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Estimation of soil organic carbon (SOC) is indispen-
sable in studies involving soils and global climate
change. SOC retention in soil is a function of climate,
vegetation and intrinsic soil properties. Historically,
SOC estimates are based on wet digestion which gives
low carbon recovery. This results in underestimation
of its density and stock, however, most of the existing
historical and current SOC data sets are based on wet
digestion. Hence, we have compared the wet digestion
with precise oxidative combustion method for SOC
estimation, to develop factors for conversion of his-
torical data into comparable values. It was found that
the recovery percentage of SOC is lower than oxida-
tive method and it further decreased with increase in
clay content. In case of land use, the recovery percent-
age is higher in forest soils, followed by agricultural
soils and the least in wasteland. A general correction
factor of 1.42 and clay content specific correction fac-
tors of 1.35, 1.45 and 1.81 are recommended to convert
historical data into current reliable SOC estimates.

Keywords: Clay, land use, oxidative combustion, soil
organic carbon, Walkley and Black method.

INTEREST in soil organic carbon (SOC) has greatly in-
creased in recent years because terrestrial organic carbon
(OC) can be a key factor in understanding the effect of
carbon (C) emission on global climate change. The increase
of CO, from anthropogenic sources has especially been
the focus of public concern. Emission of CO; from oxida-
tion of soil organic matter or from respiration of the
above-ground biomass is one of the largest sources of
CO, in the atmosphere’>. Researchers are interested in
knowing the factors influencing soil as a source or a sink
of atmospheric CO,, apart from SOC content which is
considered to be the key soil quality indicator.

Much of the current database on terrestrial C content
has been gathered primarily from soil surveys, and the C
content were commonly determined by wet digestion
method®™. Moreover, many researchers are interested not
only in the total soil C content but also in specific com-
ponents of soil C and the dynamics of its turnover. There
could be methodological differences with the change of
the analytical procedures and the instruments®, leading to
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inaccurate and tentative SOC stock assessment and there
is a need of finding a soil-specific correction factor.

Over the past 50 years or so, a range of analytical techni-
ques have been used to estimate SOC. The most widely
reported procedure is wet digestion by Walkley and
Black technique’ (WB) which utilizes the heat of reaction
from the addition of concentrated sulphuric acid to oxi-
dize the SOC by hot chromic acid. But, this heat is inade-
quate to drive the reaction to completion resulting in SOC
recovery of only 75-80%. This recovery equates to a fac-
tor of 1.32, to convert the wet digestion values obtained
to values equivalent to laborious combustion methods.
However, the correction factor is found to vary with the
group of soils and is reported to be 1.00 for tropical
s0ils®®, 1.40 for colder climate soils!®, 1.63 for Russian
chernozem''. A recovery of lower than 15% SOC under
pasture than under ploughing was observed by Diaz'.
Lower recoveries of SOC can also be due to local factors
such as presence of large amount of charred organic mat-
ter from fires". Further, wet digestion requires the use of
toxic chromium compounds as oxidants. Hence, the pre-
sent study was carried out with the objective of a com-
parative evaluation of wet digestion method (WB) and an
oxidative combustion-infrared analysis method using
total organic carbon (TOC) analyser for determination of
SOC and the effect of clay content and land use on its
estimation.

A total of 60 soil samples representing different hori-
zons of 25 soil profiles collected from different land uses
(agriculture, forest and wastelands) were selected. These
profile samples were collected from six districts (Dewas,
Hoshangabad, Indore, Raisen, Sehore and Ujjain) of
Madhya Pradesh representing different physiographic
units. Prior to analysis, the soil samples were air-dried,
ground, and sieved to <0.2 mm diameter. SOC content of
samples was determined both by WB method (wet diges-
tion) and dry oxidative combustion (Shimadzu-make
TOC analyser) with a solid sample module (SSM-5000A).
In dry digestion, the SOC was determined by difference
method, where difference of total carbon (TC) and inor-
ganic carbon (IC) was taken. The samples are heated to
900°C in the presence of oxidation catalyst, and the
evolved CO; is carried by synthetic air to the non-
dispersive infrared (NDIR) gas analyser for detection of
TC. For IC measurement, the sample is acidified with a

small amount of orthophosphoric acid (85%) and heated
to 200°C, and the evolved CO; is detected by NDIR. The
calibration curves that mathematically express the rela-
tionship between peak area and TC/IC concentration were
generated by analysing various concentrations of TC/IC
standard solutions. Potassium hydrogen pthalate and
sodium carbonate (Na,CO;) were used to prepare stan-
dard solutions for TC and IC respectively. These calibra-
tion curves gave a maximum error of 0.67% for TC and
0.51% for IC. Hydrometer method was used for determin-
ing clay content in soil samples'".

A summary of SOC results obtained from WB method
(after applying standard correction factor of 1.32) and
TOC analyser is given in Table 1. The SOC of the study
area as estimated by WB method varies from 0.23 to
2.0%, whereas it varies from 0.47 to 2.80% by TOC ana-
lyser, relatively higher than WB values. The origin of this
difference as indicated earlier is mainly due to low car-
bon recovery in WB method. A plot of percentage of
SOC from WB vs TOC analyser shows R* of 0.81 with a
slope of 1.42 (Figure 1). It indicated that despite applying
a common correction factor of 1.32, WB method underes-
timates the SOC. This underestimation is taken as per-
centage of difference in the SOC estimates between the
two methods considering TOC analyser based results as
reference. The underestimation varies from 12.17 to
66.54% with an average of about 33%. These variable
recovery rates were related to laboratory and field condi-
tions and to the sample composition®. As a result of this,
the total stock and density estimates are reported lower
than the actual values which greatly reduces its reliabi-
lity.

The results of textural analysis indicated that the clay
content of the study area varies from 30 to 78% and it
mainly contains 2:1 type of clay minerals (expanding
type). As clay is known to form complex with organic
materials apart from physical protection, it reduces the
oxidation of organic materials. Hussain and Olson'® also
attributed the lower SOC recovery percentage in WB
method to more stable OC compounds in the mineral
fraction. It is believed that part of the soil organic matter
is stabilized by clay minerals through mineral organic
binding'® and SOC particle size determines its retention
mechanism. Colloidal forms are retained by sorption,
while particulate organic matter can occur outside or

Table 1. Summary of soil organic carbon (%) as obtained from WB method and TOC analyser
SOC (%)

Attributes Walkley and Black method TOC analyser Clay (%)

Minimum 0.23 0.47 30.0

Maximum 2.00 2.80 78.0

Average 0.88 1.29 57.3

Standard deviation 0.37 0.48 10.2
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inside aggregates'’. Thus, the recovery of OC in WB
method decreases with increase in clay content however,
in TOC the effect is negligible due to complete oxidation
of carbon materials at higher temperature (Figure 2).
Nevertheless, WB method follows similar trend in OC
recovery with increase in clay content. This has resulted
in varying relationship between WB and TOC analyser
which are plotted in Figure 3. The soils are grouped into
classes based on clay content, viz. 30-50, 50-70 and
more than 70% and gave R* value of 0.88, 0.79 and 0.52
respectively. In general, textural class and pedogenetic
horizon showed significant differences in SOC recovery.
This necessitates the use of different conversion factors
to convert WB estimates to TOC values in proportionate
to clay content.

Grouping of samples based on land use types indicated
that SOC content varied with land use as the amount of
organic residues returned to the soil is closely related to
land use (Figure 4). The low recovery of SOC in WB
method under different land use may be due to the nature
of organic materials especially lignin content which
reduces oxidation of organic materials. In case of agricul-
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tural soils, the SOC estimates ranged from 0.37 to 1.11%
by WB method and from 0.79 to 1.60% by TOC analyser.
Plotting these estimates indicated a high positive correla-
tion (R* = 0.86). In forest soils, the SOC varies from 0.59
to 2.00% and 0.78 to 2.71% by WB and TOC respec-
tively. A high correlation (R*=0.91) is recorded between
the two methods. It is also observed that the average clay
content in forest soils 1s 55%, which 1s lower than the
agricultural soils. Similar trend in OC recovery was ob-
served in wasteland but it recorded the lowest correlation
(R* =0.66). The wasteland mostly contains organic mat-
ter and residues derived from bushes and shrubs of dif-
ferent kinds. It is also observed that with increase in OC
(>1.5%), the recovery by WB method decreases which
seriously undermines the reliability of forest carbon,
especially estimates in Mollisols (soil order). De Vos
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Figure 4. Soil organic carbon recovery (%) in WB and TOC under
different land use.

et al.® partly attributed the low recovery from samples to
charcoal and resistant carbon particles. Zhao et al.'® also
found significantly higher correlation between the pro-
portion of clay and silt sized particles and the amount of
SOC associated with this fraction in corn field than other
soils.

The percentage of carbon recovered by the WB method
was found to be systematically lower than commonly ac-
cepted values. However, a good linear relationship with
TOC enabled acceptable prediction of SOC which was
most precise when using the original WB method. Hence,
we have made an attempt to determine conversion factors
for soil TOC to allow the conversion of data generated
through conventional soil survey programme and current
estimates based on the wet digestion method to values
equivalent to dry combustion (TOC analyser) which gives
the highest C recovery. In general, it is recommended to
use a correction factor of 1.42 to convert WB method

CURRENT SCIENCE, VOL. 97, NO. 4, 25 AUGUST 2009

estimates into TOC values. If clay content is known, cor-
rection factor of 1.35, 1.45 and 1.81 can be used for clay
content percentage of 30-50, 50-70 and more than 70
respectively. Similar attempts have been made in Austra-
lia for nation carbon accounting system'?. While using
these conversion factors, land use and type of organic
residues should be kept in mind. Hussain and Olson'
also proposed a common correction factor of 1.41 for OC
analysis with WB method in mineral soils. The correction
factor was estimated at 1.58 instead of 1.30-1.35 by De
Vos et al.® for forest SOC assessment.

In order to show the need for such a correction factor
in SOC pool estimation, we have used the current data
sets and estimated the SOC stock®™. SOC stock Qi
(Mg m™) in a soil layer or sampling level i with a depth
of Ei (m) depends on the carbon content Ci (gC g™), bulk
density Di (Mg m™) and on the volume fraction of coarse
elements Gi, given by the formula:

Qi = CiDiEi(1 — Gi). (1)

The results indicated that the study area has soil C stock
of 260.76 and 312.9 terra gram up to 0-50 cm by WB
method and TOC analyser respectively. This is equal to
20% under estimation of soil C stock by WB method. The
results of the present study have implications in the
reported SOC pool size in forest and agricultural soils of
India and temporal changes. In order to use WB method,
carbon data or historical data bases for national carbon
inventory, laboratory and method-specific determinations
of the recovery rate using a total analyser are strongly
recommended.
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Introgression of pink bollworm
resistance from wild Gossypium
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Pink bollworm (PBW, Pectinophora gossypiella Saund.)
is a pest of economic importance in cotton producing
countries. Earlier results of host-plant resistance to
the PBW indicated races of Gossypium hirsutum L.
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and some wild species including Gossypium thurberi
Tod. which are resistant to PBW. Hence prebreeding
efforts were made to transfer PBW resistance from G.
thurberi to G. arborum. F{, F, and BC,; populations
along with parents were studied for morphological,
boll anatomical characters and infestation by PBW
larvae. The F;, F, and BC, generations were distinct
from both the parents for all morphological charac-
ters. The highest boll toughness was found in G. thur-
beri, followed by F;, whereas it was lowest in G.
arboreum. Significant negative correlation was found
between toughness with locule damage by PBW larvae.
Promising prebreeding material is identified which
will be excellent source of developing lines combined
with PBW resistance, fibre strength and drought
tolerance.

Keywords: Gossypium hirsutum L., Gossypium thur-
beri Tod., Pectinophora gossypiella, pink bollworm, wild
species.

COTTON fibre is an important raw material for the textile
industry. Of the several pests attacking cotton pink boll-
worm (PBW), Pectinophora gossypiella Saunders is a
serious pest of substantial economic importance in cotton
producing countries’.

Several species of Gossypium™ including its taxonomic
races are resistant to this pest. The presence of unidenti-
fied antibiotic factors in certain strains of upland cotton®
provides significant resistance to PBW>.

PBW infestation in the bolls of G. thurberi (Thurberia
thespesioides) was lower than 4% as against 100% in cul-
tivated cotton grown nearby’. G. thurberi has been
reported to be either free from the attack of PBW or its
complete absence in Trinidad, Brazil and in the Anglo-
Egyptian Sudan, although the neighbouring commercial
cotton had 97% attack®. Immunity of G. thurberi and its
hybrid G. arboreum x G. thurberi is due to some repel-
lant scent present especially in the petals, that prevents
the oviposition by the moth on the plant’ in addition to
other characters, viz. smallness of bolls, smoothness of
boll surface, repellant and unpalatable principle in the
seed”®. Bolls of G. thurberi were essentially ignored by
the PBW when grown near a commercial cultivar of G.
hirsutum® probably because of the extremely small bolls
of G. thurberi, that increased mortality and extremely
slower growth rates that were due to lack of food. Fur-
ther, the resistance in G. thurberi is due to tight-fitting
calyx with triangular lobes and flared bracts causing
either escape or non-preference. In addition to G. thur-
beri, G. stocksii showed similar resistance but had very
small bolls’.

Despite several attempts made by the cotton breeders
to incorporate PBW resistance of G. thurberi in the new
world cottons, limited success has been reported”. In an
attempt to transfer bollworm immunity from G. thurberi
to upland cottons'’, a synthetic tetraploid Fy thurboreum,
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