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EFFECTS OF WATER AND NITROGEN SUPPLEMENTATION 

ON PHENOLOGY, PLANT SIZE, TISSUE 


NITROGEN, AND SEED YIELD OF 

CHIHUAHUAN DESERT ANNUAL PLANTS 


Two factors that have been shown to affect composition and productivity of annual plant assemblages 
of the Chihuahuan Desert are water and nitrogen availability (Gutierrez and Whitford, 1987; Gutierrez 
et al., 1988; Ludwig et al., 1989). Application of nitrogen fertilizer increased biomass production of 
annual plants in the northern Mojave Desert (Romney et al., 1978; Williams and Bell, 1981). Williams 
and Bell (1981) found that tissue nitrogen concentrations were lowest in the vegetative parts of nitrogen- 
responsive species and that fertilizer application elevated nitrogen concentrations of reproductive struc- 
tures, leaves, and roots in nitrogen-deficient plants. 

Previous studies on responses of annual plants of the Chihuahuan Desert to irrigation and nitrogen 
fertilization focused on population densities, community composition, and biomass production (Gutierrez 
and Whitford, 1987; Gutierrez et al., 1988; Ludwig et al., 1989). In studies in the Chihuahuan Desert, 
Astragalus nuttallinnus and Enastmm dzfisum produced higher biomass on watered plots but were 
absent or produced low biomass on nitrogen-fertilized plots (Gutierrez and Whitford, 1987; Gutierrez 
et al., 1988). Annual plants with the greatest biomass per plant and highest biomass on nitrogen- 
fertilized plots were Lepidrum lastocarpum and Chaenactis steuioides (Gutierrez and Whitford, 1987; 
Gutierrez et al., 1988). We measured nitrogen content of plant parts, seed yield, and plant mass of 
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TABLE of flowering of four species of Chihuahuan Desert annuals subjected to irrigation I-Date 
of 0 mm,6 mm, 24 mm of water/month with (+N)  and without nitrogen fertilization. 

Did not flower in sampling quadrats subjected to Irrigation of 6 mm of water/month without weekly nitrogen 

Species O m m  Omm+N 6mm 6 m m + N  24mm 2 4 m m f N  
- - - - - - -  

Astragulus nuttallanus 25 May 10 May 20 April 20 Aprll 20 Aprll 31 March 
Chaenactts steutordes 10 May 20.4pr1l 10 May 10 May 10 May 10 May 
Ertastrum dtffusum 10 May 10 Apr~ l  10 May 10 May 10 May 10 May 
Leptd~um las~ocarpuml 10 May 20 April 10 May 20 April 15 May 

' 
ferr~lization. 

four species of spring annual plants grown under different water and soil nitrogen conditions. We 
hypothesized that nitrogen would have little effect or a detrimental effect on the nitrogen-fixing legume 
A. nuttallianus. We hypothesized that water would have the greatest effect on the species of annuals 
that exhibit little or no growth response to soil nitrogen availability (E, d~ffusum and E. nuttalltanus). 
Plant tissue nitrogen and seed production were hypothesized to increase in the nitrogen fertilizer- 
responsive species, L. lasiocarpum and C. stevioides. 

Density, biomass and fruit production, and tissue nitrogen content were measured on four species 
of annual plants harvested from experimental plots subjected to irrigation and nitrogen fertilization. 
Plots were located on the Jornada Long Term Ecological Research Site, 40 km NNE Las Cruces, 
New Mexico in an area dominated by creosotebush, L a m a  tr~dentata (Gutierrez et al., 1988). We used 
three replicate plots, 7 by 15 m, for each treatment: no water added; water added at 6 mm/week; water 
added at 25 mm/month in a single irrigation. Each plot was split, and 10 g/m2 of NH,NO, fertilizer 
were added to the downslope half of each plot in January. Density and biomass of the four numerically 
dominant spring annuals were estimated by sampling five 0.16-km2 quadrats in each treatment at peak 
biomass. In April, three complete plants of each species were harvested from each plot and separated 
into leaves, fruits, stem, and roots, dried for chemical analysis, and ground in a Wiley Mill. These 
ground plant parts were subjected to micro Kjeldahl digest in a block digestor. Nitrogen content of the 
digest was measured using the colorimetric method (Fisher et al., 1987) by a Scientific Instruments 
autoanalyzer. 

The absence of a pattern in the flowering phenologies of the spring annuals examined in this study 
is evidence that each species responds differently to the availability of or the resource ratio of water 
and nitrogen. High nitrogen accelerated flowering in A. nuttallianus except when combined with frequent 
water addition (Table 1). Supplemental water and nitrogen had no effect on the flowering phenology 
of E. diffusum. The flowering phenology of C. stevioides was affected only by the no-water, nitrogen 
treatment. The effects of water and nitrogen on the flowering of L. lasiocarpum were variable (Ta- 
ble 1). 

Added water resulted in greater average plant size in A. nuttallranus; added nitrogen produced larger 
plants in the other three species especially on the watered plots (Table 2). There was a significant 
water-nitrogen interaction in E. dlffusum and L. lastocarflum. These data are consistent with the 
observations of Ludwig et al. (1989) that increases in production of desert annuals with nitrogen 
fertilization are a result of increased plant size of nitrogen-responsive species and not the result of 
increases in density. 

Tissue nitrogen levels ranged between 0.005% in the roots of E. diffusum growing in the unwatered, 
unfertilized plots to 2.24% in fruits of L. lastocarpum growing in the 6 mm/week, nitrogen-fertilized 
plots (Table 2). Nitrogen contents of annual plant tissues were <1% except for L. lastocarpum in the 
watered, fertilized plots. Astragulus nutlalitanus exhibited increased tissue nitrogen and higher seed 
yield with added water but no difference attributable to added nitrogen (Table 2). Added nitrogen had 
a marked effect on seed yield in C. sleuiordes and L. laszocarpum; both species had higher biomass and 
seed yield in the nitrogen-fertilized plots. Water supplementation elevated tissue nitrogen levels in A. 
nuttallianus by 10 to 15 times, but, in E. dzffumm, only by two to three times. Astragulus nuttallianus 
has well-developed nodules on its roots (pers. obser.) presumably containing nitrogen-fixing Rhtzobium 
sp.; hence, irrigation would have eliminated water limitation for the plant and its symbionts. Erzastrum 
diffu~um achieves numerical and biomass dominance in assemblages on nitrogen-poor, relatively dry 
soils (Gutierrez and Whitford, 1987). However, mean plant size was greater in the 6 mm/week plus 
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TABLE nitrogen, mean numbers of seeds and mean mass per plant of four species of spring 2-Tissue 
annual plants from the Chihuahuan Desert on plots receiving supplemental water (6 and 25 mm) and 
nitrogen (+N) fertilization compared to plants from unwatered (0 mm), unfertilized plots. 

Treatment 
Significant 

0 6 25  differences 
mm + mm + mm + among 

Species Omm N 6 mm N 25 mm N treatments 

Astragalus nuttalianus 

Leaves 0.080 0.080 0.350 0.430 0.320 0.350 W 
Stems 0.010 0.050 0.220 0.190 0.150 0.220 W 
Fruits 0.020 0.040 0.310 0.410 0.470 0.340 W 
Roots 0.020 0.010 0.060 0.050 0.040 0.060 W 

no. of seeds 5 12 90 119 137 98 W 
X mass/plant (g) 0.040 0.110 2.290 1.000 1.080 1.220 

Chaenactis steuioides 

Leaves 0.040 0.070 0.040 0.080 0.030 0.140 N 
Stems 0.070 0.160 0.110 0.210 0.110 0.440 N 
Fruits 0.120 0.180 0.160 0.280 0.180 0.490 N 
Roots 0.020 0.030 0.020 0.030 0.020 0.060 N 
X no. of seeds 1,839 2,828 2,463 4,323 2,824 7,699 N 
Xmass/plant(g) 5.400 16.000 3.700 25.800 11.600 30.200 N 

Eriastrum difisum 

Leaves 0.070 0.100 0.130 0.150 0.160 0.290 W 
Stems 0.010 0.020 0.020 0.060 0.050 0.090 W 
Roots 0.006 0.005 0.010 0.010 0.010 0.020 W 
2 mass/plant (g) 0.200 0.300 0.300 1.600 0.800 1.300 N, W x N 

Lepidium lasiocarpum 

Leaves 0.010 0.020 0.000 0.040 0.007 0.030 
Stems 0.060 0.290 0.230 0.890 0.070 0.700 N 
Fruits 0.240 0.980 0.360 2.240 0.240 1.760 N 
Roots 0.010 0.030 0.020 0.060 0.010 0.080 W , N , W x N  
X no. of seeds 1,071 4,306 1,585 9,873 1,069 7,755 N 
.%? mass/plant (g) 1.100 3.700 0.900 7.200 0.700 8.900 N, W x N 

' Two-way analysis of variance test of water (W) treatments (0, 6, and 25 mm), nitrogen (N) treatments (.with and 
rvittiout nitrogen fertilization), and their interaction (W x N). 

nitrogen fertilizer (Table 2) than in the 6 mm/week without fertilizer. This may have resulted from 
leaching of nitrate by frequent wetting. 

Williams and Bell (1981) reported root and shoot nitrogen concentrations of roots and shoots of 10 
species of annuals. The lowest soil nitrogen they reported was 0.09%, which is higher than the root 
nitrogen of any of the species we measured. Similarly, most of the stem and fruit nitrogen levels 
measured in our study were lower than those reported by Williams and Bell (1981). These differences 
may be the result of differences in analytical technique or may reflect species differences. 

As Williams and Bell (1981) suggest, it is important to distinguish between nitrogen-responsive 
annual plant species and those which are only water-responsive. Nitrogen-responsive species will tend 
to dominate nitrogen-rich microsites, and the size and tissue nitrogen content of individual plants of 
these species will reflect the nitrogen availability of the microsite. Those species not responsive to 
nitrogen availability may exhibit increased plant size on slightly nitrogen-enriched microsites and may 
increase tissue nitrogen on sites with favorable water supply. Thus, the quality of annual plants as a 
food source for animals and the production of seed varies directly with available soil nitrogen. These 
data provide additional evidence which demonstrates that we must consider water and nitrogen avail- 
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