
Carbon stock dynamics in soil as influenced by perennial grass-legume 
mixtures in southern dry zone of Karnataka
R. K. Muttappanavar1*, B. G. Shekara2, R. K. Agrawal3 and N. M. Chikkarugi2

1University of Agricultural Sciences, GKVK, Bengaluru-560065, India
2AICRP on Forage Crops, Zonal Agricultural Research Station, Mandya-571405, India
3AICRP on Forage Crops and Utilization, ICAR-IGFRI, Jhansi-284003, India
*Corresponding author email: roopakm6813@gmail.com 

Received: 16th October, 2023	 Accepted: 23rd September, 2024

© Range Management Society of India

Research article

Range Management and Agroforestry 45 (2) : 314-320, 2024
ISSN 0971-2070 (Print); 2249-5231 (Online)
https://doi.org/10.59515/rma.2024.v45.i2.17

Abstract
A field experiment was conducted at Zonal Agricultural Research Station, Vishweshwaraiah Canal Farm, Mandya, University of 
Agricultural Sciences, Bangalore from July 2020 to June 2022 to study the carbon stock dynamics in soil as influenced by different 
perennial grass-legume mixtures in southern dry zone of Karnataka. The experiment was laid out in a randomized complete block 
design comprising of twelve treatments and replicated thrice. The data revealed that among different grass-legume mixtures, 
paired row system of B×N hybrid + Desmanthus (2:5) recorded considerably higher credit of soil organic carbon (0.018%) and 
carbon sequestration in soil (1.12 Mg ha-1) followed by paired row system of Guinea grass + Desmanthus (2:3) (0.016% and 0.99 
Mg ha-1, respectively) at the end of the second year. Further, significantly higher green fodder, dry matter and crude protein yield 
(1802.7, 355.7 and 41.5 q ha-1 year-1, respectively), gross and net returns (Rs. 3,44,072 and 2,58,752 ha-1 year-1, respectively) as well 
as benefit cost ratio (4.05) were observed with paired row system of B×N hybrid + Desmanthus (2:5) cropping system on a pooled 
basis which was on par with paired row system of Guinea grass + Desmanthus (2:3) with respect to crude protein yield (38.3 q 
ha-1 year-1) and B:C ratio (3.67) as compared to other grass-legume mixtures. Considering these results, B×N hybrid paired row 
+ Desmanthus (2:5) followed by Guinea grass paired row + Desmanthus (2:3) were found as the most promising fodder cropping 
systems for meeting both farmer needs and soil sustainability.
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Introduction
Soil organic carbon (SOC) plays a major role in the 
soil’s biological, chemical and physical properties and 
aggregation between soil particles largely may help 
in preventing soil structural degradation, thereby 
increasing the physical stability (Lal, 2003). Maintaining 
optimum levels of soil organic carbon is vital for soil 
quality, increased water retention capacity, nutrient 
enrichment and soil faunal activity, thereby increasing 
soil fertility and crop productivity (Ghosh and Mahanta, 
2014; Ghosh et al., 2022). Increasing carbon sequestration 
in agricultural soils and making soil a net sink for 
atmospheric carbon can be achieved by adoption of 
scientific management practices (Jiang et al., 2006). Long-
term experiments related to the field have been conducted 
to study changes in the sustainability of crop production 
in relation to the physical, chemical and biological 
properties of soils and to establish the effects of manure 

and fertilizer application on the soil organic carbon 
(Meng et al., 2005) and carbon sequestration (Anonymous, 
2005). Studies on carbon sequestration through fodder 
crops have also been done in few locations, but the 
documentation of the study results is very meager. 
Hence, in the present study, cultivation of perennial 
grass/ cereal fodder crops viz., B×N hybrid, guinea grass 
and perennial fodder sorghum and their mixture with 
perennial fodder legume Desmanthus at different row 
ratios were assessed to study the carbon stock dynamics 
in soils of the southern dry zone of Karnataka. 

Materials and Methods 

Location of the study: A field experiment was conducted 
during 2020-21 and 2021-22 at Zonal Agricultural 
Research Station, Vishweshwaraiah Canal Farm, Mandya, 
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University of Agricultural Sciences, Bangalore from July 
2020 to June 2022 to study the carbon stock dynamics in 
soils as influenced by perennial grass-legume mixtures 
in Southern dry zone of Karnataka under irrigated 
condition. The soil of the experimental site was sandy 
loam and is derived from granite-gneiss under sub 
Tropical semi-arid climate. These soils are classified as 
fine, kaolinitic, is hyperthermic, Typic Kandiustalf as 
per USDA classification. The soil of the experimental site 
was neutral in reaction (7.44) with electrical conductivity 
of 0.38 dS m-1, medium in organic carbon (0.51%), low in 
available nitrogen (263.42 kg ha-1), medium in available 
phosphorous (47.61 kg ha-1) and potassium (161.28 kg 
ha-1).

Treatments: The experiment was laid out in randomized 
complete block design with three replications, comprising 
of twelve treatments viz., T1: B×N hybrid + Desmanthus 
(1:1), T2: B×N hybrid + Desmanthus (2:1), T3: B×N hybrid + 
Desmanthus (paired row of B×N hybrid as 60 cm within 
the pair and 180 cm between the pair with 2:5 row ratio), 
T4: Guinea grass + Desmanthus (1:1), T5: Guinea grass + 
Desmanthus (2:1), T6: Guinea grass + Desmanthus (paired 
row of guinea grass as 45 cm within the pair and 120 
cm between the pair with 2:3 row ratio), T7: Perennial 
fodder sorghum + Desmanthus (4:1), T8: Perennial fodder 
sorghum + Desmanthus (8:2), T9: B×N hybrid (sole), T10: 
Guinea grass (sole), T11: Perennial fodder sorghum (sole) 
and T12: Desmanthus (sole). B×N hybrid grass, guinea grass 
and perennial fodder sorghum are the most preferred 
perennial fodder grasses and cereal fodders in the 
southern dry zone of Karnataka, owing to their fast-
growing nature and higher productivity from a limited 
area. Desmanthus is a perennial fodder legume which is 
a protein rich shrub suited to any kind of agro-climatic 
conditions. All the selected fodder species have properties 
of rapid field establishment, withstand heavy pruning, 
good regeneration capacity and are suitable for cut and 
carry method of feeding system. 

Crop establishment: Two nodded stem cuttings of 
B×N hybrid grass was planted in the furrow @ 1 sett per 
hill at a spacing of 90 cm × 60 cm in normal planting 
whereas 60 cm × 45 cm in paired system of planting (60 
cm within the pair and 180 cm between the pair). The 
rooted slips of guinea grass were planted in the furrow 
@ 2 rooted slips per hill at a spacing of 60 cm × 45 cm in 
normal planting whereas 45 cm × 30 cm in paired system 
of planting (45 cm within the pair and 120 cm between 
the pair) as per the treatment. Further, perennial fodder 
sorghum and Desmanthus were established using seeds 
with a spacing of 30 cm × 10 cm. The details of nutrients 
applied for each fodder crop was recorded (Table 1). The 
first cut for all the fodder crops was given at 75 days after 
planting and sowing by leaving stubbles of grasses and 
cereal at a height of 15 cm above the soil and 30 cm above 

the soil in Desmanthus and subsequent harvests were 
carried out at 45 days interval in B×N hybrid, perennial 
fodder sorghum and Desmanthus while 32 days interval 
in guinea grass. At the time of harvest, the green fodder 
yield of each fodder crop from the net plot area was 
recorded separately for seven cuts in B×N hybrid grass, 
perennial fodder sorghum and Desmanthus and nine cuts 
in guinea grass in the first year. Whereas in the second 
year, a total of eight cuts in B×N hybrid grass, perennial 
fodder sorghum and Desmanthus and eleven cuts in 
guinea grass were taken.

Observations recorded: Observations recorded on 
biomass yield (green fodder and dry matter yields), 
crude protein yield and carbon sequestration. The 
known quantity of sample was taken at each harvest 
and kept in a thermostatically controlled oven at 70 ± 
2°C temperature and dried till it attained constant weight 
for the computation of dry matter content. The fresh 
fodder yield from net plot area taken at each harvest was 
multiplied by the dry matter content and summed up to 
get the annual dry matter yield per hectare. The oven-
dried plant samples were ground thoroughly to pass 
through 2 mm sieve and used for analyzing the nitrogen. 
Total nitrogen of oven-dried samples from each harvest 
was determined by the micro Kjeldahl procedure and 
crude protein yield was calculated by multiplying with 
dry matter yield from each harvest and summed up to 
get annual crude protein yield per hectare.

Carbon sequestration: The concentration of carbon 
accumulated in the experimental field was estimated 
before and after the cropping period during 2020-21 
and 2021-22. In addition, soil organic carbon (SOC) 
concentration during the initial period of the experiment 
(2020-21) was taken for comparison of carbon stock 
dynamics in the soil of the experimental field. The field 
was dug out up to 30 cm depth and soil samples were 
collected by using a core sampler. Then, soil samples 
were analyzed in the laboratory. Data on bulk density 
and carbon concentrations were used to compute the 
amount of carbon per unit area (Pearson et al., 2007). For 
the mineral soil, the amount of carbon per unit area was 
calculated by the formula: C (Mg ha-1) = [Soil bulk density 
(g cm-3) × soil depth (cm) × % C] × 100; In this equation, 
percent carbon was expressed as a decimal fraction; for 
example, 2.2 % C was expressed as 0.022. The equation 
was applied to convert the mean SOC to CO2 equivalents 
per unit area (IPCC, 2003); Csoc = SOC × 44/12, Where 
Csoc = SOC in terms of CO2 equivalent (Mg ha-1); SOC = 
Carbon sequestration (Mg ha-1); 44/12= ratio of molecular 
weight of CO2 to carbon.

Economics and statistical analysis: The economics 
of cultivation was worked out based on the cost of 
cultivation and the prevailing market price of green 
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fodder. The experimental data generated from the 
experiment were subjected to statistical analysis by 
adopting Fisher’s method of analysis of variance as 
outlined by Gomez and Gomez (1984) for randomized 
complete block design. Wherever ‘F’ test was significant 
for comparison among the treatment means, a critical 
difference (CD) at 5% level of probability was worked out.

Results and Discussion

Green fodder yield: The perennial cropping systems 
involving grass + legume intercropping recorded higher 
total green fodder yield as compared to sole cropping 
system (Table 2). Among different cropping systems based 
on pooled analysis, paired row system of B×N hybrid + 
Desmanthus (2:5) (Paired row: 60 cm x 180 cm) recorded 
significantly higher total green fodder yield (1802.7 q 
ha-1 year-1), which was found on par with B×N hybrid 
+ Desmanthus in 1:1 and 2:1 row ratio (1653.5 and 1584.7 
q ha-1 year-1, respectively) as compared to other fodder 
cropping systems. The magnitude of increase in total 
green fodder yield in paired row system of B×N hybrid + 
Desmanthus, B×N hybrid + Desmanthus in 1:1 and 2:1 row 
ratio was to the tune of 123, 105 and 96%, respectively, 
over sole Desmanthus. The sole crop of Desmanthus 
recorded significantly lower green fodder yield (807.4 
q ha-1 year-1) on a pooled basis. A similar trend was 
observed during both years of study. The complementary 
nature of legume intercrop under these cropping systems 
might have resulted in efficient utilization of available 
resources like nutrients, water and solar energy, which 
led to higher plant height, leaf stem ratio and dry matter 
accumulation besides additional nitrogen supply by 
legume crops through atmospheric nitrogen fixation due 
to more proportion of legume component in a paired row 
system. The lower green fodder yield in sole Desmanthus 
might be due to the lower genetic yield potential of a 
legume crop as compared to cereal fodder crops. These 
results were in accordance with the earlier findings (Patil 
et al., 2018; Kumar et al., 2021; Manoj et al., 2021; Thomas 
et al., 2021a; 2021b).

Dry matter yield: Among different fodder cropping 
systems, paired row system of B×N hybrid + Desmanthus 

(2:5) (Paired row: 60 cm x 180 cm) recorded significantly 
higher total dry matter yield of 355.7 q ha-1 year-1 and 
found on par with perennial system of B×N hybrid + 
Desmanthus in 1:1 and 1:2 row ratio (324.4 and 311.8 q ha-1 
year-1, respectively) followed by paired system of Guinea 
grass + Desmanthus (2:3) and sole crop of B×N hybrid 
(309.9 and 305.6 q ha-1 year-1, respectively) as compared 
to other fodder cropping systems on pooled basis (Table 
2). The magnitude of increase in total dry matter yield 
in a paired row system of B×N hybrid + Desmanthus (2:5) 
was to the tune of 120 and 16% over sole Desmanthus 
and B×N hybrid, respectively. Whereas, the sole crop of 
Desmanthus recorded significantly lower total dry matter 
yield (161.4 q ha-1 year-1). A similar trend was noticed 
during both the years of experimentation. The higher 
total dry matter yield in perennial fodder intercropping 
system modules might be due to the higher green fodder 
yield of the component crops, even with considerably 
lower dry matter content. The lower total dry matter 
yield in sole Desmanthus, even with medium dry matter 
content might be due to lesser green fodder yield as 
compared to the other crops and cropping systems. 
These results were confined to the findings of Kumar 
et al. (2021), Manoj et al. (2021), Thomas et al. (2021a) and 
Thomas et al. (2021b).

Crude protein yield: Among different cropping systems, 
the paired row system of B×N hybrid + Desmanthus (60 
cm within the pair × 180 cm between the pair) resulted 
in significantly higher total crude protein yield (41.5 q 
ha-1 year-1) which was at par with paired row system of 
Guinea grass + Desmanthus (45 cm within the pair × 120 
cm between the pair) with a crude protein yield of 38.3 
q ha-1 year-1 on pooled basis (Table 2). The magnitude 
of increase in total crude protein yield in a paired 
system of B×N hybrid + Desmanthus (2:5) and Guinea 
grass + Desmanthus (2:3) was to the tune of 48 and 45%, 
respectively over sole B×N hybrid and sole guinea grass, 
respectively. On the other hand, significantly lower crude 
protein yield was noticed with sole fodder sorghum (22.1 
q ha-1 year-1) followed by Sorghum + Desmanthus in 8:2 
and 4:1 row ratio (22.5 and 22.4 q ha-1 year-1, respectively) 
cultivated throughout the year. The trend was similar 
during both years of study. The crude protein yield is the 
function of dry matter yield and crude protein content 

Table 1. Details of nutrients applied for each perennial fodder crop

Crops 
Nutrients applied (kg ha-1 year-1) 

FYM (t ha-1)
Total (N:P2O5:K2O) Basal (N:P2O5:K2O) N top dress after each cut 

Desmanthus 25:50:25 25:50:25 - 10

B×N hybrid 180:120:80 18:120:80 27 20

Guinea grass 200:50:25 20:50:25 22.5 25

Perennial fodder sorghum 180:50:40 45:50:40 22.5 10
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Table 2. Green fodder, dry matter and crude protein yield of different perennial grass-legume mixtures

Treatments

Green fodder yield Dry matter yield Crude protein yield

(q* ha-1 year-1) 

1st year 2nd year Mean 1st year 2nd year Mean 1st year 2nd year Mean

T1 1574.9 1732.1 1653.5 310.6 338.1 324.4 31.9 35.0 33.4

T2 1509.3 1660.1 1584.7 297.5 326.0 311.8 28.6 31.7 30.1

T3 1717.2 1888.3 1802.7 339.6 371.9 355.7 39.5 43.5 41.5

T4 1363.8 1521.3 1442.6 284.0 316.2 300.1 33.7 37.4 35.5

T5 1278.6 1452.9 1365.8 267.9 304.0 286.0 29.4 33.4 31.4

T6 1399.7 1582.6 1491.1 291.5 328.2 309.9 36.0 40.6 38.3

T7 1030.0 1132.8 1081.4 233.7 257.6 245.6 21.2 23.6 22.4

T8 1065.3 1171.7 1118.5 243.2 268.1 255.7 21.3 23.7 22.5

T9 1471.5 1623.6 1547.6 291.0 320.1 305.6 26.7 29.6 28.1

T10 1168.3 1349.9 1259.1 246.9 284.7 265.8 24.4 28.3 26.4

T11 1117.1 1228.7 1172.9 256.8 283.1 269.9 20.9 23.3 22.1

T12 769.5 845.3 807.4 154.2 168.5 161.4 31.4 34.5 33.0

SEM 74.4 82.6 75.8 18.5 18.0 17.2 1.9 2.0 1.8

CD (p < 0.05) 218.3 242.4 222.2 54.4 52.7 50.6 5.5 5.8 5.2

*10 quintals (q) = 1 ton; T1: B×N hybrid + Desmanthus (1:1); T2: B×N hybrid + Desmanthus (2:1); T3: B×N hybrid + Desmanthus (2:5) (paired row: 60 
cm x 180 cm); T4: Guinea grass + Desmanthus (1:1); T5: Guinea grass + Desmanthus (2:1); T6: Guinea grass + Desmanthus (2:3) (paired row: 45 cm x 
120 cm); T7: Perennial fodder sorghum + Desmanthus (4:1); T8: Perennial fodder sorghum + Desmanthus (8:2); T9: B×N hybrid (sole); T10: Guinea 
grass (sole); T11: Perennial fodder sorghum (sole); T12: Desmanthus (sole)

of the fodder. The higher crude protein yield in a paired 
row system of B×N hybrid + Desmanthus (2:5) and Guinea 
grass + Desmanthus (2:3) was mainly due to the higher dry 
matter yield of the main crop and higher crude protein 
content of the intercrop of Desmanthus, which resulted 
in higher total crude protein yield of the system. The 
significantly lower crude protein yield in sorghum was 
mainly due to the lower content of crude protein even 
with a considerable amount of dry matter content and 
dry matter yield. These results were in conformity with 
the findings of Suksombat and Buakeeree (2006), Jha and 
Tiwari (2018), Hindoriya et al. (2019), Singh et al. (2019) and 
Manoj et al. (2020) and Thomas et al. (2021b). 

Soil organic carbon content: The data pertaining to 
soil organic carbon was also recorded (Table 3). Organic 
carbon is considered as a storehouse of nutrients, enzymes 
as well as antibiotics which plays an important role in 
maintaining soil health. All the fodder cropping systems 
showed an increasing sign of organic carbon content in 
the soil. Among different perennial fodder cropping 
systems, higher carbon credit was observed under paired 
row system of B×N hybrid + Desmanthus (2:5) cropping 
system (0.018%) followed by paired row system Guinea 
grass + Desmanthus (2:3) and B×N hybrid + Desmanthus in 
1:1 row ratio (0.016 and 0.014%, respectively). However, 
the lower carbon credit was noticed under the sole 
cropping of sorghum (0.008%) at the end of the second 

year. A similar trend was observed during the first year 
of study. The higher soil organic carbon content under 
these fodder cropping systems might be attributed to 
higher above-ground biomass, deeper and higher root 
biomass, reduced tillage, the addition of crop remaining 
and also the addition of nitrogen by legume crop through 
biological nitrogen fixation. These results corroborated 
the findings of earlier workers (Sivakumar et al., 2014; 
Ram, 2015; Bama and Babu, 2016; Meena et al., 2017; 
Sarkar et al., 2017; Patil et al., 2018; Manoj, 2020; Thomas 
et al., 2021b).

Carbon sequestration: The different fodder cropping 
systems had different potential for carbon sequestration 
in soil (Table 4). Among the cropping systems at the end 
of the second year, higher credit of carbon sequestration 
was observed under the paired row system of B×N hybrid 
+ Desmanthus (2:5) (1.12 Mg ha-1) followed by paired 
row system Guinea grass + Desmanthus (2:3) and B×N 
hybrid + Desmanthus in 1:1 row ratio (0.99 and 0.88 Mg 
ha-1, respectively). Lower carbon sequestration credit was 
noticed under the monocropping of sorghum (0.53 Mg ha-1). 
The increased soil organic carbon content might be the 
reason for higher carbon sequestration by these fodder 
cropping systems due to huge above ground biomass and 
addition of senescent leaves and post-harvest remainings 
into the soil (Walker and Borek, 2008). These results were 
in accordance with the findings of Sivakumar et al. (2014), 
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Table 3. Soil organic carbon content under different perennial grass-legume mixtures

Treatments
Soil organic carbon (%)

Initial (A) After 1st year (B) Credit (B-A) After 2nd year (C) Credit (C-B) Total credit (C-A)

T1 0.525 0.535 + 0.010 0.539 0.004 + 0.014

T2 0.507 0.516 + 0.009 0.519 0.003 + 0.012

T3 0.530 0.541 + 0.011 0.548 0.007 + 0.018

T4 0.522 0.531 + 0.009 0.535 0.004 + 0.013

T5 0.517 0.525 + 0.008 0.528 0.003 + 0.011

T6 0.527 0.537 + 0.010 0.543 0.006 + 0.016

T7 0.514 0.518 + 0.004 0.522 0.004 + 0.008

T8 0.513 0.519 + 0.006 0.522 0.003 + 0.009

T9 0.521 0.527 + 0.006 0.532 0.005 + 0.011

T10 0.516 0.521 + 0.005 0.525 0.004 + 0.009

T11 0.512 0.516 + 0.004 0.520 0.004 + 0.008

T12 0.519 0.524 + 0.005 0.528 0.004 + 0.009

Table 4. Carbon sequestration in soil and carbon dioxide equivalents per unit area under different perennial grass-
legume mixtures

Treatments
Carbon sequestration (Mg ha-1) Carbon dioxide equivalents (Mg ha-1)

Initial (A) After 1st 
year (B)

After 2nd 
year (C)

Total credit 
(C-A) Initial (A) After 1st 

year (B)
After 
2nd year (C)

Total credit 
(C-A)

T1 21.61 22.17 22.49 + 0.88 79.23 81.27 82.47 + 3.24

T2 20.99 21.52 21.77 + 0.78 76.96 78.90 79.81 + 2.85

T3 21.86 22.48 22.98 + 1.12 80.16 82.42 84.27 + 4.11

T4 21.52 22.03 22.31 + 0.79 78.90 80.78 81.80 + 2.91

T5 21.30 21.75 21.97 + 0.67 78.08 79.75 80.56 + 2.47

T6 21.80 22.36 22.79 + 0.99 79.94 81.99 83.56 + 3.62

T7 21.13 21.38 21.67 + 0.55 77.46 78.40 79.47 + 2.01

T8 21.21 21.53 21.75 + 0.54 77.76 78.96 79.76 + 2.00

T9 21.51 21.87 22.20 + 0.69 78.86 80.17 81.40 + 2.54

T10 21.25 21.57 21.83 + 0.58 77.93 79.09 80.04 + 2.11

T11 21.03 21.27 21.56 + 0.53 77.10 77.99 79.05 + 1.95

T12 21.47 21.76 22.03 + 0.56 78.73 79.77 80.79 + 2.06

Bama and Babu (2016), Prajapati (2017), Manoj (2020) and 
Thomas et al. (2021a).

Carbon dioxide (CO2) equivalents per unit area: 
The paired row system of B×N hybrid + Desmanthus (2:5) 
recorded higher credit of carbon dioxide equivalents 
per unit area (4.11 Mg ha-1) followed by paired row 
system Guinea grass + Desmanthus (2:3) and B×N hybrid 
+ Desmanthus in 1:1 row ratio (3.62 and 3.24 Mg ha-1, 
respectively) at the end of second year (Table 4). The lower 
credit of carbon dioxide equivalents per unit area was 

noticed under the monoculture of sorghum (1.95 Mg ha-1). 
The increased soil organic carbon content and carbon 
sequestration might be the reason for higher carbon 
dioxide equivalents per unit area. The similar kind of 
results was also reported by Prajapati (2017), Sarkar et 
al. (2017) and Manoj (2020).

Economics: Among different perennial grass-legume 
mixtures, the paired row system of B×N hybrid + 
Desmanthus (2:5) recorded significantly higher gross 
returns (Rs. 3,44,072 ha-1 year-1) (Table 5) and found on 
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Table 5. Economics of different perennial grass-legume 
mixtures (two years mean data)

Treatments 
Cost of 
cultivation 

Gross 
returns

Net 
returns B:C ratio

(Rs. ha-1 year-1)

T1 82995 300962 217968 3.64

T2 81059 282030 200971 3.49

T3 85320 344072 258752 4.05

T4 77366 272758 195392 3.54

T5 72841 249777 176937 3.44

T6 78511 287289 208778 3.67

T7 65058 196306 131248 3.02

T8 65730 200647 134917 3.06

T9 79969 270824 190855 3.40

T10 65605 220338 154733 3.37

T11 64076 205256 141180 3.21

T12 59790 201851 142061 3.39

SEM - 17834 17834 0.14

CD (p < 0.05) - 52309 52309 0.40

par with B×N hybrid + Desmanthus in 1:1 row proportion 
(Rs. 3,00,962 ha-1 year-1). In contrast, the lower gross 
returns were noticed with the Sorghum + Desmanthus 
(4:1) cropping system (Rs. 1,96,306 ha-1 year-1) (Table 
5). On the other hand, significantly higher net returns 
were registered with paired row system of B×N hybrid 
+ Desmanthus (2:5) (Rs. 2,58,752 ha-1 year-1), which was at 
par with B×N hybrid + Desmanthus in 1:1 row ratio and 
paired row system of Guinea grass + Desmanthus (2:3) (Rs. 
2,17,968 and Rs. 2,08,778 ha-1 year-1). Further, the lower net 
returns were observed with the Sorghum + Desmanthus 
(4:1) cropping system (Rs. 1,31,248 ha-1 year-1). However, 
a significantly higher benefit-cost ratio was recorded by 
the paired row system of B×N hybrid + Desmanthus (2:5) 
cropping system (4.05) and it was on par with the paired 
row system of Guinea grass + Desmanthus (2:3) (3.67). In 
contrast, a lower benefit-cost ratio was registered with 
sorghum + Desmanthus grown in 4:1 row proportion (3.02) 
followed by 8:2 row ratio (3.06). The higher gross returns, 
net returns and benefit-cost ratio were mainly attributed 
to higher green fodder yield. These results were in line 
with the findings of Patil et al., (2018), Vinothraj et al., 
(2019), Manoj et al., (2020), Thomas et al., (2021a; 2021b).

Conclusion
The present study revealed the potentiality of perennial 
fodder grass-legume mixtures under intensively 
managed cut and carry feeding systems to yield high-

quality fodder along with higher credit of carbon 
sequestration as compared to conventional grass or 
legume monoculture. The monoculture of B×N hybrid 
and guinea grass is the current popular system among 
the farmers in the locality, and both are higher yielders 
of dry matter, but fodder quality was much lower. Hence, 
considering the credit of soil organic carbon content, 
carbon sequestration, biomass yield, quality yield and 
benefit-cost ratio, the grass-legume mixture of B×N hybrid 
paired row + Desmanthus (2:5) followed by Guinea grass 
paired row + Desmanthus (2:3) was found to be the most 
promising systems for meeting both farmers need as well 
as soil sustainability.
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