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Abstract 

Here is a fact that surprises many agronomists outside the tropics: a well-managed stand of dhaincha 

(Sesbania aculeata) can fix 158 kg N ha⁻¹ in just 12 weeks more nitrogen than most cereal farmers in 

the US Corn Belt apply as synthetic fertiliser. This research evaluated three tropical green manure 

species (sunn hemp, cowpea, and dhaincha) for nitrogen fixation capacity, biomass production, and 

subsequent soil improvement on a Morrow-series silt loam at Starkville, Mississippi, during 2023. A 

randomised block design with four replications compared the three species against a bare fallow 

control. Dhaincha fixed the most N (158 kg ha⁻¹ by 12 weeks), followed by sunn hemp (153 kg ha⁻¹) 
and cowpea (127 kg ha⁻¹). Following incorporation, soil organic carbon at 0–15 cm rose by 0.14–0.21% 

over the fallow, and available N increased by 34–47 kg ha⁻¹ within six weeks. These results 
demonstrate that tropical green manure species can deliver a full season’s worth of N in a short summer 
window, making them practical cover-crop options for southern US cropping systems. 

 
Keywords: Green manure, nitrogen fixation, soil improvement, tropical legumes, sunn hemp, cowpea, 

dhaincha, cover crops, soil organic carbon, southern United States 

 

Introduction 

Most American farmers know cover crops as a winter thing — rye or crimson clover planted 

after the cash crop and killed before spring planting. But in the warm, long-season South, 

there’s a different window: the 10–14 weeks between wheat harvest and fall crop 

establishment, when fields sit bare and vulnerable to erosion [1]. Tropical green manure 

legumes, bred for fast growth in heat, can fill that gap and fix meaningful amounts of 

nitrogen in the process [2]. 

Sunn hemp (Crotalaria juncea), cowpea (Vigna unguiculata), and dhaincha (Sesbania 

aculeata) are the three species most commonly trialled in the southeastern US. All are frost-

sensitive annuals that germinate rapidly at soil temperatures above 20 °C and nodulate with 

native or introduced Bradyrhizobium strains [3]. Published N fixation estimates for these 

species range from 80 to over 200 kg ha⁻¹, depending on soil type, climate, and management 
[4]. But head-to-head comparisons under identical field conditions in the Mississippi Delta are 

scarce. 

This research grew all three species side by side at Starkville, measured their biomass and N 

fixation at three-week intervals, and tracked the soil-quality effects of their incorporation 

over the following six weeks. The aim was to identify which species offers the best 

combination of N supply and soil improvement in the short summer fallow window available 

to Delta farmers. 

 

Carbon and Greenhouse Gas Accounting 

Aboveground biomass carbon was estimated by multiplying oven-dry biomass by 0.42 (the 

average C fraction for legume herbage) [5]. Soil CO₂ efflux was measured weekly for six 
weeks after incorporation using static chambers (PVC, 20 cm diameter) and infrared gas 

analysis. Cumulative CO₂ emissions were converted to CO₂-equivalents. Net carbon balance 

was calculated as biomass C incorporated minus C lost as CO₂ over the six-week 

decomposition window. All three green manure treatments showed a positive net C balance, 

 

 International  Journal  of  Agriculture and Nutrition  2025; 7(12):  157-160 

 

https://www.agriculturejournal.net/
https://www.doi.org/10.33545/26646064.2025.v7.i12c.550


 

~ 158 ~ 

International Journal of Agriculture and Nutrition https://www.agriculturejournal.net 
 

with dhaincha retaining the most C in soil (+0.87 Mg C 

ha⁻¹) due to its higher lignin content slowing decomposition. 
 

Soil Biodiversity Assessment 

Earthworm counts and microbial biomass carbon 

(fumigation-extraction method) were measured at 

incorporation and six weeks later. Green manure plots 

hosted 2.3–3.1 times more earthworms than fallow (mean 47 

vs 17 individuals m⁻²). Microbial biomass C rose from 186 

mg kg⁻¹ in fallow to 268–312 mg kg⁻¹ under green manure, 
with dhaincha producing the highest value, likely because 

its woody stems provided a sustained carbon source for 

microbial communities [6]. 

 

Materials and Methods 

Materials: The trial was conducted at the Mississippi Delta 

Institute of Agriculture, Starkville (33°28′N, 88°48′W; 102 
m elevation), on a Morrow silt loam (Typic Hapludalf, pH 

6.4, OC 1.08%, available N 124 kg ha⁻¹). Seeds of sunn 

hemp (cv. Tropic Sun), cowpea (cv. Iron Clay), and 

dhaincha (local ecotype) were drill-sown on 15 June 2023 at 

45 cm row spacing; seeding rates were 45, 56, and 40 kg 

ha⁻¹ respectively. Plot size was 6 m × 5 m with four 
replications. No fertiliser or inoculant was applied. 

 

Methods 

Aboveground biomass was harvested from 1 m² quadrats at 

3, 6, 9, and 12 weeks after sowing, oven-dried at 65 °C, and 

weighed. Total N in biomass was determined by Kjeldahl [7]. 

Biological N fixation was estimated by the N-difference 

method, using a non-fixing reference (grain sorghum). At 12 

weeks, all plots were flail-mowed and incorporated by disc. 

Soil samples (0–15 cm) were taken at incorporation and at 3 

and 6 weeks post-incorporation for mineral N, organic C, 

and microbial biomass C. Data were analysed by ANOVA 

in R (v4.3.1) with Tukey’s HSD at p = 0.05. 
 

Results 

 
Table 1: Biomass production, N fixation, and soil improvement by three green manure species at Starkville, Mississippi 

 

Parameter Sunn Hemp Cowpea Dhaincha 

Dry biomass 12 wk (t ha⁻¹) 7.84 5.62 8.47 

Total N in biomass (kg ha⁻¹) 168 141 176 

Estimated N fixed (kg ha⁻¹) 153 127 158 

Soil ΔOC 0-15 cm (%) + 0.17 + 0.14 + 0.21 

Soil Δmineral N (kg ha⁻¹) + 42 + 34 + 47 

Earthworms (m⁻²) 43 38 54 

MBC (mg kg⁻¹) 284 268 312 

Net C balance (Mg C ha⁻¹) +0.71 +0.54 +0.87 

MBC = microbial biomass carbon. Δ = change from pre-incorporation to 6 weeks post-incorporation. Fallow ΔOC = –0.02%; fallow 

Δmineral N = –8 kg ha⁻¹. 
 

 
 

Fig 1: Cumulative nitrogen fixed (kg ha⁻¹) over 12 weeks for three green manure species at Starkville. Shaded areas represent accumulation 

curves; dhaincha and sunn hemp converge near harvest. 
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Fig 2: Hierarchical diagram showing the pathways through which green manure incorporation improves soil health and supports sustainable 

crop production. 

 

Comprehensive Interpretation 

Dhaincha produced the most biomass (8.47 t ha⁻¹) and fixed 
the most N (158 kg ha⁻¹), edging past sunn hemp (153 kg N) 
despite similar growth rates during the first six weeks. The 

difference emerged in weeks 7–12, when dhaincha’s woody 
stem elongation outpaced sunn hemp’s predominantly leafy 
growth. Cowpea, though fixing less total N, produced 

biomass with a lower C:N ratio (14:1 vs 22:1 for dhaincha), 

meaning its N became plant-available faster after 

incorporation. The choice between species depends on 

whether the farmer values rapid N release (cowpea) or 

maximum total N plus soil C accrual (dhaincha). 

 

Discussion 

The 127–158 kg N ha⁻¹ fixed by these species in 12 weeks 

matches the 100–180 kg range reported by Cherr et al. [4] for 

tropical legume cover crops in the southeastern US. 

Dhaincha’s slight advantage is consistent with Sesbania’s 
reputation as one of the fastest N-fixing genera in the 

tropics, attributed to its ability to form both root and stem 

nodules [8]. Sunn hemp’s performance was nearly identical, 
and its allelopathic properties against nematodes [9] may 

give it an edge on fields with root-knot nematode pressure. 

The positive net C balance (0.54–0.87 Mg C ha⁻¹) is 
encouraging for climate-smart agriculture goals, though it 

must be verified over multiple seasons, since a single 

incorporation event raises labile C that may be respired 

within the next crop cycle [5]. Multi-year trials tracking 

stable soil organic C fractions would clarify whether the 

gains persist. 

For Delta farmers, the practical recommendation is dhaincha 

or sunn hemp drilled immediately after wheat harvest in 

mid-June, incorporated at 12 weeks (mid-September), and 

followed by a fall crop or left as residue over winter. The 

150+ kg ha⁻¹ of fixed N can replace most or all synthetic N 
for the next corn or cotton crop. 

 

Conclusion 
Dhaincha and sunn hemp each fixed over 150 kg N ha⁻¹ in 
12 weeks under Mississippi Delta conditions, while also 

adding 0.17–0.21% to soil organic carbon and boosting soil 

biological activity. Cowpea fixed less total N but released it 

faster after incorporation. All three species outperformed 

bare fallow on every soil health indicator measured. 

These results support incorporating tropical green manure 

legumes into the summer fallow window of southern US 

cropping systems as a practical, low-cost strategy for 

reducing synthetic N dependence and building soil organic 

matter. 
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