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ABSTRACT: A study was conducted at the research farm of the department of forestry, 
CCSHAU, Hisar, during Rabi 2022–2023 to evaluate the impact of organic fertilizers on the 

morphological growth parameters of wheat varieties grown under a Casuarina junghuhniana 
based agroforestry system planted at 5m × 3m spacing. Four wheat varieties (WH 1270, WH 

1184, WH 1142, and WH 1124) were cultivated with three fertilizer treatments: T1 
(recommended dose of nitrogen (RDN) through inorganic fertilizers), T2 (farmyard manure at 
17.5 t/ha), and T3 (vermicompost at 8 t/ha). During the study period, tree height, girth and 

crown spread were increased by 5%, 5.8% and 5.1%, respectively. Plant population at 20 DAS 
was maximum in WH 1142 with T1 (RDN) under control conditions (369.3).With varying levels 

of organic fertilizer, the wheat crop in control conditions took fewer days to 50% flowering 
(91.9) and days to maturity (143.1) than the casuarina based agroforestry system. Treatment T1 

(RDN) took the longest number of days to reach 50% flowering (100.7) and maturity (151.2) 

among all three treatments. Plant height and dry matter accumulation were also lower under 
the casuarina based agroforestry system compared to the control, with observations taken at 

30-day intervals. These findings suggest that inorganic fertilizers may be more successful at 
enhancing wheat growth under casuarina based agroforestry system, but additional studies 

into long-term soil health and sustainable practices with organic fertilizers are needed.

1.  INTRODUCTION

Agroforestry combines woody perennials with 

livestock, arable crops, or feed to improve soil health, 

encourage resource efficiency, and boost agricultural 

production, livelihoods, and resilience (Fahad et al., 

2022). Agroforestry systems serve several purposes, 

including increasing agronomic productivity, 

producing a variety of food and non-food items 

together, and offering ecosystem services (Lehmann et 

al., 2020). Agroforestry systems support sustainable 

agriculture and food supply by offering ecosystem 

services, food diversity, and economic viability (Raj et 

al., 2019). With an estimated 1.3% to 1.8% yearly rise 

in industrial roundwood consumption predicted 

through 2030, there is an increasing need for wood as a 

raw material globally (Gardiner and Moore, 2014). 

This results in the captive industrial cultivation and 

agroforestry of various commercial tree species, 

including poplar, eucalyptus, melia, dalbergia, teak, 

bamboo, and casuarina trees, outside of the forest 

region (Madiwalar & Parthiban, 2023 ; Chavan et al., 

2016). 

More than 90% of the industrial round wood used in 

India's pulp and paper industry originates from 

quickly expanding species that are grown outside of 

forests (Nayana et al., 2021). Casuarina junghuhniana 

planting material has been becoming more popular in 

recent years due to characteristics such as short 

rotation tree species, drought endurance, blister bark 

disease and superior coppicing ability compared to 

Casuarina equisetifolia (Kumar et al., 2017). 

Casuarina junghuhniana is a pioneering, fast-

growing multipurpose actinorhizal tree species that is 

widely employed for soil reclamation and wasteland 

improvement (Keerthika et al., 2021; Karthikeyan et 

al., 2009). It is also used for soil reclamation and is 

widely adopted by Indian farmers (Saravanan et al., 

2012).

The varieties of Wheat includes WH 1270, WH 1184, 

WH 1142, and WH 1124 are high-yielding wheat 

varieties developed by CCS Haryana Agricultural 

University, India, for cultivation in northwestern 

plains. These varieties are known for their good grain 

quality, disease resistance, and adaptability to diverse 

agro-climatic conditions. WH 1270 and WH 1184 are 

recent introductions with improved rust resistance 

(Khan et al., 2024; Bhukal et al., 2023), while WH 

1142 and WH 1124 are earlier releases recognized for 

their stable performance and suitability for timely 
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Table 1. Tree growth parameters at initial and harvest stages of wheat crop

Time Tree Height (m) Girth at BH (cm) Crown spread (m)

Before sowing of wheat (November 2022) 7.9 31.82 3.9

After harvesting of wheat (April 2023) 8.3 33.67 4.1

west directions were measured and presented in 

meters before planting and after wheat crop harvest. 

Growth parameters of the wheat crop

At 20 days after sowing (DAS), plants were counted in 

randomly selected 1 m² plots, and averages were 

calculated to determine plant population per square 

meter. Five plants per plot were randomly tagged to 

measure height at 30, 60, 90, and 120 DAS. The height 

of each plant was measured from the base of the stem to 

the top of the topmost totally opened leaf with a 

measuring scale and the average of all five plants was 

determined. For days to 50% flowering, data were 

gathered and recorded for each wheat variety when 50% 

of the spike or head was visible in the plots. When 75% 

of the plants in the field became yellow, the dates of 

maturity were visually checked and recorded for each 

variety. Wheat crop plants of one-metre row length were 

collected at 30-day intervals from three distinct points in 

each plot to examine dry matter accumulation in grams 

during the study period. These samples were first sun-

dried before being dried in an oven at 60 °C for 

approximately 24 hours to attain a uniform weight.

3. RESULTS  AND  DISCUSSION

Growth studies of Casuarina junghuhniana

Data on the height, girth and crown spread of casuarina 

trees are shown in Table 1. Before sowing the wheat 

crop, tree height, GBH and crown spread were 7.9 m, 

31.82 cm and 3.9 m, respectively. During the study 

period, tree height increased by 5.06%, girth at breast 

height by 5.81% and crown spread by 5.13%, as 

shown in Fig. 1. The mean height, girth at breast height 

and crown spread of casuarina were 8.3 m, 33.67 cm 

and 4.1 m, respectively, after harvesting the wheat 

crop. Similar findings were also reported by Ramesh 

et al. (2023) and Kumar et al. (2019) in terms of height 

increment and other tree growth parameters.
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sown irrigated conditions (Devi et al., 2022; Singh et 

al., 2015).

The rice-wheat cropping system in northwest India is 

facing problems, yet sustainable intensification of 

technology and awareness-building can assist in solving 

these food security issues (Dhanda et al., 2022). Farmers 

need more options for growing wheat and rice and 

improving input efficiency. This will help spread 

resource-conserving technologies, ensure affordable 

food, and improve livelihoods (Gupta et al., 2015). The 

most promising organic farming techniques must be 

developed to bridge the knowledge gap. By introducing 

agroforestry, this might help reduce the yield gap with 

conventional agriculture and increase sustainability 

(Santiago-Freijanes et al., 2021).

2. MATERIALS  AND  METHODS

The study was carried out in the semi-arid region of 

north-western India at the research facility of the 

department of Forestry, CCSHAU, Hisar, which is 

geographically located at 29° 10′ N latitude and 75° 

43′ E longitude at an elevation of 215.2′ m above mean 

sea level. The region experiences a subtropical 

monsoonal climate with 350–400 mm of annual 

rainfall on average, 70–80% of which falls between 

July and September,  with mean maximum 

temperatures ranging from 40 to 45 °C. The 

experimental trial was conducted on an already 

established 2 year and 2 month old Casuarina 

junghuhniana tree planted at a spacing of 5m × 3 m at 

the research farm in the Department of Forestry, CCS 

HAU, Hisar. In the interspaces of the trees, four wheat 

varieties (WH 1270, WH 1184, WH 1142, and WH 

1124) were cultivated in three replications during the 

Rabi season of 2022–2023. Three fertilizer treatments 

were applied: T1 (recommended dose of nitrogen 

(RDN) through inorganic fertilizers), T2 (farmyard 

manure at 17.5 t/ha), and T3 (vermicompost at 8 t/ha). 

Growth studies of casuarina trees 

The Nikon Forestry 550 laser rangefinder was used to 

measure the height of casuarina trees from the base to 

the tip of the tree. At the time of sowing and after the 

wheat crop was harvested, measurements were 

obtained in meters up to one decimal and for the girth 

measurement, the circumference of the selected 

standing trees was measured in centimeters up to two 

decimal places using a measuring tape at a height of 

1.37 meters (DBH) above ground level. The average 

values of crown spread (m) in north-south and east- Fig.1. Bar graph showing percentage increment in tree 
growth parameters during study period
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Growth parameters of the wheat crop

Plant population
2Plant population/m  at 20 DAS showed significant 

variation under casuarina based agroforestry system 
compared to the control, as shown in Fig. 2. With 

varied levels of organic fertilizers, plant population 

was significantly higher in control conditions (313.3) 
compared to casuarina based agroforestry system 
(262.2). This might be defined as increased 
competition for photosynthetically active radiation 

(PAR) between trees and crops in an agroforestry 

based system, which hampered crop germination and 

establishment. The genetic impact or adaptability of a 
particular variety may be the reason for the differences 
in response of varieties in different planting geometry, 

as reported by Sirohi et al. (2020) under a 5-year-old 
Casuarina equisetifolia based agroforestry system. 

The effects of treatments were also observed to be 

significant on plant population, as treatment T1 

(RDN) resulted in significantly higher plant 
population (313.3), followed by T3 (Vermicompost) 
(279.2) and the least plant population was recorded 

with T2 (FYM) (270.3), irrespective of varieties. Plant 

population didn’t change significantly among wheat 

varieties. Maximum plant population/m2 at 20 DAS 
(396.3) was observed in wheat variety WH 1142 with 
T1 (RDN) under control conditions. Superior results 

of T1 (RDN) may be due to the greater availability of 

nutrients by inorganic fertilizers compared to organic 

fertilizers at the early stages of wheat, as reported by 
Ibrahim et al. (2008) and Kumar et al. (2017).

Plant Height 

Plant height at all the observed intervals showed 
significant variation under casuarina based 

agroforestry system as compared to control (Fig. 3). 

With varied levels of organic fertilizers, plant height at 

all the observed interval was significantly higher in 
control conditions (20.1, 52.4, 77.3 and 93.4 cm at 30, 
60, 90 and 120 DAS, respectively) compared to 

casuarina based agroforestry system (14.5, 45.3, 69.9 

and 86.4 cm at 30, 60, 90 and 120 DAS, respectively). 

These findings are consistent with those of Sirohi et al. 
(2012) and Rao et al. (2016). They found that the 

Fig. 2: Effect of different organic treatments on plant 
2population/m  at 20 DAS on different wheat varieties 

under AFS and control 

Fig. 3 (a-d): Effect of different organic treatments on plant height at 30, 60, 90 and 120 DAS on different wheat 
varieties under AFS and control 
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agroforestry system significantly reduced wheat plant 
height compared to the control, due to lower light 

availability. Effect of treatments were also observed 

significant at all recorded durations as treatment T1 
(RDN) was resulted in significantly  higher plant 
height,  followed by T3 (Vermicompost) and least 
plant height was recorded with T2 (FYM), irrespective 

of varieties. Wheat variety WH 1270 showed 

maximum plant height at all recorded intervals, among 
all the wheat varieties.  Similar findings were reported 
by Ibrahim et al. (2008) and Kumar et al. (2017) on the 
effect of organic fertilizers on wheat plant height and 

stated that better availability of nutrients, particularly 

nitrogen, to the wheat crop, which translocates 
maximum photosynthesis from source to sink and 
accumulates in individual plant parts, resulting in 

higher crop height.

Dry matter accumulation

Similar to plant height, dry matter accumulation/mrl 

(meter-row-length) also varied with different 

organic  fe r t i l i zers  under  casuar ina  based 

agroforestry system as well as in control (Fig. 4). Dry 

matter accumulation at all recorded interval were 

also found significantly higher in control condition 

(32.9, 64.2, 136.3 and 252.9 g/mrl at 30, 60, 90 and 

120 DAS, respectively) as compared to casuarina 

based agroforestry system (26.5, 52.3, 109.8 and 

203.8 g/mrl at 30, 60, 90 and 120 DAS, respectively). 
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These findings are consistent with those of Sirohi et 

al. (2012) and Rao et al. (2016). They found that 

agroforestry system had a significant impact on dry 

matter accumulation when compared to a control due 

to lower radiation interception under agroforestry 

system. Effect of treatments on dry matter 

accumulation at all recorded interval were also 

observed significant at all recorded durations as 

treatment T1 (RDN) was resulted significantly  

higher dry matter accumulation, followed by T3 

(Vermicompost) and least dry matter accumulation 

was recorded with T2 (FYM), irrespective of 

varieties. Varietal difference on dry matter 

accumulation was found non-significant at all 

intervals. Similar findings were reported by Kumar 

et al. (2017),  Gosal et al. (2018) and Zhang et al. 

(2018). Lower dry matter in T2 (FYM) and T3 

(Vermicompost) may be due to limited nitrogen, 

unlike T1 (RDN), where nitrogen boosted 

metabolism, growth, and photosynthesis.

Days to 50% flowering and days to maturity

Wheat varieties grown under casuarina based 

agroforestry system took significantly higher number 

of days to 50% flowering and days to maturity (98.8 

and 152.8 days, respectively) as compared to wheat 

varieties grown in control conditions (91.9 and 143.1 

days, respectively), irrespective of treatments as 

shown in Fig. 5. Similar results were reported by 
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Sirohi et al. (2012) and Rao et al. (2016) and 

concluded variation in days to flowering and maturity 

might be result of greater supply of nitrogen by 

agroforestry system compared to control. Treatment 

T1 (RDN) took higher number of days to 50% 

flowering (100.7) and days to maturity (151.2), among 

all three treatments. Wheat variety WH 1184 took least 

number of days to 50% flowering (94.4 days), while 

variety WH 1142 took least number of days to maturity 

(143.9 days), among all four wheat varieties. The 

delay in flowering and maturity under treatmentT1 

(RDN) might be attributed to a greater supply of 

nitrogen than organic fertilizers (T2 and T3) as 

reported by Kumar et al. (2017), Gosal et al. (2018).

4. CONCLUSION

The morphological growth parameters exhibited 

reduced outcomes under casuarina based agroforestry 

system and all varieties faced significant shading 

effect, limiting on morphological growth. Wheat 

varieties exhibited the most significant response 

to treatment T1 (RDN), as evidenced by results 

of plant height and dry matter accumulation. However, 

treatment T1 (RDN) also led to delayed growth 

duration of the wheat crop. In contrast, treatment 

T3 (Vermicompost) resulted in an earlier growth 

period for the wheat crop.
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Fig. 4 (a-d): Bar graph showing the effect of different organic fertilizers on dry matter accumulation at 30, 60, 90 and 

120 DAS on different wheat varieties under AFS and control 

Fig. 5 (a-b): Bar graph showing the effect of different organic fertilizers on days to 50% flowering and days to maturity on 
different wheat varieties under AFS and control



agroforestry system significantly reduced wheat plant 
height compared to the control, due to lower light 

availability. Effect of treatments were also observed 

significant at all recorded durations as treatment T1 
(RDN) was resulted in significantly  higher plant 
height,  followed by T3 (Vermicompost) and least 
plant height was recorded with T2 (FYM), irrespective 

of varieties. Wheat variety WH 1270 showed 

maximum plant height at all recorded intervals, among 
all the wheat varieties.  Similar findings were reported 
by Ibrahim et al. (2008) and Kumar et al. (2017) on the 
effect of organic fertilizers on wheat plant height and 

stated that better availability of nutrients, particularly 

nitrogen, to the wheat crop, which translocates 
maximum photosynthesis from source to sink and 
accumulates in individual plant parts, resulting in 

higher crop height.

Dry matter accumulation

Similar to plant height, dry matter accumulation/mrl 

(meter-row-length) also varied with different 

organic  fe r t i l i zers  under  casuar ina  based 

agroforestry system as well as in control (Fig. 4). Dry 

matter accumulation at all recorded interval were 

also found significantly higher in control condition 

(32.9, 64.2, 136.3 and 252.9 g/mrl at 30, 60, 90 and 

120 DAS, respectively) as compared to casuarina 

based agroforestry system (26.5, 52.3, 109.8 and 

203.8 g/mrl at 30, 60, 90 and 120 DAS, respectively). 
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These findings are consistent with those of Sirohi et 

al. (2012) and Rao et al. (2016). They found that 

agroforestry system had a significant impact on dry 

matter accumulation when compared to a control due 

to lower radiation interception under agroforestry 

system. Effect of treatments on dry matter 

accumulation at all recorded interval were also 

observed significant at all recorded durations as 

treatment T1 (RDN) was resulted significantly  

higher dry matter accumulation, followed by T3 

(Vermicompost) and least dry matter accumulation 

was recorded with T2 (FYM), irrespective of 

varieties. Varietal difference on dry matter 

accumulation was found non-significant at all 

intervals. Similar findings were reported by Kumar 

et al. (2017),  Gosal et al. (2018) and Zhang et al. 

(2018). Lower dry matter in T2 (FYM) and T3 

(Vermicompost) may be due to limited nitrogen, 

unlike T1 (RDN), where nitrogen boosted 

metabolism, growth, and photosynthesis.

Days to 50% flowering and days to maturity

Wheat varieties grown under casuarina based 

agroforestry system took significantly higher number 

of days to 50% flowering and days to maturity (98.8 

and 152.8 days, respectively) as compared to wheat 

varieties grown in control conditions (91.9 and 143.1 

days, respectively), irrespective of treatments as 

shown in Fig. 5. Similar results were reported by 
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Sirohi et al. (2012) and Rao et al. (2016) and 

concluded variation in days to flowering and maturity 

might be result of greater supply of nitrogen by 

agroforestry system compared to control. Treatment 

T1 (RDN) took higher number of days to 50% 

flowering (100.7) and days to maturity (151.2), among 

all three treatments. Wheat variety WH 1184 took least 

number of days to 50% flowering (94.4 days), while 

variety WH 1142 took least number of days to maturity 

(143.9 days), among all four wheat varieties. The 

delay in flowering and maturity under treatmentT1 

(RDN) might be attributed to a greater supply of 

nitrogen than organic fertilizers (T2 and T3) as 

reported by Kumar et al. (2017), Gosal et al. (2018).

4. CONCLUSION

The morphological growth parameters exhibited 

reduced outcomes under casuarina based agroforestry 

system and all varieties faced significant shading 

effect, limiting on morphological growth. Wheat 

varieties exhibited the most significant response 

to treatment T1 (RDN), as evidenced by results 

of plant height and dry matter accumulation. However, 

treatment T1 (RDN) also led to delayed growth 

duration of the wheat crop. In contrast, treatment 

T3 (Vermicompost) resulted in an earlier growth 

period for the wheat crop.

ACKNOWLEDGMENT

This investigation is part of the first author's M.Sc. 

dissertation. The Department of Forestry at CCS 

Haryana Agricul tural  Universi ty,  Hisar,  is 

acknowledged by the authors for providing all 

research facilities.

REFERENCES
Bhukal, S., Rani, E., Verma, V. and Rani, D. (2023). Awareness and 

Knowledge of the Farmers about Wheat Varieties of 

CCSHAU. International Journal of Education and 

Management Studies, 13(4), 499-503.

Chavan, S.B., Uthappa, A.R., Sridhar, K.B., Keerthika, A., Handa, 

A.K., Newaj, R. & Chaturvedi, O.P. (2016). Trees for life: 

Creating sustainable livelihood in Bundelkhand region of 

central India. Current science, 994-1002.

Devi, S., Singh, V. and Anon, N. (2022). Evaluation of wheat 

genotypes for yield potential under combined drought and 

heat stress conditions. Journal of Cereal Research, 13(3).

Dhanda, S., Yadav, A., Yadav, D.B., & Chauhan, B.S. (2022). 

Emerging issues and potential opportunities in the rice– 

wheat cropping system of North-Western India. Frontiers in 

Plant Science, 13, 832683.

Fahad, S., Chavan, S.B., Chichaghare, A.R., Uthappa, A.R., Kumar, 

M., Kakade, V. & Poczai, P. (2022). Agroforestry systems for 

soil health improvement and maintenance. Sustainability, 

14(22), 14877.

Gardiner, B., & Moore, J. (2013). Creating the wood supply of the 

future. In Challenges and Opportunities for the World's 
stForests in the 21  Century (pp. 677-704). Dordrecht: 

Springer, Netherlands.

Gosal, S.K., Gill, G.K., Sharma, S. and Walia, S.S. (2018). Soil 

nutrient status and yield of rice as affected by long-term 

integrated use of organic and inorganic fertilizers. Journal of 

Plant Nutrition, 41(4), 539-544.

Gupta, R.K., Naresh, R.K., Hobbs, P.R., Jiaguo, Z., & Ladha, J.K. 

(2003). Sustainability of post‐Green Revolution agriculture: 

The rice–wheat cropping systems of the Indo‐Gangetic Plains 

and China. Improving the Productivity and Sustainability of 

Rice‐Wheat Systems: Issues and Impacts, 65, 1-25.

Ibrahim, M., Hassan, A., Iqbal, M. and Valeem, E.E. (2008). 

Response of wheat growth and yield to various levels of 

compost and organic manure. Pakistan Journal of 

Botany, 40(5), 2135-2141.

Karthikeyan, A., Deeparaj, B., & Nepolean, P. (2009). Reforestation 

in bauxite mine spoils with Casuarina equisetifolia frost. and 

beneficial microbes. Forests, trees and livelihoods, 19(2), 

153-165. 

Keerthika, A., Parthiban, K.T., & Kumar, D.S. (2021). 

Understanding cultural ecosystem services of multifunctional 

agroforestry. Current Science, 121(12), 1610-1618.

Khan, H., Mohan, D. and Singh, G. (2024). Pursuing wheat yield 

maximization in north-western plains of India. Journal of 

Cereal Research, 16(2).

Kumar, N., Rao, O.P., Singh, M., Singh, P. and Khan, S. (2017). Effect 

of fertilizer and organic manures on growth and yield attributes 

of wheat and paddy variety under casuarina (Casuarina 

equisetifolia) based agrisilviculture system.  International 

Journal of Pure Applied Bioscience, 5(5), 879-887.

Kumar, T., Kumari, B., Arya, S. and Kaushik, P. (2019). Effect of 

different spacings of Eucalyptus based agroforestry systems 

soil nutrient status and chemical properties in semi-arid 

ecosystem of India. Journal of Pharmacognosy and 

Phytochemistry, 8(3), 18-23.
Fig. 4 (a-d): Bar graph showing the effect of different organic fertilizers on dry matter accumulation at 30, 60, 90 and 

120 DAS on different wheat varieties under AFS and control 

Fig. 5 (a-b): Bar graph showing the effect of different organic fertilizers on days to 50% flowering and days to maturity on 
different wheat varieties under AFS and control



Research Article

Indian Journal of Agroforestry 27(3): 87-93 (2025)

Nutritional characterization of leaf powder of introduced 
Moringa oleifera genotypes in the lower Shiwalik hills of 
the western Himalays, India

Varun  Attri* and Vijay Kumar

© Indian Society of Agroforestry 2025

ABSTRACT: Moringa oleifera Lam., commonly known as the drumstick or miracle tree, is 
recognized for its exceptional nutritional and medicinal potential. In this study, six genotypes 

viz.,PKM1, PKM2, Jodhpur Local, Odisse Local, Mandya Local, and PM1 (Punjab Local) were 
evaluated under a completely randomized block design with three replications. Leaves were 

harvested green, shade dried, milled into powder, and analyzed for proximate composition, 
vitamin content, and macro and micronutrients. Dry matter content ranged from 18.20 ± 0.92 % 
(PKM 2) to 21.00  ±  1.61  % (Jodhpur Local), and ash content varied between 11.47  ±  0.31  % 

(Jodhpur Local) and 14.47  ±  0.31  % (PKM 2). Crude protein content was highest in PKM 1 
(27.71  ±  2.01   %) and lowest in PM 1 (18.75  ±  2.72   %), while crude fiber ranged from 

13.57  ±  1.47  % (PKM 1) to 16.20  ±  0.71  % (Jodhpur Local). The vitamin profile showed 
considerable variation, with PKM 1 exhibiting the highest values for Vitamin A 

-1 -1 -(16.00 ± 0.50 mg100 g ), Vitamin B1 (2.62 ± 0.02 mg100 g ), Vitamin B2 (21.33 ± 0.76 mg100 g
1 -1 -1), Vitamin B3 (8.47  ±  0.31  mg 100  g ), Vitamin C (17.63  ±  0.67  mg 100  g ), and Vitamin E 

-1(115.33 ± 2.52 mg 100 g ). Macronutrient content varied notably across genotypes: calcium was 
-1 -1highest in PKM 1 (26.33  ±  1.53  mg100  g ), phosphorus in PM 1 (3.06  ±  0.053  mg 100  g ), 

-1 -1potassium in PM 1 (19.71 ± 0.63 mg100 g ), magnesium in PM 1 (4.44 ± 0.082 mg100 g , sodium 
-1 -1in Odisse Local (0.75  ±  0.029  mg 100  g ), and sulphur in PKM 2 (16.33  ±  0.10  mg 100  g ). 

Micronutrient analysis revealed maximum manganese in PKM 1 (51.81 ± 1.89 mg kg-1), zinc in 
-1 -1PM 1 (32.11  ±  1.15  mg kg ), copper in PM 1 (15.15  ±  0.76  mg kg ), iron in Jodhpur Local 

-1 -1(395.67 ± 11.68 mg kg ), and boron in PKM 1 (52.25 ± 0.87 mg kg ). These findings demonstrate 
significant genotypic variation in the nutritional composition of Moringa  oleifera Lam., with 

PKM 1, PKM 2, PM 1 (Pumjab local), and Jodhpur Local identified as promising candidates for 
nutritional enhancement and health-based applications.

1.  INTRODUCTION

Moringa oleifera Lam. (Saijan) is native to the Indian 

subcontinent, but with time due to its remarkable 

adaptability, it has spread to parts of the world. It is 

also known as the drumstick tree or miracle tree, this 

fast-growing tree is valued for variety of uses both as 

nutritional supplement and medicine (Fahey, 2005). It 

is now a global enterprise as it is grown in the 

Caribbean, Southeast Asia, parts of South America 

and almost every African countries. (Anwar ., et al

2007). Drumstick grows well under varied climatic 

conditions as well as soil types and this has contributed 

greatly to its wider distribution. Its proliferation into 

varied climatic conditions globally underscores its 

importance as a sustainable and versatile crop having 

potential for supporting food security and health 

benefits (Babbar ., 2011; Gupta ., 2012).et al et al

Moringa oleifera Lam (Saijan) has been used in 

traditional medicine over the years, and scientific 

research has confirmed most of its uses. Among the 

various health benefits, its nutritional profile is the 

major one. The leaves are known as a powerhouse of 

essential vitamins and minerals. They are rich in 

vitamins A, C, and E, all of which are important for 

immune function and skin health (Babbar ., 2011).et al

Drumstick leaves are also rich source of minerals such 

as calcium, iron, and potassium (Anwar ., 2007). et al

The high concentration of nutrients makes this species 

a very good dietary supplement, especially in areas 

where malnutrition is prevalent in the masses. The 

health benefits of drumstick go beyond its nutritional 

content as it contains a large amount of antioxidants, 

comprising flavonoids, phenolic acids, and ascorbic 

acid and these compounds have a important function 

in the reduction of oxidative stress and neutralization 

of free radicals (Moyo ., 2012). The oxidative et al

stress is considered as one of the major causes of 

chronic diseases such as cancer and cardiovascular 

conditions. These antioxidants help to reduce this risk 
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