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Analyzing the contribution of Moringa oleifera (Lam.) to the CO2 stock and other advantages for 

urban residents 

 

ABSTRACT 

Moringa oleifera Lam. is a tree with high nutritive values with essential nutrients, minerals, and 

vitamins. It makes the tree best for the urban residents in South Asian countries. The Moringa trees in 

Bilaspur city of Chhattisgarh, India, were enumerated, and their potential yield and CO2 storage were 

estimated. The resident response to the benefits of Moringa was explored through interviews. The main 

objectives of the study are analyzing of the CO2 stock in urban areas and the importance of moringa 

species for the growth of urban residences.  Forty-eight sample plots of 50m x 50m size were laid out 

randomly across the city. The total number of Moringa trees in the city was 84499, accounting for 0.23 

trees per capita. The increase in human density in urban sites negatively correlated with Moringa 

populations (R2=0.328). Young trees of 20-30cm diameter were abundant in the urban environment, 

which yield four to19kg tree-1 pods and 3 to 10kg leaf tree-1. An average Moringa tree stored 0.04tonne 

CO2, and overall, the stock was 3380tons of CO2 in these trees of the city. Eighty-five percent of the 

urban residents ranked first to the Moringa fruit followed by leaf and these were identified as the 

reason for the domestication of the trees by the urban resident. More than 58% of urban residents use 

different parts of the Moringa plant 15 - 25 times a year, and 27% of people use it more than 25 times 

as vegetables. The tree was most beneficial for urban residents, contributing to food security and 

climate change. Therefore the concept of "one house one Moringa" may be advocated for 

implementing the climate-smart urban policy. 
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1. INTRODUCTION 

The urban residents are more vulnerable to pollutants and climate change and are at higher risk of 

diseases and disorders than the rural areas [1; 2; 3; 4]. Therefore, urban residents must be aware of 

planting species that serve food, fodder, wood, minerals, and vitamins and protect the environment by 

cleaning the air and providing shade. Drumstick (Moringa oleifera Lam.) is a favorite family tree for 

Asian homes that praise its health benefits for thousands of years. Though it is native to India, now 

being grown worldwide, particularly in Asia, the Caribbean, Pacific Islands, Europe, Latin America, 

and Africa [5; 6]. In the United States and European Union, where fresh Moringa is unavailable, 

Moringa-based supplements products like capsules, teas, leaf powder, and juice have filled the void. 

The species may contain nine times more proteins than yogurt, ten times vitamin A than carrot, 25 
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times iron than spinach, 15 times potassium than bananas, and 17 times calcium than milk [7;8;9]. On a 

dry matter basis, Moringa leaves contain 27% protein, 17% fat, and 38.6% carbohydrates [10]. All 

these demonstrate how Moringa can contribute to the food security of the urban population. India, 

export the diversified products of Moringa to developed countries where it fetches a high price. The 

global Moringa Products market size has been valued at USD 5.5 billion in 2018 and is anticipated to 

expand in the future [11].  

 The CO2 sequestration potential of Moringa reports 50 times higher when compared to the 

Japanese cedar tree and twenty times higher than that of other vegetation due to the fast-growing 

behavior of the species [12;13;14]. The study on Moringa concerning global warming revealed that one 

person emits 320kg of CO2 year-1, which two adult Moringa trees may completely absorb. All other 

species also contribute to CO2 absorption via photosynthesis and are considered efficient natural carbon 

sinks. Therefore tree planning is a step toward climate change mitigation, and if managed 

appropriately, urban plantations can attain higher carbon accumulation than natural forests [15; 16; 17]. 

The selection of trees with the highest CO2 offset should be given weightage to urban forestry, and by 

any means, Moringa may be a powerful tool for protecting the urban environment and nutrition for the 

urban residents.  

 The Indian people consume the Moringa plant since the century as an essential ingredient in food 

items [18]. Recently, value-added product of Moringais available in the market, such as leaf powder, 

green tea, and seed oil. It contains a vital food commodity for natural nutrition with rich antioxidants, 

and bioactive compounds contribute to nutrition [19;20; 21; 22; 23; 24]. It is known as the miracle tree 

of India and mother's best friend' in the Philippines because of its ability to increase woman's milk and 

prescribed for anemia [25; 26; 27; 28].Moringa seeds exhibit the property of natural coagulants useful 

in purifying dirty water in sewage treatment plants [29; 30] and seeds contain 30-35% oil highly 

nutritive for human consumption with medicinal value [31; 32; 33]. Undoubtedly, M. oleifera adds 

substantial health benefits to meet the objectives of sustainable developmental goals like zero hunger, 

good health and wellbeing, and climate action [21; 23; 34]. Looking at its potential, India has started 

the commercial cultivation of Moringa in about 0.1 million ha and produced 1.2 million tons of fruits 

[32]. Numerous species and varieties of Moringa have evolved, but M. oleifera is the most widely 

utilized species [35;36; 37;38]. 

 Despite the great potential of this species and its widespread domestication by inhabitants, their 

potential is underutilized, particularly on urban environmental aspects. The carbon estimates of 

Moringa will help improve the understanding of trees' role in the global carbon cycle and mitigation 
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strategies for climate change in urban areas [39; 40; 41]. Moreover, identifying the usefulness of the 

Moringa tree to urban people will also benefit the raising of green belts around cities. The present study 

includes the distribution pattern of Moringa, their CO2 storage, and its significance to the urban 

dwellers of Bilaspur city, Chhattisgarh, India. 

2. MATERIAL AND METHODS 

Location of Study Area 

Bilaspur is the second-largest residence city in the Chhattisgarh. The city Bilaspur lies between 82o06' 

to 81o38'E and 22o33' to 21o14' N in Chhattisgarh State of Central India. It locates on the banks of the 

river Arpa, which originates from the high hills of the Maikal mountain Range from Central India. The 

city's minimum temperature touches 10oC in January, and the maximum ranges from 42 to 46oC during 

May and June. Annual rainfall in the city recorded 1280 mm year-1 due to South-West and South-East 

monsoon. The city area slopes toward the river Arpa from west to east and forms a shape like a saucer 

at the city's Centre. The city sprawls over 25500 ha and currently supporting 365579 populations. 

Survey methods and sample plot description 

The present study started in July and ends in March 2020, where the population status of Moringa 

oleifera Lam. planted in house premise, private fields were surveyed. The entire area of the city divides 

into six sites, namely Koni area (site-1), Tifra area (site-2), railway colony (site-3), Sarkanda area (site-

4), ManglaChowk area (site-5), and Sadar Bazar area (Site-6) using Google Earth (Figure 1). These 

sites were chosen based on the varying density of the urban inhabitants. Forty-eight sample plots of 

size 50×50m (0.5 ha) were laid out randomly in different locations of various sites to cover the entire 

areas of the city under field surveys. This plot size accommodates many Moringatrees planted by urban 

residents near properties and in familiar places in the city. The geographical coordinates for each plot 

identify with the help of a Global positioning system (GPS). All the Moringawithin the plot enumerate 

for DBH (diameter at breast height, cm), tree height (m), number of tree counts within plots, and 

relative abundance (RA) of the tree were calculated by counting trees occurring in all samples plots of 

the site then divided by the total number of trees in all sample plots of the city and multiplied by 100. 

The tree's height was determined by applying Abney's level's tangent method, while DBH was 

measured by measuring tape. Data on individual trees estimates the volume of the trees. The volume of 

trees was calculated for non-pollarded and pollarded trees as owner pollard/cut Moringa stem/branches 

from 2 to 2.5m height every year for fruit yield harvest. The branch volume of the tree adds with the 

stem volume to get the final volume of the tree. Final tree volume determined by using the formula: 

V= ௦ଵି௦ଶ
ଶ

∗ ℎ 
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 Where V is log volume (m3), s1 is a primary basal area (m2), s2 is the end basal area (m2), and 

h height of the tree (m) [42]. Above-ground biomass (AGB) was estimated by formula AGB (t) = V 

(m3) ×SG (kg m3). Moringa's specific gravity (SG) determine by extracting the core of wood samples 

from bark to pith of the stem taken near the ground, breast height (BH), and branches. Took three 

samples for each girth class, and the mean of the SG was determined. The collected samples were 

weighted fresh and oven-dried at 105oC for 48 hours, applying standard procedure [43]. The below-

ground biomass (BGB) finds multiplying the AGB by 26% [44]. The total biomass value finds by 

adding ABG and BGB, and carbon storage estimates by multiplying the total dry biomass with the 

default carbon fraction of 0.475. The estimated carbon storage converts into CO2 storage by 

multiplying the carbon stock by 3.666 to determine the CO2 storage in tree biomass [45; 46]. 

 
Figure 1: (A) Location Map of district Bilaspur, Chhattisgarh, India. (B) Map shows different 

sites of Bilaspur city. 

Identification of Benefits from the Moringa trees 

To identify the benefits of Moringa to the urban residents, 75 Moringa plant owners/ residents planted 

trees in their houses, and 60 other respondents, including Moringa raw vegetable seller and its 

buyers/users  (N=135) of the Bilaspur city, were selected. A technical sheet was provided to the 

selected respondents to fill their responses based on the benefits of the Moringa plant. We requested 

them to rank the benefits already mentioned in the sheets as most important (I), important (II), less 

important (III), and no important (IV) according to their local knowledge and usefulness of the 

tree[47]. 

A B 
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Statistical analysis 

Data of the study were analyzed  statistically by employing SPSS 16.0 version. The standard deviation 

was determined for the mean variation, while the critical difference (CD for the mean value comparison 

at 5% probability. The correlation value R2 applies between human density and plant  population drawn 

by using excel software.   

3. RESULTS AND DISCUSSION  

Population distribution of Moringa trees  

Moringa is one of the most preferred and popular trees adopted by residents in the city. The urban 

residents have domesticated one or two trees of this species near homes for family uses and a higher 

number (maximum 25 plants) to fetch income from the farming.  The distribution of trees varied in 

different sites of the city. A maximum of 33 tree ha-1 was found in site 3 (Railway station area), while a 

minimum population of Moringa in sites 5 and 6 (Table 1). The results revealed that the increase in 

population density tends to cause a reduction in Moringa trees in different sites of the study (R2 = 

0.328). The total number of Moringa trees estimated across the city area was 84499 trees. The diameter 

class distribution of plants was found significant (<P 0.05) in different sites, where 20-30 diameter 

plants were most abundant, followed by trees below 20cm diameter in the city (Figure 2). Moringa 

trees of size 20-30cm diameter shared 50 percent while 30-50cm diameter trees contributed 28 percent 

of the total Moringa population of the city (Figure 3, Table 2). These plants attained 20cm diameter 

within four years, 30-40cm in 6 to 10 years, and 40-50cm by spending ten years' time period. The yield 

(green pod) of the Moringa showed variation significantly in respect to the diameter class, where a 

maximum (19kg tree-1) yield obtained from trees of diameter class 40-50 cm and minimum yield (4.6 

kg tree-1) from trees below 20cm diameter (Table 2). The yield of the pod/fruits was in the range 

between 2 to 25kg tree-1 with an average of 11.37kg yield tree-1. Green leaf yield was a maximum 

10.01kg tree-1 rendered by 40-50 cm diameter trees and lowest 3.5kg leaf tree-1 from 0-20cm diameter 

class trees. Though a large number of Moringa occurred across the city, the population varied 

significantly with sites. The high human density showed a lower tree population than the low human 

density sites 2 to 4.  The high population lies in the market/ commercial sites where no/fewer spaces 

are available for tree planting compared to the less populated sites. Moreover, the high property values 

of these sites reduce the avenue of tree planting, where people live in multistory buildings with less 

space than the low-density sites where spacious houses with backyard space were commonly available. 

[48] also reported more trees with decreased population density in large cities like New York, Sao 

Paulo, and Paris. The increasing interest in planting Moringa in urban people of the city reflects in the 
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high value of per capita Moringa in the city. The preponderance of young trees within ten years of age 

contributes to 78% of the Moringa population in the city. It is because about 75% of the plant of this 

species is grown through stem/branch cutting. The owners harvest the fruit-yielding trees by cutting off 

the branches, and again, these cut branches or stems are used either by the owner or by 

neighbors/others as planting material. Therefore, Moringa occupied a considerable population in the 

city area following increasing trends. Just after planting, trees start new flush in the same year which 

provides leaf vegetable to the owner and next year fruits develop on the trees. Thus without delay, 

Moringa plants bear yields create interest in urban people. Depending upon the age and diameter size, 

the tree yields an average of 11.37kg pod tree-1 and 6.34kg leaf tree-1 that is quite enough for the 

requirement of Moringa by one family of 4-6 members. However, the yield showed variation with the 

age and diameter of the trees. The high diameter trees yielded more than the low diameter trees due to 

well-developed canopy and branches facilitate higher fruiting.  

 

 
Figure 2: Diameter class distribution of M. oleifera trees in different sites of Bilaspur city. 

Inter site value of mean diameter found non-significant (F =0803) at P<0.05.  
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Figure 3: Relative abundance (%) of different diameter classes of M. oleifera trees present 

in Bilaspur city. (DMR- Duncan Multiple Range test, value with different letters indicated 

significant difference at P<0.05). 

Table 1: The estimated population of Moringaoleifera trees in different sites of Bilaspur, 
Chhattisgarh, India. (± Standard deviation) CD (Critical Difference <P 0.05). 

Sites No of 
sample 
plots 

Human Population 
density (no./ km2) 

No of tree ha-1 Estimated tree 
population 

(Nos) 

     1 8 6070 15±4.42 5466±233 
2 8 7682 10±3.18 17628±2650 
3 8 6035 33±9.50 37455± 4875 
4 8 7850 14±5.00 14594±2710 
5 8 8310 4±1.10 5954±687 
6 8 9250 6±2.65 3402± 750 

Total/AVG 48 7533 13.66±4.30 84499±1988 
F value 
P<0.05 

  8.11 798.32 

 
Table 2: Tree inventory of Moringa trees encountered in urban areas of Bilaspur, Chhattisgarh, 
India. (F value at P <0.01).  
Attributes Diameter Classes(cm) F value 

P<0.01 

 
0-20 20-30 30-40 40-50  

      
Average age (Year tree-1) 0 - 4 4 - 6 6 -10 > 10  
Green pods/fruit yield (kg tree-1) 4.60 8.50 13.40 19.00 4.01 
Green leaf yield (kg tree-1) 3.50 5.18 6.70 10.01 3.22 
Volume (m3 tree-1) 0.058 0.059 0.064 0.075 10.46 
Dry biomass (ton tree-1) 0.021 0.022 0.023 0.027 10.51 
CO2 storage (ton tree-1) 0.036 0.038 0.040 0.047 10.61 
 

0-20 cm
22%  b

20-30 cm 
50%  a

30-40% cm
14%  c

40-50 cm
14% c
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Volume, Biomass, and CO2 storage 

The tree volume showed variation with diameter classes and different sites (Table 2 and 3). Both 

volume and biomass of the Moringa trees were exhibited increasing trends with the improvement in 

diameter. Tree volume was a maximum of 0.075m3 tree-1 for 40-50cm diameter trees and a minimum 

of 0.058m3 tree-1 for 10-20cm trees.  A similar trend follows the biomass and CO2 storage pattern in 

Moringa, as exhibited by the volume of the trees (Table 2). There were 28.50% and 30.50% higher 

biomass and CO2 storage in trees belonging to 40-50cm diameter than the lowest diameter trees (<20 

cm). The average volume, biomass, and CO2 storage of Moringa in the city was 0.063 m3 trees-1, 

0.023tonne tree-1, and 0.04tonne tree-1, respectively. It estimates 3380tons of total CO2 stocks in the 

city by Moringa trees. Site-specific variations exist on volume, biomass, and CO2, highest in site 3 

(2.081m3 ha-1, 0.749tonne ha-1, and 1.305tons ha-1) and lowest for site 6 (0.351m3 ha-1, 0.127tonne ha-1, 

and 0.221tonne ha-1), respectively. It demonstrates 5.90 times more biomass and CO2 storage in 

Moringa between the highest and the lowest tree occurring sites.  Moringa is ideal for inverting 

climate change for urban areas while growing food if planted at a larger scale in urban sites. The rate of 

CO2 sequestration by the Moringatree was reported very impressive compared to some other species. 

Moringa and climate change study revealed that two Moringa of two years could completely absorb 

CO2 emit by one person (320kg CO2year-1) [49]. It demonstrates how well this tree has the potential for 

climate change mitigation for urban areas. An average Moringa tree accumulates 36 to 570kg CO2 

irrespective of diameter classes and sites when planted in urban areas, which looks similar to the 

findings [50]. [51] have suggested ten tree species with the highest CO2 storage potential for roadside 

plantations in urban areas of Bilaspur city. These species are T. indica (10.16tonnes tree-1), A. lebbeck, 

F. religiosa, S. saman, E. camaldulensis, F. benghalensis, Pithecellobiumdulce, T. arjuna, D. sissoo, 

and P. pterocarpum (0.95tonnne tree-1). The species develops a giant canopy, long life, and sequester 

high CO2 but cannot accommodate small spaces near home or backyard. Fortunately, Moringa is most 

suitable under such conditions for resident plantings to exploit their benefits results in higher 

acceptability.  

 As the tree grows fast and fruits early, trees and branches are cut every year to harvest yield, 

resulted in limited tree volume, b, and CO2 storage. The issue may resolve by postponing the 

destructive harvesting of commercially valued trees by allowing the tree to be giant [52]. [53] 

demonstrated that the difference in CO2 for the tree species was related to the species' variations in 

growth and increment pattern. A similar finding obtained in the present study also supports the 
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previous study that older trees with large girth sizes and taller trees have larger carbon pools [54; 55]. 

Nevertheless, even with the poor carbon stocking on the tree, about 338tons of CO2 was intact with 

Moringa in Bilaspur city. Besides, the tree produces new flushes just after cutting the branches even in 

summer months act as a good source of vegetables, green fodder for livestock, it helps to reduce house 

temperature through dense leaf shade, and also a good sink for CO2[7; 56]. To combat climate change 

and global warming efficiently and food shortages, Moringa is the most reasonable effort to expand in 

other urban areas. 

Table 3: Estimated volume (m3), dry biomass and carbon storage (ha-1) of Moringa trees in different Sites 
of Bilaspur, Chhattisgarh, India. (F value at P<0.01).  
Site Volume (m3 ha-1) Dry biomass (tonne ha-1) CO2 Storage (tonne ha-1) 
    Site 1 0.949 0.341 0.594 
Site 2 0.665 0.239 0.416 
Site 3 2.081 0.749 1.305 
Site 4 0.789    0.284 0.494 
Site 5 0.365 0.131 0.228 
Site 6 0.351 0.127 0.221 
F value  
P< 0.05 

11.77 11.31 
 

11.56 

    
Other benefits of Moringa in urban areas 

Result of the respondents and their reaction to the usefulness of Moringa shows that they are growing 

the plant mainly for fruit/pod and therefore 85% of urban  residents ranked Ist to the pod/fruit. 

Similarly, the importance of leaf was ranked Ist by 65% of the residents, while 5% of respondents 

denied using Moringa leaves (Figure 4). About 30% of the growers maintained Moringa for income 

generation. Though the dependency of urban people on firewood now has been reduced considerably 

with LPG, about 50% of Moringa growers utilize its branches as fuelwood. It observes that 27% of 

Moringa owners consume leave, fruit, and wood, more than 25 times a year, while 58% of growers 

utilize Moringa plant parts 15 to 25 times yearly (Figure 5). The results show that the Moringa owner 

uses the trees parts higher than the non-owner residents of the city. 

Moringa fascinates through its versatile uses such as vegetables, medicine, vitamin, minerals, and high 

amount of CO2 from the atmosphere [12;8; 48; 23; 20]. Due to its multiple-use, it has become the most 

planted tree species in urban homes of the study area. M. oleifera is known to thrive in extreme arid 

conditions, and all parts of the plant, including the leaf, seed, root, bark, flower, seedpod, gum, oil, and 

fruits, are utilized due to their various environmental applications and multiple health benefits both to 

humans and animals [57].  Among other reasons for planting Moringa were the fast-growing behavior 

of the tree, demand less care and fruit early, and its adaptability to fit in small spaces near home and 
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backyard. Moreover, the tremendous coppicing ability of the tree, easy establishment from branch/stem 

cutting and seed, and wide adaptability to soil and environment make the species "Never die" trees 

[58;59]. Even a few trees yield enough for own family use and marketable produce to fetch good 

income, and because of this, 30% of growers adopted Moringa only as a source of income in the city. 

Another reason for the higher acceptability of Moringa by urban dwellers is their N2 fixing behavior, 

which helps them establish a wider soil environment without dependence on chemical fertilizers.  

Moreover, whatever output produces from the plants is organic and nutritionally rich as no pesticides 

apply. 

  Other benefits of Moringa, such as fodder, firewood, income, and medicine, were also crucial to 

urban residents as identified through respondent's interviews as all these save money by curtailing their 

expenditure. [60] have also reported the high acceptance of Moringa plants in urban dwellers of 

Nigeria based on resident interviews to the benefits of Moringa plants and their diversified products 

like soup, tea, pap, and yam. They have concluded their research with a remark that Moringa is of great 

economic importance to the populace and should be more public awareness to enlighten people on its 

benefit and uses. 

 

 
Figure 4: Benefits of Moringaoleifera (Lam) in urban areas based on respondents interviews (n = 

135). (I) Most important, (II) Important (III) less important, and (IV) no important.   
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Figure 5: Usefulness of fruit/pods and leaves of M. oleifera (Lam) for urban residents of Bilaspur 

city, Chhattisgarh, India (n = 135). 

4. CONCLUSION 

Moringa is one of the preferable and popular species for urban greenery programs, which can invert 

climate change while growing trees for direct benefits for urban residents. The tree grows fast and 

fruits just after one year of planting. The owner cut the branches/stem to harvest fruit yields every year. 

This practice has resulted in a limited volume, biomass, and CO2 storage. If other methods may apply 

for harvesting fruits from the tree, the higher quantity of CO2may stock but keeping the tree size 

suitable for small space near the home and backyard of the urban area is an essential operation adopted 

by tree owners.  The increased age of the tree improves the CO2 stock in Moringa due to the thickening 

of tree diameter and biomass.  Results revealed that sites with higher human density exhibited lower 

tree populations and vice-versa. Thus the promotion of Moringa can be more effective in less settled 

areas than the area with higher human density where the property values are high and no spaces 

available for tree planting.  A large-scale Moringa planting should be done by popularizing Moringa 

for every urban community to accelerate the climate change mitigation efforts.  As the species has 

multiple outputs and versatile use, its planting may benefit nutrition and food sustainability under 

changing climate scenarios in urban areas. 
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