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A B S T R A C T  

The paper describes the foliar analysis of sal (Shores robusta Gaertn. f.) and the physico-chemical 
status of soils under the respective sal forests of Madhya Pradesh. 

The soils are ftesh, immature to leached down ones. The best growth of sal, as determined by 
Relative Growth In& (RGI-a new concept) is base poor, leached-down sandy loams. Coarse, fresh and 
thin soils under sal climate have poor growth of the speciy; and medium growth is registered in com- 
paratively base richer soils. 

The soils are discussed to have been derived so by the process of 'laterisation' under the forest 
floor and the existing climate. 

Further, foliar analysis confirms the chemical status of the soils and reveals that sal is not a heavy 
demander of soil bases. 

Sal (Shorea robusta Gaertn. f.), belonging to the 
family Dipterocarpaceae, is a semi-evergreen timber 
tree of India. In the county it occurs in two belts; 
one in north (sub-Himalayan) and the other in 
Madhya Pradesh. Good amount of work has been 
done on some important aspects of ecology of the 
sub-Himalayan sal. Special mention may be made 
of the in~esti~a'tions by Puri (1955, 60), Bhatnagar 
(~957)~  Seth and Bhatnagar (1959, b), Khan (1961) 
and Seth et al. (1963). However, no systematia 
ecological studies have been done so far on sal in 
Madhya Pradesh. Puri (1953, 57) discussed some 
problems in the ecology of the species in the state 
and suggested detail studies on nutrition of the tree. 

In view of this an attempt has been made to 
study the physico-chemical status of soils under 
sal and proportion of the same elements in foliar 
ash of the corresponding sal trees. The studies 
have been confined to Madhya Pradesh (formerly 
called as Ceritral Provinces), India. The different 
sal forest communities of the state have already 
been described elsewhere gain, 1958). ~ikewise, the 
climate of the area too has been given by the 
authors (1960). 

In Madhya Pradesh, sal occurs in the eastern 
parts interrupted by Chhattisgarh plains. An out- 
lier is also found at Pachmari in Hoshangabad 
division. 

To better understand the physico-chemical rela- 
tionships between plants and underlying sails, 

~undi$rdh (1935, 38) suggested 'Triple analysis" METHODS OF STUDY 

method based on the analysis of plants, soil and At least five pits (one m deep x I .5 m x 1 0.75 m) 
subsoil. According to Gilbert (1950) the propor- were dug in each sal forest community of Madhya 
tion of an element in' the ash is not an absolute Pradesh. Soil samples were collected from 5, 15, 
indication of its relative value to the plant but it 45 and p cm -depth. In addition to this about zo 
usually indicates the bases available to the plant soil samples were also collected from every commu- 
from the soil. However, if quantity of exchange- nity from a depth of 5 cm after removing litter and 
able bases from soil and their respective proportion undecomposed matter. 
in parts of overlying plants are analysed, it may Mature leaves of ,sal were sampled (at least xo 
reveal to some extent the chemical requirements of from each community) from the respective forests 
plants. Fruit£yl studies on these lines, conducted within a period of one month. 
in .the forests of Madhya Pradesh, pertain to Tec- Soil samples were analysed for pH, total nitro- 
t@na grandis Linn. (Bhatia, 1954), Bomellia serr- gen, organic carbon and exchangeable elements 
ata Roxb. (Sharma, r g s ~ )  and A~togehsus latifob like calcium, mapesium, phcrsphorous and iron. 
Wall. (Joshi, 1960). Leaves were analysed for ash, silica, total nitrogen, - 

*The work was conducted at Government Science College, Jabalpur. 
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calcium, magnesium and phosphorous contents. 
Methods of soil and leaf analysis were those of 
Loomis and Shull (rg37), Piper (1g47), Robinson, 
McLean and Williams (1929) and Yoe (1928). 

Soil texture was determined by mechanical sepa- 
ration; and pH was estimated in I :S solution by 
Beckman's pH meter using hydrogen electrode. 

PRESENTATION OF DATA AND INTERPRETATION 
OF RESULTS 

I. Geology of ~ a h h ~ a  Pradesh end Sal' Growth : 
In Madhya Pradesh sal has been observed on. all 
lithology from the oldest Archeans to Recent d e p  
sits with the exception of Vindhyan sandstones 
(Himalayan Puranas). Table I gives the different 
rock types under sal forests of the state. The table 
dissuades to seek any correlation between rock type 
and sal distribution. This is in confirmation with 
the views expressed by Champion (1933)~ Hewet- 
son (1953) and Khan (1953). 

11. Soils: In general soils under sal forests are 
sandy in texture and red to dark brown in colour. 
Physical and chemical analysis of the top soils and 
those of pit profiles (soil-tessera) are * presented in 
the appendices I to 4 and summarised in Figs. 
I to 3. 

ture yet a number of different methods have been 
suggested in which these and other characters may 

0.041 

Fig. 2. Variations in total nitrogen with depth in the soil 
profiles under the four RGI class sal forests. 
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Fig. 1. Variations in soil pH with depth in the profiles under Fig. 3. Interrelations between total nitrogen and exchangeable 
the four RGI class sal (Shorca robusta Gaertn. f.) forests of bases of soils under the four RGI c h  of Slrmw robwta and 

Madhya Pradesh. the corresponding foliar elementr in the tree. 

be combined to facilitate or enhance description 
Growth Index (RGI): Although cha- (cf. Braun Blanquet, 1932; Dansereau, 1946; Curtie. 

racters like number (abundance), coverage and fre- 1947; Curtis and McIntosh, 1951; Cottam, 1949; 
quency are distinct attributes of community struc- and Cain and Caatro, 1959). In all these studies 
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TABLE I 

Sal forest commumtia,growth qualities (afk Maitland, 1924) andobsmd RGIcla~sss in d~f$ment localilks ofMad& Radash with resfict 
to lithology. 

Lithology Locality and forest division C. P. sal qualit RGI Classes Observed Plant Community 
after Maitland (1&4) 

- . - .- -- - .. . -- 

IGNEOUS: 
1. Granite (a) Banjar Range, Mandla 

(b Mangli, Motinala, Mandla 
2. Basalt (Deccan trap)' (a] Aamer, Mandla 

(b) Bikrampur, Mandla 

I c) Motinala, Mandla 
d) Sarai, Dindori, Mandla 

SEDIMENTARY : 
I. Sandstone t) Sitapur, Rewa I11 D Sal-Ougeinia 

( ) Baikuntpur, N. Bilaspur IV C Sal-Buchanania 
2. Conglomerate Pauhmari, Hoshangabad I11 D Sal-Buchania-Anagcisw 

.3 .  Limestone and shdly (a) Tigri Pagar, E. Bastar I B Sal-Syrygium 
limestones (Metamorphic (b) Machkot, E. Jagdalpur, Bastar I B Sal-Anogeissus 
mixed) (c) Dhanpungi, E. Bastar 11 C Sal-MaaWa 

METAMORPHIC : 
1. Quartzite & Slate Kharka (Nagri), S. Raipur 
2. Banded Gneissic complex (a Dongatola, S. Raipur 

(b 1 Karka. Risgaon. S. Raivur 

(dj Risainath, S: Raipur 
3. Mica-Schist Muki, Balaghat 

RECENT: 
Alluvium & Clay Schist Lormi, Bilaspur 

abundance (or' density), coverage, frequency or their 
relative values have been employed. In the present 
studies it was found desirable to include also the 
average height of the trees, because of timber 
value. The relative growth index (RGI) so 
obtained has been formulated as follows: 

C Ht  F' RGI = - X- x - 
D 100 roo 

where, 
C--Average canopy cover % all plants of a 

species per quadrat 
&Average Density per species per quadrat 
Ht-Average height in metres 
F. - % frequency 

By this formula, the RGI of sal trees only were 
calculated in all the sal forest communities of the 
state occurring in 15 forest ranges. (cf. table 11). 
The RGI values were then grouped in four classes: 

RGI : I to 3- class 
3 t o 6 -  ,, C 
6 m g -  ,, B 

Above g - ,, A 
f i r  details of phyto-sociological characters of the 

communities reference may be made' to Jain (1958). 
A. %oil Pro@&" (or SOILTESSERA) STUDIES : 
Comparing the soil-tessera under the four RGI 

classes the following tendencies are noted : 

I A Sal-Tectona-Cassia 
I A Sal-Carthamus 
I A Sal--Syzygium 

I1 B Sal-Tminalia 
I11 D Sal-Tqinalia 
I1 C Sal-Tenninalia 

(a) pH Value: Invariably in the soil-tessera 
examined the pH has been found to increase slight- 
ly with depth. Only in class D soil-tessera at  Bai- 
kuntpur it remains somewhat constant. Although 
there is no detail information regarding the beha- 
viour of Indian forest soils yet it appears that since 
class A forests are under heavier rainfall with 
closed canopy there may be more of leaching than 
in class D forests. Furthermore, since class D 
forests do not have much closed shades (which is 
responsible for maintaining greater humidity on 
forest floor) the extensive process of evaporation of 
soil moisture may bring about back kapillary action 
and thus increase the base status as well as pH of 
the upper layers. 

(b)  Organic Carbon: It decreases with depth in 
all the soil-tesseras studied. Organic carbon is more 
in top layers in class A but suddenly decreases with 
depth; again' demonstrating fast decomposition and 
leaching in the soils. 

(c) Total Nitrogen: Like organic carbon it also 
decreases with depth. The highest values have 
been recorded in class A soil-tesseras. 

Jenny (1929) has shown that climatic factors like 
mean annual temperature has correlation with 
average total nitrogen content of soils. This mav 
account for the high total nitrogen content in claek 
A 'profiles' where neU developed canopy of sal 
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TABLE I1 

C a h l a h  fm Rslah'w CIowth In& of sal (Shows robusia Gaertn. f.) nrmninsd in d#armr localitks r$ Madlya Pra&sh 

Size of quadrat: 6.1 m. square Dates: February to June, 1957 

Locality (for forest community Average Average % Average C 
refer table I) Abundance Cover Height in m. C/D pxlw - (X)X(F)  RGI. 

(0) (C) (Ht) =(x)  100 cluw 

1. Kharka, S. Raipur 
2. Karka, S. Raipur 
3. Dongatola, S. Raipur 
4. Kanha Kisli, Mandla 
5. Machkot, E. Bastar 
6. Lormi, Biiaspur 
7. Tigri Pagar, E. Bastar 
8. Muki, Balaghat 
9. Dhanpunji, E. Bastar 

10. Baikuntpur, N. Bilaspur 
1 1. Aamer, Mandla 
12. Pachmari, Hoshangabad 
13. Risainath, S. Raipur 
14. Bikrampur, Mandla 

(F)-% frequency of occurrence 
causes deep shade *and local temperature is lesser 
than the forests of open canopy. 

(d) Exchangeable calcium: It increases in the 
first 15 cm followed by a decrease and again in- 
creases at  go crn depth. This tendency is found'in 
almost all soil-tesseras. 

Lutz and Chandler (1955) have noted that in tern. 
perate climate calcium usually increases in lower 
horizon. Taylor et a1 (1935), Chandler (1937) and 
Coile (19~9): adduced that deep rooted plarits fre- 
quently build up the concentration of lime in the 
surface soil as a result of contribution made by leaf 
fall annually. In our studies the increase of cal- 
cium in first 15 cm may be due to decomposition of 
litter; the subsequent decrease may be due to leach- 
ing; and final increase may be due to concentration 
of tlie element. 

(e) Iron : The proportion of. soluble i rm  is more 
in class A soil-tesseras. It decreases with depth. 
This fact further illustrates the mode of transloca- 
tion of solutes in the soil. 
B. Top Soils: The physical and chemical cha- 

racters of the t& r cm soils under difEerent RGI 
classes are given ;nappendices a. & 3. 

EBapbdogy : An attempt has been made here 
to correlate the chemical and physical characters of 
the top soils with the corresponding RGI values of 
sal. The soils under different classes can be charac- 
terised a? follows: 

5)H: It  decreases from class A to D possibly 
due to annual return of bases in class A by leaf fall 
abd its rapid decomposition. 

(iq Organic Cmbon : a g m i c  carbon increases 
sfightly from class A to*C foltowd by a decrease is 
class D. 

(iii) .Total nitrogen: It behaves similar to 
nic carbon. 

(iv) ~xchan~eable  calcium: I t  increases fmm 
class A to C followed by a decrease in class D. This 
decrease may be due to fresh and coarse nature of 
soils under this class. 

(v) Exchangeable iron : Exchangeable. iron de 
creases sharply from class A to C followed 'by a. 
very slight increase in class D. It may be pointed 
out here that much emphasis can not be put on 
iron content since in the sal tract of the state a 
number'of iron ores are present which may hamper 
the true characters of the immature soils. 

(vi) Exchangeable magnesium and P,O, follews, 
a trend similar to calcium. 

From the above description it may be concluded 
that class A soils are generally poorer in bases 
and are more leached than those of other classes. 
They are sandy loams. 

Class D soils are fresh and. sandy (sand abova 
70%)~ poorer in bases and lower in pH. 

Soils under classes B and C are richer in baqs 
and appear to be immature. 

III. Foliar Aualyh : Leaf analysis of the four 
RGI classes is presented in appendix 4. 

A comparison of soil and leaf analysis (s'lg. 3) 
reveals that there is a direct correlation between 
soil pH and exchangeable calcium with the fohr 
ash and foliar calcium (see also Jain, 1960). 

Similarly soil nitrogen and foliq nitrogen arc! 
directly correlated. Direct comefations have 
been noted between soil cxchangeaMe iron, m a w  
sium and P,O, and the corresponding foliar ca&- 
tents. 
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From the above findings it could be argued that 
sal is not a very heavy demander of soil bases. 

DISCUSSION 

The foregoing description of the soils under sal 
in Madhya Pradesh cleail~ suggests that they are 
leached down soils to a certain extent and that 
leaching is more under class A forests. Interest, 
therefore, arises as to' the mode of soil development 
under sal forests. 

Podsolisation does not occur in tropical countries 
l i e  India, as observed by Misra and Puri (1954). 
Only weakly podsolised soils with high base status 
on the surface have been found in the Himalayas 
under oak and conifers (cf. Puri, 1960). The prw 
,cess of calcification occurs under grassland commu- 
nities and hence will not occur under sal. As given 
by Oosting (1956), laterisation generally occurs 
under 'humid and hot climate and' where the sur- 
face is not covered by tall vegetation. Lateritic soil 
has been, however, recorded by Puri (1953) under 
9al in Madhya Pradesh at Supkhar (Balaghat) and 
at a few other places. He has considered these late- 
rites as the forest soils of late glacial period. 

What Zaterisation means? 

Initially laterisation brings about rapid liberation 
of bases such as calcium, sodium, potassium, etc.; 
consequently the upper soil is nearly neutral.. This 
neutral solution favours leaching of even silica, 
and iron and aluminium are left behind. Fox 
(1936) has noted the process of desilicification ta 
occur under laterisation even in quartz. As a result 
of progressive leaching the base content is sharply 
reduced in the upper soils and when the hydrolysis 
of primary minerals is complete the acid condition 
develops. This is termed as 'laterite'. 
Mode of soil development under .sat: 

Barshad (1956) has observed that to evaluate 
the development of a soil profile it is necessary to 
define and evaluate the initial state of the soil 
material at  each horizon and to compare it with the 
initial state of the parent material. According to 
him once a, initial state is established, the degree of 
development can readily be determined in terms of 
mineralogical, chemical and physical changes that 
occur in the transformation of the parent material 
to soil material. In view of this concept soil- 
tesseras under sal may be compared with the cha- 
racters of the parent rocks. The soils of Pach- 

and Baikuntpur divisions are situatd 
on sedimentary rocks and 'those of m r k a  
.(Nagri) in S. Raipur division on quartzites of meta- 
morphic origin. Of the two rocks, pH has been 
observed by Puri (1953) to vary between 7.3 to 7.7 

and 8.8, respectively. Thus the two rocks are not 
acidic. However, the soils derived from these 
rocks under sal are slightly acidic. Puri (1960) 
opines that soils develop different composition 
depending upon the conditions for the process of 
decomposition. The plants usually develop, under 
humid conditions, slightly acidic soils like the pre- 
sent case; but under teak (Tectona grandis Linn.) 
pH is somewhat higher (cf. Bhatia, 1954). This 
one example regarding pH vqlue of parent rocks. 
and soils under sal may indicate clearly that upon 
development soil hardly retains the characters of 
the parent rock and that factors of vegetation and 
climate are paramount in soil maturation under 
similar relief (cf. Pandeya, 1959, 63). 

Returning to characters of the soil-tesseras with 
reference to those under class A sal forests it would 
.appear that the soils are perhaps 'laterite type'. This 
concept is as followed by Pendleton (1936 and 1940) 
and more liberally adopted by Lutz and Chandler 
(1955). According to latter authors term 'laterite' 
has been applied to soils having top horizon with 
!the incorporated organic matter and below this 
is reddish leached soil which rests on very highly 
weathered parent material. Such laterite soils 
(lateritic and laterite soils have been distinguished 
on the basis of silic*alumino ratio) have been 
furthef classified into six zonal types in the 
forested warm temperate and tropical regions. 

From the foregoing discussion the soils under sal 
may be tentatively called' as 'laterite soils'. These 
soils are doubtless not of glaciation age for the same 
never occurred at least in eastern and south-eastern 
Madhya Pradesh where sal exists. 

If we presume the above concept of the mode of 
soil development under sal then the status of its 
soils can be understood to some extent. It may be 
concluded that sal develops its own soil, gradually, 
under the process of laterisation and that finally 
the soil is base poor and leached out laterite one in 
which best growth of sal occurs. ,Further since' 
some soils under sal have attained partial to full 
maturation it will not be inappropriate to call the 
soil-tesseras here as Soil Profiles. 
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APPENDIX I 

& h i e d  characfws p/~oil-bsseras Mldsr the f~ RGIclarsss ofsal in Madfya Pradcsh (Amage valws; in W c e e g 6  of dry weight) 

Locality RGI Depth in pH Organic Total Exch. Exch. 
clam an value carbon nitrogen calcium iron 

U Q W  RAIPUR : 5 5.40 2.12 0:018 0.090 0.0072 ' 
gatkp, A 15 5.30 0.17 0.029 0.090 0.0263 
ksgaon Range 45 6.25 0.27 0.022 0.079 0.0198 

90 6.25 0.27 0.017 0.090 0.0032 

EAST BASTAR: 
Macbkot, 

JPBdolpu~ 

#@SHANOABAD : 5 4.20 1.34 0.003 0.027 0.0085 
IPochmui D 15 5.00 2.19 0.005 0.054 0.0317 

45 6.00 2.03 0.006 0.030 0.0246 
90 5.95 I.g6 0.005 0.024 0.0080 - - -- 

F-Vduca in less than four decimal placer. 

APPENDIX 11 

~ o c a l i t ~  RGI Sand Silt CIaay Sand/Silt 
clars . 

.I.Lr;- 
% % milo 

'M)U'I% RAIPUR : 
cnd Riigaon rang- (Khark & k a h }  A 60.52 29.47 7.93 2.05 

BILASWR : 
Lormi range 

F#I' BASTAR: 
a. Jagdalpur range (Machkot) 

NORTH BILASPUR: 
MLuntpur range 

BALAGHAT: 
Muki range 

*LA: 
&nest and B i i  D. 86.p 11.00 3.28 7.82 

L I C  



APPENDIX I11 

C h i c a l  characters of bob soils under d$crmt sal forests o f  Madhya Pradrsh. (Values, eJ9rsssd in wcentage of  dry wf. of  soil, me crwragrs qf 
each stand exarnintd) 

Locality RGI p1-I Organic Total Ex&. Exch. Ex& Eucb. 
class carbon nitrogen calcium Iron magnesium P.0, - 

S. RAIPUR : 
Dongatola A 6.00 0.490 0.0293 0.084 0.0180 0.0057 0.0270 

5.65 2.050 0.0308 0.060 P - A 

6.50 1.080 0.0231 0.126 0.0129 0.0057 0.0270 

- - -  

E. -BASTAR: 
Tigripagar B 5.00 0.580 0.0046 0.060 P 0.0455 0.0088 

5.05 1.630 0.0553 0.055 0.0054 0.0344 0.2225 

Machkot B 5.40 3.340 0.0039 0.084 P 0.0027 0.0178 

MANDLA : 
Kanha Kisli 

BILASPUR: 

BALAGHAT: 
Muki 

N. BILASPUR: 
Baikuntpur 

EAST BASTAR: 
E. Jagdalpur, 
Dhanpunji 

II 

P-\taluc;c.%i lou than fbw ddmd plaw 
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APPENDIX IV 

SaI foliar d y r i s f i m  dQermt sal fmst communities of Madhya Prahsh. (Values, expressed as percentage ofdtywt., are averages deach stand) 

- 
Locality RGI Ash SiOI Calcium Nitrogen Magnesium Pe06 Iron 

claw 

S. RAIPUR: 
Kharka A 4.00 

5.65 
2.90 

E. BASTAR; 
Machkot B 7.85 

4.68 
2.55 

BILASPUR : 
Lormi B 

BALAGHAT: 
Muki C 

lUfFI' BASTAR: 
DhPnpunji C 

BILASPUR : 
Baikuntpur C 

ROSHANGABAD : 
Pachmati D 
Big Fall 
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A typical soil prafilc in RCI-A clan Shsrr. 
mburtn lorcrlsol.Uadhya Pradesh. Notr a thick 
humus zone merging inlo dark red exlraction 
zone demanstratinp ample leaching of bas- 
lcavinj behind rnrntly lhc hydroxida of i ~ o n  
and aluminium. (S.C.P.] 

Sail profile in RCT-C clau raI fomt  of 
Madhya Pradmh. Note a narrow hum~lr 
layer and not l a ,  rlccP red rolnured extraction 
zone. (S.C.P.) 


