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a  b  s  t  r  a  c  t

Moringa  oleifera  Lam.  is a member  of  Moringaceae  family  which  grows  throughout  most  of  the  tropics,
and  is  native  to  sub-Himalayan  tracts  of  north  west  India,  Pakistan,  Bangladesh  and  Afghanistan.  Moringa
seed  concentrates  35–45%  oil which  is  considered  a great  natural  cosmetic  emollient  almost  total  natural
absence  of color  and  odor,  and  high  oleic  acid concentration  (>73%).  To  assess  their  production  potential
in  the  Arid  Chaco,  The  Yungas  Tropical  Forest,  Tropical  Lowland  Forest,  and  in the  Sub-Humid  Chaco
Ecosystems  of  South  America,  a comparative  trial  was  undertaken  to  determine  their seed  yield  and  oil
content.  Arid  Chaco  Ecosystem:  significant  (P < 0.05)  difference  in seed  yields  among  years  were  found,
with  176.17  and  481.25  kg/tree  recorded  for 1-  and  2-year-old  trees,  respectively.  Sub-Humid  Chaco
Ecosystems:  the  difference  in seed  yield  and  oil percentage  between  years  was  significant  (P  <  0.05).
Comparison  between  years  showed  significantly  (P  <  0.05)  higher  seed  yields,  and  significantly  (P < 0.05)
lower  oil  percentage  for the  two  years  old  trees,  than  for  the  one  year  old trees.  The  oil/tree  content  was
significantly  (P  <  0.05)  higher  for two  years  old  trees  than  for one-year-old  trees.  Yungas  Tropical  Forest

Ecosystem:  seed  oil percentage  was  significant  (P <  0.05)  higher  in one-year-old  trees  than  in  seeds  of two
years old  trees.  Overall:  over the  tree  years,  oil percentage  was significantly  (P <  0.05)  higher  for  seeds
produced  at  the  Arid Chaco  than  at the  Sub-Humid  Chaco.  The  seed/tree  yields  and  the  oil/tree  content
were  no  significantly  (P <  0.05)  different  among  the  three  ecosystems.  However,  when oil percentage  per
tree  and  seed  yield/tree  were  combined  trees  from  Sub-Humid  Chaco  and  from  Yungas  Tropical  Forest
yielded  significantly  (P < 0.05)  higher  oil content  compared  to  that  from  Arid  Chaco  trees.
. Introduction

Moringa oleifera Lam. (synonym: Moringa pterygosperma Gaert-
er), commonly referred to it as ‘drumstick tree’ (describing the
hape of its pods) or ‘horseradish tree’ (describing the taste of its
oot), is a member of Moringaceae family which grows throughout
ost of the tropics, and is native to sub-Himalayan tracts of north
est India, Pakistan, Bangladesh and Afghanistan [1] (Makkar and
ecker, 1966).

Moringa seed concentrates 35–45% oil which is considered a
reat natural cosmetic emollient almost total natural absence of
olor and odor, and high oleic acid concentration (>73%). The low
ontent of polyunsaturated fatty acids (<1%) gives to the oil remark-
ble oxidative stability (Lalas and Tsaknis, 2002; Kleiman et al.,

008). Oxidative stability of moringa oil is higher than that of other
ils rich in oleic acid such as olive, high-oleic sunflower, meadow-
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foam, macadamia, hybrid safflower, safflower, almond and apricot
oils (Kleiman et al., 2006).

The recognition that moringa oil has value in cosmetics has
increased interest in cultivating if for seed-oil (Foidl et al., 2001).
Based on climate records, it is likely that moringa could be adapted
to a wide range of weather conditions; then, a test planting of a
single variety Periyakalum-1 (PKM-1) from India, was  initiated.
Periyakulam-1 (PKM-1) is a new early variety released from the
Horticultural Research Station of the Tamil Nadu Agricultural Uni-
versity (TNAU) in India. It is a selection of local types and is
propagated only by seed (Lalas and Tsaknis, 2002). To assess their
production potential in the Arid Chaco, The Yungas Tropical Forest,
Tropical Lowland Forest, and in the Sub-Humid Chaco Ecosystems
of South America, a comparative trial was undertaken to determine
their seed yield and oil content.

2. Materials and methods
2.1. Locations and agronomic practices

Seeds from M.  oleifera var. PMK-1 harvested in summer of
2002 in Catamarca, Argentina, were sown in four ecosystems of

dx.doi.org/10.1016/j.indcrop.2011.08.008
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Table  1
Ecosystems where Moringa oleifera variety Periyakalum-1 was cultivated.

Treatment Ecosystem Country Latitude South LongitudeW. of G. Elevationm Soil type(USDA, 1994; FAO, 1995)

T1 Arid Chaco Argentina 28◦36′ 65◦46′ 454 Aridisols
T2 The Yungas Tropical Forest Argentina 22◦53′ 64◦24′ 406 Luvic phaeozem
T Sub-Humid Chaco Bolivia 17◦17′ 62◦20′ 265 Mollic planosols
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T4 Lowland Tropical Forest Bolivia 17◦15′

rgentina and Bolivia. The latitude, longitude, elevation, and soil
ype are sown in Table 1. The climate variables measured were:
verage, maximum and minimum average temperatures and rain-
all (Table 2). Each trial was grown under dryland conditions, except
or Arid Chaco, where irrigation was applied once a week by drip
ystem, from September 1 to April 1 of each year.

The trial in The Yungas was conducted in 2005 and 2006. The
ommercial moringa grove (150 ha of PKM-1) was  located in Anta
uerta Farm, Oran, Salta, Argentina.
The trial in the Arid Chaco was conducted in 2003 and 2004. The

ommercial plantation (15 ha of PKM-1) was located in Fincas de
mbato Farm, Central Valley of Catamarca, Argentina.

The trial in The Sub-Humid Chaco was conducted in 2005 and
006. The researching moringa trial (1 ha of PKM-1) was located in
gronaciente Farm, Department of Santa Cruz, Bolivia.

The trial in The Lowland Tropical Forest was conducted in 2005.
he research moringa trial (0.5 ha of PKM-1) was  located in Mr.
azushige Onishi Farm, Yapacani, northwest of Santa Cruz, Bolivia.

Arid Chaco, Sub-Humid Chaco, and Lowland Tropical Forest
elds were planted by seed, spaced 1.2 m within the row, and

 m between rows (1666 plants/ha), and by 4 m between rows
2000 plants/ha) in the case of The Yungas Ecosystem. The plots
ere maintained using the same cultural practices at all locations

Table 1).

.2. Pods and seed samples

Mature pods were collected from each tree by hand. They were
ried in the shade, and then opened and cleaned by hand. A sub-
ample from each treatment and each replication was  obtained to
onduct laboratory analyses.

For this study, a variable number of trees from each field were
elected at random (10–15 trees) each year. An exception was  the

rial in the Lowland Tropical Forest where the whole plot was har-
ested and the total seed weight was divided by the total number
f trees to obtain the individual seed yield; the oil content was
btained from a sample of the total seed harvested.

able 2
ean temperature and precipitation at the sites during the trials.

Fielda Item – month J F M A 

Chaco Arido 1-yr Mean temp (◦C) 21 18 19 15 

Ppt.  (mm)  28 54 3 21 

Chaco Arido 2-yr Mean temp (◦C) 21 20 18 15 

Ppt.  (mm)  25 20 33 14 

The  Yungas 1-yr Mean temp (◦C) 19 19 18 16 

Ppt.  (mm)  301 253 425 293 

The  Yungas 2-yr Mean temp (◦C) 20 19 18 15 

Ppt.  (mm)  126 273 212 127 

Sub  Humid Chaco 1-yr Mean temp (◦C) 21 20 20 18 

Ppt.  (mm)  90 132 92 1 

Sub  Humid Chaco 1-yr Mean temp (◦C) 20 20 19 18 

Ppt.  (mm)  243 44 70 88 

Lowland Tropical Mean temp (◦C) 33 30 30 29 

Forest 1-yr Ppt. (mm)  135 344 144 115 

a Place and plants age.
63◦50′ 277 Luvizol

2.3. Determination of total fat

Lipids were extracted from the samples according to the method
described by Folch et al. (1957).

2.4. Statistical analysis

To carry out the test, a randomized complete experimental
design was  used. A one-way analysis of variance (ANOVA) was
performed for seed yields, and oil content percentage. When the
F value was significant (P < 0.05), means were separated using the
Student–Newman–Keuls tests (Cohort Stat, 2006).

3. Results

Densities of seed/tree, oil/tree, oil/ha, and seeds/ha of all four
treatments are presented in Table 3.

3.1. Results within sites

Arid Chaco Ecosystem: significant (P < 0.05) difference in seed
yields among years were found, with 176.17 and 481.25 kg/tree
recorded for 1and 2-year-old trees, respectively. No significant
(P < 0.05) difference in oil percentage between years was found.
Combining seed/tree and seed oil percentage data, trees of two
years old yield significantly (P < 0.05) higher oil production com-
pared to one-year-old trees.

Sub-Humid Chaco Ecosystems: the difference in seed yield and
oil percentage between years was significant (P < 0.05). Comparison
between years showed significantly (P < 0.05) higher seed yields,
and significantly (P < 0.05) lower oil percentage for the two years
old trees, than for the one year old trees. The oil/tree content was
significantly (P < 0.05) higher for two  years old trees than for one-
year-old trees.
Yungas Tropical Forest Ecosystem: seed oil percentage was sig-
nificant (P < 0.05) higher in one year old trees than in seeds of two
years old trees. No significant (P < 0.05) difference in seed/tree and
in oil/tree content among trees ages were found.

M J J A S O N D Year

10 9 10 11 16 18 18 20 15.4
12 0 0 1 78 0 57 73 3273
11 11 9 10 15 19 20 20 15.6
16 4 1 0 0 48 15 23 199
13 13 13 13 16 19 19 19 16.5
71 41 33 5 4 35 114 103 1678
14 13 12 15 14 18 20 20 16.3
18 8 0 15 24 13 52 389 1257
14 15 15 17 19 19 19 20 18
83 51 100 0 40 122 51 265 1027
16 16 15 18 16 18 19 20 17.8
81 48 14 70 48 86 84 561 1437
28 25 26 29 30 33 32 30 29.5

133 76 100 36 51 49 156 487 1826
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Table 3
PKM-1 comparative table of yields of oil and seed/ha at first and second year.

Treatment Field Density Seed/tree plants/ha Oil/tree gr. Oil/tree % Oil/hac gr. Seeds/had kg

1-Year-old plants Arid Chacob 1666 176.17a,e 37.46a 41.88b 116.83a 243.49b

The Yungasa 2000 374.64a 37.3a,b 104.73a 209.46a 749.28a

Sub-Humid Chacoa 1666 257.32a 35.9b 71.41a 118.96a 428.69a,b

Lowland Tropical Forestx 1666 60 32.7 14.72 24.5 100
cv.  %f – 94.05 5.8 99.84 84.16 93.56

2-Year-old plants Arid Chacob 1666 481.25a 36.3a 176.68a 294.35a 962.5a

The Yungasa 2000 255.6a 35a 67.09b 134.19b 552a

Sub-Humid Chacoa 1666 362.95a 35a 95.19b 158.59b 604a

cv. % – 48.91 5.16 58.21 57.73 52.27

Arid  Chaco b 1-Year-old plantsb 1666 176.17b 37.46a 41.88b 116.83b 243.49b

2-Year-old plantsb 1666 481.25a 36.28a 176.68a 294.35a 962.5a

cv. % – 97.02 6.31 104.79 86.34 96.9

Sub-Humid Chacoa 1-Year-old plants 1666 257.32b 35.9a 71.41b 118.96b 428.69b

2-Year-old plants 1666 362.95a 35b 95.19a 158.59a 604.68a

cv. % – 21.35 1.33 21.28 21.28 21.35

The  Yungasa 1-Year-old plants 2000 374.64a 37.3a 104.73a 209.46a 749.28a

2-Year-old plants 2000 255.6a 35b 67.09a 134.19a 552a

cv. % – 24.75 2.04 25.28 25.3 24.55

Overall Arid Chacob 1666 201.86a 37.35a 81.45a 135.7a 349.84b

The Yungasa 2000 315.12a 36.15a,b 85.91a 171.83a 650.64a

Sub-Humid Chacoa 1666 308.78a 35.46b 82.99a 138.27a 514.43a

cv. % 87.98 5.78 84.37 83.92 91.99

a Without irrigation.
b With irrigation.
c No replicated.
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d Calculated.
e In a column, means with the same letter are not statistically different (P < 0.05)
f Coefficient of variation.

.2. Results between sites

One-year-old plants. The seed/tree yields ranged from 375, 6
o 60 g at the Yungas Tropical Forest and Lowland Tropical Forest,
espectively. No significant seed/tree yields (P < 0.05) differences
etween Arid Chaco, Sub-Humid Chaco, and The Yungas Tropical
orest were detected. Significant (P < 0.05) difference in oil con-
ent as a percentage of seed weight between sites was found for
rid Chaco and Sub-Humid Chaco (Table 2) with 37.46%, and 35.9%,
espectively. The seeds from Lowland Tropical Forest showed the
owest oil percentage and seed yield content percentage, but as
he analyses were not replicated, significant differences between
rigins could not be established. When seed/tree and seed oil
ercentage data were combined, trees from The Yungas and Sub-
umid Chaco yield significantly (P < 0.05) higher oil production
ompared to trees from Arid Chaco Ecosystem.

Two-year-old plants. Seed/tree yields and oil content as a per-
entage of seed weight were not significantly (P < 0.05) different
mong ecosystems. However, when oil percentages and seed/tree
ields between ecosystems were compared, trees from Arid Chaco
howed significantly (P < 0.05) higher content than the other two
rigins.

Overall. Over the tree years, oil percentage was  significantly
P < 0.05) higher for seeds produced at the Arid Chaco than at the
ub-Humid Chaco. The seed/tree yields and the oil/tree content
ere no significantly (P < 0.05) different among the three ecosys-

ems. However, when oil percentage per tree and seed yield/tree
ere combined trees from Sub-Humid Chaco and from Yungas

ropical Forest yielded significantly (P < 0.05) higher oil content
ompared to that from Arid Chaco trees.
. Discussion

The effects of year, age, and ecosystem were more evident on
eed yield and seed yield components than on oil content. The data
herein is consistent with research results reported for others oil
crops as jojoba, chia, including moringa (Ayerza (h), 2001, 2009,
2011).

As moringa in India is cultivated almost exclusively for fresh pod
production under traditional low population density, little informa-
tion is available about seed and oil yield per tree under high-density
orchard design. However, we can compare the results found herein
with earlier research which has reported yields from two high den-
sity orchards of PKM-1 and African cultivars established in the Arid
Chaco with irrigation (Ayerza (h), 2011). The oil yields, as mean
of both tested years (kilogram of oil by hectare) found herein were
lower than the average of 263 kg/ha reported in the early trial. These
differences, as that measures between tested areas, are probably
also associated with climatic conditions, as demonstrated for tra-
ditional oil crops (Ayerza (h), 2001; Kumar et al., 2006). In addition,
we need to emphasize that the early work was  doing with a group
of selected plants. If all plants were included, yields might not look
so good (Ayerza (h), 2011).

In summary, this preliminary study indicates that moringa oil
can be produced in the Arid Chaco, in the Yungas Tropical For-
est and in the Sub-Humid Chaco Ecosystems. In addition, study
showed that location affected the oil yields, presumably due to one
or more environmental factors, such as temperature, light, soil type
and available nutrients. However, additional studies are needed
to determine factors affecting moringa yields, including potential
interactions of genotype × environment, before making any recom-
mendation about the economic potential of moringa as a new crop
for these South American ecosystems.
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