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ABSTRACT 

Burning treatments were conducted in southern Arizona to 

evaluate effects of February and June burns on the nutritive quality 

and quantity of Lehmann lovegrass (Eragrostis lehmanniana) herbage 

compared to unburned herbage. Post burn herbage was separated into 

green and dry components and into leaves, stems, and inflorescences 

for analyses for nitrogen, phosphorus, and in vitro dry matter diges

tibili ty.  Results are expressed in terms of quality and total quantity 

and management implications discussed. 

The February and June burning treatments improved nutrient 

quality of Lehmann lovegrass during seasons of growth following the 

burn, but improvement of nutrient contents was not sustained throuqh 

fall-winter.  Total nutrients,  digestible dry matter,  nitrogen, and 

phosphorus as kg ha"^, were lower on the burned treatment plots com

pared to the unburned treatment.  The June burned plots had lower total 

nutrients compared to the February burned treatment both in summer and 

fall-winter.  



CHAPTER 1 

INTRODUCTION 

Since i ts introduction from South Africa some 50 years ago, 

Lehmann lovegrass (Eragrostis lehmanniana)^ has been used extensively 

for reseeding semiarid rangelands of the southwestern United States 

(Williams 1964; Cable 1971; Freeman 1979). Additionally, prolific 

seed production and aggressive growth characteristics have enabled i t  

to invade thousands of acres of native rangelands. For example, at  the 

Santa Rita Experimental Range (SRER) in southeastern Arizona, Lehmann 

lovegrass has spread from the original seedings and now dominates most 

range sites between 1067 m and 1677 m elevation. 

Widespread establishment of Lehmann lovegrass has raised a num

ber of concerns regarding stand management (Cable and Bohninq 1959). 

Principal among these is poor util ization of Lehmann lovegrass by cattl  

during the summer growing season (Cable and Bohning 1959; Cable 1971) 

On most Lehmann lovegrass dominated rangelands, grazing is concentrated 

in drainages and around mesquite trees (Prosopis juliflora var.  velu-

tina) resulting in low overall  use of the forage resource. These areas 

are repeatedly grazed while adjacent uplands, dominated by Lehmann 

1.  Scientific names follow nomenclature of Kearney and Peebles 
(1969). 
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lovegrass, receive l i t t le use (Dr. Richard W. Rice, Animal Scientist ,  

University of Arizona; personal communication). 

A primary management objective on these ranges is,  therefore, 

to improve util ization of the usable forage resource. Several research

ers have reported increased utilization of Lehmann lovegrass by l ive

stock, deer and jackrabbits following burninq (Humphrey. 1949;.  Cable 

1967; Martin 1983). Furthermore, Lehmann lovegrass has been observed 

to rapidly reestablish following fires.  This characteristic suggests 

controlled burning may be a useful management tool on Lehmann lovegrass 

dominated rangelands (Humphrey and Everson, 1951; Cable 1965, 1971; 

Pase, 1971; Martin, 1983). 

A number of questions, however, remain unanswered with respect 

to the effects of prescribed burning on Lehmann lovegrass. In particu

lar,  how does f ire,  including the season of burning, influence the 

nutritive quality of Lehmann lovegrass? Additionally, because livestock 

often selectively graze plant parts (Heady 1964; Gait et  al .  1969), i t  

is of interest to know how fire influences the nutrient content of dif

ferent plant fractions. This study addresses these questions. 

In this study, I investigated the effect of late winter (Feb

ruary) and summer (June) controlled burns on the nutritive quality of 

Lehmann lovegrass and compared postburn with unburned (control) herbage 

quality. I evaluated chemical composition nitroqen (N), and phos

phorus (P) and in vitro dry matter digestibility (IVDMD) of leaf,  stem 

and inflorescence components from the initiation of postburn vegetative 

growth through leaf senescence the following winter.  



CHAPTER 2 

LITERATURE REVIEW 

Fire is frequently a practical and effective tool for managing 

and improving rangelands (Wright and Bailey 1982). The following dis

cussion reviews the influence of fire on grazing animal behavior and 

forage quality, with specific reference to N (crude protein),  P and 

IVDMD of postburn forage. 

The Influence of Fire on Forage Palatability 
and Grazing Animal Behavior-

The use of f ire to alter wildlife and livestock grazing distri

bution has been demonstrated in a variety of plant communities.  Early 

season burning of Veld in Wankie National Park, Zimbabwe attracted large 

numbers of grazing ungulates (Bruce, 1971). Daubenmire (1968) suggests 

the manner in which grazing ungulates seek out burned areas in grass

lands may not reflect palatability of the foliaqe so much as i ts avail

ability. Humphrey (1962) contended cattle showed a distinct preference 

for ranges burned annually, a lesser preference for those burned every 

other year,  and sti l l  less for those burned at  less frequent intervals 

or unburned. He speculated that some damage to forage commonly attri

butable to fire,  is due to livestock concentration on burned areas. 

3 
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Tobosa (Hi 1 aria mutica),  a coarse perennial grass,  may accumu

late large amounts of l i t ter and is unpalatable to livestock in spring 

when only dried herbage is available (Wright,  1969, 1972; Britton and 

Steuter,  1983). However, cattle readily graze recently burned tobosa, 

indicating that fire can be used to increase utilization of this other

wise unpalatable grass (Wright,  1969, 1972; Heirman and Wright,  1973). 

Similarly, Klett ,  Hollingsworth and Schuster (1971) reported a 50% 

increase in utilization of burned pastures of weeping lovegrass (Era-

grostis curvula),  relative to the control.  

Burning increases forage availability by removing old dead 

material,  thereby improving range util ization and cattle distribution 

(Duval1 and Whitaker,  1964; Vallentine, 1971). When such rangelands 

are grazed for several years without burning, patchy grazing patterns 

are created, because cattle tend to return to previously grazed areas 

where regrowth is more palatable (Smith, 1960). 

The Effect of Fire on Forage Quality: Nitrogen 

Forage N content typically increases after a fire (Daubenmire, 

1968). Increased crude protein concentration of postburn tall  grass 

vegetation has been reported following midspring burning of native 

grasses, including l i t t le bluestem (Andropogon scoparius)(Smith and 

Young, 1959), and for big bluestem (A. gerardi)(Owensby, Paulsen and 

McKendrick, 1970). Burning increased protein content of early growth 

in a variety of grasses, but where f ire was not followed by close 

utilization by herbivores, this benefit  was short l ived (Campbell et  al .  
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1954; Hilmon and Hughes, 1965; Smith, 1960; Lodge, 1960; Miles, 1971). 

Britton and Steuter (1983) found higher crude protein concentration in 

toboso following prescribed burning, compared to new growth on unburned 

areas. When grazing was delayed after burning, tobosa rapidly matured 

and nutritive quality declined. Smith, Kadleck and Fonnesbeck (1984) 

found crude protein increased in saltgrass (Distich!is spicata var.  

stricta) and bulrush (Scirpus acutus) after a fire.  Halls et  al.(1964) 

and Hilmon and Hughes (1965) reported burning improved the forage 

quality of wiregrass (Aristida stricta),  including increased protein 

content.  McAntee, Scifres and Drawe (1979) showed the protein content 

of Gulf cordgrass (Spartina alternifolia) on burned plots increased to 

about 11% compared to 5% on unburned plots.  In northern Texas, Klett  

et  al .  (1971) found burning weeping lovegrass increased crude protein 

from 3.6% on unburned pastures to 7.6% on burned plots.  Kirk et  al .  

(1974) studied the effect of f ire on pineland three-awns (Aristida spp.) 

over a five year period, and found average protein level ranged from 

3.7% (control) to 4.7% (burned). They showed protein content of grasses 

from the control generally decreased throughout the year,  while on 

burned plots protein increased dramatically following treatment.  Hilmon 

and Hughes (1965), however, found crude protein of wiregrass increased 

to 13% immediately following fire,  but rapidly declined to 5% three 

months after burning. 

When evaluating pasture quality, the nutritional status of 

forage plants may be underestimated By analyzing whole plant samples 
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(Kalmbacher, 1984). Furthermore, l ivestock seldom consume whole plant 

parts,  but rather selectively feed on individual fractions. For example, 

sheep and cattle generally prefer leaves and fruits to stems (Heady and 

Torrel,  1959; Van Dyne and Lofgreen 1964); however, leaves are almost 

always preferred to stems (Arnold, 1981). This may be attributable to 

the wide variation in nutritional quality among these plant parts 

(Owen-Smith and Novellie,  1982). Cook and Harris (1950) showed that 

during active summer growth (July 10 -  August 4),  entire grass plants 

averaged 8.2% protein, whereas stems, leaves and heads contained 5.0, 

13.6, and 13.8% protein, respectively. During the latter part of sum

mer (.August 5 -  September 24),  however, the entire plant had 4.5% 

protein, compared to stems and leaves with 3.2 and 10.2% respectively. 

Protein content of all  plant fractions decline with maturity 

(Watkins, 1955; Read et  al . ,  1958; Meyer and Brown 1985). Read et  al .  

(1958) found bluestem (Andropogon spp.) contained 12 to 15% protein in 

early spring, but as plants matured, protein content declined rapidly. 

Additionally, they found nutritive properties of the leafy portion were 

superior to those of stems. 

Cattle require 8 to 9% crude protein for maintenance and repro

duction, and 9 to 15% for growth and lactation (National Res. Coun. 

1976). Performance of lactating and non-lactating cows may be con

strained when forage protein content is below these dietary levels 

(Cook and Harris 1950; McCawley ;  1983). Rodgers and Box (1967) found 

seasonal protein content of four southern mixed prairie grasses met 

requirements of non-lactating cows only once during the year,  and not 



at all  for lactating cows. Hence i t  is common practice to provide 

cattle protein supplements,  especially during winter when protein 

deficiency of native forage plants is most acute. 

Season of burning influences the nutritive quality of burned 

pastures. In Kansas, late spring burning increased protein content of 

big bluestem, whereas burning during other seasons had no significant 

effect (Aldous, 1934). Similarly, in west Florida Sand Hills,  Wood 

(1959) reported higher crude protein on spring burned pastures of wire 

grass (Aristida stricta),  than on winter burned and control pastures. 

Phosphorus 

As with crude protein, phosphorus content of native grasses 

fluctuate seasonally (Nelson, Herbel and Jackson 1970; Bryant 1971; 

Raleigh 1973; Reese 1980). Raleigh (1973) reported bluebunch wheat-

grass (Agropyron spicatum) at  preboot stage contained 0.24% phosphorus, 

as compared to the mature stage with only 0.13%. Similarly, Nelson et  

al .  (1970) reported red threeawn (Aristida longiseta) at  early leaf 

stage contained 0.12% phosphorus, relative to the dormant stage which 

contained 0.08%. Mature tobosa had 0.19% phosphorus and only 0.07% 

when dormant.  Beef cattle nursing calves require a minimum of 0.18% 

phosphorus in their diet (Grelen and Epps 1967). Native grasses, how

ever,  are deficient in phosphorus for much of the year,  except during 

a short period of active summer growth (Nelson et  al .  1970). Thus, 

supplemental feeding of phosphorus may be necessary on native grass 

ranges during the dormant season. 
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In Vitro Dry Matter Digestibility (IVDMD) 

Numerous factors affect digestibility of range forages. The 

most extensively studied of these are changes in structural composi

t ion of plants as they undergo maturation ^Samson 1952; Watkins 1955; 

Tilley and Terry 1963; Blaser 1964). Immature grass herbage has rela

tively greater digestibility than mature forage (Semple 1970; MacLeod 

and Minson 1974). Playne and Haydock (1972) found 50% of the varia

tion in forage intake was accounted for by digestibility. This supports 

the findings of Van Soest (1965, 1982) that digestibility was neqativelv 

correlated with 1ignification, and that chemical composition of forages 

has both positive and negative effects on digestibility and intake. 

Crowder and Chheda (1982) reported considerable variation in dry matter 

digestibility of forage during the growing stage. They emphasized this 

was related to changes in structural composition, particularly lignin, 

fiber and sil ica contents,  arising as a result  of stage of growth, 

environmental conditions, fertil ization, and burning. Smith (1960) 

compared digestibility of forages from unburned and midspring burned 

pastures and found dry matter and crude fiber digestibility higher in 

forage from the burned area. Similarly, McGinty, Smeins and Merril  

(1983) reported higher IVDMD during summer for steer diets harvested 

from burned paddocks, compared to the control paddock. 

Within forages, chemical composition varies among plant frac

tions and therefore significantly effects digestibility of different 

components (Beaty and Engel 1980; Miles, Griffith and Walters 1964; 
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Tilley and Terry 1964; Kothmann 1980). Read et  al .  (1958), Kothmann 

(1980) and Beaty and Engel (1980) reported superior nutritive qualities 

of leaf fractions to steins. In fact,  Beaty and Engel (1980) proposed 

that pasture management which maintains green leaves produces more 

total digestible nutrients than practices which allow accumulation of 

stems and dead plant parts.  Residual (dead) leaves, stems and heads 

display lower nutrient quality than green plant fractions (Beaty, 

Dobson and Smith 1978a). Dead leaves, however, are more digestible 

than green stems (Tilley and Terry 1964). 

Cook and Harris (1950) emphasized the importance of plant frac

tions in determining chemical composition. They found seasonal changes 

in crude protein and lignin in all  plant fractions. Crude protein and 

digestibility declined more rapidly in stem than in leaf fractions. 

Mowat, Kwain and Winch (1969) found the stem fraction, at  any given 

stage of growth, less digestible than leaves. Lerodo and Minson (1973) 

found intake of leaves was as much as 46% higher than stems, even at  

similar levels of digestiBi;li ; ty.  Furthermore, Whiteman (1980) observed 

that increasing proportions of stem material in a sward reduced the 

overall  nutritive value of dry matter.  Tilley and Terry (1963) and 

Crowder and Chheda (.1982) showed leaf and stem fractions of a forage 

plant are equally hfghly digestible at  the young stage of growth, 

although they found differences among fractions with advancing maturity. 

They attributed this difference to U'gnifi 'cation of the stem fraction. 

Analysis of the whole plant sample of herbage may, therefore, 

give a misleading impression of actual diet quality. For this reason, 
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herbage intended for chemical analysis should be separated into green 

and dry stems, leaves, and inflorescence components.  

Lehmann Lovegrass 

Lehmann lovegrass has been successfully used for reseeding 

semi arid range!ands of southeastern Arizona since i ts introduction from 

South Africa (Williams 1964). Dispersal from original seedings has 

resulted in the invasion and replacement of the native perennial 

grasses (Kincaid et  al .  1959; Williams 1964; Cable 1971). 

As a forage species, Lehmann lovegrass has a number of favor

able and unfavorable characteristics.  Williams (1964) and Cable (1971) 

reported Lehmann lovegrass readily established from seed on semi arid 

rangelands, and can withstand continuous heavy grazing. Furthermore, 

Humphrey and Everson (1951), Cable (1965, 1971), Pase (1971), and Martin 

(1983) reported Lehmann lovegrass reestablished quickly after fire.  

Unlike many native grasses, Lehmann lovegrass responds to winter mois

ture, initiating growth early in the spring, and thus producing more 

spring forage than the native species (Cable 1971). I t  is well adapted 

to moderate winter temperatures and survives brief periods of below-

freezing weather (USDA-SCS 1972). 

Despite these positive features, management of Lehmann love

grass dominated sites has raised a number of questions. Early studies 

of Lehmann lovegrass questioned i ts usefulness as livestock forage due 

to i ts low palatability, relative to native perennial grasses (Boyle 

1945; Humphrey 1950, 1958a; Cable and Bohning 1959; Cable 1971). 



Humphrey (1958a) reported livestock preferred native grass species to 

Lehmann lovegrass, both during the summer growing season and in fall  

when grasses are cured. Furthermore, in areas where both Lehmann love-

grass and native grasses occur, he found livestock overgrazed native 

species while leaving Lehmann lovegrass. Cattle exhibited a preference 

for native perennial grasses over Lehmann lovegrass, during summer and 

early fall  (Cable and Bohning 1959). But cattle increasingly utilized 

Lehmann lovegrass during winter and spring, because i t  stays green, 

while most native grasses are dry. Compared to Wilman lovegrass 

(Eragrostis superba) and Boer lovegrass (E. chloromelas),  util ization 

of Lehmann lovegrass remained low, except in spring when i t  was 

increasingly used (Cable and Bohning 1959). Cable (1971) reported low 

use of Lehmann lovegrass results from accumulation of residual plant 

materials and low leaf-.stem ratto of current growth, relative to the 

associated native perennial grasses. 

Gait et  al .  (1969) reported marked differences between community 

species composition and dietary composition of rumen fistulated steers 

grazing desert grasslands of southeastern Arizona. They found that 

although Lehmann lovegrass was the dominant grass species, i t  accounted 

for less than 12% 6y weight of the species identified in the rumen 

samples. However, plains Brtstleqrass (Setaria macrostach.ya) which made 

up only 71 of the available herbage, was the predominant species in the 

rumen samples. Gait et  al .  0969) also found differential selection of 

plant parts.  Seed heads were an insignificant portion of rumen forage 

samples, and stem parts accounted for 50 to 70% of sample points 
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recorded for Lehmann lovegrass and black grama (Bouteloua eriopoda). 

In contrast,  leaves accounted for 70 to 90% of the Arizona cottontop 

(Digitaria californica) and plains bristlegrass observations. 

Several studies have reported burning increased cattle use of 

Lehmann lovegrass (Humphrey 1949; Cable 1967, 1971; Martin 1983). 

Cable (1971) found cattle grazed Lehmann lovegrass more closely on an 

area accidentally burned than on adjacent unburned range. In addition 

to removing dead materials,  f ire frequently improves nutrient quality 

of most grasses (Humphrey 1949). Previous studies have not investi

gated the effect of burning on nutritive quality of Lehmann lovegrass. 

Reese (1980), reported Lehmann lovegrass was significantly 

higher in phosphorus in summer and fall ,  but that winter values were 

much lower than spring values. However, no significant correlation was 

found between P content and preference of Lehmann lovegrass (Bryant 

1971; Reese 1980). 



CHAPTER 3 

STUDY AREA 

Field studies were conducted at  the Santa Rita Experimental 

Range, 64 km south of Tucson, Arizona. The study area consists of a 

deep sandy loam (305 -  406 mm precipitation zone) site within Pasture 

21. Study plots are located on an abandoned air strip, now dominated 

by Lehmann lovegrass. Most recently this pasture has been managed as 

one of three pastures in a Santa Rita rotation grazing system (Martin 

1978). 

Elevation of the site is about 1200 m. Annual precipitation 

averages 383 mm but varies from 51 to 153% of the average. Precipita

tion comes primarily in winter and summer, with about 60% falling from 

late June through September and the remainder falling during the winter 

spring period of December through March. Most summer rains fall  in 

isolated convectional storms, which are short l ived; winter rains are 

the result  of cyclonic storms, related to general frontal movements. 

The primary growing season coincides with summer precipitation, with 

some growth occurring in spring. Rainfall  during the summer growing 

season was 391 mm in the year this experiment was conducted; winter 

precipitation was 47 mm. Maximum summer daytime temperatures were 32 

to 41°C; winter minimum temperatures were 2 to 4°C. 

13 
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Topography of the site is characterized by gently sloping allu

vial fans, oriented in a southeastern direction. Soils at  the site are 

Comoro series (Clemmons, Walker and Wheeler 1970). 

The surrounding area is semiarid shrub-grass vegetation domi

nated by velvet mesquite and with an understory of perennial grasses, 

annuals and low shrubs. Dominant perennial grasses are Lehmann love-

grass, Arizona cottontop, black grama, sideoats grama (Bouteloua 

curtipendula),  Rothrock grama (13. rothrockii) and plains bristlegrass. 

Common succulents and shrubs include cholla (Opuntia chlorotica),  

burroweed (Aplopappus tenuisectus) and velvet-pod mimosa (Mimosa 

dysoca.rpa).  Additionally, several species of annual grasses and forbs 

are common during the spring and summer growing seasons. Average year 

mean production for native vegetation for this site is approximately 

784 kg ha"1 .  (USDA-SCS 1982). 



CHAPTER 4 

MATERIALS AND METHODS 

This study was part of a larger project conducted by the USDA 

Agriculture Research Service to evaluate fire effects on Lehmann love-

grass. The project described herein involves three treatments: 

February and June burns and unburned (control).  The study area was 

fenced and divided into three contiguous blocks, each with sixteen 

(15 x 15 m) plots (experimental units),  separated by disked fire lanes 

2 m wide. Blocking was conducted to account for a gradient in soil  

depth, to a horizon high in coarse fragments.  Each treatment was 

replicated three times, with treatments randomly assigned to one 

experimental unit  per block. Pretreatment sampling was initiated on 

February 13 for the control and February burn; and on June 1,  1984 for 

the June burn. Postburn sampling was conducted until  January 29, 1985, 

one year following the February burn. 

Controlled burns were conducted February 15 and June 6, 1984. 

Preburn fine fuels were determined by harvesting total standing crop 
o 

in ten randomly located quadrats,  0.5 m, in each plot.  Samples were 

separated into green and standing dead portions, oven dried for 48 

hours at  50°C, and weighed to the nearest gram. Air temperature, 

relative humidity and wind direction were monitored continuously during 

the period burning was conducted (Table 1).  

15 



Table 1.  Weather Conditions and Standing Fine Fuels During 
the February and June Burns. 
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Date 

Burned 

Ambient 

Temperature 

t°C) 

Wind Speed 

(km hr_ 1) and 

Direction 

Relative 

Humidity 

( % )  

Fine Fuels 

(kg ha"1) 

02/15/84 20 5-7 SW-NW 62 2059 

06/06/84 31 5-10 NW 40 2140 
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Plots were burned with ring fires,  igniting each plot perimeter 

with a drip torch (Wright and Bailey 1982). This ignition method was 

used so as to develop fire intensity sufficient to achieve near complete 

combustion of fuels.  Both burns met this objective. 

Sampling Methods 

Postburn herbage production was sampled bimonthly during the 

spring (March to May) and summer (July to September) growing seasons, 

and monthly during quiescent/senescent periods. On each sampling date, 
p 

ten quadrats,  0.5 m ,  were located (restricted randomization) within 

each plot.  Herbage within each quadrat was clipped at ground level and 

bagged for later separation. Prior to internode elongation, samples from 

all  quadrats were composited as a combined sample. Thereafter,  samples 

from three quadrats were composited and separated into green (G) and 

dry (D) fractions for the leaf (GL, DL), stem (GS, DS) and inflores

cence (GI, DI) components.  The GL, GS and GI fraction from herbage on 

the unburned and February burned plots were initially separated begin

ning with the July 18 samples and one week later for herbage from the 

June burned plots.  The GL were present for nearly six months (July 18 

to December 5) on herbage from the unburned and February burned areas, 

whereas on the June burned plots,  GL were present for only three months 

(July 18 to October 10).  The GS, however, were present through the 

January sampling dates. Separation of DL, DS, and DI fractions were 

initiated first  on herbage from the February and June burned plots fol

lowed shortly thereafter from herbage on the unburned areas. These were 
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the major components present during fall-winter (October to January) 

sampling periods. 

Samples from two other quadrats were composited for a total 

standing crop of combined herbage (CH); and samples from the remaining 

five quadrats were separated into total green (TG) and standing total 

dead (TD) components (Note: standing TD includes only current year 's 

dead plant materials).  Plant materials were oven dried at 50°C for 

48 hours, ground in a Wiley mill  using a 40-mesh screen, and stored for 

later analyses. Production data for TG and standing TD fractions were 

provided by Dr. Jerry Cox of the USDA-ARS. All biomass values presen

ted are expressed on an oven-dry basis (kg DM ha~^). 

Laboratory Analyses 

Each sample was analyzed for N and P content and IVDMD. N and P 

were determined using the method of Shuman, Stanley and Knudsen (1973). 

IVDMD was obtained by the method outlined by Goering and Van Soest 

(1973). Rumen l iquor for the artificial rumen digestion was obtained 

from two pairs of two-year-old steers of mixed breed, fad 30% concen

trate diet and 70% alfalfa hay and wheat straw. Prior to collecting 

rumen fluid, steers were given two-and-one-half weeks to adjust to the 

30% concentrate diet.  The rumen l iquor from the two steers was combined 

to reduce animal variation in the microbial population of the inoculum. 

Alfalfa hay was used as a standard sample among and between runs. 
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Statistical Analysis 

Potential differences in treatments were analyzed using analy

sis of variance (ANOVA) for a randomized complete block design (Steel 

and Torrie 1960). Due to rapid changes in nutritive contents of the 

grass fractions, analyses were conducted for individual sampling dates 

or for average values of the attributes over two or more dates.  Where 

significant F values (P<< .05) were obtained treatment means were fur

ther evaluated by means of least significant difference (LSD) compari

sons. 



CHAPTER 5 

RESULTS AND DISCUSSION 

Precipitation, Growth and Yield Estimates 
of Lehmann Lovegrass 

Seasonal precipitation patterns during the post-treatment sampl

ing period are shown in Figure 1.  Following a dry, late winter-early 

spring period, plant growth resumed with the initiation of April  rains. 

A short period of moisture deficit  in May and early June resulted in a 

late spring-early summer dormant season. The summer monsoon (July-Sep

tember) precipitation which was 170% of the long term average was fol

lowed by a period of l i t t le rainfall  in October and November. These preci

pitation patterns initiated corresponding phenological development and 

biomass production on the burned and unburned plots of Lehmann lovegrass. 

Total biomass production of Lehmann lovegrass although variable, 

closely followed precipitation patterns. The TG biomass from the 

unburned plots was substantially higher than TG herbage from plots 

burned in February and June, with the exception of August and early 

September sampling dates (Figure 2a).  The June burned plots,  however, 

always had lower TG biomass than the February burned areas. Maximum TG 

biomass for plots burned in June was 1220 kg ha~^ compared to 1764 and 

1709 kg ha"^ on February burn and unburned areas, respectively. 

20 
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Mean TG biomass on the unburned plots dun no summer (1358 

328 kg ha"^) was higher than spring (572 ± 96 kg ha"^) and fall-

winter (976 ± kg ha~^) quantities.  Similarly, on the February burned 

plots,  summer TG biomass (1212 ± 558 kg ha~^) exceeded that of the 

spring (102 ± 89 kg ha"^) and fall-winter (634 ± 454 kg ha~^). In 

comparison, plots burned in June had TG biomass of 676 478 kg ha~^ 

during summer and 494 ± 272 kg ha"^ in fall-winter.  

Standing TD biomass was always present on the unburned plots,  

and peak standing crop of this component occurred on January 29 on all  

treatments.  At this time, standing TD biomass represented 73% of total 

standing crop biomass on the unburned areas, compared to plots burned 

in February and June where i t  constituted 76% respectively. Standing 

TD, on the unburned plots,  however, was substantially higher (1936 kg 

ha~^) than plots burned in February (1168 kg ha~b and June (818 kq 

ha~^ on this date. On the unburned plots,  standing TD declined 

approximately 70% (July 18 -  August 15) in mid-summer. This period 

of declining TD biomass occurred concurrently with maximum accumulation 

of TG biomass on the unburned areas (Figure 2b). 

On the unburned plots,  standing TD averaged 47% of total stand

ing crop (current year 's growth), 57% on February burned and 49% on 

June burned areas. This provides an indirect measure of the proportion 

of green t issue die-back. Burned plots had proportionally higher 

standing TD than the unburned areas during the later sampling dates. 



24 

As sampling date progressed, i t  was nearly impossible to dis

tinguish current year 's standing TD and old standing dead and l i t ter 

from the previous year.  I t  is possible that while separating plant 

components some of the current year 's TD was included with the old and 

l i t ter,  reducing the measure of standing TD biomass; whereas, on 

burned treatments,  no l i t ter or old growth was present.  

Although the burned plots had proportionally higher percentages 

of standing TD, the unburned areas had higher mean standing TD biomass 

(1037 -  528 kg ha~^) than February (819 ± 253 kg ha"^) and June 

burns (516 -  204 kg ha~^) during fall-winter.  Plots burned in February 

and June had no standing TD during spring and summer. 

Lower total standing crop on the June burned plots,  relative to 

the unburned and February burned areas, was attributable to the high 

mortality of Lehmann lovegrass caused by the hot June fire (Humphrey 

and Everson 1951; Cable 1965). Less damage, however, occurred from the 

cool season February burn (Pase 1971). Furthermore, burning of peren

nial grasses on the Santa Rita Range has Been reported to reduce herbage 

yields by 50% of controls during the first  year after burning (Reynolds 

and Bohning 1956). Other workers,  however, have reported higher yields 

following burning (Aldous 1934; Wright 1972, 1974; White and Currie 

1983). 

Nutritive Analyses 

Nutritive qualities (N, P and IVDMD) of CH, TG, GL, GS, and GI 

followed growth trends of Lehmann lovegrass. This was less obvious for 

the dead fractions. 
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Nitrogen 

From the February and June burned areas, and to a lesser extent 

from the unburned plots,  CH displayed peak N concentration correspond

ing to the spring and summer growth periods (Figure 3a).  Peak N con

centration of CH in the unburned plots occurred on March 29 (.58% N) and 

July 18 (.64% N), compared to CH from plots burned in February which had 

peak N concentration on April  11 (2.47% N) and July 3 (2.16% N). This 

later date also represented the period of peak N concentration of CH 

from June burned (2.81% N) areas. 

Following the initial increase, N concentration of CH from 

unburned, February and June burned areas declined first  during the 

spring-summer dormant season, and later in summer, corresponding with 

the period of GI and GS production. The N concentration of CH from 

June burned plots had greater reduction (83%) than those from plots 

burned in February (79%) and unburned plots (42%) following initiation 

of GI development. During the spring-summer dormant season however, N 

concentration of CH from unburned areas declined by 24% compared to CH 

from February burned plots (67%). In spite of higher N decline of CH 

from burned areas compared to the unburned, CH on the burned treatment 

maintained superior N concentrations during spring and summer. Signi

ficant differences (P <.05) fn CH-N concentrations from the February 

burned and unburned areas were, however, found on February 29, April  23 

to June 6 and on July 3 -  18 (P <.001). Later differences (P <.05) 

were found among N concentrations of CH from the June burned and 
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unburned plots,  and among the February burned and unburned (P <.05) 

plots on August 1-15. No further differences in % N concentration 

from CH were found among treatments (Figure 3a).  

The CH on the unburned plots had higher mean N concentration 

during spring (.50 -  .06% N), compared to summer ( .47 -  .10% N) and 

fall-winter sampling dates ( .33 -  .96% N). Similarly, CH from the 

February burned plots had higher average N concentration in spring 

(1.60 -  .64% N) than summer ( .97 -  66% N) and fall-winter (.35 -  .06% N) 

and on the plots burned in June, N concentration of CH was higher in 

summer (1.49 -  .95% N) than fall-winter (.41 -  .09% N). 

The N concentration of TG displayed trends similar to those 

observed for CH (Figure 3c),  although higher peak values occurred, 

especially from herbage on unburned plots.  Rapid decline of N concen

tration of TG from unburned, February and June burned plots followed 

seed head emergence and seed ripening. Ngethe (1984) similarly reported 

a rapid decline in N concentration of sand dropseed (Sporobolus 

cryptanrus) and Lehmann lovegrass following flowering and seed ripening. 

Flowering changes the N content of CH and TG by f irst  increasing the 

proportion of stems to foliage (Lapins and Watson 1970). This was 

obvious from herbage on the burned areas relative to the unburned. 

Differences (P <.05) were found between N concentration of TG from the 

February burned and unburned areas on February 29, March 15 to April  11 

and on April  23 to May 9.  Further differences occurred between N 

concentration of TG herbage from the June burned and unburned plots and 

the February burned areas on July 13 -  18 (P <.001) and on August 1 -



28 

15 (P <.05). The TG herbage from plots burned in February had higher 

N concentration during spring (1.70 ± .60%N) compared to summer (1.3 ± 

.63% N) and fall-winter (.44 ± .05% N). Similarly, the unburned plots 

TG-N concentration was .70 ± 11% during spring, compared to .66 ± .17 

and .45 ± .04% in summer and fall-winter,  respectively. From the June 

burned areas, N concentration of TG was higher in summer than fall-

winter (1.50 ± .88 vs. .44 ± .03% N, respectively).  

Results indicated mean N concentration of TG from unburned and 

burned plots were equally low during the fall-winter suggesting that 

rapid maturity of Lehmann lovegrass reduced N content.  

The N concentration of the standing TD herbage from 

unburned plots averaged .31 ± .03% during spring and summer respectively 

and .32 ± .09% during fall-winter; whereas, N concentrations of standing 

TD herbage from February and June burned areas were .32 ± .11 and 

.37 ± .09% during fall-winter respectively, showing no significant dif

ferences (P > .05) between burned and unburned areas. 

The N concentration of the GL fraction was initially high, 

especially from herbage on the February and June burned plots (Figure 

4a) but was followed by a period of rapid decline. During summer, N 

concentration of GL from herbage on the June burned plots declined most 

(64%) compared to GL from herbage on February burned (58%) and unburned 

(52%) areas. The N concentration of this fraction increased again on 

the October sampling date. Significant differences (P <.05) were found 

among N concentration of GL from herbage on the February burned and 

unburned "areas on July 18, and from the June burned and unburned plots 
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on August 15 (Figure 4a).  The GL fraction from herbage on the unburned 

plots had higher N concentration (.87 ± .38% N) than GL herbage on the 

June burned areas (.72 ± .18% N), but slightly lower than that of GL 

from herbage on the February burned (.99 ± .46% N) plots.  

In contrast to GL, N concentration of GS peaked during July, 

followed by a gradual decline, and reaching lowest levels in December 

(Figure 4b). Similar to GL, N concentration of GS from herbage on the 

June burned areas declined more (70%) relative to those of GS from the 

herbage on plots burned in February (66%) and the unburned plots (42%). 

The more dramatic decline of N concentration of GS from herbage on 

burned areas, compared to the unburned, may be attributed to rapid 

maturity. This might be caused by lower soil  moisture on burned than 

unburned plots (White and Currie 1983), a condition that could increase 

rapid withdrawal of N to seedheads or roots.  Differences were found 

between.N concentration of GS from herbage on the February burned and 

unburned areas (P <.05) on July 18. Further differences occurred 

between the N concentration of GS from herbage on the June burned and 

unburned, and February burned and unburned plots on August 1 -  15. The 

GS fraction from herbage on the June burned areas had higher N concen

tration (.57 ± .29% N) than those of herbage on the February burned 

( .50 ± .19% N) and the unburned 1.38 ± .07% N) plots.  

Similar to GL and GS, GI had high initial N concentration in 

July before rapidly declining to low levels in October (Figure 4c).  

The N concentration of the GI fraction from the unburned, June burned 

and February burned areas declined by nearly the same proportions, 
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72, 72 and 66%, respectively. These reductions in N concentration 

could not be attributed only to GI maturation but were also likely due 

to the loss of seeds, which are major sources of N (Lapins and Watson 

1970). Significant differences (P <.05) occurred between N concentra

tions of GI from the June burned and unburned plots on the first  sampling 

date of August and on September 12 (Figure 4c).  The N concentration of 

GI from herbage on the June burned plots (1.17 ± .52% N) was higher than 

those of herbage on plots burned in February ( .88 ± .38% N); whereas 

during the period of separation, GI of herbage on the unburned areas was 

higher ( .97 ± .49% N) than the herbage from February burned plots.  

The N concentration of DL, DS and DI fractions showed less 

variation over time compared to their green counterparts.  The DL frac

tion from herbage on the June burned areas maintained higher mean N 

concentration (.43 ± .07% N) than herbage from the unburned ( .33 ± .03% 

N) and February burned ( .38 ± .03% N) plots.  However, these differences 

were not significant (P >.05). Results showed N concentration of DL 

fractions from herbage on the February and June burned areas increased 

during late January (Figure 5a).  These were leaves perhaps produced 

during October but cured by the final January date. 

The DS fraction from herbage on the February and June burned 

areas had the same N concentration (.26 ± .04% N), compared to DS from 

herbage on the unburned (.25 ± .03% N) areas. The DI from herbage on 

the February ( .35 ± .06% N) and June burned plots (.34 ± .96% N) had 

higher N concentrations tHian those of the herbage from unburned 
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(.29 ± .03% N) areas, although differences were not statistically 

significant (P >.05). 

The DL, DS and DI fractions had comparatively lower N concen

trations than their green counterparts,  although DL maintained superior 

quality over DS and DI. Moreover, DL and DI from herbage on the burned 

areas had higher N concentrations than DL and DI from herbage on the 

unburned plots.  This difference was not evident for DS. Low N concen

tration of the dead fractions may be attributed to withdrawal of N or 

losses attributed to the process of leaching (Skujins and West 1975). 

Charley (1977) attributed N withdrawal as an important process of N 

loss from senescencing tissues. This involves translocation of N to 

other vital organs of the plants,  especially the roots and rhizomes 

(Murneek 1932). 

Phosphorus 

The CH from unburned plots displayed peak P concentration on 

November 6 (.20% P) relative to CH from the February burned areas which 

peaked on April  11 (.50% P) and again on July 3 (.37% P). This later 

date was the peak P concentration for CH from June burned (.50% P) 

plots (Figure 6a).  

Following an initial increase (22%) P concentration of CH from 

unburned areas declined by 17% during spring-summer dormant season com

pared to P concentration of CH from the February burned plots which, 

after initial increase (44%), declined by about 48%. Summer decline in 
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P concentration of CH from the unburned areas (13%) was lower than for 

CH from February (46%) and June burned (48%) plots.  During fall-winter 

sampling dates, however, P concentration of CH from the February burned 

and the unburned plots was substantially reduced, 63 and 60%, respec

tively, and was a greater reduction than for P of CH from the June burned 

(52%) areas. Summer reduction in P concentration of CH occurred during 

late July and August,  the period when GI were produced. In Lehmann 

lovegrass, P concentration reduction occurring between flowering and 

seed ripening has been atrributed to rapid withdrawal of P (Ngethe 1984). 

Significant differences (P <.05) between P concentrations of CH from the 

February burned and unburned areas occurred on March 15 to June 6, and 

later from the June burned and unburned areas, and the February burned 

and unburned plots during July sampling dates. Further differences 

between P concentrations of CH from the burned and unburned plots were 

observed during August and November (Figure 6a).  The P concentration 

of CH from the February burned ( .38 ± .08% P) plots was more than twice 

that of CH from the unburned areas (.15 ± .01% P) during spring, while 

in summer the CH from plots burned in June had higher P concentration 

(.35 ± .08% P) than CH from the February burned (.27 ± .06% P) and 

unburned plots ( .15 ± .01% P).  During fall-winter P concentration of 

the CH from the unburned ( .16 ± .06% P),  February (.17 ± .07% P) and 

June burned ( .18 ± .08% P) areas were equally low. 

The TG fraction displayed similar trends of P concentration as 

the CH component (Figure 6c).  Following an initial increase (35%), P 

concentration of TG herbage from the unburned plots declined by 23%, 
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compared to the herbage from the February burned areas which, after an 

initial increase of 42% declined by 46% during the spring-summer dormant 

season. Summer declines were apparent on August 28 for all  treatments.  

The P concentration of TG herbage from the unburned areas, however, 

showed less decline (19%) relative to TG herbage on the February (46%) 

and June burned (48%) plots.  Differences were observed between P con

centrations of TG herbage from the February burned and unburned (P <.05) 

plots on March 15 to April  23 from the June burned and unburned and the 

February burned and unburned areas later in July and August (Figure 6c).  

The P concentration of TG herbage from plots burned in February was 

higher ( .40 ± .07% P) than those from the unburned plots (.21 ± .02% P) 

during spring, whereas during summer, TG herbage from the June burned 

(.35 ± .08% P) plots had higher P concentration than TG herbage from the 

February (.26 ± .03% P) and unburned (.24 ± .03% P) areas. 

The P concentration of standing TD on all  treatments was great

est on November 6 (Figure 6b). Standing TD herbage from February 

( .13 ± .06% P) and June burned ( .2 ± .05% P) areas had higher P concen

trations than the standing TD from the unburned plots (.06 ± .04% P) 

during fall-winter sample dates.  During spring and summer sampling 

dates standing TD from the unburned treatment had P concentration of 

.07 ± .03 and .06 ± .04%, respectively. Greater reductions in P con

centration following curing of Lehmann lovegrass may be attributed to 

leaching by rain. In laboratory experiments using hayed grasses, 

Bromfield and Jones (1972) showed intermittent wetting and drying of 

grass hays resulted in substantial loss of soluble P. This could 
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explain why P concentration of standing TD from burned and unburned 

areas peaked during November following summer months of heavy preci

pitation (Figure 6b). 

The GL fraction from herbage on the unburned and the February 

burned plots had higher P concentrations on July 18, compared to GL 

from herbage on the June burned areas which peaked a week later 

(Figure 7a).  Higher initial values were followed by rapid reduction 

in P concentration of the GL fraction following initiation of GI. The 

P concentration declines of GL were highest from herbage on the June 

burned (49%) plots,  relative to those from the unburned (36I) and 

February burned (28%) areas. Following these changes, significant dif

ferences (P <.05) were observed between P concentrations of GL from 

herbage on the February burned and unburned areas on July 18 from the 

June burned and unburned, and from the February and June burned plots 

on the first  sampling date of August (Figure 7a).  Thereafter,  no fur

ther differences were observed among P concentrations of GL from herbage 

on the burned and unburned treatments.  In spite of high P reductions, 

GL from herbage on the June burned areas maintained higher mean P con

centration (.28 ± .08% P) than GL from herbage on plots burned in 

February (.24 ± .04% P) and the unburned (.21 ± .04% P) areas. 

Similar to GL, GS from herbage on plots burned in June had 

higher P concentration (.29 ± .05% P) than GS from herbage on the 

February burned (.27 ± .63% P) and the unburned (.24 ± .02% P) areas. 

Significant differences (P <.05) were obtained between P concentration 
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of GS from herbage on the June burned and the unburned and the June 

burned and February burned areas during the first  sampling date of 

August (Figure 7b). 

The GI from herbage on the unburned areas had P concentrations 
v 

equal to that of GL in July. The GI from herbage on the June 

(.25 ± .06% P) and February (.22 ± .07% P) burned areas had lower P 

concentrations than their respective GL components.  There was however, 

no difference (P >.05) between P concentrations of GI from herbage 

samples on burned and unburned plots.  

Comparison of GS, GL and GI fractions showed GS had higher P 

concentration than GL, suggesting that Lehmann lovegrass stems serve 

as a P withdrawal organ. This notion is supported by the evidence that 

stems remain green longer than leaves. In contrast,  Haggar (1970) 

reported lower P concentration in stems than leaves of Andropogon 

gayanus. 

The DL, DS and DI fractions, on the other hand, had lower P 

concentrations (Figure 8) than their green fraction counterparts.  

Similar to standing TD, P concentrations of dead fractions were greatest 

in November (Figure 8).  The P concentration of DL from herbage on the 

unburned (.07 ± .04% P),  February ( .08 ± .03% P) and June (.11 ± .08% P) 

burned plots were much lower than those of DS from the same plots.  This 

is in agreement to the findings of Haggar (1970). The DI from herbage 

on the unburned areas had higher P concentration (.11 ± .05% P) than 

herbage from the February (.09 ± .05% P) and June (.09 ± .06% P) burned 
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plots.  This may be the result  of higher P concentration of the GI 

from herbage on the unburned areas before they were cured. 

In Vitro Dry Matter Digestibility 

The IVDMD of CH, similar to trends of N and P, displayed peaks 

corresponding to spring and summer growth periods (Figure 9a).  Peak 

dates were followed by rapid declines in IVDMD, especially during the 

spring-summer dormant and end-of-summer growth periods. The CH on the 

plots burned in February had peak IVDMD of 63.4% during spring, com

pared to a summer peak of 61.4%; whereas, IVDMD of CH from unburned 

areas peaked at  41.1 and 40.9% for spring and summer, respectively. 

During the summer, CH from the June burned plots had peak IVDMD of 

65.7%. Peak summer IVDMD of CH from the unburned, February and June 

burned plots had peak IVDMD of 65.7%. Peak summer IVDMD of CH from the 

unburned, February and June burned plots occurred prior to initiation 

of the GI and GS. 

Following stem and inflorescence formation IVDMD of the CH com

ponent rapidly declined, the reduction being higher in herbage from the 

June (50%) and February burned (47%) plots compared to those of the 

unburned areas which declined by 29%. Greatest reduction in IVDMD of 

CH on all  treatment plots followed seedhead emergence, suggesting that 

IVDMD of Lehmann lovegrass was not solely governed by stages of matur

i ty but also by a combination of factors including seedhead production. 

Significant differences (P <.05) between IVDMD of CH from the February 
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burned and unburned areas were found on February 29 to April  11. 

Later,  IVDMD differences from herbage on the June burned and unburned 

areas, and the February burned and unburned plots were obtained during 

July 3 to August 1 sampling dates. Further differences were obtained 

between IVDMD of CH from the June burned and unburned areas on 

August 15 (Figure 9a).  

The CH from unburned areas had lower IVDMD (36.4 ± 4.8%) than 

CH of the February burned (51.0 ± 19.2%) plots during spring. During 

summer CH from the June burned plots had higher IVDMD (49.4 ± 13.3%) 

relative to herbage from unburned (34.5 ±5.0%) and the February 

burned (45.4 ± 1.7%) areas. By fall-winter,  however, CH from the June 

burned plots had the lowest IVDMD (21.0 ± 3.8%), compared to herbage 

from February burned (29.5 ± 2.5%) and unburned (28.1 ± 2.9%) areas. 

Lower IVDMD of CH from the unburned, February and the June burned areas 

during fall-winter was attributed to presence of relatively large 

amounts of standing TD biomass. 

The IVDMD of TG herbage followed a trend similar to the CH com

ponent (Figure 9c).  Following initial increases, IVDMD of TG herbage 

from the unburned, February and June burned areas rapidly declined. 

The IVDMD reduction after the summer peak was higher in the TG herbage 

from the June burned (55%) than the February burned (50%) and unburned 

(36%) plots.  During periods of rapid change, significant differences 

(P <.05) were found between IVDMD of TG herbage from the February 

burned and unburned areas on February 29 to April  11; and later,  between 
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IVDMD of TG herbage from the June burned and unburned, and the February 

burned and the June burned on August 1 -  15. 

During spring TG herbage on the February burn had higher IVDMD 

(55.6 ± 5.0%) than herbage from the unburned plots (43.1 ± 9.8%). Dur

ing summer the herbage from the plots burned in June had higher IVDMD 

(48.4 ± 15.1%) than either TG herbage from the February burned 

(43.3 ± 12.0%) or from the unburned (41.0 ± 7.2%) areas. During fall-

winter,  however, IVDMD of TG herbage from the June burned plots was 

lower (23.9 ± 2.7%) than TG herbage from the plots burned in February 

(30.8 ± 2.1%) and unburned (30.8 ± 2.6%) areas, the latter two being 

similar during this period. Lower IVDMD of TG herbage from the June 

burned plots may be attributable to rapid maturation, compared to 

herbage from the February burned and the unburned areas. 

The IVDMD of CH and TG found in this study were lower than 

values reported by Osman (1982). Since there was l i t t le variation in 

IVDMD of the standard sample (53.7 ± 4.9%) both among and between runs, 

sources of variation attributed to the animal factor may be discounted. 

My major suspicion, however, l 's  the concentrate diet fed to the donor 

steers.  Many researchers have reported substantial depressions in 

roughage digestibility when donor animals are fed a ^30% concentrate 

diet (Burroughs, Gerlaugh, and Bethke 1949; El-Shazly, Dehority, and 

Johnson 1961; Chapell and Fontenot 1968). The manner in which starch 

and other concentrates reduce digestibility (IVDMD) of roughage is 

suspected to be related to the biological processes of rumen 
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microorganisms (Burroughs et  al .  1949). Topps, Reed, and Elliot (1965) 

have shown that starch concentrate reduces rumen pH, and suggested that 

a lower rumen pH may provide a less favorable environment for the cellu

lose digesting microorganism. This effect could, however, be reversed 

if  donor animals were put on roughage diet.  

The standing TD had lower IVDMD tnan TG and CH components 

(Figure 9b). Standing TD herbage from the unburned plots had IVDMD of 

29.2 ± 1.1% during spring, compared to 31.5 ± 2.4% in summer. During 

the fall-winter sampling period IVDMD of TD herbage from the February 

burned plots was slightly higher (33.6 ± 5.7%) than the June burned 

(28.1 ± 2.2%) and unburned (28.5 ± 6.8%) areas. However, these dif

ferences were not stastically significant (P >.05) showing the temporary 

effect of burning treatment on forage quality. 

The GL of herbage from the unburned February and June burned 

areas had high initial IVDMD, before gradually declining to the end of 

sampling period (Figure 10a).  The IVDMD of GL fraction from herbage on 

the unburned areas varied from 47.8 to 39.8%, compared to herbage from 

plots burned in February which varied from 60.0 to 42.0%, and from the 

herbage on the June burned plots which varied from 58.2 to 39.0%. Sig

nificant differences (P< .05) between IVDMD of GL herbage on the 

February burned and unburned areas were obtained on July 18. 

The GS from herbage on the February burned areas had higher 

IVDMD (33.8 ± 6.9%) than that of herbage on the June burned (29.5±8.3%) 

and unburned (31.1 ± 3.3%) plots.  With the exception of July and August 
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sampling dates, GS from herbage on the June burned plots had lower 

IVDMD than those from the unburned and February burned areas (Figure 

10b). Although this difference was not significant (P >.05) i t  is 

important to point out the rapid maturation of GS in Lehmann lovegrass 

plants from herbage on the June burned, compared to those of the un

burned and the Febraury burned areas. 

The GI of herbage from the unburned plots had slightly higher 

IVDMD (38.0 ± 8.7%), relative to those of the herbage on the June burned 

(37.1 ± 8.7%) and February (35.7 ± 8.6%) areas. 

The DL, DS and DI fractions had lower IVDMD than their green 

counterparts (Figure 11). The DL from the unburned treatment had 

slightly lower IVDMD (35.9 ± 1.8%) compared to the herbage on plots 

burned in February (40.6 ± 1.4%) and June (41.0 ± 3.5%) during the 

period of separation. I t  is important,  however, to note that DL from 

herbage on the unburned, February and June burned areas had higher IVDMD 

than GS. The DS from herbage on the June burned (22.0 ± 1.1%) and 

unburned (22.2 ± 2.5%) plots had lower IVDMD, relative to those of the 

herbage on the plots burned in February (26.3 ± 1.4%). However, DI had 

comparable IVDMD to those of DS. The DI from herbage on the June burned 

plots had lower IVDMD (22.5 ± 2.2%) compared to those herbage on the 

unburned (25.5 ± 2.2%) and February burned (25.5 ± 2.8%) areas. 

Available Nutrients 

A major question commonly facing range managers is what is the 

total nutrient pool in the standing herbage that can be harvested by 
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grazing animals.  Plant factors that affect the nutritive value of 

herbage include digestibility, dry matter content and chemical compo

sition. Digestibility is usually high for young herbage and declines 

with maturity. Digestibility and the dry matter content of herbage 

may influence the amount of dry matter ingested by grazing animals 

and hence the total amounts of nutrients that could be consumed. 

However, while digestibility of green herbage declines, total amounts 

of digestible dry matter (DDM) may increase as standing crop biomass 

increases. This might occur at  the end of growing period when most 

herbage has senesced. 

Large amounts of digestible dry matter may thus be t ied up in 

standing dead herbage at  certain times of the year,  and this is especi

ally true for Lehmann lovegrass pastures. Studies of grazinq habits of 

cattle and other herbivores has shown, however, that when available, 

green herbage is selected rather than dead standing (Ward 1975; 

Gardener 1980). In studies conducted on the Santa Rita Range, Ward 

(1975J has, for example, shown that cattle gained weight most rapidly 

when the available forage was green and actively growing. This is the 

period when the available herbage is high in N and P contents and 

digestibility. With herbage senescence however, grazing animals lose 

weight.  Results of this study also show that during the fall-winter 

period digestibility (IVDMD) and N and P concentrations of Lehmann 

lovegrass both on the unburned and burned plots were comparably low. 

There was less green plant material during this sampling period in 
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contrast to standing dead herbage, (TD) which had substantially 

increased. The IVDMD of standing TD was extremely low compared to the 

green components.  Perhaps, for this reason i t  has been shown in other 

studies that dead material comprised only a small portion of cows' 

diet in spring and summer (Chacon and Stobbs 1976). During fall-winter 

periods, however, this material becomes a major source of forage for 

the grazing animals.  

To estimate total nutrients,  the CH and i ts TG and standing TD 

components and their respective, IVDMD, N and P concentrations were used 

to calculate digestible dry matter and total N and P (kg ha~^) harvest-

able by the grazing animal.  These results are summarized in Tables 2, 

3,  and 4. Burning substantially reduced available DDM, total N and P, 

but at  the same time i t  improved herbage quality, especially during 

spring and summer. Although Lehmann lovegrass herbage from the unburned 

plots had lower quality compared to herbage from the burned plots due to 

higher standing crop i t  had larger amounts of available DDM, total N 

and P than the burned areas. 

If  we assume that the total nutrient pool is  held in the com

bined total herbage, we could then determine proportions of available 

nutrients in the green and dead fractions at any time of the year.  

Results of DDM of CH during spring, showed the unburned plots produced 

approximately equal quantities of DDM of TG and DDM of standing TD, 

whereas on February burned plots,  only DDM of TG was available. How

ever,  because of lower TG biomass, this treatment provided only about 



Table 2. Mean Standing Crop Biomass of DDM, Total N and P (kg ha"^) of CH of Lehmann Lovegrass. 

Treatment 

Unburned February Burn June Burn 

Standing Crop 

Biomass (kg ha~^) Spring Summer Winter 
Fall- Fall- Fall-

Spring Summer Winter Spring Summer Winter 

kg DDM ha 

kg N 

kg P 

kg DM 

ha 

ha 

ha* 

-1 

-1 

-1 

517 604 587 57 504 458 266 241 

7.1 8.2 6.7 1.7 9.3 5.6 6.0 4.4 

2.2 2.7 3.3 .4 3.3 2.8 2.1 2.0 

365 1,747 2,013 102 1,275 1,528 711 1,063 



Table 3. Mean Standing Crop Biomass Production of DDM, Total N and P (kg ha*^) of 
TG of Lehmann Lovegrass. 

Treatment 

Standing Crop 
Unburned February Burn June Burn 

Fall-
Biomass (kg ha~^) Spring Summer Winter 

Fall-
Spring Summer Winter 

Fall  -
Spring Summer Winter 

kg DDM ha 

kg N 

kg P 

ha 

ha 

kg DM ha 

-1 

-1 

•1 

-1 

244 531 308 68 480 144 266 121 

3.8 90 4.5 1.3 9.0 3.0 5.9 2.2 

1.2 3.2 2.4 .4 3.1 1.8 2.0 1.4 

571 1,359 976 102 1.2 634 676 444 



Table 4. Mean Standing Crop Biomass of DDM, Total N and P (kg ha~^) of Standing TD of 
Lehmann Lovegrass 

Treatment 

Standing Crop 

Biomass (kg ha~^) 

Unburned 

Fall-
Spring Summer Winter 

February Burn June Burn 

Fall-
Spring Summer Winter 

Fall-
Spring Summer Winter 

235 133 289 272 150 

2.3 1.3 36 3.0 2.1 

.6 .2 1.1 1.2 .6 

801 416 1,037 894 569 

kg DDM ha 

kg N 

kg P 

kg DM 

ha 

ha 

ha 

-1 

-1 

-1 

-1 
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28% of DDM of TG herbage from the unburned plots (Tables 2, 3 and 4).  

The summer results were somewhat different.  The DDM of CH increased on 

all  the treatments,  although to higher levels on the unburned areas 

relative to the burned.plots.  The February burned plots however, pro

duced higher amounts of DDM of CH than plots burned in June. The two 

burned treatments had no standing TD DDM in summer. On the unburned 

plots,  however, although the amount of DDM of standing TD decreased, i t  

sti l l  made up 22% of the total DDM. Meanwhile, amounts of TG herbage 

DDM from the unburned areas almost doubled the spring production, 

whereas on the February burned areas i t  increased by 412 kg ha~^ 

(Table 2).  During the fall-winter period, however, plots burned in 

February and June had proportionally higher standing TD DDM compared 

to TG herbage DDM, showing, as mentioned previously, higher standing 

TD biomass relative to the TG herbage. The unburned plots on the other 

hand had about equal amounts of standing TD DDM and TG herbage DDM 

(Tables 3 and 4).  

Above ground, total N of CH was higher on the unburned plots 

compared to plots burned in February (Table 2) during the spring. Most 

of the total N biomass was from the TG herbage. The CH from plots 

burned in February had lower total N available at  this time because the 

February burns had lower standing crop biomass. During the summer 

sampling period, however, both the unburned plots and February burned 

areas had equal quantities of TG total N biomass, compared to the plots 

burned in June which had only one half this amount (Table 2).  In fact 
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during summer sampling period, plots burned in February had higher total 

N in the CH compared to the unburned areas (Table 2).  Similarly, 

during the fall-winter sampling period the unburned areas had higher 

amounts of CH total N compared to plots burned in February and June. 

The June burned plots,  however, had lower CH total N compared to plots 

burned in February. The TG total N of the herbage from February burns 

was also higher than TG total N of herbage from plots burned in June, 

although both treatments had equal quantities of TG total N and stand

ing TD total N. The unburned plots on the other hand, had higher 

amounts of TG total N compared to standing TD total N biomass (Tables 

3 and 4).  

The picture of P was similar to that of total N with few 

exceptions. Firstly, the unburned areas had higher CH available P than 

the plots burned in February during spring and later in fall-winter.  

Secondly, standing TD P was much lower than TG P biomass. The Febru

ary burned plots had less than 1.0 kg P ha~^ during spring, compared to 

summer when i t  had about equal quantities of CH P and TG P with the 

unburned areas. The June burned plots sti l l  had lower CH P and TG P 

relative to the unburned and February burned areas (Tables 2 and 3).  

During the fall-winter sampling period, however, the unburned plots had 

higher amounts of TG P than both February and June burns. Both the 

February burned plots and the unburned plots had approximately equal 

amounts of standing TD P, while the plots burned in June had the lowest 

amounts (Table 4).  



Overall ,  i t  could be concluded that standing TD had lower P 

than TG herbage, in contrast to total N which was in equal amounts 

both in TG and standing TD during fall-winter sampling period. 



CHAPTER 6 

MANAGEMENT IMPLICATIONS AND CONCLUSIONS 

A number of implications important to forage management are 

apparent from this study. The decisions to burn and/or the season of 

burning depend upon balancing improved forage quality of Lehmann love-

grass with reduced forage quantity. Burning significantly increased 

IVDMD, N and P concentration of green fractions (especially during the 

spring and summer growth periods) compared to the unburned treatment,  

but biomass of available DDM, total N and P were substantially reduced. 

On the February burn treatment,  the most crit ical period was in spring. 

During this period there were low amounts of available DDM, total N and 

P resulting from lower standing crop biomass. However, the herbage 

quality was high since there was no standing TD. On the unburned treat

ment on the other hand, high amounts of DDM, total N and P were present.  

The major problem would be presence of large amounts of standing 

TD herbage, unpalatable to grazing animals.  This physical l imitation 

would cause under util ization of unburned pastures, since grazing ani

mals could not easily harvest the more palatable green herbage. The 

picture did not change much for the unburned treatment during summer 

either because of presence of standing TD. On the February burned 

treatment there was more DDM, total N and P resulting from increased 

standing crop and absence of standing TD during summer compared to 

57 
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spring. June burned areas had, however, low standing crop and hence 

low available DDM, total N and P. By fall-winter standing TD had 

increased on all  the treatments containing high DDM and total N, but 

relatively low P. Although the relative amounts of standing TD 

increased on the unburned treatment,  one can speculate that perhaps 

grazing cattle would sti l l  prefer the burned pastures to the unburned. 

The f irst  reason being the unburned treatment sti l l  had large quantities 

of old dead and l i t ter material which creates physical l imitations to 

harvesting the green and standing TD. Sorting the old mulch and stand

ing TD of current year 's growth could be quite time-consuming for the 

grazing animal. 

If  the ranch manager decides to burn, the results of this study 

would advise against June burning of Lehmann lovegrass pastures for the 

following reasons. Firstly, hot June fires may kill  Lehmann plants,  

although previous research indicates that this may be a short-lived 

effect.  Secondly, the June burns produced low standing crops, and hence 

fewer available nutrients both in summer and fall .  Thirdly, the 

advantages of high forage quality in the summer were short-lived. By 

fall-winter,  forage on this treatment had, in some cases, lower quality 

than that of the unburned and February burned areas. 

I  would, however, recommend burning of Lehmann lovegrass in 

February. The cool February fires resulted in less plant mortality 

than the June fires.  Additionally, February burned areas will  benefit  

from both spring and summer precipitation. Nonetheless,  cattle should 
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not graze February burned pastures immediately following a burn. I t  is 

suggested that February burns should be rested during the spring and 

grazed in midsummer, at  the time when available herbage and nutrients 

are greatest.  This would minimize over-utilization of burned areas and 

provide grazing animals with required amounts of forage and nutrients.  

Grazing February burned pastures might even delay senescence of herbage 

on the burned areas, since i t  is known that grazing of burned pastures 

in wet season stimulates growth. Due to the tendency to overgraze 

small burned areas, i t  is suggested that entire pastures of Lehmann 

lovegrass are burned during the cool season. 

When l ivestock requirements are considered, the results show 

Lehmann lovegrass from the burned plots met the recommended nutrient 

requirements (National Res. Counc. 1976) in spring and summer, in con

trast to the herbage from the unburned areas. However, fall-winter 

forage quality on all  the treatments never meet requirements,  showing 

that by this later period, the advantages of burning were insignificant.  

Additionally, N levels of dead fractions never met these requirements.  

However, the P concentration was adequate for beef cattle on all  treat

ments for the green components.  

In conclusion, burning improved the forage quality but reduced 

the quantity of Lehmann lovegrass. Nutrient requirements of beef 

cattle were met only by green herbage from the burned treatments during 

spring and summer growth, leaving fall-winter a critical period of the 

year when supplementation might become necessary. Advantages of 
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prescribed burning exist only as long as postburn herbage remains 

green. Following senescence, the dead materials from the burns were 

as low in nutrients as dead herbage from the unburned areas. The deci

sion to burn should consider summer grazing to available nutrients.  
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