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Vertisols and Associated Soils Development and 1 ithological
Discontinuity in Coastal Godavari Delta Region
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Typic Endoaquerts were identified in parts of low and high swamp areas (P5 & P6).
Ustic Endoaquerts (P2) and Typic Endoaquepts (P1l) were identified in parts of deltaic
lowlands and Typic Endoaquepts (P3) and Typic Endoaquents (P4) were identified inparts
of mud flat lands. The latter two profiles exhibited relatively wider lithological discontinu-
{tios botwoon horizons based on morphological characteristics, sand/silt, silty/clay, (sand-+
gilt)/clay and sand ratio, moisture retention characteristics, organic carbon, CuCU 3 and
clectrical properties. These two profiles indicated frequent disturbances in their stabili-
cation to form Vertisols Whereas, profiles Pl and F2 exhibited Vertisul properties,

evaenthough showing some discontinuities. ['rofiles in the mangrove swamps (P5 & P6)
pth The formation of Vertisols and

showed no discontinuity within the observed de
d to have a marine iufluence in addition

associated soils in this region may also be attribute
to the effect of Godavari river system.

(Key words : Vertisols, Lithological discontinuity, Sand ratio)

Vertisols are characterised by a ghrink-swell oracking morphology influ-
enced by clay content of more than 30% dominated by smeotite mineralogy
and governed by an arid to subhumid (dry) climate. Vertisols formed at
different agro climatic zones seem to be similar morphologically, but may
vary slightly in the mineral composition. which may in turn affect the pro-
perties and management of these soils (Dudal and Kswaran, 1988). In the
dry subhumid tropical region, particularly in coastal East Gcedavari district
of Andhra Pradesh, soil formation was influenced by shifting of river cha-
nnels along with marine transgression. This may have resulted in the
formation of stratitied horizons leading to lizhological discontinuities between

ns. There are various methodologies to find out discontinuities Lelween

horizo
s ratio of particle-size fractions

horizons interpreted on the basis of variou
(Wang and Arnold, 1973, Courty and Fedoroff, 1985, Ibrahimi et al,, 1986).
The present study attempts to highlight these discontinuities based mainly

on morphology, particle gize fractions. electrical properties and moisture

retention data.
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Fig. 1. Looatici map of the study area in Hast Godavari district of A.P.
and Yanam region of Pondicherry

MATERIALS AND METHODS

Six soil profiles (Pl to PG, Fig, 1) located in parts of coastal East Goda-
vari district in Andhra Pradesh and parts of Yavam in Union Territory of
Pondicherry were selected for the study. The general physiographio loocation
of all the six profiles is the coastal plain over which the Godavari delta has
formed resulting in the formation of various micio-physiographic landforms
having slopes ranging from 0-4%. Profiles P1 and P2 are located in deltaic
lowlands (coastal plains. These lands are flooded occasionally and ground
water is high by virtue of its vicinity with the river system. Profiles P3 and
P 4 ocour in the mad flats and are flooded when there is an unusual rise in the
the level of Godavari and its tributaries. Soils of P1 to P4 profiles support
soarce vegetation of thorny bushes, grasses and some sa.t resistant species of
halophytio plants and herbs (Trienthema portulacastrum L., Acalypha indica
L., Jatropha gessypifolia Roxb , Trichoderma spp., Salicornia brachiata Roab.,
etc). Profiles P 5and P6 arelocated in the low and high swamps area,
vespectively, Low swamp lands are usually flooded during each high tides,
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8. K. Ray et al, 3

whereas high swamp lands are sometimes flooded during tides. Beth these

goils support scarce mangrove vegetations (Avicennia martine, eto.). An

empirical diagram showing some coastal deltaic landforms is illustrated in
Fig. 2.

Upstream
Mud flats
River : y
mouth | il ST M e AT 7 R Downstream
Bay of Ber.jal \ \
Levees High swamps
Low swamps

Fig. 2. [ napirieal diagram showing various landforms in the study area

Field merphological properties were studied using standard methods
(Soil Survey Staff, 1992). Soil samples were collected at specific gites and
those less than 2 mm size fractions were separated for some laboratory cha-
racterisations. Particle-size fractions were analysed by the International
Pipette method and various sand fractions were separated with the help
of sieves of standard sizes. p, EC, organic carbon, CaCO,; and moisture
rotantion at 33 kPa and 1500 kPa (Black, 1965) were done by standard
methods. :

RESULTS AND DISCUSSIONS

Morphological characteristics ( Table 1) of the soil profiles show that
fine and very fine textured soils have matrix colours ranging from 10YR 3/1
to 10 YR 3 2, whereas loamy textured soils have matrix colours ranging from

4
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Table 1. (Contd.)

Horizon Depth Colours Text- Struc- Consis- Other mmwwcgm (¢cm)

cm Matrix Mottles ure ture tence

P3 : Fine-loamy, mixed (calcareous), isohyperthermic, Typic Endoaquepts

A 0-13 10YR 3/2 — sic 2msbk fr s p —

2A 13-24 10YR 3/3 — sicl Imsbk fr s p —

2Bwl 24-34 10YR 3/2 — sicl 2msbk fr s p Pressure faces on peds
2Bw?2  34-48 10YR 3.5/2 —- sicl 2msbk fr 8 p —

3AC 48-80 10YR 3.5/2 10YR 4/6 1 1msbk fr s p s

4AC 80-93 10YR 4/2 7.5YR 5/8 sl 1msbk fr ss sp Top 3 cm layer of fine sand

5AC 98-108 10YR 32 7.5YR 4/6 sl 1mebk fr ss sp —

P4 : Coarse-loamy, mixed (calcareous', isohyperthermic, 7ypic Endoaquents

A 0-12 10YR 2.5/2 — ol 2msbk fr 8 p —

2A 12-27 10YR 3/2 e sicl 2msbk fr s p Pressure faces on peds ;

3C 27-42 10YR 4/4 — S Ofgr 1 so po —

4AC  42-53  10YR3.5/2 — ol Imsbk  vfr ssp .

5C1 53-70 10YR 4/4 i0YR 5/8 s Cfgr 1 so po  65-70cm layer is of sic texture
5C2 70-96 10YR 4/4 10YR 5/8 s Of gr 1 so po —

6AC  96.113 10YR 3/2 (r) 10YR 5/8 ¢l 2msbk fr s p Few mollusc shells

( Contd.)



Table 1. ( Contd. )
Horizon Depth Co'ours Text- Struec- Consis- Other features (cm)
cm Matrix Mottles ure ture tence

P5: Very fine, montmorillonitic \calcarcous), isohyperthermic Typic Endoaquerts

Al

Bwl
Bssl

Bss2

P6:
Al

Bwl

Bw?2.

Bssl

0-16 10YR 3/2 o

16-36 10YR 3/2 —
36-57 10YR 3/2 7.5YR 4/6

57-77 10YR 3/2 7.5YR 4/6

Very fine, montmorillonitic (calcareous), isohyperthermic,

0-13 10YR 3/1.5 —

13-36° 10YR 2.5/2 —
36-67 10YR 3/2 7.5YR 4/6
67-100 10YR 3/1.5 7.5YR 44

[¢]

g

(¢

¢

8ic

C
[¢]

C

2msbk fr vs vp Structure is weak throughout the profile

2msbk fr vs
3mabk fr vs

dmabk fr vs

2msbk fr s

2msbk fr s
3mabk fr vs

3mabk fr vs

due to wetness.

vp Particles of colour 10YR 2/1 are common

vp NISS ; particles of colour 10 YR 2/1 are
common ,

vp NISS ; particles of colour J0YR 2/1 are
common

Typic Endoaquerts

p Structure is weak throughout the profile
due to wetness

vD NISS

vp NISS

vp  ISS: few mollusc shells

NIS3—Non-intersecting slickensides; ISS-Intersecting slickensides; r-rubbed colour
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I0YR 2.5/2 to 10YR 4/4 Mottles are abundant and distinct especially towards
the subsurface horizons which become darker when dry, Flooding by river
and sea water and presence of high ground water may suggest that these
mottles are partly due to jarosite minerals (Fitzpatrick, 1984). FPeds form
usually fine to medium subangular blocks in the non-slickenside zones and
modium to coarse angular blocks in the slickenside zones except for some
horizons of proiile P4. Calcareousness is indicated by slight to strong
reaction with acid in all the profiles. P1, P5 and P6 profiles have been
classified to the subgroup level as Typic Endoaqueﬂs, P2 soils as Ustic
Endoaquerts, P3 soils as Typic Endo:quepts and P4 soils as Typic Endoaquents.
High shrink-swell type of clay ( Table 2 ), cracks ( which however, do
not extend deep down the profile due to high groundwater ), oolour,
texture, consistence and wedge shaped aggregates are indicative of a

Vertisol and associated soil morphelogy.

Table 2. Particle size characteristics of the pedons

Horizon Depth fs* vfs* sand silt clay fs'ts vfs/ts sind/ (sand+silt)/ silt/

(o) (ts)* silt clay clay
% Ratio

P1: Typic Endouquerts
Al 0-9 3.3 195 301 43.8 26.1 0.11 0.65 0.69 b8y 1bE
2Bl 999 980 -5 4.9 435 526 047 018 Qi 0.90 0.81
2B2 o403 04 66 35 987 0066 007 | 616 0.70 0.61
omesl 40BI 35 04 48 316 6346 073 008 Ok 0.57 0.50
Al 619586 08 <124 328 b48 069 006 0.08 0.82 0.60
P2 : Ustic Endoaqu-rts
Al 09 36 3L2 367 435 200 030 OR5 084 4.00 2.17
2Bl 995 -1.1 04 90 435 545 055 020 045 0.83 0.80
2B2 95-43 1.0 05 18 38.8 594 055 0.28 0.05 0.68 0.65
2B3 4369 08 04 16268 731 450 0.35 0.00 0.39 0.36
ohesl 62-84 38 06 40 113 %8.% 0407 015 0.2 0.27 0.22
ghae) 84110 60711 8.0 159 7WeL 095 014 050 031 0.21

(Contd.)



Table 2 (Contd.)

Soil develo, ment

sand

Horizon Depth fs* vfs* silt olay fs/ts vis/ts sand/

(ecm) (ts)*

9%

P3 . Typic Endoaquepts )
A 0-13 7.0 5.1 13.1 44.6 423 054 039 0.29
2A 18-94.. 09 195 141 587 272 008 087 024
IBwl 24-340 07 B ok 579 3T .06 070, 008
aEwY SR P9 R0 10 ALY 26 UGB 095 D41
3JAC  48-80 11.0 25:0 37.2 36.5 263 030 ve? 1.02
4AC - 80988 7 139 548 296 15,6 068 0.49 1.85
5AC  08.108 403 27.0 684181 135 059 0399 3.78
P4 : Typic Indoaquents
A 012 156 48 92658 6 381 043 0.17 0.74
9A . 1997 144 929 ‘185 452 363 058 016 0.4l
3C goifn mgwoogg0L g 39 40 087 U1136 13
A0 4953 138 76234 48B3 284 00D 0.32 049
o1 Eghg Mo'w 33 044 16 40 0 0.03 59.00
b2 .66 B84 35 954 172 34 0L 004990
EAC @86-113 6.7 142 296 475 299 030 06s 0.48
P5: Typic Endoaquerts
Al 18 WD o ND 0.0 78 140 — e
Bwl 10i% ND WD 04 34 {84 — — 0.01
Bssl ST N -ND D310 B — =
Bgs? B RD ND 03 233 76.4 = — 0.0t
6 Typic ILndoaquerts
Al DA N0 RD 12 478 5L0- — — 0.03
Bwl 13.56:ND ND 48 289 WS — —  0.03
Bw? e8I N ND - L0 1B e — — 0.05
Bel o BTI00ND ND 12 188 820 = — 0.07

silt

(sand - silt)/ silt/

clay clay
s
1.¢6 1.05
2.68 2.16
1.65 1.54
262 2.24
2.80 1.39
5.42 189
6.41 1.34
162 0.93
1.75 1.25
19.41 (.69
2.52 1.70
24.00 0.40
26.83 0:30
2 34 1.59
0.38 0.38
0.28 0.27
0.2 0.21
0.31 0.30
0.96 0.94
0.42 0.41
0.30 0.28
0.22 0.20

* I's-fine sand, vfs-very fine sand, te-total sand
ND-Not determined as the total sand is very low
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Particle size analysis shows that the profiles P1. P2, P8 and Fo have
very high amounts of clay (51 to 82 9% ) with an irregularly increasing
trend down the profile ( Table 2 ). In these profiles, the increase in the
amount of clay down the profile virtually appears to be atthe cost of
corresponding decrease in the amount of gilt, the aniount of sand being
almost constant. This suggests that it may be due to the prevailing
depositional environments or due to the breakdown of silt into clay size
fractions or both coasidering tropical climatic conditions.. The picture is
ontirely different for profiles P3 and P4 where there are abrupt variations
of clay which may indicate that this part of the landform was more prone
to frequent shifting of river channels and thus the nature of deposition
may hawve diffored. Sand/silt ratio shows remarkable différences between
adjacent horizons of profiles P3 and P4 indicating lithological discontinuity
( Smith and Wilding, 1972 ). Based on these studies, profile I'3 has 5 and
profile P4 has 6 different layers of deposition within depths of 1.8 cm and
113 om, respectively. In general, sand/silt ratio for profiles P1 and P2 are
much narrower than profiles P3 and P4 suggesting a relatively greater
uniformity in the former two profiles than in the latter two. Though itis
diffisult to quantify and fx a value for difference in sand/«ilt ratio between
adjacent horizons, Sidhu et al. (1976) arbitrarily envisaged a minimum
difference in value of 0.2 for the same to indicate discontinuity between
adjacent horizons. Based on this value, discontinuities are observed at 9 cm
depth in both Pl and P2 profiles. However, discontinuities at 61 cm ia P1
and 84 ¢ in P2 are less conspicuous and are not observable in the field by
virtue of well developed slickensides forming a continuum. In case of
profiles P5 and P6, sand/silt ratio are of no consequence.

It has been shown that even though the difference in sand/silt values
between adjacent horizons for profiles Pl and P2 show discontinuities, they
woro identifiable actually by virtue of dramatic incroase in the amount of
sand. Sand ratio, such as very fine sand to total sand ( vis/ts ) and fine saund
to total sand (fs/ts), as shown in Table 9, reasonably validate this fact
( Hartgrove ef al., 1993 ). The trends for fs/ts and vfs/ts ratio are moie or
less reciprocal, as one ratio increases with the decrease in the otner and vice-
versa., however, without the values being proportionate. 7This picture is
slear from Fiz. 3 where curves for fs/ts and vfs/ts are approximately mirror
images of each other. Although, inflections are shown at 9 ¢m for both 21
and P2 profiles (as shown by gsand/silt ratio ), indicating discontinuity,
there are no corresponding inflections at 61 cm for P1 and 84 cm for PR as
inlicated by sand/silt ratio. - This may be due to mixing of the 61-75 cm



Fig. 3.
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horizon in case of Pl and 84.110 cin horizon in case of P2 with the gorrespon-
ding underlying h- rizons with relatively larger amounts of sand. In profile
P3, sand ratio show 1elatively stronger inflections at depths of 13 em, 86 cm
and 98 cm, and weak inflection ata depth of 48 cm. For the same profile,
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sand/silt ratio show discontinuities at all the above sites except at the depth
of 13 cm For profile P4, rolatively strong inflegtions are obtained at depths
of 42 om, 53 cm and 96 cm, and weak inflections at depths of 12 ¢cm, 27 cm
and 7Gom. This suggests that profile P4 had relatively lesser time for
development than profile P3, and thus classified accordingly. The above
discussion also suggests that for these profiles, sand ratio seems to be of
more congequence.- The (sand+silt) | clay and si (t/clay ratio { Table 2 )
independently follow the same trend as sand-ratio to account for any
discontinuity. For profiles 5 and P6, amounts of sand being very less, sand
ratio are of no consequence to indicate discontinuity. Moreover, in these
profiles other ratio also do not show discontinuity. Coefficient of correlation
between fs/ts and all other ratio ( Llable 2) calculated independently show
that the relationships are significant only for vfs/tsi r=-0 99%* ) and silt/
clay (¢ =-0.73*%) ratio. However, for these soils, if other combinations are
sonsidered, all the ratio disoussed ahove hold good tO indicate discontinuity
between horizons, but the sand ratio, in particular, are found to be better

indices for the same.

The pH of these soils are nearer to the alkaline side and KCl pH shows
remarkable buffering ( Table 3 ). [lectrical conductivity (LC) shows
salinity in all the profiles, and higher EC values observed in the mangrove
soils - P65 and P61, 1in particular, are agsociated with corresponding lower
pH values. As expected, organic carbon values are relatively higher and
CaC0, equivalent values are relatively lower in mangrove goils. The latter
may be due to relatively lesser dry conditions and high electrical conductivity
for mangrove soils. Moisture retention charactertstics of these goils at
33kPa and 1500 k Pa tensions are positively correlated with the amount of
olay ( Table 3 ). But coefficient of correlation between clay and moisture
retained at 1500 kPa is only significant ¢ =097 ),  Realig gsuch as 1500
kPa/clay and (1500 kPa—Org.C ) [ clay, and associated soil morphology
suggest these soils are doninant in gnectites Some irregular trends of
moisture retention values and their ratio with clay may be attributed to the
glactrolyte concentration anl initial moisture content of these gmectite-
dominant soils ( Wilding aud lessier, 1988 ). Itmay also be envisaged that
the discontinuities between adjacent horizons of profiles P1 to P4 are also
reflected to some oxtent by CaCOs, organic carbon and moisture retention
data. On the other hand, these values alongwith particle size ratio for
profiles Po and P6 being comparable ( between adjacent horizons ), there ate
no discontinuities in these profiles within the respective depths.

The formation of Vertisols and associated soils in this tropical sub-
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Table 3. Some characteristics of the soils

Dopth oH (1:2.5) EC. CaC0, Org. Moisture Glay 1500kPa (1500kPa/Ore.C|

cm  water KCI (db‘m”)eqvt‘. carbon retention(w/w) clay . clay
i (961 ek W) 5 Batie
e ogs el L
~ kPa kPa

Pl: Typic Endoaquerts . ; : :
0-9 .84 9.0 8.9 192 253 13F 201 04y 0.41

020 82 78 13,0 57 . 104 441 943 5906 04 0.44
22400 83 7% 14059 . 0.98 47.1. 969 587 045 - 043
40-61 83 T.7 120 .54 G895 513299 636 047 0.45
B1-¥5 8.3 7.6 160 55 083 564 334548 069 0.60

P2:  Ustic Endoaquerts

0-9 81 14 do - 47 113 209103 200 059 0.46
855 84 I 68 07 ().92> 4(5 So230 b5 Uds 0.44
25-43 8.4 7.7 9.0 60 090 47.4 250 504 0.42 0.41
4362 8.3 7.6 Losl = 64l 092 045 &L9 721 044 0.43
6284 8275 S00 43 DOY. 64,1 ~2Ro. 7811038 39
$-110 80 & 270 19 100 660 328 761 043 0.42
P3: Typic Endoaquepts

o330 08 150 4y 0.87 35.4 19.5 42.3 0.46 0.44
13-24 84 1.6 3.0 5 d 0ol 205 120 218004 0.52
2434 - 84 70 O T 068 884 191 57.7 €591 0.49
34-48 84 7.6 99 54§ 002 33.4 143 276 051 0.50
483-80 84 7.6 9.6 0.4 0,48 <2800 14.2° R6.3. 0.54 0.52
80-98 8.4 7.8 7.0 4.8 Va4l 18.9 89 1TEL 043 0.50
98-108 8.4 7.7 g7 3.9 090 140 7.8 135 U5e 0.81

(Contd. |
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Table 3 (Contd.)

b/ Depth pH (1:2.5) EC CaCljy Org. Moisture Clay 1500kPa/,1500kpaOrg.C)/

om water KCl (d3m~*!) eqvt. carbon retention(w/w) clay clay
? (%3 %) (%) 9 Ratio
-33 -1500
kPa kPa
= P4 . Typic Endoaguents
=12 BP0 17,0 5.5 - 1.0%83 1.2 10.8 - 38.l 0.47 < 0.44
12:27- 8.4 1.7 59 58 061 310 165 35,3 - 0.4 0.44
gr-42 BH 19 4.9 1.8 0.11 did 2006 o 4.9 e 053 0.51
43:53 = 8.8 77,100 5.6 033  3b1 150 84 .00 0.54
53-10: 8.6 8.2 4.8 1.0 0.17 2.9 1.5 40 0.38 0.33
70-96 8.6 8.2 3.0 1.0 0.05 33 1,4 34 =030 0.32
95-113 8.3 7.6 9.8 6.1 048 3x1-715.87 359 . 0,50 0.52
P5: Typic Endoaquerts
16 - BI: 7.6 2LU S8 -FRU Bt <300 0l Al 0.44
16-86 - %0 - 10 130 46 116 60.0 345 784 - 0.44 0.42
36-57 .- 81 9§ LU 3.9 060 669 3s.1 82.9 0.44 0.43
5777 &0 R 24 39135 652 332 W64 - 043 0.42
P6 ;. Typic Iindoaquerts
013 B AT 9.2 58 1.86 - 45.8 998 . 51.0- 068 0.55
13-36 8.3 7.6 9.0 5.3 1.17 694 356" T3S -  Gal 0.49
3667 8.2 7.0 18.0 5.9 1,14 7644 481 V1.2 043 0.48
67-100 8.1 1.6 " 2.0 53 114 73.9 39.0 82.0 0.8 0.46

humid coastal deltaic region may be envisaged as the effect of Godavari river
systems which deposited sediments rich in smectite minerals formed at other
positions. However, it is known that even if the sediments have not
originated from a base rich environment, smectite-like minerals may from
if marine influence is there during transport ( Ahmad, 1988 ). The presence
of molluse shells and lithological discontinuities discussed above may be
avidences of marine influence. Soils formed from these sediments are recent
and tend to be Vertisols or Eutisols with vertic properties. Tbe annual
rainfall in the region is only 1100 to 1150 mm and the topography is usually
level, so that exhaustive leaching of bases may not take place, thereby favou-
ring formation and persistence of Vertisols and its associated soils. Moreover,
¢onsidering the properties ( high cracking clay content, low infiltration rate
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etc.) of these enlosaturatel soils, knowledge of lithological discontinuities
may be deneficial for their classification, management and use.

REFERENCES

Ahmad, N. (1988). Management of Vertisols in the humid tropics. In Vertisols - their
Distribution, Properties, Classification and Management (eds. L. P. Wilding and
R. Puentes). Tech. Mongr. No. 18, pp.97-1!5. SMS3S, Texas A & M Univ.

Printing Centrs, Texas, U.S A.

Black, .C.A., Ed. (19653). Methods of Soil Analysis, Part 2. American Society of Agronomy,
Madison

Courty, M.A. and Fedoroff, N. (1983), Micromorphology of recent and burind soils in a
semi-arid region of Northwestern India. Geoderma 35 : 287-332.

Dudal, R. and Eswaran, H. (1988). Distribution, properties and classification of Vortisols
In Vertisols-their Distribution, Prop:zrties, Classification and Management (eds.
L.P. Wilding and R Puentes) Tech Mongr. No 18, pp.1-22. SMSS, Texas
A &M Univ., Printing Centre, U.S.A.

Fitzpatrik, B. A. (1984). Micromorphology of Soils, Chapman and Hall, London. 83p.

Hartgorve, N. T., Ammons, J.T., Khiel, A. R. and O'Dsll, J. D. (1993). Genesis of soils
on two stream terrace levels on the lennessae river. Soil Survey Horizons 34

(3, : 78-88.

Ibrahimi, J. M., Sehgal, J. L. and Sharma, P K. (19856). Two dominant stiges of pedogenic
development in the soils of Bist Doab alluvial plain in Punjab. J. Indian Soc.
Soil Sei. 34 : 334-342.

8idhu, P. 5., Hall, G. F. and Sehgal, J. L (1976). Studies on some soils at varying stages
of Pedogenic development in the Central Punjab., J. Res. (P40) 13 (1) : ¢3-33

Smith, H. and Wilding, L. P. (1972). Genesis uf argillic horizons in Ochraqualfs derived
from fine texturcd till deposits of NW Qhio and SE Michigan. So.l Sei Soc. Am.
Proe. 36 : 808-215.

Zoil Survey Staff (1951). Soi! Survey Manual, Agric. Handb., USDA, 18, 505. p.

Soil Burvey Stafl 1992). Keys to Soil Taxonomy, 6th Edn., SMSS Tech., Monogr, 19. Black-
sburg, Virginia, USA.

Wang, C. and Arnold, R. W, 1973). Quantiiying pedogenesis for soils with discentinuities.
Soil Sci. Soc. Am. Proc. 37 : «71-278.

Wilding, L. P. and Tessier, D. ( 988). Genesis of Vertisols—shrink-swell phenomena. In
Vertisols—their Distribution, Properties, Classification and manogement ( eds. L.
. Wilding and R. Puentes ), Tech. Mongr No 18, pp 55 8l. SMSS, Texas

2

A & M Univ. Printing Centre, U.S.A



