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Abstract: Experiment was carried out to study the growth and yield pattern of tree borne oilseed
crops based agroforestry system for the Eastern dry zone of Karnataka conducted in GKVK,
University of Agricultural Sciences, Bengaluru. The soil of experimental site was neutral in pH and
medium in available Nitrogen, Phosphorus and Potassium. The experiment was laid out in
Randomized Block Design with seven treatments and replicated thrice. The growth parameter of 11
year old TBO’s revealed that, Melia dubia recorded significantly higher tree height (12.54 m,13.22
m and 12.88, respectively), Girth at breast height (113.28 cm, 114.84 cm and 114.06cm,
respectively), bole height (4.85 m, 5.13 m and 4.99 m, respectively), collar diameter (139.29 cm,
116.82 cm and 114.06 cm, respectively), Canopy spread towards N-S (14.37 m, 14.79 m and 14.58
m, repectively ) and E-W (11.83 m, 11.93 m and 11.87 m, respectively) directions and wood volume
(0.389 m®, 1.8410 m® and 1.115 m?, respectively) during 2019, 2020 and pooled respectively. It was
followed by Melia azedarach, Simarouba glauca, Azadiractha indica, Madhuca latifolia, Pongamia
pinnata and least growth parameters were observed with Callophyllum inophyllum. Thus, it clearly
indicated that Melia dubia found to be one of the fast growing TBO’s among the seven tree borne
oilseed crops. Further, higher tree carbon stock (40.93 t ha!, 42.73 t ha! and 41.83 t ha’l,
respectively) and soil carbon stock (29.16 t ha'!, 30.41 t ha™! and 29.78 t ha'!, respectively) during
2019, 2020 and pooled respectively was recorded by Melia dubia based agroforestry system.
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1. Introduction in India is non-edible oil seeds and the
technology for its production is indigenously
As India struggling to grapple with its available and have proven to be good
growing imports for vegetable oil, over 67 per substitutes for oil (21 to 73 %) in the energy
cent of our current demand is met by imports, sector, a solution for problems like
a hidden source of unlimited potential lies environmental degradation, restricting
untapped. As per the third assessment of imports, rural employment and agricultural
IPCC, the global oil demand will rise by 1.68 economy. India has about 10 TBO varieties,
% from 75 MB/day in the year 2002 to 120 which include Simarouba (Simarouba glauca),
MB/day in 2030 i.e. a tenfold increase. In Melia (Melia azedarach and Melia dubia), Sal
order to meet this demand, Tree borne oilseeds (Shorea robusta), Neem (Azadirachta indica),
(TBO’s) play key role. Tree borne oilseeds, a Mahua (Madhuca longifolia and Madhuca
minor forest produce, can significantly latifolia), Calophyllum (Calophyllum
contribute to avert this situation. Most of these inophyllum), Karanj(Pongamia pinnata) and
TBOs are abundantly found in forest and non- Kokum (Garcinia indica). The production
forest areas but are scattered and are not potential for bio-diesel is nearly 20 mt per
properly collected, what so ever collected is of annum. Only a few million tonnes have been
poor quality due to the lack of awareness. Tree utilized (due to lack of demand).
Borne Oilseeds as potential value, the major
source of bio-diesel and renewable liquid fuels Tree borne oilseeds (TBO’s) are gaining

importance as a supplementary source of oil
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for food, fodder,fuel and industrial
applications. All products of forests excluding
timber have been traditionally classified as
Non Timber Forest Produce (NTFP) or Minor
Forest Produce (MFP). In addition to sources
of oils and fats, the products fall into various
categories Viz., medicinal plants, essential oils,
spices, gums, resins, fibers, dyes etc. which
may be used locally by the tribal’s / forest
dwellers. Tree borne oilseeds which form an
important NTFP are region specific depending
on the species supported in the particular agro-
climatic zone. In order to prevent over
exploitation and ensure sustainable supply, the
alternative is to additionally raise them as
plantations or in various agroforestry systems.
The establishment of a successful agroforestry
system with tree borne oilseeds as a
component begins with the selection of the
tree species. Around 300 tree species bearing
oleaginous seeds have been reported in
literature (Tyagi and Kakkar, 1991; Bringi,
1987). Popular species grown in agroforestry
are economically important for timber and
related products primarily to meet various
farm requirements or supplement income in
case of surplus production. In contrast to
species raised for firewood, fodder etc., where
coppicing and lopping of trees is practiced,
tree borne oilseeds need to be allowed to grow
undisturbed to allow for timely flowering and
fruiting. In recent years, the focus of research
has been on evaluating and propagating tree
borne oilseeds for biofuels with emphasis on
species like Pongamia, Neem, Mahua,
Callophyllum, Simarouba and Melia with
suitability for agroforestry primarily as border
or sole plantations (Sudhakara Babu et al.,
2008).

2. Material and Methods

The experiment was conducted at
Agroforestry unit, ZARS, GKVK, University
of Agricultural Sciences, Bengaluru situated in
the Eastern Dry Zone (Zone — 5) of Karnataka.
The soil of the experimental site was red sandy
clay loam with neutral pH, medium in
available nitrogen, phosphorus and potassium.
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The experiment was laid out in completely
randomized block design with seven
treatments which are replicated thrice. The
tree borne oilseeds (TBO) like Simarouba

glauca, Melia azedarach, Melia dubia,
Azadirachta indica, Madhuca latifolia,
Calophyllum inophyllum and Pongamia

pinnata are planted during 2008. Observations
on various silvicultural parameters to assess
the growth and yield of TBOs were recorded
from five randomly selected trees from each
replication. Observations were taken at two
directions I.e. towards north and south and of
tree rows and at a distance of 0 to 2.5 m from
the base of each tree. The total height of the
tree was measured using Ravi’s multimeter.
The diameter at breast height was measured
with steel calliper at 1.37 m above the base of
the tree. Bole height was taken from base of
the tree till branching of the tree. Canopy
spread was measured at east — west and north
— south directions using measuring tape. Tree
carbon stock was estimated by reducing the
total biomass of the tree to 50 per cent
(Pearson et al., 2005) or by multiplying the
total biomass of tree with 0.5 (Mac Dicken,
1997). Soil organic carbon stock (Broos and
Baldock, 2008) and total wood volume (by
using quarter girth formula) was calculated by
using the following equation.

Soil organic carbon (t ha™') = Depth (cm) x
Bulk Density (g cm™) x Organic Carbon (%)

Total wood Volume (m?) = (Girth of log at the
middle/4)* x Length of log

The experimental data was subjected to
Fisher’s method of “Analysis of Variance”
(ANOVA) as outlined by Panse and Sukhatme
(1954). All the data were analysed and the
results were presented and discussed at a
probability level of 5 per cent.

3. Results and Discussion

The results showed that, the
significantly higher tree height was observed
in Melia dubia (12.54 m, 13.22 m and 12.88
m, respectively) followed by Melia azedarach
(10.33 m, 10.98 m and 10.65 m, respectively)
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and Azadirachta indica (9.24 m, 10.32 m and
9.78 m, respectively). With respect to bole
height, Melia dubia (4.85 m, 5.13 m and 4.99
m, respectively) recorded significantly higher
bole height followed by Melia azedarach
(4.07 m, 4.16 m and 4.11 m, respectively) and
Simarouba glauca (3.43 m, 3.98 m and 3.70
m, respectively) during 2019, 2020 and
pooled, respectively (Table. 1). The significant
difference observed in tree height of different
species was ascribed to growth habit and their
aptness to local agro-ecological conditions and
the results are in accordance with the findings
of Kaushik et al, (2015) and Vaidya and Naik
(2018).

In case of girth at breast height (GBH),
significantly higher data was recorded under
Melia dubia based agroforestry system
(113.28 cm, 114.84 cm and 114.06 cm,
respectively) followed by Simarouba glauca
(8738 cm, 8834 cm and 87.83 cm,
respectively) and Pongamia pinnata (75.54
cm, 76.41 cm and 75.97 cm, respectively).
Significantly higher collar diameter recorded
with Melia dubia (116.82 cm, 139.29 ¢m and
128.05 cm, respectively) followed by
Simarouba glauca (92.10 cm, 94.84 c¢cm and
93.47 cm, respectively) and Melia azedarach
(63.58 cm, 89.23 cm and 7640 cm,
respectively) during 2019, 2020 and pooled,
respectively (Table 1). The considerable
difference observed in GBH of different tree
species was attributed to the existing agro-
ecological conditions and species specificity.

Significantly higher canopy spread
towards North-South and East-West direction
was recorded with Melia dubia based
agroforestry system (14.37 m, 11.81 m, 14.79
m, 1193 m, 1458 m and 11.87 m,
respectively) followed by Simarouba glauca
(8.76 m, 8.32 m, 8.84 m, 8.39 m, 8.80 m and
8.36 m, respectively) and Pongamia pinnata
(7.62 m, 7.38 m, 7.87 m, 7.46 m, 7.75 m and
7.42 m, respectively) in 2019, 2020 and
pooled. Least canopy spread was observed
with Canophyllum inophyllum (2.96 m, 2.59
m, 3.59 m, 2.67 m, 3.28 m and 2.63 m,
respectively). The difference noticed in
canopy spread was ascribed to different
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growth pattern which depends on individual
species and the influence of agro-ecological
conditions.

The total tree volume differed
significantly amidst different tree species.
Higher wood volume was recorded with Melia
dubia based agroforestry system in 2019, 2020
and pooled (217.84 m> ha’!, 368.2 m> ha! and
293.02 m® ha'l, respectively) followed by
Simouba glauca and Melia azedarach. Least
wood volume was recorded with Calophyllum
inophyllum (9.58 m? ha!, 55.22 m? ha! and
32.40 m® ha’l, respectively) (Table 2). The
difference observed in average tree volume of
different tree species was due to their different
growth habit, internal vigour and the
prevailing agro-ecological conditions (Kimaro
etal.).

The above ground biomass of tree
differed significantly among different tree
species (Table 3). Melia dubia recorded
significantly higher above ground biomass
during 2019, 2020 and pooled respectively
(65.07 t ha!, 67.84 t ha! and 66.45 t ha’l,
respectively). This was followed by
Azadirachta indica (23.40 t ha’!, 26.04 t ha’!
and 24.72 t ha’!, respectively) and Simarouba
glauca (21.57 t ha', 24.79 t ha and 23.18 t
ha'!, respectively) which were on par with
each other. Significantly lower above ground
biomass was noticed in Calophyllum
inophyllum with (4.03 t ha', 1.93 t ha'and
498 t ha', respectively). The significant
difference observed in above ground biomass
of different tree species was ascribed to
growth habit and their aptness to local agro-
ecological conditions. The higher above
ground biomass in Melia dubia agroforestry
system was attributed to significantly higher
GBH, wider canopy spread and vigorous
growth. The results were in conformity with
the findings of Subedi (2004) and Verma et al.
(2006).

Significantly higher below ground
biomass was recorded in Melia dubia based
agroforestry system(15.42 t ha'!, 17.63 t ha’!
and 16.52 t ha’', respectively) in 2019, 2020
and pooled respectively. Which was followed
by Azadirachta indica (5.84 t ha!, 6.77 t ha’!
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and 6.31 t ha’!, respectively) and Simarouba
glauca (5.01 t ha'!, 6.44 t ha''land 5.75 t ha!,
respectively) which were on par with each
other. Significantly lower below ground
biomass was noticed in Calophyllum
inophyllum (1.98 t ha!, 2.50 t ha'and 2.24 t
ha’!, respectively). The significant difference
noticed in below ground biomass among
different tree species was attributed to growth
habit, above ground biomass, root system and
suitability to agro-ecological conditions. The
higher below ground biomass in Melia dubia
was attributed to significantly higher above
ground biomass, deep root system and
vigorous growth. Similar results were
observed by Woomer and Palm (1998).

The total biomass of tree differed
significantly among different tree species.
Significantly higher total biomass of tree was
recorded by Melia dubia (80.49 t ha!, 85.47 t
ha'and 82.98 t ha'!, respectively). Next in the
order was Azadirachta indica (29.24 t ha’,
32.81 t ha! and 30.61 t ha!, respectively) and
Simarouba glauca (26.58 t ha!, 31.23 t ha
'and 29.32 t ha!, respectively). Lower total
biomass of tree was noticed in Calophyllum
inophyllum (6.01 t ha!, 8.43 t ha! and 7.22 t
ha!, respectively). The total biomass of tree
differed significantly among different tree
species due to their growth habit of species,
age of trees and suitability to agro-ecological
conditions. The higher total biomass in Melia
dubia is attributed to significantly higher
GBH, wider canopy spread, dense foliage and
vigorous growth. The results were in similarity
with the findings of Roy et al. (2006) and
Ahmedin et al. (2013).

The tree carbon stock of different tree
species differed significantly (Table 18). The
above ground carbon stock was significantly
higher in Melia dubia based agroforestry
system (40.93 t ha'!, 42.73 t ha and 41.83 t
ha'). This was followed by Azadirachta
indica (15.43 tha!, 16.40 t ha! and 15.91 t ha"
I, respectively) and Simarouba glauca (13.56 t
ha', 15.61 t ha' and 14.58 t hal,
respectively). Significantly lower tree carbon
stock was witnessed in Calophyllum
inophyllum (2.99 t ha'!, 3.21 t ha' and 3.10 t
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ha'!, respectively). The significant difference
witnessed in tree carbon stock of different tree
species depended on region, species, age of
tree and previous land-use pattern. Melia
dubia sequestered considerable quantity of
atmospheric carbon because of more biomass
accumulation and vigorous growth (Fig 11).
Similar results were obtained by Oelbermann
et al. (2004), Jana et al. (2009), Chavan and
Rasal (2010), Hangarge et al. (2012),
Mangalassery et al.(2014), Mitra et al. (2015)
and Ganguly and Mukherjee (2016).

A significant difference was noticed in
soil organic carbon stock among different tree
species, Pongamia pinnata recorded
significantly higher soil organic carbon stock
(30.47 t ha!, 31.35 t ha! and 3091 t ha’,
respectively) followed by Melia dubia (29.16 t
ha'!, 30.41 t ha! and 29.78 t ha'!, respectively
) which was on par with Pongamia pinnata.
Significantly lower soil organic carbon stock
was found in Calophyllum inophyllum (21.68 t
ha!, 22.33 t ha! and 22.0 t ha!, respectively).
The total soil organic carbon stock varied
significantly depending on region, species, soil
quality and previous land-use pattern
.Pongamia pinnata and Melia dubia
accumulated considerable quantity of soil
organic carbon because of litter fall, fast
decomposition rate and vigorous growth.
These results are in accordance with Makumba
et al. (2007), Takimoto et al. (2008), Ahmedin
et al. (2013) and Dhyani et al. (2016).

The economic seed yield is obtained
after 8 years in Melia dubia, Melia azedarach
and Calophyllum inophyllum with average
yield of 13 kg tree!, 12 kg tree’! and 45 kg
tree! respectively (Table 4) with oil
percentage of 21, 23 and 60 respectively. In
case of Pongamia pinnata and Azadirachta
indica economic seed yield is obtained after
five years of planting with 28 kg and 18 kg
average yield per tree and 28 and 22 per cent
oil, respectively. Whereas, Simarouba glauca
found to be early yielder with average seed
yield of 45 kg tree! and 62 oil per cent and
Madhuca longifolia is late bearer after ten
years of planting with 25 kg tree’! average
seed yield and oil per cent of 33. The results
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are in accordance with the work of Dhyani et
al. (2016).

4. Conclusions

Based on the TBO’s growth traits
analysis, Melia dubia recorded significantly
higher tree height, GBH, wood volume and
canopy spread as against other tree species.
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The performance of Simarouba glauca,
Azadirachta indica and Pongamia pinnata
were better compared to Calophyllum
inophyllum and Madhuca latifolia whose
growth and yield was poor. The higher oil per
cent was recorded with Simarouba glauca and
Calophyllum  inophyllum over Madhuca
longifolia, Pongamia  pinnata, Melia
azedarach, Azadirachta indica and Melia
dubia.
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Table 1: Tree height, Bole height, Girth at breast height and Collar diameter of different tree
borne oilseed species established under agroforestry system 2019 & 2020.

Tree height Bole height GBH d_CoIIar
lameter
Tre_e (m) (m) (cm) cm)
SPECIES 1750 T 202 [ Poole | 201 [ 202 [Poole | 201 | 202 | Poole | 201 | 202 | Poole
19/ 0| d |9l o] d|9|o]| d]| 9] o] d
Simarouba 873 | 883 92.1 | 94.8
glauca 93 (951|940 | 343398370 | 2 | 4 [8783| 1 | 4 | 9347
12132 113. | 114. | 1140 | 116. | 139. | 128.0
Meliadubia | 54 | 2 [12.88 485|513 499 | 28 | 84 | 6 | 82 | 29 | 5
rzadirachta | 92 | 103 67.0 | 68.1 72.9 | 78.9
i dica 41 2 | 978 329378353 8 | 6 |6762| 2 | 9 |7595
Melia 10. | 10.9 61.1 | 62.1 63.5 | 89.2
aredarach | 33| 8 | 1065407 [416| 411 | 6 | 4 |6165] 8 | 3 |7640
Pongamia_ | 60 755 | 76.4 79.5 | 72.1
pinnata 8 |697| 652253284268 | 4 | 1 |7597] 7 | 4 |7585
Vadhuca | 3-8 629 | 63.8 79.1 | 77.2
Iatifolia 8 | 654|621 |314(325]319| 4 | 7 |6340| 4 | 8 |7821
Calophyllu | 48 325 | 33.4 48.0 | 41.5
m 8 549 | 518 | 258 264|261 | 2 | 7 |3299] 9 | 5 |4482
inophyllum
18
S.Emz 5 | 124 | 154 | 043|087 | 065 |3.12 | 2.87 | 299 | 3.84 | 4.44 | 4.14
55 133
CDat5% | 2 359 | 455 | 128|252 | 19 | 936 (861|898 |619| 2 | 975
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Table 2: Canopy spread and Wood volume of different tree borne oilseed species established
under agroforestry system 2019 & 2020.

Canopy spread Wood volume Wood volume
(m) (m®) (hat m3)
Tree species 2019 2020 Pooled
00%€d | 5019 | 2020 | PO | 2019 | 2020 | POO!
N-S | E-W | N-S | E-W | N-S | E-W ed ed
Simarouba 8.8 0.16 [ 1.09 | 0.63 | 91.5 | 219. | 155.
glauca 8.76 | 832 | 8.84 | 8.39 0 8.36 35 37 1 6 74 65
. . 11.8 1147 | 119 | 14. | 11.8 1 0.38 | 1.84 | 1.11 | 217. | 368. | 293.
Meliadubia | 1437 | = "9 | 37 L sg | 7 [ 90 | 10 | 50 | s4 | 2 | 02
Azadirachta 6.5 0.09 [ 0.80 | 0.44 | 51.8 | 161. | 106.
indica 6.10 | 541 | 7.03 | 6.22 7 5.82 25 51 28 0 02 41
Melia 7.3 0.09 [ 0.80 | 0.45 | 53.3 | 161. | 107.
azedarach 6.83 | 6.14 | 7.94 | 6.25 9 6.20 52 78 15 1 56 44
Pongamia 7.7 0.09 | 0.67 | 0.38 [ 50.5 | 135. | 93.0
pinnata 7.62 | 7.38 | 7.87 | 7.46 5 7.42 02 ’1 42 1 62 7
Madhuca 4.1 0.07 | 0.64 | 0.36 | 43.5 | 129. | 86.6
latifolia 3.80 | 3.90 | 4.57 | 4.11 9 4.01 77 ’7 37 5 74 3
Calophyllum 3.2 0.01 [ 0.27 | 0.14 552 | 32.4
inophyllum 296 | 2.59 | 3.59 | 2.67 ] 2.63 71 61 66 9.58 > 0
0.8
S.Em+ 0.71 | 0.66 | 0.91 | 0.87 ) 0.79
2.3
CD at 5% 214 | 169 | 2.64 | 252 5 2.13
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Table 3: Biomass of tree, Tree carbon stock and Soil organic carbon stock of different tree
borne oilseed species established under agroforestry system 2019 & 2020.

Above ground | Below ground Total tree Tree carbon Soil organic
biomass biomass biomass stock carbon stock
Tree (tha?l) (t hal) (t hal) (t hal) (t hal)
species
20 [ 20 [ Poo | 20 [ 20 | Poo | 20 | 20 | Poo [ 20 | 20 | Poo | 20 | 20 (I)ché
19 |1 20 | led | 19 [ 20 [ led [ 19 [ 20 | led [ 19 | 20 | led | 19 | 20 d
Sllrjnbzro 21. | 24.[23.1| 5.0 | 64| (|, 26|31 293 |13 | 15 | 145 26. | 28. | 27.
ST 8 b4 12312 156 | 61| 85 | 51|67 59
glauca
Melia | 65- | 67.|66.4 |15 [17.| 165 |80. | 85. (829 | 49 | 42 | a1.8 | 29. | 30. | 29.
dubia | 07 | 84 | 55 | 42163125 149147 8 | o3 | 73| 3 | 16 | 41 | 785
AZC?]C:;ra 23.[26. 1247|158 | 6.7 589 29. | 32. 1 30.6 15. 116. 1 1591 25 | 26. | 26.
o 41041 2 147 241801 L a3 | 4| 15 |66 | 73 | 195
indica
aleall?a 17119, [ 182 1 3.1 {49 | o 00 [20. 1241222 | 1y | 15 | 116 28. | 27. | 28.
h 32 1 09| 05 9 7 51 |1 06 | 85 191021 05 |54 47 |005
Pongam | 14. | 15. | 14.9 | 22{3.9 [3.10 [ 16. | 19. [ 180 | g4 | 9 30. 131 | 30,
1a 56 [34] 5 3] 8 5 179 |32] 55 9.04
. 2 6 47 | 35 | 91
pinnata
I\/Iaghuc 13| 14,1137 124137 | o |15, | 181168 | g 4 1 o1 | 876 | 22. | 24. | 23.
a 11|46 | 8 |6 |6 57122195 | 5 | 1|5 |65 121|385
latifolia
Caloph
yllum | 40439y og | 19105 | 204 [ 0018415500120 132 21 22|22
inophyll | 3 | 3 8 L3 o | 1|7 | e8] 33005
um
0.6 0.7 0201 0.6 [ 0.9 06 (04 06 (07| 0.6
S.Em+ 5 5 0.68 3 9 0.27 9 1 0.78 3 5 0.52 1 2 4
CDat (18] 2.2 0.7 (05 1.7 128 171122 |17
504 5 3 1.84 5 3 0.7 7 1 20211614149 7 4 1
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Table 4: Flowering, harvesting season and yield parameters of Tree Borne oilseed crops

Melia Melia Pongamia | Azadirachta | Madhuca | Simarouba | Calophyllum
Plants . . o e )

dubia azedarach | pinnata indica longifolia | glauca inophyllum
Flowering | March- March- March- March-Ma March- | December- April-
season April April May Y April February September
Harvesting | December- | December- | January- June- June- February- October-
season January January March November August April December
Yield
starts 8 years 8 years 5 years 5 years 10 years 4 years 7-8 years
from
Seed yield
(kg tree) 13 12 28 18 25 25 45
Oil 21 23 28 22 33 62 60
percent
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