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Abstract

The objective of this study was to determine whether mesquite (Prosopis 
velutina) and jojoba (Simmondsia chinensis)  seedlings have a preference for the 
ammonia or nitrate form of nitrogen (N) to maximize growth and minimize N 
leaching when seedlings were grown in sand culture.  Seedlings were fertigated 
with different ratios of NH4

+:NO3
- to determine effects on shoot and root growth 

and N leaching. Nutrient solution containing 67 % NH4
+: 33 % NO3

- resulted in 
greatest biomass of mesquite seedlings after 120 days of fertigation. N tissue 
concentrations of mesquite seedlings were highest for plants supplied with 100% 
ammonium.  N leachate remained stable until 12 weeks after the onset of 
treatment, but increased significantly by week 16. Dry weight of jojoba 
seedlings did not differ throughout the experiment regardless of the nutrient 
solution provided, however N tissue concentration in jojoba seedlings fertigated 
with 100% ammonium was twice as high as that of plants fertigated with 100% 
nitrate.

Introduction 

Many Southwestern species are commercially available through the nursery trade, but little horticultural 
information has been published that can assist growers with effectively managing fertilizer requirements.  
Agronomic crops are widely studied for their nitrogen requirements, but few published recommendations are 
available, that address nitrogen requirements of arid desert species cultivated in containers. 

Plant nutrient uptake is based on many factors, the most basic of which are plant need and nutrient availability.  
Scheduling nutrient applications to coincide with plant uptake might minimize the loss of applied nutrients and 
meet containerized seedling requirements at different developmental stages of growth.  Plant nutritional 
requirements fluctuate based on seasonal growth, developmental stage, plant age and size.  As nitrogen is the 
most important plant nutrient, adequate amounts are required to ensure vigorous growth and development.  

The form of nitrogen that is supplied to plants affects the uptake of other cations and anions, cellular pH 
regulation, and the soil in the rhizosphere (Marschner, 1995).  Nitrogen uptake as nitrate or ammonium accounts 
for about 80% of the total cation or anion import.  In general it has been found that plants that prefer acid soil 
conditions seem to prefer ammonium, while those adapted to higher pH soils prefer nitrate.   



 

Ammonium is generally assimilated in the roots after uptake, requiring the plant to expend energy for 
assimilation.  Plants fed solely with ammonium can be subject to lower sugar content in roots and root growth 
will decline with increasing root zone temperatures.  Ammonium generally causes a decrease in pH of the 
rhizosphere.  A pH greater than 7 in the root zone of ammonium fed plants can result in free ammonia 
concentrations that are damaging to roots.    
 
Nitrate can be stored in the plant without immediate assimilation, however for plants that specialize in root N 
assimilation no benefits are conferred by nitrate versus ammonium N.    
Nitrate generally results in an increase of the rhizosphere pH, which can lead to mineral deficiencies, especially 
of iron, manganese, and zinc.   
 
Most plants respond with higher biomass production when a combination of both N forms is provided.  
Differences become more evident as the concentration of N supply increases.   
Ornamental plants commonly prefer nitrate over ammonium.  Richardson and McKell (1981) found improved 
growth response of two Atriplex (saltbush) species when they received nitrate compared to the ammonium or 
urea. Wallace et al. (1978) reported that N uptake in desert plants is partially regulated by concentrations of 
nitrate and ammonium.  
 
Knowing which N form is used most efficiently by a species grown in container production may help to reduce 
expense to growers and reduce the loss of N in runoff.  Ammonium and nitrate also differ in their cost, with 
ammonium much less expensive than the nitrate form of N.  In addition to applying the appropriate N form, 
growers must also factor in rate and frequency of applications at various stages of plant growth to devise 
effective nutrition management programs for optimal uptake.  
 
The objective of this experiment was to compare the effect of different NH4

+:NO3
- ratios on biomass production 

and N in leachate in mesquite and jojoba seedlings.  
 

 

Materials and Methods 

 
Prosopis velutina and Simmondsia chinensis seeds were germinated in sand-filled Cone-tainers starting on June 
29, 2002 in a propagation house with mist at the University of Arizona in Tucson, Arizona.  Four weeks after 
sowing, uniform seedlings were transferred to the production area in another greenhouse.  Hoagland’s solution 
(Hoagland and Arnon, 1950) was prepared and N was added as (NH4)2SO4 and/or KNO3 to achieve the following 
the four treatments which consisted of different ratios of nitrate to ammonium N:   
 

N100:  0% NH4
+: 100% NO3

-  

A33:N67:   33% NH4
+: 67% NO3

- 

A67:N33:  67% NH4
+: 33% NO3

- 

A100:  100% NH4
+: 0% NO3

- 

Plants were fertigated with 100 ppm N in the four different ratios twice a week.  On each fertigation day, 
approximately 30 ml solution per plant was applied four times.  Irrigation with tap water was applied in the same 
amounts the other days.  After 12 weeks, both irrigation and fertigation events were reduced to two times per day 
for the remaining four weeks.  Leachate was collected every 4 weeks beginning with a fertigation day until, but 
not including, the next scheduled fertigation.  Leachate from plants was collected and nitrate and ammonium 
were measured with ion-selective electrodes (Thermo Orion, Beverly, Mass.).  Three randomly chosen seedlings 
per block and treatment were harvested destructively 40, 80, and 120 days after fertigation treatments began. 
Seedlings were dried and shoot and root dry weights were recorded. Seedlings harvested 120 days after onset of 
treatments were analyzed for total N.  

 



 

Results and Discussion 
 
Mesquite seedlings receiving A33:N67 had greater shoot dry weight after 40 days than seedlings receiving 
N100, but were not different than seedlings receiving the A67:N33 or A100 (Table 1). Shoot and root dry 
weights doubled or tripled from harvest day (HD) 40 to HD 80, but gained little during the last 40 days of the 
experiment.  At the end of the experiment (HD 120), seedlings receiving A67:N33 had greater total biomass than 
seedlings treated with A100 or N100.  The root to shoot ratios (R:S) at day 40 was greatest for mesquite 
seedlings receiving only nitrate (Table 1).  By day 80, the A67:N33 treatment caused the smallest R:S, but at the 
end of the experiment no significant differences in R:S among treatments were observed. 
 
The rapid growth of mesquite seedlings during the first 80 days indicate that sufficient nutrients were supplied 
and that rapid branch and leaf expansion were the major sinks for photosynthates (Marschner, 1995).  The 
difference in shoot and root biomass allocation shows that seedlings receiving the N100 treatment initially 
favored root growth, but by day 80 root and shoot biomass were about equal except for the A67:N33 treatment.  
Imo and Timmer (1992) state that when internal N concentrations decrease, root growth is favored at the expense 
of shoot growth, but when N is not limiting, carbon allocations will be shifted preferentially to shoot growth.    
 
The fact that not one single treatment solution led consistently to the highest biomass accumulation at each 
harvest date indicates that factors other than form of N significantly influenced growth.  Nutrient solutions 
containing both ammonium and nitrate always caused greatest shoot, root, or total dry weight at any harvest date 
in this study, a fact documented for many other species (Marschner, 1995).  Previous studies found that the 
relative advantage of ammonium or nitrate N depends on the concentration supplied, and that growth differences 
become more pronounced with increasing concentrations of fertigation.    
 
The reduced biomass accumulation during the last 40 days can be attributed to growth periodicity, root 
restriction, and the shortening photoperiod during October.  Seasonal growth is well documented in many tree 
species, with shoot elongation often showing peak growth from late spring to summer, while root elongation will 
occur well into early winter, especially if temperatures are favorable (Kozlowski et al., 1991).  A decline in 
relative growth rate was reported for Prosopis chilensis seedlings after 6 weeks, regardless of nutrient 
concentrations applied (Imo and Timmer, 1992).  Restricting root growth has been shown to retard or stop 
growth, a common occurrence when plants are not transplanted in a timely manner. 
 
Biomass accumulation of jojoba was not affected by the different ratios of nitrate and ammonium and averages 
of total dry weights were 1.4 g, 2.6 g., and 3.2 g for the 40, 80, and 120 harvest day, respectively.  The pattern of 
biomass accumulation was similar to mesquite and was greatest during the first 80 days of the study.  Root shoot 
ratio of jojoba seedlings was always less than 1 and as small as 0.3 by the end of the experiment, except for the 
N100 treatment which had a ratio of 0.8 at the end of the experiment.  Shoot growth was favored over root 
growth throughout the experiment, indicating that nutrition and especially N was not a limiting factor.  Part of 
the large endosperm of jojoba seeds was in some cases still present at the end of the experiment.  Nutrients from 
the endosperm likely supplied seedling growth and may have contributed to the greater shoot growth and the 
non-responsiveness to the different forms of nitrogen.  Reduced growth during the last 40 days of the experiment 
was likely due to the same factors as described for mesquite. 

 
Shoot N concentrations were greatest for mesquite seedlings treated with A100 and significantly smaller for 
seedlings receiving nutrient solutions with N100 (Table 2).  When N content was estimated on a per plant basis 
by multiplying N concentration by total biomass of individual seedlings, the N content was greatest for plants 
receiving A67:N33 and lowest for plants receiving N100 (Table 2). Higher N concentrations in plant tissue have 
been linked to greater photosynthesis gain and thus plants with greater N reserves in the canopy have a greater 
capacity for increased growth over those with less N in the tissue (Nilsen and Orcutt, 1996).  Although no set 
standard for tissue nutrient sufficiency of mesquite has been published, the N concentrations appear to be in the 
sufficient range (Mills and Jones, 1996). 
 
 
 



 

Tissue N concentration and N content of jojoba seedlings were not affected after 120 days of treatments (Table 
2).  Tissue N concentrations were within the sufficiency range for woody plants (Mills and Jones, 1996). 
 
Leachate losses of ammonium and nitrate N from mesquite seedlings were highest during week 16 (Table 3).  
When ammonium constituted 67% or more of the N applied, cumulative N losses for most of the monitored 
fertigation events almost doubled compared to treatments receiving 67% or more of the N as nitrate. Leachates 
contained similar ratios of ammonium and nitrate as the ratios in the treatment solutions.  This suggests that 
neither form of N was taken up preferentially by mesquite seedlings, although differences in biomass production 
resulted after 120 days from the four treatments.  The excessive amounts of N leached during week 16 concur 
with the slow growth rate during the last third of the study.  However, it is not clear why the A33:N67 treatment 
lost the least N in the leachate compared to the other treatments during week 16 without appreciable growth.  
Leachate of jojoba closely followed the trends of leachate from mesquite seedlings (Table 3).  From the 
perspective of limiting N in runoff, the A33:N67 treatment appears most desirable. 
 
This study used sand culture to prevent nutrients from being stored in the media and to examine uptake of ions 
by plants without the complicating factor of ion exchange capacity of commonly used media.  However, in sand 
culture greater amounts of nutrients are discharged through leachate, while otherwise some ions could be stored 
in the media and be absorbed by plants in between fertigation events.  Sand culture when initially installed can 
be considered devoid of microorganism that convert ammonium to nitrate.  However, microorganisms are 
ubiquitous and by colonizing the sand in this experiment, may have contributed to nitrification.  Nitrification 
occurs under adequate moisture and oxygen conditions, and is accelerated by warmer temperatures. 
 
Results from this study suggest that optimum growth of mesquite seedlings can be achieved by providing up to 
two thirds of the nitrogen in the less expensive ammonium form.  Nitrogen supply should be cut back in fall 
when seedling growth slows in response to environmental cues.  Timely transplanting will prevent retarded 
growth during the growing season and minimize loss of N through leachate.  Jojoba seedlings responded similar 
to both forms of N, therefore a fertigation similar to the one recommended for mesquite should result in 
satisfactory growth during the seedling stage. 

 
 

Conclusions 
 

•  Mesquite seedlings produced the greatest biomass after 120 days when fertigated with a solution of 67% 
ammonium and 33% nitrate, followed by a fertigation solution containing 67% nitrate and 33% 
ammonium.  Tissue N concentration was highest for plants supplied with 100% ammonium and lowest 
for those supplied with 100% nitrate.  N content per plant was highest for plants supplied with A67:N33 
and lowest for plants supplied with A100.  These results suggest that up to two thirds of the N 
requirement for optimum growth of mesquite seedlings can be provided by less expensive ammonium N. 

 
•  Dry weight of jojoba seedlings did not differ throughout the experiment, regardless of the nutrient solution 

provided.  Similarly, N tissue concentration was the same after 120 days of fertigation treatments with an 
average of 2.3%. 

 
•  Greatest biomass gain for mesquite and jojoba seedlings occurred until day 80, while little growth was 

added during the last 40 days of the experiment. Loss of N through leachate was similar for both species 
and was greatest for week 16, coinciding with the reduced growth rate of seedlings during the last third of 
the study.  Timely transplanting to larger containers may have resulted in more growth during the last 
four weeks of the study. 

 
•  The nutrient solution containing 33% ammonium and 67% nitrate was most desirable for minimizing the 

loss of N through runoff in the sand culture system used in this experiment.  A balance should be 
achieved between maximizing growth by using the most economical form and concentration of N while 
striving to minimize N loss through leachate.   



 

Table 1. Mesquite seedling biomass 40, 80, and 120 days after fertigation (DAF) started. 
 
DAF Nutrient solution Shoot Root Total Root/shoot ratio 
  -----------------  Dry weight (g) ----------------  
40 N100 0.23 bz 0.40 a 0.63 b 1.94 a 
 A33:N67 0.45 a 0.53 a 0.98 a 1.21 ab 
 A67:N33 0.40 ab 0.35 a 0.75 ab 0.89 b 
 A100 0.40 ab 0.39 a 0.79 ab 1.05 b 
      

 P-value 
 

0.0451 
 

0.0817 
 

0.0551 
 

0.0084 
 

80 N100 0.82 b 0.87 a 1.69 a 1.15 a 
 A33:N67 0.97 ab 0.98 a 1.95 a 1.07 a 
 A67:N33 1.66 a 0.81 a 2.00 a 0.52 b 
 A100 0.81 b 0.76 a 1.57 a 0.96 ab  
      

 P-value 
 

0.0142 
 

0.6917 
 

0.7917 
 

0.0066 
 

120 N100 0.91 a 0.96 b 1.86 b 1.17 a 
 A33:N67 1.01 a 1.19 ab 2.20 ab 1.22 a 
 A67:N33 1.68 a 1.76 a 3.43 a 1.11 a 
 A100 0.86 a 0.98 b 1.83 b 1.16 a 
      

 P-value 
 

0.0188 
 

0.006 
 

0.007 
 

0.889 
 

zMeans within a column and for each variable and DAF followed by different letters are significantly different at 
P < 0.05. 
 
 
 
 
Table 2.  Nitrogen tissue concentration and N tissue content per plant of mesquite and jojoba seedlings after 120 
days of fertigation with different nutrient solutions. 
 

Nutrient solution 
Mesquite 

       N (%)        N (mg/plant) 
Jojoba 

     N (%)        N (mg/plant) 

N100    1.8 cz  1.1 ab 2.2 a   1.5 a 

A33:N67    2.3 b  1.0 ab 2.3 a          1.7 a 

A67:N33      2.0 bc 1.8 a 2.3 a 1.2 a 
A100    3.0 a 0.6 b 2.3 a 1.3 a 
zMeans within a column followed by different letters are significantly different at P < 0.05. 



 

Table 3.  Cumulative leachate for mesquite and jojoba seedlings. 
 
 Nitrate N (mg) Ammonium N (mg) 
Nutrient solution Mesquite Jojoba Mesquite Jojoba 
N100 47 az 49 a 2 b 2 b 
A33:N67 23 b 31 ab 22 ba 20 b 
A67:N33 19 b 16 bc 66 a 56 a 
A100 
 

2 b 2 c 78 a 73 a 

Week     
  4 14 b 14 b 36 b 31 b 
  8 20 b 16 b 27 b 23 b 
12 11 b 14 b 15 b 12 b 
16 47 a 53 a 95 a 79 a 
zMeans within a column for each main effect followed by different letters are significantly different at P < 0.05. 
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