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Abstract

The objective of this study was to determine the optimum rate of N to maximize 
growth of Prosopis velutina seedlings and minimize N leaching when seedlings 
were grown in different substrates.  Mesquite seedlings were grown in sand or 
soilless media and were fertigated with a solution of 67 % NH4

+: 33 % NO3
- at a 

rate of 25, 50, 100, or 200 mg N/L. After 60 days, plants in media produced 41 
% more leaves and total biomass compared to those in sand. Leaf number was 
greatest for plants grown at 200 mg N/L in both substrates.  Root biomass of 
plants in media showed no response to increasing N concentrations while root 
biomass of seedlings in sand were similar for the three lower N concentrations 
and nearly doubled for the highest one.  Shoot biomass of seedlings receiving 
25, 50, or 100 mg N/L was similar, but more than doubled for plants fertigated 
with 200 mg N/L.  N leachate losses were highest from seedlings growing in 
sand and receiving the two higher N fertigations, those in media had greatest N 
leachate loss when fertigated at 200 mg N/L.  

Introduction 

Nutrient requirements of common Southwestern woody plants during container production are not well studied.  
Thousands of plants are raised every year by nurseries with various fertilizer regimes.  Nutrition of tree seedlings 
growing in containers has to be balanced to meet the needs of the growing plant without discharging excessive 
amounts of fertilizer in the runoff.  Studying the efficient use of fertilizers to achieve maximum growth can 
economize production by decreasing fertilizer input and runoff high in nutrients.   

It is generally recognized that effective fertilizer management includes nutrient applications appropriate to 
various stages of plant growth.  Because young seedlings are sensitive to high fertilizer concentrations, water-
soluble fertilizers are generally diluted to half strength of the recommended concentration during the first three 
to four weeks, after which fertilizer is applied at regular strength.  Biomass production in response to increasing 
N applications generally follows  a typical yield response curve with low biomass at no or low N rates, and 
increasing biomass with increasing N rates up to a steady state or luxury consumption where biomass is not 
increased with increasing N rates (Marschner, 1995).  Most fertility regimes apply nutrients either in a single 
application or split applications of equal amounts at predetermined time intervals, with the goal of steady-state 
nutrition.  Recommendations for N applications vary widely.  Davidson, et al. (994) states that common fertilizer 
programs for liner production of woody plants include slow-release fertilizer applied in combination with soluble  



 

fertilizer at 150 mg/L N per week, or soluble N alone at 250-300 mg/L N per week.  Lower concentrations of 
100 to 200 mg/L N applied once or twice weekly are cited as typical by Mills and Jones, 1996.  Fertigation often 
exceeds actual N requirements and smaller, more frequent doses accompanied with tissue analysis are 
recommended to determine concentrations needed for optimum growth (Mills and Jones, 1996).  Imo and 
Timmer (1992) used different fertilization schedules with the goal to maintain a steady-state of tissue nutrient 
concentration in mesquite seedlings.  The modified exponential regime compared to a weekly constant low rate 
of topdressing, both applying the same total N rate over 9 weeks, resulted in higher N uptake efficiency of the 
modified exponential regime but no difference in total biomass production.   

 
In a study conducted previously, velvet mesquite (Prosopis velutina) seedlings produced greatest biomass and 
had the highest tissue N concentration during the first 12 weeks after germination when supplied with fertilizer 
solution containing 67% ammonium and 33% nitrate.  The study reported here 1. examined the effect of different 
concentrations of 67% NH4

+: 33% NO3
- on biomass production of mesquite seedlings grown in two substrates, 

and 2.  assessed the applicability of sand culture in determining nutrient requirements. 
 
 

Materials and Methods 
 

Prosopis velutina seeds were grown between June and August of 2003 in Cone-tainers™ uniformly filled with 
20-grade pure silica sand or media containing sphagnum peat and perlite (Sunshine Mix 1, Sun Gro Horticulture 
Distribution, Inc., Bellevue, WA).  Two weeks after sowing, uniform seedlings were randomly assigned to N 
treatments.  Nitrogen at a ratio of 67% NH4

+: 34 % NO3
- was provided in a Hoagland’s solution (Hoagland and 

Arnon, 1950) at concentrations of 25, 50, 100, or 200 mg/L.  This resulted in total application rates of 51, 102, 
204, and 408 mg N per seedlings for the four treatments, respectively.  Abbreviations for these nutrient solution 
concentrations are C25, C50, C100, and C200, respectively.  Approximately 40 ml of nutrient solution was 
applied three times daily to each seedling twice a week. All seedlings received C25 for the first three fertigation 
days followed by the assigned concentrations for the remainder of the experiment.  The day when fertigation 
treatments started was the first day when plants received the full treatments.  Irrigation with tap water was 
applied four times daily for sand-grown plants and 3 times daily for media-grown plants at approximately 30 ml 
each event except on fertigation days.  
 
Average greenhouse temperatures during the germination period ranged from 24°C at night to 27°C during the 
day. During production, average minimum and maximum temperatures ranged from 20°C to 32°C during the 
day and from 20°C to 29°C during the night. Daytime temperatures of media and sand ranged from 22°C to 
30°C and from 24°C to 35°C, respectively.  Photosynthetically active radiation at canopy height in the 
greenhouse ranged from 450 to 740 µmol m-2 s-1 at midday with an average of 620 µmol m-2 s-1. 
 
Leachate was collected individually from 3 plants per block and treatment 15, 36, and 54 days after fertigation 
(DAF) started.  Runoff was collected from individual plants and the amount was recorded.  Pour-through 
leachate was collected 20, 40, and 60 DAF according to the procedure of Wright (1986).  Nitrate nitrogen and 
ammonium nitrogen in leachate were measured at 25°C using a UV- Spectrophotometer Model 1601 (Shimadzu 
Scientific Instruments, Columbia, MD) following the procedure described by Kozai et al. (1995).   
 
Four randomly chosen seedlings per block and treatment were harvested destructively 20, 40, and 60 DAF 
began.  The number of leaves were counted and seedling shoots and roots were separated.  Dry weights were 
recorded after seedlings were dried at 65°C for 96 h.  The experiment was arranged in a completely randomized 
block design with 4 blocks and 20 seedlings per treatment per block. Data were analyzed using GLM procedure 
and means were separated with Tukey’s Studentized test when P ≤ 0.05.  
 
 

 
 
 
 



 

Results and Discussion 
 

Leaf number and biomass 
Leaf number was greater for media-grown seedlings than for those grown in sand at 20 and 60 DAF (Table 1).  
Nitrogen concentration had no effect on leaf number during the first two sampling periods, but was significantly 
greater for plants grown at the highest N concentration at 60 DAF, regardless of substrate (Table 1).  Leaf 
number values were affected more by substrate than N concentration during the 60 day growth period.  The most 
noticeable difference in leaves observed, although not measured, during production was the relative size. Media-
grown seedlings produced larger, softer leaves compared to those produced in sand.  This difference is most 
likely due to the difference in soil texture and water holding capacity of the two media.  Sandy soils are 
characterized by low water holding capacity which could cause water stress between irrigations.  Cell expansion 
is limited under water deficit conditions, and reduced leaf areas are typical for plants that experience water stress 
(Nilsen and Orcutt, 1996).  
 
Sand-grown seedlings had greater root dry weight and root/shoot ratio before fertigation began, while shoot and 
total dry weight were similar for plants in either substrate at the onset of treatments (Table 1). At 20 DAF, all 
shoot and total biomass were greater for plants in media compared to sand.  Nitrogen concentration had no 
influence on growth at that time. At 40 DAF, root biomass, total dry weight and root/shoot ratio were greater for 
media than for sand. Root dry weight for plants receiving C200 was significantly greater than for those receiving 
C25 (Table 1), whereas no other variables were affected by N concentration.  
 
At 60 DAF, plants in media had accumulated more shoot biomass than those growing in sand. Shoot biomass 
from seedlings receiving C25, C50, and C100 was similar but more than doubled for plants under the C200 
regime (Table 1). Root and total biomass at 60 DAF was affected by interactions between substrate and N 
applied.   Root biomass of plants in media showed no difference in response to increasing N concentrations 
while root biomass of seedlings in sand remained static for the three lower N concentrations and nearly doubled 
under the highest rate. Total biomass at 60 DAF was highest for seedlings receiving the highest N rate for both 
substrates.  Total biomass in response to increasing N up to 200 mg N per seedling failed to increase for 
seedlings growing in media, while those in sand showed a linear increase.  Similarly, Imo and Timmer (1992) 
found that increasing N application to mesquite seedlings increased shoot growth, but not root growth over the 
same range of total N applied than in this experiment.  Our experiment confirms their conclusion that shoots 
appear to be more sensitive to increasing fertilizer levels than roots.     
 
The greater root/shoot ratio initially observed for seedlings in sand before fertigation began was maintained 
throughout the experiment (Table 1).  This is most likely due to the lower moisture holding capacity of sand 
which could cause temporary moisture deficits between irrigations and result in more carbohydrate allocation to 
roots than shoots (Nilsen and Orcutt, 1996).   Nitrogen concentration did not affect the root/shoot ratio during the 
first 40 days of fertigation, until 60 DAF when seedlings under the C25 regime increased shoot growth at a 
slower rate than root growth.   
 
Both substrate and fertilizer concentration affected plant morphology.  Plants in either substrate receiving C200 
were taller and more succulent compared to seedlings fertigated with lower N concentrations. Sand-grown plants 
were more woody compared to media-grown seedlings, a fact that can be explained by the stressors associated 
with sand culture. Sand grown plants do not have water and nutrient reserves in the substrate that media-grown 
plants have and heat fluctuations in the root zone may cause temporary reduction in carbon assimilation as plants 
transpire to reduce the heat load.   
 
These results show that the growing substrate had a significant effect on how mesquite seedlings allocate 
carbohydrates to shoots or roots.   Mesquite seedlings in media, comparable to nursery growing conditions, did 
not respond with increased growth up to a total of 204 mg N or a rate of 100 mg/L N application, but almost 
doubled total biomass when N application was almost doubled to 408 mg N per seedling or 200 mg/L N.   
 
 
 
 



 

Leachate 
Leachate collected on fertigation days generally increased with increasing N concentration, but was affected by 
the growing substrate and time of collection.  Ammonium-N exceeded 23 mg/L in the leachate from seedlings 
grown in sand and fertilized with C100 or C200, while all other treatments resulted in lower concentrations of 
ammonium-N in the leachate.  Nitrate-N in leachate remained below 20 mg/L with fertigation concentrations of 
C25 or C50, but increased progressively with increasing fertigation N concentrations to over 65 mg/L nitrate-N.  
Greatest nitrate leaching occurred in both substrates with C200 within 2 weeks after the onset of fertigation (15 
DAF), while greatest ammonium leachate concentrations were found at all three sampling dates when C200 was 
applied to seedlings in sand.    
 
Pour-through leachate values obtained from the seedlings before destructive harvest concurred generally with 
leachate values obtained between harvest dates.  Concentrations of nitrate-N and ammonium-N are lower than 
those measured in leachate, because the pour-through method uses distilled water to obtain leachate, therefore 
diluting the concentrations of N in the substrate solution.  Ammonium-N in the pour-through leachate was not 
affected by substrate, and was concentrations were highest at 20 DAF and subsequently declined by half to one 
third at 40 and 60 DAF, respectively, compared to the first sampling date.  Substrate significantly affected 
nitrate-N concentration in the runoff at 20 DAF and was more than twice as high from media compared to sand.  
At 40 and 60 DAF nitrate-N in leachate decreased to less than 10 mg/L in either substrate.  
 
At 15 DAF, plant roots were more developed in sand compared to media and the plants in sand were able to take 
up the available nitrate and ammonium at concentrations below 200 mg/L.  High leachate-N concentrations at 
C200 in sand indicate the plants were not able to take up the N provided and that the lower water and nutrient 
holding capacity of sand compared to media allowed for greater losses.  In contrast, low concentrations for 
NH4

+-N in media leachate most likely represent adsorption of cations by the organic components of the media, 
nitrification, as well as NH4

+- N uptake. As media-grown plants accumulated more biomass than those grown in 
sand at 15 DAF, it is likely that ammonium-N was adsorbed to the substrate’s organic fraction.  Greater losses of 
ammonium-N from sand cultures compared to media could also result from a lack of nitrification bacteria in 
sand and therefore no nitrification, while immobilization of N in the substrate is another possibility (Marschner, 
1996).   
 

Conclusions 
 
Largest mesquite seedlings were grown with 200 mg N/L applied twice a week in both substrates.  However, 
seedlings grown in sand had fewer leaves and fertigation rates of 100 or 200 mg N/L resulted in large amounts of 
N, especially ammonium, in the leachate throughout the experiment.  Seedlings grown in sand had a higher root 
shoot ratio throughout the experiment, while shoot growth was favored over root growth for plants in media, 
especially at higher N rates.  High amounts of nitrate-N leached at day 15 from seedlings grown in media 
suggest that fertigation for the first two weeks can be reduced to 50 or 100 mg N/L, as the small seedlings were 
not able to take up the N supplied.   Since most commercial nurseries use media with water holding capacity and 
cation exchange capacity similar to the media used in this experiment, a reduced fertigation rate during the first 
two weeks of growth and subsequently a rate up to 200 mg N/L applied twice a week until transplanting should 
result in a high quality seedling within 60 days while minimizing N losses in leachate. 
 



 

Table 1. Main effects of mesquite biomass in response to different N concentration at 20 day intervals after 
fertigation began (DAF). 
 

 Dry Wt. (g) 

Substrate N  applied 
(mg/L) 

Leaf
(No.) Root Shoot Total Root/Shoot

Ratio

  0 days after fertigation 
Media                 - 0.007 b 0.026 a 0.032 a 0.26 b

Sand                 - 0.012 a 0.025 a 0.037 a 0.47 a
   
  20 days after fertigation 

Media  10.9 az 0.092 a 0.225 a 0.317 a 0.42 b
Sand  8.3 b 0.058 b 0.079 b 0.137 b 0.93 a

   
 25 9.5 a 0.080 a 0.146 a 0.225 a 0.83 a
 50 9.8 a 0.073 a 0.156 a 0.229 a 0.69 a
 100 9.4 a 0.075 a 0.145 a 0.220 a 0.65 a
 200 9.5 a 0.073 a 0.161 a 0.234 a 0.52 a
   
  40 days after fertigation 

Media  23.3 a 0.243 a 0.772 a 1.015 a 0.31 b
Sand  21.5  a 0.237 a 0.479 b 0.716 b 0.49 a

   
 25 20.9  a 0.240 a 0.549 b 0.789 a 0.43 a
 50 22.8 a 0.259 a 0.614 ab 0.873 a 0.42 a 
 100 22.3 a 0.222 a 0.608 ab 0.830 a 0.36 a
 200 23.6 a 0.239 a 0.731 a 0.970 a 0.33 a
   
  60 days after fertigation 

Media  38.4 a 0.508 b 1.721 a 2.229 a 0.34 b
Sand  27.2 b 0.646 a 1.184 b 1.829 b 0.66 a

   
 25 27.2 b 0.533 b 1.022 b 1.555 b 0.63 a
 50 29.0 b 0.493 b  1.102 b 1.597 b 0.53 b
 100 31.7 b 0.511 b  1.166 b 1.677 b 0.50 b
 200 43.2 a 0.768 a 2.520 a 3.288 a 0.33 b

zMean separation within a column followed by different letters are significantly different at P<0.05. 
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