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Abstract 
Moringa (Moringa oleifera) produces edible, nutrient-rich leaves useful for the 

alleviation of malnutrition.  A trial was conducted in southwest Florida under 
subtropical conditions to determine the extent to which leaf production can be 
increased with fertility inputs. Moringa seeds were sown in the field on 24 March 
2015, with trees spaced 1.25 m (in row) X 3.5 m (between row).  The following year (9 
June 2016), the trees were pruned to a height of 75 cm and fertility treatments begun. 
With treatments replicated three times in a split plot design, each of five trees per 
plot received 0 or 2 kg of composted yard waste (whole-plot factor), as well as the 
equivalent of 0, 25, 50, or 75 g of nitrogen (sub-plot factor) supplied with 8-2-8 (NPK 
+ micronutrients) fertilizer. These treatments were split-applied with half of each 
NPK or compost rate applied six weeks apart. The first half of each split application 
was applied at three-month intervals that, with the exception of a winter rest period, 
corresponded to moringa leaf harvests. Dry leaf matter, weighed at each of six 
harvests (from September 2016 to November 2017), varied with NPK rate (P <0.01). 
Whether or not the trees received compost, dry leaf biomass (averaged over six 
harvests) increased linearly from 51 g tree-1 with no NPK to 108 g tree-1 with enough 
NPK fertilizer to supply 75 g N tree-1.  At one or more harvests, NPK increased soil NO3-

, K, and Mn, all of which were low at the start of the trial. NPK also increased K and Mn 
in moringa leaf tissue.  Results showed that inorganic fertilizer with macro and 
micronutrients can markedly increase moringa leaf production on sandy soil.   
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INTRODUCTION 

Moringa oleifera (referenced hereafter in this document as “moringa”) is a fast-
growing, multipurpose tree native to India (Olson, 2017; Ramachandran et al., 1980) and 
well-suited to warm climates (Morton, 1991). Its edible, nutrient-dense leaves may be 
consumed fresh or dry and are useful for alleviating human malnutrition (Gopalakrishnan et 
al., 2016; Olson et al., 2016; Thurber and Fahey, 2009; Yameogo et al., 2011). 

Moringa can easily be grown by farmers in low-resource settings due to its ease of 
propagation with seeds or cuttings, moderate drought tolerance, and ability to grow without 
intensive management (Pasternak et al., 2017).  Nevertheless, as demand for moringa 
increases, information is needed on how to scale up production.   
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Fertility inputs have been shown to improve moringa growth (Adebayo et al., 2011; 
Adebayo et al., 2017; Asante et al, 2012; Dania et al., 2014; Haouvang et al., 2017; Sarwar et 
al., 2017), but much of what is known is based on short-term studies.  This research was 
done to evaluate the potential of repeated applications of inorganic fertilizer, with or 
without compost, to increase leaf production of established moringa trees over multiple 
harvests. It was hypothesized that a combination of inorganic fertilizer with compost would 
reduce the amount of inorganic fertilizer needed to increase moringa leaf production.   

 
 

MATERIALS AND METHODS 
The trial was established in southwest Florida (26.727194222 latitude; -81.7898454 

longitude) on an Immokalee sand underlain with marine deposits (USDA NRCS, 2017). 
Moringa trees were seeded on 24 March 2015. Three moringa seeds were sown directly into 
each planting station, with stations spaced 1.25 m (in-row) X 3.5 m (between-row). 
Subsequently, the stations were thinned to the single strongest moringa seedling.  

Young trees were allowed to establish until the start of the trial on 9 June 2016, at 
which time the trees were pruned to a height of 75 cm and the first fertility treatments were 
applied. Treatments were a factorial combination of composted yard waste (0 and 2 kg tree-

1) and inorganic fertilizer (8-2-8 [NPK] with micronutrients. at 0, 25, 50, and 75 g N tree-1) 
incorporated into the top 6 cm of soil around the base of moringa trees. The resulting 8 
treatments were replicated three times in a split plot design. Within each block, compost 
and NPK treatments were randomly assigned to whole plots and subplots, respectively. 
Amendments were split into two equal doses applied six weeks apart within each 12-week 
leaf harvest interval (based on the typical time period—at the trial location—between 
moringa pruning and flowering). The first of each split application was applied on 9 June 
2016, corresponding to the start of the trial (hereafter referred to as moringa harvest 0), 
and then shortly after moringa harvests 1, 3, 4, and 5. To avoid stimulating moringa growth 
during the winter, no fertility inputs were applied in December 2016, following moringa 
harvest 2. No amendments were applied at the end of the trial (harvest 6).  Overhead 
irrigation was supplied as needed during dry season periods. 

Moringa leaves were harvested from 8 September 2016 (harvest 1) to 28 November 
2017 (harvest 6). At each leaf harvest, leaves were stripped from the trees, dried to a 
constant weight at ≈ 30 °C, and weighed. After each harvest, the trees were pruned to a 
height of 75 cm. One month after harvest 3, the number of new branches on each tree was 
recorded. 

Soil was sampled at the base of moringa trees to a depth of 0-20 cm. Cores were taken 
before fertilizer application and shortly after harvests 0, 2, 3, and 6. A composite sample of 
cores for each plot, and a sample of the composted yard waste, was sent to Waters 
Agricultural Laboratories, Inc. (257 Newton Road, P.O. Box 382, Camilla GA 31730) for 
analysis of pH, nitrate (NO3-), phosphorus (P), potassium (K), magnesium (Mg), calcium (Ca), 
iron (Fe), and manganese (Mn). Soil samples were air dried and sieved (2.0 mm mesh) for 
analysis. Soil pH and OM were assessed with the Adams-Evans and Loss on Ignition 
methods, respectively. Soil NO3- was extracted with a 2-molar KCl solution and quantified 
using the Cadmium Reduction/Flo Injection method. Mehlich III extracts of soil P, K, Mg, Ca, 
Fe, and Mn were measured using inductively coupled plasma (ICP) spectroscopy.   

Tissue analysis of minerals was conducted with leaves collected at harvest 2 and sent 
to Waters Agricultural Laboratories Inc. Samples were completely dried, at 80 °C, before 
grinding to pass a 1.0 mm screen. Minerals were quantified using ICP spectroscopy. 

Data were analysed with SAS software (SAS Institute, 2002-2012) using a generalized 
linear mixed model procedure (PROC GLIMMIX), with block as a random factor and 
treatments (compost and NPK) as fixed factors. Data measured more than once were 
combined and analysed with time (harvest period or soil sampling time) as a repeated 
measures factor.  

 



 

 

RESULTS AND DISCUSSION 
Initial soil concentrations of NO3-, K, and Mn were low (Table 1). Considering that N 

leaching occurred on a Florida sandy soil with only 105 mm of rainfall (Prasad and 
Hochmuth, 2016), summer rainfall amounts (696-953 mm per harvest interval) during this 
trial were enough to leach NO3-.  Potassium is also susceptible to leaching on sandy soil 
(Kayser et al., 2012). Low Mn was consistent with reports of Mn deficiencies in non-acidic, 
calcareous soil (Landon, 1991). The high Ca and lack of acidity were likely an effect of 
underlying marine deposits.  Compost used in the study appeared to be a good source of P, 
K, Ca, and Mg.  

 
 

Table 1. Initial soil properties at the trial site and analysis of composted yard waste used.  
Variable Unit Soil  Interpretation Compost Interpretation 
Sand % 89.2 n/a n/a n/a 
Silt % 6.4 n/a n/a n/a 
Clay % 4.4 n/a n/a n/a 
Acidity pH 7.0 Medium1 7.9 Medium1 
Organic matter % 2.6 Moderate-high2 8.5 n/a 
Nitrate mg L-1 1 Low3 1 Low3 
Phosphorus mg L-1 85 Moderate4 138 Very high4 
Potassium mg L-1 31 Low4 1126 Very high4 
Calcium mg L-1 2882 Very high4 6015 Very high4 
Magnesium mg L-1 215 Adequate4 541 Very high4 
Iron mg L-1 102 Adequate4 82 Moderate4 
Manganese mg L-1     11 Low4 22 High4 
1, 2, 3, 4 Interpretations were made according to reports by Landon (1991), Lee et al. (2003), Lazicki and Geisseler (2016), and 

designations given by Waters Agricultural Laboratories Inc., respectively. 

 
Moringa leaf production 

Moringa leaf yield and branch number were unaffected by compost (data not shown); 
however, both variables increased linearly with increased NPK rate (Figure 1).  Across 
harvests, with or without compost, moringa dry leaf matter increased from 51 g tree-1 (48 kg 
ha-1) with no N from NPK to 108 g tree-1 (246 kg ha-1) with 75 g N tree-1 from NPK.   

 The increase in moringa leaf biomass, in response to added fertility, is consistent with 
other reports of improved vegetative growth of moringa with composted manure and/or 
inorganic fertilizer (Adebayo et al., 2011; Adebayo et al., 2017; Haouvang et al., 2017 and 
Sarwar et al., 2017). The amount of OM (2.6%; Table 1) in the soil at this trial may have been 
high enough to preclude a benefit of composted yard waste to the growth of moringa. 

Number of branches after harvest 3, irrespective of compost treatment, increased 
from 15 branches tree-1 with no NPK to 25 branches tree-1 with 75 g N tree-1 from NPK 
(Figure 1). These numbers were comparable to as many as 15 branches tree-1 recorded by 
Oshunsanya et al. (2017) for 9-month-old moringa trees grown on a coarse textured soil in 
Nigeria. Moringa leaf biomass was likely influenced by branch formation, with more 
branches leading to greater leaf production. 



 

 

  
Figure 1. Effect of NPK rate on moringa leaf biomass and branch number. Leaf production 

data were averaged over compost treatments and six harvests. Branch numbers 
are data recorded one month after the third leaf harvest, averaged over compost 
treatments. A coefficient of determination value (r2) was determined for each 
variable according to linear polynomial regression of the resulting means.  Error 
bars are +/- one standard error of the mean.  

 
 

Moringa leaf production, averaged over NPK and compost treatments, varied with 

harvest (Table 2). Yields were lowest during times of high rainfall (from harvest 0 to 1 

and 4 to 6), or during the winter dry season (from harvest 2 to 4). Higher yields for 

harvests 5 and 6 than harvest 1, despite high rainfall, indicated a benefit of a swale dug 

after harvest 1 to improve drainage. Rainy-season moringa tree performance was 

consistent with a report by Patricio and Palada (2017) that moringa is intolerant of 

waterlogging.  Low yields during the winter dry season, even with overhead irrigation, 

were due to a combination of cooler temperatures (data not shown) and shorter day length 

than during summer months.  

 

 
Table 2. Effect of harvest time on dry, moringa leaf biomass.  Data were averaged over     

NPK and compost treatments. Rainfall amounts are shown per harvest interval.   
Harvest (H) Leaf dry matter (g tree-1) Rainfall between harvests (mm) 
   1 38 c From H0 to H1 =  696 
   2 147 a From H1 to H2 =  133 
   3 51 c From H2 to H3 =    62 
   4 45 c From H3 to H4 =    78 
   5 107 b From H4 to H5 =  860 
   6 90 b From H5 to H6 =  953 
   P value2 <0.0001 n/a 
1The effect of harvest on moringa leaf biomass was significant at P ≤ 0.05. 

 
 
Soil analysis  

Compost did not influence soil pH, OM, NO3-, P, K, Mg, and Mn (data not shown). Soil 
Ca was unaffected by compost until the sixth moringa leaf harvest, at which time it was 
higher with than without compost (Table 3). The eventual increase in soil Ca concentration 
was consistent with the high level of Ca (6015 mg L-1; Table 1) in the compost.   

 
 



 

 

Table 3. Interaction of compost and sampling time (moringa leaf harvest) on soil Ca. 
 Soil Ca (mg L-1) at each sampling time  
Compost Harvest 0 Harvest 2 Harvest 3 Harvest 6 
None 2523 3883 2992 2601 
2 kg tree-1 2892 3646 3313 3229 
P value1 0.0822 0.2613 0.1298 0.0039 
1Effects were significant at P ≤ 0.05. 

 
 
 
Increased NPK fertilizer resulted in linear increases of soil NO3

- and P (Figure 2); 
these increases occurred independently of compost rate or sampling time.  At one or more 
sampling times, NPK also increased soil K, Mg, and Mn (Figure 3).  Gains in Mg and Mn were 
likely an effect of the 2% Mg and 0.45% Mn contained in the 8-2-8 (NPK) fertilizer.   

With no NPK, soil NO3
- concentration was close to a minimum target of 20 mg L-1 

(Lazicki and Geisseler, 2016), whereas the lowest soil P concentration (113 mg L-1) in Figure 
2 exceeded that (85 mg L-1) interpreted as moderate in Table 1. Based on Table 1 
interpretations and Figure 3 levels, soil K and Mn may have also been low at times with no 
NPK. Moringa yields appear to have benefitted from increases in multiple soil nutrients, 
especially those (N, K, and Mn) most likely to have been limiting with no fertility input.   

Soil pH at the last two moringa harvests declined with increasing rates of NPK, 
indicating an acidifying effect of the ammoniacal (5.60%) and urea (0.27%) forms of N in the 
NPK fertilizer.  On a soil that is already acidic, it would be advisable to use non-acidifying 
fertilizer such as potassium nitrate. 

 
 
 
 
 
 
 
 
 
 
 

   
Figure 2. Effect of NPK rate on soil NO3- and P concentration. Data were averaged over 

compost treatments. A coefficient of determination value (r2) was determined for 
each variable according to linear polynomial regression of the resulting means.  
Error bars are +/- one standard error of the mean.  

 



 

 

  

  
Figure 3. Interaction of NPK rate with sampling time (moringa harvest 0, 2, 3, and 6) on soil 

pH. K, Mg, and Mn.  Data for each sampling time were averaged over compost 
treatments.  For significant effects (P ≤ 0.05), coefficient of determination (r2) 
values were determined according to polynomial regression of the resulting 
means.  Error bars are +/- one standard error of the mean. 

 
Moringa leaf nutrient concentration 

Leaf nutrients at harvest 2 were not influenced by compost (data not shown). 
Increasing rates of NPK—across compost treatments—decreased leaf P and Mg, but 
increased leaf K and Mn concentrations (Figure 4).  Data were insufficient to explain why 
leaf P and Mg concentrations declined in response to added NPK. Even the lowest levels of P 
(0.53%) and Mg (0.43%) in this study were higher than the average leaf concentration of 
0.48% P and 0.28% Mg reported by Olson et al. (2016) for 23 samples of M. oleifera.  In 
contrast, the lowest leaf K (1.5%) and Mn (37 µg g-1) concentrations in Figure 4 were below 
the 23-sample average of 1.7% K and 60 µg g-1 Mn found by Olson et al. (2016). Considering 
the occurrence of low soil levels, initially (Table 1) and with no NPK during the trial (Figures 
2 and 3), Figure 4 leaf tissue results suggest that moringa leaf production benefitted from 
the K and Mn in the NPK fertilizer used in this study.   

 



 

 

  

 
 

Figure 4. Effect NPK rate on concentrations of P, K, Mg, and Mn in harvest-2 moringa leaf 
tissue. Data were averaged over compost treatments. Coefficient of determination 
(r2) values were determined according to quadratic polynomial regression of the 
resulting means.  Error bars are +/- one standard error of the mean. 

 
 

CONCLUSIONS 
Due to the linear response to increasing amounts of NPK fertilizer, it was not possible 

to identify an NPK rate at which no further moringa leaf yield is achieved. Nonetheless, 
results showed that inorganic fertilizer can increase moringa leaf production by at least two 
fold.  In making decisions related to fertility inputs, moringa growers should consider 
desired yield gains in light of fertilizer cost.  Attention should also be given to the nutrient 
content of the fertilizer being considered.  Soil and leaf nutrient concentration data from this 
trial showed the benefit of a fertilizer with macro and micronutrients. 

Organic inputs are important for maintaining long term soil health and as alternatives 
to inorganic fertilizers which, in many parts of the tropics, are difficult for farmers to obtain. 
Results of this trial suggests that, in soil with initial OM levels of over 2%, combining 
inorganic fertilizer with composted yard waste may not reduce the amount of mineral 
fertilizer needed to increase moringa leaf production.  In other locations, however, 
performance of moringa seedlings or young trees has been improved by composted animal 
(e.g., cattle or poultry) manure (Adebayo et al., 2011; Adebayo et al., 2017; Haouvang et al., 
2017 and Sarwar et al., 2017).  Future research could be done to document the effects of 
repeated applications of animal manure and enhanced amounts of NPK fertilizers on 
moringa growth over successive harvests.    
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