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Agroforestry is one of the most important land use systems for deriving 
multiple benefits from its multiple components, in which woody perennials are 
deliberately integrated with crops on the same piece of land. In this context, the 
integration of high-value timber species, such as teak (Tectona grandis), and 
nutrient-rich fruit trees, such as aonla (Phyllanthus emblica), holds considerable 
promise for the development of sustainable and climate-resilient 
agroecosystems. Agroforestry holds significant potential for addressing climate 
change by facilitating long-term carbon sequestration in both tree biomass and 

soil. This dual capability makes it one of the most impactful strategies for mitigating the effects of a 
changing climate. Carbon dynamics within agroforestry system are an essential topic in recent 
research, particularly for understanding below-ground processes. The rhizosphere microbiome 
associated with trees and crops plays a crucial role in regulating soil carbon transformations, 
nutrient cycling, and overall soil health. A diverse and functionally active microbial community in 
the rhizosphere can enhance carbon stabilization, nutrient recycling, and system resilience, 
contributing to sustainable development goals and net-zero emissions in agroecosystems. 
Therefore, exploring carbon dynamics and the role of the rhizosphere microbiome is vital for 
maximizing carbon sequestration potential and leveraging microbiome benefits to improve long 
term productivity and sustainability. The composition of the belowground microbiome plays a 
crucial role in determining the fate of carbon in the soil. Gaining a thorough understanding of the 
rhizosphere microbiome associated with agroforestry trees is essential.  This knowledge not only 
addresses current research gaps but also aids in developing targeted research strategies to help 
fulfil the multiple objectives expected of agroforestry in the future.

I am pleased to learn that the authors have been working on the cutting edge science of carbon 
dynamics and rhizosphere microbiome in agroforestry under an ongoing project funded by 
National Agricultural Science Fund (NASF), and the ICAR-Central Agroforestry Research 
Institute, Jhansi is publishing this technical bulletin entitled “Carbon dynamics and functional 
rhizosphere microbiome in teak and aonla based agroforestry systems”, which  represents a 
commendable effort to document important scientific observations and research findings. I am 
confident that the insights shared in the publication will serve the true purpose of making 
agroforestry more convincing, acceptable, and popular among  stakeholders, including farmers. 
Such knowledge will be instrumental in addressing the emerging challenges of climate change, 
livelihood improvement, and overall food, nutritional, and environmental security from a 
national and global perspective.
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Agricultural systems are facing many challenges to increase food security amidst 
devastating impact of climate change, growing global population, threat of land 
degradation and responsibility to safeguard environmental security as well. Among 
many of the provisions obtained from agroforestry, carbon sequestration and soil 
health improvement are major parameters related to the mechanisms for checking 
environmental degradation. As carbon dynamics plays crucial role in harnessing the 
potential of carbon sequestration from the agroforestry systems, role of rhizosphere 
microbiome is very important to be unravelled. Thus, simultaneous evaluation of 
carbon dynamics and the contribution of rhizosphere microbiome in agroforestry 
systems hold very serious significance, which was felt to be investigated on top priority. 
In this direction, the opportunity for the research emerged through the ongoing project 
funded by the National Agricultural Science Fund (NASF), ICAR. 

Being an important work on carbon dynamics and microbiome in agroforestry, it was felt 
essential to bring a document on “Carbon dynamics and functional rhizosphere 
microbiome in teak and aonla based agroforestry systems” in form of a Technical 
Bulletin, which will be very useful for streamlining the scientific studies on the present 
topic and to document the salient results and observations achieved so far through the 
course of such investigations in teak (Tectona grandis) and aonla (Phyllanthus emblica) based 
agroforestry systems. Significance of carbon stock in soil and tree biomass in agroforestry 
system is widely known, but the role of microbial communities in the rhizosphere for 
carbon dynamics and especially in comparison to the non-rhizosphere, as in sole crop land 
yet to be delineated in greater details. This work aims to bring the approaches together for 
evaluating the soil carbon dynamics, rhizosphere microbial diversity through culture, 
quantification and metagenome analysis along with their differential role, contribution of 
carbon from biomass components (tree, litter fall and crop residue) in bridging the gap 
between ecosystem-scale observations and molecular level biological functions. This will 
provide an avenue for the great network of rhizosphere interface, microbes focusing on 
bacteria, fungi and actinomycetes in soil-crop-tree-environment for enhancing the 
potential of agroforestry for climate resilience and sustainability.

This Technical Bulletin will serve many meaningful purposes for researchers, farmers 
and environmental policymakers for sustainable land management involving 
agroforestry. We hope that the work presented here will not only facilitate research but 
also help to build strategic approaches for the potential stake-holders of agroforestry 
and land managers functioning on combating the impact of changing climate across 
agro-ecosystem through improved land use planning.  

- Authors 

Preface
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Fig. 1. Glance of experimental fields with black gram as understory crop 
[A. Teak based; B. Aonla based agroforestry systems and C. Sole crop-land]

A B C

Fig. 2. Glance of experimental fields with mustard as understory crop 
[A. Teak based; B. Aonla based agroforestry systems and C. Sole crop land]

A B C
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the following equation: Total organic carbon

6

Fig. 3. Representative images of soil sampling in the studied land use systems

Fig. 4. Estimation of total organic carbon through 
Walkley-Black method

Fig. 5. Experimental units representing analysis of soil 
microbial biomass carbon. (A) Chloroform-fumigation 

unit; (B) Wet-oxidation diffusion unit with samples.

A

B
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The stock was computed from the soil thickness and bulk density using the following equation:

98

Fig. 6. Experimental unit showing incubation study 
related to basal soil respiration

Fig. 7. Sample collection by soil core method to assess bulk density

Fig. 8. Colour development during dehydrogenase 
enzyme assay
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Biomass components

Tree Biomass

Non-destructive method for estimation of above ground (AG) tree biomass was 
followed using widely used allometric equation taking the tree trunk diameter at breast 
height (DBH) at 1.37 m at the ground level as the input parameter for teak trees (Negi et 
al., 1995).  The below ground biomass of teak tree was estimated taking the well referred 
fraction of 0.26 as the root to shoot ratio (Ravindranath and Ostwald, 2008). The 
allometric equation used for teak is given below:

2.6135           Total above ground tree biomass (kg/tree) = 0.0758(DBH)   …………….(T1)

           Total below ground tree biomass (kg/tree) = T1(0.26)                …………….(T2)

           Total tree biomass (ABG+BG) (kg/tree) = T1+T2                     …………….(T3)

Similarly, non-destructive method for estimation of tree biomass was followed using   
widely used allometric equation taking the collar diameter (CD) at 15 cm height at the 
ground level as the input parameter for aonla trees (Newaj et al. 2016).  The allometric 
equations used for aonla are given below:

1.285
Total tree biomass (above ground + below ground) (kg/tree) = 2.994(CD)  …..(A1)

1.313
Root (below ground biomass) (kg/tree) = 0.622(CD)                                       …..(A2)

Above ground biomass (ABG) (kg/tree) = A1-A2                                                …..(A3)

Litter fall and leaf litter decomposition

Litter fall of trees was collected in agroforestry systems at monthly intervals using litter 
traps (0.5x0.5 m) (Fig. 9). The collection of litter fall continued for full one year covering 
the two consecutive crop seasons (kharif and rabi). The monthly litter fall data was 
pooled for calculation for annual litter fall quantification.

10

Fig. 9. A glance of litter fall estimation through litter traps placed in agroforestry systems. 
(A:  Aonla based ; B: Teak based)

A B

Fig. 10. A glance of leaf litter decomposition study through leaf litter bags being placed in agroforestry systems. 
(A:  Teak based ; B: Aonla based)

A B
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Fig. 11. A glance of quadrate method for estimation of crop yield and crop biomass in agroforestry systems and 
sole crop field. (A: Black-gram; B: Mustard)

A B

AG = Aboveground; BG = Belowground 

13
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Fig. 12. Outline of shotgun metagenomic sequencing
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4 Salient Observations

Fig. 13. Dynamics of total organic carbon in agroforestry systems and sole crop land. Bars on the markers indicate 
standard error (n= 4). (A) Total organic carbon; (B) Total organic carbon stock

Carbon dynamics and rhizosphere microbiome

16 17

Fig. 14 Dynamics of soil microbial biomass carbon in 
agroforestry systems and sole crop land. Bars on the 

markers indicate standard error (n= 4).

Fig. 15. Dynamics of basal soil respiration rate observed during 3-days incubation intervals at flowering stage of 
black gram as understory crop in agroforestry systems and sole crop land. 

(A) 0-30 cm; (B) 30-60 cm. Bars on the markers indicate standard error (n= 4)

Carbon dynamics and rhizosphere microbiome
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Fig. 16 Dynamics of cumulative basal soil respiration 
over a 15-day incubation period in agroforestry systems 

and sole crop land. Bars on the markers indicate 
standard error (n= 4). BG- Black gram; MT- Mustard

Fig. 17 Dynamics of dehydrogenase activity in 
agroforestry systems and sole crop land. Bars on 

the markers indicate standard error (n= 4). 

Fig. 18. Yield of blackgram and mustard under different land use systems (AF=agroforestry)

Carbon dynamics and rhizosphere microbiome
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Fig. 19 Inter-annual trend of crop residue biomass and litter fall in different land use systems (AF=agroforestry)

AG = Aboveground; BG = Belowground 

Carbon dynamics and rhizosphere microbiome

Inter-annual trend of crop residue biomass in different 
land use systems in dry-tropical location
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Fig. 16 Dynamics of cumulative basal soil respiration 
over a 15-day incubation period in agroforestry systems 

and sole crop land. Bars on the markers indicate 
standard error (n= 4). BG- Black gram; MT- Mustard

Fig. 17 Dynamics of dehydrogenase activity in 
agroforestry systems and sole crop land. Bars on 

the markers indicate standard error (n= 4). 

Fig. 18. Yield of blackgram and mustard under different land use systems (AF=agroforestry)
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Fig. 19 Inter-annual trend of crop residue biomass and litter fall in different land use systems (AF=agroforestry)

AG = Aboveground; BG = Belowground 
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Fig. 20. Quantification of culturable microorganisms (bacteria, fungi and actinomycetes) 
across the land use systems
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Fig. 21. A glance of isolation of soil bacteria, fungi, and actinomycetes from aonla 
and teak based agroforestry systems and sole crop land 
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Fig. 22. A glance of isolation, purification and screening of Rhizobium bacteria 
on Yeast mannitol agar (YMA) and Nutrient agar (NA) medium 
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Fig. 23. Isolation, purification and screening of phosphate solubilizing organisms on 
Pikovskaya’s Agar and their maximum phosphate solubilization efficiency
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efficiency (%)
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Fig. 24. Initial results as obtained from metagenome 
data on Alpha diversity (bacteria) from 

post-kharif season

Fig. 25. Initial results as obtained from metagenome 
data on average number of observed bacteria at 
different depths of soils from post-kharif season
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Fig. 24. Initial results as obtained from metagenome 
data on Alpha diversity (bacteria) from 

post-kharif season

Fig. 25. Initial results as obtained from metagenome 
data on average number of observed bacteria at 
different depths of soils from post-kharif season
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