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Tobosa (Hilaria mutica 
(Buckl.) Benth.), a drought re- 
sistant grass of the arid South- 
west, occurs primarily on heavier 
textured soils, but is not limited 
to them. It is relatively unpal- 
atable to livestock during the 
dormant season but is readily 
grazed during the growing sea- 
son. Therefore, where possible, 
tobosa flood plains should be 
fenced separately and grazed 
during the growing season while 
the upland pastures are deferred. 
These flood plains supporting 
tobosa in high density and re- 
ceiving additional water as run- 
in from adjacent mountains can 
produce several times the herb- 
age of upland sites. On ranches 
where the area of tobosa flood 
plains is limited, increased yields 
of tobosa will enable the opera- 
tor to defer the upland pastures 
more completely and for a longer 
time in the growing season. The 
objective of this study was to 
determine tobosa herbage yields 
and quality on flood plains as 
influenced by fertilizer treat- 
ments in relation to the effects 
of available moisture. 

Literature Review 

There have been a limited 
number of fertilizer trials on the 
arid grazing lands of the South- 
west but none on tobosa flood 
plains as far as the author can 

1 Cooperative investigations of the 
Crops Research Division, Agricul- 
tural Research Service, U. S. De- 
partment of Agriculture and the 
New Mexico Agrikultural Experi- 
ment Station. Published as Journal 
Series No. 188, Agricultural Ex- 
periment Station, New Mexico 
State University. 

2 In this paper, phosphorus always 
means elemental phosphorus. 

determine. Freeman and Hum- 
phrey (1956) reported on a 1954 
fertilizer trial on typical semi- 
desert grassland in Southeastern 
Arizona. The major species on 
the study area were curly mes- 
quite (Hilaria belangeri (Steud.) 
Nash) and sprucetop grama 
(Bouteloua chondrosioides (H.- 
B.K.) Benth. ex S. Wats.). Plots 
were fertilized with 100, 200, and 
400 pounds per acre of super- 
phosphate (O-8.72-O) , ammonium 
phosphate (16-8.7-o)) and ammo- 
nium nitrate (32-O-O). Production 
on the check plots averaged 1283 
pounds of air-dry herbage per 
acre. There were very small in- 
creases with the two lower rates 
of superphosphate. The higher 
rate of superphosphate and all 
the rates of ammonium phos- 
phate and ammonium nitrate in- 
creased yields 23 to 43 percent. 
The striking point was that addi- 
tion of phosphorus with nitrogen 
gave increased yields over the 
addition of nitrogen alone and 
increased both soil nitrate and 
soil phosphate. Freeman and 
Humphrey (1956) also found 
that nitrogen fertilizer increased 
crude protein and phosphorus 
fertilizer increased phosphorus 
content of the herbage of the 
two major species. An additional 
benefit of fertilization with ni- 
trogen was that the herbage re- 
mained green longer in the year 
of application and greened ear- 
lier the following spring. They 
concluded, however, that ferti- 
lization was not ,economically 
feasible under present condi- 
tions. 

Holt and Wilson (1961) re- 
ported on a 1958 fertilizer trial 
on semidesert grassland on the 
Santa Rita Experimental Range 
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near Tucson, Arizona. The domi- 
nant species were Lehmann love- 
grass (Erugrostis Zehmunniunu 
Ness) and Santa Rita threeawn 
(Aristidu glubrutu ( V a s e y ) 
Hitchc.). Plots were fertilized 
with 25, 50, and 100 pounds of 
nitrogen per acre in the form of 
ammonium phosphate and am- 
monium nitrate. Summer pre- 
cipitation for 1958 was about 50 
percent above average. Check 
plots yielded an average of 2475 
pounds of air-dry herbage per 
acre. Fertilizer increased yields 
66 to 158 percent. Again phos- 
phorus contributed to a small 
increase in yield. Holt and Wil- 
son (1961) also found that cattle 
preferred the fertilized forage 
and exhibited no preference for 
grass species. On unfertilized 
areas, cattle showed marked 
species preferences. The fertili- 
zer extended t h e green-feed 
period up to six weeks. They 
concluded that fertilization has 
a definite place in managing 
southern Arizona ranges, b u t 
that conclusion was based on a 
year with precipitation consider- 
ably above average. 

The Study Area 

The Jornada Experimental 
R an g e in south-central New 
Mexico is typical of the more 
arid portions of the semidesert 
grassland. The average annual 
precipitation is 8.98 inches (1915- 
61). About 55 percent occurs dur- 
ing the growing season (July- 
September). The winters and 
springs are often rather dry. The 
average frost-free period is 196 
days, but lack of soil moisture in 
April, May, and June limits the 
average growing season to about 
100 days. 

The fertilizer plots were lo- 
cated on a 321/A soil. This soil is 
a deep (48”), slowly permeable 
silt loam with well-developed 
textural B horizon and strong 
Cca horizon. This unit receives 
additional water from adjacent 
slopes but since it is a gentle 
slope (1 percent), the water does 





FERTILIZING TOBOSA 135 

Table 2. 1957 and 1958 herbage per acre and 1957 protein and phosphorus 
conienfs of herbage on plots fertilized in 1957. 

Treatment 
. . 1957 : 1957 Crude: 1957 : 1958 
: Herbage : protein : Phosphorus : Herbage 

Check 
13.1# P/a. 
20# N/a. 
20# N -I- 13.1# P/a. 
40# N/a. 
40# N + 13.1# P/a. 
SO# N/a. 
SO# N + 13.1# P/a. 
LSD (5%) 
Standard error of mean: 

(Pounds) - 
2207 
2227 
2423 
2753 
2705 
2342 
2696 
3511 
NS 
75.0 

q4(Percent) - - 
.127 

4.7 .123 
5.1 .117 
5.3 .119 
6.0 .109 
5.6 .117 
6.1 .112 
5.4 .113 
0.96 NS 
0.15 .0023 

(Pounds) 
3685 
2956 
4065 
3575 
3391 
3268 
3821 
4047 
NS 

100.0 

able (5-15 atm.), and below the 
wilting point (greater than 15 
atm.). Following the drought 
year of 1956, the growing season 
(July-September) precipitation 
of 1957 was nearly average. On 
28 days soil moisture was readily 
available at the lo-inch depth. 
There were two distinct periods 
of available soil moisture, July 
24-August 5 and August 28-Sep- 
tember 13. 

The growing season precipita- 
tion of 1958 was 27 percent above 
average, but available soil mois- 
ture was about the same as for 
1957. At the two deeper depths 
(10 and 16 inches) measured in 
1958, there was available soil 
moisture during July 28-August 
29. In addition, there were two 
short periods of available mois- 
ture at the 4-inch depth in Sep- 
tember. 

In 1959 the growing season 
precipitation was 7.83 inches, or 
61 percent above average. In ad- 
dition, it was so well distributed 
that there was one long period 
of available soil moisture, July 
20-September 18. 

The growing season precipita- 
tion of droughty 1960 was 27 per- 
cent below average. For this year 
alone, only part of the fertilizer 
plots received flood water. The 
soil moisture observations are 
valid for only the plots receiving 
flood water. There were two 
periods of available soil moisture 
on the flooded plots, mid-July 
and mid-August. 

In 1961 the growing season 
precipitation was 7.03 inches, or 
44 percent above average. There 
were two periods of available 
soil moisture, J u 1 y l-22 and 
August 12-September 30. 

Herbage Yields and Chemical 
Analyses 

In 1957 fertilizer was applied 
on July 1. Table 2 lists the treat- 
ments as well as the herbage 
yields, crude protein, and phos- 
phorus at the close of the grow- 
ing season. Also presented are 
the yields obtained at the close 
of the 1958 growing season on 
the same plots. The only sig- 
nificant factor was a treatment- 
by-replication interaction in the 
1957 yields, even though plots 

fertilized with 60 pounds nitro- 
gen plus 13.1 pounds phosphorus 
per acre yielded 1304 pounds 
above the yields of the check 
plots. There was an apparent 
linear relationship with the var- 
ious increments of nitrogen and 
also phosphorus. There were sig- 
nificant differences among treat- 
ment means in the crude protein 
content. All the herbage col- 
lected from plots fertilized with 
40 or 60 pounds of nitrogen per 
acre had significantly more 
crude protein than the herbage 
from the check plots. There were 
no significant differences in 
phosphorus content of the herb- 
age. There were no significant 
differences among treatments of 
the 1957 fertilizer plots clipped 
at the close of the 1958 growing 
season. The yields of the check 
plots in 1958 were about inter- 
mediate to the other treatments. 
The average of the 1958 yields 
was 38 percent higher than the 
average of the 1957 yields. Pro- 
tein analyses of the herbage from 
the 1957 fertilizer plots clipped 
in 1958 showed treatments to be 
remarkably similar with about 
4 percent crude protein. 

Table 3 presents the treat- 
ments, yields, and crude protein 
of the herbage from the 1958-61 
fertilizer plots. Each plot was 

Table 3. Pounds per acre, and crude protein content (percent) of herbage 
on fertilized plots, 1958-81. 

1958 1959 1960 1961 , 

Crude Crude Crude Crude 
Treatment Herb- pro- Herb- pro- Herb- pro- Herb- pro- 

age tein age tein age tein age tein 
Check 2071 4.23 2791 4.82 1489 4.00 4381 4.81 
13.1# P/a. 2891 3.90 4333 5.55 2020 3.55 4051 4.97 
26.2# P/a. 1795 4.42 3059 5.29 1472 4.28 2992 6.13 
30# N/a. 2845 4.62 4992 4.73 1231 4.61 3700 6.84 
30# N + 13.1# P/a. 3108 4.57 5555 5.50 1712 4.12 3513 7.11 
30# N + 26.2# P/a. 2797 4.74 4671 5.10 2177 3.84 5212 4.70 
SO# N/a. 3308 4.80 5528 5.96 1905 4.36 3741 7.56 
SO# N + 13.1# P/a. 2873 5.00 6363 5.58 2175 4.13 4105 6.51 
SO# N + 26.2# P/a. 2881 5.67 6813 5.79 1981 4.71 4941 6.77 
90# N/a. 2740 5.58 6955 6.77 1677 4.79 4077 7.85 
90# N + 13.1# P/a. 3013 5.94 7115 6.10 2409 4.82 4556 7.83 
90# N + 26.2# P/a. 3167 5.14 6045 5.44 1955 4.81 4524 7.19 
LSD (5%) 353 1.00 1427 1.05 NS 0.81 NS NS 
Standard 
error of mean 77.6 0.13 146.2 0.15 95.2 0.10 116.8 0.28 
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given the same treatment each 
year. In 1958 the plots were fer- 
tilized on July 9. The 1958 herb- 
age yields on all the plots ferti- 
lized with nitrogen and also the 
plots treated at the rate of 13.1 
pounds of phosphorus per acre 
were significantly higher than 
those on the check plots. The 
plots receiving 60 pounds of ni- 
trogen per acre had the highest 
yields, 3308 pounds of air-dry 
herbage per acre, or 60 percent 
higher than the check. An indi- 
vidual degree of freedom vari- 
ance analysis using orthogonal 
polynomials showed the factor 
for nitrogen linear to be highly 
significant and the factor for ni- 
trogen quadratic to be signifi- 
cant. The crude protein contents 
of the herbage from plots treated 
at the rate of 60 pounds nitrogen 
plus 26.2 pounds phosphorus per 
acre, 90 pounds nitrogen per 
acre, and 90 pounds nitrogen plus 
13.1 pounds phosphorus per acre 
were significantly higher than 
the check. Nitrogen linear was 
the only significant factor in the 
variance analysis of the crude 
protein data. Soil samples were 
taken from the surface six inches 
to determine whether there was 
any carry-over effect of the fer- 
tilizer treatment. Soil nitrates on 
the various plots varied from 2.3 
to 12.5 ppm and soil phosphorus 
varied 1.5 to 7.6 ppm. All the soil 
nitrates and soil phosphorus 
values were low and unrelated 
to the fertilizer treatments. 

In 1959 the plots were ferti- 
lized on July 1 and 90 pounds 
nitrogen plus 13.1 pounds phos- 
phorus per acre gave the highest 
yield (Table 3), but it was not 
significantly greater than that 
from plots receiving either 90 
pounds nitrogen per acre, 60 
pounds nitrogen plus 26.2 pounds 
phosphorus per acre, 60 pounds 
nitrogen plus 13.1 pounds phos- 
phorus per acre, or 90 pounds ni- 
trogen plus 26.2 pounds phos- 
phorus per acre. The check plots 
had significantly less production 
than any of the other plots ex- 
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cept those treated with 26.2 
pounds phosphorus per acre but 
with no nitrogen. An individual 
degree of freedom variance anal- 
ysis showed the factor for nitro- 
gen linear to be highly signifi- 
cant and the factor for phos- 
phorus quadratic to be signifi- 
cant. The remaining factors were 
non-signif icant. The crude pro- 
tein content of the herbage taken 
from plots treated with 60 
pounds nitrogen per acre, 90 
pounds nitrogen per acre, and 90 
pounds nitrogen plus 13.1 pounds 
phosphorus per acre were sig- 
nificantly higher than the check. 
The factor for nitrogen linear 
was highly significant. 

In 1960 the plots were ferti- 
lized on June 28. There were no 
significant differences among 
treatments in yields at the close 
of this droughty growing season 
(Table 3). However there was a 
striking difference in yields on 
plots that were flooded and those 
that were not flooded. The 
flooded plots produced 2,586 
pounds of air-dry herbage per 
acre with the check plots averag- 
ing 1,489 pounds and the plots 
fertilized with 60 pounds nitro- 
gen plus 13.1 pounds phosphorus 
per acre averaging 4,068 pounds. 
The unflooded plots averaged 
only 707 pounds of air-dry herb- 
age per acre with little differ- 
ence among treatments. The 
crude protein content of the 
herbage taken from plots treated 
with 90 pounds nitrogen plus 13.1 
pounds phosphorus per acre and 
90 pounds nitrogen plus 26.2 
pounds phosphorus per acre was 
significantly higher than the 
check. The factor for nitrogen 
linear was highly signif icant. 
The crude protein content of 
herbage from flooded plots av- 
eraged 11 percent higher than 
that from the unflooded plots. 

In 1961 the fertilizer was ap- 
plied to the plots on July 4. 
There were no significant dif- 
ferences among treatments in 
yields or protein content of the 
herbage clipped at the close of 

the 1961 growing season (Table 
3). When phosphorus fertiliza- 
tion is disregarded, all plots re- 
ceiving 0 nitrogen averaged 3,808 
pounds of air-dry herbage per 
acre with 5.3 percent protein, all 
plots receiving 30 pounds of ni- 
trogen per acre yielded 4,142 
pounds per acre with 6.2 percent 
protein, all plots treated with 60 
pounds of nitrogen per acre 
yielded 4,263 pounds per acre 
with 7.0 percent protein, and all 
plots treated with 90 pounds of 
nitrogen per acre yielded an av- 
erage of 4,386 pounds per acre 
with 7.6 percent protein. When 
nitrogen is disregarded, all plots 
receiving 0 phosphorus yielded 
an average of 3,975 pounds of air- 
dry herbage per acre with 6.8 
percent protein, all plots treated 
with 13.1 pounds of phosphorus 
per acre yielded 4,056 pounds per 
acre with 6.6 percent protein, 
and 26.2 pounds of phosphorus 
per acre yielded an average of 
4,417 pounds per acre with 6.2 
percent protein. The major fac- 
tor affecting the 1961 response 
to fertilizer was whether the 
plots received flood water in 
droughty 1960. The plots receiv- 
ing run-in in 1960 had an average 
of 55 percent higher yields in 
1961 than did the plots not re- 
ceiving run-in in 1960. However, 
the crude protein content of 
herbage from plots in 1961 not 
flooded in 1960 was 33 percent 
higher than that from the 
flooded plots. 

Discussion and 
Conclusions 

Moisture conditions during the 
1957 growing season were 
slightly below average and there 
were no statistically significant 
responses in yield to the ferti- 
lizer treatment even though the 
treatment of 60 pounds nitrogen 
plus 13.1 pounds phosphorus per 
acre resulted in an additional 
1,304 pounds of air-dry herbage 
per acre. There were signifi- 
cantly higher protein values 
with both 40 and 60 pounds of ni- 



trogen per acre. Using costs of 
$86.00 per ton of 33.5 percent 
ammonium nitrate, $81.50 per 
ton of 19.7 percent treble super- 
phosphate, and $1.25 per acre for 
broadcast application, the in- 
creased herbage production from 
the 60 pounds of nitrogen plus 
13.1 pounds of phosphorus per 
acre would cost $17.91 per ton. 

The growing season precipita- 
tion in 1958 was 27 percent above 
average, but soil moisture con- 
ditions were similar to 1957. All 
treatments except 26.2 pounds of 
phosphorus gave significantly 
higher yields than the checks. 
Sixty pounds of nitrogen per 
acre increased yields 1,237 
pounds. Using the above produc- 
tion costs each additional ton of 
herbage would cost $14.47. Some 
of the higher nitrogen treat- 
ments also resulted in signifi- 
cantly higher protein content. 

The 1959 growing season pre- 
cipitation was 61 percent above 
average. In addition, it was so 
well distributed that there was 
a single 60-day period of avail- 
able soil moisture. There was a 
large response to fertilization in 
1959 and all the treatments ex- 
cept 26.2 pounds of phosphorus 
per acre gave significantly 
higher yields than the check. 
Ninety pounds of nitrogen per 
acre increased yields 4,164 
pounds of air-dry herbage per 
acre with production costs of 
$6.16 per ton. The protein con- 
tent of the herbage was also sig- 
nificantly higher as a result of 
the higher levels of fertilization. 

In droughty 1960, only part of 
the plots received run-in water. 
The gypsum blocks measuring 
soil moisture were on the part 
of the area getting some addi- 
tional moisture from run-in. 
When the entire fertilized area 
is considered there were no sig- 
nificant differences in yields but 
some of the high treatments of 
nitrogen resulted in significantly 
higher protein. Even in this 
droughty year on plots receiving 
flood water 60 pounds of nitro- 
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gen plus 13.1 pounds of phos- 
phorus per acre increased yields 
2,579 pounds of air-dry herbage 
per acre above the check at a 
production cost of $9.04 per ton 
of additional herbage. 

The 1961 growing season pre- 
cipitation was 44 percent above 
average but a al-day dry period 
occurred between two periods of 
available soil moisture. There 
were no signif icant differences 
in yields or protein content. The 
tobosa on plots not receiving 
run-in in 1960 had reduced vigor 
and was not able to take advan- 
tage of the excellent moisture 
conditions in 1961. This was also 
a factor in the 1957 trial, since 
the 1958 yields on that area were 
considerably higher than the 
1957 yields. The year 1956 was 
very droughty. It follows then 
that little benefits are to be ex- 
pected from fertilizing tobosa 
following a year of drought 
stress. 

There is no apparent carry- 
over of fertilizer effects from one 
year to the next. The plots fer- 
tilized in 1957 only were clipped 
after the 1958 growing season 
and neither the yields nor the 
protein content reflected any ef- 
fects of fertilizer. Soil analyses 
on plots fertilized in 1958 also 
indicated no carry-over of fer- 
tilizer. 

The greatest yields were ob- 
tained in 1959, when tobosa 
growth was uninterrupted. Ob- 
servations on this study as well 
as other unpublished studies on 
the Jornada Experimental Range 
indicate that yields are reduced 
when growth is interrupted by 
a dry period. 

When statistical analyses in- 
dicated a signif icant difference 
in yield or protein content, in- 
dividual degrees of freedom 
were separated by use of or- 
thogonal polynomials. In all 
cases linear effects of nitrogen 
accounted for the major portion 
of the variability. This would 
indicate that yield and protein 
content were linearly related to 
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the various increments of nitro- 
gen fertilizer. On the 1958 and 
and 1959 yield data, a negative 
quadratic effect of phosphorus 
was also significant. This would 
indicate that the first increment 
of phosphorus, 13.1 pounds per 
acre, gave some increase in 
yields but the second increment, 
26.2 pounds per acre, was little 
better than no phosphorus. 

Under present economic con- 
ditions fertilizing tobosa on flood 
plains generally would be un- 
economical. However, ranching 
units having a limited amount of 
tobosa could well fertilize in 
some years to obtain additional 
summer forage to defer their up- 
land areas for winter-spring 
grazing. Fertilized tobosa flood 
plains would also give higher 
forage yields and higher quality 
hay. Areas to be fertilized 
should have dense stands of to- 
bosa and be so situated that they 
would be most likely to be 
flooded even in droughty years. 
The best rates would be 60 or 90 
pounds of nitrogen per acre plus 
zero or 13.1 pounds of phos- 
phorus per acre. 

Summary 

The 5-year study reported was 
concerned with the effects of ni- 
trogen and phosphorus fertilizers 
on tobosa on a heavy flood plains 
range site in southern New Mex- 
ico. Under all but the best mois- 
ture conditions fertilization ap- 
pears to be generally uneconomi- 
cal at present. During 1959, the 
year having available soil mois- 
ture for a continuous 60-day pe- 
riod, fertilization with 90 pounds 
of nitrogen per acre increased 
herbage production 4,164 pounds 
per acre. During one other year 
(1958) with above-average mois- 
ture, yields were somewhat in- 
creased but not as strikingly as 
in 1959. Herbage yields were 
unaffected by fertilization dur- 
ing another year (1961) of above- 
average precipitation because it 
followed droughty 1960. Even in 
1960, when production as a whole 
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was reduced, plots receiving 
run-in markedly responded to 
fertilization. Moisture conditions 
in 1957 were about average but 
yields were probably reduced by 
the droughty conditions in 1956. 
Protein content of the herbage at 
the close of the growing season 
was generally 20 to 35 percent 
higher with some of the higher 
levels of fertilization than with 
checks. 

Even under present economic 
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conditions ranchers with a 
limited amount of tobosa could 
profitably fertilize flood plain 
sites with 60 or 90 pounds of ni- 
trogen plus 0 or 13.1 pounds of 
phosphorus per acre. The ad- 
ditional herbage could be used 
to give longer growing season 
deferment to upland pastures. 

Tobosa apparently has the 
genetic capability of high pro- 
duction, 7,000 pounds plus of air- 
dry herbage per acre, under high 

levels of available soil moisture 
and with fertilization. 
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Some Effects of Furrow Spacing and Depth 
on Soil Moisture in Central Australia 

R. E. WINKWORTH 

Division of Land Research and Regional Survey, C.S.- 
I.R.O., Alice Springs, N.T. Australia. 

During the course of trials 
near Alice Springs, N.T. on the 
establishment of perennial 
grasses by seeding, treatments 
using widely spaced furrows in- 
dicated that these increased soil 
moisture storage by deep pene- 
tration in the profile but had no 
apparent establishment advan- 
tages (Winkworth, unpublished 
data). It was clear that during 
rain small plowed furrows were 
retaining surface w a t e r flow 
which otherwise would continue 
downslope. The hypothesis that 
a series of favoured soil mo’isture 
sites imposed on an otherwise 
uniform habitat could lead to 
higher plant productivity in an 
arid environment, promoted fur- 
ther investigation. 

Alice Springs has an average 
annual rainfall of about ten 
inches with a high proportion of 
small falls of rain e.g. 35 per- 
cent of the total rain occurs 

II am grateful to Dr. R. 0. Slatyer, 
Mr. R. A. Perry and Dr. M. J. T. 
Norman, Division of Land Research 
and Regional Survey, C.S.I.R.O., 
Canberra for their advice during 
these experiments and their criti- 
cism during preparation of this 
paper. Messrs J. R. DonneZZan, R. 
M. Hodder and R. W. Millington 
gave valuable field assistance at 
different times. 

in falls of less than one inch. 
Evaporation potential is h i g h 
and results in rapid soil drying. 

The purpose of the experiment 
reported here was to examine 
the ability of various furrow 
situations to accumulate run-off 
water; to see if accumulation 
would occur during the lighter 
falls of rain; and if they could 
reduce the rapid drying of the 
uppermost soil especially in the 
zone where seed is usually sown. 

The experiment was carried 
out in a hard spinifex (Trio&a 
basedowii) sand-plain pasture 
land (Perry, 1960), 62 miles 
north-west of Alice Springs. 
Such areas are among the least 
favourable for water harvesting 
since slopes are gentle and the 
soil is very permeable. At the 
site the slope is 0.2 percent. The 
soil belongs to the Connors fam- 
ily of Jackson (1962) and is an 
acid, red, coarse clayey sand to a 
depth of five feet. The field 
capacity is about six percent 
moisture. At 15 atm tension the 
soil contains about 3.5 percent 
moisture. 

Methods 

The spinifex vegetation was 
cleared in two ways, by burning 
and by burning followed by disc 

cultivation. The direction of cul- 
tivation was with the slope. Fur- 
rows were then formed across 
the slope, some with a road 
grader, others with a single- 
share mouldboard plow. The 
shape of the furrows was deter- 
mined by a single passage of the 
implement through the dry sand 
at the required depth. Plowed 
furrows were three to four 
inches deep and grader furrows 
were six and twelve inches deep. 
In a second set of grader furrows 
a V-shaped cut was made at the 
bottom by hand-spade in an at- 
tempt to have a narrow steep- 
sided trench along them. The 
trench soon slumped. Figure 1 
illustrates typical furrows three 
months after forming. 

For each furrow depth three 
spacings were used. These were 
two yards, five yards, and ten 
yards. Each treatment consisted 
of a group of four furrows. The 
uppermost of each group was not 
sampled, its purpose being to 
establish the spacing treatment 
for those downslope from it. The 
groups were disposed at random 
and the whole block split for the 
two clearing treatments. 

The observations made during 
the experiment were as follows: 

Climatic records: Rainfall was 
recorded by a pluviometer and 
temperature and relative humid- 
ity by a thermohygrograph in a 
standard Stevenson screen. 

Water Accumulation: The 
depth to the wetting front in the 
soil profile was measured two to 


