically classifies this soil as

Fhodustalfs without using the keys because it is very red. However if
the clay in the argillic horizon does not decrease by 20% of the
meximum within a depth of 1.5 m and meets other requirements the soil
would key out as Paleustalfs before Rhodustalfe, Special emphasis
should be placed on using the keys step by stép at the order, sub-

order, great group, and subgroup categories.

If adequate profile descriptions are made and the prover techniques
uged for laboratory analysis, the classification of soils is possible
by using the Soil Paxonony. Bven without the laboratory analysis pro-

yigio slaseification can Ye made in order to give approximations
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of the soils of different regions of the Sudan. A discussion of the pro~
vigional clasgification of soils in the west and the south is given in
Appendix 3 stops 37=89.

Prior to 1974 most soile were classified into the following Orders:

Alfisolg, Aridisols, Entisols, some Ultisols, and Vertisols.

On recommendations of the FAD staff and this conpulfant the recognition of

the canmbic horizon whould be uu@d ag a subsurface dna@nostlc horizon., Many
goile that were orlgln&lly classified as Fntisols have a eambic hnrlzon,

and ftherefore ghould be Cl&uwlfl@@ in' the Ineeptisols. The lan&soape in

many areas of the Sudan ig very old and %oll have had time to have

altered horizons that have lost bases or iron and aluminum but have retained
gome weatherable minerals. Soils that have horizons of accumlation of trans-

located silioca, iron; or basges are @ermitted as cambic horizons. The defiw

nition of Inceptisols is unavoidably complicated but should be estudied and

reviewed go that it can be used where applicable.

In the southern provinces of Sudan the Order of Oxisols should be reviewed.
£ not the Order the subgroups of meveral Graat‘Groupé éhould be ihvestia
gated. Some examples are as follows: Uatoxiﬁ“Dyﬁtr&pepta, and the Oxie
subgroups of the Haﬁlugéalfgg Haplustults, Paleu?talfs, Ehodustalfs, and
the Ustropepts. These %oxlm, however, cannot be properly classified unless
laboratory analysis is determined based on the eriteria as given in the
subgroups or in the discussion of the oxic horizon in Chapter 3 of Soil

Taxonomy .

Another Order that must not be ruled out completely in the Sudan is the
Mollisols. Some soils could have formed under paﬁt conditions that are not
reflected at the present time. If the requirements are met for this Order,
then an dttempt should be made to group or classify the soils accordingly.
At the present time it %pp&&rw that there are no solls in this Order. One
of the main reasons ip a men@ral 1&&% of organao carbon content xa the
goils reviewed that is as high as 0.6%. If the organic carbon is 0. &%

or more the soils usually lack the base saturation, color, or structure



requirements of a mollic epipedon. However, one mist have a receptive
viewpoint and conmsider all the alternatives even though they are not

apparent.,

If reqests for soils @urv@;myomcur in the Sudd (ﬁh@ swamp or marsh areas
along the River White Nile noyth of Cemmeiza) or in areas that have been
wet for long periods, these areas might have accumulated enough organic

matter to be considered Histomols,

some soils have high or very high (50 to 80%) lay contents. and have

some cracks and other features diagnostic of the Vertisolg. However,
by strict adherance to the definition of the criteria the golls do not
quallfly for the Order Vertisods, Until theme soils are thoroughly
described at both the wet and-at the end of the dry seasone, the consule
tant would classify fthem as Vertisols. IF not the V@fﬁiaolg, at least
into a  Vertic subgroup. Because most of these soils exhibit similar
pwoper%ie@ and goll qualities they should be grouped with those solls

with like problems in the Vertisols or Vertic subgroups.

The intent of Soil Taxonowy 1g to group soils together that have similar

uge and management or other iﬁ oretive useg. Some of these groupings

are not clearly understood at this time, but with testing these groupings
should become evident; to remain, %o combine with other groups, or to

aatablish new groups.

There are some categories and subgroups that need to be established for
goils of the Sudan. The Soil 3%&0mwmw*(?hm ﬂmprox&nwtlon) ig flexible
bam d additions can be made, and revisions of existing criteria, without
affecﬁing other criteria and the placement of ;011& already in use.

Several additions or changes have been suggested in the discussions

of the various stops lix 3 and in the correspondence given in

Appendix 9 to the Director of Soil Survey Operationg of the Soil Conser-
vation Service in the U.S, . A partial list of those mentioned is given
below. A provisional revigion:should be made and then %ested in the Sudan

to see if the soils that are placed in the new taxonomic categoriss are
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logical and are meaningful separations for use and management. After

testing, detailed desoriptions with lahorato data should be submitted
(<3 & P

for action by the office in Washington D.C. of the Soil Conservation

Service, Several coples of the ingltructionsg on how to do this were

given to the Soil Correlator. (See fppendix 9 Y. The numbers refer to

stops in Appendix 3 where these revigions might be appropriate.
¥ it & ] ‘
Alfisols

* Tropustalfs 56, 71, 73, 74, 75, 80, 83
Haplustalfs
#* Rhodle 44, 56

epy AN

#* Petroferric
Paleustalfs

* Ustertic or Vertic 4

* Petroferric
Rhodustalfs

* Ugtertic or Vertic 4

Aridigols
Argids

Haplargids

* Natrie 94, 108 and other Haplargids of the arid

* Balic
Orthids
Caleoiorthidg
* Natric 94, 114
Camborthids

* Natric

B

#* New proposals

.
2

one

1]

w
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ntisols
Poanmente

Quartzipsamments

% Ustie 45, 60

Inceptisols
Tropepts
Dystropepts

# Aguic

# Petroferric 82

* Rhodic B9
Ustropepts

¥ Petroferric

¥ Rhodic

Ultisols
Ustults
Tropustults 71, 73, T4, 75, 18, 83

The soil seientiste of the Sudan have a great opportunity to
contribute to the development of revisions in Soil Taxonomy that would
affect the soills of their country. There is much needed information on

tropical soils on ironstone formations that can be added.
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6.2 Boil Correlation

Various methods have been used to correlate the soils of Sudan gince
the beginning of the early surveys. The last major effort to update all
the soil series was from 1968 to 1972. However +to date there is no record
of all the soil series that have been mapped by the Soil Survey Adminis-
tration. It is imperative that a concerted effort begin to update the
ligt of soil series and the revision of all series. At this writing the
compilation of the ligt of soils in Sudan is underway. If at all possible,
all the soil series should be reviewed and updated by this time next year.
If this job ig delayed or postponed, the effectivensess of the correlation
process is minimized. It has been noted that sometimes instead of esta-
blighing new series phases sre combined with exipgting series. If there isg
sufficient feddanage to egtablish a new series 1t would be the consulitant®
view point to set up new series rather than combine or phase it to an
old series. Until more is known about a soll and its characteristics,
ite behaviour, and other features, it is easier to keep track of it as a
sertes rather than a phase. Thig is especially important when information
about the soils is in the early stages. If after a few years study of
yield data, how they are managed, etc., little difference is recognized

between twoe soils they can be combined.

sowe other provlems encountered or suggestion for improvement are

given below.

1. There is a lisgt of tentative soils dated Hovember 1973. However the
geries themgelves have not been given wide distribution. It is suggested
that eventhough a series is tentative it is describved and printed for
circulation so others may also know of the latest series proposed. At
a later date when final decimions have been made, the tentative series
can be updated and circulated as an established series. One way to do
this would be to establish series upon completion of the final corre-

lation of a soll survey aresa when the report is published or printed.



2. 48 mentioned above a serious effort should be made to revise and

finalize decisions for all sories. A review was e of many soil

geries and survey v

orts. There are many series with ranges of

characteristios that eross elass or eatepory boundaries of the Soil

Texonomy. An example would be to have a soil in the coarse-loamy
L)

family with up to 18% clay have in its range of characteristics

texture that range from sandy loam to clay loam with 30% clay. The

clay loam textures in this ca ieg for

are outside the clasg boundas

coarge~loamy. Another e &mn“w of descriptions that need %mVlm*@r L

T

the Shamfur series. The series ﬂ& clagssified as a Typic Fai@us%alfﬁ

yvet the laboratory data @463 Mﬁ% sunport the pregence of an argillic

horizon. As %h@‘a@riww are revis sad sare met be ueed not to ovarl&p
ranges of charmoter L@ti g, Bac 1,$@riag should be mutually exclusive

firom all other serlies,

3, Correlation samples - The Administration has a gystem of collecting

correlation samples. Soll semples are placed in rectangular tinsg about

om long =8 cm desp. This cystenm provides

810 om wide, about Z°
very good visgual displaye and the container is usually large enough
to allow whole natural peds to be placed in it.. There are some dipad-

EN

Aifficult o

tages. The contailners are Tulky and are somewhat

transport. Also when the Soil Survey Administration increases in
glze and more areas arve mapped a sgtorage and reltrieval @ZOLXbF is

foreseen. One of the main reasons to have corrclation samples is to

po

1

be able to refer to them guickly and efficiently. One way to overcome

this problem and still have correlation samples is to use small plas-

tic viale. One size that ig commonly used is about 310 cn laﬁg and

seter and have snap on lids. These are avallable

abvout 2.5 to 3 cm in
from many sources and are relatively inexpensive. Hundreds of vials can
be gtored in flat map drawers and are readily accessible for use during

correlation conferencesn.”

s

¥ Thisg personal opinion of the zﬂvwmtrwes of vials is not agreed to by
other pyogact stalf
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4. s soon as the final decisione heve been nmade én@wﬁpprV@& at the final
correlation conference a document should be prepared listing the approved
serdes names and theilr phages. Algo the decigions that  were made on
each series. This document, the Final Correlation Report, should be
completed and distributed to the appropriate persone within 2-3 weeks
after the conference. If these reporits ave delayed for several weeks
or months the ability to keep in mind the decisionsg that might affect
other surveys becomes lesg and less, Thig problem will become more ag

the number of soil surveys and goil serieg increase.

5. A situation that has existed for scme time and apparently will continue
greatly affects the soll correlstor. For more than a year the Soil
Survey Administration has egsentially been without a Director or
Deputy Director. The soil correlator has been Acting Director and
trying to do the work of 3 pogitions. The responsibilities of a
single soil correlator for the whole of Sudan ig mostly certainly
a full time job. It is dimpossible to keep up with the technical rege-
ponsibilities of a soll correlator and slso be responsible for the
adminigtration of the whole Adwministration. Through no fault of the
correlator, the correlation process for soils of the Sudan is seriously
being affected. This soil consultant might have been more effective if

the consultant and the correlator could have rad more time together.

6. As mentioned in the section on soil classification there are various
editions of Soil Taxonomy (7th Approximation) being used to classify
soils, They date from 19¢7 to 1973, Many of the additions, corrections,
and revisions are not in the earlier edition. To be used effectively
each soll scientist should have o copy. When the new Soil Taxonomy is
printed (expected date June-July 1975) some problems in correlation
will be helped,
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T, To assist in the use of laboratory data one wmay visually display

1

data to assist in observing the relationships between similar soils

by using charts or graphs. For examples of one way how this mi

done refer to Appendix 4 Alds in Using Laboratory Data. Also refer to

the dlscousgion of stop 244 pendix 3. There are many profiles with

sta once 1t becomes available.

jor

data and more use could bhe of thig
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6.3 Soil Series Deseriptions

Thic seetion is on the Mofficial? geries descriptions that are umed
as standards for soil series in the Sudan. There is & good start on the
completion of the deseriptions for the offieial file. About 70 to 80
solls have been deseribed and recognigzed as established series. It is
not known for eure how many, nor the names of soils that have been used
in various reports. A program is currently under way to make a list of
all sgoile thet have been used in all of the soil survey reports. Thie
Timt #ill be the basis of the workload that remsineg to be completed and
the series that need revigion. Following are a few comments that might
be considered when ccompleting new series descriptions or revising old
ones, Sapples of & wodern farmat uvsed by the Soil Conservation Service

have besn given to the sall corrclator,

1. The official file should first be rearranged and the soil series filed
alphabetically b series name. The names of the series should always
be checked for comsistent and correot spelling. As an example in the
Shendi and Ed Pamer areas the Ed Damer series has been mapped in
both areas. In one area it is a spelled Dammer and in the other BA

Damer. To those who would not know they would be fwo meparate series,

o The lapt revised date and the initdals of the authors and correlator
ghould appear in the upper right hand corner. Also it is much more

elpful 1 ating series 1f the name ip given on each nage.
helpful in localting series 1f the name ig given on each page

3. Affter the heading - Typical Frofile ~ a liet of mep symbols ig given.
A separate 1ist may be maintained but ghould be eliminated from

"offioial" series.

I
5
£

should be carefully reviewed, Roy W. Simonson, Past Director of Soil
Classification and Operations of the USDA-3CS has made some excellent

T
flGIT]

-

comments on thig point., T 2 are gquoted from correspondence by

Dr. Simonson in March 1909,

As was mentioned previcusly the comments in the range of characteristics



"Making parts of definitions of claspes in categories above the series

and using those as statements of ranges in charscheristics in the series

e

degoription is bad both for the writer and the realer. indesirvable Cori

sequences are of several k

If our field men were to go more and more to getting their ranges of

p

characteristics for series from the definitions of families, those same

magn would find less and less need ca and record careful observations
on soils of thelr survey areas. Thoa maﬂ‘WQﬁld follow the easier path to
a greater and greater extent. It would permit them to decide on the basis
of a profile or two how the soils of a given series should b@ clagsified

at the family level. Having decided thgt? %ha m@ﬁ need not make as meny
careful observalions nor record them agméully in the future. The men could
instead look at additional profiles with‘thg idea of getting them plaved
in the syestem and stop at thal point in thgir obgervations. The same men
could 1ift parts of definitions of family classes to provide statements

for the range in eharacteristics of the individual series. This simply

ceiated with some table pounding by s

refleots a general principle i

professor during my undergraducte days when he was out of patience with

hip elags— "Every man is as lazy as he dares to be but some have more

1 Limdte

nily clas

gourgge than others.” Unless the practice of using

and ranges directly as ranges in characteristics for geries in the

geries descriptions is discour a, more and more of our men will take

this easy route rather than try to work out the range for a given series

1ity that

3

through their own observations. There is, of course, the possib
the range in charvacterigtics for o given series does coincide exactly with

The chances that this

that of the fTamily into which ig nlaced,

will happen, however, seem very

small to me.

A geeond important danger ilp that readers of series descriptions will
believe that our field men are actually recording observations nade

rather than restating Temily clasgs spang and limite,

Furthermore, both readers end writers of series descriptions will

eventually come to believe that the statements report facts. Nepetition,
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eepecially repetition with @mpbdﬁ 5, comes Yo be dccepted by a large part
f the aundience and also br the ﬁp@&k@r or writer. This principle is well
t&teu in Nein Kampf and wag also adequately demonstrated by the author-

after he wrote the book

The intent that a series should have a P&ﬁg@ of charscteri ?fxvv within the

span of the f&miiy into which the geries is clas 'wfied ig part of our
approach in clasgification. Cons cqu@ni}y certain limite in the permissible
ranges for a series are implici® in its placement into a f family. The place-
ment of a series into a Ffamily is gi&wm in the fir%% gentence of each
standard series description. Restating the family class limits in the
section on range in characterigtics : xkﬁh@w@fwf@(r@dundan%¢ This also

haas a further dig a%vmzt%:aw

The statement of precise limits, unless they do rest on actual observa-
tions, is a claim to greater precielon than is actually attained as
general practice. Conseguently, it ig wiser to leave the statement of
precige limits in the definition of family classes 1o a larger pub}iw&m
tion than the peries des Qflﬁilﬂnu Inm a full monograph, %h@%@ is voom 1o
degree of precision or exactness

record- the uncertainties and soribe ﬁi

possible in setting spane and limits fqr fama$v classes. In a series degwe
cription, however, such qualif icationg are out of the question. Bald
statements of limites must @ﬁ&mu oy ﬁh@mwu}vwww They become claims to

high degrees of pr@ciﬂionﬁﬁ

5. In the section on competing ﬁ@ri&ﬁ an& their differentiae list the
series alphabetically. IF poss sible differentiate the series by using dia-
gnostic oriteria. Ap an @xampl goil A hag an argillic horizon and is the
soareg~loany family and hgﬂ 5YR mies. Soil B is similar but ie in the finew

loamy family and has 10YR huep and lacks an argillic horigon. In the

s0il A deseription soil B would be described as follows: " Soil B lacks

an argillic horigzon, has a firnk-loamy teiture control section and has

10YR hues." The section on Principal Associated Soils should also explain
how those soills differ using the same format as in the competing series

section.



w. 6.4 Soil Profile Description

Comments on the desoriptions of soil profile Heve been made in various
sectiong of the report. However, a few additional points might be econsidered
here. The consultant re-emphasises the importance of carefully observing
all the horizons and features that are expressed in the profile. This of
course takes more time, skill, and patience but the study of soils is very
importaat not only for classification tut for interpretation in use and
menagement. After all, that is the major purpose for soil surveys, to

interpret them for different kinde of usesn.

1. Many of the field profile descriptions and some "officialY series
depcriptions lacked important diagnostic characteristics that are
called "additional festures" in the soill survey manual. If ﬁhey are
present they should be noted in the descoription of cach horizon. Some

examples arey

1ol The width and depth of cracking.

1.2 The relative amount and quantity of the distribution of lime.

1.3 Description of the size, shape and amount of coarse fragments
could be improved. The amount should be determined gquantitatively
by weighing all fragments greater than 2 mm from a weighed volume
of s0il or by volume displacement. In ‘the latter method from a
mown volume of soil the greater than 2mm fraction is determined
by measuring the amount or volume water that is dieplaced by the
coarse fragments. To be able to do this every soil scientist or
mapper should have at least one 2 mm sieve. If that is not pog-

sible at least one for each field party.

1.4 An excellent reference for field methods is the Handbook of
Soil Survey Investigations Field Procedures. A copy has been
given 1o the soil correlator. This should become a working tool

for guidelines of field technigues.
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Mogt pits that were obgerved had been desecribed to lesg than 2 meters.
than 1 meter, Even though the requirements for most dlsgnoetic criteria
in soil Taxonomy is lest than 1 meter, solil profiles should be described
to at least 2 m if rock is not limiting the depth. Differentiaec between
s0il series are disgnostic to a depth of 2 meters
The use of horizon nomenclature in profile descriptions should be used
for all profiles described. The person describing the soil profile has
the best opportunity to relate the processes going on by labelling the
horizons. They are the best estimates or approximations of horizonation
at the time the deseoripiion is writhten. Bspecially noted was the lack

o

of use of ca, cs, m, b, etc. horizon nomenclature.
Taxonomic diagnostic horizons should be recorded at the time the profile
is desoribed. This should be done while the soil scientist is looking
at the soll profile and records hisg first approximations on the deg-

cription form.

Field deseriptions should be completed in an abbreviated nomenclature
for speed and ease of comparing profile notes. The consultant used this
technique with several members of the Administration. At o later time
the narrative profile description could be written by a competent

secretary (if available). A copy of the abbreviations is attached.



6.5 Soil Mapping and Survey Methods

In this section smome of the problems encountered by the Soil Survey
Administration will be mentioned and some obgervations of mapping techni-

qUES

1. One of the common majorw difficulties of the goil survey teams is the

the lack of ¢

1

tebe bape material. It is possible to make voil surveys
without aerial photography and it ig being done now. However the technos
logy, material, and equipment is available but not being used for up-—
to~date photographic coverage by the government. It +akes more time
and the soil boundaries are not as accurate when using line maps or
schematic drawings of the projects or schemes. When location maps are
drawn or drafted by the reguesting group or agency theéy are often
inacourate, not-to~goale, and out of nroporition to objecte on the
landscape i.e.; jebele, khors, reservoirs etc.. When photography is
available it ie old, mostly 1950's, and often of poor quality. Also

the flight lines do not always overlap leaving large gaps in the
coverage, often ag mmch ag 4-7 km wide, Bxamples of this occourred

in the 8.E. Roselres and Tond soll survey areas.

411 these conditions unnecessarily complicate and restrict the opera-

tions of the soil survey staff.

2. Mosgt mapping in the pasgt has been in the central clay vlaing. A Ygrid?

5

system is usped to locate and obgerve and record soil profile every 1

i

to 2 km, This systen may be sdequate for areas where soils ocour in
large homogeneous bodies., It is very inadeguate and cannot be used in
areas where the seoils occur in complex heterogenous patterns. Refer to
the discussion for stops 89-89 in Appendix 3 on this same subject.

The soil scientist wust be aware of changing patterns and landscapes
and adjust mapping ftechniques to best it the situations. This
requires judgement and skill on the part of the purvey leader or

party chief and the mappers. All landscapes are not the same and

P

innovations must continually be sought after to do the best work
poggible.
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In line with the gitatements above boundaries of projects or schemes
could be recongidered. If an arbitrary boundary is drawn by the
r@qme%%ing agenoy congideration should be given to exbending the survey

b

boundaries to include o natural ges sphic vnit. In this way soll

relationships may be understood more fully, =nd more logical and

Y

practical landscape units be separated. Examples of natural geog

~all of o jebel inste of nart »f it
2 ki ¥

phic units might be to ¢

extend the soll boundaries to include all of a ridge, or map o a

major khor or drainage or water-shed ares. Also refler to the comments

{

on the Rabak ares stops 17 and 18, in Appendix 3.

ere gsible new ftechniques and methods must be used - hrovide the
Where pogsible new techniques and methods must be U to provide th

geded information to all users. One technigue thal is now belng
arted in the wegt, Kordofan Province, is the use of ERTS satellite

imagery and vwoonnuxwk%noe,g@il‘wuwvavhn Reconnaissance soll surveys
give a qmick broad mm&ergif ding of large areas. They in&iﬁa@@ where
potential areas are that can be developed without many requirements
and those arcas that need more investigations. If need be detailed

s01l surveys could be

at a later time when special projects
regquire intensive investigations. More effort should be devoted to
making a reconnaissance soil survey of the Sudan, district by dige
trict and province by province. The use of available manpower can
be more efficlently and effectively used by making these kinds of

BUIVEYE



6.6 Soil Survey Reports

Progress ig com%imuimg on % improvement of moil gurvey reports by

ion. However, there are parts of.the reports

the Soil Survey Administr:
ag currently written ﬁha% could be reevaluated. Séme comments on the
different sections of the reports concerned primarily with classification

and correlation are made here.

1. At present only tha modal sites of "official" series descriptions are
noted in the report if the location of the modal series is in that
survey area. Many %Oil‘pfﬁfilﬁﬁ and descripiions are given in the
appendixes with no indication which vparticular pedon ig the modal
one for the survey area. An example would be ag follows:

Series 4, B, C ﬁ' R, Fyiuma G are mapp@d’im a 801l survey area.

Series A and E have their tywm locations in the survey area and

are c<zsr1bed 1& u«ta;l in the report and it is indicated that
thess pedons are the type lwéﬂtiQﬁgw The profile descriptions
are immmma%eﬂ as thm Twww lwgaijwr both Tor the survey area
and for the ”of?&oxml” series deseription. The other gperies

B, Cy D, F; and G have ij< locations in other areas. There

are profile desor 1ﬁth givam in the appendiz for these solls

(poseibly several for each series) but there is.uo indication

which profiles are fthe modals for that particular survey area.

Fvery soil series ghould have s type or 1oﬁz] location in each

ion and correlation of the solls of

survey ares. The clasggificp
an area mist be baged on a represgentative pedon. There may be
other taxonomic units that may or may not clasgify the sanme as
the modal for a survey area. These Taxonomic units can be deg-
cribed as ranges of charscteristics, inclusions, taxadjuncts,

or variants in the unit. The range of the pedon should

not include characteristics that are outeside the class or

cotegory boundaries.



The classification and ecorrelation are often confusing as currently

written. The tables are comn by

"

to each phase., The clagsification

the t&%im

yping units or pha

clasgification nomenelature

uld be arranged to

of o poil ig at the ¢

only list fthe soil serieg and their taxonomlic placements. An @

ample
would be:
TABLE OF SOIL CLASSIPICATION

CLASSIFICATION

ante mix hyperthermic

s Salama Typic Torrips

Kulud Typile Camborthide coarse-loamy, mixed,
hyperthermio

Phases should be described and included with the map units. Variants
ghould be treated like new series and included in the classification
table,

There are many inconsistencies, duplication of information and omission
tables

the depthe of horizons and horizon nomencla-

the narrative descripbions. It waa®

of dnformation in 1

oommonly discovered t

ture wag elther omitied or inconsistent between the narrative writee

up, profile description, and the laboratory data.

In view of this situation a person should be appointed to be in charge

of editing all manuscripte for format, inconsistencies, errors, omig-
siong, ete. It would be timely for a committee of the soil survey staff

and FAO gtaff to review again the format of the soil survey reports.
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6.7 Train:
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The fom Training given by bl

of o serieg of

2 lectures and

seminar or worksho i . The lectures werse

primarily oriented towards problems and

iculties observed in the
& 25 5

field in classifying soils., The workshop consisted of a series of 6

problems in clageification. After the y&?tl@&ﬂ>ﬂi“ had Ccnmi %@ﬁ the

"

appignments o review

discussion of the problems was held., ﬁnath@r

Ai‘ o

geminar was also held one -evening at Kadi

Most of the time in the field informal training was given on an
individual or group basis while obgerving or describing soil profiles.

Kany of the profiles visited were pits that had been previously opened.

~ Jo continue a training program the Soil Survey Administration should
egtablish annmual workshops or seminars. These seminars should be working

geminars where the pariticipants are involved in conducti different parts

of the session. Sut

=ots that could be included are soil claggification,

improving "official? gseries d

soriptions, mapping unit descriptions,

definitions of ostic horizons, interpreting laboratory date, defi-

ntions of horizon mommmol&tywey ato. Different members of the Soll
Survey Staff should be dnvelved in leading or Omnduc%img different parts
of the seminsr. It would also be bensficial to have guest lectures on
related gmhjém%s fwom research stations, the University of Khartoum or

from different agencieg of the government.
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. POLLOW--UP FOR FUTURE ACTION

After 4 wonths of field work

=

3 major areas that would be beneficial for add

training.

Te As mentioned in the section on soil correlation there are special pro-

blems that need sttention. 4 1

tative program is outlined below Tor

the goll correlator, Mohamed 4. Alil, to aid the Soil Burvey Adminis-—

tration in classification, correlation, and operations.

The consultant recommende that Mohamed A. 4Ali abttend g series of worke
w} YL « i‘ R o) w31 £ ot ,wf“,““ 1 e Fey o m"‘b 3 O Oy “E:; ey 3 o S ‘ ot
shopg, conferences, and seminarg for an intensive training period of

4

about 6-7 weeks, This trai is r@cammemde& to be held in e United

States, The USDA soil conservation gervice already conducts annual

training sesgions in the fields mentioned.

ToT Attend the olassification and correlation workshop held at

one of the regional centers - 2 weeks

1.2 Attend a final correlation conference st a regional center

w1 WE

&

Attend a comprehengive review held in the field in an ares of

N
Lnd

the United States that represents similar soils as those in
the Sudan. Posgibly in the gouthwest or in California - 1 week
Ted Attend a training seselon at one of the reglonal soil survey

laboratories. Courses

given in understonding laboratory
techniques and methods of analysis and the interpretation of

laboratory data. 1 or 2 weeks

o5 Complete this prograr by meeting and discussing sgoll classie

fleation, correlation and soll survey in Weshington D.C, with

T

Bill Jokmson, Deputy of Soil Survey; Dr. Jack MeClelland,

bt
et

2

ad of Boil Survey Operationg and Classification; and Dr.

Klaue Flach, Head of Soil Burvey Laboratories. - 1 week
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In the next 2 or 3 years a chort review should again be made by a soll

clasgification eongultant familiar with the

USDA Scil Taxonomy. Thio

review should be about 4 to 6 weeks in duration and continue o sindlar

vrogram of thig congultancy. At the

time a person such ag Dr. MeClelland

to both the ©

or Bill Johnson would he the m

Soil Burvey

3

Administration and to those responsible for changes in Soll Taxonomy.
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APPINDIX 1

PR B R A RSP

LOCATION MAP AND STOP NUMBERS
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APPENDIX 2

i R P RS ORSSR S WD

ITINERARY

s O N






DATE,

23-26/11/74
26/11/74 +to
3/12/14
3/12/74

3-5/12/74

5-7/12/74

8/12/74

9-10/12/74

11-12/12/74

13/12/74

I -

ITINERARY

[ ———————

PLACES, NAMES, AND SUBJECT

Departure from Santa Boga, California, U.8.4. to
b ¥ ¥

FAO Rome via San Francisco, Los Angeles, and London.

Arrive FAO Rome., Meet with several FAO staff including

Drg Dudal, Pecrot, Howard, Higgins, Nduaguba, and Dalton.

Departure from Rome and arrive in Khartoum,

Meet with UNDP gtaff in FKhartoun snd some Sudanesco
government officials.
Departure from

with FAO UNDP staff and the staff of the Soil Surveyr Adrs

artoum and arrive in Wad Medoni. Meed

nistration. Discussion on program and general outlinc

of work to accomplish during the 4 months consultancy.

Field trip to Guneid with Messrs. M.A. AlL, Pacheco,
Nachtergaele and Purnell, Also met with I. Boillie from

Huntings.

At Wad Medani studying revorts end preparing for field tr
& & §3 1 P

Mield trip to Sennar area (M.A. Ali, Purnell, van der Kevi

and Osman el Tom. Also met with I, Bailiie,

Holiday - At Wad Medani.




14-17/12/74

18-28/12/74

29/12/14 +to
2/1/75

6-10/1/75

11=12/1/75
13/1/75

14/1/715

15-21/1/75

Field trip to Rabak area (Kenana sugar scheme survey)
(A1i, van der Kevie, Purnell, Arlidge, and members of

Soil Burvey staff),

At Wad Medani sgtudying soil survey reporits and other

publications and documiggbes. Preparing for field trip

and for lectures,

Field trip to N.B. Khartoum area and at Khartoum. (Ali,
Adam, Tl Tom, Purnell, and others of the

Soil Survey staff).
At Wad Medani. Holiday.
At Wad Medani, lectures on soil classification, soil surveys

and related subjects. Also held a workshop with problems

on soil classification. Soil Survey = stafif, FAD stalf,

and others,

At Wad Medani working with Soil Survey staff on reports and

preparing for Fleld trip.

Field trip to N.E., Khartoum (Adam and Nachtergaele)-
Holiday .

At Wad Medani preparing for field trip.

Field trip to Agadi and S5.F, Roseires area (Osman el Tom,

van der Kevie and others of the Soil Survey staff at the

survey areas).



22-27/1/75

7/2/75

8/2/75

5/2/15

-
At Wad Medani working with FAC and Soil Survey staff with
satellite lmagery, suwrvey reporits, reviewing literature
in the Research Station's library, and preparing for field
trip.
Field trip to Kassala area (Ali, van der Kevie, Pacheco),
To Khartoum and return to wWad Medani.

Holiday «

Preparing for field frip to the scouth.

Field trip to the south Wad Medani to Rabak (Purnell,

Pacheco, M, Ali, M. Nur, Hashim).
Rabak to Tendeltl .
Tendelti to E1 Obeid.

ElL Obeld to ﬁillimg_(wr@~ﬁava Parry from Huntings joined
the field trip).

Dilling to Kadugli via the Habila Mechanized Farm (van der

Kevie joined the field trip).

At Kadugli studied the soils at the area and visited the

new substation., (Hashim remained at Kadugli).
Kadugli to El Fula.
Bl Pula to Bebanusa. Reviewed project ares of Mr. Pacheco

on photo interpretation ef false color and computer

analysis of satellite imagery.



10-11/2/75

12/2/75

13/2/75

14/2/75

15-16/2/75

17/2/75

18-19/2/15

20/2/75
21/2/75

22~25/2/15

21/2/15

28/2/75

-4 -

Babanusa to Umm Agaga area. Umn Agage Mechanized Parming

Scheme,
Unm Agaga to Nyamlell (Mr. Pacheco + Parry left field trip).

Nyamlell to Aweil (met with Klinkenberg working on the

Aweil rice scheme).

Aweil to Wau.

At Wau to sgtudy soils of the Halima Ixperimental Farm and
the Wan Canning Tactory Farm. Met with members of Soil

Survey staff and Messrg, A. Muldsr, D. Hopkinson

and.,  Kooymens from the Land Development Project.

Wer to Tonj,

;

At Tonji studying the soils of the Kenaf Corporation Projoot,
Met with members of Soil Survey Staff. Mr, van der Kevie
remained to assist in the soll survey.

Toni to Muolo .

Muolo to Juba.

At Juba met with FAO and Soll Survey stoffls .

Juba to Mongalla (Purnell, M, Ali, M. Nur, and Moneim)»

Mongalla to Cemmeiza sugar scheme and returned to Mongalla.

Mongalla to Cemnmelsza and roturn to Juba.

£ A



1/3/75

2/3/75%
3/3/75

4-8/3/715

9-11/3/75

12=14/3/75

15/3/75

16/3/75

17 27/3/75

28/3/15

29/3/75

30/3/75 to
2/4/75

i
(]
i

At Juba., Made a review of the moils of the Hotum Farm
Scheme. (Purnell, Ali, Khodary, Monein, Khalid, and others
of the Soil Snrvey staff),

Juba to Khartoum by BTO7 jet.

At Ehartoum. Heliday .

At Wad Medani. Compiling notes and preparing for field trip
to the North.

Field trip tour Wad Medani to Shendi via Khartoum (Ibrahim

Buraymah ),

Shendi to Ed Damer and Atbara area (met with Hassan Fadl and

Mr. Ali Taha Soil Scientist of the Hudeiba Research station).

Ed Damer to Khartoum ,

Khartoum to Wad Medani., Completed details for departure to

Rome with UNDP and alr lines.

At Wad Medani. Preparing final report, discussions and

consultations with FAO and Soil Survey staff,
Departure from Wad Medanl to Khartoum.

At Khartoun completing business with UNDP for departure
to FAC Rome.,

Departure from Khartoun o Rome via

Cadro and Athens.



- 6 e

3-6/4/75 At Rome. Final renort and discussions with FAO staff,

7/4/75 Departure to Santa Rosa California, U.S.A..



APPENDIX 3

AT A BRI

COMMENTS AND BRIEF DESCRIPTIONS OF SOILS
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Included in Appendix 3 are comments and brief descriptions of soils
seen on field trips. They are ligted by ares in sequential order from tho
first fi@l@ trip to the last area vigited. The stops are listed consecu-
tively and are referred to at various places in the text and on the map
in Appendix 1. Where appropriate the sample number or site number (i.e.,
GAAOS or site 3) for the soil survey is given in parenthesis. For more
detailed deperipitions and laboratory snalysis one may vefer to the various
goil survey reports or reports of field trips by the PAD staflf. Some
information on Soil Taxonomy and a brief explanstion of taxonomic terms
may be found in Appendix 6. Definition of terms used in the brief des-
criptions are from the USDA Soil Survey Manual, Handbook No. 18. Abbre-
viations used are given in "Definitions and Abbreviations for Soil
Deseriptions, USBDA-SCS, West Technical Service Center, Portland, Orogon,

April 1974Y, copy attached.
Colors are for dry soil unless otherwise noted (memoist). Other
abbreviations commonly used are 1) mont. = montmorillonitic; 2) hyp. =

hyperthermic; 3) isohyp. = isohyperthermic: 4) calc. = calcareous:

Stop 1 to 3 -~ CGUNEID AREA

(Additional notes may be found in a memc from . van der Kevie >

M,F. Purnell dated 12/1/75).

Stop 1 (0A405)
This site is mapped as Suleimi clay shallow melevnic overwasgh phrso
(mapping unit 14 t). It had been dry farmed to duva. 4 brief der-

cription from the site is:

Horizon w@pth (cm) Texture Color Other Fealures
A 0-5 fescl 10YR 4/3 calc.
B2 B 200 fgse or fgo 10YR 4/3 sa’c.p 1 oom oronks

20-50 cn apavty hoo’
zon much denser.
B22 20-60 fgo 10YR 3/3 and 4/3 Ca'c.; few oracks 0.5
: -1 om cracks up to
100 cm apart. -



reance of being massive

Ch £0--120 fgo or sc 10YR @/Tg}/?(m) cale,

The goil had ecrackes 1 cm wide at a depth of 1 » but very questionable
i any slickensides or pressure faces present between 295 and 100 cm. The
clay content is over 30%. It was estimated at about 307 in the surface and

40 to 5€

to a depth of 1 m. This goil has an ochric epipedon, a cambic

r,
<

horizon, an uotic or @ ¢ moisture regime, and enough clay to os

e
shrinking and swelling but not enough to qualify for a vertisel. This
area 1o in a transitional soil tempersture zone belween hyp. and isohyp.
and goil moisture regimes and should be investigated for further verifi
cation. V
Classification:

1o If Mg’ soil temperature and sn ustic soll meisture regime - Vertic

Ugtropepts fine, mont., isohyp.

2. If hvp., goil temperature sn ustic soll molsture regime - Vertic
Uatochrepts fine, mont., hyp.
3. IF the soil molgtue regime ip aridic these sgolls would be - Ustertic

or Vertic Haplavgids.

Stop 2

[r———

This site ig mapped as Suleimi clay {(map unit TZ) ig irrigated
and planted to sugar cane. The pit was only 20 cm deep but observed

N

epth of 1 m.

by auger boring to @

The eoil is dark brown (10YR 4/3), clay with some evidence of

zlickey

wsides. Clay content was estimated at 50 to 6 melanic

or darl grey layer ip deeper than 90 om and 1ittle or no

above 90 om,
Classification:
1. Typic Chromsterts fine, mont., isohyp.
2. If the moll moisture regime is aridic, these soile would be

classified as Torrerts.
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Stop 3

After checking ™ the soil map this partienlar pit was on or very near
the boundary between map unit 14 Suleimi olay, shallow melanic and

Suleimi clay. However, the pit was fairly representative of Suleimi clay.

4 0-50 cm ?QYE‘4/2§ B/Q m; 40 to 50% clay (estimate)
AC 50~75 cm 10YR 3.5/1.5; 50 to 55% clay (estimate)
C 75100 om similar to 50 to 75 om.

The site is planted to sugar cane and irrigated but many slickensides
and pressure faces could be observed in the pit.
Classification:
T.Typic Chromisterts fine, mot., isohyp.

2.5ame comments ap stop 2.

Stops 4 to 8 ~ SENNAR AREA

(4dditional notes may be found in a memo from W van der Kevie to

M.F. Purnell dated 12/1/75).

Btop 4

The site ig in a2 bare virgin area and appears to be an older terrace
or pediment surface. The sgoil as degcribed by Osman Bl Tom ig the

Hagn series:

Horizon  Depth (em) Texture Golor Other Features

A1 0-2 sol SYR 4/6; 4/4 m

A12% 220 hsel SYR 4/6 fine cracks

B21 2080 heavy o© 5YR 4/6 fine cracks, pressure
faces or olay filme.

B22t 80~-148 g c 5YR 4/6

Reaction is pH 7.0 to 7.6 with a slight increase with depth. The
gquestions in classificetion are:

1, Does the soil have a 1ithie »r maralithic controt within 1.5 w?



2. Is there enough evidence that shows clay illuviation?

3. Does the clay decrease by nch as 20% of the maximum within 1.5 m?

4. Is there enough evidence of cracking and goil movement to intefrade to

the Vertic subgroup? Th&ﬁ dey site hag coracks 1 om wide at 50 to 60 om
depths.,

Classification:

With an ochric epipedon, argillic hordzon and no paralithic contact

at depths of lese than 1.5 m the soil would be classified as follows:

1. If the clay content does not decrease:
1.1 Thodic Paleustalfs fine, mont., (mixed?), isohyp.

1.2 Vertic Paleugtalfs mont., (mixed?), isohyp.

2. If the clay decreases by 20% the soil would be classified as:
2.1 Udic Rhodustalfs fine, mont. (mixed?), isohyp.

2.2 Vertic Hhodustalfs fine, mont. (mix@@?); isohyp.

There are no Vertlic or Ustertic subgroups of Paleustalfs or Bhodustalfs
ot are implied in the Paleustalfs. 4 reguest could be submitited to provide

subgroups for soils like the above.

The Hagu series was previocusly clagegified ag Ultic Haplustalfs fine,

i1litie, ischyp.

ol
U1
L

Stop B {ﬂik

This site dig very similar to stop 4 and mapped ag Hagu series tut ie

2w opane. The mein difference im the

under irrigation and planted to sug
color which is 2.5YR 4/@ 3/6$ and @/@ having higher chromas with
increasing depth. Comments on classification would be the same as

stop 4.

The Hagu series needs to be reviewed using new laboratory analysie
o base saturation by the method of sum of the cations. .lso a further

check on the lower horizons to see if the clay content ig decreasing and



- -
by what amount.

Stop 6 (site 2)

The pit is in a bare field that is virgin land. It is mapped as the
Dinder sgeries. Structure was not well expressed in the pit and only had
a few thin veriical cracks to about 70 cm. However, about 5 to 10 m away
there were large cracks 5 to 7 cm open to the surface. The dominant
gtructure is weak moderate subangular blocky with a distinct horizon at
20~-70 om with platy structure. There is a slight clay increase from the
surface to 20 or 25 em. There are many slickensides frow about 20 om.

The soil was described by Osman EL Tom.

Horizon Depth Texture Color

A1 0-3 c 10YR 4/3 sl. calec. concretions
12 3-25 c 10YR 4/35 3/3(m) !
A13 2570 he 10YR 3/3 " "

AC 70-120 ho 10YR 3/3 " : "

The consultant obgerved the color of the surface 2% cm to be
107R 4/@§ 3/2 moist instead of 10YR 4/3; 3/3.
Classification:

Typic Chromusterts very fine, mont., isohyp.

Stop 7 (site 3)

The pit was almost 2 meters deep in irrigated sugar cene and mapped
as Dinder series. There are no visible cracks because of the irrigation
but there are many slickensides and pressurs face. There are weakly
expressed parallelepiped structural aggregates. Again this color was
observed to be 2.5 YR &/@ (m) approaching ?QYH‘Q/QM Clay content is

estimated at 60~65%.

80il profile described by I, Baillie.



} gl. calc.

At 0-36 It.e T0YH 3{3 m  (2.5YR 4/?;

A2 3600 o g " "
(413)AC 80120 c " " "
(acy ¢ 120=170 c U " i
Classification:

As descoribed by E&illi@i Typic Chromisterts

Ag degoribed by consultant: Entic Chromusterts

both in the very fine, mont., isohyp. family.

The problew here ig not one of clasgifying the

pedon. The mapper mst
decide from observations whether or not the color values are dominagtely
more or lesp than 5.5 dry or 3.5 moisgt. This ig the criteris between the
Typic and Fntic subgroups. If the dominant color values are less than

505 dry and 3.5 moist other colors mey be added as inclusions in the

map unit, as a taxadjunct, or both msy be mapped (Typic and Entic) and
i&bm@ifi@d ag o complex. The ranges of one series may not go beyond the
class limits established by the eriteris in Soil Taxonomy.

W

Stop 8 (site 1)

Very similer to stop 7 ut cracling better expressed. Also in cane

E

and irrigated. Comments are the same ag for stop 7. Mapred as Dinder olay.

Stop 9 to 10 ~ RABAK 4RE

(idditional notes may be found in a memo from W. van der Kevie to

¥.F. Purnell dated 12/1/75).

Stop 9 (KSP Nursery - 1)

This is the site of the nursery for the Kenana sugar scheme. A pit
was observed to 140 cm and then augered to 240 cw. The color wag 10YR 4/?

both moist and dry with 2.5Y 5/2 (m) mottles. The soil cracked 1 to 3 om

7

wide ag of this dete to a depth of 30 cm. The surface is elightly granular

jal dép%

and it becomes calcareous wi A few very good giriated slickensides

gbove 140 cm. Alluvium from White Nile deposition.



Classification:

Intic Pellusterts very fine (?), mont., isohyp.

Stops 10 through 16 are on Blue Nile clluvium with a few fine

quartzitic and sands tone pebbles on the surface, In some places the top
100 om does not appear to be related to the deposits below. When these
pitg ware examined /17/7¢ the conpultant the soils were still moist

to 20 om below the surface. Therefore a question was raised about the
&@pth of cracking. It was propoged to revieit the area in March of 1975
to obperve the cracking pattern when the soils were at their driest state.
The time was not available fto do thie so thé gquestion of cracks deep enough

to 50 om gtill remaing unresolved, and needs o be obgerved in the future.

STOP COLOR CRACKENG . CLASSIFICATION

10 (K8PP-1) 2.5Y and 10YR 4/2 (m) few thin cracks o Hntic Chromusterts
the surface.Within Ffine, mont.,ischyp.
210 m from pit 70-73% clay.
1 cm cracks atb
50 om.

11 (KSPP-2) 2.5Y and 10¥R 4/2(m) do ‘ do
2 (KSPA-3) 10YR 3/2 (&, m) 20~-30 cm deep; 2~ [ Typic Chromusterts
10 om cracks very” fine, mont.,
30-50 cm deen: isohyp. T0~73%

mmlw a Tew oracks olay.
50-150 cm deepj -
2 on eracks

13 (site near 2.5Y ﬁ/@; &fﬁ(m) 2.5 o cracks to Intic Chromusterts
50 om deep vary fine, mont.,
(m) base camp in . isohyp.
in a Khor)
14 (KSPA~12) 10YR 4/2; 3/2 (m) sracks in pit few  Typic Chromusterts
‘ and indigtinet yet very fine, mom%Q?
within 24 m there sohyp. /Om!%

are 1-5 om cracks  clay.
to 30 om deep.



oI Intie Chromusterts
om deap very fine, mont.,

sohyp

few fine

30—

s gurfzce fntlie Chromusterts
2.5Y 4/2 () milch and 2-5 cm - very fine, mamt&f
cracks down to isohyp.
20 cm deep.,

(KSPA-11) 10YR 4/2.5; Strong

Fops 10 through 16 excent 13 are all very similar and would be very

difficult to map as separate gerieg. Al thetime these sites were obser-

ved 1n December with high molsture content it ig difficult to adequately
describe the cracking pattern. Vertisols should be ohserved and descrie
bed in at least 2 of their moisture states;y 1) when they are the driest

just before the rainy season and 2) when they are moist throughout.

Th@ solle in thig arses all have a similar profiles
Ore20 oy dry and few to many cracks 1--5 com wide

20-60 cm moist with a platy

appearance with few 1 any CF“Okﬁq Very

(57l

60-1004 cm dry or only slightly moist and few to many cracks

enoid) structural xgwrag@%owo

strong wedge-—

[

Wi C

At the ourrent stage of correlation the consultant would establish
a new series that represents these soils.
Clagsification:

7.

1

of the dry season the cracks are not 1 om wide at 50 om
these soils would be clagsified ag Vertic Ustropepts very fine, mont.,

pendix 9 concerning Vertic subgroups )

sokyp. (See correspondence in

2. If oracks are 1 om wide at B0 om thev are Intic Chromusterts very fine,
mont., isohyp.

The mapping unit would hav clugions of %/\ () colors or treated
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3. 8top 13 would be s eeparate series

This stop was at a pit on a long low ridge that separates the drainage

of the White and Blue Nile., There sre gravel layers at varying depths on
he ridge, The soll in the pit without laboratory data would classify as
a Typic Rhodustalf clavey over loamy (heavy ol MJ loam? )-gkeletal, mixed,

isohyn.

Stop 18

T e —

Avout 100 meters east of stop 17 the gravelly substratume was overlain

by clay deposits of the plains.

this ridge comprises about 40,000

feddans no soll series was mapned. are identified as misgcellaneous

land types and only indicated whether or not the soils are sultable for
gugar cane. It would only take slightly more time to describe the soils
on these ridges and jebel pediments and claspify them so they may be
interpreted for many upes. See fppendiz 5 For definitions of miscella-

neous land types.

Stops 19 - 25 N,E, KHARTOUM AREA

Stop 19 (NEKHA~-1)
Thig soil i mepped as Kuku series. It has a sandy clay loam surface
5 eom over Nile alluviuvm. The sandier surface iz most likely caused by
defletion. The fines are being removed by wind and water and not wmuch
clay movemsnt is downward. Another point of discussion was that the
surface is entirvely wind blown deposits. If the surface material is

dered as Torrerts. There are

wind deposited Huku series should bLe congi
cracks below a depth of 9 om, to about 50 cm. In the definition of

Torrerts in Soil Taxonomy "hhelr cracks may stay open throughout the

yvear in most year, although thoy may be partially or largely filled with

s s0il maleh 4f the soll is

moved by wind or animals®,
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4

If the soil does not meet the reguirement of the Torrerts i1t would

be clogoified as Typic Camborthide fine, mont., hyp. The ESP i

The natric subgroup require 40% saturation with sodium throuhout the
samblic horizon. If two or more series were in the same Family Kulm could

e separal ed ot the series level on the bases of sodicity.

Stop 20 (NEKHA-13)

Boils on terrsee deposits from Mublan sandotone with dominately reddish
brown eolors in the 7.59YR and 5TR hues and manped as the Hattab series.

A brief description:

Horizon Depth Texture Est. Clay % Clay Films

A1 0--2 em o o,

] s
.
Az oy s ) -

A3 620 1s 6 -

A3/m 20--40 51 10 Tnbr

B2t 4060 scl 3035 Inbry fmkbr
Beat 60-140 scl 3538 3nbr,pos Inkbr
11783 140~160 £c L clay 50-60%
T ¢ 160 mogtly gravel substratum

The depths as previously described were 0-5, 5-18, 180-46, 46-90,
90-100, 100~155 om,

Clagsification:

‘The soil has an ochric epipedon, argillic horizon, and has an aridio
moisture regime. It would be classgified as Typloe Haplavgids fine-loamy,
mixed, hyp. The texture control section is determined by the weighted
aversge of the 4090 on B2t horizon.

The soil had previously heen classified as Paleustalfic Haplargids

fine-loary, mixed, hyp. This clasesification was used to reflect the

formation of the deep argillic horizon under another climate therefore

z meh older soil. This ation should be identified at the series

lavel.
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Stop 21 (report site No. 14 and 15)

This site

is similar to stop 20 bul is mapped ap Hattadb shallow ; c

et

The horizons and diagnostic features are the same but thisg soll has a gra-
velly layer withi

to 80% (est..).

1 meter of the surface. The gravel content ig about 70

a3

21 geification:

Typic Haplargids fine~loamy over clavey skeletsl, mixed, hyp.

Thig phase should be establighed as o new geries if plgnificant Tedda-
nage oceurs. The geries has o different family category and has much dife
ferent use and nanagement problems,

o

In the course of mapping these two soils — Hattab and Hattab shallow

phape - are very difficult and mzy be identified only by borings at close

intervals. To resolve thig in mapping they could be mapped together as o

complex and their occurrence on the landgoape and their proporiicnate

areal extent degcribed cavefully in the map unit depcerintions.

Stop 22 (NEKA-16)

Site NEKIA-16 is mapped as the I1dd Bebiker seriesg. It is similar to
7.5Yn

¥ very weakly expressed, The labora-

Hattab series but hag mostly 10YTH ues and the a gillie horizon

is much closer to the surface and onl
tory data that acoompanies the &@ﬁ@rip%iwm has enough clay increase {by
about 1% clay) to qualify for an argillic horizon. ﬁg&in the consulbant
separated in more detall horizons at the surface. The estimated clay.

content in the new hwrm rong clearly had enough colay increase Tor an

argillic.

Horizon .~ Depth T@xtur@ 7 Clay (@%%@) Pravions Description
AT 0~3 em 1s
Al2 3=10 slorl 10 A1 010
13/B1 10--30 1 15 A12 1030
B214 3060 sle 22 3060
B221t 60100 slc 24 B2 60--120
II Cea  100-160 scl 30 B3 1P0~145

Py
L

£



4 21 AN
Thig

=0l

frmad

previously
loamy, wmixed,

Clagsification:

Typic Haplargids fine-loamy,

Even though
they have enough acou

series level. Below is o summary

Hattab

5YR

no Callo

Color:

M(,(“?j 3

Jrgillic: moderate to strong B2t,
ooours lower in the profile
Gravel: PT el within 1-2 m
Stop 23 (NEKHA-06)
Thig pit represented the Kad

gypeun content than the modal pedon.

with the following horizons:

Hori

il

D’“}
e

Zan

Y

The coneultant

B2t

;N\V&("ﬁ«

clageified

both Hattab and Idd Babiker are in the
milative differences to separate then

of

nane

13 -

as Typilc Camborthids fine-
hyo,

Salne

the

at

differences.

Tdd Babiker

L T ———

L

[ BTR

within 1

o

10YR
Cé;&CC)33

coours i

weak B2t, occurs higher in
the profile

Mo

o

gravel within 2 m

series but has ar

The

a slightly high

soil was previously described

Depth
0«5 om
545
45-15
75-125
125165
horizons as follows:
Dapth
0-5
5-19

15=30

an

strong colummar struotu
so many woderately thick
and some thick clay cutans
or filmg on ped faces.

re

ne



There ig a caleic h
above the peries

Classification:

Typic Netrargids fine-loamy

3

L

o4 (NEKHA 07)

14
e
o
o]
\

This aoll is mapped

P devaloped

with 2 profiles «

1620 om is materisl

rial is Nile depo

the FAO associate chemigt

thi

s
i

redescribed

of -

profile,
analysis

descriptions see

e aly T, z of the
The analyvtical data of

differences with those of

@x

iﬂ“(

%, dn Y

16

<

ﬁ@&&w&p%iom
3 horizons
reached between 2

Jree
maxd

2) The 1

pampling (97) while in the

g Cal0. 4
3

and ocours

3) The electric conductivity reaches a

redescription, while the mawimum in the First

Other examples of Jdi

in

category.

ak

from

slte,

the redescribed pr

the agttached

. 1) The averasge clay content
redescription when
the sverage clay content wag 22

and 4 om

fferences

the other determinations

125 om at is not LETLO

nixed,

by

the

in 2

awalla series, It 4

aiff

a

g a complex goil

erent parent materials. The

and below 20 om the gouroce
another time

with

the party leader, Adlam,

along

The soil was 2lso resanpled for laboratory
file. Tor a comparison of deata and the

analyel

L

radesoribed

the firet desgceripltion.

of the the firet
split

maximin clay was

top 10 om wag in
layer was

the

up in

being 10%.

[ ig reached hetween AR50 ¢ in the rew

firet description the maximum @mCQ % is

between 105-125 om,

samnpling

gignific be

CEC

although lese ant mey

ag pH, organic carhon, eto. .

the consultant revigited the ares

wtic

s
e

sarface

and

arnd

15%

value of 5.1 mmhw/ﬁm in the
was 3.6 mmho/om,

Found



A possible resson for these errors may be the fact that the first

desoribed samples were analysed in Wad Medani, while the redescription

was analysed in CGedaref substation. This gives an indication thalt regular
checleups ghould be made between the different stations on standard

camples.

01ld narrative descoription

I. Information on the site

a) Profile number: NEKHAOT
b) Soil name: Muwslla series

c) Clagsification: Haplar

d) PExamination: 15.1.1974

5) Authors of description: Adam and Abbas

f) Location: See map

g) Elevation: -

h) Land form
1) Physiographic position of site: Plain
2) Land form of surrounding country: Flat
3) Microtopography: Nil

i) Slope i on which profile is sited: 19 slope

j) Vegetation and or land use: Open forest of A. tortilis

L,

k) Climate: Compare dats of Knartoum Met. Stations

II. General Informabtion on the soil

a) Parent material: Imtermizing of River Nile alluvium and Nubian
sancstone

b) Drainage: Moderately welld drained

c) Hoisture conditions in the soil: Profile it moist below 20 om
d) Depth of groundwater tables 3035 metren

e) Presence of surface stones or rock outcoropss Nil

f) Evidence of erosiom: Nil

g) Presence of salt or alkali: Nil

h) Human influence: Crazing and wood cutting
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General Description of the profile

brown sandy clay loam underlsin by an olive brown sandy

clay which ie prismetic in sgtructure: topsoil is noncalcareous and of a

mild soll resction while the subsoil is calcareous and of %z;isfi:h i

IV. Profile Description

A1 OO om

- greyish brown (10YR 4 /1“) moist and dry with very few
very small fine yellowiegl red mottles: fine sandy cley loam;
strong fine and mediunm subangular blocky giructure with

nlaty components; slightly sti

ightly plastic wet,

friable moist, elightly hard dry: meny fine tubnlar pores;

very Tew very 11 guartz pebbles ern

sedded in the matris:
nonesloareous mﬁfu common very fine and few fine roots:

8.0: (sample No. NEKHAOTO34).

clear smooth

,

Dark grevist

2

&QQ ‘““"‘( 20

P
=y

brown { TR 4, /4 ) moipt and dry: sandy clay

loawn:; weak to moderate fine and medium subangular blocky

slructure: ghtly sticky & 1tly plastic wel, frigble m

molst, slig drys common fine tubul ar POTRS;

very few gmell guertz gravel embedded in the matrixg

nonecaleareons matrix; common vesy fine and few mediunm
roots, few Cyperus rotundus roote; clear cmooth boundary;
pH 8.0 (B;:mrapl a No. NYZ’(H&O?Q%:9.5

/

BT 20-40 o Qlive brown {;}? 54 //i) molst with common small yellowish

red and reddish brown mottles; coarse sandy clay; weak
very coarse prismatic structure breaking into weak fine

medivm and coarse sub

gular blocky structure; sticky
and plastic wet, friable moist; common very fine clay

11 4 coarse

many very fine, common fine, few medium an

tubular pores; very few small sandstones (7

e+ilm cemented)
embedded in the matrix; very few very small hard irregular

whitish CaC0, nodules; noncalcareous matrix; very few
N
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very small herd lrrepular whitigh wamﬁ nodules; noncalcs-
reous matrix; very few gmall artefacts:; very few worm castss
very coarse and mediwn, few fine and very fine roots; the
larger roots are horigontally growing: gradual smooth

boundary; pH 8.2; (eample No. NEKHAOTO3E).

B2t 40«65 em  Olive brown (QWSY‘é/&) moist; sandy clays moderate fine and
mediwm prismatic structure: sticky and plastic wet, friable
moiety few very thin clay films: common very fine and fine
tubular poresy very few small hard irregular whitish PWCO
nodules: few small and coasrse soft whitish CaCG% aEEr 3gat&
calcareous maﬁrix3 Tew very fine rootg: gra&u&lwmmoo%&

boundary; pH 8.6 (5 iple No. NEKHAOTO37).

B23 65~105 om Olive browm (2.5Y 4/&) moiet: sandy clay: strong coarse
andm mediuwm prismatic structure; sticky and plastic wet,
Tirm molsty patehy thin clay films on the ped faves;
common vertical fissures:; very few very fine tubular pores;
common very small {3~4 mm) quartz gravels very few very
small hard lrregular whitish CalO, nodulesn; common coarse

3
to gsoft whitish Call ezates on the ped faces: caloa~
3 ot £ ¥

reoug matrix: very few very fine rootp; gradual wavy

boundary; pH 9.0. (sample No. NEKHAOTC3S).

B3 105125 om Olive brown (2.57 4/4) moist (70%) and light olive brown
(2.5Y 5/4); with very few very small faint yellowish red
and digtinet dusky red mottles: sandy clay; massive;
gticky and plastic webt, firm moist; very small pressure
faces; very few very fine tubular pores: few small hard

irregular CaCO, mou;7>s; common coarse (vertically

elongated) whi E
gradually smooth bﬁw”&mﬁyj pH 9.0; (sample No. NEKHAOT039).

iieh aCU aggregates; calcareous matrix;



and 1i

¢ 125-165 om Light olive brown (2.5Y 5/4) (¢

with very coaree faint vellowish red and few small distinet

dusly red mottles; s olays massive; spticky and nlastic

b

wet, firm molst: very few very f DOTEES COMMON

and large grey hard irregular whitish CaOO%'mmdulee;
pH 9.2

commnon small gquartz g calcarecus mwatrix;

i

(sample No. NEKHAOT040).
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New Narrative Descripition (Profile No. WECHAOT ).

oo

I. Information on the gite

a)
b)
¢)
a)
e)
£)
&)

h)

Profile MNumber: NEKHACT
Boil name: Mwella

Claggification: Sapto-Natrarg Haplargids

Date of examination: 11.1.19

Authors of description: R T. Cook, Adam and Freddy

Location: See I

levation: 350 m
Land form
1) Ph
2) Land form of surrounding country: Flat
3)

Slope on which profile is sited: < 1% slope

L

vodogrophic position of site: Plain

crotopography: Nil

Vegetation and/or land use: Open forest of A. for

o 5

Mateor. Station

Climates Compare datla




1. General Information on the Soil

a) Parent material: Inter-mixing of River Nile alluviun and weathered
and trangported Nubian sandstone

b) Drainage: Moderately well drained

¢) Moisture conditions in the soil: Profile moist below 20 cm

d) Depth of groundwater teble: 30-35 netres

@) Presence of surface stones or rock outcrops: Nil

) Bvidence of erosion: Nil

g) Presence of galt or alkeli: Nil

h) Human influence: Grazing and firewood cutting

IIT. Briel Ceneral Descriplbion of the profile
P !

Darlk brow clay loam overwash material that wunderlasin by dark
greyish brown gandy clay loam which is columnar in structure. Topseoil is
noncalecareous and of neubre soil reaction while the subsoil is calcar~

reous and of high »H,
o ke

IV, Profile Degoription

A1 0-2  Dark brown (7.5YR 4/4) moiet and brown (7.5YR 5/4) dry; loam;

gingle graing slightly sticky and plastic wel, very friable

moist, soft dry: noncelcarecus metrix: few very fine roots:

abrupt smooth boundary: pH 5.0; sample No. NEKHAOTO1.

B21t 2-4  Dark brown (7.5YR 4/4) moist and browm (7.5YR 5/4) dry; olay
loam; strong, medium and coarse platy structure:; sticky and
plagtic wet, very friable moist and hard dry; common very
fine tubular pores: noncalcareous matrix:; few very fine

mple No. HEKHADTOZ.

rootss abrupt swooth bound

B22% 4~9  Dark brown (7.5YR 4/4) moist and brown (7.5YR 5/4) dry; clay
Toan: moderate fine and medium angular blocky structure:

sticky and vlastic wet, very friable mois®, herd dry; common



IIB21t 2843

TIB22t 4360

fine tubulzx pores: noncalcareous matrix; few very fine rootg:

i

clear smooth Loundary; pH 3.0; sample No. NEKHAOTOZ2.

Dark brown (7.5YR 4/&) moist and dark yellowish brown (10YR

4/4) rubbed colour, and brown (7.5

gandy colay

loam; modera coarse gubangular bloclky gtructure; gticky

A

able moisgt, slightly

and plastic wet, very fri

common fine tubuler pores; noncalcarecus mabriz: few medium

K

and cogrse rootg; clear smooth boundary; pH 8.0; sample

I
No. NEKHAOTOA.

Dark greyish brown {(10YR 4/9) moist and yellowish brown
(10YR 5/4)
blocky structure: sticky =

Wy clay loam; moderate coarse subangular

plogtic wet, very friable molst,

alightly A drye commony fine tubular pores; very few

1les, noncal OIS

small hard irregular grey CalQ, no
)

arse

very few small artefacts; few medium and o

roots; clear wavy boundary; pH 8.2; sample No. NERHAQTOS.

ks

;-.4

Dark greyish brown (10YR 4/2) moist, and yellowisgh brown

(10YR 3/4} drwvy sandy olay los moderate coarse subangular

blocky structure: sticky and plastic wet, friable moist and
glightly hard dry:; common fine colay films; common fine
11 hard OmCO% nodules, noncalcareons

matrix; few very fine rootsy diffuse boundary: pl [ 8.2

sample No. NEKADTOT.

tubular poresy few o

Dark greyish brown (10YR d/@} moiet and yellowish brown
(?OYQ 5/&} gandy colay: strong medium coarse colusmar
@tyuaﬁurﬁ; gticky and plastic wet, firm moist, very hard
dry: common fine colay £ilme: common fine ftubular pores:
common fine soft ““b“g aggregates celeoareons matrix: few
very fine roots: gradual wavy boundary; pH 8.6; sample

No. NEKHADT



- 23 .

IIB23 60-80 Yellowish brown {(10YR 5/4) moist and light vellowish brown
(10YR h/% )} dry: sandy clay: strong medium prismatic and
moderate coargse angular blocky structure; sticky and plastic
wet, firm meoist and very hard dry: few olay films: common
fine tubular pores; common fine soft CaClO, aggregates; stron-
gl caleareous matrix; very few very fim@wrcotgg dirffuse

avy boundarys; pH 8.8 sample No. NEKHACTOS.

IIB31oa 80-110 Yellowish brown (10YR 5/4) moist and Tight yellowish brown
(10YR 6/4) dry with few fine faint light brownish grey

mottles; olay; strong fine prx matic and moderate fine and
medium angular blocky strueture; sticky and plastic wet,
firm moist and wvery hard &Mr; owmman fine tubular pores;
common soft Call, aggregatbes, ,@i@@reomg matrizy gradual

3
wavy boundary: pH 0.8; @ﬁ@le No. NEEHACTOO.

IIB32ca 110-140 Yellowish brown (10YR 5/4) moist and dry with few fine
faint brownish grey md%ﬁle&;,wl&y; gtrong medium prismatic
and moderate medium and coarse angular blocky structure;
sticky and plastio weﬁg fxxl moist and hard dry: common
fine tubalar pores; few small hard and soft boundary:
pH 9,0; sample No. NEKHAOT10.

IIB33ca 140-175 Brownish y@llmw:(ﬂOYH 6/6) moist and yellow (10YR 7/6)

dry with few fine faint brownish grey mottles: clay:

massive; sticky and plastic wet, Iirm moist and hard dry;
few fine tubular pores; common hard GaCO? nodules, sirongly

calcareous matrixy pH 9.0: sample No. NEEHAOT11.

IIC1 175~185 Brownish yellow (10YR 6/6) moist and yellow (10YR 7/6 dry;
clay: massive; sticky and plastic wet, firm moist, hard dryy
common medium hard CaCO, nodules, calcareous matrix; pH 8.8;

3
sample No, \Hﬂqiwﬁq??w



TIC2 Auger 185-210 Dark brown (?\ﬁ

$21 4/%} moigt, with commorn medium faint

yellowish red and very few distinct black mottles: clay

=
g

calcareous matrix; pll 8.0; sample No. NEKHACT13,
55

HORIZONS DEPTHS (cm)

Y
87
4-9

9-16

1 6w28

IT B2t

IL Bezt

IT B3len 80-110

I1 Bi3pca | =0 e 110140

A schematic drawing of this redescribed profile






