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Abstract 

A management strategy using short-duration grazing and fertili- 
zation was simulated in a study with individual ‘Ermelo’ weeping 
lovegrass [Erugrostis curvulcr (Shmd.) Nees] plants. Influence of 2 
levels of clipping [unclipped during the growing season and clipped 
(C) to M-cm stubble height each thne regowth reached 40 cm]; 
fertilizer [unfertilized and 70-34-44 kg N-P-K/ha (F)]; and water- 
ing frequency [irrigated to field capacity at 7- (WET) and 16 
(DRY) day intervals] on cumulative herbage dry matter yield, 
crude protein yield, and water-use efficiency, and root mass of 
individual weeping lovegrass plants grown in soil contained in 
polyethylene tubes was determined. Clipping combined with fertil- 
ization improved herbage dry matter yield and water-use effi- 
ciency. Fertilized plants yielded at least 5.4 g crude protein/tube as 
compared to less than 2.0 g crude protein/tube produced by unfer- 
tilized plants. Between 1 June and 15 September 1983 WET-F- 
treated plants provided sufficient regrowth for 5 harvest events 
with an average of 24-day intervals between harvests. In contrast, 
regrowth of WET-, DRY-F, and DRY-treated plants was harv- 
ested 3 times with intervals between harvests averaging between 32 
and 35 days. Clipping had no effect on root mass of WET-, DRY- 
F-, and DRY-treated plants, but reduced root mass of WET-F- 
treated plants by 44%. Based on this simulation of a fomge man- 
agement strategy, periodii harvest of weeping lovegrass combined 
with fertilization improved herbage dry matter yield and water-use 
efficiency without adversely affecting root mass when interval 
between harvest events avenged 32 to 35 days. 
Key Words: Erugrostis curvulu (Shrad.) Nees, root mass, water- 
use efficiency, crude protein 

Weeping lovegrass [Eragrosris curvulu (Shrad.) Nees] is a per- 
ennial, warm-season grass, native to south and central Africa. In 
Africa, this species occupies a niche in an intermediate seral stage 
where stands are maintained by disturbance (i.e., burning and 
heavy grazing) (Leigh 196 1). Weeping lovegrass was introduced to 
the southwestern United States in the 1920’s to control erosion of 
sandy soils. With development of appropriate management strate- 
gies, weeping lovegrass is now recognized as an excellent soil 
conservation species and a valuable source of forage. However, 
weeping lovegrass will become unproductive and unpalatable if 
improperly managed. 

A management strategy that has been developed to enhance 
weeping lovegrass yield and quality and improve livestock perfor- 
mance consists of fertilization coupled with frequent, short periods 
of intense grazing (Dahl and Cotter 1984). Cotter et al. (1983) 
found that cattle gains increased by more than 250 kg/ ha on 
rotationally grazed weeping lovegrass. Performance increased 
when cattle were stocked at a rate that ensured all plants were 
grazed to a IO-cm stubble height within 2 to 5 days. Shoop et al. 
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(1976) considered a pasture ready for grazing when weeping love- 
grass regrowth was between 30 and 40 cm tall and recommended 
that pasture rest periods not exceed 40 days. 

Evaluation of this forage management strategy has focused on 
animal weight gains and herbage yield and quality. Information on 
the influence of clipping, fertilization, and variations in water 
availability on root mass and water-use efficiency is needed to 
more completely assess management efficacy. Therefore, the 
objective of this study was to determine how clipping, fertilization, 
and frequency of watering influence herbage dry matter yield, 
crude protein yield, water-use efficiency, and root mass of individ- 
ual ‘Ermelo’ weeping lovegrass plants. 

Methods 

This experiment was designed to simulate the short duration 
grazing strategy outlined by Dahl and Cotter (1984) to improve 
weeping lovegrass quantity, quality, and utilization by livestock. 
To assess root mass response to clipping, fertilization, and water- 
ing, treatments were imposed on containerized weeping lovegrass 
growing in a field environment. Clipping was deemed an approp- 
riate method to simulate the rapid removal of forage by livestock in 
a short duration grazing program. 

During the fall of 198 I, 342 polyethylene tubes (25 cm diam X 60 
cm length) were sealed at one end and filled with 40 kg of Amarillo 
fine sandy loam soil (fine, loamy, mixed thermic Aridic Paleustalf). 
The tubes were buried, with open ends exposed, in holes (60 cm 
deep and 35 cm diam) excavated in a native shortgrass prairie 
located in Lubbock, Texas. On 4 June 1982, about 25 caryopses of 
Ermelo weeping lovegrass were planted in each tube. At the Cleaf 
growth stage, weeping lovegrass seedlings were thinned to 4 per 
tube. Plants were uniformly watered every I4 days throughout the 
summer and early fall of 1982. 

On 28 April 1983 all plants were clipped to a IO-cm stubble 
height. At this time, 20 tubes were excavated to determine above- 
ground and belowground plant mass before treatment. Plants were 
removed from the tubes, placed on a 0.5 mm mesh screen, and the 
soil was washed from the roots. Washed plants were oven-dried, 
stubble and roots were separated, and weighed. On 29 April 1983, 
168 randomly selected tubes were each fertilized (F) with 3.8 g 
NH4NOs and 3.0 g KHzPQ, comparable to a broadcast fertilizer 
application of 70-34-44 kg N-P-K/ ha. 

Watering treatments started on 12 May 1983 and ended 22 
October 1983. Ninety-eight of the fertilized tubes and 84 unfertil- 
ized tubes were watered to field capacity (-0.01 MPa) every 7 days 
(WET) while remaining tubes were watered to field capacity at 
14day intervals (DRY). Soil samples were collected from 4 tubes 
per treatment combination 24 hr before each watering event, oven 
dried at 105’ C, and weighed. Volume of water to be applied was 
determined by comparing the average water content of the soil 
within the tubes with a water retention curve developed from the 
soil. To lessen disturbance caused by soil removal, only 2 cores 
(25-cm length X l9-mm diam) were taken from any tube during the 
experiment. Soil removed during sampling was replaced with oven 
dried loamy sand that had been passed through a 0.5 mm mesh 
screen. 
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Fig. 1. Monthly precipitation occurring at the Lubbock study site from 
1982 through 1984. 

Clipping treatments occurred between 29 April and 15 Sep- 
tember 1983. Half the weeping lovegrass within each fertilization 
by watering frequency treatment combination were clipped (C) to a 
IO-cm stubble height when regrowth height reached 40 cm. At each 
herbage harvest, 7 tubes containing clipped plants were randomly 
selected and excavated. Another 7 tubes containing similarly fertil- 
ized and watered plants that had not been clipped were randomly 
selected, herbage removed to a IO-cm stubble height, and exca- 
vated. Excavated plants were washed and prepared as indicated 
above. The herbage (aboveground plant portion less the stubble) 
was oven dried at 60’ C for 48 hr, and weighed. Herbage samples 
were ground in a Wiley mill and analyzed for crude protein content 
(CP) using the microkjeldahl procedure to determine nitrogen (N) 
content (CP=%N X 6.25) (Anonymous 1960). In anticipation that 
WET-F- and WET-treated plants would grow more rapidly and be 
harvested more frequently than DRY-F- or DRY-treated plants, 
more tubes were allocated to the WET-F and WET treatments to 
ensure that a sufficient number were available for excavation at 
each harvest date. 

The experiment was arranged as a 23 factorial (2 levels of each of 
the 3 factors: clipping, fertilization, and watering frequency) in a 
completely random design. A final harvest and excavation of 
plants within 7 tubes per treatment combination occurred at the 
end of the experiment on 15 March 1984. Therefore, analysis of 
variance procedure for a factorial experiment was used to evaluate 
cumulative herbage dry matter yield, crude protein yield, and 
water-use efficiency over the period of the experiment and root 
mass present at the end of the experiment. Treatment means were 
compared at the 0.05 level of probability using Tukey’s w- 
procedure (Ott 1977). 

Cumulative herbage dry matter yield was obtained for clipped 
plants by summing amount of harvested herbage obtained at each 
sampling date and for unclipped plants by summing the net 
increase in yield across consecutive herbage harvest events. 
Cumulative crude protein yield was calculated by multiplying the 
crude protein content of the herbage by the herbage dry matter 
yield at each sampling date and summed across sampling dates. 
Cumulative water-use efficiency of the herbage was calculated by 
dividing the cumulative herbage dry matter yield by volume of 
water added during the growing season less the volume of water 
remaining in the soil at the end of the growing season (22 October 
1983). Volume of water added to the tubes was determined by 

462 JOURNAL OF RANGE MANAGEMENT 43(5), September 1990 

Table 1. Mean cumulative herbage dry matter yield, crude protein yield, 
and water-use efficiency (WUE) and root mess of individuel ‘Ermelo’ 
weeping lovegrass plrnts growing in an experiment conducted from 28 
April 1983 to 15 March 1984 in Lubbock, Texee.1 

Treatment* 

WET 

Dry Crude 
matter protein Root 

---___-___ g/tube _____ _____ 
WUE 

-g DM/ I’- - 

F-C 79.0 7.8 19.1 0.8 
F 43.9 34.4 0.4 
C 41.0 2 

114 
20.2 0.4 

0 44.7 26.7 0.4 

DRY 
F-C 55.9 6.2 18.7 0.7 
F 32. I 4.7 21.2 0.4 
C 35.6 1.6 19.4 0.5 
0 28.2 1.5 25.4 0.4 

Tukey (0.05)4 14.4 NS 9.4 NS 
Analyses of Variance 

Source df F-Test Probabilities 
Fertilize (F) 1 0.01 0.01 0.77 0.01 
Water(W) I 0.01 0.01 0.01 0.18 
Clip(C) I 0.01 0.01 0.01 0.01 
FXW I 0.16 0.01 0.06 0.05 
FXC 1 0.01 0.01 0.38 0.01 
wxc I 0.97 0.37 0.03 0.83 
FXWXC 1 0.02 0.10 0.04 0.17 

Sums of Squares 
Error 48 3415 11.4 1462 0.22 

‘Herbage dry matter yield, crude protein yield, and water-use efficiency are cumula- 
tive values obtained over the period of 28 April 1983 to I5 March 1984 and root mass 
values were obtained on I5 March 1984. 
‘Treatments are; F = fertilized (equivalent to broadcast application of 70-34-44 kg 
N-P-K/ha), WET q  watered every 7 days, DRY q  watered every 14 days, and C = 
herbage clipped to a IO-cm stubble height when regrowth reached 40 cm, and 0 = no 
fertilizer or clipping treatment. 
3Wateruseeffc~encyisexpressedasgrams(g) ofdrymatter(DM)perliter(l)ofwater 
applied. 
‘Critical values for comparison of treatment means obtained using Tukey’s w- 
Procedure where PZO.05 and df = 40. 

summing the volumes added during watering and naturally occur- 
ring precipitation events (Fig. 1). 

Comparisons of cumulative aboveground weight (stubble and 
herbage combined) and root mass at each sampling date during the 
growing season were made between clipped and unclipped plants 
within fertilization and watering treatment combinations using 
Student’s t-test (Ott 1977). Cumulative aboveground weight was 
obtained by combining cumulative herbage and stubble dry matter 
yield estimates at each harvest date. Cumulative stubble yield was 
determined for plants by summing the net increase in stubble yield 
from 1 harvest event to the next. 

Results and Discussion 

Weeping lovegrass herbage and aboveground yield were en- 
hanced by clipping, fertilization, and frequent watering. Within 
watering treatments, herbage yield of fertilized and clipped plants 
was greater than that of other plants (Table 1). From May to 
September 1983, WET-F-treated plants produced sufficient re- 
growth for 6 herbage harvest events while remaining plants were 
only harvested 4 times (Fig. 2). Clipping enhanced cumulative 
aboveground yield of WET-F-treated weeping lovegrass. At every 
sampling date after 1 June 1983, cumulative yield of clipped WET- 
F-treated plants exceeded that of unclipped WET-F-treated plants. 

The positive response of weeping lovegrass to clipping, fertilixa- 
tion, and irrigation was expected. Clipping at the proper intensity 
and frequency can improve warm-season grass productivity (Younger 
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Fig. 2. Cumtd8tive 8boveground (stubble and herbage) and mean root mass of clipped and unclipped weeping lovegrass from 28 April 1983 to 15 March 
1984. Cupped pf8nts were huvested to 8 lo-cm stubble height e8cb time regrowth re8ched 4tl cm. The l indicrtesth8t the weight of the plant portion is 
signific8ntly greater (P?g.og) 8ccording to Student’s I-teat 8nd en8bfes comp8risons between cupped 8ttd unclipped pf8nts8t each s8mpling d8te within 
fertihratfon 8ttd w8tering frequency tre8tments. Number 8ssocirted with erch point is the standard error of the tre8tment me8n. Tre8tments 8re; F = 
ferthired (equiv8lent to bro8dcast 8ppgcation of 7024-44 kg N-P-K/h8), WET = watered every 7 d8yr, 8nd DRY q  watered every 14 days. 
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1972, Crider 1955). Jameson (1963) reported that defoliation 
improved grass yields by increasing tiller number and replacing 
mature leaves with younger, more photosynthetically efficient 
leaves. Fertilization and irrigation increased forage yields by alk- 
viating nutrient and water deficiencies that limited growth (Power 
1983, Wight and Black 1979). 

Fertilization increased cumulative crude protein yield of weep- 
ing lovegrass herbage (Table 1). Whether averaged across clipping 
or watering regimes, fertilized plants yielded at least 5.4 g crude 
protein/tube as compared to less than 2.0 g crude protein/tube 
produced by unfertilized plants. The crude protein yield values 
represent both herbage dry matter yield and crude protein content. 
Therefore, the increase in crude protein yield caused by fertiliza- 
tion coupled with either clipping or frequent watering reflects the 
positive response of herbage dry matter yield to these treatments. 

Based on samples obtained at the end of the experiment (15 
March 1984), root mass of WET-, DRY-F-, and DRY-treated 
plants was not adversely affected by clipping (Table 1). In contrast, 
root mass of WET-F-treated weeping lovegrass was significantly 
reduced by 44% following frequent clipping during the growing 
season. Potential consequences of such a root mass decline include 
reduced plant productivity and survival. Reduction of root mass 
caused by clipping was found to decrease grass tolerance to 
drought (Weaver and Albertson 1943, Crider 1955) and competi- 
tive ability (Weaver 1930). 

Frequency of herbage harvest and average time interval between 
harvests may explain the observed decline in root mass of WET-F- 
treated weeping lovegrass as compared to WET-, DRY-F-, and 
DRY-treated plants (Fig. 2). The time interval between clipping 
events occurring after 1 June was relatively short (average of 24 
days) and may not have been of sufficient length for plants to 
recuperate from clipping. In contrast, WET-, DRY-F, and DRY- 
treated plants were only harvested 3 times and average clipping 
intervals after 1 June were 32,32, and 35 days, respectively. This 
supports Younger (1972), who reported root mass reduction of 
selected grasses increased with defoliation frequency. 

The WET-F treatment simulates optimum growing conditions, 
when nutrients and water are available throughout the growing 
season, which rarely occur on sandy pastures in the southern Great 
Plains. Under typical pasture conditions it is unlikely that weeping 
lovegrass would provide sufficient regrowth for 6 harvests during a 
single growing season. In contrast, the DRY treatment, where 
water was provided less frequently, probably approximates field 
conditions more closely than the WET treatment. 

Decreases in root mass of WET-F-C-treated plants during early 
to mid-summer may result from root death caused by defoliation 
(Fig. 2). In this study, root mortality was not quantified because of 
the difficulty in separating live and dead roots. However, loss of 
dead and decomposing roots during washing procedures could 
account for observed reductions in root mass. Others have deter- 
mined that root mortality increased following frequent and severe 
defoliation (Harradine and Whalley 198 1, Hodgkinson and Baas 
Becking 1977). 

Weeping lovegrass root and shoot growth occurred concurrently 
from May through early June, regardless of clipping (Fig. 2). 
However, depending on treatment, root growth slowed or root 
mass actually declined during July and increased through late 
August into September. Despite confinement of weeping lovegrass 
roots in a relatively small volume (about 30 liters), the pattern of 
root growth generally agreed with root studies conducted by 
Shoop (1977) in a rhizotron containing a much larger soil volume. 
Additional comparisons regarding weeping lovegrass response to 
defoliation between this and Shoop’s (1977) experiments are diffi- 
cult to make because of differences in clipping heights and frequen- 

ties and methods used to measure root growth. 
Clipped and fertilized weeping lovegrass were about twice as 

water-use efficient as unclipped or unfertilized plants (Table 1). 
This improvement in water-use efficiency may result from mainte- 
nance of young leaf tissue by clipping and alleviation of nutrient 
deficiencies by fertilization. Clipping reduced the proportion of old 
to young leaves and improved water-use efficiency by removing 
less efficient old leaves and replacing them with young regrowth 
&archer 1980). Power (1983) indicated that fertilization affected 
water-use efficiency by correcting nutrient deficiencies that res- 
tricted plant growth and yield. 

Clipping influenced 2 factors that affected plant water-use efti- 
ciency; leaf age and leaf surface area. With advanced age, weeping 
lovegrass leaves were probably less water-use efficient because of a 
diminished capacity to adjust stomata1 openings to control water 
loss. Water-stressed corn and sorghum at the vegetative stage of 
growth were able to close stomates, while stomates remained open 
when the same stress was applied to more mature plants at the 
reproductive stage of growth (Ackerson and Krieg 1977). 

Reduction in leaf surface area following clipping could have 
enhanced weeping lovegrass water status. In other studies, top- 
growth removal improved plant water potential by reducing trans- 
piring leaf surface of selected grasses (Wolf and Parish 1982, 
Svejcar and Christiansen 1987). These authors indicated that 
reducing transpiring surface area enabled plants to maintain a 
positive water balance and overcome limitations to growth caused 
by an inadequate root system or low soil water availability. 

Summary 
This study was conducted to determine the response of individ- 

ual weeping lovegrass plants to a management strategy developed 
to improve plant yield and quality. The treatments had a positive 
effect on herbage yield and water-use efficiency. Clipping at the 
frequency and intensity specified by Dahl and Cotter (1984) 
reduced root mass of WET-F-treated plants. The WET-F treat- 
ment simulates conditions which rarely occur in the southern Great 
Plains. Based on this simulation of a forage management strategy 
periodic harvest of weeping lovegrass combined with fertilization 
improved forage quality and quantity without adversely affecting 
root mass if the intervals between harvest events averaged 32 to 35 
days. 
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