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We studied the soil organic carbon (SOC) dynamics in
two types of tropical ground cover (grasses predominantly as C4 functional type and herbaceous predominantly as C3 functional type), located in a permanent
plot of the Department of Botany, the M.S. University
of Baroda, Vadodara, India. The aboveground biomass (AGB) and belowground biomass (BGB, as root
biomass), soil respiration (Rs), microbial biomass carbon (MBC), dissolved organic carbon (DOC) and SOC
were measured for 12 months in the selected types of
ground cover. Differences in AGB and BGB allocation
indicated the functional difference in both these
ground covers. Higher Rs values during monsoon seen
in the present study (in both the covers) are attributed
to higher biomass production which increases fresh
inputs into soil. In both the covers, correlation
(R2 > 0.6) was seen between BGB and MBC. DOC in
both the covers showed higher values during monsoon
coinciding with biomass production. Results of
ANOVA showed significant differences (P < 0.05) in
the measured parameters of both types of ground
cover, indicating functional differences. Higher SOC
values (15.6–23.2 g kg–1) in herbaceous cover indicated
larger inputs of dead organic matter coming from the
death of ephemerals. Lesser and relatively stable
quantities of SOC (7.8–9.8 g kg–1) in grass cover have
been attributed to lower inputs and/or uniformity in
their proportion of expenditure of fixed carbon. The
findings of the present study indicate that soil carbon
dynamics in these ground covers is governed by fluctuations in organic carbon input (fresh and dead), and
its pattern of utilization by soil biological/microbial
community. The study highlights the importance of
herbaceous (C3 functional type) ground cover in
improving soil fertility in the tropics.
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SOILS are considered as the largest carbon reservoirs of
the terrestrial carbon cycle storing 2344 Pg (1 Pg = 1015 g)
of carbon (C) up to 3 m depth1. This amount is more than
twice that in vegetation (359 Pg) and atmosphere
(760 Pg) combined2–4. The size of the soil organic matter
pool is determined by the rate of input of fresh organic
matter, the proportion of humified carbon and the rate of
efflux of carbon5. Changes in the dominant plant life
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forms or community type (e.g. ground cover, shrubs and
trees) greatly influence soil carbon content, chemistry and
distribution. This is because of differences in plant life
forms, litter chemistry, patterns of detrital input and rooting depth6. There are several studies on the contribution
and impact of forest cover (boreal, temperate and tropical) on the carbon cycle7–10. Most of these studies focused
on temperate and tropical forests, whereas ground cover
has been less addressed. Ground cover can be broadly
classified into grasslands and forb/herbaceous cover.
Savannas/grasslands are a major component of the world’s
vegetation, covering one-sixth of the land surface and
accounting for ~ 30% of the primary production of all
terrestrial vegetation11. Grasslands are considered as a
major potential sink for carbon12–14. Grassland (temperate
and tropical, mostly C4) soils store more carbon compared to forests soils4,14 and have the potential to sequester about 0.5 Pg C yr–1.
Herbaceous vegetation is therophytic in nature, exhibiting maximum number of species during the rainy season15. Unlike grasslands, herbaceous cover (broadleaved
ephemerals, C3 functional type) is a lesser studied system
for its potential in influencing organic carbon levels of
the soil. Diversity of herbaceous cover is higher in the
tropics. It is an important component of the terrestrial
ecosystem and plays a vital role in primary production
and turnover16. Most of these species are ephemerals,
completing their life cycle within a year, and adding reasonable quantities of litter into the soil. The cyclical
events happening in ground cover are rapid with shorter
durations. It is important to look at how different types of
ground cover (C3 and C4 functional types) influence C
allocation and storage in the soils.
Belowground allocation of biomass regulates soil respiration. Soil respiration constitutes the second largest
flux of carbon between terrestrial ecosystems and the
atmosphere17. We lack precise knowledge of the sources
of and controls upon the release of CO2 from the soils18.
It has been reported that tropical ecosystems are sustained
by photosynthetic fixation of carbon aboveground, most
of which is released by respiratory processes occurring
belowground7,19. Jha and Mohapatra20 reported that soil
moisture is the most important regulating factor of soil
respiration in semi-arid ecosystems. Minor changes in
soil respiration are likely to alter CO2 efflux affecting the
global carbon cycle. An earlier study18 mentioned that the
flux of ‘new’ carbon is an important driver of biological
processes in the soil, as are the much slower fluxes of
carbon arising from the decomposition of shoot and rootderived litter. Organic matter in the soils coming from
fresh inputs or from partly decomposed structures can be
predominantly utilized by microbes. The soil microbial
biomass is surrounded by about 50 times its mass of soil
organic matter, but can only metabolize it slowly5. These
aspects get influenced more in ground cover because of
their variations in structure and functional role. There is
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necessity for a better understanding of the relationship
between carbon input and microbial activity in ground
covers showing seasonality in growth. The present study
has been carried out to test whether plant functional types
(herbaceous cover as C3 functional type and grasses as C4
functional type) have any differences in the addition of
inputs (fresh and dead organic matter) to the soil, and
how these differences will affect soil organic carbon
(SOC) dynamics.
The study was conducted at a permanent plot of the
Department of Botany, The M.S. University of Baroda,
Vadodara, India lying between lat. 22°19′15.26″N and
long. 73°10′47.63″E, at an elevation of 37 m asl. The size
of the plot is 4.56 acres. Three distinct seasons are seen in
the study area: monsoon (July–October), winter (November–February) and summer (March–June). Rainfall is
restricted to the monsoon months (mean annual precipitation is 920 mm). Mean (10 yr) annual minimum and
maximum temperatures are 6.3°C (winter) and 41.6°C
(summer). The plot is interspersed with trees accounting
for an occupancy of nearly 25% area. Grass cover (C4
functional type) is present in the northeast direction of
the plot, occupying an area of nearly 35%. The rest of the
area is covered by forbs/broadleaved herbs (C3 functional
type). Grasses present in the study area are Dichanthium
annulatum (Forssk.) Stapf, Sporobolus coromandelianus
(Retz.) Kunth, Oplismenus burmannii (Retz.) Beauv.,
Eragrostis tenella (L.) Beauv., Setaria glauca (L.) Beauv.
Forb/herbaceous species present are Boerhavia diffusa L.,
Antigonon leptopus Hook. & Arn., Euphorbia hirta
L., Aerva javanica (Burm.f.) Schult., Tridax procumbens
L., Achyranthes aspera Cooke, Sida acuta Burm., Corchorus aestuans L., Corchorus fascicularis Lam., Ruellia
tuberosa L., Abutilon indicum (L.) Sw., Vernonia cinerea
(L.) Lees, Alternanthera sessilis (L.) DC, Solanum nigrum L., Acalypha indica L., Oldenlandia corymbosa L.,
Clitoria ternatea L., Tephrosia purpurea (L.) Pers., Scrophularia sp., Amaranthus spinosus L., Amaranthus viridis
L., Peristrophe bicalyculata (Retz.) Nees, Blumea membranacea DC and Cassia occidentalis L. Species composition is the same across the grass cover. Herbaceous
cover showed a difference in species diversity (15–20%)
across the study area. Percentage occupancy is the same.
The plot has been allowed for natural regeneration with
occasional land management activities for the past 25
years. Area occupied by grasses is treated as grass cover
(C4 functional type), and that occupied by forbs/broadleaved herbs is treated as herbaceous cover (C3 functional
type). Dominant grasses are perennial in nature throughout the area. Area occupied by broad-leaved herbs
showed seasonality in occupancy. Most of these herbs
stay for less than a year. Temporal variation is seen in the
arrival and subsequent demise of the species. Most of the
species start their life cycle immediately after the first
showers of monsoon. Their existence is seen up to January/
February. Some species are late entrants. Few of these
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continued their existence in summer months. Overall,
herbaceous cover showed maximum occupancy in monsoon through winter and sparse distribution in summer.
Monitoring of both the vegetal covers started with the
onset of sprouting of herbs in maximum numbers and
continued for 12 months. This study cycle ensured
accounting of all ephemeral herbs coming at different
seasons of a year (from June 2008 to May 2009). The
total area occupied by each cover (grasses and herbs) was
divided into 1 m2 blocks. Randomized block design was
employed while picking up a quadrat for measuring
different parameters. Parameters measured are aboveground and belowground biomass (AGB and BGB respectively), total SOC content, dissolved organic carbon
(DOC), soil respiration (Rs) and microbial biomass carbon (MBC). For each parameter, 5–10 replicates were
taken at each time of observation. For the estimation of
BGB, MBC and SOC, only the top 5 cm layer was considered. All the parameters were estimated once in the
first week of every month for 12 months (from June 2008
to May 2009).
AGB was estimated by dry weight basis. Whole plant
parts were clipped (2 cm above the ground level) from
20 × 20 cm area. The collected samples (five replicates)
were oven-dried and dry weights were measured.
For the estimation of BGB, soil cores of 6 cm diameter
(up to 5 cm depth) were taken from grass and herbaceous
cover. The collected cores (five for each cover) were
placed in a 500 ml beaker filled up with water. Large-size
roots were hand-picked and other roots were segregated
by passing the suspension through sieves of different
mesh size (500, 250 and 53 μm). The collected roots were
packed in a filter paper, oven-dried and dry weights were
measured.
Soil pH was measured at a soil : water ratio of 1 : 5
(weight/volume). Particle size separation of the soil samples was done using the pipette method21.
Soil respiration was measured in situ following the
alkali absorption method22. Ten cylindrical plastic chambers (18 cm diameter and 20 cm height) were randomly
placed in grass and herbaceous cover (ten in each cover).
Aboveground vegetation was removed before the measurements. Each cylinder was inserted into a depth of 3 cm
of the soil surface. CO2 efflux was collected in small
plastic chambers with 20 ml 1 M NaOH over a 24 h
period. The amount of CO2 absorbed was estimated by
titrating with 1 M HCl using phenolphthalein as an indicator.
Prior to SOC estimation, the air-dried soil samples
were passed through 2 mm sieve to remove roots and
other organic materials. SOC and DOC were estimated by
wet oxidation method23. DOC was extracted following
the protocol of Jones and Willett24. Briefly, 20 g soil
sample was mixed with 40 ml of distilled water. The mixture was kept on a shaker for 2 h. Subsequently the samples were left static overnight. Supernatant was passed
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through Whatman (No. 41) paper. These samples were
analysed by wet oxidation method23. Values obtained
were considered as DOC.
MBC was estimated by chloroform fumigation extraction method25. Briefly, 20 g of dried soil samples were
taken in 250 ml Schott bottles. Nearly 10 ml of distilled
water was added for moistening and triggering microbial
activity. In control samples, 0.5 M K2SO4 was added
immediately and placed on a shaker for 60 min. Subsequently they were filtered and organic carbon in the
filtrate was estimated by wet oxidation. To another set of
bottles, 3 ml of ethanol-free chloroform was added and
sealed. These were incubated for 24 h in darkness. Later
the bottles were kept open for the evaporation of chloroform. Then 0.5 M K2SO4 was added and the carbon content was estimated. MBC was calculated as the difference
in organic carbon content between fumigated (Cf) and
unfumigated soils (Cuf).
MBC (g kg–1) = Cf – Cuf.
Statistical analysis was done using SPSS (version 15.0
for windows). Mean values for AGB, BGB, SOC, DOC
and MBC come from five replicates and for Rs the number of replicates is ten. ANOVA was done for all the
parameters to find out whether the differences observed
between the two ground covers are significant or not.
Linear regression analysis was performed between two
relevant parameters.
Grass (C4 functional type) and herbaceous (C3 functional type) covers showed distinct pattern in the measured parameters, reflecting the functional nature of the
cover. Seasonal influence was observed in all the measured parameters of both the covers. Results of ANOVA
showed significant difference (P < 0.05) in the measured
parameters of both the covers.
Similarity was seen in particle size, pH and bulk density of soil samples coming from both the covers (Table
1). Proportion of sand was higher in grass cover. Proportion of clay was slightly higher in herbaceous cover.
AGB was maximum in grass cover (C4 functional type)
as compared to herbaceous cover (C3 functional type)
(Table 2). In both the covers higher biomass was
observed during monsoon and minimal during summer
months. In grass cover AGB production peaked during

Table 1.
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Soil properties of grass and herbaceous
covers of the permanent plot

Soil property

Grass cover

Herbaceous cover

Soil texture
Sand (%)
Silt (%)
Clay (%)
Soil pH

74
24
02
6.91

63
30
07
6.92

monsoon and decreased in summer through winter. In
herbaceous cover peak production was also observed during monsoon. Unlike grass cover in herbaceous cover the
AGB showed a double peak/dip pattern (Table 2). BGB
was higher in herbaceous cover compared to grass cover
(Table 2). Pattern of variation in BGB was similar to that
of AGB.
Soil respiration values were relatively higher in herbaceous cover. Seasonal fluctuations in soil respiration values
were similar in both the covers. Higher values were
recorded in monsoon and relatively lesser values in winter (Table 3).
SOC content was higher in herbaceous cover (C3 functional type) than in grass cover (C4 functional type). Values of SOC in 12 months oscillated in a narrow range in
grass cover (7.8–9.8 g kg–1), whereas in herbaceous they
moved in a wider range (15.6–23.2 g kg–1, Table 4). Both
the covers showed higher SOC values during monsoon
season and relatively lesser in the summer season.
MBC in grass cover ranged from 60 to 234.6 mg kg–1
and in herbaceous cover it was 106–343.3 mg kg–1 in different months throughout the year (Table 3). Overall, the
MBC values were higher in herbaceous cover than in
grass cover. MBC in both the cover types showed similar
seasonal pattern, increasing from June to September and
decreasing from October to May. Highest MBC values
were observed during monsoon and lowest in the summer
season for both the cover types. DOC values were higher
in grass cover compared to herbaceous cover (Table 4).
They were maximum in the monsoon months and
decreased gradually in summer through winter in both the
covers. Highest DOC value was recorded in September
for grass cover and in August for herbaceous cover. Lowest DOC value was noticed in April in both the covers.
Variability in BGB was well explained by AGB in
grass cover (r2 = 0.71; Figure 1 a), whereas it was not
seen in herbaceous cover (r2 < 0.1). Variability in SOC
was not explained by any of the measured parameters
(r2 < 0.5). Variability in MBC was explained by DOC and
BGB in both the covers (r2 > 0.6, Figures 1 b, c and 2).
Box plots drawn for measured parameters showed variations between the covers (Figure 3). The spread of variation was different in both the covers.
Both the vegetal covers differed in their productivity
and tenure of existence. These features showed an impact
on organic carbon inputs to the soil. Values of different
parameters measured showed the influence of functional
nature of ground vegetal cover (C3 or C4).
AGB was consistently higher in grass cover, which had
a positive impact on fresh inputs of carbon into the soil.
AGB values of grass cover recorded in the present study
were higher12,13 or similar26,27 to the published data.
Higher AGB values in grass cover were attributed to its
standing biomass. AGB values of herbaceous cover were
similar to the findings of Sharma and Upadhyaya15 and
Das et al.16. AGB in herbaceous cover moved according
CURRENT SCIENCE, VOL. 101, NO. 6, 25 SEPTEMBER 2011
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Table 2.

Mean values (n = 5) of AGB and BGB of herbaceous and grass covers
AGB

Month
January
February
March
April
May
June
July
August
September
October
November
December

BGB

Herbaceous cover

Grass cover

Herbaceous cover

677.5 ± 2.5
930.0 ± 102.7
920.8 ± 38.2
387.5 ± 7.2
354.2 ± 15.7
369.5 ± 0.7
775.0 ± 66.1
825.0 ± 66.1
883.3 ± 38.2
803.0 ± 25.5
805.0 ± 8.7
711.7 ± 1.4

1792.5 ± 37.8
1733.3 ± 68.8
1566.7 ± 68.8
1558.3 ± 59.1
1553.3 ± 5.8
1549.2 ± 1.4
1558.3 ± 62.9
2066.7 ± 50.2
2041.7 ± 118.2
1954.0 ± 6.9
1978.3 ± 30.1
1851.7 ± 2.9

Grass cover

59.1 ± 2.3
52.7 ± 7.0
82.3 ± 19.1
74.4 ± 2.0
54.2 ± 1.0
103.4 ± 4.2
104.6 ± 14.7
112.4 ± 4.2
94.0 ± 0.6
95.5 ± 16.0
71.7 ± 4.6
66.6 ± 2.0

62.4 ± 20.2
42.8 ± 23.1
32.8 ± 1.2
31.6 ± 2.0
26.5 ± 20.0
37.3 ± 2.3
60.3 ± 30.0
113.3 ± 10.6
74.4 ± 8.3
71.7 ± 15.0
62.4 ± 28.0
62.4 ± 10.3

AGB, Aboveground biomass (g m–2). BGB, Belowground biomass (g m–2; up to 5 cm depth). ±, Values indicate
standard deviation.

Table 3.

Mean values of MBC (n = 5) and Rs (n = 10) of herbaceous and grass covers
MBC

Month
January
February
March
April
May
June
July
August
September
October
November
December

Rs

Herbaceous cover

Grass cover

158.3 ± 2.5
106.0 ± 8.0
117.5 ± 1.3
124.7 ± 5.5
151.3 ± 3.1
209.3 ± 2.3
268.0 ± 8.0
343.3 ± 20.8
305.3 ± 3.8
215.3 ± 2.9
160.0 ± 2.0
148.0 ± 12.0

98.0 ± 3.5
96.2 ± 5.8
65.3 ± 3.1
60.0 ± 2.0
72.0 ± 5.3
170.0 ± 2.0
230.6 ± 18.0
234.6 ± 12.2
220.5 ± 11.0
210.0 ± 9.2
167.3 ± 1.2
155.3 ± 69

Herbaceous cover
11.7 ± 1.1
12.6 ± 5.8
14.1 ± 1.1
13.5 ± 1.1
14.1 ± 1.3
13.8 ± 1.3
13.3 ± 0.8
15.4 ± 1.5
12.8 ± 1.5
15.3 ± 0.9
12.1 ± 0.8
11.8 ± 1.4

Grass cover
10.5 ± 0.4
12.4 ± 0.5
14.1 ± 0.3
12.3 ± 0.2
11.8 ± 0.2
12.8 ± 0.1
13.0 ± 0.2
15.2 ± 0.3
12.0 ± 0.1
15.3 ± 0.2
12.0 ± 0.3
11.9 ± 0.1

MBC, Microbial biomass carbon (mg kg–1). Rs, Soil respiration (g CO2 m–2 day–1). ±, Values indicate standard
deviation.

to the cyclical pattern of ephemeral vegetation. Species
occurrence in this cover was affected by the life-cycle
pattern of each species. Peak production of biomass by a
species was coupled to its life cycle. These differences
showed an impact on AGB values of herbaceous cover.
AGB in both the covers was higher during monsoon and
lower in summer. This was a typical seasonality impact
mostly influenced by the water availability. BGB was
relatively higher in herbaceous cover compared to grass
cover. BGB values in the present study were less compared to published reports13,28. Ratio of BGB/AGB in
both these covers was an indication that the soils are
nutrient-rich29. Differences in AGB and BGB allocation
indicated the functional difference in both these ground
covers. Similar to earlier findings30–33, BGB was higher
during monsoon in both the covers. The quantity and periodicity of addition of dead biomass to the soils are influenced by the biomass produced in both the covers.
Ephemeral nature of herbaceous cover increased inputs of
CURRENT SCIENCE, VOL. 101, NO. 6, 25 SEPTEMBER 2011

organic carbon into these soils. Addition of similar quantities of dead biomass (within a year) was unlikely in the
grass cover owing to its longer duration of stay. Variations in the addition of organic carbon to the soil have
affected the values of the measured parameters.
Rs values of both the covers were higher than those
reported34, indicating the dynamics of tropical ground
cover. Rs values measured in the present study include
both autotrophic and heterotrophic respiration. It is controlled by organic carbon inputs (fresh and/or dead) and
their decomposability. Earlier reports mentioned that Rs is
influenced by photosynthetic assimilate supply17,35. A
higher Rs value during monsoon seen in the present study
(in both the covers) was attributed to higher biomass production, which increases fresh inputs into the soil. Earlier
studies36,37 also reported that high rate of CO2 released
during the rainy season could be due to a congenial environment for the microorganisms dwelling in the soil decomposing organic matter. Low rate of CO2 release from
779
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Table 4.

Mean values (n = 5) of SOC and DOC of herbaceous and grass covers
SOC

Month
January
February
March
April
May
June
July
August
September
October
November
December

DOC

Herbaceous cover

Grass cover

22.0 ± 2.8
18.9 ± 3.5
18.9 ± 2.2
20.2 ± 3.2
20.4 ± 3.2
21.0 ± 2.5
20.5 ± 4.5
23.2 ± 4.8
15.6 ± 3.9
17.8 ± 3.0
16.2 ± 3.4
17.0 ± 3.4

7.8 ± 0.2
8.8 ± 0.1
9.2 ± 0.1
9.6 ± 0.2
9.8 ± 0.1
9.1 ± 0.1
9.6 ± 0.1
9.8 ± 0.1
9.0 ± 0.1
9.6 ± 0.1
8.7 ± 0.1
8.6 ± 0.3

Herbaceous cover
114.7 ± 0.8
119.3 ± 0.1
116.0 ± 2.5
98.0 ± 3.2
108.3 ± 1.5
140.7 ± 0.6
151.3 ± 1.6
168.7 ± 2.2
168.3 ± 19.1
152.7 ± 7.4
162.76 ± 5.6
138.0 ± 3.2

Grass cover
112.0 ± 2.3
106.0 ± 1.8
118.4 ± 2.3
92.0 ± 1.2
140.0 ± 10.5
145.3 ± 8.5
170.6 ± 11.5
152.0 ± 5.8
185.0 ± 30.0
159.3 ± 6.4
151.0 ± 2.3
124.0 ± 1.5

SOC, Soil organic carbon (g kg–1). DOC, Dissolved organic carbon (mg kg–1). ±, Values indicate standard deviation.

Figure 1. Correlation between AGB and BGB (a), BGB and MBC (b), and MBC and DOC (c) of C4 cover. AGB, Aboveground biomass; BGB,
Belowground biomass; MBC, Microbial biomass carbon and DOC, Dissolved organic carbon.

the soil in the summer months in grass and herbaceous
covers seen in the present study is attributed to low moisture content of the soil, temperature and relative humidity,
thereby inhibiting the microbial activity and decomposition36,38.
Like Rs, DOC in both the covers showed higher values
during monsoon, coinciding with biomass production.
Higher values of DOC had a positive impact on MBC
(Figures 1 and 2). Higher BGB and MBC also seen during this season correlate with these values (Figures 1 and
2). The microbial contribution to Rs has been shown to
respond more rapidly and sensitively to assimilate supply39–41. MBC values in the present study were maximum
during monsoon moving together with fresh inputs, and
this coincided with Rs values during monsoon. Rs values
were relatively higher in herbaceous cover. This was correlated with more organic matter inputs (both fresh and
dead; Figure 2 and Table 2). In grass cover longevity of
standing biomass lessened dead matter input. Input fall in
this cover can also be attributed to larger maintenance
costs of higher AGB42. Lesser Rs values in winter and
780

summer seen in both the covers were attributed to a fall
in fresh inputs and slower utilization of dead organic matter. An earlier study18 reported that half of the biological
activity in the soil is fuelled by carbon that is fixed
through photosynthesis in few hours (grasslands), and the
other half by dead organic matter supplied as litter that is
fixed months or years earlier. From the Rs values of the
present study it can be concluded that in the tropics with
similar ground cover, 50 : 50 division of soil biological
activity for the supplied C cannot be seen. It differs as
organic matter inputs are controlled by the life-cycle
dynamics and functional type (C3/C4) variations.
MBC was more in herbaceous cover compared to grass
cover. This was attributed to higher chemical diversity
(coming from a large number of species) and higher dead
organic matter inputs. Stimulation of soil microbial biomass/activity by organic carbon inputs has been well
documented43–47. In the present study, a positive relationship was observed between BGB and MBC. This is
expected as roots are immediate sources for fresh inputs.
Fine root turnover also adds easily decomposable organic
CURRENT SCIENCE, VOL. 101, NO. 6, 25 SEPTEMBER 2011
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Figure 2.

Correlation between MBC and DOC (a) and BGB and MBC (b) of C3 cover.

Figure 3.

Box plots of AGB, BGB, SOC (soil organic carbon) and MBC.

matter affecting MBC. Organic matter in the soils can be
easily utilized by microbes as coming from fresh inputs
or from partly decomposed structures. Increased soil C
inputs enhance soil microbial activity/MBC12.
SOC values were remarkably different between the two
covers. An earlier study48 reported that plant functional
traits regulate net soil carbon storage by controlling carCURRENT SCIENCE, VOL. 101, NO. 6, 25 SEPTEMBER 2011

bon assimilation, its transfer and storage in BGB, and its
release from the soil through respiration and leaching.
Higher SOC values in herbaceous cover reflect its ability
to hold larger quantities of organic carbon improving soil
fertility. Relatively stable SOC values seen in grass
cover indicate that either the input of organic matter or
their proportion of expenditure remains uniform. Higher
781
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standing biomass throughout will also increase photosynthate spending for maintenance42. Unlike grass cover, input of fresh and dead organic matter into soils was
significantly different in herbaceous cover. Temporal differences in the completion of life cycle of ephemerals
have an impact on modulation/timing of inputs. All these
are reflected in the SOC values. The observed changes
could get accentuated in tropical soils covered with herbaceous (C3 functional type) ground cover because of
climate change (especially to rising CO2 levels). Both the
covers showed significant differences in all the measured
parameters across different seasons, indicating seasonal
impact. From the values of MBC, biomass inputs (into
soil), Rs and SOC in the two functional types of the present study, we can establish that there is a significant difference in the activities of important biological processes
in these two covers influencing SOC dynamics.
The study highlights significant differences in the
measured parameters in two different functional types of
ground cover. Measured parameters showed seasonal
variation. These differences were manifested in soil carbon dynamics beneath the respective covers. Observed
changes could get accentuated in tropical soils, especially
covered with herbaceous (C3 functional type) ground
cover because of climate change (rising CO2 levels).
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Cry1Ac expression in transgenic Bt
cotton hybrids is influenced by soil
moisture and depth
D. Blaise1,2,* and K. R. Kranthi1
1

Central Institute for Cotton Research, Nagpur 440 010, India
Present address: Indian Institute of Soil Science, Berasia Road,
Bhopal 462 038, India

2

Cry1Ac toxin concentration was assessed in leaves of
Bt transgenic cotton hybrid grown on shallow (<60 cm)
and deep (>90 cm) black soils of Nagpur, Maharashtra, India. Cry toxin concentration increased up to 80
days after sowing followed by a steep decline. In general, toxin concentration was greater on the deep black
soils than the shallow soil. This was because of greater
water-holding capacity of the deep soils. Cry toxin
concentration was closely related to the soil water content. Beyond (excess moisture) and below (moisture
deficit) field capacity, toxin concentration declined. A
cubic polynomial best described the relationship
between Cry toxin concentration and soil moisture
content (R2 = 0.95).
Keywords: Bt cotton hybrid, black and shallow soil,
Cry toxin, soil moisture.
COTTON cultivation, in India, was transformed after the
introduction of Bt cotton hybrids. At present, almost the
entire cotton acreage is planted under Bt transgenic hybrids.
Consequently, productivity in the post-Bt era increased
from 303 kg/ha in 2001–02 to 526 kg lint/ha in 2008–09
(ref. 1). Compared to the world average, however, productivity levels are still low mainly because of the abiotic
constraints2. Most of the cotton grown in the country is
rain-dependent and the crop experiences moisture stress.
Furthermore, cotton is grown on soils of varying depths,
and it has been observed that productivity is better on
deep Vertisols compared to the shallow soils because the
former has a better water-holding capacity3. Apart from
productivity being affected, Cry toxin expression may
also be affected. Water stress has been reported to affect
expression of transgenes in transgenic crops such as
maize4, peas5 and cotton6–8. This has serious implications:
(i) ineffective pest control; (ii) pest becoming resistant to
the Bt toxin, and (iii) high pesticide use. Kranthi et al.9
demonstrated that the toxin expression declined with crop
age in all the Bt hybrids tested. Under rainfed conditions
of central India, rains cease early in September. Thus, the
crops grown in deep Vertisols are less likely to experience moisture stress than those grown on shallow soils.
However, the impact on the Cry toxin production is less
known. To address this issue field studies were conducted
to assess the effect of soil depth on Cry toxin expression.
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