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Abstract:

In order to obtain an increase in the forage production of high-quality Moringa oleifera Lam.,
the use of cow dung manure can be combined with the inoculation of biofertilizers based on
plant growth-promoting rhizobacteria (PGPR). This production was assessed in a greenhouse
in Torreon, Coahuila, Mexico. Cow dung manure was utilized as part of the substrate (50%
compost, 40% sand, and 10% perlite). Three inoculations into the tree were scheduled (at 40,
74 and 152 d after planting) with four PGPR strains; the treatments were: T1: Bacillus
paralicheniformis, T2: Acinetobacter guillouiae, T3: Aeromonas caviae, T4: Pseudomonas
lini and Control: Bacteria-free; strains from Poza Salada, Valley of Sobaco, Coahuila,
Mexico. Three harvests were collected in the 2016-2017 summer-fall-winter cycle.
Agronomic and bromatological variables were assessed in order to determine the production
and the quality of the tree leaves. The Pseudomonas lini and Bacillus paralicheniformis
strains provided a positive response in the development of forage M. oleifera during the
summer-fall period, increasing the height in the first weeks of development and providing
thicker, firmer diameters. The yield and the bromatological variables exhibited no differences
between treatments; however, a good-quality forage was produced. In average, the leaves
exhibited 13.56 % ashes, 70.15 % total digestible nutrients, 93.16 % in vitro digestibility of
dry matter, 19.72 % neutral detergent fiber, 25.35 % acidic detergent fiber, and 24.15 % crude
protein.
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Introduction

The diet of ruminants, particularly of milk-producing cattle, must provide high levels of
energy and protein. Conventional feed concentrates are usually expensive®. The Moringa
oleifera Lam. tree is a species with a high nutritional value and a good production of biomass,
reaching an annual production of 25 t ha—* under dry tropical forest conditions®. In addition,
the feeding costs are relatively low, ten times lower when using M. oleifera than when using
balanced feeds®. Rations for milk-producing cattle formulated with M. oleifera forage
provide a high protein value ranging between 15 and 30 % of NDF, with digestibility levels
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of 52 to 85 %®). The supply of a fresh M. oleifera diet may give an unpleasant taste and smell
to the milk; however, if the diet contains M. oleifera silage, the milk will exhibit good
organoleptic characteristics®; therefore, M. oleifera is an option for supplementing the diet
of the milk-producing cattle.

On the other hand, the intensification of the production of the milk industry increases the
generation of dung, which entails a risk of contamination). The excreta of the milk-
producing cattle have less environmental impact when they are used as organic fertilizers®.
However, they must be used carefully, as the five soluble salts accumulated (Na, K, Ca, Mg
and S) may generate adverse effects®. The increase in salinity influences the quality of the
forage, including organic matter (OM), crude protein (CP), and neutral detergent fiber
(NDF)19, More than half the Mexican territory is arid and semiarid, and its natural diversity,
including its soil, is under threat®V. The scenarios predicted for the future according to the
climate change show the growing risk of salinization in various latitudes, which would
require a special effort for maintaining the production of crops under saline stress®2).

The use of plant growth-promoting rhizobacteria (PFPR) based biofertilizers is an option for
reducing the contamination of the soil, which is also partly caused by nitrogenous
fertilizers®™. The PGPRs have beneficial effects on the plants through direct and indirect
mechanisms, such as nitrogen fixation, synthesis of phytohormones, phosphorus
solubilization, secretion of siderophores, increased permeability of the roots, and induced
systemic resistance, among others*®, In fact, the inoculation of various strains of PGPR
allows the development of plants in drought-stricken places, on soils that are contaminated
with heavy metals, and even on saline soils®®. The hypothesis assumes that, if crops are
produced on heavy soils or on substrates with a high electrical conductivity, it is possible to
inoculate halophilic PGPR in order to obtain a good yield and increase the quality, in this
case, of M. oleifera forage. The purpose of this research was to assess the quality of the
production of M. oleiferea inoculated with halophilic PGPR as forage, using compost and
compost tea —both from cow dung — to irrigate the substrate.

Material and methods

This research was carried out at the “Antonio Narro” Autonomous Agricultural University,
Lagoon Unit (Universidad Autonoma Agraria Antonio Narro Unidad Laguna, UAAAN-UL),
located in Torreon, Coahuila, Mexico, at an altitude of 1,120 m asl, during the 2016-2017
summer-fall-winter cycle. The maximum and minimum temperatures were registered during
the experiment.
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A random blocks experimental design was utilized, with five treatments with four different
PGPR (Table 1) and five repeats per treatment. The PGPR were provided by the Faculty of
Biological Sciences of the Juarez University of the State of Durango, having been isolated
from the rhizosphere of Distichlis spicata halophilic grass from Poza Salada in the Valley of
Sobaco, in the municipality of Cuatrociénagas, Coahuila, Mexico®?,

Table 1: Characteristics of plant growth-promoting rhizobacteria (PGPR) used in each
treatment (T)

Strain Bacterium Production PS DPS (mm) TS

ID Genus/Species of 1AA (ug) (%)
T1 LBEndol Bacillus 23.444+2531 + 4589+0.221 15
paralicheniformis
T2 NFbEndo Acinetobacter + + + <5
2M2 guillouiae
T3 KBEndo3 Aeromonas + + + <5
caviae
T4 KBEcto4 Pseudomonas lini 36.730+0.011 + 4.11240.042 15
Co Bacteria-
free

IAA= Indole-acetic-acid; PS= production of siderophores; DPS= degree of phosphate solubilization; TS=
tolerance to salinity; Co= control.
Source: Palacio-Rodriguez et al®?,

Direct planting of M. oleifera L. in black polyethylene bags with an 18 L capacity, on July
10, 2016. The utilized substrate was a mixture of compost (50 %), sand (40 %) and perlite
(10 %). The compost was acquired at the Ampuero ranch; the solarization method was
applied to it before use™®. One seed was placed in each bag at a depth of 5 cm. Before
planting, the substrate was washed with one liter of water per kilogram of substrate, in order
to reduce its salinity. The plant pots were arranged in four rows, with a topological
herringbone arrangement, with a separation of 0.25 x 0.25 m between stems and with a
density of 16 trees m™.

The bacteria were inoculated 40 d after the planting, placing 3 mL at a concentration of 1x108

ufc mL™ of PGPR at the stem base; other inoculations were carried out 8 d after the first and
second cuttings.
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The variables evaluated were: yield, bromatological variables and leaf/stem ratio. The
sampling was carried out when the tree reached an average height of 1.50 m and before the
beginning of the flowering, leaving a remaining forage at a height of 0.25 m.

Irrigation was applied with 1 L compost tea, every other day. This tea was obtained by
submerging 5 kg of cow dung compost in a net within 200 L of water. The water was placed
on the previous days in order to allow the chlorine that it might have contained to evaporate.
In each preparation, 90 g of unrefined brown sugar were added, and aerators were placed
within the 200 L container during 12 h. After this time, the net that contained the compost
was removed, and the compost tea was ready to be used. Table 2 shows the chemical
composition of the compost and of the compost tea thus obtained.

Table 2: Chemical composition of macro- and micronutrients of the compost and compost

tea utilized for the substrate and for irrigation of M. oleifera

Component pH CE N P K Ca Mg Organic OM
carbon
MS/CM e Qo----m-mmmmm e
Compost 8.35 12.77 0.11 045 295 188 094 17.75 30.60
Composttea 7.52 3.27 025 015 028 133 012 ---- 0.52
--------------- Micronutrients------------------
Component pH CE Na Fe Cu Zn Mn Bo
mS/icm % e PPM--=-=mmmmmmmmmmmm oo
Compost 8.35 12.77 0.43 5100.0 62.00 200.00 390.00 1.00
0
Composttea  7.52 3.27 018 3.21 086 2.96 344 -

The only infestation which occurred during the experiment was with Tetranychus urticae, which was
controlled by means of applications of eBioluzién Plus vO® (Febea bio), a broad-spectrum organic

insecticide.

The agronomic variables —height of the tree, stem diameter, number of stalks, number of
leaves, leaf size, root weight, fresh and dry weight of the forage, yield, leaf/stem ratio— were
evaluated once a week.
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The height of the tree was measured with a grade rod placed at the basal part of the soil and
measuring the height up to the apex of the apical branch. The stem diameter was measured
with a caliper, 3 cm above the stem base. The leaf size was measured from the primary rachis
to the apical foliole, using a measuring tape. A digital scale was used to weigh the root, for
which purpose the stem was cut from the base, and all the substrate was removed in order to
maintain the largest amount of root. The forage was weighed fresh in a digital scale at the
moment of cutting with pruning shears, leaves and stems together and separately (leaves
without the rachis and stalks including the rachis of the leaves). In order to estimate the dry
weight, the forage samples were taken to the laboratory; each sample was placed in a paper
bag with its respective label and dried in a forced-air oven at 60 °C during 24 h until obtaining
a constant weight. The dry weight was estimated using an analytical scale and was
subsequently utilized as a basis for estimating the dry matter yield, by adding the dry weight
of the leaves and that of the stalks and stem. The leaf/stem ratio was estimated by dividing
the dry weight of the leaves (DWL) by the dry weight of the stems (DWS) with the equation
L/S = DWL/DWS.

The bromatological variables were measured only at the last cutting and included: fresh
matter (FM), dry matter (DM), ashes, fat, neutral detergent fiber (NDF), acidic detergent
fiber (ADF), crude fiber (CF), crude protein (CP), nitrogen-free extract (NFE), non-fibrous
carbohydrates (NFC), in vitro dry matter digestibility (IVDMD), net energy lactation (NEL),
and total digestible nutrients (TDN).

The samples were dried at 60 °C during 24 h, until a constant weight was obtained, and
subsequently crushed through a 1 mm sieve before analysis. The ashes were analyzed using
the AOAC procedure®®. The fat was drawn using the Goldfisch method. The NDF and the
ADF were obtained using the VVan Soest method®®. The CF was determined with the Weende
method. CP was determined with the Kjedahl method. The IVDMD was obtained using a
Daisy incubator (Ankom Technology). The NFE, NFC, NFE and TDN were calculated using
the following formulas: NFE (%) = 100 — (DM + CP + CF + Fat + Ashes), NFC (%) = 100
— (CP + NDF + Fat + Ashes), NE{=1.044 - (0.0124*ADF) and TDN = 31.4 + (53.1* NE.).

The variables were subjected to a variance analysis using the SAS statistical software for
Windows, version 9.0. In those cases in which differences were found between means, the
least significant difference (LSD) test was applied, with a significance of a= 0.05. The
Microsoft Excel 2010 software was utilized to determine the regression equation for the
variable height.
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Results

Growth

The growth of the M. oleifera tree from the time of the planting to the first harvest exhibited
a significant difference between the treatments on the Julian days 216 to 247. In the last week
before the first harvest, the growth was not affected by the applied treatments and exhibited
no significant differences; this may be due to the onset of the flowering (Figure 1). This
growth occurred in the summer, which shows a linear tendency. The tree height increased in
average 3.16 cm per day, attaining a mean height of 1.76 m at d 66. During this period, the
tree exhibited the greatest growth in the experiment. The temperatures shown in this period,
ranging between 20-22 °C and 38-42 °C, favored growth.

Figure 1: Growth of Moringa oleifera from the time of the planting to the first harvest (66
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T1: Bacillus paralicheniformis, T2: Acinetobacter guillouiae, T3: Aeromonas caviae, T4: Pseudomonas lini,
Co: Bacteria-free. (*, **: Indicates a significant and a highly significant difference, respectively, between
treatments for the respective date).

724



Rev Mex Cienc Pecu 2020;11(3):718-737

In the second harvest of the tree, a significant difference in growth was obtained from Julian
day 277 to Julian day 299, except for the five weeks that preceded the harvest. This second
harvest took place in the fall; the growth also exhibits a linear tendency. However, it shows
a reduction of 52 % with regard to the summer growth. The average increase is 1.51 cm per
day. This decrease, along with the lowering of the temperature, ranging between and 15-16
°C and 36-40 °C, is ascribed to the change of season. The mean height of 1.50 m for cutting
was reached 77 d after the first harvest. The tree required 11 d more to attain the average
height before harvesting.

After the second harvest, which coincided with the beginning of the winter, the tree did not
exhibit any growth during the first month, due to the low temperatures, which ranged between
9.5-10.5 °C and 32.5-35.5 °C. Thus, the third harvest showed no significant difference
between treatments. The data of the growth resemble a second-degree polynomial regression
due its slowness. The average height for the cutting was reached after 117 d. The tree required
40 d more than the second harvest, and 51 d more than the first harvest, to attain the average
height for cutting. The first flowerings (2 %) occurred during this last harvest. The pest that
befell during the development of the experiment was Tetranychus urticae.

Agronomic variables

Of the assessed agronomic variables, the stem diameter exhibits a significant difference
between treatments in the second and third harvest (Table 3). The treatments that had the
largest stem diameter were T1: Bacillus paralicheniformis and T4: Pseudomonas lini, which
are statistically equal. After the first harvest, growth begins again; the main stem, which is
0.25 cm high, has side shoots or secondary stems. The number of secondary stems varies; in
the experiment, up to 8 side shoots were registered, but only 1 to 4 developed satisfactorily.
The same happened after the third harvest.
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Table 3: Means for the variables stem diameter (SD), number of stems (NoS), number of
leaves (NoL), leaf size (LS) and root weight (RW), in the evaluation of M. oleifera

First harvest

RW

Treatment SD (cm) NoS NoL LS (cm) (9)
T1 1.413 a 100 a 1456 a 41.75 a
T2 1.363 a 100 a 1488 a 4172 a
T3 1.381 a 100 a 1431 a 4166 a
T4 1.450 a 100 a 1413 a 43.69 a
Co 1.394 a 100 a 1419 a 4259 a

Second harvest
T1 2.110 a 185 a 1190 a 40.95 a
T2 1.915 b 165 a 1170 a 42.45 a
T3 1.915 b 165 a 1135 a 3725 b
T4 2.015 ab 1.60 a 1165 a 4275 a
Co 1.930 b 160 a 1150 a 43.00 a

Third harvest
T1 2.440 a 285 a 1460 a 34.05 a 22035 b
T2 2.230 bc 335 a 1465 a 33.20 a 178.90 bc
T3 2.195 c 280 a 1640 a 33.85 a 159.10 c
T4 2.355 ab 275 a 1500 a 36.50 a 34150 a
Co 2.190 c 270 a 11.65 b 36.35 a 156.10 c

T1= Bacillus paralicheniformis, T2= Acinetobacter guillouiae, T3= Aeromonas caviae, T4= Pseudomonas
lini, Co= Bacteria-free.
® Different letters indicate a significant difference between treatments (P<0.05).

The root of M. oleifera is bulbous. The weight of the root collected in the third harvest
exhibits a significant difference between treatments, being the largest —341.54 g— in T4,
Pseudomonas lini.

In the third harvest, the number of leaves is statistically equal between the treatments, but
higher than in the control. Treatment T3: Aeromonas caviae and T4: Pseudomonas lini
have the largest number of leaves —16.4 and 15 leaves, respectively.

The size of the leaves in the trees is not affected by the treatments applied to any of the three
harvests. The leaf size decreases with successive cuttings. The lengths of treatment T4,
Pseudomonas lini, are 43.69, 42.75 and 36.50 for the first, second and third harvest,
respectively.
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The average yield of fresh matter was 9.44 t ha™?, and that of leaf dry matter was 4.86 t. The
average yield of stem fresh matter was 25.08 t, and that of stem dry matter, 7.08 t. The yield
was not affected by the applied treatments (Table 4).

Table 4: Means for the yield variable in tha~! in the evaluation of M. oleifera inoculated

with four PGPR for the first, second and third harvest

First harvest Second harvest Third harvest Total

LY SY LY SY LY SY LY SY
Fresh matter
Tl 2.68 9.06 3.47 9.08 3.64 8.20 9.79 26.34
T2 2.58 9.10 3.30 7.95 3.66 7.14 954 24.19
T3 2.59 9.07 2.80 6.26 3.51 6.37 8.90 21.70
T4 2.52 10.04 3.19 8.73 3.83 8.53 954  27.30
Co 2.61 9.10 3.50 8.85 3.31 7.92 942  25.87
Dry matter
T1 1.40 2.49 2.04 2.79 1.43 2.01 487 7.29
T2 1.36 2.46 2.04 2.60 1.41 1.82 481 6.88
T3 1.39 2.50 1.95 2.40 141 1.72 4.75 6.62
T4 1.41 2.64 2.06 2.75 1.49 2.03 496  7.42
Co 1.47 2.54 2.07 2.74 1.39 1.90 493 7.18

T1= Bacillus paralicheniformis, T2= Acinetobacter guillouiae, T3= Aeromonas caviae, T4= Pseudomonas
lini, Co= bacteria-free; LY= leaf yield; SY= stem yield.

(P>0.05).

The leaf/stem ratio exhibits an increase with successive harvests. The average leaf/stem ratio
of the first harvest was 0.556; in the second harvest it was 0.768, and in the third, 0.754. The
average leaf percentage was 35.72, 43.40 and 42.96 % for the first, second and third harvest,
respectively. Table 5 shows the leaf/steam ratio and the leaf percentage exhibited by the tree;
these variables were not affected by the treatments.
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Table 5: Table of the leaf/stem ratio and leaf percentage in the evaluation of M. oleifera
inoculated with four PGPR in each of the three harvests

Leaf/stem ratio Leaf percentage
First cutting
T1 0.561 35.9
T2 0.552 35.5
T3 0.555 35.7
T4 0.534 34.8
Co 0.580 36.7
Second cutting
T1 0.731 42.2
T2 0.787 44.0
T3 0.813 44.8
T4 0.751 42.9
Co 0.757 43.1
Third cutting
T1 0.709 41.5
T2 0.775 43.7
T3 0.822 45.1
T4 0.734 42.3
Co 0.731 42.2

T1= Bacillus paralicheniformis, T2= Acinetobacter guillouiae, T3= Aeromonas caviae, T4= Pseudomonas
lini, Co= bacteria-free.
(P>0.05).

Bromatological variables

Although the chemical composition of the tree was determined only in the last harvest, the
values obtained are very good. In average, 13.5 % of leaf ashes, 70.15 % of TDN, 93.6 % of
IVDMD, 19.72 % of NDF, 25.35 % of ADF, and 24.15 % of CP. The averages obtained for
the stems were 11.21 % of ashes, 45.32 % of TDN, 61.83 % of IVDMD, 59.07 % of NDF,
58.01 % of ADF and 7.23 % of CP. Table 6 lists the bromatological variables analyzed for
each treatment.
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Table 6: Means by treatment of the bromatological analyzes expressed as percentages

Treatment T1 T2 T3 T4 Co
Leaf

FM 74.01 74.87 73.22 73.62 73.23
DM 25.99 25.13 26.78 26.38 26.77
Ashes 13.55 14.55 13.78 12.89 13.07
Fat 4.49 4.70 4.77 4.92 4.29
NDF 19.26 20.24 20.09 19.33 19.70
ADF 24.77 24.06 25.53 26.39 26.01
CF 9.70 9.33 9.61 9.12 9.05
CP 23.79 24.45 23.46 23.57 25.49
NFE 22.48 21.84 21.61 23.11 21.33
NFC 38.91 36.06 37.91 39.28 37.45
IVDMD 94.89 91.70 93.49 93.98 91.76
NEL 0.737 0.746 0.727 0.717 0.722
TDN 70.53 70.99 70.02 69.46 69.71
Stem

FM 81.78 82.76 81.71 82.82 82.72
DM 18.22 17.24 18.29 17.18 17.28
Ashes 11.21 11.47 11.07 10.68 11.63
Fat 2.02 1.99 1.95 1.74 1.61
NDF 58.62 56.77 58.27 60.94 60.75
ADF 60.71 57.99 67.94 64.66 63.95
CF 37.62 38.67 38.06 39.18 41.36
CP 7.49 7.00 7.28 6.84 7.55
NFE 23.44 23.64 23.37 24.38 20.57
NFC 20.66 22.79 21.44 19.82 18.46
IVDMD 60.38 65.38 61.90 60.86 60.65
NEL 0.291 0.325 0.202 0.242 0.251
TDN 46.87 48.66 42.10 44.26 44.73

T1= Bacillus paralicheniformis, T2= Acinetobacter guillouiae, T3= Aeromonas caviae, T4= Pseudomonas
lini, Co= bacteria-free.

Fresh matter (FM), Dry matter (DM), neutral detergent fiber (NDF), acidic detergent fiber (ADF), Crude fiber
(CF), Crude protein (CP), Nitrogen-free extract (NFE), non-fibrous carbohydrates (NFC), in vitro dry matter
digestibility (IVDMD), net energy lactation (NEL), total digestible nutrients (TDN).

(P>0.05).
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Discussion

Growth

At the germination state, M. oleifera reaches a growth rate of 100 % when using direct
planting in the bags, in a substrate with an electrical conductivity (EC) of 12.77 mS/cm. This
agrees with the findings of Noreem et al.?% in the sense that M. oleifera seeds germinate
only at salinity levels of 5 and 10 dS/m and at EC levels < 15 and 20 dS/m. The average
growth of M. oleifera trees obtained with the 4 treatments and by the control of the
experiment for the first, second and third harvests is 176.75 cm, 140.39 cm and 120.50 cm,
respectively. The time intervals for each harvest were 66, 77 and 117 d, respectively. In a
comparative study under similar conditions to those of this experiment, Moringa oleifera and
Leucaena leucocephala obtained 95 % germination between the time of germination and the
initial growth phase; at 13 weeks, the seedlings reached a height of 53.2 cm at d 91, using in
the substrate 60 % alkaline loamy silt, 10 % sand, and 20 % composted cow dung®?. The
halophilic PGPR inoculated into the M. oleifera trees allowed a satisfactory growth. T4
exhibited a significant height between treatments of 138.31 cm at d 47, which amounts to a
61.68 % increase, compared to that obtained by the abovementioned authors and in half the
time.

M. oleifera has a slow initial growth rate at the low temperatures of the fall-winter season®®.
Tropical climates seem to be the best for growing M. oleifera; yet, a limited but satisfactory
growth can be attained in less than optimal climates, since the trees seem to tolerate a lower
growth temperature through physiological adaptations®®. The findings of the authors agree
with those obtained through the present experiment. Evidently, the growth of the M. oleifera
tree is affected by a reduction in the temperatures and by attack by T. urticae. However, the
growth persisted.

Agronomic variables

The nutritious quality of M. oleifera is determined partly by the conditions in which it
develops. Low temperatures delay its growth®?. The planting density affects the
development of the roots, the stem diameter, and the biomass. The higher the planting
density, the thinner and more fragile the stem diameter®®. In this experiment, the trees were
planted in black polyethylene bags, with a density of 16 trees m?, where none of the
alterations indicated by the abovementioned authors are to be expected. Using lower planting
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densities favors harvesting at greater heights, as well as the development of thicker stems and
a larger number of side shoots®®.

However, Figure 2 shows the lodging exhibited by the control treatment before the third
harvest, due to the thin stems and to the salinity saturation resulting from constant irrigation
with compost tea, which had an EC level of 3.27 mS/cm. It may be said that inoculation with
halophilic PGPR provides greater firmness and thickness, and therefore greater resistance, to
the stems. A comparative study of the germination and initial growth phases resulted in a
0.92 cm diameter at wk 7, which is far less than the stem thickness obtained in the present
experiment. The number of leaves per branch obtained was 16, which is similar to that
obtained in this experiment®Y. The thinness of the stems is caused by the high concentrations
of Na+ in the solution, which inhibits the absorption of nutrients, causing a reduction in the
K+ and Ca+ concentrations in the tissues of the stems and the root®”. The root is an essential
part for the development of plants. A well-developed root can draw more nutrients, as well
as more Ca?*, which provides firmness and structure to the cell wall. Halophilic PGPR allow
the absorption of nutrients in saline substrates without causing nutritional disorders in
successive harvests.

The experiment exhibits a reduction of the leaf size with successive harvests and with the
changing seasons and temperatures. These changes cause the loss of basal leaves, which has
an impact on the yield. Table 4 shows the yield of the M. oleifera tree, considering a density
of 16 trees m. Most other researches by other authors are open-air, while a few others are
carried out in a greenhouse, but only at germination and seedling level. In an open-air
research carried out in northeastern Mexico with a density of 11 and 33 trees m
respectively, 14.4 and 14.5 t ha~! of total dry matter were obtained in all three harvests@®),
In Nicaragua, the open-air biomass production was evaluated at various planting densities,
reaching a DM production of 11.6 t ha™* after one year, with a density of 100 000 trees per ha
and eight harvests per year®. A study on the open-air establishment of M. oleifera with
various planting densities resulted in 100.98 g of DM at a density of 98,764 trees per ha®¥.
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Figure 2: Lodging of Moringa oleifera due to thin stem diameters in treatment Co,
bacteria-free, during the period between the 2016-2017 second and the third harvests (117
days)

M. oleifera leaves are the part that contains the largest amount of usable nutrients. The stems
provide nutrients in lower amounts. The leaf/stem ratio presented in Table 5 shows the
proportion of grams of leaf DM per gram of stem. It may be observed that the average
proportion increased by 0.22 g of leaf DM in the second harvest. This may be ascribed to the
number of stalks. In the second and third harvest, the proportion remained similar. In the
study carried out in northeastern Mexico, the leaf/stem ratio was lower in the second harvest,
and higher in the third®”. The purpose of producing good forage with this type of trees is to
obtain the largest amount of leaves and the lowest number of stems.

Bromatological variables

Forages are sensitive to salinity at various degrees. As salinity increases, its biomass is
reduced®®. The bromatological analysis to which M. oleifera trees were subjected (Table 6)
shows that the nutritional content is good, i.e. despite having grown on a saline substrate, the
amount of forage did not diminish. Although no difference is shown between the treatments,
It is possible to speculate that, at the fourth cutting, the control treatment will reduce its
quality and biomass due to salinity saturation. A study of the chemical composition of the
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leaves of M. oleifera trees planted at an altitude of 1,100 masl estimated a content of ashes
of 13.3 %; 29 % of CP, 8.5 % of crude fiber (CF), 42.7 % of nitrogen-free extract (NFE),
16.8 % of NDF, 12.1 % of ADF, and 34.5 % of non-fibrous carbohydrates (NFC)®@®, The
data obtained by these authors are very similars to those obtained in this research at a similar
altitude.

The bromatological characterization of M. oleifera leaves carried out at different stages of
growth without irrigation or fertilization determined that, as the age of the side shoot
increases, its nutritional quality decreases; the amount of NDF and acidic detergent lignin
increases, CP, IVDMD and TDN decrease®?. This situation did not occur in the present
research. The various researches on M. oleifera have yielded different results as to the
bromatological analyses, but the variations are due to the diverse conditions under which the
tree is produced.

Furthermore, attempts have been made to determine the optimal cutting time for M. oleifera
in which the best quality forage may be obtained. The open-air and rain-fed production of M.
oleifera and its chemical composition were assessed at various densities and cutting times,
and a recommendation was made to harvest M. oleifera at intervals of 75 d in order to obtain
a better quality forage and a larger DM vyield, as the nutritional value of the M. oleifera forage
in terms of CP and IVDMD remains constant at different intervals of the harvest. The first
year, with 8 harvests, yielded 18.54 % of DM, 8.58 % of ashes, 32.12 % of NDF, 22.76 % of
ADF, 22.63 % of CP, and 70.09 % of IVDMD®.

M. oleifera has been utilized as an alternative protein supplement. Various bovine and caprine
species have been fed with different percentages of M. oleifera in combination with diverse
forages and concentrates®%>34, This protein supplement may be administered fresh or as
silage; the chemical composition does not present much variation. Fresh M. oleifera had
19.3% DM, 24.10 CP, 45.3 % NDF, 29.9 % ADF, and 10.3 % ashes, while M. oleifera silage
had 26.70 % of DM, 22.6 % of CP, 43.50 % of NDF, 29.10 % ADF, and 11.6 % ashes. The
considerable difference between these two forms of supplement is the strong taste that fresh
M. oleifera gives to milk, whereas M. oleifera silage does not change its organoleptic
characteristics®. The results obtained in this research meet the parameters required in a
forage for its inclusion in the formulation of a balanced diet (Table 6). The CP and the
IVDMD are indicative values of a good forage (24.15 and 93.16 %, respectively), which
were obtained in this research. As stated above, the higher the percentage of IVDMD, the
lower the content of lignin. A high percentage of IVDMD indicates that the consumption of
DM in animals will increase. The previous researches show that, in average, the forage
contains the elements required to benefit the animals that ingest it. Even when produced
under saline conditions and inoculated with the halophilic PGPRs necessary for its
development, it is possible to obtain a high quality forage, as was the case in the present
experiment.
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Conclusions and implications

The results of this study show that growing M. oleifera under saline conditions and with
inoculation with halophilic PGPRs does not lower its quality for use as forage and allows it
to meet the characteristics required for its inclusion as a protein supplement in the nutrition
of various animal species. The control treatment showed a systemic resistance to salinity;
however, before the third cutting, it exhibited lodging of the stems. Further research using
halophilic PGPRs inoculated into various forages grown on different soils with salinity issues
is required to enable planting in places that have hitherto been considered uncultivable.
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