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Abstract: Reduction in rainfall is amongst the major climate change manifestation phenomena,
and will have a significant impact on grassland ecosystems. A split plot experimental design was
used to investigate the interactive effect of rainfall reduction and resting period (RP) (70 and 90 days)
on herbaceous biomass production and rainwater use efficiency in semi-arid grasslands of South
Africa. Different levels of rainfall reduction (RD) were setup as main plot treatments while resting
periods were set as sub-plot treatments. Four 0.5 m × 0.5 m quadrats were harvested in spring,
summer and autumn of 2016/17 and 2017/18 from each sub-plot to determine herbaceous species
structure, aboveground biomass production and rainwater use efficiency (RUE). Grasses were most
affected by rainfall reduction than forbs at the 30% and 60% RD levels. In contrast, the forbs were
more affected at 15% RD while the grasses showed resilience up to 15% reduction in rainfall. The RUE
was higher at 30% RD and 70 days RP in almost all three seasons, except in spring 2016/17. Our results
show that herbaceous above ground biomass showed resilience up to 15% reduction but were affected
more as the rainfall reduction exceeded 30%. The future predicted reduction in rainfall may result in
domination of forbs and increaser grass species in the grassland.
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1. Introduction

Reduction in rainfall is amongst the major climate change manifestation phenomena, and will
have a significant impact on water resource availability in the grassland [1,2]. One of the major
challenges for ecologists today is assessing mechanisms that determine ecosystems recovery and
response as well as ecological changes that come as a result of climatic changes and frequent extreme
climate [3]. However, the response of the rangelands to the rainfall reduction is highly variable and
ranges from minimal level impacts [4–6] to prolonged change in ecosystem function structure and
recovery [7–10]. The impact of reduced rainfall and its extremes has a potential to alter the ecosystem
function depending on its influence on botanical composition, abundance of the species impacted [11]
and might even lead to soil erosion due to loss of vegetation cover.

Moreover, increase in precipitation variability is generally related to an increase in rainfall extremes
and the frequencies of drought events [12]. The availability of water is among the most critical factors that
regulate the biological activities in arid and semi-arid ecosystems [13]. Precipitation dictates to a large
extent the availability of soil moisture and species abundance in arid and semi-arid ecosystems [14,15].
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Harvesting by grazing animals is a common occurrence in the grassland ecosystem [16]. The intensity
of harvesting and resting period can impact the ability of certain species to compete and survive under
reduced rainfall condition. These disturbances could exacerbate the negative impacts of environmental
stress on plant production [17].

Some studies have shown that resistance strategies have been developed by certain plant species
to maintain their reproductive capabilities and stability [18]. Some plants have tolerance strategies to
resist combinations of defoliation and environmental stress [19]. Indigenous grass species are often the
most dominant plants because of their superior adaptation to stress and extreme conditions such as
water stress and extensive grazing and thus preserve stability and productivity of the rangeland in
semi-arid environments [20]. These species are categorised grossly into those species that are abundant
in good rangelands but decrease in abundance when the rangeland is undergrazed or overgrazed
(decreasers), those that are abundant when the rangeland is overgrazed (increaser II) and those that
are abundant when the rangeland is undergrazed (increaser I) [21].

The increase in abundance of unpalatable functional groups, such as some increaser grass species
and forbs, at the expense of palatable and taller grass species as a result of overgrazing and extreme
weather events such as reduced rainfall are often used as an indication of land degradation [22].
However, increases in these unpalatable functional groups may not be completely unnecessary to
the functioning of the rangeland as they still provide soil cover [23]. For example, forbs are high
quality food for feeding of browsers in South African rangelands [24]. However, the response of
forbs to common drivers of vegetation dynamics such as grazing and rainfall variability remain under
studied [23].

Therefore, it is very important to know how grasslands are going to respond to decreasing rainfall
that is expected in Southern African region and how the extent of reduction in rainfall and grazing by
animals will affect the ecosystem species dynamics and biomass productivity of the system and state
transitions. This can be done through monitoring the aboveground biomass yield, in particular by
focusing on the dynamics of grass and forbs composition and abundance under future anticipated
rainfall reduction climate scenarios in South Africa [13]. The objective of this study was to investigate
the impact of simulated rainfall reduction/deficit and resting periods on seasonal change in herbaceous
species vegetation structure and aboveground biomass production of natural grassland in the semi-arid
areas of South Africa.

2. Materials and Methods

2.1. Site

The study was conducted at the University of Pretoria, Hatfield Experimental Farm. The farm is
situated at an altitude of 1372 m above sea level. The coordinates of the study sites are 25◦45’ S and
28◦16’ E. The farm is situated in a summer rainfall area with a long-term mean annual precipitation
of 674 mm [25]. The long-term mean cumulative monthly precipitation as well as the cumulative
monthly precipitation during the study period is presented in Figure 1. Similarly, the long-term mean
monthly temperature and mean monthly temperature during the study period is presented in Figure 2.
The soil on the farm is categorized as non-calcareous with a homogenous red color, weak structure of
Hutton form and is sandy loam with 20–35% clay [26] and has a pH (H2O) of 5.1 in a 2.5:1 soil–water
ratio (Table 1). The research was conducted by using rainout shelters that was constructed in 2012 on
a natural and unfertilized semi-arid grassland vegetation [25,27] in a site excluded from grazing for
more than 60 years. Initial changes in vegetation structure associated with the rainfall reduction and
resting period for 2013/14 and 2013/14 season was well described by [25].
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Table 1. Table showing soil pH, sand%, clay% and silt% at different rainfall reduction and resting 

periods. 

Effects pH Sand % Clay % Silt % Nitrogen 

RD 1  

0% 5.1 53.1 32.1 14.9 1.0 

15% 5.1 50.7 35.6 16.9 0.9 

30% 5.1 48.7 33.8 17.5 1.1 

60% 5.1 51.2 34.3 14.4 0.9 

RP 2  

70 days 5.1 51.2 33.7 15.1 0.9 

90 days 5.1 50.6 34.2 16.7 1.0 

1 RD-rainfall reduction; 2 RP-resting period. 

2.2. Rainout Shelters and Resting Periods 

Rainout shelters were established as described by [28] with a modification as described on [25]. 

Rainfall reduction was employed as main plot treatment at four different levels of reduction, namely: 

15%, 30%, 60% and 0% (control/ambient). The main plot treatments were each replicated five times 

in a split plot experimental design and two resting period (75 and 90 days) were introduced as a sub-

plot treatment. The main plots were 49 m2 (7 m × 7 m) in size and were covered by metal frame 

structures with v-shaped clear ultraviolet filter free acrylic bands on top. The bands were constructed 
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Figure 2. Long-term average and experimental year monthly average temperatures (◦C) for University
of Pretoria Experimental Farm.

Table 1. Table showing soil pH, sand%, clay% and silt% at different rainfall reduction and resting periods.

Effects pH Sand % Clay % Silt % Nitrogen

RD 1

0% 5.1 53.1 32.1 14.9 1.0
15% 5.1 50.7 35.6 16.9 0.9
30% 5.1 48.7 33.8 17.5 1.1
60% 5.1 51.2 34.3 14.4 0.9
RP 2

70 days 5.1 51.2 33.7 15.1 0.9
90 days 5.1 50.6 34.2 16.7 1.0

1 RD-rainfall reduction; 2 RP-resting period.

2.2. Rainout Shelters and Resting Periods

Rainout shelters were established as described by [28] with a modification as described on [25].
Rainfall reduction was employed as main plot treatment at four different levels of reduction, namely:
15%, 30%, 60% and 0% (control/ambient). The main plot treatments were each replicated five times in a
split plot experimental design and two resting period (75 and 90 days) were introduced as a sub-plot
treatment. The main plots were 49 m2 (7 m × 7 m) in size and were covered by metal frame structures
with v-shaped clear ultraviolet filter free acrylic bands on top. The bands were constructed with a
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longitudinal plate of 120◦ and a mean height of 1 m at the lowest side of the shelter was maintained.
Each acrylic band was 7 m long and had a width of 12 cm. The 15% rainfall reduction (RD) was
achieved by laying 9 acrylic bands parallel to each other with 68.5 cm space left between bands, 30% RD
was achieved by laying 19 acrylic bands parallel to each other with 26.8 cm space left between bands
while 60% RD was achieved by laying 35 acrylic bands parallel to each other with 8.5 cm space left
between bands. Water was collected from the acrylic material and channeled through the gutters away
from the plots. The experimental plots were sub-divided into two sub-plots (3.5 m × 7 m) to determine
the effect of resting periods (70 and 90 days). A 25 cm ditch was excavated along the boundary of
the experimental site to avoid water runoff into the plots. Ambient rainfall was measured after each
rainfall event using five rain gauges that were scattered over the experimental site.

2.3. Data Collection

Plant height and diameter within each quadrat was measured using a tape measure. In order to
have a similar starting point, all grasses and forbs in all pots were cut at a height of 5 cm above the
ground at the beginning of the research trial in September 2016 and 2017. The sub-plot treatments were
harvested to determine aboveground biomass production in spring, summer and autumn of 2016/17
and 2017/18. Four 0.5 m × 0.5 m (0.25 m2) quadrats of herbage were harvested from each sub-plot
(Figure 1). Herbaceous vegetation was separated into functional groups (grasses and forbs) as shown
in Table 2. Grasses were further categorized into their ecological statuses (increasers or decreasers).
The harvested herbage samples were oven dried at 60 ◦C for 72 h to a constant weight [29]. Rainwater
use efficiency (RUE) was calculated as the amount of herbaceous aboveground dry matter produced
per millimeter of rainwater received between two consecutive harvests by the respective plots [25].
Long-term rainfall and temperature data were acquired from Hatfield Experimental Farm Station
(Station number 0513465-1) weather records kept by the South African Weather Services.

Table 2. Table showing different plant species occurring at the experimental site.

Species Functional Group Ecological Status

Eragrostis curvula Grass Increaser II
Cynodon dactylon Grass Increaser II
Digitaria eriantha Grass Decreaser
Setaria nigrirostris Grass Decreaser
Themeda triandra Grass Decreaser

Heteropogon contortus Grass Increaser II
Setaria sphacelata Grass Decreaser

Eragrostis barbinodes Grass Increaser II
Melinis repens Grass Increaser II

Brachiaria serrata Grass Decreaser
Aristida congesta Grass Increaser II
Ipomoea crassipes Forb Invader

Rhyncosia monophylla Forb Invader
Verbana tenuisecta Forb Invader

Vermonia oligocephala Forb Invader

2.4. Statistical Analysis

The plots were arranged in a split plot design with rainfall reduction being the main plot treatment
while the resting period was used as the sub-plot treatment. Data on biomass yield, sward height
and rain use efficiency were analysed using two-way analysis of variance (ANOVA) using general
linear model procedure (Proc GLM) [30]. The factors that were tested were rainfall reduction, resting
periods and their interactions on biomass yield, sward height and rainwater use efficiency. The data
was tested for normality before it was analysed. Where the data were not normally distributed
(Shapiro-Wilk test < 0.9), it was either transformed using square root or log function in order to
normalise it. Where transformed data were used for analysis, the original mean values were retained
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in the table, but the mean separation were reported using the transformed data. Data for the three
seasons for each year were analysed separately because of the observed significant (p < 0.05) three-way
interaction effect between rainfall reduction, resting period and season during the preliminary analysis
of the data. Where the factors showed significant effect on the parameters studied least square means
(LSM) were separated using Tukey’s test at a significance level of 5%. The results are presented
in a table, where there is no interaction between rainfall reduction and resting period. However,
where there are significant interaction effects the results are presented in a figure.

3. Results

Data for studied parameters which include: sward height, overall biomass yield, herbaceous
structure, ecological status of the grass species (decreasers and increasers) and rainwater use efficiency
over a period of two years (2016/17 and 2017/18) were presented by seasons (spring, summer and autumn).

3.1. Seasonal Vegetation Sward Height Response to Rainfall Reduction and Resting Period

3.1.1. Spring Cut

There was a significant (p < 0.05) interaction effect between rainfall reduction and resting period
on vegetation sward height in 2016/17 (Figure 3) while the interaction effect between rainfall reduction
and resting period was not significant in 2017/18 (Table 3). Regardless of the rainfall reduction level,
resting for 90 days resulted in a significantly (p < 0.05) taller sward height than the 70 days resting
period in 2017/18 (Table 3). On the other hand, compared to control (ambient rainfall), the 60% rainfall
reduction treatment significantly (p < 0.05) reduced the sward height in 2017/18 (Table 3) while similar
effect was observed in 2016/17 only for plots subjected to 90 days resting period (Figure 3). In contrast,
in 2016/17 season the effect of rainfall reduction was not significant when the plots were harvested after
70 days resting period. Similarly, 90 days resting resulted in a higher plant height when the rainfall
reduction was set at 0%, 15% and 30%, whereas at 60% rainfall reduction resting period has no effect
(p < 0.05).
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Figure 3. Interaction effect of rainfall reduction and resting period on vegetation sward height in spring
2016/17 (bars indicate standard error values).
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Table 3. Main effect of resting period and rainfall reduction on vegetation sward (mean ± S.E) height
(cm).

Main Effects
2017/18

Summer Autumn Spring Summer Autumn

Rainfall
reduction

0% 45.0 ± 3.16 a 15.7 ± 0.88 a 16.2 ± 1.01 a 20.4 ± 1.18 a 16.8 ± 1.05 ab

15% 42.8 ± 3.16 a 16.2 ± 0.88 a 15.8 ± 1.01 a 19.9 ± 1.18 a 17.5 ± 1.05 ab

30% 38.9 ± 3.16 a 16.7 ± 0.88 a 15.9 ± 1.01 a 21.7 ± 1.18 a 19.7 ± 1.05 a

60% 28.4 ± 3.16 b 10.4 ± 0.88 b 9.8 ± 1.01 b 13.1 ± 1.18 b 15.6 ± 1.05 b

p value 0.0134 0.0009 0.0021 0.0011 0.1639
Resting period

70 days 41.5 ± 1.69 a 18.0 ± 0.51 a 13.6 ± 0.48 b 19.6 ± 0.67 a 19.2 ± 0.79 a

90 days 36.1 ± 1.69 b 11.5 ± 0.51 b 15.3 ± 0.4 8a 18.0 ± 0.67 a 15.3 ± 0.79 b

p value 0.0401 0.0001 0.0205 0.1074 0.0028

Different small letter superscripts along the same column in the same year and season were significantly different
(p < 0.05); S.E = standard error.

3.1.2. Summer Cut

Rainfall reduction and resting period had no significant (p < 0.05) interaction effect on the
vegetation sward height in both years (Table 3). Rainfall reduction at 60% significantly (p < 0.05)
reduced sward height in both years. While the effect of resting period was inconsistent over the years.
During the summer of 2016/17, resting periods of 70 days lead to significant increase in sward height
compared with 90 days of resting period. This is in contrast to the summer season of 2017/18, which did
not show any significant (p < 0.05) sword height difference between resting periods.

3.1.3. Autumn Cut

In both years, there was no significant interaction effect between rainfall reduction and resting
period on the sward height. Generally, both rainfall reduction and resting period had a significant
effect on vegetation sward height in both years. Unlike the spring cut, in the autumn cut, resting for
70 days resulted in a significantly taller sward height than the 90 days resting period in both 2016/17
and 2017/18 growing season. Meanwhile, compared to the ambient rainfall, 60% rainfall reduction
treatment significantly (p < 0.05) reduced the sward height in 2016/17 but not in 2017/18 growing
seasons (Table 3).

3.2. Seasonal Biomass Production Response of Different Functional Groups and Grass Ecological Statuses to
Rainfall Reduction and Resting Period

3.2.1. Spring Harvest

In both years, there were no significant interaction effect between rainfall reduction and resting
period on both grasses and forbs biomass production (Tables 4 and 5). Regardless of the growing
season, resting for 90 days resulted in a significantly (p < 0.05) higher forbs biomass production than
70 days resting period. On the other hand, 15% rainfall reduction resulted in a significantly (p < 0.05)
lower forbs biomass production than the ambient rainfall in both years. Similar to forbs, resting for
90 days also resulted in a significantly (p < 0.05) higher grass biomass production than 70 days resting
(Table 5). Compared to the ambient rainfall, 60% rainfall reduction severely reduced grass biomass
production in both years.
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Table 4. Main effect of resting period and rainfall reduction on forbs (mean ± S.E) aboveground biomass
yield (kg.ha−1).

Main Effects
2016/17 2017/18

Spring * Summer + Autumn + Spring Summer + Autumn +

Rainfall
reduction

0% 364 ± 285.2 a 618 ± 149.5 a 113 ± 52.9 b 519 ± 105.6 a 411 ± 105.7 107 ± 42.6 b

15% 68 ± 312.4 b 140 ± 158.6 b 123 ± 52.9 b 265 ± 112.0 b 243 ± 100.3 111 ± 61.5 b

30% 678 ± 238.6 a 513 ± 149.5 a 220 ± 52.9 ab 328 ± 112.0 ab 204 ± 125.1 137 ± 45.2 a

60% 536 ± 208.3 a 448 ± 149.5 a 349 ± 56.1 a 290 ± 105.6 ab 338 ± 100.3 282 ± 45.2 a

p value 0.4696 0.5340 0.0162 0.3413 0.5498 0.0389
Resting
period
70 days 104 ± 149.5 b 478 ± 105.7 293 ± 32.4 a 225 ± 74.6 b 266 ± 81.9 143 ± 36.1
90 days 719 ± 217.8 a 382 ± 109.0 110 ± 38.6 b 476 ± 79.2 a 332 ± 70.9 175 ± 33.4
p value 0.0327 0.1782 0.0019 0.0281 0.5519 0.6259

Different small letter superscripts along the same column in the same season were significantly different (p < 0.05);
(*) = log transformed; (+) = square root transformed; S.E = Standard error.

Table 5. Main effect of resting period and rainfall reduction on grass (mean ± S.E) aboveground biomass
yield (kg.ha−1).

Main Effects
2016/17 2017/18

Spring + Summer Spring + Summer Autumn

Rainfall reduction
0% 744 ± 82.0 a 2164 ± 254.3 a 659 ± 57.7 a 1257 ± 147.3 a 837 ± 102.7 ab

15% 624 ± 82.0 ab 2258 ± 254.3 a 719 ± 57.7 a 1124 ± 147.3 a 840 ± 102.7 ab

30% 459 ± 82.0 b 2064 ± 254.3 a 576 ± 57.7 a 1107 ± 147.3 a 1015 ± 102.7 a

60% 222 ± 82.0 c 679 ± 254.3 b 171 ± 57.7 b 346 ± 147.3 b 578 ± 102.7 b

p value 0.0001 0.0026 0.0001 0.0004 0.0687
Resting period

70 days 306 ± 58.4 b 1733 ± 120.7 a 402 ± 41.1 b 990 ± 100.2 a 998 ± 67.1 a

90 days 719 ± 58.4 a 1850 ± 120.7 a 661 ± 41.1 a 928 ± 100.2 a 636 ± 67.1 b

p value 0.0001 0.5007 0.0004 0.6724 0.0015

Different small letter superscripts along the same column in the same and season were significantly different
(p < 0.05); (+) = square root transformed; S.E.= standard error.

There was no significant (p > 0.05) interaction effect between rainfall reduction and resting period
on grass yield and ecological status. Resting for 90 days period significantly (p < 0.05) increased the
biomass production of both decreaser (Table 6) and increaser (Table 7) grass species in both years.
Whereas in both years, the 60% rainfall reduction treatments significantly (p < 0.05) reduced biomass
production of both decreasers (Table 6) and increaser (Table 7) grass species compared to 0% rainfall
reduction treatments. Moreover, resting period resulted in a significantly (p < 0.05) higher decreaser
(Table 6) and increaser (Table 7) biomass yield at 90 days resting period than 70 days resting period in
both years.
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Table 6. Main effect of resting period and rainfall reduction on decreaser grass (mean ± S.E) species
(kg.ha−1).

Main Effects
2016/17 2017/18

Spring + Summer * Autumn * Spring Summer Autumn *

Rainfall reduction
0% 371 ± 55.3 a 1860 ± 512.1 a 370 ± 59.3 a 301 ± 45.8 a 632 ± 92.9 a 450 ± 91.7
15% 344 ± 49.5 ab 1068 ± 512.1 a 330 ± 59.3 a 250 ± 45.8 a 602 ± 103.9 a 394 ± 91.7
30% 203 ± 64.5 b 580 ± 512.1 ab 232 ± 62.9 a 151 ± 72.5 a 351 ± 103.9 ab 415 ± 91.7
60% 127 ± 55.3 c 243 ± 512.1 b 46 ± 62.9 b 107 ± 72.5 b 113 ± 103.9 b 218 ± 97.3

p value 0.0020 0.2102 <0.0001 0.0320 0.0111 0.3691
Resting period

70 days 138 ± 61.2 b 735 ± 321.2 323 ± 43.2 a 102.7 ± 43.5 b 418 ± 50.0 529 ± 66.9 a

90 days 385 ± 56.0 a 1141 ± 302.9 166 ± 43.2 b 256.5 ± 27.5 a 431 ± 42.6 209 ± 64.9 b

p value 0.0061 0.3717 0.0154 0.0136 0.8538 0.0053

Different small letter superscripts along the same column in the same year and season were significantly different
(p < 0.05); (*) = log transformed; (+) = square root transformed, S.E = standard error.

Table 7. Main effect of resting period and rainfall reduction on increaser grass (mean ± S.E) species
(kg.ha−1).

Main Effects
2016/17 2017/18

Spring + Summer Autumn Spring Summer Autumn +

Rainfall reduction
0% 413 ± 69.2 a 1251 ± 291.5 ab 566 ± 89.7 a 300.7 ± 45.8 a 631.5 ± 92.9 a 409 ± 98.6

15% 280 ± 69.2 a 1053 ± 260.7 ab 701 ± 89.7 a 250.3 ± 45.8 a 601.9 ± 103.9 a 448 ± 98.6
30% 309 ± 69.2 a 1484 ± 260.7 a 742 ± 89.7 a 150.7 ± 72.5 ab 351.3 ± 103.9 ab 646 ± 98.6
60% 134 ± 77.4 b 463 ± 260.7 b 299 ± 89.7 b 116.6 ± 72.5 b 113.1 ± 103.9 b 295 ± 104.6

p value 0.1147 0.0873 0.0009 0.0320 0.0111 0.2223
Resting period

70 days 193 ± 43.3 b 1026 ± 144.8 792 ± 63.5 a 102.7 ± 43.5 b 418.3 ± 50.0 514 ± 71.9 a

90 days 375 ± 46.0 a 1099 ± 136.5 362 ± 63.5 b 256.5 ± 27.5 a 430.6 ± 42.6 384 ± 69.8 b

p value 0.0113 0.7220 0.0002 0.0136 0.8538 0.1943

Different small letter superscripts along the same column in the same year and season were significantly different
(p < 0.05); (+) = square root transformed.

3.2.2. Summer Cut

There was no significant interaction (p > 0.05) effect between rainfall reduction and resting period
on both forbs and grass biomass yield. Resting period had no significant (p > 0.05) effect on forbs
biomass production in both years (Table 4). However, in 2016/17 a 15% rainfall reduction resulted in a
significantly (p < 0.05) low forbs biomass production. In contrast, in 2017/18, rainfall reduction had
no significant effect on forbs biomass production. Similar to forbs, resting period had no significant
(p > 0.05) effect on grass biomass production in both years. However, the 60% rainfall reduction
severely decreased grass biomass production compared to the rest of the rainfall reduction treatments.

Rainfall reduction and resting period had no significant (p > 0.05) interaction effect on grass
ecological status in both years. In both years, resting period had no significant (p > 0.05) effect on
biomass production of both decreaser (Table 6) and increaser (Table 7) grass species. The decreaser
species grass biomass production at 60% rainfall reduction was 87% less than 0% rainfall reduction
in 2016/17 while it was 82% less than 0% rainfall reduction in 2017/18. Compared to 0% reduction,
the increaser grass species biomass production of the 60% rainfall reduction was reduced by 63% in
2016/17 and by 82% in 2017/18.

3.2.3. Autumn Cut

Rainfall reduction and resting period had no significant interaction effect on forbs in both years
(Table 4). However, there was a significant (p < 0.05) interaction effect between resting period and
rainfall reduction on grass biomass production in 2016/17 (Figure 4) but not in 2017/18 (Table 5).
Unlike the spring and summer seasons, 60% rainfall reduction in autumn resulted in a significantly
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(p < 0.05) high forbs biomass production in 2016/17 compared to 0% and 15% rainfall reduction while
both 30% and 60% rainfall reductions had a significantly high forbs biomass production in 2017/18
growing season compared to 0% and 15% rainfall reduction. The 70 days resting period resulted in a
significant (p < 0.05) high forbs biomass production than 90 days resting period. Similarly, the 70 days
resting period had the highest grass biomass production than 90 days resting period in both years.
In 2017/18, rainfall reduction at 30% resulted in a significantly higher grass biomass production
compared to the 60% rainfall reduction treatments.
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Figure 4. Mean interaction effect of rainfall reduction and resting period on grass biomass yield in
autumn 2016/17 (bars indicate standard error values).

During the 2016/17 season there was a significant (p < 0.05) interaction effect on grass biomass
yield between rainfall reduction and resting period. The 60% rainfall reduction significantly reduced
grass biomass production as compared to the rest of the rainfall reduction treatments. Resting the
veld for 70 days gave more biomass production in the 0%, 15% and 30% rainfall reduction treatments,
but not in the 60% rainfall reduction plots. Compared to the 90 days resting period, resting for 70 days
resulted in a significantly (p < 0.05) high decreaser (Table 6) and increaser (Table 7) grass biomass yield
in both years. At 60% rainfall reduction, the decreaser grass species biomass production was reduced
by 89% compared to ambient treatment in 2016/17. Although the increaser grass biomass production at
60% rainfall reduction was significantly (p < 0.05) lower than 15% and 30% rainfall reduction biomass
production, it was not significantly different to 0% rainfall reduction in 2016/17.

3.3. Seasonal Response in Total Aboveground Biomass Yield to Rainfall Reduction and Resting Period

3.3.1. Spring Cut

There was no significant (p > 0.05) interaction effect between rainfall reduction and resting period
on total above biomass yield in both years (Figure 5a,b). Resting for 90 days interval resulted in
a significantly (p < 0.05) higher overall biomass yield in 2016/17 than the 70 days resting period.
In 2017/18, 60% rainfall reduction significantly (p < 0.05) reduced overall biomass yield compared to
the rest of the rainfall reduction treatments. Intercepting rainfall by 60% resulted in a 75% reduction in
overall biomass production in 2016/17, while it was reduced by 61% in 2017/18.
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Figure 5. Interaction effect of resting period and rainfall reduction on overall aboveground biomass
yield (kg. ha−1) in (a) 2016/17 and (b) 2017/18 (bars indicate standard error values).

3.3.2. Summer Cut

There was no significant (p > 0.05) interaction effect between rainfall reduction and resting period
on the total aboveground biomass yield in both years. In both years, 60% rainfall reduction significantly
(p < 0.05) reduced overall biomass yield compared to the rest of the rainfall reduction treatments
(Figure 5a,b). Intercepting rainfall by 60% resulted in 59% reduction in overall biomass production in
both years compared to 0% rainfall reduction.

3.3.3. Autumn Cut

Rainfall reduction and resting period interaction had no significant (p > 0.05) effect on the total
aboveground biomass yield in both years. In both years, resting for 90 days significantly decreased
(p < 0.05) the overall biomass yield compared to 70 days resting period. Rainfall reduction had a
significant effect on aboveground biomass (p < 0.05) at 60% rainfall reduction in 2016/17 while it had
no significant effect in 2017/18 in the same season.

3.4. Seasonal Response in Rainwater Use Efficiency (RUE) to Rainfall Reduction and Resting Period

3.4.1. Spring Cut

Rainfall reduction and resting period interaction had a significant (p < 0.05) effect on rainwater
use efficiency in both years (Figure 6a,b). In 2016/17, 90 days resting period resulted in a significantly
high RUE compared to 70 days resting period irrespective of the rainfall reduction. In both 2016/17 and
2017/18, rain use efficiency was significantly lower at 60% rainfall reduction for 70 days resting period
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whereas for the 90 days resting period rainwater use efficiency was lowest, at 30% rainfall reduction in
2016/17 and at 15% rainfall reduction in 2017/18.
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Figure 6. Interaction effects of rainfall reduction and resting period on rainwater use efficiency in (a)
spring 2016/17, (b) spring 2017/18, (c) autumn 2016/17 and (d) autumn 2017/18 (bars indicate standard
error values).
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3.4.2. Summer Cut

There was no significant interaction effect between rainfall reduction and resting period on rain
use efficiency in both years. Rainfall reduction and resting period had a significant (p < 0.05) effect
on rain use efficiency in both years (Table 8). Resting for 70 days resulted in a significantly (p < 0.05)
higher RUE than the 90 days resting period in both years. In both 2016/17 and 2017/18, the RUE
was significantly (p < 0.05) reduced at 60% as compared to the control as well as 15% and 30% rain
reduction treatments.

Table 8. Main effect of resting period and rainfall reduction on rainwater use efficiency (mean ± S.E)
(kg.ha−1.mm−1).

Main Effects
2016/17 2017/18

Summer Summer

Rainfall reduction
0% 12.6 ± 0.22 a 3.7 ± 0.17 a

15% 11.9 ± 0.22 b 4.1 ± 0.17 a

30% 13.2 ± 0.22 a 4.0 ± 0.17 a

60% 7.3 ± 0.22 c 1.9 ± 0.17 b

p value 0.0001 0.0001
Resting period

70 days 12.5 ± 0.19 a 3.8 ± 0.11 a

90 days 9.9 ± 0.19 b 3.0 ± 0.11 b

p value 0.0001 0.0001

Different small letter superscripts along the same column in the same year and season were significantly different
(p < 0.05); S.E = standard error.

3.4.3. Autumn Cut

Rainfall reduction and resting period interaction had a significant (p < 0.05) effect on rainwater
use efficiency in both years (Figure 6c,d). In 2016/17, the 70 days resting period had significantly higher
RUE than 90 days resting period across all the rainfall reductions. In the 2016/17 season, the 60%
rainfall reduction had a significantly lower RUE compared to 0% rainfall reduction at 70 days resting
period, while there was no significant difference between 0% and 60% rainfall reduction at 90 days
resting period.

3.5. Overall Relationship between Rainfall Reduction, Resting Period and Vegetation Response Parameters

Principal component analysis was performed in order to investigate the overall relationship
between vegetation response parameters and rainfall reduction and resting period. The first two
principal component analysis (PCA) accounted for 93% of the variation. The first PC were correlated
with D. eriantha, decreasers, E. curvula, and increasers in both years (Figures 7 and 8). D. eriantha is a
decreaser grass species that contributed the most towards decreaser grass biomass production, while E.
curvula had a greater contribution towards the increaser biomass in both years. On the other hand,
forbs were correlated with PCA 2 though not separated into species, Ipomoea crisspes was the most
dominant forb in both years. At a lower rainfall reduction (0% and 15% rainfall reduction), E. curvula
correlated well with 70 days resting period (v1 = 0% RD, 70 RP and v3 = 15% RD, 70 RP) while D.
eriantha correlated well with 90 days resting period (v2 = 0% RD, 90 RP and v4 = 15% RD, 90 RP) in
2016/17 (Figure 7). Similarly, forbs biomass production correlated well with a reduction in rainfall
(30% and 60% rainfall reduction) at both 70 and 90 days resting period in 2016/17 (Figure 7). Unlike the
2016/17 season, D. eriantha correlated well with 70 days resting period for higher rainfall (0% and 15%
reduction) while forbs correlated well with lower rainfall (30% and 60% rainfall reduction) treatments
(Figure 8).
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4. Discussion

Our results showed that the vegetation height coincides with the vegetation biomass yield,
which suggests that there is a positive relationship between vegetation height and the biomass
production. The vegetation was taller at lower rainfall reduction treatments (0% and 15%) than the
higher rainfall reduction treatments (30% and 60%). The heights were also affected by the seasons
as the season with higher rainfall had taller vegetation (Table 3). Vegetation height and biomass are
very much influenced by available resources such as nutrients and water [31]. These results concur
with those of [32,33], who reported that vegetation growth mainly depends upon summer rainfalls,
as the rainfall is generally lower in other seasons due to skewed distribution, particularly in summer
rainfall areas.

Moreover, resting period affected vegetation height in different ways in different seasons. In spring,
the vegetation was taller at the 90 days resting period rather than the 70 days one, while the opposite
was true in autumn in both years. This is due to the fact that in spring the extra 20 days for the 90 days
resting period gave this resting period extra time to grow. On the other hand, the 70 days resting
period had a taller vegetation than the 90 days resting period in autumn in both years. This could
be due to the fact that the 70 days resting period received rainfall just after it was cut and it was cut
while getting summer rainfall and before the 90 days resting period was cut in summer. This gave an
advantage to the 70 days resting period as the rainfall starts to decline in autumn and some annual
plants begin to die. Height also correlated well with biomass in both years. Resting for 90 days in
spring improved grass biomass production while resting for 70 days improved grass biomass yield in
autumn in both years. The higher biomass yield in the 70 days resting period in autumn is attributed
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to the 20 day delay for 90 days cutting in December as the rainfalls are beginning to decrease while the
70 days resting period gets the summer rainfall (Figure 1).

Grass harvest sampling every 70 days and 90 days over three seasons over a period of two years
was able to show seasonal differences in terms of biomass production. This was also reported by [33,34].
In this study, shorter resting periods improved grass biomass production in autumn while in spring
longer resting periods improved grass biomass production. The 0%, 15% and 30% rainfall reduction
treatments had higher grass biomass production than the 60% rainfall reduction. According to [35],
the dominant grasses such as D. eriantha and E. curvula at different treatments appear to contribute
more biomass production than the less dominant grass species such as A. conaesta and M. repens,
hence these grasses will determine whether the rangeland will be productive for animal production
or not.

Rainfall reduction significantly reduced overall biomass production only at 60% rainfall reduction.
This clearly shows that the grasslands were able to show resilience by making adjustments in terms of
species composition up to the level of 30% reduction in rainfall, however severe reduction in rainfall
amount (60%) will have a significantly negative impact on rangeland productivity, which will lead
to less biomass production and subsequently fodder for animal production (Figure 5). This basically
means that in 2016/17 the rainfall was better and hence it was possible to improve resilience of the
system or support better growth by modifying the resting period (changing from 75 to 90 days),
but such benefit will not be sustained with modification of resting period once the rainfall reduction
becomes severe.

The native pasture biomass production was not as such affected by up to 30% reduction in rainfall
due to resilience of increaser species such as E. curvula that dominated the 15% and 30% rainfall
reduction plots (Figures 7 and 8). In a study that was conducted by [36], it was found that increasers
are more tolerant to grazing than decreasers. In that study, three increaser grass species had a higher
compensation regrowth after four episodes of clipping. As observed in our study, E. curvula is able to
regrow after it has been harvested, even at high frequencies.

There is the expectation that a reduction in rainfall associated with climate change will have a
negative impact on natural grazing land in arid and semi-arid areas of sub-Saharan Africa [37]. This is
mainly based on the fact that forage production in these areas is sensitive to rainfall reduction as it is the
case in our study site. This also concurs with the results that were reported by [38], who reported that
the rangeland in the Sub-Saharan Africa is sensitive to climate change. In general, as expected season
had an impact on overall biomass production as the summer season had a higher biomass production
than spring and autumn in both years. Here, higher temperature and rainfall is the main driving force
for the higher biomass production recorded in summer than in spring and autumn. This agrees with
other studies that reported similar results pertaining the response of grassland biomass production to
simulated climate change [9,35,39]. The cumulative biomass yield was significantly higher in 2016/17
than 2017/18 because of the higher rainfall amount received in 2016/17. This means that with the
expected decrease in rainfall associated with climate change and subsequently decrease in biomass
accumulation, the farmers need to consider to supplement the animals and/or destock where possible
in the event of severe rainfall reduction encounters.

The decreasers are resilient to up to 15% reduction in rainfall thereafter, however they are more
prone to rainfall reduction than the increaser grass species as they were dominant and performed
much better at 0% and 15% rainfall reduction plots while increasers were better performers at 30%
and relatively even at 60% rainfall reductions (Tables 6 and 7). This implies that continued rainfall
reduction will potentially lead to disappearance of decreaser grass species such as D. eriantha and T.
triandra in favour of increaser grass species such as E. curvula and C. dactylon and possibly forbs. In this
study, the increaser grass species were more resilient to severe reduction in rainfall (as judged from
increase in rainfall reduction) than decreaser grass species. The results from this study concur with
the findings reported by [40], who reported that decreaser grass species fluctuate with variation in
soil moisture while the increaser grass species were more resilient to water deficiency than decreaser
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grass species. This means that decreasers require more water to produce the same unit of biomass than
increaser grass species or forbs that require less water. However, [41] reported that vegetation changes
induced by drought may shift vegetation from grass-dominated to forb dominated community. This is
in agreement with the finding of this study where grasses had a higher biomass production at 0%,
15% and 30% rainfall reduction while forbs had higher biomass production at 60% rainfall reduction
and dominated the 30% and 60% rain reduction plots. This could be partly related to the failure of
grasses to produce seeds and grasses having shorter-lived seeds than dominant forbs [41], that have
heavy seeds. Differences in the root systems of the grasses and forbs could also explain why forbs are
dominant in low rainfall treatments. The deep root system of the forbs allows the forbs to access water
and nutrients from the deeper soil layers, while on the other hand grasses have a shallow root system,
hence they are not able to access water from the deeper soil layers [42]. In addition, in low rainfall
reduction treatments, i.e., 0% and 15% RD, grasses may likely over shade and outcompete the smaller
forbs for resources such as light, soil nutrients and soil water [43].

The rainfall reduction effect not only affects the aboveground biomass production and height but
also modifies the species richness, diversity and functional group richness [31]. It can be said that the
deep root system of the forbs enables the competitive dominance of these species over grasses under
moisture deficit conditions [44–46]. In this study, the forbs are outcompeted by grasses at 0% and 15%
as the grasses dominated these plots because of adequate precipitation that was available to support
the growth of the decreaser grasses that dominated at 0% and 15% rainfall reduction and increaser
grasses that dominated the 30% rainfall reduction treatments. The decline in grass production with
rainfall reduction leads to a gradual build up in forb production, while the decline in forbs populations
leads to grass build up [44]. Forbs perform better when there is weak grass competition while grasses
are more responsive to precipitation. The differences in environmental favorability between grasses
and forbs is as a result of the competition [44].

Our results show that the longer resting periods in autumn resulted in less grass biomass
production, which ultimately resulted in less overall aboveground biomass production, while the effect
of resting on the forbs biomass production was not consistent. The pattern of variation in seasonal
precipitation had a strong significant effect on the pattern of overall biomass production in both years.
The 2016/17 spring and summer seasons had lower rainfall than the 2017/18 spring and summer seasons,
while the 2016/17 autumn season had a higher rainfall than the 2017/18 autumn season (Figure 1).
Hence, the vegetation height and biomass production of 2017/18 in spring and summer was higher
compared to the same period in 2016/17, while in autumn of 2016/17 the biomass production was higher
compared to 2017/18. These results concur with those reported by [47], who reported that seasonal
precipitation is an important driver of temporal dynamics of perennial grass richness. The overall
biomass production was directly proportional to the rainfall amount received in each season as this
was reflected through the biomass production where the overall biomass production was lower in the
spring and autumn seasons of 2016/17 than the summer season in both years.

The results observed in this study could also suggest that reduction in precipitation is not the
only factor that plays a major role in terms of biomass production but its interaction with resting
period and the season in which the precipitation reduction occurs also matter a lot in affecting biomass
production [47–51]. In this study, the summer season had the highest amount of precipitation in
both years (2016/17 and 2017/18) and had the highest biomass production compared to the other two
seasons (spring and autumn). The resting period of 90 days in the spring season in both years benefited
plants by providing them enough time to recover from the physiological shock that might have been
caused by cutting at the beginning of the spring season after winter and the low temperature of the
winter season. The higher biomass at the 90 days resting period can be also partly attributed to grass
flowering that occurred after the 70 days resting period as the flowering parts also add to biomass [52].
The biomass production was higher in summer than the spring and autumn seasons, which is because
of the high summer rainfall during summer season in both years.
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Overall biomass production decreases with the increase in rainfall reduction. This trend agrees
with the trend reported by [40], who reported higher biomass production in plots that did not experience
rainfall reduction than the ones that experienced severe rainfall reduction treatments. Seasons alter
biomass production and hence it is important that interpretation of the response take seasons into
consideration in order to capture these differences that occur in different seasons. This is supported by
the variability of the drought effect observed from season to season elsewhere [53,54]. Annual seasonal
rainfall patterns are the main drivers of rangeland ecosystem and its duration determines biomass
yield [50]. This reduction in rainfall is also accompanied by an increase in monthly average temperature
which exceeded the 30 years monthly average temperatures of the study site for both years (Figure 2).

The rain use efficiency (RUE) was higher at the 90 days resting period in spring at all plots than
the 70 days resting period in 2016/17, while in summer of both years the highest RUE was recorded for
plots with the 70 days resting period rather than the 90 days one. Our results showed that biomass
production is directly proportional to rain use efficiency as the grasses with higher RUE produced
higher biomass. The RUE can also be used as a tool to determine biomass production. These results
agree with those reported by [55], who reported that water use efficiency coincides with the pattern of
biomass production. This study was limited to biomass production as it is the harvestable biomass
yield that is of primary interest for animal production.

The PCA showed that decreaser grass species that were dominated by D. eriantha were more
abundant at 0% RD and 15% RD in both years. They are less competitive as compared to the increaser
species dominated by E. curvula under low rainfall conditions. This implies that decreaser grass species
require more water to produce more biomass (Figures 7 and 8). In contrast, E. curvula, which is an
increaser II grass species, was more dominant at 30% and 60% RD in 2017/18. Moreover, forbs produced
more biomass at 60% RD, which means that they are able to better tolerate water stress compared to
grasses (Figures 7 and 8). Forbs can also be an important source of forage in overgrazed and water
stressed environments [43].

5. Conclusions

Rainfall reduction associated with climate change poses a threat to our rangeland productivity as
it will lead to a decrease of forage biomass yield, as shown in this study. Decreaser grasses are most
likely to be negatively affected by severe rainfall reduction than increaser grasses and forbs. Although
the grassland productivity has shown resilience to a reduction in rainfall up to 15%, a severe reduction
will lead to changes in the herbaceous layer, which may lead to rangelands being dominated more
by forbs than grasses beyond a 30% reduction in rainfall. Within the grass species, increasers are
more tolerant to rainfall reduction than decreasers and thus are likely to increase with the decrease in
precipitation beyond 15%. Resting the rangelands for at least 90 days or more as compared to 70 days
will improve rangeland biomass productivity during the spring and summer seasons, while there is no
benefit of resting for 90 days as compared to 70 days during autumn harvest. Further studies need
to be conducted to quantify the impact of long-term rainfall reduction on the growth pattern of key
species, soil vegetation cover, soil nitrogen and carbon dynamics, soils seedbank and soil microbiota
diversity in order to accurately model and predict the impact of reduced rainfall on our rangelands in
order to come up with relevant climate change adaptation strategies.
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