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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 

HERBEL 

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. 

LITERATURE CITED 
FREEMAN, B. N. AND R. R. HUMPHREY. 

1956. The effects of nitrates and 
phosphates upon forage production 
of southern Arizona desert grass- 
land range. Jour. Range Mangt. 9: 
176-180. 

HOLT, G. A. AND D. G. WILSON. 1961. 
The effect of commercial fertiliz- 
ers on forage production and utili- 
zation on a desert grassland site. 
Jour. Range Mangt. 14: 252-256. 

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tages (Winkworth, unpublished 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 
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Table 1. Climatic records at the experimental site 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year 

Rainfall (inches) 

Average daily 
maximum temper- 
ature (OF) 
Average daily 
minimum temper- 
ature (OF) 
Average daily 
3 p.m. relative 
humidity (percent) 

1960 
1961 
1962 
1960 
1961 
1962 
1960 
1961 
1962 
1960 
1961 
1962 

2.39 
0.78 
3.57 

99.8 
98.5 
96.2 
72.5 
74.3 
75.4 
21 
13 
22 

0.75 
0.12 

97.1 
98.4 

73.0 
71.8 

23 
15 

0 0 2.32 0.16 0 0 0 0.98 
0 0.61 0 0 0 0 0 0.08 

93.6 84.7 67.3 67.6 74.0 73.3 85.4 89.2 
99.2 90.7 73.2 71.8 68.2 73.1 85.9 92.0 

60.8 59.5 47.8 43.1 39.3 39.3 51.1 60.1 
65.2 65.7 45.3 40.8 37.0 42.0 54.8 51.4 

21 24 29 25 22 18 17 17 
9 26 31 27 23 21 17 13 

0.10 
0.41 

91.8 
94.5 

61.7 
66.8 

11 
12 

0.89 7.59 
0.02 2.03 

94.2 
101.0 

69.3 
71.3 

15 
10 

three days after rain. Holes were 
sunk with a two-inch Jarrett soil 
auger at the bottom of furrows 
and in the interfurrow space. 
Differences in depth of penetra- 
tion were calculated from eight 
holes per treatment. 

Soil Moisture Content: This 
was determined gravimetrically 
at depths of zero to one inch, one 
to two inches, and two to three 
inches both at the bottom of fur- 
rows and in the interfurrow 
space, there being four samples 
for each furrow depth. Samples 
were taken late in the afternoon 
as well as early morning until 
diurnal fluctuations ceased to be 
significant. 

Depth of InfiZZ: This was meas- 
ured with an array of steel 
markers set at zero at the bottom 
of the appropriate furrows at the 
commencement of the trial. 
There were four markers per 
treatment. 

The furrows with V-trenches 
which had slumped showed the 
same moisture characteristics as 
their counterpart six and twelve 
inch furrows. Data from these 
treatments are omitted. 

Resulfs 
Climate 

Climatic records for 1960, 1961 
and January 1962 are set out in 
Table 1. The rainfall during this 

period was exceptionally low and 
the main sampling was restricted 
to five out of seven significant 
falls in January, February, May 
and October 1960 and January 
1962. The temperatures were, if 
anything, slightly above normal 
possibly because of the drier con- 
ditions. 

Wafer Accumulation 

Water penetrated more deeply 
in furrows than in the interfur- 
row areas in most instances. The 
results have been expressed as 
the difference, and thus the in- 
crement, in moisture penetration 
beneath the furrows (Table 2). 
Increments exceeding four feet 

Table 2. Increase in depth of wafer penetration under furrows as compared with inferfurrow spaces. 

Furrow depth 
(inches) Plow (3-4) 6 12 

Sampling 
Date 

Furrow spacing 
(yards) 2 5 10 Mean 2 5 10 Mean 2 5 10 Mean 

----------- (Inches) - - - - _ _ _ _ _ _ _ 

Burnt 3.1 2.0 2.8 2.6 9.1 13.4 5.9 9.5 7.9 10.6 8.7 9.1 
Jan. 20, 1960 Burnt and cultivated 2.8 2.8 2.8 2.7 6.3 10.6 6.3 7.7 4.7 6.7 6.7 6.0 

Mean 3.0 2.2 2.8 2.7 7.7 12.0 6.1 8.6 6.3 8.7 7.7 7.6 

Burnt 3.5 7.9 21.7 11.0 2.0 24.0 13.4 13.1 -2.8 17.3 12.2 8.9 
Feb. 1, 1960 Burnt and cultivated 5.1 10.2 2.0 5.8 1.2 17.3 20.9 13.1 12.6 29.1 24.0 21.9* 

Mean 4.3 9.1 11.9 8.4 1.6’ 20.7 17.2 13.1 4.9” 23.2 18.1 15.4 
Burnt 3.1 7.5 8.3 6.3 23.6 29.9 7.9 20.5 22.0 31.1 10.6 21.2 

May 4, 1960 Burnt and cultivated 7.9 1.2 2.8 4.0 6.7 8.7 22.4 12.6 35.8 30.3 33.5 33.2* 

Mean 5.5 4.4 5.6 5.2 15.2 19.3 15.2 16.6 28.9 30.7 22.1 27.2 

Burnt 3.1 3.5 3.5 3.4 9.1 7.5 4.3 7.0 4.3 4.7 6.7 5.2 
Oct. 14, 1960 Burnt and cultivated 2.4 1.2 3.9 2.5 7.1 8.3 3.9 6.4 4.7 3.1 13.0 6.9 

Mean 2.8 2.4 3.7 3.0 8.1 7.9 4.1 6.7 4.5 3.9 9.9 6.1 

Burnt 11.8 16.1 -2.0 8.6 24.8 9.8 13.0 15.9 40.6 39.4 49.2 43.1 
Jan. 18,1962 Burnt and cultivated 0.8 5.5 17.7 8.0 32.7 31.5 21.7 28.6* 14.6 36.2 48.4 33.1 

Mean 6.3 10.8 7.9 8.3 28.8 20.7 17.4 22.3 27.6 37.8 48.8 38.1 
*Significant 
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Table 3. Time taken for soil moisture to reach 15 afm tension in furrows 
and between furrows 

October, 1960 January, 1962 

Soil Depth (Inches) Soil Depth (Inches) 
Furrow Depth O-l l-2 2-3 o-1 l-2 2-3 
(Inches) -___- _-_- (Hours) -___ --___ 

0 (Interfurrow) 30 78 84 26 108 * 
3-4 30 72 92 26 60 104 
6 30 48 76 26 72 106 
12 30 68 84 26 54 60 

*Not determined but exceeds five days 

ments on two occasions may 
have resulted from sampling at 
‘high spots’ in the furrows. They 
fall within intra-treatment vari- 
ability encountered in the ex- 
periment. 

After 0.98 inches of rain in 
October 1960 deeper penetration 
of moisture occurred under all 
furrows. 

Topsoil Drying 

Table 4. Depfh of maferial deposited in furrows. 

Clearing Method 

Burnt and Cultivated Burnt 

Furrow Spacing (Yards) 

Furrow Depth 2 5 10 2 5 10 Mean 
-------- (Inches) -__---__ 

3-4 
6 
12 

Mean 

1.7 2.0 1.7 1.4 1.2 1.5 1.6 
1.7 1.7 1.8 1.3 1.3 0.9 1.5 
2.2 2.3 2.1 1.8 2.0 1.9 2.1 

1.9 1.5 

and total depths exceeding six herent variations in the perme- 
feet were measured. One foot of ability of the soil mass. Greater 
soil moisture storage is equiva- replication may have given more 
lent to approximately 1.2 inches stringent comparisons w h i c h 
of rain. were significant on f i v e in- 

The six and 12 inch furrows stances. Mean negative incre- 
consistently accumulated more 
moisture than the plow furrows. 
During the heavy rains of May 
1960 and January 1962 the 12- 
inch furrows accumulated more 
than the six inch furrows. From 
two to four-fold increases in 
depth of penetration from the 
plow to six inch furrows are 
shown in Table 2. Increases from 
the six to 12 inch furrows were 
less. 

Routine sampling during the 
earlier part of the experiment 
showed that topsoil was drying 
in less than two or three days. 
Drying appeared equally rapid 
at the bottom of furrows. Con- 
sequently, intensive frequent 
sampling was planned for the 
next wet periods to plot more de- 
tailed drying curves. Occasions 
arose in October 1960 and Janu- 
ary 1962. The times taken for 
each soil layer to dry to the 15 
atm tension after rain ceased 
was determined by interpolation 
from graphed data and are given 
in Table 3. 

In October the top inch of soil 
dried to 15 atm tension in about 

6 inch & V-trench 

6 inch 

The effects of wider furrow L 
spacing and of cultivating after k 
burning a r e inconclusive. In- 
creased penetration occurred in a 
minority of instances. On the 
occasions when treatment effects 
were significant penetration in- 
creased from the two to five yard 
spacing and also was greater in 
the cultivated area. 

The depth to the wetting front 
was very variable due to varia- 
tions in micro-relief, to small 

Plow ( 3-4 inch) 

I I I I I I I I 
FEET 

rivulets depositing water in low 
troughs in the furrows and to in- 

FIGURE 1. Cross sectional outlines of the five furrow designs three months after being 
formed. 
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strated. Weather conditions dur- 
ing and after rain were typical. 
The furrows were aligned east- 
west with the banks on the 
southern side, and thus dl!ring 
summer shading of the bottom 
was negligible. In situations 
where the slope is east-west it is 
possible that shading would be 
more effective, but it seems un- 
likely that orientation will give 
any practical reduction of either 
radiation or advective effect. 
Steep sided trenches along the 
bottom of furrows were expected 
to create a shaded, more humid 
and cooler micro-climate but 
they were eliminated by sheer 
mechanical instability. 

The top one inch of soil, where 
seed has usually been sown, re- 
mains below 15 atm moisture ten- 
sion for the duration of the wet 
period plus one day. Assuming 
that germination is severely 
limited at tensions exceeding 15 
atm then rain periods of at least 
four to five days duration would 
seem necessary to ensure seed- 
ling emergence. This may ac- 
count for poor results in previous 
range seeding trials. Observa- 
tions during them indicate the 
minimum time for emergence at 
about five days. 

The one to three-inch layer of 
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soil remains moist for from two 
to five days after rain. On the 
average it remains above the 15 
atm tension for two days longer 
than the soil above which is act- 
ing as a mulch. This strongly sug- 
gests that deeper sowing will en- 
hance emergence provided cole- 
optile extension is not retarded. 
Humphreys,” using seed of 
Cenchrus ciliaris (buffel grass) 
in well-watered pots found only 
slight retardation of germination 
rate at a sowing depth of two 
inches. Sowing at this depth may 
also allow germination after 
shorter rain periods which occur 
more frequently. 

Summary 

Furrows were formed on a 
gently sloping spinif ex sand- 
plain in central Australia. Fur- 
rows three, six and 12 inches 
deep were spaced two, five and 
ten yards apart across the slope. 
During five rainy periods in two 
years surface flow water accu- 
mulated in the furrows resulting 
in increased depth of penetration 
in the soil profile under them. 
Spacing effects were inconclu- 
sive and greater accumulation in 
the deeper furrows is possibly 
due to their larger and steeper 

2Unpublished M. SC. Ag. Thesis. 

banks. Soil moisture increments 
were obtained from rain falls of 
only one inch. From heavier falls 
increases in storage under fur- 
rows reached the equivalent of 
five inches of rain. The results 
indicate the possibility of in- 
creasing the moisture supply to 
perennial pasture plants with 
deep root systems by growing 
them in furrows. 

The time taken for soil to dry 
to 15 atm moisture tension was 
the same at the bottom of fur- 
rows as between furrows. The 
top one inch of soil reached this 
tension just over one day after 
rain ceased. Seed has usually 
been sown in this layer in range 
seeding trials. The one to three 
inch layer remains moist from 
two to five days after rain. As- 
suming that germination is 
severely limited at tensions ex- 
ceeding 15 atm it is suggested 
that deeper sowing may be 
necessary for satisfactory seed- 
ling emergence. 
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Grazing Use Checks on The Wichitas 
CLARENCE E. KINGERY’ 

Range Conservationist, Soil Conservation Service, OkZa- 
homa City, Oklahoma. 

The basic objective of the 
Wichita Mountains Wildlife Ref- 
uge is to maintain an ecological 
balance between the animals on 
the range and the forage re- 
source. A definite effort is being 
made to upgrade the range to- 
ward an optimum condition for 
wildlife use and to serve as a 
prime example of range man- 
agement in the southern Great 
Plains area. 

With this stated range man- 

agement objective, the Bureau 
of Sport Fisheries and Wildlife 
of the U. S. Fish and Wildlife 
Service has preserved in the 
Wichita mountains near Lawton 
in southwestern Oklahoma an 
outstanding, 59,020-acre example 
of natural grassland populated 
with native wild game and long- 
horn cattle. This important na- 
tional refuge lies along the east- 
ern edge of the Rolling Red 
Plains of Oklahoma. It is pic- 

turesquely set in the Wichita 
mountains, a chain of igneous 
hills surrounded by the permean 
redbed plain locally impregnated 
with granite mountain outwash 
material. Elevations range up 
to 2,479 feet above sea level. The 
highest point is on Mount 
Pinchot in the western part of 
the area. Over a fifty-year pe- 
riod precipitation at the refuge 
has averaged 30.42 inches. Only 

1The author acknowledges the help- 
ful suggestions provided by Julian 
A. Howard, Manager, Wichita 
Mountains Wildlife Refuge, and 
Arthur F. Halloran, Biologist, who 
serves this and other refuges of the 
Bureau of Sport Fisheries and 
Wildlife, 


