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ABSTRACT

This progress report contains findings from studies of rates of change in the nitrogen compartments of
desert soils and vegetation. An analysis of the upper 90-cm profile of seil, which was given sirface
applications of nitrogen in 1968 and 1970, showed that the fertilizer nitrate still remained in the root zone of
plots receiving only natural rainfall, The concentrations frequently reached high levels and varied from
place to place in the profites. In contrast, the fertilizer nitrate essentially had disappeared (by 1974) from the
root zone in plots given supplemental moisture by sprinkler irrigation. These results have passible
implications on the denitrification process under Mohave Desert conditions. Soluble ammonium recoverable
from fertilizer application decreased rapidly after wetting. Nitrogen requirements for above-ground
productivity were ldwer than 10 kgha™yr'! in both Rock Valley (1973) and Mercury Valley (1974).
Acetylene reduction activity in the root zone of individual perennial shrubs was found to be highly variable.
The number of species showing this activity was guite large and included several very common species,
including Larrea tridentata and Bromus rubens, Cation-nitrogen balances in leaves differed significantly
among species and may reflect soil conditions. Finallv. collection of available data suggests nitrogen pool
sizes are generally adequately known, but turnover rates and rates of input and foss have been inadequately

studied.

INTRODUCTION

Previous qualitative and guantitative observations in the
northern Mohave Desert have suggested that: 1) there is little
or no nitrogen deficiency under normal growing conditions;
2 there is significant input of atmospheric nitrogen through
semisymbiotic fixation of N, in the rhizospheres of many
species; and 3) Jarge amounts of nitrate-nitrogen are present
in selected arcas, particularly in the periodically flooded
playas. In addition, the organic Ciorganic N ratios are
uniformly low, ranging from 5 to 15, except in the surface
horizens immediately under shrubs (Wallace et al., in press).

OBJECTIVES

1. To determine the rates of biological N-fixation in the
desert svstems studied via: a) symbiotic relationships
with higher plants; b} symbiotie relationships with algal
crust and lichens; ¢) free-living nonsymbiotic forms,
including semisymbiotic forms.

2. Todeterminelosses from the ecosystem via: a) volatiliza-
tion of NH;; b) leaching: ¢} runoff of litter, surface
leaching or wind removal of litter; d) denitrification.

3. To determine rates of transfer of nitrogen between
various soil-plant compartments as influenced by a) soil
moisture, b soil and air temperature, ¢} salinity and d)
soil pH, and to determine relationships among various
cotapartment sizes and other factors affecting nitrogen
cycling under desert systems.

4, To determine rates of uptake of different forms of
nitrogen by some desert plants.

5. Tocharacterize and develop some reasons for variations
in the C:N ratio of soils in the northern Mohave Desert.

METHODS

Soi} sampling on Mercury Valley plots which earlier had
received supplemental nitrogen and moisture was performed
by hand excavation of 13 pits 1.3 m long and 90 cm deep, One
end of each pit wassituated in ashrub clump, while the other
end was in an adjacent bare area. Samples were taken from
the sides of these pits between November 2 and November 25,

1974. The soils were air-dry when sampled, so they were
stored without further drying.

Prior to analysis these samiples were vibrated on a 2-mm
sieve for 30 min: rock and soil were weighed separately and
the rock was discarded.

Nitrate analysis was performed on 20 g of soil with an
Orion 80TA digital Tonalyzer fitted with a nitrate electrode.
To the weighed sample were added 40 ml of 0.01-M sodium
citrate solution. The suspension was stirred occasionally
during a 1-hr equilibration period, after which theliquid was
poured into a 100-ml beaker. This solution was equilibrated
for 3 min with an Orion nitrate electrode and a
double-junction reference electrode whose outer chamber
was filled with 0.01 M KCl. The nitrate concentration was
calculated on a soil dry weight basis from the mV reading
using a standard curve. The standard nitrate solutions were
prepared with Q.01 M sodium citrate and 10 ppb
phenylmercuric acetate.

Ammonia was analyzed using the same sodium citrate
extract on which nitrate was measured. The solution was
filtered, adjusted to high pH with 40% (w/v) NaOH, and
equilibrated with an ammonia electrode using the same
Orion  801A lIonalyzer. Readings were converted to -
ammonium concentrations using a standard curve and
converted to a soil dry weight basis.

Plant tissue nitrogen contents were determined using the
same ammonia electrode on a Kjeldahl digest of 100 to 300
mg of tissue.

Acetylene reduction to ethylene was measured on samples
taken November 7 and December 12, 1974, and January 29,
1975. A single plant of each of 13 species was selected and
sampled on those three dates. A small area near the base of
each shrub was excavated; then roots and/or soil were
transferred as guickly as possible to 38-ml serum bottles.
These were carried to the laboratory, flushed for 15 min
with an Ar-0,-CO; mixture (79, 21 and 0.03%,
respectively), and injected with 4 ml of acetylene in the gas
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phase. They were then incubated at room temperature until
either run on the gas chromatograph or frozen momentarily
with dry ice (to kill eukaryotes and vegetative bacteria).
Ethylene evolved was measured on a Beckman model GC55
gas chromatograph with a Beckman 10-inch recorder. It
was run with alumina and Poropak R columns at various
temperatures and alternations in an attempt to optimize
ethylene detection. The carrier gas was He. An integrator on
the instrument was used to sum the peak areas for
estimating ethylene concentration in the 0.5 mi samples
injected.

Above-ground plant biomass in Rock Valiey was obtained
from the 1973 US/IBP Rock Valley validation studies
(Turner and McBrayer 1974). These are based upon dimen-
sional analyses as described in Wallace and Romney (1972).
Plant tissue nitrogen was determined on the same samples
used for estimation of 1973 productivity {(AJUTJZ2A, B).

Cation-nitrogen balances were calculated as the sum of
me/100 g of K, Na, Ca and Mg minus me/100 g of N. The
mineral contents were determined by emission spectrometry
as described in Wallace et al. {1974b) and reported by
Romney et al. {1973).

RESULTS AND DISCUSSION

The soil nitrate studies (ASUWS09) were an attempt to
discover the fate of NH,NQ; applied in March 1968 and
October 1970 (Romney et al. 1974). As can be seen in Table
1, there was extreme variability in nitrate concentration
from one point to another. Nevertheless, the data suggest
that, in the absence of added moisture, nitrogen fertilizer
remained very persistent in Mohave Desert soils.

Extractable ammonium concentrations on selected sam-
ples ranged from 0.1 to 1.6 ppm and averaged near 0.5
ppm. There was no corrclation between ammonium
concentrations as determined and soil nitrate concentration
or soil depth. Hence we feel there is a fixed-extractable
equilibration of ammonia in soil that requires different
measurement techniques.

Table 1 suggests also an increasing concentration of
nitrate nitrogen with depth. Figure 1 shows quantities of
NO,-N in kg/ha before and after correction for rock
percentage (Table 2). Assumptions for the correction are
that soil bulk density is 1 g/cm®. The apparent increase in
concentration with depth was much reduced by this
cotrection, but due to high variability it is not statistically
significant either with or without the correction,

High concentration of nitrate underneath shrub clumps
hias been observed several times in the Mohave Desert
(Garcia-Moya and McKell 1970, Fireman and Hayward
1952, Nishita and Haug 1973, Wallace and Romney 1972).
Work in progress is confirming this trend for surface
horizons, but data in FTable 1 suggest it may not be limited
to the surface. The extreme variability with depth in both
bare and shrub areas is thus more likely to be due to physical
factors than to biological ones.
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Table 1. NO,-N concentrations in bare areas and under
shrubs as affected by irrigation and fertilizer application.
For irrigation treatments, seec Romney et al. (1974). Fertilizer
was applied in two applications as ammonium nitrate,
February 1968 and November 1970 (A3UWS09)

fs Trrigated Plots:

Control HiL8 ¥ W
P;:,ﬂfi}e Bave 1, Bare 18  Bare 39 Bare 10 Bare 39 Bave 113
(em) (v KOy-R) {pm H0,1)
0.0 = 7.5 1.7 5.2 1.9 1.3 2.8 0.9
725 ~ 15.0 10.8 2.0 10,4 8.1 2.3 1.5
15.0 = 22.5 i3 6.3 9.3 1.9 2.3 has
22.5 -~ 30.0 5.6 3.0 5.2 0.5 2.8 6.9
30.0-w I7.5 0.9 2.2 65.7 0.9 1.0 0.6
375 - 5.0 o] G5 25,7 0.8 5.6 0.6
%5.0 - 52.5 0.5 1.0 g fa5 3.1 0.6
52.5 ~ 60.0 0.9 8.1 5.6 3.8 2,0 1.0
60.0 » BT.5 2.9 5.8 39.3 H8.5 6.2 0.9
6745 = 75.0 0.9 5.k 15.8 15.0 0.5 J—
5.0 « 82.5 1.7 11 8.8 8.1 0.9 o
82.5 - 90.C £.5 5.4 e 5.0 —— —
average! 3.5 .3 21.6 21.3 1.9 1.3
fsv Shuh 1 Swub 18 ®irwb 39 Swewb 10 Rwwd 39 Sarwb 113
() (rom HOy~E) {prer B0y ~1)
0.0 -~ 1.5 %9 345 1.7 16.3 8.1 16.7
Te5 = 15.0 36.1 0.5 2.3 8.1 36, 19.0
15.0 - 22.5 36.% 1.0 5.9 2,3 2h.G 0.7
22,5 - 30.0 R3S 0.8 5.9 4,5 hz.s ‘6.3
30.0 « 37.5 11.7 0.8 3.1 3.0 T6.6 6.3
375 - b5.0 3.0 .8 1.7 0.3 G S
45,0 - 52.5 28,0 0.9 3.4 0.7 38.4 0.7
52.5 ~ 60.0 £2.3 1.1 b1 0.2 121.9 19.0
60.0 = 6T7.5 33.9 3.2 3.7 0.2 307 1345
E75 = T5.0 4.5 3.3 5.5 0.7 39.7 .
75.0 - 82,5 1h.9 2 0.9 3.2 hs.2 m——
82,5 ~ 90.0 16.0 5.6 5.0 8.1 56.5 e
avorage! 26.6 © 1.8 3.9 .0 51.7 12.2
B. Dry Fiots
Control A8 Yg-K/ha
Pg‘;;i‘lf Bare 22 Bare k9  Bare 103 Bare Bave 10 Bare 87
{em} {poe KOy =H) (pren Moy -2}
0.0 & 5 1.5 1.6 o 16.2 2.6 Tt
7.5 = 15.0 1.2 h.2 0.7 85.8 1.6 196.5
15.0 - 22.5 3.0 3.3 5.2 315.2 5.2 200.0
22.5 = 30.0 1.0 8.1 2.4 135.5 3.5 127.8
30.0 = 37.5 0.t 8.6 p 223.5 13.5 1084
IT.5 = B5.0 03 12.6 2.6 207.7 hs.2 145.6
45.0 « 52.5 o.h 275 3-2 %0.0 56.9 s
52.5 ~ 60.0 0.6 k5.2 5.9 112.9  135.5 1690
B0.0 « 67.5 0.5 39.3 11 WS 19T 168.2
7.5 = 75.0 oM 50,8 5.0 12h.2 136.8 167.3
75.0 - B2.5 7 h2,0 S 121.9 38.8 113.8
82.5 - 90.0 2.6 3h.3 6.3 81,3 2.7 sh.2
average: 1.1 20,3 3.9 119.9 k8.4 Wo.3
Ppoffie Sarvb 22 Shxub g Shrdb 103 Sorub & Earwb 10 Shrub 67
(=) {prm KO~H) (pen Hoy-)
0.0~ TS 5.0 8.1 L.z 3-8 9.9 1T
Tad = 150 10.h 5.0 3.5 G 16.8 5.0
15.0 - 228.5 1.2 13.1 111 8.0 13.5 8.7
22,5 + 30,0 0.6 34 2.3 11.1 5. 27.5
30.0 - 37.5 0.6 2.3 2. 10.0 6.3 5.9
37.5 = 45.0 0.5 3.3 3.8 6.3 16.3 -9
5.0 - 52.% 2.0 2.9 3.3 s.h 70.0 2.0
52,5 - 60.0 1.3 2.5 8.3 19.6 112.9 6.5
£0.0 ~ 67.5 2.6 3.8 3.0 6.5 97.1 11.3
1.5 = 5.0 2.8 6.8 8.6 67,7 115.2 10.2
5.0 - 82.5 k.5 8.1 1.7 83.1 83.5 29,5
f2.5 - 90.0 6.6 6.8 19.9 155.8 38.0 28.5
average: 3.7 5.5 6.8 .0 hg.1 13.7
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Figure 1. An example llustrating soil NO,-N reserves in
Mercary Valley, taken from control plot data in Table 1,

Plant demand for nitrogen is quite fow in both Rock
Valley and Mercury Valley. Table 3 shows the amount of N
required for above-ground growth of major shrubs in Rock
Valley during 1973 (A3UWS11), a relatively wet vear. Data
are caleulated from tissue nilrogen analyses reported in
Table 4. Lower increases in biomass were found in Mercury
Valley in 1974 (Hunter et al. 1975). Data for Rock
Valley in 1974 are not vet available.

It should be borne in mind that not all the 10-20 kg/ha of
nitrogen required {for new growth would be derived from
the soil. There is considerable evidence that minerals are
withdrawn from leaves prior to abscission and presumably
the nitrogen withdrawn is available for growth in following
yvears (Wallace et al. 1974a).

Results of repeated sampling of individual shrabs for
acetylene reduction assays are recorded in Table 5
{A3UWS12). The results are exratic with respect to both time
and species. We are attempting to develop techniques more
suited to these circumstances,

When moisture was present, lichen crust was the most
consistently active organism in acetylene reduction assays.
However, the soil surface is rarely wet in the Mohave Desert,
and lichen crast is not conmmon. Table 8 is derived from a
short expedition attempting to estimate the density and
percent coverage of Mohave soil by lichens,

Tahle 2. Percent of soil particles larger than 2 mm in

soil profiles as a function of depth

Profile

12

Bare Aves Enrub Clump

Depthy am * ee¥ 2 semk
0.0 - 1.5 374k 29 % 3
TS - 15.0 kI 36 E2
15.0 ~ 22,5 5245 B3t g
£2.5 ~ 30.0 G &6 st 6
30.0 - 37.3 e %3 (SR
37.5 ~ 45.0 72tz TL 23
h5.0 - 52.5 8r 21 MR
52.5 - £0.0 80t 2 79t 2
60.0 ~ 67.5 T8¢z ot 2
67.5 = 75.0 T3 Mz
TS0 - B2 Tt 92
82.5 ~ 90.0 75 % 2 ot

* atondard error of the mean, n = )2

The source of nitrogen, whether nitrate or ammonium,
has a large effect on the cation-anion ratios of glasshouse-
grown plants (Blevins et al. 1974, Dijkshoorn 1971, Kirkby
1962, Pierre and Banwart 1973). The possibility arises,
therefore, that the leal cation-anion status of field-
grown plants may reflect their source of nitrogen.
Drata were available to ealculate cation-nitrogen balances of
many shrubs from the northern Mohave Desert {Romney et
al. 1973). Table 7 shows there are significant species
differences in cation-nitrogen halances which could indicate
their nitrogen sources. Confirming data from glasshouse and
field studies are necessary, however, before firm conclusions
can be drawn.

It is evident, at least in theory, that soil nitrogen
conditions should be reflected in leaf mineral composition.
We calenlated regression lines and correlation coefficients
for cation velationships to leaf N and soil saturation extract
pH {Table 8). Soil NG, and NH. ¥ data are not presently
available. Considering the small range in pH (8.0-8.7), the
relatively high correlation coefficients of Larrea tridentata
and Mirabilis pudica were rather surprising. Leaf N and
cation correlations correspond fairly well to laboratory
experiments, and regression lines and cation-nitrogen
balances are consistent with each other. However, further
experimental data would be valuable in confirming our
interpretations.

We have collected available information on nitrogen pool
sizes and inputs and losses of nitrogen in the northern
Mohave Desert. This summary is preseated in Tables 9 and
10. There are fairly adequate data on most pool sizes, but
much of the data would profit from further analysis because
inputs and losses of nitrogen and transport between pools are
inadequately studied.




Table 3. Estimated N content of above-ground biomass
compartments {kg-N/ha) in 1973. Sample dates are peak of
flowering and fruiting period (A3UWS11)

Speclen  Zoere Date Lenves Hew  Flemers Fruit  Potal. 0ld 014 Total
Steme New A Stems  feaves 0la X
Adoedure B0 S/EL OA3 0 0.XB 0 M35 Gu0 OO DUSL —eme .53
20 5/30 .52 0.12 G0 043 1,05 440 —e-- 0.40
25 5f2L0 2010 0,22 098 - RIG OufR e R
25 5/30 O 00 eeee DR 182 83 weew OU7E
Atracome RS 507 028 0.05 0,03 ---- 036 00k 0.2 RS
Cevelan, 25 B/26 0 0.23 6.05 G.0L -eee 00 015 0,03 0.8
25 52% 0T 008 —eme 004 0031 0L ame- LR
Benev.d20 5/01 ---- 033 0.0h amem 0.3 35 eeen 8.35
R 20 5/00  emem 000 0.0 mmew 035 Q.23 —eem ooz
&+ 20 550 —omm GTI —mem Ga3h O.BF OB e 0.5
F26 /01 emem 067 003 weem 00 05 eaes 0.5
£25 5f07  —e-e 04F 0.7 [T JAH R — Q.5
G+ R8 830 wea- 0,87 o 118 .04 —— .06
Gra.epi. 75 bfac .08 0.2B 0,03 ——em LL3E 097 —— .97
5 Efor 0.5 0,23 —nam 245 1.3k .85 r— o.in
Froepars 20 5/2% L0l 022 0.5 005 B0 WO meee ouh
200625 LAY 0.3 .02 G 3l B8l —mem 1.1
2% sfah 0.6 0.13 9.35 0.07 1.18 0,58 ——— 0.58
85 G615 1.03 0.8S e 0. 1.4 o.7h —— 0.
Tardri. 30 5f50 035 0I5 607 006 087 148 047 2.1%
20 6fer 00 0.2 - o.:8 1.3 4,06 Q.20 2.0
i sfE GA3 0 L65 0a 00 2,52 0LS0 ]
25 afer 0 R PR O = S . S I .02
Yye.and, 20 kfed ok [ S P05 S YU R 5.0
ac 6o L I S B R 3.9
Tyeapad. 2% BAOD 22330 0.0 2% eeee 1,59 158 mmem fE)
ZF OGS 00 033 meee 0300 L@ L6 —eee 146
fum 25 oeak  F.0G 2407 2.0 Deih {8 fis 68 .55 Tl
flover
peak B9 2000 eeew 20140 0 5680 600 0.3 6.21
fruit

As we presently envision nitrogen relationships, the main
input is biological fixation of atmospheric N,. Primary
evidence is the acetylene reduction activity associated with
many nonleguminous species {Table 11). The concentration
of nitrate under shrubs is indicative of biological
involvement, If nponbiological factors predominate we
would expect a much more even distribution of nitrate
nitrogen. Ammonia distribution is apparently quite even,
which suggests nonbiolgoical controlling factors. Its
distribution may reflect its origin as parvent material or its
equilibration with the earth’s atmosphere.

Many of the species whose roots are associated with
acetylene reduction activity are both widespread and evenly
distributed over large areas. Larrea tridentata and the
annual grass Bromus rubens fit these eriteria particularly
well. Inthespring of 1974, B. rubens varied in density on 10-
m?® areas from 16.9 to 145.6 g/m?* (Hunter ct al. 1975).
Indeed, during the spring months of 1975 nearly every
shrub clump had a significant population of B. rubens.

In many places we find an unusual abundance of
nitrate-nitrogen (Table 1, Romney et al. 1973). We suspect
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Table 4. Nitrogen concentrations in above-ground shrub
parts at date of peak flowering, peak fruiting and dormancy
(as percentage of dry weight). From Rock Valley samples
taken in 1973 (ABUTI24A, B)

_chcioe zfiissj:_i];e g;-;{ .g;.;ﬂ Flower Fruit elg__ti‘m_ivebif_%_iﬁ g;;‘;\i
febadume 24 5/20 0 247 078 2.10 0 ewem 0.80 [T~ a.80
20 5/30 2.16 0.63 -—— 2,29 063 ———— Q.69

25 5/30  2.20 0.60  2.00 2.1 067  —u-m 0.8

26 1L/0T  mruw cmee men cein OB eeee e

25 1107 wmwe  ceee mmem meee O3 cine we

Atrecome 25 5/0T LTS L 179 we=e OB 87 1.20
Cerolan. 25 /26 205 111 2,16 coem QW85 ewen 051
5. 5/27 1.8 o8 2. ——— 060 memm 0.51
Fphenevad 20 5/01  -aen 2,58 2,58 mee 003 ewew 08k
20 502 ween BB5 2TL eeen 0u2 e 0u0

F+ $20 5/30 com 295 ceee 228 126 ee—m 072
BOLLJOT  rmom mmen mmee cmen e e 121

Fas 50T e 238 L weee OB emem 077

Fas 507 e cem 255 e ceh e eeen

d+ a5 5/30 s 2.80 eeem 2AT 083 eeew 000
25 11/07  wwem wmem cmee aere D8R emem e

Gra.spi. 25 /20 1,65 L6 ewes e 0,5 e R
25 5/81 LAY 0.99 ceem ATZ 050 mmme 0,53

25 1107 mmen mwmm mmme ceee 0482 memm aeee

Krnepar. 20 5/2h  1.85  1.63 2.2, 252 0.63 e 0.9
20 6f15 2.08 .82 —— 1.8 o081 ——— 1.07

20 1f07  sewe i ——— e N

24 SRk 3,85 2412 2.33 0 2,62 OLI5 wewa 1,02

25 6/15 219  1.55 — 2.07 o [— 1.06

25 1307 mew  mece eeee mmee L7 emme e

Zar.ted. 20 5726 2,15 1,58 1.5k 2.01 1,05 1.82 auB7
20 6f2r  p.T 188 -—-- 2.07 148 1,71 1.1k

25 5/29 2.3 .66 206 2.6 1.8 2.5 1.25

26 627 180 1.6 ——nm 1,97 Q7T 1.36 .09

Lye.and. 20 hf26 235 1.98 2.50 m——— 107 e 1.0
26 6/05 1,30 1.27 n—re 2.27 .80 o 1.00

20 107 mewn s . —— 1.25 [ ——

Lye.pal. 25 B/09 3,01 --—= 340 smme 131 ee-m 1.3k
25 605 102 1.9 . 2043 L+ [ SE— —a—

25 1107 wewm  ewew cwme eeee L2G meem e

in these areas nitrate does not eguilibrate with other forms,
but accumulates with time. The data involved, however,
rarely extend below 1 m, so that we do not know if these
concentrations are limited to near-surface horizons, It is
possible there are more concentrated deposits at greater
depths, or that concentration becomes more uniform at
greater depths.

If nitrate nitrogen does build up with time, and if
biological fixation is the major input, we can then put rather
low estimates on nitrogen losses through denitrification,
ammonia volatilization and erosion. Total requirements of
nitrogen for plant use in the area studied are on the order of
10 to 20 kg-N-ha~*-yr~!. Since soil mineral nitrogen and that
stored in stems and roots must meet a large portion of that
demand, requirements for fixation would be considerably
less than 10 kg-N-ha-t-yri.
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Table 5. Acetylene reduction by root and soil samples Table 7. Cation-nitrogen balances of desert shrub foliage.
" associated with twelve shrub species and lichen crust The chart shows numbers of plants from 50 sites fitting into
(ASUWS12) each category”

FOss_or HEO, ™ Uptake

Semple Date: 11/07/7h 12/20/7h 1/29/15% pecien Wit Uptake Interzedinte wah ¥F High a3+
Soesics Root, Soil Root Root Acas ENO. 0 5 G G
Acge 8hos i i) (pe= C‘H‘)*Wm“““-g_jg— Amb. dwt. 11 3 s
Amd, dum. 15 12 10 %0 Atr. can. 1
Afr. con. iz 11 13 50 Atr. qon. 14 2
Bro. rub. 18 bl 13 S0 ger, lan. 10 7 1
Onctus 15 12 11 o Dole fre. 5 1 1
Eph. neve 1L iz 10 1.6 Eph. fun. 4
Iex. ria < 1= 5 B.lpex Epha nev, 11 1
Men. spia 10 164 10 0 Grae bpde 18
Sph. omb. 8 12 13 110 Hysts Bal. 1
StL. spe. 20,15 12 9 5 Hrae par. T
Thae motla g b7 1210 1.6 Yar. trl. 3h
Yue, pah. Ty 2R 10 10%% S0 fep. fre. 3
Lichen erurt el - 1170 e Iyo. nids 1 25
*  Bamples fronm this date were run at a higher attenuation and lower Fye- »al. : 3 2
column femperature, hence the difference In sensibtiviiy. ae 8RO aex
L Sef:mlcn considered to cualitatively indicate aceiylenc reduction acti- Men. Bpi- 3
e Mir. pud. 3 3 7
Sals wmexs 1
Bph. emba 5 3 3
Bha. pin. 3 1 n P
% Plams with D cations mimue N less than 50 me/100 g weve assigned to
Table 6. Estimation of lichen erust cover. Sample sites are the macnis type, waile thore »100 ue/i00g were placed in the ¢y , HGO,~
.16 km apart along the Mercury-Rock Valley road, 35 ﬁmﬁ;n sodsum.

paces from the road edge. Twao 0.1-m? areas were examined
at each site. There are § km between sites 12 and 13

Quadrant,
Bample Site # First Seeond
t o# o% Table 8. Regression lines relating cation contents of leaves
2 % o % to leaf N, expressed as me/100 g dry weight, and to soil pli
3 0% o4
X 0% (33
5 o % o % Species Regression Elne fo. of Samples r
6 0% 0% Aea. sho. Lo= pe.b- 0258 % 21 -0.33
T 0% 04 b dum. Tor Mp2 . 08k K 29 -0.55
8 o % 0% Abr. con. Le= 750.6 « 1,00 W 18 ~0.63
2 0% 0% Eoh. nev. o= 1bb.0« 0.023 ¥ 32 0.2
10 0% 4 T o= 296k - 18.0 P -0.28
1 o% o8 Gra. spi. Lec= kalg- 039 N 18 +0.11
& 0% ¢ % TC= 902 - 3.2 ¥R 40,10
13 <14 A% Krga par. Te= 119.0 - 0.32 % T +0.28
% 1% 1% Lars trie Sc= 18.0+ 0.78 X 3 +0.8
i35 <1 % 24 TE = -590.5 + 87,5 pR +0.63
6 <% <1 % Tye. and. TG= 9202~ 113 N 26 -0.51
o% o4 LE w7374 + 158.7 g1 +0.29
<15 % <30 % Miv, pud, £0 = W66.3 - 0.7 N 13 -0.15
°% 0% £o = -1022.9 + 168.1 P +0.49
o4 LR ory. bym. gec= 650+ 040 N 18 404

Average coverage <1.35% o= 362.0- 294 pE -0,26




Table 9. Nitrogen compartment sizes in the northern

Mohave Desert

Campartment Sirze Range (kg-ti/ha+90cm) Reference
Organic ¥ 500 ta 1500 Wishite, 1572
Tean Romney cool.,
1973,
Undecenposed 1tos Tusner, 197h.
litter
Soi) nitrate 10 to 300 Hishits, 1972
Table 1
Extractable 5 te 15 Hishita, 1972
ammonia
Fixed emmonia 450 to 650 Hishita, 1972
Plant roots 10 o 20 Turner, 197,
Plant branches 5 to 20 Purner, 1974
and stems Fpllace and
Rarmey, 1972;
Takie 3.
Leaves, epring 1 to 10 Table 3.
Animals 0.2 Lo 0.3 Turner, 197h.

Table 10. Estimated inputs and losses of N in the northern
Mohave Desert

Pospible
Types Rate (kg-H/ne/yr) Limiting Factors
Semisyrbiotic +3 Lo 9 host density,
fixation fnorganiec s0il N
Free Jiving +2,005 to 0.20 8011 earbon
fixers
Lichen crust +.009 moisture
Hodulated +0.3 to 0.4 hott density
legumes
Hodulated non- o host density
logumes
Prectipitation,
rain and snow +2 to b precipitation
Ammonis
voletilization +50 to ~50 tempersture and
nunospacric MNiy
coneentration.
Dendtrification T i, so0il carbon
Run-of 7 rain and wind

intensity

Table 11. Nonleguminous species whose roots or rhizo-
spheres have been qualitatively positive in acetylene re-
duction assay

Relerence
Hallsce et ol., 197h.

Speeies
Atriplex canescens

Atriplex confertifolia Wallsce et al., 1974,

Brawue rubens ¥allgce et al., 1974,
Tehle 5.

Coleogyme ramosicsima ¥Wallace and Romney, 1972.

Hymenoclea Ealbole Wellace and Romuey, 1972,

Kramerda parvifella Wallace and Romney, 1972.

Larres trideniats Table 5.

Lichen erust Wallgee and Remney, 1972,
Wallnce et ml., 1574,
Table S

Tyelun pallidum Wallece et al., 1974.

Lycium shockleyi Wallace et sl., 197k.

¥enocdora npinescens Table 5.

Stipa speciofa Table 5.

Tetradynia canesoenk Wellace and Romney, 197R.

Thomnomra montans Teble 5.

Yuecca schidigera Wallace ot al., 167,

Table 5.

Microbiological

The low organic C:organic N ratios found in the Mohave
Desert soils argue against nitrogen being required for soil
microbial populations in any significant amounts. Limiting
factors for growth and metabolism of soil microbes are more
likely carbon and water.

Loss of nitrate through leaching from normal rainfall
must be quite rare. The yearly average precipitation is
insufficient to wet the soil much below the root zone. {We
find small rootlets at 80 em in most sites tested.) The
development of limestone and caliche layers, frequently
observed at 40- to 100-crn depths, must also limit loss of
nitrate through leaching. Loss from surface runoff could be
significant under conditions of flash fHooding; however,
most of the time runoff from an area upslope would be
runon to an area downslope. This process probably
contributes to the buildup of nitrate in the soil profile of
closed basin playas.

The presence of caliche layers suggests the presence of a
drying front at shallow depths in addition to the surface
front. The presence of a submerged drying front may play a
role in preventing salt buildup at the surface.

There is sufficient ammonia in the Mohave Desert soils to
supply many years of growth. However, soil adsorption
equilibria evidently maintain it at a low concentration in
the soil solution. Qur measurements vary normally from 0.1
to 1 ppm NH,+-~N, while nitrate concentrations range
from 1 to 100 ppm—N. Although desert shrubs we have
tested can make use of both forms of nitrogen (Romney et al.
1974), i is likely that nitrate is the major source due to its
greater concentration in the soil solution,

It would be valuable to further investigate fixed/extract-
able ammonia equilibria to determine how much is truly
available to plants. The low concentrations we measure
would not allow sufficient uptake unless flow of moisture up

-plant stems is about five times the annual precipitation.

Organic-N is the major nitrogen pool (Table 8),
Mineralization of 1% per year would supply ample nitrogen
for shrub growth. Actual rates of mineralization have not
yet been measured,

EXPECTATIONS

During 1975 we shall concentrate on experiments to
estimate turnover of nitrogen in the Mohave Desert, We
now have an operable aptical emissicn system for measuring
the N and "N ratios in plant tissues that we hope to extend
to soil assays for nitrogen balance studies, Experiments are
expected to provide "*N-tagged litter useful for decomposi-
tion and mineralization studies which are planned.

Seasonal fluctuations in soil nitrate levels are being
studied, as are nitrogen relations of Ambrosia dumasa.

Acetylene reduction work will continue, even though it is
difficult to obtain measurements under the environmental
conditions found in the field.
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- We are looking forwazd to measuring soil-te-air ammonia

“gradients; to initiating balance studies in field-incubated

" zamples, and to using N-Serve in experiments for deter-

mining rates of conversion of NH,t to NO,™ and subse-
quent uptake rates.

1f the studies can be extended into 1976, more precise rate
information for the northern Mohave Desert can be
developed for ammonia volatilization and fixation in soil,
biological nitrogen reduction, organic matter decomposi-
tion, nitrification, denitrification, ammeonification and
jeaching losses. We believe that the Desert Biome to date is far
from the correct answers to nitrogen cycling in the Mohave
Desert, but that necessary information can become available
and synthesized by the end of 1976.
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