
Pastos y Forrajes, Vol. 39, No.3, July-September, 173-177, 2016 / Response of Moringa oleifera to fertilization 173

Scientific Paper

Response of Moringa oleifera Lam to fertilization strategies  
on lixiviated Ferralitic Red soil

Carlos E. González-González and Gustavo J. Crespo-López
Instituto de Ciencia Animal, Apdo. postal 24, San José de Las Lajas, CP 32 700, Mayabeque, Cuba

E-mail: carlosg@ica.co.cu

AbstrAct: In order to know the effect of organic-mineral fertilization on the productive performance of 
drumstick tree, on a euthric lixiviated Ferralitic Red soil, the following treatments were 
evaluated: T0 = absolute control; T1 = 0,6 t ha-1 of fertilizer 9:9:12 (54 kg N, 54 kg P2O5 and 
72 kg K2O) at planting and 130 kg ha-1 of urea (61 kg N) per forage cutting; T2 = mixture of 
0,3 t ha-1 of the formula 9:9:12 (27 kg N, 27 kg P2O5 and 36 kg K2O) with 4 t ha-1 of cattle manure 
at planting and mixture of 65 kg of urea (30 kg N) with 2 t ha-1 of cattle manure per cutting; and 
T3 = 8 t ha-1 of cattle manure at planting and 4 t ha-1 of cattle manure per cutting. The design was 
randomized blocks with five replications. The results of the five cuttings indicated response to 
the three fertilization variants; the organic-mineral combination (T2) stood out, producing the 
highest yield of total dry matter (20,11 t ha-1), followed by the mineral variant (14,29 t ha-1) and 
the organic one (13,46 t ha-1 año-1). The control only yielded 10,57 t ha-1. The annual dry matter 
yield of leaves had a similar performance, with the best value in T2 (11,34 t ha-1). It is concluded 
that under similar edaphoclimatic conditions variants of organic-mineral fertilization can be 
used to improve the forage yield and quality of this plant.
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IntroductIon
Moringa oleifera (drumstick tree) is a tree species 

recently evaluated in Cuba for animal feeding, because 
its foliage constitutes a source rich in true protein 
with low presence of antinutritional factors (Cohen-
Zinder et al., 2016). The production of sufficient 
biomass quantities with adequate nutritional quality 
for the supplementation of fibrous diets based on 
grasses depends on management factors such as 
planting density, cutting frequency and intensity and 
fertilization.

In this sense, the high total biomass yields 
(27-99 t/ha/year) with cuttings every 45 days 
have been associated to the application of high 
rates of nitrogen fertilizers (Mendieta-Araica 
et al., 2013) and/or to the maintenance of high 
populations, of up to a million plants per hectare 
(Foild et al., 1999); which hinders the cultivation 
labors and has negative incidence on the nutrient 
availability in the soil, especially when there is 
not sufficient nitrogen fertilizer to replenish the 
quantities that are annually extracted. For such 
reason, it is convenient to prolong the harvest 
periods, taking into consideration that the plants 
need to recover from the cutting-induced stress 
and replenish the necessary reserves for regrowth; 
but without drastically compromising the quality 

of the harvested forage. Under the edaphoclimatic 
conditions of Cuba, it has been proven that with 
cutting intervals every 80-85 days plant recovery is 
possible (González, 2013).

On the other hand, the limited access to mineral 
fertilizers imposes the adoption of fertilization 
techniques which combine organic and inorganic 
sources. It is known that the organic materials act on 
the soil fertility, through the nutrient supply and the 
regulation of mineralization/immobilization; likewise, 
they are source of energy for the antimicrobial activity 
and precursor of the soil organic matter. The main 
challenge is in combining organic sources of different 
quality with inorganic fertilizers that optimize the 
availability of nutrients for the plant (Crespo, 2014); 
for which a trial was conducted in order to study the 
effect of different fertilization alternatives on the 
biomass production of drumstick tree.

MAterIAls And Methods
Planting took place in August, 2013, at the 

Research Station Miguel Sistachs Naya, of the 
Institute of Animal Science (San José de las Lajas, 
Mayabeque province, Cuba); which is located 
between 22º 53’ N and 82º 02’ W and at 80 m.a.s.l., on 
an euthric lixiviated Ferralitic Red soil (Hernández 
et al., 1999). A conventional soil preparation was 
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performed, consisting in plowing –through a 
Belarus tractor of 60 Hp, with ADIS 3 disc plow– and 
crossing with alternate passes of medium harrow; the 
plots were marked with a rotovator. Planting took place 
in 1 x 10 m plots, with which a final population of 20 
000 plants ha-1 of M. oleifera, from Nicaragua, was 
achieved. The first cutting was made 100 days after 
planting, in November. Then, cuttings were performed 
every 85 days (four in total). No irrigation was used.

A randomized block design with five replica-
tions was used and the treatments were:

T0 = control.
T1 = 0,6 t ha-1 of fertilizer formula 9-9-12 (54 

kg N, 54 kg P2O5 and 72 kg K2O) at planting and 
130 kg ha-1 of urea per cutting, for a total N dose of 
300 kg ha-1 year-1.

T2 = mixture of 0,3 t ha-1 of formula (27 kg N, 
27 kg P2O5 and 36 kg K2O) with 4 t of cattle manure 
ha-1 at planting and mixture of 65 kg of urea with  
2 t of cattle manure ha-1 per cutting, for a total N 
dose of 300 kg ha-1 year-1.

T3 = 8 t ha-1 of cattle manure at planting and  
4 t ha-1 of cattle manure per cutting, for a total N 
dose of 180 kg ha-1 year-1.

To estimate the total nitrogen dose, a content 
of 1,5 % of N was considered in the cattle manure 
dried in stove; of the applied N quantity 50 % was 
utilized by the plant in the first year as assimilable 
N (Crespo, 2014).

In each cutting the green weight of all the har-
vested material was determined, at a height of 30 
cm over the soil level, in each plot. The fractions 
leaves and stems of five plants per plot were sepa-
rated and weighed, and dried at 60 ºC until reaching 
constant weight, in a free air circulation stove; then 
the dry weight of the leaves and stems was mea-
sured. With these indicators the dry matter yield of 
the whole plant and the leaves was estimated.

Figure 1 shows the monthly performance 
of rainfall and ambient temperature during the 
experimental period (August, 2013-October, 2014). 
The temperature remained over the historical mean 
throughout the period, and the highest differences 
occurred in February, August, September and 
October, 2014. The accumulated rainfall was 
similar to the historical mean (1 860 vs. 1 942 mm) 
and the same monthly distribution was maintained, 
although the intense drought that occurred in 
January, April and May should be emphasized.

The chemical analysis of the soil at the begin-
ning of the experiment showed high P content (6,65 
mg 100 g-1), high Ca content (6,55 cmolc kg-1) and 
low Mg (1,73 cmolc kg-1) and OM (2,91 %) content. 
The soil pH was slightly acid (pH KCl = 5,35).

The Shapiro Wilks (1965) and Levene’s tests 
(1960) were conducted to verify the normality and 
homogeneity assumptions of the residues, respec-
tively. Duncan’s test (1955) was used for mean 
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comparison. The analysis was carried out with the 
statistical pack Infostat version 2008, elaborated by 
Di Rienzo et al. (2008).

results And dIscussIon
In general, all the fertilization treatments fa-

vored the biomass production of the whole plant in 
the cuttings of November, February, May and Oc-
tober (table 1), which showed the deficiency of as-
similable nitrogen in the soil. The dry matter yield 
in the first cutting in the four treatments was lower 
than the one reported by Lok and Suárez (2014): 
between 5,51 and 6,61 t ha-1, in a study in which 
the forage was harvested 60 days after planting, 
but with populations between 600 000 and 920 000 
plants ha-1, higher than the ones in this experiment 
(20 000 plants ha-1).

The absence of irrigation during the establish-
ment period could have also been the cause of such 
performance. In this regard, Larwanou et al. (2014) 
stated that the irrigation regime is more strongly 
correlated with the growth and development indi-
cators of this species than fertilization, during the 
early stages of the establishment.

The yield in the treatments with fertilization, 
in the first cutting suggests the need of studying the 
application of higher N doses; in this sense, Lok 
and Suárez (2014) obtained dry matter yields of up 

to 6 t ha-1 when applying 100 kg N ha-1 at planting, 
under similar conditions.

In the cuttings of July and October, the organic-
mineral combination produced the highest dry 
matter yield, and it suggests that both sources show 
additive effect on the nutrient availability in the soil. 
The dry matter yield in these two cuttings exceeded 
the one found by Padilla et al. (2014), which, under 
similar edaphoclimatic conditions, did not exceed  
3 t ha-1 per cutting, which was due to the application 
of shorter harvest intervals (from 45 to 60 days) and 
to the absence of fertilization. On the other hand, no 
differences were observed among the fertilization 
treatments in the cuttings of February and May 
when periods of intense drought occurred, which 
affected the assimilation of nutrients by the plants.

In general terms, with the organic-mineral 
fertilization the highest leaf yields were obtained 
in all the cuttings (table 2), which were maintained 
in the range from 0,5 to 3 t ha-1; this coincides with 
the report by Mendieta-Araica et al. (2013) when 
applying doses of 261 kg N ha-1 year-1. Nevertheless, 
the response to this treatment during the cuttings 
of February and May was higher than the one 
obtained by those authors in the harvests of the 
dry season, which could have been caused by the 
management with intensive cuttings (every 45 days) 
throughout the year. On the other hand, it has been 

             Table 1. Effect of fertilization on the dry matter yield (t ha-1) in each cutting.

Treatment November February May July October

Control 1,49c 0,64b 0,43b 3,97b 4,04c

Mineral 3,46b 0,94a 1,53a 2,95c 5,42b

Órganic-mineral 3,78a 0,94a 1,81a 7,2a 6,39a

Organic 3,43b 1,05a 1,63a 3,69b 3,66d

   SE ± 0,08 0,08 0,09 0,10 0,10
           Means with different letters indicate significant differences at p < 0,05 (Duncan, 1955).

           Table 2. Effect of fertilization on the leaf yield (t ha-1) in each cutting.

Treatment November February May July October

Control 0,88b 0,34b 0,27c 1,68cb 1,65c

Mineral 2,33a 0,6ab 1,28b 1,57c 2,04b

Organic-mineral 2,51a 0,65a 1,55a 3,35a 3,29a

Organic 2,39a 0,59ab 1,24b 1,97b 1,99b

   SE ± 0,09 0,09 0,06 0,09 0,10

           Means with different letters indicate differences among treatments at p < 0,05 ( Duncan, 1955).
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proven that it is possible to obtain up to 3 t ha-1 in 
each of the cuttings of the dry season and 6 t ha-1 
in the rainy season, when applying a total dose of  
521 kg N ha-1 with cuttings every 45 days (Mendieta-
Araica et al., 2013), although it should be taken into 
consideration that this occurs when a population of 
125 000 plants ha-1 can be maintained.

Table 3 shows the annual dry matter yield of 
the whole plant and of the leaves in each treatment.

With the organic-mineral combination, it was 
possible to produce 9,54 t ha-1 of dry matter of the 
whole plant and 6,52 t ha-1 of leaves more than in 
the control without fertilization, which suggests 
that both sources showed beneficial additive ef-
fects. This response is the expected one because the 
effects of the organic amendments last longer than 
those of mineral fertilization, because they supply 
carbon, nitrogen and energy for the growth and re-
production of soil microorganisms (Larney and An-
gers, 2012). In this regard, Guo et al. (2016) stated 
that the application of variants of organic-mineral 
fertilization increases the microbial biomass, as 
well as the activity and availability of carbon and 
nutrients in the soil.

The leaf production was similar to the one 
obtained by Mendieta-Araica et al. (2013) when they 
applied an annual dose of 261 kg N ha-1; this suggests 
that it is possible to maintain adequate volumes of 
leaf biomass under low population conditions, if 
the harvest periods are prolonged and organic and 
mineral nutritional sources are combined.

Nevertheless, the fertilization strategy used is 
feasible to be improved, because it has been shown 
that it is possible to reach an annual production of  
27 t ha-1 of dry mass of whole plant and 19,2 t ha-1 
year-1 of leaves, with the application of 521 kg N ha-1 
year-1 and cuttings every 45 days (Mendieta-Araica et 
al. 2013). According to this result it is necessary that 
the formulations of the variants of organic-mineral 

fertilization contain optimum doses of the nutrients 
to achieve better stability in the soil fertility and in 
the forage production (Heinrichs et al., 2012).

It is concluded that the joint application of  
0,3 t ha-1 of full formula with 4 t of cattle manure 
ha-1 at planting and the mixture of 65 kg of urea 
with 2 t of cattle manure ha-1 after each cutting 
increased the production of leaf biomass and whole 
plant biomass, under the edaphoclimatic conditions 
in which the trial was conducted.

bIblIogrAphIc references
Cohen-Zinder, M.; Leibovich, H.; Vaknin, Y.; Sagi, 

G.; Shabtay, A.; Ben-Meir, Y. et al. Effect of 
feeding lactating cows with ensiled mixture of 
Moringa oleifera, wheat hay and molasses, on 
digestibility and efficiency of milk production. 
Anim. Feed Sci. Technol. 211:75-83, 2016.

Crespo, G. Fuentes orgánicas y órgano-minerales 
para la nutrición de las plantas. Perspectivas. 
Memorias XIX Congreso Científico Internacio-
nal INCA. San José de las Lajas, Cuba: Instituto 
Nacional de Ciencias Agrícolas. [CD-ROM], 
2014.

Di Rienzo, J. A.; Casanoves, F.; Balzarini, M. G.; 
Gonzalez, L.; Tablada, M. & Robledo, C. W. In-
foStat, versión 2008. Argentina: Grupo InfoStat, 
FCA, Universidad Nacional de Córdoba. 2008.

Duncan, D. B. Multiple range and multiple F tests. 
Biometrics. 11 (1):1-42, 1955.

Foidl, N.; Makkar, H. P. S. & Becker, K. Utilización 
del marango (Moringa oleifera) como forraje 
fresco para el ganado. Conferencia Electrónica 
de la FAO sobre Agroforestería para la Produc-
ción Animal en América Latina. Roma: FAO, 
1999.

González, C. E. Determinación del momento óptimo 
para el corte de forraje de Moringa oleifera vc. 
supergenius en el periodo lluvioso. Memorias 
del IV Congreso de Producción Animal Tropical. 
San José de Las Lajas, Cuba: Instituto de Ciencia 
Animal, 2013.

Table 3. Annual dry matter yield of the whole plant and of the leaves.

Treatments Yield (t ha-1) Yield leaves (t ha-1)
Control 10,57c 4,82c

Mineral 14,29b 7,81b

Organic-mineral 20,11a 11,34a

Organic 13,46b 8,19cb

   SE ± 0,41*** 0,41***

                                          Means with different letters indicate significant differences at p < 0,05 ( Duncan,  
                                         1955).  ***p < 0,001.



Pastos y Forrajes, Vol. 39, No.3, July-September, 173-177, 2016 / Response of Moringa oleifera to fertilization 177

Guo, L.; Wu, G.; Li, Y.; Li, C.; Liu, W.; Meng, J. et 
al. Effects of cattle manure compost combined 
with chemical fertilizer on topsoil organic ma-
tter, bulk density and earthworm activity in a 
wheat-maize rotation system in Eastern China. 
Soil and Tillage Research. 156:140-147, 2016.

Heinrichs, R.; Filho, C. V.; Crociolli, C. A. & Ro-
drigues, T. A. Doses e fontes nitrogenadas e 
seus efeitos nos atributos químicos do solo e na 
produção de forragem da Brachiaria brizan-
tha cv. Xaraés. Ciências Agrárias, Londrina.  
33 (5):1745-1754, 2012.

Hernández, A.; Pérez, J. M.; Bosch, D. & Rivero, L. 
Nueva versión de la clasificación genética de los 
suelos de Cuba. La Habana: AGRINFOR, 1999.

Larney, F. J. & Angers, D. A. The role of organic 
amendments in soil reclamation: A review. Can. 
J. Soil Sci. 92 (1):19-38, 2012.

Larwanou, M.; Adamou, M. M. & Abasse, T. Effects 
of fertilization and watering regimes on early 
growth and leaf biomass production for two food 
tree species in the Sahel: Moringa oleifera Lam. 

and Adansonia digitata L. J. Agric. Sci. Appl.  
3 (4):187-201, 2014.

Levene, H. Robust tests for equality of variances. In: 
I. Olkin, ed. Contributions to probability and sta-
tistics. Palo Alto, CA, USA: Stanford University 
Press. p. 278-292, 1960.

Lok, Sandra & Suárez, Y. Effect of fertilizers on the 
biomass production of Moringa oleifera and on 
some soil indicators during the establishment. 
Cuban J. Agric. Sci. 48 (4):399, 2014.

Mendieta-Araica, B.; Sporndly, E.; Reyes-Sánchez, N.; Sal-
merón-Miranda, F. & Halling, M. Biomass produc-
tion and chemical composition of Moringa oleifera 
under different planting densities and levels of nitro-
gen fertilization. Agroforest Syst. 87 (1):81-92, 2013.

Padilla, C.; Fraga, N.; Scull, I.; Tuero, R. & Sarduy, L. 
Effect of cut height on indicators of forage pro-
duction of Moringa oleifera cv. Plain. Cuban J. 
Agric. Sci. 48 (4):405-409, 2014.

Shapiro, S. S. & Wilk, M. B. An analysis of variance 
test for normality (complete samples). Biometri-
ka. 52 (3-4):591-611, 1965.

Received: March 29, 2016

Accepted: June 8, 2016


