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Fine roots are the most important contributors of eco-
system productivity in many terrestrial ecosystems. 
However, its dynamics, biomass potential, production 
and turnover rates of fine roots under different envi-

ronments lack clarity. We have studied horizontal and 
vertical distribution of fine root dynamics, including 
length, density, biomass, production and turnover 
rates in Phyllanthus emblica-based agroforestry sys-
tem in stressed environment of red soil patch of Bun-
delkhand region in Central India. Nearly, 63% of the 
fine root length and its density are confined to 0–
45 cm soil depth. Fine root biomass significantly  
varied across seasons with 70–80% of the biomass ob-
tained during autumn, followed by spring and sum-
mer seasons. The annual fine root production rates 
were highest near the stem base up to 1.0 m distance 
and the turnover rates varied from 1.63 yr–1 (highest) 
at 0.5 m distance to 1.03 yr–1 (lowest) at 1.5 m distance 
from the stem base. The fine root dynamics changed 
highly across seasons, indicating more vigorous veget-
ative growth and nutrient release during monsoon 
months. Thus, studies on fine root dynamics can  
improve our understanding of overall system produc-
tivity and management under stressed environments.  
 
Keywords: Agroforestry system, fine root biomass, 
Phyllanthus emblica, turnover rates. 
 
ROOTS per se and fine roots in particular act as an 
integral part of the tree root ecosystem and play a crucial 
role for better resource acquisition. This in turn improves 
soil nutrients, organic matter, microbial niche develop-
ment through their decomposition and turnover. In the 
improvement of soil health, roots provide carbon and  
nutrients by rapid turnover, intercept leached nutrients 
and recycle them to the surface1,2. It was observed that in 
five fruit trees and three forest tree species, nearly 80% of 
fine roots were confined to 0–20 cm soil layer3. Fine root 
biomass and productivity vary under different tree spac-
ings4, seasons in the year5, intercrops6, nutrient level7 and 
soil depth2,3. In agroforestry systems, variation in spatial 
distribution of fine roots is crucial for competition and 
maximizing the absorption of both soil moisture and  
nutrients8. Thus, studies on fine roots are important in or-
der to decipher belowground competition of resources in 
intercropped systems.  
 There are several reports on tree rooting pattern and 
biomass in the literature9–13, but relatively few studies on 
fine root length or biomass due to the effort involved in 
its measurement14,15. Alterations in fine root growth and 
its architectural traits may reflect upon the availability of 
soil resources16 and stand characteristics17. Thus, the fine 
roots proliferation within a stand may serve as a useful 
indicator for assessing stand productivity in reclaimed 
ecosystems18. In terrestrial ecosystems, processes asso-
ciated with fine root dynamics such as production and 
turnover are considered to be some of the main drivers of 
bio-geochemical nutrient cycling and overall stand prod-
uctivity19–21. Nevertheless, fine root turnover may largely 
dictate, development of potentially long-term C storage 
pools in the organic matter of mineral soils22–24. Even 
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though the importance of fine root dynamics is well-
known, the understanding of its variability temporally as 
well as spatially is poor. There is paucity of information 
on processes associated with fine root dynamics across 
different species or regions.  
 There is little information on fine root dynamics of 
long-term stands in the Bundelkhand region of Central 
India, where the spatial and temporal variation in soil fer-
tility is very high. Considering the above facts, the objec-
tive of the present study was to evaluate fine root 
dynamics, mainly morphometric measurements as fine 
root length (FRL), fine root length density (FRLD), fine 
root biomass (FRB) production, and turnover rate in  
resource-poor tracts of Central India. 
 The study was undertaken during 2017 at the Experi-
mental Research Farm of ICAR-Central Agroforestry  
Research Institute, Jhansi, Uttar Pradesh, India. The site 
is located at 25°30′55.00″N lat. and 78°33′10.28″E long. 
at an elevation of 271 m amsl. The region experiences hot 
and semi-humid climatic conditions with the hottest days 
in May and the coldest days in December and January. 
The mean annual rainfall is around 900 mm, of which 
80% is received during July to September. Actual tem-
peratures are much higher due to local conditions such as 
absence of fog, and radiation from rocky soils and out-
crops. The Phyllanthus emblica (aonla) plantation under 
study is on red soil patch and Table 1 presents the general 
stand characteristics. The initial soil pH was 7.9, electrical 
conductivity (EC) was 0.16 m mhos cm–1, organic carbon 
was 0.32%, and available nitrogen, phosphorus and  
potassium was 161.7, 13.2 and 120.6 kg ha–1 respectively. 
The understorey crops were mustard (var. RH-749) dur-
ing rabi 2016–17 and greengram (var. Sweta) during kha-
rif 2017. 
 The sequential coring method was employed for fine 
root sampling25. The samples were drawn at three  
 
 
Table 1. Stand characteristics of Phyllanthus emblica-based agro- 
  forestry system (AFS) 

Characteristics Phyllanthus emblica-based  
 AFS 

Age (yrs) 21 
Soil type Rakar (red soil), Alfisol  

 (20–58%) gravels of  
 72–80 mm size 

Soil texture Fine sand  
Stems (ha–1) 100 
Crown spread (m) 8.28 ± (1.59) 
Height (m) 6.33 ± (0.76) 
Collar diameter (cm) 27.60 ± (8.77) 
Tree basal area (m2) 0.06 ± (0.04) 
Stand basal area (m2 ha–1) 5.98 ± (3.87) 
Standing volume (m3 ha–1) 37.90 ± (30.82) 
Mean annual increment (m3 ha–1 yr–1) 1.80 ± (1.47) 
*Total biomass (above + below) (t ha–1) 21.27 ± (8.69) 
Figures in parenthesis represent ± standard deviation, n = 3. 
*The allometric equation used for total biomass estimation is adapted 
from Newaj et al.42. 

intervals, viz. March, June and October representing 
spring, summer and autumn respectively. Soil cores were 
extracted from soil using a power auger (9.0 cm diame-
ter). Each core was kept separate in polythene bags and 
brought back to the laboratory for subsequent washing, 
segregation and characterization on the same day of sam-
pling. Soil cores were sampled from six different depths 
(0–15, 15–30, 30–45, 45–60, 60–75 and 75–90 cm) at 
0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 m distance from the stem 
base respectively. Soil coring was done randomly around 
the tree base in any direction and two samples were 
drawn subsequently from each depth.  
 Roots from the cores were separated from the soil by 
subsequent washing with tap water. The samples were 
soaked overnight, poured into trays and rubbed gently. 
Roots floating on top of the water were collected by pour-
ing water over sieves with mesh size ranging from 5 to 
0.5 mm (ref. 26). Roots <2 mm in diameter were consi-
dered as fine roots2. The procedure was repeated till all 
organic or rock debris were removed from the soil. The 
live and dead roots separation was difficult, thus root 
mass in this study includes both live and dead roots. The 
cleaned roots were scanned using a flatbed scanner Bio-
vis Root Analyser (Expression 12000 XL EPSON, Expert 
Vision, Mumbai, India). The root images were analysed 
to determine FRL. FRLD was calculated by dividing total 
root length per core by total volume of the core. 
 Fine roots collected along different distances from the 
stem base and from various depths were washed tho-
roughly in clean water and oven-dried at 70°C to constant 
weight and then weighed (gm–2). Fine root production 
was estimated in 0–90 cm depth through sequential  
coring (minimum–maximum) method27. The present 
study computes the minimum and maximum difference of 
fine root biomass in the process and further equates it 
with fine root production. Fine root turnover rate was  
calculated by dividing annual fine root production with 
the mean fine root mass (yr–1)28. The data were assessed 
for analysis of variance to determine statistical signific-
ance of treatment effects. 
 FRL differed widely across various soil depths and dis-
tances from the stem base (Figure 1). The mean FRL 
across 0–90 cm soil depth ranged from 31.75 cm at 75–
90 cm soil depth to 97 cm at 0–15 cm soil depth. On an 
average, almost 63% of the FRL was confined to 0–
45 cm soil depth. Subsequently, across different distances 
from tree base, FRL varied from 34.84 cm at 3.0 m to 
101.44 cm at 2.0 m distance from the stem base (Figure 
1). Further, the distribution of FRLD had similar pattern  
as to that of FRL in 0–45 cm soil depth (Figure 2). How-
ever, the variation of FRLD was from 0.0365 cm cm–3 at 
3.0 m distance to 0.1065 cm cm–3 at 2.0 m distance from 
the stem base.  
 In this study, FRL and FRLD varied across distance 
and soil depth of P. emblica-based agroforestry system. 
Considering soil depth, it was observed that around 63% 



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 119, NO. 10, 25 NOVEMBER 2020 1696

of FRL and FRLD were confined to 0–45 cm soil depth 
across different distances from the stem base (Figures 1 
and 2), as was also concluded by Bi et al.29. 
 However, FRL variation was evident across all depths 
studied (0–90 cm) and also across different distances 
from the tree base (0.5–3.0 m), because of the variable 
distribution of moisture and nutrients, and also prolifera-
tion of fine roots to deeper soil layers in tree–crop inte-
ractions. In the present study, the red soil patch was very 
poor with respect to moisture and physico-chemical soil 
properties, which further led to skewed distribution of 
fine roots. Our results also support the findings that in the 
arid and semi-arid regions of the Loess Plateau, water is 
the primary limiting factor for plant growth, and soil  
nutrients on farmland are insufficient30.  
 The standing FRB showed maximum proliferation in 
top 0–45 cm soil depth and the corresponding values 
ranging across various distances from the stem base (0.5, 
1.0, 1.5, 2.0, 2.5 and 3.0 m) were found to be 77%, 70%, 
60%, 46%, 72% and 65% respectively (Figure 3). Fur-
thermore, across seasons, FRB increased during monsoon 
and subsequently decreased till summer. Of the total FRB 
obtained across different seasons, nearly 70–80% was ob-
tained in autumn and the rest in spring and summer sea-
sons. At 0.5 m distance from the stem base, mean FRB 
across seasons varied from 7.11 g m–2 in summer to 
18.26 g m–2 in spring to 50.81 g m–2 in autumn (Figure 3). 
At 1.0 m (7.49, 8.18 and 64.4 g m–2), 1.5 m (4.6, 13.9 and 
47.23 g m–2), 2.0 m (1.6, 8.49 and 42.97 g m–2), 2.5 m 
(4.72, 6.42 and 49.93 g m–2) and 3.0 m (2.33, 10.25 and 
31.27 g m–2) from the stem base, these corresponding 
values of FRB for summer, spring and autumn respectively 
are given within brackets. Thus, the general trend for 
FRB estimation across seasons follows the order:  
autumn > spring > summer. 
 Seasonal maximum FRB range from 79 ± 2.6 g m–2 at 
3.0 m distance to 152 ± 2.6 g m–2 at 0.5 m distance from 
the stem base (Table 2). While minimum FRB ranged 
from 18 + 0.7 g m–2 at 2.0 m distance to 32 ± 1.1 g m–2 at 
2.5 m distance. Across different distances from the stem 
base, 58% of mean FRB was confined to 1.5 m distance 
from the stem base. Production rates of fine roots were 
high within 1.0 m distance from the stem base with  
values of 124 g m–2 yr–1 at 0.5 m and 95 g m–2 yr–1 at 
1.0 m. The annual fine root production rates were high 
near to the stem base, indicating availability of moisture 
and nutrients. The fine root turnover rates ranged from 
1.03 yr–1 at 1.5 m distance to 1.63 yr–1 at 0.5 m distance 
(Table 2).  
 Majority of nutrient and moisture uptake from the soil 
happens through fine roots as they have a large surface 
area. FRB of P. emblica in this study pertain to 60–70% 
of proliferation in 0–45 cm soil depth (Figure 3). The ver-
tical distribution of FRB is in agreement with other stu-
dies31,32. There was more proliferation of FRB in the 
surface than subsurface layers33, but this study is different 

in regard to FRB extension to even deeper layers and  
extending horizontally as well. However, fine root con-
centrated in the topsoil layers. Due to fragile soils, harsh 
conditions and sloping nature of the site, the system was 
susceptible to nutrient loss34, leaching, etc. This was re-
flected in the fine root proliferation both horizontally and 
vertically in the study. We found a clear effect of distance 
from the stem base on FRB, nearly 58% of FRB was 
found within 1.5 m distance (Table 2). FRB distribution 
close to the stem corresponds to availability of water and 
nutrients3,35. We observed distinct pattern of FRB dyna-
mics seasonally, with highest FRB obtained in autumn 
(warm and humid) followed by spring and summer, in 
conformity with other studies3,36–38. This coincides with 
proliferation of vigorous vegetative growth stage and pe-
riod of nutrient release. The findings would help frame/ 
schedule nutrient application timing in agroforestry sys-
tems, mainly due to high rate of leaching when the roots 
are not deep and active. The low FRB during spring 
might be due to the high demand of food for initiation of 
new leaves or branches that led to translocation of foods 
from the root towards the shoot. 
 We studied FRB production rates as well as turnover 
and the high values of both near the stem might be attri-
buted to the availability of nutrients and moisture around 
the stem39. The turnover rates ranged from 1.03 yr–1 at  
 
 

 

Figure 1. Distribution of annual mean fine root length (cm) at soil 
depths of 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 m from the stem base of Phyl-
lanthus emblica.
 
 

 

Figure 2. Distribution of annual mean fine root length density (cm 
cm–3) at soil depths of 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 m from the stem 
base of P. emblica.
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Figure 3. Fine root biomass distribution (g m–2) at soil depths of 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 m from the stem base in P. emblica.
 
 

Table 2. Seasonal fine root biomass (FRB) (mean ± SD), mean FRB, annual fine root production and  
  annual turnover rate of fine roots along six distances from stem base in 0–90 cm soil depth 

 Seasonal FRB (g m–2)    
Distance (from 
stem base, m) 

 
Maximum 

 
Minimum 

Mean FRB 
(g m–2) 

Production 
(g m–2 yr–1) 

Turnover rate 
(yr–1) 

0.5  152 ± 2.6f 28 ± 1.1b 76 124 1.63 
1.0  121 ± 2.9e 26 ± 0.5b 80  95 1.18 
1.5   93 ± 2.0c 26 ± 3.2b 66  68 1.03 
2.0   85 ± 1.1b 18 ± 0.7a 53  68 1.28 
2.5  105 ± 0.7d 32 ± 1.1c 61  74 1.21 
3.0   79 ± 2.6a 26 ± 0.3b 44  53 1.20 
Mean values with different superscripts at increasing distances from the tree base are significantly differ-
ent at P < 0.05 between sampling points. Mean values with the same superscripts at increasing distances 
from the stem base are not significantly different at P < 0.05 between sampling points. 

 
 
1.5 m and 1.63 yr–1 at 0.5 m distance, and the value ob-
tained is well within the values reported from tropical 
sites, i.e. 0.3 to 2.5 yr–1 (refs 39, 40). The root turnover 
increases in warmer climate due to increase in mainten-
ance respiration, i.e. respiratory energy required for  
all processes of plants, thus reducing average lifespan. 

The values vary widely from boreal to tropical  
zones. This might reflect the influence of seasonality on 
root turnover, implying that in order to maintain the  
same belowground biomass as temperate or boreal  
systems, tropical zones require a higher belowground 
productivity41.  
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 The results may be conducive in order to understand 
FRB and its production for carbon accumulation in the 
current scenario. 
 The present study deals with both spatial and temporal 
variation of fine root dynamics across different seasons, 
depths and distances from the stem base as well as annual 
FRB, production and its turnover rate. The results sug-
gest, that FRLD and biomass are higher in the top 0–
45 cm soil layer. However, FRB extracted during autumn 
is comparatively higher over spring and summer seasons. 
Overall, annual production rates and turnover are maxi-
mum near the stem base, although the fine roots were dis-
tributed farther from the stem base as well. The fine roots 
help in the acquisition of moisture and nutrient and move 
longer distances from the stem base under stressed envi-
ronment, as evidenced in the study. Understanding of fine 
roots dynamics under different climatic and edaphic con-
ditions is quite necessary for researchers, as these are the 
storehouse of agroforestry system productivity. Further, 
studies on fine root dynamics in association with soil  
microflora and under stressed conditions are necessary to 
strengthen our understanding of belowground dynamics.  
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Why primary processing of herbal raw 
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The present study was carried out to analyse foreign 
matter (FM) in herbal raw drugs (HRDs), as it deteri-
orates the quality and therapeutic efficacy of the end-
product. A total of 35 HRDs representing 11 different 
parts were analysed. For each drug, 3–8 samples with 
each sample having 5–500 kg of drugs were collected. 
The FM was found to vary from 2.59% to 47.48%, 
and none of the drugs complied with the parameters 
of Ayurvedic Pharmacopoeia of India (API). Nearly 
48.57% of the drugs in the Indian market are traded 
with more than 10% of FM in them. The FM in most 
of the drugs is contributed by components other than 
official drugs of the same species. The quality of raw 
drugs can be enhanced by making them free of FM or 
reducing it to the permissible limits of API, with the 
execution of good agriculture and collection practices 
and good field collection practices. Proper supply 
chain management of quality raw drugs may be  
assured by developing infrastructure like establish-
ment of new and strengthening of existing mandis 
(herbal collection and retail/wholesale outlets) having 
post-harvest processing facilities. Measures like, lin-
kages between farmers and buyers, and buy-back  
interventions through on-line virtual platforms such 
as e-charak and e-NAM must also be taken into con-
sideration. In conclusion, a comprehensive national-
level policy/strategy is needed to address various issues 
pertaining to the quality and marketing of HRDs.  
 
Keywords: Foreign matter, herbal raw drugs, market 
linkages, medicinal plants, post-harvest management. 
 
IN India, 1622 herbal raw drugs (HRDs) belonging to 
1178 medicinal plants are in commercial trade1. The offi-
cial accepted HRDs comprise of root, rhizome, bark, 
stem, leaf, flower, fruit, fruit rind, seed, heartwood, aerial 
part, whole plant, gum, resin, etc. The total estimated 
consumption of HRDs is 512,000 MT, with correspond-
ing trade value of A7000 crore for 2014–15 (ref. 1). Out 
of 1178 species, 242 are traded in quantities exceeding 
100 MT per year. HRDs belonging to 198 species  
account for about 95% of the total such drugs consumed 
by India’s herbal industry1. In the last two decades, the  
Indian herbal sector has witnessed an annual growth of 
>10% and is emerging as a major economic activity2.  
 With growing recognition for these resources, the  
herbal industries require large quantities of HRDs. This  
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