
ORIGINAL RESEARCH
published: 28 March 2022

doi: 10.3389/fsufs.2022.861400

Frontiers in Sustainable Food Systems | www.frontiersin.org 1 March 2022 | Volume 6 | Article 861400

Edited by:

Ndakalimwe Naftal Gabriel,

University of Namibia, Namibia

Reviewed by:

Sapna Langyan,

National Bureau of Plant Genetic

Resources (ICAR), India

Akinson Tumbure,

Marondera University of Agricultural

Sciences and Technology

(MUAST), Zimbabwe

*Correspondence:

Asanda Sokombela

asokombela@ufh.ac.za

Specialty section:

This article was submitted to

Climate-Smart Food Systems,

a section of the journal

Frontiers in Sustainable Food Systems

Received: 24 January 2022

Accepted: 02 March 2022

Published: 28 March 2022

Citation:

Sokombela A, Eiasu BK and

Nyambo P (2022) Nitrogen and

Phosphorus Fertilizers Improve

Growth and Leaf Nutrient

Composition of Moringa oleifera.

Front. Sustain. Food Syst. 6:861400.

doi: 10.3389/fsufs.2022.861400

Nitrogen and Phosphorus Fertilizers
Improve Growth and Leaf Nutrient
Composition of Moringa oleifera

Asanda Sokombela 1*, Bahlebi K. Eiasu 1 and Patrick Nyambo 2

1Department of Agronomy, University of Fort Hare, Alice, South Africa, 2 Risk and Vulnerability Science Centre, University of

Fort Hare, Alice, South Africa

Establishing the appropriate agronomic practices like fertilizer application is important for

maximizing yield and improving nutritional quality of moringa (Moringa oleifera) leaves.

The objective of the presented study was to determine the effects of nitrogen and

phosphorus fertilizer rates on plant growth performance and leaf nutrient composition

of moringa. The experiment was a 4 × 3 factorial, with four nitrogen levels (100, 200,

300, and 400 kg ha−1) and three levels of phosphorus (40, 80 and 120 kg ha−1). The

experiment was laid out as randomized complete block design (RCBD), treatments were

replicated four times. Twelve weeks after planting, the moringa trees treated with 100 kg

N ha−1 and 80 kg P ha−1 were significantly taller by 46.8% than trees supplied with

400 kg N ha−1 and 120 kg P ha−1. Similarly, trees that received 100 kg N ha−1 and

80 kg P ha−1, and those treated with 200 kg N ha−1 and 80 kg P ha−1 had significantly

greater stem diameter (>36%) compared to moringa trees that received 400 kg N ha−1

and 40 kg P ha−1. Crude protein was significantly higher by 26.3% in the 400 kg N ha−1

and 120 kg P ha−1 treatment combination than that of the 100 kg N ha−1 and 40 kg

P ha−1 treatment combinations. Moringa trees that received 100 kg N ha−1 and 40 kg

P ha−1 had the highest neutral detergent fiber content (30.71%), while the trees that

received 400 kg N ha−1 and 120 kg P ha−1 had the lower neutral detergent fiber content

of 22.77%. Based on the study, the combination of 100 kg N ha−1 and 80 kg P ha−1 can

be recommended for maximum yield and nutritional content of moringa leaves.

Keywords: acid detergent fiber, crude protein, neutral detergent fiber, nutrients, food security

INTRODUCTION

Moringa is a multipurpose shrubby tree widely used for industrial purposes, home consumption,
animal feed, and traditionalmedicine (Daba, 2016). Foidl et al. (2001) reported that every part of the
tree is valuable: seeds can be used as a water purification agent; the bark, roots and flowers contain
medicinal properties; and the leaves are a source of vital nutrients that can potentially supplement
human food and animal feed. Moringa is a genus that belongs to the Moringaceae family (Olson,
2010). Moringa oleifera is the most commonly cultivated species (Sujatha and Patel, 2017) of the
13 moringa species. The tree started gaining popularity in South Africa around the year 2006
(Mashamaite et al., 2021). Production is however still at a developmental stage and is only confined
to the backyards (Mabapa et al., 2017). Production and utilization of the tree by smallholder farmers
in the Eastern Cape Province, South Africa is hampered by the lack of knowledge about its potential
benefits (Moyo et al., 2011), growth habit, silvicultural management practices, seed availability,
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genetic improvement, and germplasm conservation (Gadzirayi
et al., 2013). To promote moringa production in the Eastern
Cape Province, it is essential to establish appropriate agronomic
practices like fertilizer management that can maximize yield and
improve the nutritional quality of moringa.

Smallholder farmers refer to farmers involved in mixed crop-
livestock farming on small pieces of land, usually <2 ha (Nciizah
et al., 2021; Nyambo et al., 2021), cultivating a mixture of food
crops and sometimes cash crops (Nyambo et al., 2020a,b).Within
these smallholder farms, the family members provide much of
the labor and financial resources to generate food for the family
and, at times, for extra income if there is a surplus produce
(Louw, 2013; Nciizah et al., 2021). The Eastern Cape Province
is dominated by rural areas where most farmers are resource-
constrained and food insecure. The situation worsens because
the province experiences significantly high rainfall variability and
prolonged dry seasons, negatively impacting crop productivity
(Ngaka, 2012). During drought seasons, grain crop production
under dryland conditions becomes almost impossible, thus
threatening food security (Nyambo et al., 2020c). Also, the
smallholder farmers struggle to find enough and nutritious feed
for their livestock. In such a situation, moringa can be used as
a food supplement for humans and animals. Since moringa has
a high commercial value, its cultivation can be a vital source of
income that can enhance the smallholder farmers’ livelihoods in
the province (Mabapa et al., 2017). Therefore, there is a need to
grow and utilize the moringa tree to enhance nutrition and food
security, improve profitability, and reduce reliance on expensive
imported feed supplements.

Nitrogen and phosphorus are essential elements required
during the developmental stages of plants. Literature reports that
nitrogen promotes vegetative growth while phosphorus improves
root development in plants (Razaq et al., 2017). McDonald et al.
(2011) reported that nitrogen increased crude protein and leaf
biomass. Fodder crops are considered acceptable when crude
protein is high, while neutral detergent fiber (NDF) and acid
detergent fiber (ADF) contents are relatively low (Janhi et al.,
2020). Crude protein above 8% with ADF and NDF ranging
between 45 and 65% are highly recommended for good quality
animal feed (Wangila et al., 2021). Fertilizer research on moringa
are scarce for the conditions of the Eastern Cape Province,
and reports in the literature are inconsistent. Some researchers
reported that the plant performs very well without fertilizer
application (Pahla et al., 2014; Mashamaite et al., 2021). However,
fertilizer use, especially during the seedling establishment period,
was reported to improve nutritional quality and biomass yield
of moringa (Mabapa et al., 2017). Moringa seedlings grown in
a glasshouse did not require a high amount of fertilizer, but a
minimal intake could potentially improve its quality and yield
(Christophe et al., 2019). Similarly, Pahla et al. (2014) reported
that moringa seedlings planted in Zimbabwe without fertilizer
application in soils with low nutrient status and poor drainage
showed stunted growth and chlorosis of leaves, which resulted in
a delayed growth rate and death of the plants. Francis and Liogier
(1991) also reported that addition of fertilizer on moringa plants
during the establishment phase resulted in increased foliage
and seed yield. The contradictory results are possibly due to

FIGURE 1 | Average monthly rainfall, minimum (Tmin) and maximum (Tmax)

temperature readings over the study period of October 2016 to March 2017.

biomass and nutrient quality of moringa that are influenced
by genetic background, climatic conditions, environment, and
production practices (Brisibe et al., 2009). It is therefore it is
essential to evaluate moringa production under the Eastern Cape
Province conditions.

There are limited studies conducted to evaluate the effects of
nitrogen and phosphorus rates on moringa yield and nutrient
content in South Africa. This inadequacy of information makes
it challenging to recommend to farmers on the fertilizer quantity
and type to apply. Therefore, this study aimed to examine
the effects of nitrogen and phosphorus application rates on
moringa plants’ growth and leaf nutrient composition. The
study hypothesis is that nitrogen and phosphorus fertilizer
application rates influence the growth and leaf nutrient
composition of moringa.

MATERIALS AND METHODS

Description of the Experimental Site
The study was conducted at the University of Fort Hare Research
Farm (32◦ 46’ 282“ S and 26◦ 50’ 067” E, at an altitude of 508m
above sea level). The experimental site receives an average annual
rainfall of 535mm, and has a mean annual temperature of 18.7◦C
(Nyambo et al., 2020c). The dominant natural vegetation is the
Acacia species. Temperature and rainfall recorded during the
study period are as given in Figure 1.

Pot Experiment and Treatment
A 4 × 3 factorial experiment (12 treatment combinations) was
conducted. It was laid out in an RCBD, replicated four times.
In each replication, each treatment was represented by 4 pots
which had one plant per pot, to give a of total of 12 × 4 = 48
pots per replication, therefore the 48 × 4 replications giving a
total of 192 pots or plants. The two factors were (a) nitrogen
fertilizer at four levels viz 100, 200, 300 and 400 kg N ha−1

and (b) phosphorus fertilizer at three levels (40, 80, and 120 kg
P ha−1). The nitrogen fertilizer levels were selected based on
a study by Abdullahi et al. (2013), who recommended using
the 200 kg N ha−1, and the phosphorus levels were based on
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TABLE 1 | Selected properties of soil used in the pot study.

pH P K Ca Cu Mg Mn Sand Silt Clay SOC Total N

KCl mg kg−1 %

5.12 34 155 616 2.7 309 56 50 34 16 1.2 0.13

SOC, Soil organic carbon; Total N, total nitrogen.

the study by Mendieta-Araica et al. (2013), who recommended
44 kg P ha−1 as the optimum rates for improved biomass yield
and nutrient quality Moringa. Half the nitrogen fertilizer was
applied at planting, while the other half was applied 4 weeks
after transplanting (WAP) in the form of lime ammonium nitrate
(LAN, 28), Phosphorus treatments were incorporated into the
soil before planting in the form of superphosphate (SSP, 10.5).
Potassium fertilizer was applied basal at planting to all pots at
a rate of 731 kg ha-1 using potassium chloride (KCl) Mendieta-
Araica et al. (2013). Basal fertilizer application was done soon
after transplanting.

The experiment was carried out using 10 L plastic pots
filled with 8 kg of loam soil. Seedlings were raised onsite from
seeds bought from Nala Farm, Johannesburg, South Africa. The
seedlings were transplanted 4 weeks after planting (at a plant
height of about 30 cm). Data collection was started 4 weeks after
transplanting. The basic properties of the soil used in the study
are shown as in Table 1.

Measurements
Non-destructive parameters, such as plant height and stem
diameter, were taken at 4, 8, and 12 weeks after transplanting.
Plant height was measured using a 1m ruler, while stem diameter
was measured using a Vernier caliper.

Leaf Chemical Content Analysis
All the leaves in the plants were harvested by hand, sorted and
separated into 1.2 kg samples. All leaf samples were immersed
into a large volume of potable water and shaken to remove
impurities on the leaf surfaces. Thereafter, the leaves were
taken out of water and allowed to dry on the surface of the
perforated tables. All the samples were air-dried and dried until
they were brittle, easy to crush and their moisture content
dropping to below 8% (Fahey, 2005). After drying, the samples
were milled with the leaf grinder into a fine powder using
an (SMC hammer mill; Cape Town) that could pass through
1mm sieve and stored in zipper polythene plastic pockets until
analysis following a method previously described by Mbah et al.
(2012). Chemical/nutritional analysis was done on air-dried
leaves collected at 12 weeks after transplanting. Moisture, ash,
and fat contents were determined using the standard procedures
of the Association of Official Analytical Chemistry [Association
of Official Analytical Chemistry (AOAC)., 1990]. Total nitrogen
content was determined using the Kjeldahl method following
Pearson (1976). Thereafter a factor of 6.25 was used to convert
the nitrogen content into crude protein following Equation (1)
(McDonald et al., 2011).

Crude protein = total nitrogen × 6.25 (1)

NDF and ADF were analyzed by the methods described by
Goering and Van Soest (1970). Micro- and macro-elements
were determined after digesting the leaf samples using aqua
regia [3:1 v/v hydrochloric acid (37%): nitric acid (55%)] in
a MARS 5 microwave digester (CEM Corporation, Matthews,
North Carolina). Minerals were thereafter determined using the
ICP-OES method (Varian Inc., The Netherlands).

Statistical Analysis
Data collected were subjected to statistical analyses using JMP
15.0 statistical software (SAS Institute, Inc., Cary, NC, USA).
Means were separated using Turkey’s test at p < 0.05 when
ANOVA indicated a significant P-value. Significant differences
were identified at three probability levels; p < 0.05, 0.01, and
0.001. The study was done over 12 weeks; therefore, time was
introduced as an extra factor when analyzing for growth. The
statistical model for the parameters measured during the growing
period is given in Equation (2);

Yijk = µ + β + Ai + Bi + Ai X Bi + εijk (2)

Where: µ = the general mean
β = the blocking effect
Ai= the effect of nitrogen application rate
Bi= the effect of phosphorus application rate
Ai × Bi = the interaction effect of nitrogen and phosphorus

application rate
εijk= the standard error.

RESULTS

Plant Parameters
The three-way interaction of nitrogen × phosphorus × time
was highly significant (p < 0.0001) with respect to plant height,
stem diameter and number of leaves (Table 2). Similarly, the two-
way interactions of nitrogen× phosphorus; nitrogen× time and
phosphorus × time had a significant effect (p < 0.0001) on plant
height, stem diameter and the number of leaves. The main factors
of nitrogen, phosphorus and time greatly influenced (p< 0.0001)
plant height and stem diameter, while the effects of phosphorus
and time was significant at p < 0.001 with respect to the number
of leaves.

At four WAP, tallest moringa trees were recorded from the
100 kg N ha−1 and 80 kg P ha−1 treatment combination, while
the 400 kg N ha−1 and 40 kg P ha−1 of the treatment combination
produced the shortest trees. At 12 WAP, moringa trees supplied
with 100 kg N ha−1 and 80 kg P ha−1, were 46.8% and 45% taller
compared to trees that were supplied with a treatment of 400 kg
N ha−1 and 120 kg P ha−1; and 300 kg N ha−1 and 120 kg P ha−1,
respectively (Figure 2).

At eight WAP the results indicated that trees that received
100 kg N ha−1 and 80 kg P ha−1 had significantly thicker stems
(11.12mm) compared to trees that received the treatment of
400 kg N ha−1 and 80 kg P ha−1 (7.0mm). Similarly, trees that
received 100 kg N ha−1 and 80 kg P ha−1 and trees treated with
200 kg N ha−1 and 80 kg P ha−1 at twelve WAP had significantly
greater stem diameter than trees that received treatment of 400 kg
N ha−1 and 40 kg P ha−1 (Figure 3).
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TABLE 2 | Analysis of variance (ANOVA) for plant height, stem diameter and

number of leaves.

Source of variation Plant height Stem diameter Number of leaves

Nitrogen (N) *** *** ***

Phosphorus (P) *** *** **

Time (T) *** *** **

N * P *** *** ***

N * T *** *** ***

P * T *** *** ***

N * P * T *** *** ***

CV 2.71 6.30 6.29

*, **, *** Significance at 0.05, 0.001, and 0.001 probability level, respectively; CV: coefficient

of variance.

FIGURE 2 | Effect of phosphorus and nitrogen rates on plant height. Error

bars indicate standard error.

The 100 kg N ha−1 and 80 kg P ha−1 treatment combination
had 16.9% more leaves than the plants that received 300 kg N
ha−1 and 40 kg P ha−1 at 4 WAP. On the other hand, at four
WAP, trees that received 400 kg N ha−1 and 120 kg P ha−1 had
40.1% more leaves than trees in the 300 kg N ha−1 and 120 kg P
ha−1 treatment combination (Figure 4).

Nutrient Analysis
The interaction between the two factors nitrogen and
phosphorus, was highly significant with respect to nutrients
(p < 0.0001) and moisture (p < 0.001) (Table 3). The highest
moisture content was recorded for the 300 kg N ha−1 and 40 kg P
ha−1 treatment combination, while the least was in the treatment
combination of 300 kg N ha−1 and 80 kg P ha−1 (Table 3).
Ash contents was 21.38% higher in the treatment combination
of 200 kg N ha−1 and 80 kg P ha−1, as compared to that of
the 300 kg N ha−1 and 120 kg P ha−1 treatment combination.
Crude protein significantly increased with levels of both nitrogen
and phosphorus. The highest crude protein was obtained from
the 400 kg N ha−1 and 120 kg P ha−1 treatment combination
(38.28%), and the lowest in the 100 kg N ha−1 and 40 kg P ha−1

treatment combination (Table 3).

Macro-Minerals
Interaction of nitrogen and phosphorus was highly significant
(P < 0.0001) with respect to base cations and the K: (Ca+Mg)
ratio (Table 4). Nitrogen depicted a high level of significance (p
< 0.0001) with respect to Ca, Mg, and Na, while K was significant
at p < 0.001. Effect of phosphorus was also highly significant (p
< 0.0001) on Mg, Na and ratio of K: Ca+Mg, while the content
of K was significant at p < 0.001. Only Ca was not significantly
affected by P. Highest Ca content was observed in the treatment
combination of 100 kg N ha−1 and 80 kg P ha−1, while the lowest
was in the treatment combination of 300 kg N ha−1 and 40 kg
P ha−1. Treatment combination of 100 kg N ha−1 and 120 kg
P ha−1 had 94% Mg content higher than that of the treatment
combination of 300 kg N ha−1 and 120 kg P ha−1 (Table 4).
The K content was 15% higher in 100 kg N ha−1 and 120 kg P
ha−1 compared to that of the 300 kg N ha−1 and 40 kg P ha−1

treatment combination (Table 4).

Micronutrients Content
Highest concentrations of P and Zn were observed in the 400 kg
N ha−1 and 120 kg P ha−1 treatment combination, while the
lowest concentrations of P and Zn were from plants treated with
100 kg N ha−1 and 40 kg P ha−1 (Table 5).

Copper was 73.5% higher in treatment combination of 400 kg
N ha−1 and 120 kg P ha−1 compared to that of treatment
combination of 400 kg N ha−1 and 80 kg P ha−1 (Table 5). The
highest level of Fe content was record from 100 kg N ha−1 and
120 kg P ha−1 treatment combination and the lowest from 200 kg
N ha−1 and 120 kg P ha−1 treatment combination (Table 5).

DISCUSSION

Plant Parameters
Various studies have attributed the increase in yield and quality
of moringa plants to appropriate nutrient supply (Abdelwanise
et al., 2015). In the current study, the 100 kg N ha−1 and
80 kg P ha−1 treatment consistently produced significantly taller
plants at all three sampling times. Higher doses of both nitrogen
and phosphorus fertilizers did not increase the height of the
moringa tree. Similarly, stem diameter and number of leaves
did not increase with an increase in the dosage of N and P
fertilizers. Lack of a consistent growth increase with higher
fertilizer doses indicates that the moringa plants did not require
higher nitrogen and phosphorus. The lack of response to higher
fertilizer doses could be because the experiment was conducted
in the hot summer months of December and March 2016
(Figure 1). Nutrient utilization of plants, particularly nitrogen,
can potentially be reduced when precipitation is low and
temperatures are high (Kering et al., 2011). Similar results were
reported by Palada (1996), who showed that higher nitrogen
fertilizers rates did not significantly increase the plant height of
moringa tree. However, contrasting results were also reported
in other studies. In a study conducted in Zimbabwe on sandy
soil, Pahla et al. (2014) reported that plant height and shoot
and root dry matter contents significantly increased with an
increase in fertilizer rates. The same authors reported that the
best performance of the moringa trees was observed at a fertilizer
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FIGURE 3 | Effect of time phosphorus and nitrogen fertilizer on stem diameter. Error bars indicate standard error.

FIGURE 4 | Effects of time, phosphorus and nitrogen fertilizer on the number of leaves of moringa trees. Error bars indicate standard error.

combination of 276 kg N ha−1 and 400 kg ha−1 P2O5. In a study
conducted by Abdullahi et al. (2013) in North central Nigeria, the
highest plant height was observed in moringa trees that received
200 kg N ha−1 at 11 WAP on sandy loam soil. This inconsistency
of these results could be explained by the differences in the
climate, agronomic practices, soil type and environmental factors
that significantly influence the nutrient content and growth of
the trees.

Nutrient Analysis
Moringa is a miracle tree with a great indigenous source of
highly digestible proteins, Ca, Fe, and Vitamin C. It contains
all the essential nutritional elements essential for livestock and
human beings (Gopalakrishnan et al., 2016). The resultant

high nutritional contents imply that moringa leaves could
be a nutritionally valuable and healthy ingredient for animal
and human consumption. These nutrients may not be strictly
medicinal but could be valuable in preventing malnutrition.

Crude protein that increased with an increase in fertilizer
dose, was within the range of content in sunflower seeds,
commonly found in protein concentrates (Mapiye et al., 2010).
The direct proportional relationship between nitrogen and
phosphorus regarding protein content implies that nitrogen
and phosphorus rates increase protein content. These results
also agree with Moyo et al. (2011). The results corroborate
their capacity of moringa to be used as protein supplements
in livestock diets, as reported by other authors (Jayanegara
et al., 2019). Similarly, the observed results are in range but
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TABLE 3 | Effect of nitrogen and phosphorus treatment combinations on moisture and chemical compositions of moringa leaves.

Source of variation Moisture Ash Fat ADF NDF Crude protein

%

100N × 40P 7.21abc 12.06de 5.88cd 22.69bc 30.71a 28.21f

200N × 40P 7.58a 11.45ef 5.55d 22.52bcd 30.03ab 31.79cde

300N × 40P 7.68a 12.59bcd 7.4b 23.54b 26.47d 30.81de

400N × 40P 6.63cd 12.40cd 9.07a 20.89d 26.14de 30.75de

100N × 80P 7.27ab 13.19b 9.24a 25.23a 27.95c 31.96cde

200N × 80P 6.52d 14.17a 3.89e 21.61cd 28.84bc 30.34e

300N × 80P 6.15d 13.18bc 8.51a 18.71e 24.55f 32.39cd

400N × 80P 7.23abc 12.75bcd 4.34e 21.35cd 29.27abc 32.54c

100N × 120P 6.55d 14.21a 6.48bc 23.90ab 24.94ef 31.61cde

200N × 120P 6.77bcd 12.88bc 2.36f 23.49b 26.01de 34.86b

300N × 120P 7.43a 11.14f 4.39e 19.08e 25.52def 34.98b

400N × 120P 7.24abc 13.17bc 3.83e 18.76e 22.77g 38.23a

Nitrogen (N) *** *** *** *** *** ***

Phosphorus (P) *** *** *** * *** ***

N × P ** *** *** *** *** ***

CV 3.6 2.4 6.2 3.0 2.2 2.0

*, **, ***Significance at 0.05, 0.01 and 0.001 probability levels, respectively; Different lowercase letters indicate significant differences, CV, coefficient of variance; ADF, acid detergent

fiber; NDF neutral detergent fiber.

TABLE 4 | Effect of nitrogen and phosphorus on concentrations of minerals in

moringa leaves.

Source of variation Ca Mg K Na K:Ca+Mg

%

100N × 40P 2.28bcd 0.39cd 2.59ab 0.14fg 0.47abc

200N × 40P 2.19cd 0.37cd 2.37cde 0.19e 0.44bcde

300N × 40P 1.93d 0.43c 2.25e 0.16ef 046abcd

400N × 40P 2.27bcd 0.34cde 2.56ab 0.12gh 0.47abc

100N × 80P 3.02a 0.37cde 2.52abc 0.15f 0.37e

200N × 80P 2.58abc 0.45c 2.44bcd 0.31c 0.56a

300N × 80P 2.63abc 0.28de 2.26e 0.11h 0.38de

400N × 80P 2.46bc 0.40cd 2.44bcd 0.16ef 0.40cde

100N × 120P 2.76ab 0.90a 2.65a 0.52a 0.51ab

200N × 120P 2.68abc 0.40cd 2.56ab 0.27d 0.38de

300N × 120P 2.62abc 0.23e 2.29de 0.15f 0.40cde

400N × 120P 2.45bc 0.65b 2.59ab 0.42b 0.5ab

Nitrogen (N) *** *** ** *** ns

Phosphorus (P) ns *** ** *** ***

N × P ** *** *** *** ***

CV 8.1 11.7 3.0 8.0 7.6

**, ***Significance at 0.01 and 0.001 probability level, respectively; ns is not significant;

Different lowercase letters indicate significant differences, CV, coefficient of variance.

slightly lower than the crude protein content reported by
Sodamade et al. (2013). In line with these findings, Ogbe and
John (2011), reported crude protein contents between 17.01
and 27.51% in moringa. The composition differences can also
be due to variations in soil type, climate, agronomic practices,
environmental factors and leaf harvesting stage/age (Moyo et al.,
2011).

TABLE 5 | Effect of nitrogen: phosphorus combinations on concentrations of

phosphorus (P), Zinc (Zn), copper (Cu), manganese (Mn), and iron (Fe) in moringa

leaves.

Source of variation P Zn Cu Mn Fe

mg kg−1

100N × 40P 0.42f 16.26f 1.49e 78.02i 113.1e

200N × 40P 0.76b 20.62e 1.23e 83.7i 117.4de

300N × 40P 0.79b 20.62b 1.66de 150.4bc 123.0abc

400N × 40P 0.53de 19.06e 2.81c 90.69h 118.6cd

100N × 80P 0.97a 24.84c 2.87bc 141.8de 103.6f

200N × 80P 0.95a 24.62cd 1.56e 114.1g 119.6bcd

300N × 80P 0.44ef 23.23d 2.78c 126.5f 104.2f

400N × 80P 061cd 25.25bc 1.08e 154.6b 117.1de

100N × 120P 0.91a 25.81bc 3.57ab 144.3d 124.5a

200N × 120P 0.58cd 26.49b 1.54e 145.0cd 103.4f

300N × 120P 0.68bc 23.24d 2.31cd 137.01e 108.0f

400N × 120P 0.96a 29.08a 4.08a 162.2a 124.1ab

Nitrogen (N) *** *** *** *** ***

Phosphorus (P) *** *** *** *** ***

N × P *** *** *** *** ***

CV 6.5 2.7 13.1 1.8 1.6

***Significance at 0.001 probability level; Different lowercase letters indicate significant

differences, CV, coefficient of variance.

ADF and NDF are important chemical properties that show
the fibrosity and energy value of feed. The National Research
Council of the National Academies recommends a minimum of
19%ADF and a range of 25–35%NDF for animal feed. According
to Janhi et al. (2020), recommended forages should contain ADF
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and NDF below 45 and 65%, respectively. Regardless of the
fertilizer combinations, both NDF and ADF values in the current
study were within the recommended range but are slightly
higher than the contents reported for other studies. For example,
Foidl et al. (2001) reported NDF and ADF contents of 21.9
and 11.4%, respectively. Moyo et al. (2011) also reported much
lower content: 11.40% NDF and 8.49% ADF. High temperatures
and dry conditions in the summer season of the Eastern Cape
Province could explain the higher NDF and ADF. Extremely
high temperature and moisture stress reduce forage quality by
lowering leaf/stem ratio, intensifying lignification, and increasing
ADF and NDF contents (Kering et al., 2011). The differences
in NDF and ADF between this study and others are possibly
due to differences in agro-climatic conditions, leaf ages, and
harvest time.

CONCLUSION

The results showed that the growth performance and leaf
proximate nutrient content ofmoringa trees responded positively
to the fertilizer application rates. The trees that received the
100 kg N ha−1 and 80 kg P ha−1 treatment combination
showed the best performance. However, crude protein was
notably high in trees that received treatment combination
of 400 kg N ha−1 and 120 kg P ha−1. The fiber contents
(ADF and NDF) were within the acceptable range for feed

supplement. Additionally, proximate nutrient content obtained
from the study can be potentially used for supplementing feed
diets that are nutrient imbalanced. Therefore, application of
100 kg N ha−1 and 80 kg P ha−1 is recommended as the
suitable fertilizer combination for the production of moringa.
The study recommends that more research need to be done
based on field trial to concretize the results of the current
pot experiment.
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