Soil-water utilisation and sustainability in a semi-arid
grassland

HA Snyman
Department of Grassland Science, University of the Orange Free State, PO Box 339, Bloemfontein 9300, South Africa

Abstract

The impact of different botanical composition classes, viz. poor, moderate and good, on soil-water balance, water-use efficiency
(WUE: crude protein produced per unit of evapotranspiration), productivity and soil temperature were determined in a semi-arid
grassland during four growing seasons(1995/96 to 1998/99). |n addition, the same measurementswerea so made on an undisturbed
baresoil surfaceand soil cultivated twiceper annum, only for thelast four years. Evapotranspiration wasdetermined by quantifying
the soil-water bal ance equation with the aid of runoff plotsand soil-water content measurements. Crude protein content cal culated
from N-content (Kjeldahl-method) of theleaves, stems and seed was determined. Though the percentage crude protein content of
grassland in good condition was generally lower (P<0.01) than that of grassland in poor condition, crude protein production was
still significantly (P<0.01) higher when expressed as total quantity of above-ground phytomass produced. Water-use efficiency
declined significantly (P<0.01) with grassland degradation. Grassland in good condition averaged a WUE of 0.29 kg crude
protein-ha*-mmr during four growing seasons. Higher surfacerunoff occurringingrassiandin poor condition duetolessvegetation
cover, caused soil-water content to be much lower than that of grassland in good condition. Soil-water storage increased by 31%
dueto cultivation. Veld degradation resulted in soil temperatureincreasing up to 8.5°C at adepth of 50 mm during December. An
important requirement for sustainablegrassland productionin semi-arid climates, iseffective soil-water management, whichisonly

possible when the veld isin good condition.

Introduction

It is estimated that 82% of the land available in South Africafor
agricultural purposes or 68 million ha veld (native pasture), can
only be effectively utilised by grazing ruminants (Snyman, 1998).
The South African veld types are extremely diverse in terms of
botanical composition (Acocks, 1988), productivity in terms of
nutritive value (O’ Connor and Bredenkamp, 1997), and therefore
the ability to sustain animal production. Furthermore, large vari-
ations in grassland production, primarily due to differences in
annual rainfall aswell asitsdistribution, occur at any specific site
between years and are invariably reflected in animal performance
(De Waal, 1990).

Thecyclic nature of theannual precipitation and theunreliable
distribution of the seasonal rainfall of Southern Africa, result in
long extensive droughts and shorter seasonal droughts (O’ Connor
and Bredenkamp, 1997). Greater incidence of drought isrelevant
totherisksassociated with ranching activities. Accuratebalancing
of thestored soil water withtheexpected water deficitfor grassiands
in different conditions is a means of lowering risk in fodder flow
planning (Snyman, 1999b). Thisrequiresasound knowledgeof the
soil-water balanceand thequantification of each component thereof.

In South Africa, grasslands and forestry together utilise ap-
proximately 62%, and dryland crop production 12%, of therainfall
(Bennie et a., 1997). Asrainfal is the limiting environmental
factor that determines grassland production in the arid and semi-
arid areas (Snyman, 1998), sustainable utilisation of the grassland
ecosystem must emphasi sethe capturing and efficient useof water.
Community composition hasadecisiveinfluenceontheproductiv-
ity and eventually onthegrazing capacity expected fromgrasslands
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(Snyman, 1997a). Although the farmer cannot control therainfall
onhisfarm, hecandirectly and/or indirectly influenceitseffective-
ness, since grassland condition is influenced by management
practices (Snyman, 1999a).

Water-use efficiency (WUE) (expressed in kg above-ground
phytomass production or kg crude protein for each mm of
evapotranspiration) isaconvenient and suitabletool toevaluatethe
productivity of agrassland ecosystem. In calculating WUE, most
researchers (Le Houérou, 1984; Snyman, 1988; 1998; 1999b;
Snyman and Fouché, 1991) only expressit interms of the quantity
of dry matter (DM) produced per unit water consumed, while its
calculation in terms of crude protein produced per unit of water
consumed, receiveslittleattention at present. Thelatter calculation
can make a large contribution to the estimation of short-term
nutritive value of grassland in a specific condition, given the
quantity of rainfall received or water consumed.

The purpose of this study wasto investigate the ability of veld
to efficiently utilise limited soil-water in the semi-arid Central
grassland and to identify the influence of veld degradation on
water-use efficiency and productivity. This study identified the
seasonal soil-water withdrawal pattern generally occurring under
different compositional states, as well as the extent of water loss
from bare soil.

Procedure
Site description

The study was conducted in Bloemfontein (28°50'S; 26°15'E,
atitude 1350 m), whichissituatedinthesemi-arid summer rainfall
(annual average 560 mm) region of the Republic of South Africa.
Rain falls amost exclusively during summer (October to April),
withanaverageof 78rainy daysper year. Mean maximummonthly
temperatures range from 17°C in July to 33°C in January, with an
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average of 119 frost days per annum (Schulze, 1979).

The data were collected from a typical Dry Sandy Highveld
Grassand (Grassland Biome) (Bredenkamp and Van Rooyen,
1996), with aslope of 3.5%. The soil isafine sandy loam soil of
the Bloemdal Form (Roodepoort family — 3 200) (Soil Classifica
tion Working Group, 1991). The percentages of clay increases
down the profile from 10% in the A-horizon (0 to 300 mm depth),
to 24% in the B1-horizon (300 to 600 mm) and 42% in the
B2-horizon (600to 1200 mmdepth). Thebulk densitieswere1484
kg-m for horizon A, 1563 kg:-m for horizon B1 and 1 758 kg-nm3
for horizon B2. The upper limit of the soil-water holding capacity
for the layers 0 to 300 mm (A-horizon); 300 to 600 mm (B1-
horizon); 600 to 900 mm (B2-horizon) and 900 to 1 200 mm (B2-
horizon) are 69 mm; 73 mm; 82 mm and 82 mm respectively.

Treatments

The experimental layout wasafully randomised design consisting
of five treatments with three replications. Grassand in three
different compositional classes (good, moderate and poor), undis-
turbed bare soil surface and a soil cultivated twice per annum
(December and June) were studied from 1995/96 to 1998/99. The
treatmentswereintended to reflect the compositional stateswhich
could arise asaresult of different grazing histories on thisvegeta-
tiontype, described by Potts (1923); Mostert (1958); Vanden Berg
etal. (1975) and Snyman (1988; 19974), asbeingingood, moderate
and poor condition. In this grassland, grazing is not random but
involves certain functional groups of plants being advantaged,
leading in time to fundamental changes in community organisa-
tion. A distinct composition and basal cover therefore character-
ises each treatment.

The study involved 15 runoff plots, each measuring2mx 15m,
with an average slope of 3.5%. Plot edging was done by overlap-
ping short lengths of iron sheeting, placed in the soil to a depth of
200 mm. Thewater was collected with agutter fixed at the bottom
end of each plot and sampledin 1 000 | water tanks (placed into the
soil). Basal cover and botanical compositionweredeterminedwith
a bridge-point apparatus (Walker, 1970; Snyman and Fouché,
1991). During each growing season 500 points (nearest plant and
strikes) wererecorded per plot. From 1995 the grassland had been
artificially kept in the above-mentioned condition classes. After
determiningthebasal cover and botanical composition, all undesir-
ableor invader species(withrespect to each specific

(1999), was used to determine the crude protein content. A
calorimetric technique (Technicon, 1977) was used to determine
N-content following Kjeldahl digestion of the plant material in
concentrated sulphuric acid. Crude protein content, calculated
from N-content of the whole above-ground organs (leaves, stems
and seed), was determined in the middle and at the end of each
month.

Water-use efficiency (WUE) is defined as the quality (crude
protein content) of dry matter produced per unit of water
evapotranspired. Evapotranspiration (Et) wasdetermined by quan-
tifying the soil-water balanceequation (Hillel, 1971). Rainfall was
measured daily with rain gauges. The runoff data used in the soil-
water balance were taken from Snyman and Oosthuizen (1999).
The soil-water content was monitored with the aid of a neutron
hydroprobe (Model CPN 503). Two neutron probe access tubes
wereplacedineachplot, toadepthof 1.5m. Thesoil-water content
was monitored at 200 mm depth intervals every fourth day. The
neutron hydroprobewascalibrated for each horizon (Snymanetal.,
1987).

Soil temperature was recorded with mercury thermometers
onceaweek in each plot at 14:00 at 50, 100 and 200 mm depthsfor
al treatments. Although the thermometers were not properly
ventilated, they wereshielded. All datawereanalysed usingaone-
way analysis of variance technique (Winer, 1974).

Results and discussion
Botanical composition and basal cover

The average grassland condition score (expressed as a percentage
of that in abenchmark site) during the experimental period ranged
from 92.21% to 32.01% and the basal cover from 9.00% to 3.40%
(Table 1). Grassand in good, moderate and poor condition was
respectively dominated by Themeda triandra, Eragrostis chloro-
melas and Tragus koel erioides, which formed 56%, 38% and 40%
respectively of thespeciescomposition of each grassland condition
class (Table 1). Grassand in good condition consisted of 66%
Decreaser species, grassland in moderate condition of 61% In-
creaser 11(a) species, and an average of 63% of the species in
grassland in poor condition, were Increaser 11(c) species.

veld condition class) were actively removed with
minimum disturbance.

Grassland condition was determined according
to the method of Fourie and Du Toit (1983). When
the specieswere classified, the desirability interms
of grazing value (dry-matter production, palatabil-
ity, nutritivevalue, whether perennial or annual, and
grazing resistance) as well as the ecological status
(decreaser and increaser species), as defined by
Foran et a. (1978), were taken into consideration.
The classification of dry Themeda - Cymbopogon
grassland into different ecological groups as de-
scribed by Fourie and Visagie (1985) was used.
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Data collection

Monthly herbage production that was determined
for each grassland condition class, by clipping10 m?
of plantsto aheight of 30 mm in each treatment at
the end of each month by Snyman and Oosthuizen

334 |SSN 0378-4738 = Water SA Vol. 26 No. 3 July 2000

Sept Oct Nov Dec J;m Féb

M'ar Apr

Months

Figure 1

Monthly average evapotranspiration (mm) for veld in different condition
classes (good, moderate and poor) and evaporation (mm) from bare soil from

the 1995/96 to the 1998/99 growing seasons.
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TABLE 1
PerRCENTAGE SpPecies ComPosITION, EcoLocicaL STaTus ToTALs, BasaL Cover AND VELD CONDITION SCORE
FOR EacH ConbiTioN CLAss FRoM THE 1995/96 1o THE 1998/99 SEASON
Ecological Species Veld condition status
status
Bench- Good Moderate Poor
mark
Decreaser Digitaria eriantha 0.17 7.10 0.10
Panicum stapfianum 0.20
Soorobolus fimbriatus 0.52 2.16 0.10
Themeda triandra 81.06 56.10 3.10
Decreaser total 81.75 65.56 3.30
Increaser 11(a) Cymbopogon plurinodis 121 414 115
Digitaria argyrograpta 4.24 317 412 1.00
Eragrostis chloromelas 8.13 10.16 38.16 11.05
Eragrostis lehmanniana 292 13.15 14.20
Eragrostis superba 111 2.00
Heteropogon contortus 0.37
Setaria sphacelata var.
sphacelata 211 211 1.00
Increaser 11(a) total 13.95 2281 60.69 27.25
Increaser 11(b) Cynodon hirsitus 2.00 3.04
Eragrostis obtusa 0.09 0.10 8.47 2.10
Elionurus muticus 7.00 10.12
Triraphis andropogonoides  0.09 9.12 5.16
Increaser |1(b)total 0.18 7.10 29.71 10.30
Increaser 11(c) Aristida congesta 0.26 220 414 19.70
Lycium tenue 112
Tragus koelerioides 147 2.33 2.16 40.20
Walafrida saxatilis 1.30 255
Increaser I1(c)total 412 453 6.30 62.45
Increaser Il total 18.25 34.44 96.70 100.00
Veld condition
score 919.85 848.20 582.97 294.40
Veld condition (%) 100 92.21 63.38 32.01
Basal cover (%) 9.06 9.00 6.15 3.40

Evapotranspiration (Et) and evaporation (Es)

The average Et of the plant covered treatments and Es of the bare
soil treatments differed significantly (P<0.01) from each other for
every month of the growing season, except the cultivated treat-
ments (not given in Fig. 1), which differed non-significantly
(P>0.05) from grassland in moderate condition (Fig. 1). Withveld
degradation, Et decreased significantly (P<0.01) (Fig. 1). Grass-
land in good condition evapotranspirated on average 22% more
water than grassland with a poor vegetation composition over the
four growing seasons.
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In all treatments the highest Et and Es occurred during the
1996/97-season, during which 18% more rain fell than the long-
term average for the area. The highest Et and Es were measured
during January for al treatments (Fig. 1). During this month the
highest averagerainfall occurred, during the four yearsof thetrial,
which is 12% more than its long-term average.

The bare uncultivated area had a 35% lower Es than the Et
obtained from grassland in good condition during the experimental
period. Thedirect Esfrom the bare uncultivated soil was 69% of
the infiltrated rainfall for this treatment.
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TABLE 2
SEAsSONAL (SEPTEMBER To APRIL) CRUDE PRoOTEIN AND WATER-USE EFFiciENcY (WUE) (Maximum-MIiNIMUM MONTHLY
RANGES IN BRACKETS) FOR DIFFERENT VELD CoNDITIONS, FROM THE 1995/96 To THE 1998/99 SEASONS.
LeasT SiGNIFICANT DiFFeReNCES (LSD) ARE CALCULATED AT THE 1% LEVEL.
Year Rainfall Crude protein (kg-ha?) WUE (kg crude protein ha*:mm)
(mm)
Veld condition LSD Veld condition LSD
Good Moderate Poor Good Moderate Poor
1995/96 5901 174.00 108.24 56.72 40.96 0.29 0.18 0.10 0.05
(47.66-3.07) | (45.22-0.73) | (23.18-1.87) (0.48-0.05) | (0.23-0.01) | (0.27-0.03)
1996/97 598 215.68 136.64 50.72 74.00 0.36 0.23 0.08 0.09
(70.00-0.74) | (32.65-3.29) | (15.63-1.16) (0.61-0.02) | (0.35-0.12) | (0.30-0.05)
1997/98 454 134.80 105.04 38.80 25.68 0.29 0.23 0.085 0.02
(57.85-0.40) | (50-78-1.64) | (20.76-0.86) (0.39-0.04) | (0.35-0.04) | 0.15-0.06)
1998/99 369 76.08 64.00 25.52 10.48 0.21 0.17 0.07 0.02
(15.42-1.95) | (17.56-2.93) | (10.49-0.82) (0.37-0.06) | (0.44-0.09) | (0.28-0.09)
Average 503 150.14 103.48 42.94 0.29 0.20 0.08

Crude protein

Grassland in poor condition had thehighest (P<0.01) crude protein
inall growing seasons, except for September and the beginning of
October (Fig. 2). The highest crude protein content occurred in
middle September, where it formed an average of 12.61% and
12.84% of the dry material for grassland in good and moderate
condition respectively. Thelower crude protein content found in
plant material as grassland condition improves, ispossibly caused
by the soil reserves of water being used for high dry matter
production per unit areadelivered by grassiand in good condition.
Theremoval of grasstuftsin asemi-arid areacould increase grass
leaf N-content of the remaining tufts (Van de Vijver, 1999). Van
deVijver attributesthiseffect toincreased avail ability of soil N per
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individual grasstuft duetothereduction of thenumber of grasstufts
per area. The significantly low crude protein in plant materia
occurring ingrassland in poor condition during September (Fig. 2)
can beascribedtomost of the plantsoccurringinthiscompositional
class, being pioneers. These poorly perennia plants have a
disadvantage compared to the perennial plants, in that limited soil
reserves of water are available for regrowth in spring (Oosthuizen
and Snyman, 1999). The perennial plantswith their better distrib-
uted root system (Snyman, 1993) are also better adapted for rapid
regrowth than pioneer plants, which is a further reason for better
regrowth in spring as compositional state improves.

The gradual decrease in percentage crude protein occurring
after the spring and reaching alow at the end of December, can be
ascribed to most of the plants being in full seed at that stage and
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gradually becoming dormant. The crude protein percentage of
grassland in good condition was as low as 4.21% at the end of
December, almost similar to that reached in middle April whenthe
first frost occurred. Most of the growing seasons were character-
ised by a mid-summer drought (middle December to middle
January) that could also contribute to a decrease in crude protein
percentages (Fig. 2). The centra grassand area is normally
characterised by a second growing season, which usualy starts
during the middle of January, resulting in a second peak in crude
proteinat theend of January (Fig. 2). About themiddleof February,
during most seasons, the grassesstart becoming reproductiveagain
with arapid decreasein crude protein asthe season progressesand
the plants become dormant. Remarkably, similar seasonal varia-
tion and trends in crude protein content of the diet selected by
oesophageally fistulated sheep on the same veld type is docu-
mented (De Waal, 1990).

The seasonal crude protein (expressed in kg-ha?) differed
significantly (P<0.01) between the different grassland conditions
(Table 2). Though grassland in poor condition had for most of the
year asignificantly (P<0.01) higher seasonal percentage of crude
protein than grassland in good condition, the crude protein, ex-
pressed in kg-ha was very low (Table 2) due to lower (P<0.01)
above-ground dry matter production accompanying veld degrada-
tion. Grassland in good, moderate and poor condition produced on
average respectively 2145; 1317 and 551 kg dry matter-ha? per
season (Snyman and Oosthuizen, 1999). The lowest seasonal
production (1 126 kg-ha) obtained for grassland in good condi-
tion, wasstill significantly higher than the highest (731 kg-ha?) for
grassland in poor condition.

The highest crude protein per hectare for grassland in good
condition was obtained during the high rainfall season (1996/97)
(Table 2). Regardless of the quantity of rainfall occurring in a
season, grassland in poor condition had a notably low production
in crude protein per area (Table 2). The better the grassland
condition, the more effective the reaction obtained in terms of
crude protein production per hectare. A general conclusionisthat
in semi-arid grassland, annual primary production dependsmainly
on the interaction between rainfall and composition/basal cover.

Soil-water content

Though soil-water content was monitored for every treatment in
every growing season, only atypical water uptake pattern (1997/98
season) ispresented graphically (Figs. 3and 4). Asthefirst half of
this season was accompanied by notably low rainfall and therefore
mirrored a small variation in soil-water content, the latter is
graphically presented only from 26 December 1997. Considering
that thesoil-water contentinall treatmentswasa most (P>0.05) the
same at the start of the experiment, it was lower during only four
yearsby an average of 12% dueto poorer compositional state. The
soil-water content of the bare uncultivated sites was on average
53% lower during the study period than that of veld in good
condition. Water storage increased in the cultivated plots as the
seasons progressed due to periodic cultivation resulting in high
infiltration and the fact that there was no vegetation for water
withdrawal .

After only three yearsof cultivationthe A; B1 and first half of
the B2 horizon werefilled to full storing capacity, whiletherest of
the B2 horizon was only filled up to 60% of the storage capacity
(Fig. 4). Therefore, the upper limit (drained upper limit) soil-water
holding capacity for thelayers0to 300 mm; 300 to 600 mm and 600
to 900 mm for this soil form are 68 mm; 73 mm and 80 mm
(obtained from the cultivated treatment without plants (Fig. 4)).
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This specific season (1997/98) was accompanied by signifi-
cantly low runoff lossesinall treatments (Snyman and Oosthuizen,
1999), making the soil-water withdrawal pattern for the different
grassland conditions in Figs. 3 and 4 <till more significant. The
soil-water content, as graphically presented in Fig. 3 can thus be
seenmainly asapresentation of thecumulative effect of vegetation
changes during four years on the soil-water content.

A considerable variation occurred in the utilisation and water
withdrawal patternin all compositional classes, especialy in the
first 300 mm soil depth, during the growing season (Fig. 3).
Resulting from sparser vegetation covering and higher (P<0.01)
surfacerunoff accompanying grassland deterioration (Snymanand
QOosthuizen, 1999), soil-water content of grassland in poor condi-
tion was significantly (P < 0.01) lower than that of the better
compositional states especially over the first 600 mm depth. The
contribution of Es on the plant covered treatments may be much
morewith grassland degradation than previously believed. Thisis
supported by Snyman (1998) who statesthat thelargest percentage
of soil dryingimmediately after wetting, inthe semi-arid areas, can
be ascribed to evaporation (Es) from the soil surface. The magni-
tude of direct Es from the soil surface in arid and semi-arid
grasslands might rangefrom 20%to 70% of theinfiltrated rain (Le
Houérou, 1984). Thoughit could be expected that climax plants of
grasslandingood conditionwill withdraw morewater (Et) fromthe
top soil layer, dueto their better distributed root system (Snyman,
1994) and higher production (Snyman and Fouché, 1991) than
pioneer grassland with a weakened root system, the reverse was
proved duringthisstudy. From 20 January 1998t04 February 1998
the water withdrawal (during which no rain occurred) from grass-
land in good condition was, for example, 60 mm over the first 300
mm depth vs. the water loss of 77 mm for deteriorated grassland.
AccordingtoVandeVijver (1999), removal of grasstuftsinasemi-
arid Savanna could not significantly affect soil-water content, but
increased grassleaf N-content of the remaining tufts. Higher root
density of deteriorated grasslandinthetop 0to 300 mmlayer could
be associated with higher Et in this study.

Itisclear from Fig. 3 that the 300 to 600 mm layer for veld in
good condition, maintai ned ahigh soil-water content (nearly filled
tofull water storing capacity) during agreat deal of theseason. The
stronger supplementation of water to this layer due to low runoff
(Snyman and Oosthuizen, 1999) and also greater withdrawal of
water by the deeper roots of the climax species (Snyman, 1994),
could bethereasonsfor thishigh soil-water content. Though more
than 80% of the root mass of perennial veld grassesisfound inthe
top 150 to 200 mm soil layer (Tainton, 1981; Moore, 1990;
Snyman, 1994) and is responsible for production, the importance
of deeper roots contributing towards survival of the plant during
water stressmust not beunderestimated. Climax grasseshavebeen
known to withdraw water from deeper than 2 m during drought
periods (Snyman, 1994). Unfortunately no root depths or root
densities were measured during this study.

Inall compositional classes, the soil-water content to adepth of
900 mm was only dlightly supplemented over the growing season
(Fig. 3). Duetothevariableand low rainfall of semi-arid regions,
the general tendency is that the perennial herbaceous layer with-
draws water from throughout the whole soil profile during the
growing season and can store much water for afollowing growing
season or period (Fig. 3). Grasses in these areas generally grow
optimally for relatively short periods before temporary wilting
takes place (Snyman, 1993; 1998). Deep percolation beyond the
root zone (i.e. more than 900 mm) did not occur under plant cover
inthisstudy (Fig. 3). Similarly, Snymanand Fouché (1991) did not
find evidence of deep percolation (up to 800 mm) inthe same semi-
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Figure 3

Soil-water content (mm) (measured every fourth day) over
different depths for veld in good (A), moderate (B), and poor (C)
condition for the period 26 December 1997 to 24 April 1998

aridgrassland over al12-year study period. It appearsthatinthearid
and semi-arid areas, deep percolation only occursunder extremely
high rainfall conditions (Fischer and Turner, 1978; Scholes and
Walker, 1993; Snyman, 1994; 1997b; Bennieetal., 1994; Snyman
and Oosthuizen, 1999). The long-term seasona percolation of
water through a soil profile covered by vegetation is therefore
negligibleinthese areas. Thelower limit plant availablewater for
the different layers 0 to 300 mm; 300 to 600 mm; 600 to 900 mm
and 900 to 1200 mm for this veld ecotope obtained from the plant
covered treatmentsare 15 mm; 25 mm; 28 mm and 22 mm (Fig. 3).
The quantity of water which can be stored in the soil profilevaries
mainly with the silt plus clay content and depth (Bennie, 1991)
whilethetype of clay mineralsand organic matter content (Van de
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Soil-water content (mm) (measured every fourth day) over
different depths for bare (A) and cultivated (B) soil, as well as
rainfall (C) for the period 26 December 1997 to 24 April 1998

Vijver, 1999) can also make a contribution. The storage capacity
of availablewater for grasses of most soilsin the semi-arid areas of
Southern Africawhere grassland isfound, varies between 100 and
120 mm-mr depth (Bennie, 1991), which is more or less the same
for this study.

About three years after starting thetrial, the water withdrawal
period (30 December 1997 to 20 April 1998) showed that soil-
water content of grassland in good condition was 30; 20; 15 and 5
mm higher at the depths, 300; 600; 900 and 1 200 mm than that of
grassland in poor condition as presented in Fig. 3. The soil-water
content of the bare uncultivated areas over the first 300 mm depth
did not vary as much during the season, as was the case with the
vegetated sites. The soil-water content of the bare uncultivated
sites (Fig. 4) was significantly (P<0.01) lower than those of the
denser plant-covered sites for periods of successiverainfall, up to
300 mm deep, and higher during the drier periods. Theconclusion
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can be made that the extent of Es from the soil surface in bare
uncultivated soil is considerable just after a rain shower, while
more water is withdrawn (Et) by vegetation during more arid
periods from the top soil layers, as the plant cover grows denser.

Up to a depth of 600 mm, the soil-water content of the bare
uncultivated areas was significantly (P<0.01) higher during the
season than that of the plant-covered sites. The reason for these
differencesisthewater withdrawal by plant roots of the vegetation
intheplant-covered sitesover thesedepths. Thesoil-water content
of the bare, uncultivated soil was as much as 15 mm higher than
those of the plant-covered sites up to a depth of 1 200 mm on
averagefor the season. Thisagain emphasi sesthe conclusion that
thedifferent compositional classeswithdraw water over thewhole
soil profile. Deeper than 600 mm, the soil-water content of thebare
siteswhich were cultivated and undisturbed, differed non-signifi-
cantly (P>0.05) from each other. The soil-water content of the
cultivated sites was significantly (P<0.01) higher than all other
treatmentsto adepth of 600 mm and even 85 mm higher than those
of the plant-covered sites over the first 300 mm depth (Fig. 4).

Water-use efficiency (WUE)

The low WUE during November/December and March/April
(Fig. 5), occurred within the reproductive phase of most grass
species within aspecific grassland compositional class. With the
onset of the season al the compositiona states had a reasonably
high WUE, which can be ascribed to the markedly high crude
protein content of the plant material during that period (Fig. 5).
Most grasses underwent another active growing period, after the
reproductive phase at theend of December, which can be observed
inFig. 5inthe WUE increase, dueto an increasein crude protein.

The seasonal average WUE of 0.29 kg crude protein hat-mm?
obtained for grassland in good condition over the experimental
period, is markedly higher than the 0.11 kg crude protein ha!-mm!
obtained by Snyman (1994) on the same grassland type. The
average WUE for grassland in moderate and poor condition were
respectively 0.20 and 0.08 kg crude protein ha®-mm?* over the
experimental period. The highest monthly (January/February)
WUE occurring respectively in grassland in good, moderate and
poor condition, were 0.41, 0.38 and 0.23 kg crude protein ha-mm.
Snyman et al. (1980) al so obtai ned the highest WUE during thelast
half of the growing season on the same compositional classes,
contrasting with thefindings of Snyman (1988) that thefirst half of
the growing season was the most efficient.

The highest seasonal WUE occurred during the 1996/97-
season (Table 2), during which grassland in good, moderate and
poor condition produced 0.36, 0.23 and 0.08 kg crude protein
ha'-mm? respectively. The annual WUE differed significantly
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(P<0.01) between the different compositional states for al the
growing seasons.

Soil temperature

The mean monthly soil temperature at a depth of 50 mm, is
graphically presented in Fig. 6 for the different compositional
states and bare soil. At this depth, soil temperature did not differ
significantly (P>0.05) between grassland in moderate condition
and the cultivated soil surface and the latter istherefore not shown
inFig. 6. A significantincreasein soil temperature did occur with
veld degradation for most months (Fig 6). Thiscould beoneof the
reasonsfor thelower soil-water content over the season, especially
for the top soil layer of veld in poor condition.

With the exception of the spring months, August and Septem-
ber, and also the winter months, May, June and July, soil tempera-
tures differed significantly (P<0.01) between the different
compositional states and bare uncultivated soil. In all treatments
the highest soil temperatures occurred at adepth of 50 mm during
December. For thismonth, whichwasal so characterised by amid-
summer drought for most growing seasons, the soil temperature of
the bare soil surface, poor, moderate and good condition grassland
was 47.0°C; 44.5°C, 41.5°C and 36.0°C (Table 3). In al treat-
ments, soil temperatures showed a sharp increase from August,
reached apeak in November/December, after whichthey gradually
evened out towards winter. During May, June and July the soil
temperatures of grassland in good and moderate condition were
almost the same (P>0.05) with grasslandin poor condition and bare
soil surface the same (P>0.05).

For most months, soil temperaturesdid not differ significantly
(P>0.05) between treatmentsfor the 100 and 200 mm depths. Only
the soil temperature of the bare soil surface differed significantly
(P<0.01) from other treatments at 100 mm depth for the months
November, December and January. The soil temperatures did not
show much variation at 200 mm depth during the season in all
treatments. Over thesethree monthsthe biggest differencein soil-
water content occur between the plant-covered trestmentsand bare
soil for the top 300 mm soil layer. The difference between
maximum and minimum soil temperatures for all depths was
aways the highest for the bare soil surface.

With the onset of the growing season (September to October),
the highest temperature measured on top of the bare soil surface
(40°C), and ontop of soil ingrasslandingood condition (39°C), did
not differ much. Asthe season continued and vegetation afforded
better protectiontothesoil surface, thesedifferencesbecamemuch
greater with grassland degradation. The higher soil temperatures
with grassland degradation are supported by Du Preez and Snyman
(1993) and Snyman (1999a). The highest temperatures on top of
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TABLE 3
MaxiMum - MINIMUM RANGES OF SEASONAL SoiL TEMPERATURES IN A SEMI-ARID
CLIMATE, MEASURED AT APPROXIMATELY 14:00

Depth Soil temperature (°C)
Veld condition Bare soil Cultivated
Good Moderate Poor
50 36.0-13.0 41.5-14.0 445-15.5 47.0-16.0 38.5-14.0
100 35.0-12.0 38.5-11.5 40.5-12.5 46.0-14.5 45.5-12.0
200 24.0-14.0 25.5-14.0 30.0-14.5 34.0-15.0 28.0-14.0

the soil of 65°C and 49°C respectively for bare uncultivated soil
and grassland in good condition, occurred during December.

Conclusion

Rainfall isthelimiting environmental factor determining or influ-
encing sustai nabl e plant production throughout thegrowing season
in semi-arid areas. Therefore, improving rainfall efficiency must
be thoroughly planned. Though grasses in these areas prepare
themselvesfor drought survival by accumulating carbohydratesin
the stubble (Oosthuizen and Snyman, 1999), water utilisation by
grassland in good condition is the most stable across the season.
This study shows that it isimportant to keep grassland in optimal
condition to efficiently manage and utilise limited soil-water for
sustainable plant and therefore animal production. It is clear that
grassland in good condition does not only deliver ahigher produc-
tionthandegraded veld, but also hassignificantly higher total crude
protein content and water-use efficiency than grassland in poor
condition.

Itis clear that veld degradation caused an enormous decrease
in plant available water in the soil profile during the season,
specifically because of high losses due to runoff and Es. This
limited available water, together with variablerainfall, contribute
to increased drought risks in the semi-arid areas. Fodder flow
planning and risk management are therefore much more compli-
cated due to lower production of grassland in poor condition.
Regardless of the quantity of rainfall on degraded veld, it reacted
inefficiently in terms of production, and therefore almost no
reserve fodder source could be accumulated for the drier years.
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Periodic droughts also have an enormously detrimental effect on
the crude protein available to animals in the plant material. The
farmer should therefore provide for these critical periods in the
management programme. The risk increases greatly as composi-
tional statedeteriorates. Theefficiency andrisk withwhichrainfall
isconverted into plant production by fodder plants and eventually
gross farming income, without deterioration of natural resources,
formsthe basis of sustainability of the grassland ecosystem.

The notably high soil temperatures accompanying veld degra-
dation impede the establishment of new plants and therefore the
improvement of species composition. In some circumstances
where grassiand is in very poor condition, mechanical measures
leading to improved infiltration and microclimate, will betheonly
way of upgrading the condition.
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