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Oxygen Uptake and Nitrification by Soil 
Within a Grazed Athplex vesicmih Community 

in Semiarid Rangeland 
A. J. RIXONL2 

Senior Research Scientist, Riuerina Laboratory, Division of Plant Industry, 
C.S.Z.R.O., Deniliquin, New South Wales, 2710, Australia. 

Highlight 
The effect of plant distribution on oxygen uptake and nitrification in surface 

soil of a semiarid rangeland community was studied. Oxygen uptake and ni- 
trification in surface (O-7.5 cm) soils from sites associated with Atriplex vesi- 
cmiu bushes were at least twice as great as in soils from the interbush area. The 
pattern of nutrient cycling tended to reflect the distribution of plant material 
within the plant community. The effect did not extend to the 7.5-15 cm soil hori- 
zon. 

The rate of nitrification per unit total soil nitrogen was greater for the sites 
associated with saltbush than for the interbush area. These differences in rate 
of nitrification per unit total nitrogen persisted for at least two years following 
the total elimination of saltbush (Atriplex vesicuriu) by heavy grazing. 

Saltbush (Atriplex vesicaria) com- 
munities are examples of areas elf 
spaced perennial bushes in semi- 
arid rangeland (Branson, Miller, 
and Mc@een, 1967). Within these 
communities, plant distribution is 
patterned in space and in time (Os- 
born, Wood, and Paltridge, 1932); 
the perennials, chiefly A. vesicaria 
maintain a spatial continuity, while 
numerous annual plants are sea- 
sonally present or absent. Very lit- 
tle is known about the cycling of 
plant nutrients in arid regions nor 
about the effects of plant distribu- 
tion in communities on this process 
(Ross, 1969). 

Grazing intensity can drastically 
affect components of semiarid 
rangeland. An insignificant change 
in saltbush (A. uesicaria) occurred 

l Present position is Senior Lecturer, 
Department of Civil and Agricultural 
Engineering, Queensland Institute of 
Technology, Darling Downs, Too- 
woomba, Queensland, Australia. 

2 Thanks are due to Mr. G. A. Mc- 
Intyre, Division of Mathematical Sta- 
tistics, C.S.I.R.O., for helpful advice 
with statistical analysis of the data, 
Dr. J. K. Marshall of the Riverina 
Laboratory for help and advice in 
obtaining the soil temperature data, 
and the staff of the chemistry labora- 
tory of the Riverina Laboratory for 
the total nitrogen determinations. 
The able technical assistance of Miss 
C. M. Melville is gratefully acknowl- 
edged. 

with 0.6 sheep per hectare (0.25 
sheep/acre) over a three year period 
according to Wilson, Leigh, and 
Mulham (1969); however, at 2.5 
sheep per hectare (1.0 sheep/acre) 
saltbush was virtually eliminated 
from the rangeland. The removal 
of saltbush may be expected to 
affect rangeland plant productioln, 
accumulation of organic matter, 
and the habitat of some organisms 
contributing to the decomposer 
cycle, and may lead to significant 
modifications in the cycling of nu- 
trients. 

Mineralization of organic carbon 
is necessary in order to achieve net 
mineralization of nitrogen in soil. 
Since the production of carbon 
dioxide through microbial respira- 
tion approximates oxygen uptake at 
moisture tensions of 100 cm or 
greater (Rixon, 196S), the measure- 
ment of oxygen uptake provides an 
appropriate estimate of this activity 
at these moisture tensions. 

This paper presents information 
on the variations in oxygen uptake 
and nitrification with two sites 
within A. vesicaria communities 
managed at two grazing intensities. 

Materials and Methods 

Field Site and Collection of Material 
Soil samples, used in this investi- 

gation, were collected from an area 
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of semiarid rangeland located 51 
kilometres (32 miles) north of De- 
niliquin, New South Wales. The 
mean annual rainfall is 38 cm (15 
inches) occurring mainly in winter. 
The soil type is Billabong clay, a 
brown soil of heavy texture (Smith, 
1945). The area is virtually flat. 

The soil samples were collected 
from two adjacent areas within a 
grazing experiment (Wilson, Leigh, 
and Mulham, 1969). One area had 
been stocked at 0.6 sheep per hec- 
tare for 3 years and this is desig- 
nated as lightly grazed. The other 
area had been stocked at 2.5 sheep 
per hectare for 3 years and this is 
designated as heavily grazed. The 
grazing experiment had been ter- 
minated about 2 years previously, 
and there had been no further graz- 
ing by sheep on the experimental 
area. 

On the lightly grazed plot, the 
saltbushes were 20-40 cm high, and 
were about 50 cm across. They were 
spaced about 1.5-2 m apart. Several 
annual and perennial plants, in- 
cluding various composites and 
some grasses, grew between the 
bushes, and to some extent on the 
areas formerly occupied by bushes 
on the heavily grazed plots. The 
main annual growth in such com- 
munities occurs in winter and 
spring, and much of this remains 
during the summer as erect dry 
stubble. An indication of the vari- 
ety of plant species, botanical com- 
position, and distribution of plant 
material within the saltbush com- 
munity from the lightly ,grazed area 
is shown in Table 1 (lb./acre = 
1.121 kg/ha). 

After three years, grazing had 
eliminated virtually all the salt- 
bush from the rangeland at 2.5 
sheep per hectare. However, the 
sites where the saltbush formerly 
grew were clearly defined at the 
time of sampling in 1969, two years 
after the grazing trial had been ter- 
minated. 

Soil samples were collected in 
February 1969 (summer) from two 
adjacent experimental plots repre- 
sentative of the heavily grazed and 
lightly grazed treatments. Four rep- 
licate samples were collected from 
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Table 1. Weight1 (kg/ha) plant ma- 
terial harvested in September 1969 
from an Atriplex vesicuria commun- 
ity of the Riverine Plain of south- 
eastern Australia. 

Soil Preparation and Methods of 
Analysis 

The soil samples were air-dried, 

Associated with 
A triplex ZXSicaria Between 

Family bushes bushes 

Chenopodiaceae 

and then ground with a mechanical 
grinder to pass through a 2 mm 
sieve. The moisture content of the 
ground soil at 100 cm was deter- 
mined on a suction plate. 

A triplex sp. 7720 
Kochia 0 

Leguminosae 1313 
Compositae 155 
Gramineae 47 
Crassulaceae 2 
Plantaginaceae 5 
Goodenaceae 2 

Total 9244 
Litter 2390 

l Mean of 5 replicates. 

0 
6 

324 
86 
21 

0 
52 

7 

496 
660 

under saltbush, or where saltbush 
formerly grew, and from the inter- 
bush areas. The samples were ob- 
tained from sites approximately 10 
m apart and each consisted of 10 
cores of diameter 4.4 cm sampled 
to a depth of 7.5 cm. 

Oxygen uptake.-Soil samples 
from the two sites within the plant 
community from the two grazing 
treatments were air-dried, moist- 
ened, and oxygen uptake was mea- 
sured over the subsequent ten days 
for soils collected in February, and 
seven days for soils collected in 
July. Samples of 100 g of soil were 
brought to 100 cm moisture tension 
by adding the required amount of 
distilled water, using an atomizer 
and constant stirring to ensure uni- 
form wetting. The respiring sam- 
ples were placed in electrolytic res- 
pirometers, which replace oxygen in 
the sample flask as it is used, and 
oxygen uptake measured over a 
period of several days (Birch and 
Melville, 1969). 

Further soil samples were col- 
lected at O-7.5 cm and 7.5-15 cm 
depths from the lightly grazed area 
in July 1969 (winter), four each 
from under saltbush and from adja- 
cent areas between saltbush. Dif- 
ferences in amount of oxygen up- 
take by the soils (collected in 
winter) due to depth and site within 
the plant community, as well as all 
comparisons for rates of oxygen 
uptake and of nitrification were 
analysed statistically with a “t” test. 

Mineral nitrogen.-Samples of 10 
g of soil were extracted after shak- 
ing on an end over end shaker for 30 
minutes with 40 ml of 1 N KCl. 
Mineral nitrogen was determined 
by the steam distillation method of 
Bremner and Keeney (1965) on air- 
dry samples, and on samples after 
the period in the respirometer. The 
amount of ammonium did not ex- 
ceed 5 ppm for any of the soils, and 
consequently is not reported. 

Total nitrogen was determined 
by a Kjeldahl method using sele- 
nium as catalyst. Organic carbon 

Hours Respimtmn 

Lightly grazed Heavily qrazed 
e Assocmted wth saltbush A Assocmted with saltbush 

o Interbush A Interbush 

FIG. 1. Effect of grazing intensity on 
oxygen uptake by soil from two sites 
within saltbush rangeland. 

was determined in a combustion 
furnace (Piper, 1942). 

The soil pH values were obtained 
with a glass electrode calomel elec- 
trode assembly on a 1:5 soil-water 
suspension. 

Results 

The percentage total nitrogen 
and organic carbon in the soil sam- 
ples are shown in Table 2. The 
pH of the O-7.5 cm layer was 7.3, 
and of the 7.5-15 cm layer was 7.6, 
with no differences between sites. 

Oxygen Uptake 

Oxygen uptake was much greater 
by the soil associated with saltbush 
than by the soil from the interbush 
areas (Fig. 1). Heavy grazing mark- 
edly decreased oxygen uptake by 
soil previously associated with salt- 

Table 2. Mean values (“/o) for organic carbon and total nitrogen of soil at two sites within the saltbush rangeland 
grazed at two intensities, and at two depths in lightly grazed saltbush rangeland. 

Associated with saltbush Interbush area 

Crazing 
intensity Depth C N C N 

Lightly grazed1 o-7.5 cm 1.224 2 0.0553 
Heavily gTazed2 O-7.5 cm 1.060 -+- 0.030 

Lightly grazed1 O-7.5 cm 1.218 + 0.055 
Lightly grazed1 7.5-15 cm 0.707 + 0.042 

1 Experimental areas stocked at 0.6 sheep per hectare for 3 years. 
2 Experimental areas stocked at 2.5 sheep per hectare for 3 years. 
3 Standard error. 

0.119 + 0.013 0.767 f 0.045 0.086 2 0.009 
0.118 + 0.013 0.7 12 -i 0.060 0.091 -c- 0.008 

0.126 k 0.011 0.833 & 0.038 0.093 f. 0.010 
0.086 e 0.003 0.550 -t- 0.032 0.068 & 0.004 
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Hours Respiration 

l o-7.5cm Associated with saltbush 

o 0 - 7.5cm Interbush 

. 7.5-15 cm Associated with saltbush 

0 7.5-15 cm Interbush 

FIG. 2. Oxygen uptake by soil from two 
depths at two sites within lightly grazed 
saltbush rangeland. 

bush, but had only a slight effect 
on oxygen uptake by the soil from 
between saltbushes. 

Oxygen uptake of soil sampled in 
winter at O-7.5 cm and 7.5-15 cm 
depths from the lightly grazed area 
is shown in Figure 2. Oxygen up- 
take by the O-7.5 cm soil from 
under saltbush was again much 
greater (P < 0.01) than by soil from 
between saltbush. There was no 
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Table 4. Nitrate levels (ppm nitrate N) in air-dry and incubated soils col- 
lected at two sites within saltbush rangeland grazed at two intensities, and at 
two depths in lightly grazed saltbush rangeland. 

Grazing 
intensity 
and site Air dry After respiration Increase 

Lightly grazed1 

Associated with saltbush 8.4 I+ 0.83 29.3 ?Z 2.7 20.9 + 4.8 
Interbush 7.4 & 1.3 8.1 + 0.2 0.7 + 1.9 

Heavily grazed2 
Associated with saltbush 18.3 + 0.5 35.2 & 2.2 16.9 + 3.8 
In terbush 5.6 -t- 1.3 9.4 -I- 1.1 3.8 -I- 0.5 

Lightly grazed1 
o-7.5 cm 

Associated with saltbush 6.3 & 0.6 20.5 t 0.4 14.2 + 1.0 
Interbush 6.3 & 0.7 13.8 + 1.8 7.5 -F- 1.6 

Lightly grazed1 
7.5-15 cm 

Associated with saltbush 4.2 2 1.0 10.5 & 0.6 6.3 + 1.3 
Interbush 3.2 +- 2.0 6.2 2 0.5 3.0 & 2.1 

1 Experimental areas stocked at 0.6 sheep per hectare for 3 years. 
2 Experimental areas stocked at 2.5 sheep per hectare for 3 years. 
s Standard error. 

significant difference due to site 
for oxygen uptake at the 7.5-15 cm 
soil horizon. 

The rate of oxygen uptake per 
unit quantity of organic carbon per 
ten hours is shown in Table 3. The 
rate of oxygen uptake by soil from 
lightly grazed saltbush rangeland 

Table 3. Rates (ml) of oxygen uptake per gram of organic carbon per ten 
hours by soils from two sites within saltbush rangeland grazed at two inten- 
sities, and from two depths at two sites within lightly grazed rangeland. 

Asso- 
ciated 

Signifi- 
cance of 

Grazing with Inter- Differ- differ- 
intensity Depth bush bush ence ence 

Heavily grazed1 o-7.5 cm 1.82 1.68 0.14 N.S. 
(collected in summer) 

Lightly grazed2 O-7.5 cm 2.08 1.41 0.67 * + 
(collected in summer) 

Difference 0.26 0.27 
Signif. of Difference N.S. N.S. 

Lightly grazed2 O-7.5 cm 2.17 2.18 0.01 N.S. 
(collected in winter) 

Lightly grazed2 7.5-15 cm 1.82 2.02 0.20 N.S. 
(collected in winter) 
Difference 0.35 0.16 
Signif. of Difference + ;w N.S. 

l Experimental areas stocked at 2.5 sheep per hectare for 3 years. 
2 Experimental areas stocked at 0.6 sheep per hectare for 3 years. 
3* * = P<O.Ol. 

differed for the two sites in the sum- 
mer, but not in the winter. There 
were no differences in rate of oxy- 
gen uptake at the two sites within 
heavily grazed saltbush rangeland. 
The rate of oxygen uptake de- 
creased with depth under saltbush, 
but not for interbush areas. 

Nitrification 
The changes in nitrate in the soil 

samples from the grazing treat- 
ments, and from two depths at two 
sites within the lightly grazed salt- 
bush rang-eland are shown in Table 
4. There was a much greater in- 
crease in nitrate in the incubated 
soil from sites associated with salt- 
bush than for soil from the inter- 
bush area. This relationship was 
consistent for the two grazing in- 
tensities, but was confined to the 
O-7.5 cm soil horizon. Heavy graz- 
ing resulted in an increase in ni- 
trate in the soil associated with 
saltbush. 

The rates of production of ni- 
trate per unit total soil nitrogen 
per ten hours by soils from two sites 
within saltbush rangeland grazed 
at two intensities, and at two depths 
in lightly grazed saltbush range- 
land are presented in Table 5. The 
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Table 5. The rate of production (pg) of nitrate (NO,) per gram total soil ni- 
trogen per ten hours by soils from two sites within saltbush rangeland g-razed 
at two intensities, at two depths in lightly grazed saltbush rangeland. 

Grazing 
intensity Depth 

Significance 
of 

Bush Interbush Difference difference 

Lightly grazed1 O-7.5 cm 740 140 600 Jc *3 

Heavily grazed2 O-7.5 cm 600 170 430 + x 

Difference 140 30 
Signif. of Difference N.S. N.S. 

Lightly grazed1 O-7.5 cm 470 320 150 Jc # 
Lightly grazed’ 7.5-15 cm 300 180 120 N.S. 

Difference 170 140 
Signif. of Difference # # N.S. 

1 Experimental areas stocked at 0.6 sheep per hectare for 3 years. 
2 Experimental areas stocked at 2.5 sheep per hectare for 3 years. 
3 2. G = P<O.Ol. 

_ _ 

rate of nitrification was consistently 
greater for soils from sites associated 
with saltbush than for interbush 
areas. This effect was confined to 
the O-7.5 cm soil horizon. The 
rate of nitrification decreased with 
depth for soils under saltbush, but 
not for soil from the interbush area. 

they are in their period of maxi- 
mum production (Charley, 1959). 

In order to get some indication 
of the effect of elimination of salt- 
bushes on the soil environment, 
particularly for decomposers, tem- 
peratures were measured at 3:00 
p.m. on February 5, 1970, when 
the ambient air temperature was 
40 C. The temperature of the soil 
associated with saltbush in the 
lightly grazed and heavily grazed 
areas was 43 C and 59 C respectively 
at 1.3 cm, and 36 C and 46 C respec- 
tively at 5 cm. The temperature of 
the interbush area for both stock- 
ing rates was 46 C at 1.3 cm. 

Under field conditions, lack of 
moisture would be the major factor 
limiting the duration of decomposi- 
tion of organic residues. Neverthe- 
less, the rapid decomposition rate, 
as indicated in Figure 1 and Table 
3, would be expected when appro- 
priate moisture conditions prevail, 
and this would avoid any long term 
massive accumulation of litter and 
organic matter. 

Discussion 

The marked differences in oxy- 
gen uptake were restricted to the 
O-7.5 cm soil horizon (Fig. 2). The 
lesser amount of oxygen taken up 
by the 7.5-15 cm soil horizon was 
probably due to a smaller supply oE 
organic carbon. Charley and Cowl- 
ing (1968) described the notable 
concentration of organic matter 
and associated nutrients near the 
surface of soils in arid and semiarid 
regions. 

The greater uptake of oxygen by Soil associated with saltbush pro- 
soils associated with saltbush than duced at least twice as much nitrate 
by soils from the interbush area as soils from the interbush area. 
(Figs. 1 and 2) correspond with the This difference in nitrate produc- 
contrasting amounts of plant ma- tion is greater than the difference 
terial and litter at the two sites in total nitrogen in the soils from 
within the plant community (Table the two sites within the plant com- 
1). Leaf fall from saltbush is sub- munity (Table 2). Moreover, the 
stantial during the summer and au- greater rate of nitrification from 
tumn. The annual contribution to soils collected from under saltbush 
litter from the bushes can be much indicate that the surface soil has a 
greater than the amount of vegeta- greater potential capacity to supply 
tive material on the bushes when mineral nitrogen than soils from 

interbush areas (Table 5). Much 
of the soil organic matter in the 
site associated with saltbush would 
be derived from saltbush, and it 
appears that organic residues from 
this plant probably have a greater 
rate of nitrification than organic 
residues derived principally from 
annual composites in the interbush 
area. Significant response by native 
vegetation to nitrogen applied to 
Billabong clay has been obtained by 
Tupper (1968). Some plant species 
are common to both sites within the 
plant community and preliminary 
investigations have shown a dif- 
ferential concentration of nitrogen 
in these plants in accordance with 
the differing potential capacity to 
supply mineral nitrogen by the 
underlying surface soil (Rixon, un- 
published data). 

The different nitrification rates 
were restricted to the surface soil, 
as were the differing rates of oxygen 
uptake (Fig. 2). Nevertheless, these 
differences are important, particu- 
larly where there is an overall nitro- 
gen deficiency, and need to be 
taken into account in considering 
nitrogen cycling and nitrogen bal- 
ance studies in low shrub com- 
munities in semiarid rangeland. 

Grazing intensity did not affect 
the rate of nitrification within the 
plant community. Thus, alternat- 
ing areas with contrasting capaci- 
ties to supply mineral nitrogen 
would prevail, at least for some 
years, after the elimination of the 
saltbushes. 
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Highlight 

A plant-produced chemical, saponin, was identified, extracted from desert 
saltbush, tested and quantitatively analyzed. Desert saltbush, Trigo pubescent 
wheatgrass, Harbinger medic, and California ephedra seeds were subjected to 
different concentration levels of leachates extracted from desert saltbush 
vegetation. These leachate solutions reduced the germination of desert saltbush, 
Harbinger medic, and Trigo pubescent wheatgrass. California ephedra germina- 
tion was stimulated at low leachate concentration but was retarded at higher 
leachate concentrations. 

The purpose of this study was to 
determine the presence of saponin 
in various parts of desert saltbush 
(Atriplex polycarpa (Torr.) S. 
Wats.) to analyze it quantitatively 
and to determine the effects of dif- 
ferent levels of saponin on seed 
germination. We tested leachate 
from the desert saltbush vegetation 
on germinating seed of four differ- 
ent plant species, as follows: desert 
saltbush; Trigo pubescent wheat- 
grass (Agropyron trichophorum 
(Link) Richt.), Harbinger medic 
(Medicago lit tordis Rohde), and 
California ephedra (Ephedra calif- 
ornica S. Wats.). 

l Cooperative investigations of the 
Crops Research Division, Agricultural 
Research Service, U. S. Department of 
Agriculture and the California Agri- 
cultural Experiment Station, Berkeley, 
California. Received October 24, 
1970. 

Desert saltbush has been rated 
as a highly palatable browse plant 
for domestic livestock and big game 
animals (Sampson and Jespersen, 
1963). Also, desert saltbush pro- 
vides excellent cover for quail and 
chukar on dry rangeland in central 
and southern California. Efforts 
to increase the stands of this spe- 
cies and other saltbush species have 
met with some difficulty due to 
poor seed germination. The pres- 
ence of saponin in seed of fourwing 
saltbush (Atriplex canescens (Pursh) 
Nutt.) was reported by Nord and 
Van Atta (1960) and was believed to 
inhibit germination of the seed. 
A growth inhibitor was likewise 
found by Cornelius and Hylton 
(1969) in seed of Atriplex @oZy- 
car-pa; it reduced germination but 
could be removed as a water soluble 
leachate and increase germination. 
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Considerable work has been ac- 
complished in determination of al- 
falfa and clover saponins because 
they are considered a factor in the 
bloat of ruminants. Thompson et 
al. (1957) reported that the saponin 
content in alfalfa meal was 0.12% 
and in Ladino clover 0.23% of the 
dry weight. 

Methods 

Desert saltbush plants were col- 
lected for this study in the Panache 
Hills near Mercy Hot Springs, Cal- 
ifornia. The collection area is in 
the foothills of the eastern slope of 
the coast range mountains approxi- 
mately 55 miles west of Fresno, Cal- 
ifornia. The climate is Mediterra- 
nean and the vegetation is an 
annual grassland community with 
some sparse shrubs as low overstory. 

Five desert saltbush plants were 
selected as representative of the gen- 
eral population in age, vigor and 
relative amount of green material 
present. Length, width, height and 
area of each plant were measured. 
Eight inches of succulent new 
growth was clipped from the outer 
portions of each plant to simulate 
browsing by livestock. The remain- 
der of the plant was cut to ground 
level and kept as a separate sample. 
The sample parts of each plant 
were dried at 72 C for two days, 
ground, weighed and stored in plas- 
tic lined paper bags. 

Each plant produced an average 
of 64 g of stems, twigs, and leaves 
per 268.80 square cm of soil sur- 
face area. This amount was used as 


