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LEAF AREA RATIOS FOR SELECTED RANGELAND PLANT SPECIES
Mark A. Weltz', Wilbert H. Blackburn®, and J. Roger Simanton’

ABSTRACT—Leaf area estimates are required by hydrologic, erosion, and growth/yield simulation models and are
important to the understanding of transpiration, interception, COz fixation, and the eénergy balance for native plant
communities. Leaf biomass (g) to leafl area (mmz) linear regression relationships were evaluated for 15 perennial grasses,
12 shrubs, and 1 tree. The slope coefficient (30) of the linear regression equation is a ratio of leaf area to leaf biomass and
is defined as the leaf area ratio [LAR = one-sided leaf area (11\11’12)/<)\vml—(hy leaf weight (g)]. LAR represents o in each
regression equation, where Y = Bo(X). Linear regression relationships for leaf area were computed (1 2 = 84-.98) for all
28 native range species after full leaf e\lonsmn Within-plant estimates of leal area for mesquite (Prosopis glandulosa Tory,
var. g.](m(]u[ow [Torr.] Cockll) or lime prickly ash (/(mt/z(m/lumf(mm{l [L.] Sarg.) were not significantly different (P <.05).

LARs for three of the shrubs and the tree were established at four different phenological stages. There were no significant
differences (P £ .05) in LARs for lime prickly ash, mesquite, and Texas persimmon (Diospyros texana Scheele) aftel full
leaf extension during the growing season. The LAR relationship for Texas persimmon changed significantly after full leaf
extension. LAR relationships for Texas colubrina (Colubrina texensis [T. & G.] Gray) changed in response to water stress.

Key words: leaf area index, drought response, leaf biomass.

Eighty percent of the worlds rangeland is  (Wight 1986). Kc is defined as the ratio of actual
classified as arid or semiarid (ans()n et al.  evapotranspiration to evapotranspiration when
1981),i.e. prcmpltatlon is less than evapotrans-  water is nonlimiting. This empirical method is
piration. Undcr these conditions water avail-  extremely difficult to parameterize for range-
ability is the most important environmental lands because water is often limiting and esti-
factor controlling plant production and survival — mates of transpiration are u)nfounded by soil
(Brown 1977). Evapotranspiration (ET) is the  water evaporation (Wight and Hansen 1990).
major component of the water balance and is  Thus, Wight and Hansen (1990) reported that
estimated to account for 96% of annual precip-  Ke values were not transferable across range
itation for rangeland ecosystems (Branson et al.  sites. The second method is based on leaf area
1981, Car 15()11 et al. 1990), with surface runoff  index (LAI) (Ritchie 1972). LAl is defined as the
accounting for most of the remaining 4% foliage area per unit land area (Watson 1947).
(Gifford 1975, Lauenroth and Sims 1976, Carl- Thol Al method is more process-based than the
son et al. 1990). Ke approach and has been successfully used in

Evapotranspimtion has been measured for  several rangeland hydrologic, erosion, and
selected rangeland plant communities with  growth/ 101(] smmlatmn models (Wight and
lysimeters and the Bowen ratio method (Wight 51\1 es 1987, Lane and Nearing 1989, Arnold et
1971, Hanson 1976, Gay and Fritschen 1979, al. 1990).

(J(n]sono al. 1990). Estimates of ET for unmea- A limitation in using natural resource
sured nmqeland slant communities are usually  models, like the Water Erosion Prediction Proj-
simulated from ]yd]()l(w]c models (Lane et al.  ect (WEPP) (Lane and Nearing 1989), is in
1984, Wight 1986). For hydrologic simulation  developing LAI coefficients f()l rangeland
models to be biologically meaningful, improved  plants. LATis difficult to measure because of the
methods of simulating evapotranspiration from  drought-deciduous nature of certain shrubs, in
rangeland plant communities are needed. Two wlnch several cycles of leaf initiation and defo-
different approaches are currently being nsed.  lation oceur within a single growing season
One approach is to use a crop coefficient (Ke)  (Ganskopp and Miller 1986) and seasonal

( SIDA, \wun!t\n al Research Service. Southwest Watershed Research Center, 2000 East Allen Road, Tueson, Arizona §5719-1596
?Northern Plains Area Adwinistrative Office. 2625 Re -dwing Road, Suite 350, Fort Colling, Colorado 50526,
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Tasei 1. Description of study sites, range sites, and soil serjes of species evaluated for leaf area to leal biomass

relationships.

Frost-
Mean free
PPT period
L.ocation Range site (mm) (days) Soil series Soil farily
Tombstone, AZ Limey uplund 356 239 Stronghold Coarse-loamy, mixed
thermic, Ustollic Calciorthid
Meeker, CO Clayey slopes 200 180 Degater Clay, montmorillonitic,
mesic, Typic Camborthid
Sidney, MT Silty 300 IN Vida Fine-loamy, mixed, Typic
Argboroll
Chickasha, OK Loamy prairie 927 200 Grant Fine-silty, mixed, Udic
Argiustoll
Chickasha, OK Eroded prairie 927 200 Eroded Fine-silty, mixed, Udic
Grant Argiustoll
Ft. Supply, OK Dune 597 Pratt Sandy, mixed, thermic,
Psammentic Haplustalf
Woodward, OK Shallow prairie 584 200 Quinlan Loamy, mixed, thermic,
shallow Typic Ustochrept
Alice, TX Fine sandy loam 710 280 Miguel Fine, mixed, hyperthermic,
Udic Paleustalf
Sonora, TX Shallow 609 240 Purves I’inc:-l()mny, mixed, thermic,

Typic Calciustoll

changes in leaf size, shape, and/or thickness
result from water, nutrient, and chemical
stresses (Cutler et al. 1977, Curtis and Luchli
1987). Foliar surface area of irregular-shaped
tree leaves has been estimated by coating the
leaves with a monolayer of glass beads and mea-
suring dlspldcement ('I]mmpson and Leyton
]9/1) and by estimating from photographs
(Miller and Schultz ]98/) Miller et al. (1987)
estimated total surface area of juniper foliage
from projected leaf area determined from a leaf
area meter. Miller et al. suggested this method
underestimated leaf area l)y 10% due to leaf
overlap. Cregg (1992) reported that leaf area
could be smsia(t(mly estimated from leaf
weight or volume Ior]um;)( s virginiana and
] sm;nz]mmn However, leaf area ](‘]dtl()l]%h]])%
differed by crown position and seed source.
Supw()()d area, stem diameter, tree height,
canopy area, and canopy volume have been
correlated to total shrub biomass and leaf bio-
mass (Ludwig et al. 1975, Brown 1976, Ritten-
house and Sneva 1977, Whisenant and Burzlaff
1978, Ganskopp and Miller 1986, Hughes et tal.
1987). In contrast, only a few studies ha\/v esti-
mated leaf area and LAI for rangeland plant
communities (Goff 1985, Ganskopp and Miller
1986, and Ansley et al. 1992).

An effective method is needed to improve
LAT estimates for natural resource models. One
potential approach for improving LAL estimates

is with the leaf area ratio (LAR) method (Rad-
ford 1967). LAR is defined as the ratio of leaf
area per unit weig ht of plant material. The slope
coefficient (Bo) of the Iinear regression equation
is a ratio of leaf area to leaf biomass and is
defined as the leaf area ratio [LAR = one-sidecl
leaf area (mm?)/oven-dry leaf weight (g)]. LAR
represents Py in e sach regression  equation,
where Y = By(X). LAI can bo calculated as the
product of LAR and live biomass per unit area.
The objective of this study was to determine
LARs for selected range land species.

MATERIALS AND METHODS

The study area included nine range sites in
five states and was part of the USDA Water
Erosion Prediction Project (WEPP) (Table 1).
The dominant P slants on each range site were
evaluated. LARs for 15 grasses, 12 2. shrubs, and
1 tree were developed (Table 2). Selected
rangeland species were sampled once during
the summer of 1987 near Tombstone, Arizona;
and in 1987 near Meeker, Colorado; Sidney,
Montana; Chickasha, Ft. Supply, and Wood-
ward, Oklahoma; aud Sonora, Texas, sites. Sea-
sonal fluctuations in LAR for three x]nubs and
one tree were evaluated near Alice, Texas, in
1985 and 1986.

Forleal area determination grass leaf biomass
from 10 randomly located 0. 25-m* quadrats was
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TasLE 2. Location of study sites, sample dates, height class, mumber of samples, and species evaluated for leal areato

leaf biomass relationships.

Height class (m) Species
Location Sample 0-11-2 2.3 34 =4 Common naine Scientific name
date
Tombstone, AZ Aug. 1883 6 6 Little leaf sumac Rhus microphylla Engeln.
Aug. 1983 T8 Tarbush Flourensia cernua DC.
Aug. 1983 8 Broom snakeweed Cutierrezia sarothrae (Pursh)
: Britt. & Rusby.
Ang. 1983 1010 Creosotebush Larrea tridentata (DC.) Coville
Ang. 1983 i5 Desert zinnia Zinnia /)mn,il{z Gray
Ang. 1983 15 Mariola Parthenium incanum H.B.K.
Meeker, CO  June 1987 10 Shadscale saltbush Atriplex confertifolia (Torr. & Frem.) Wats.
June 1987 10 Wyoming big sagebrush — Artemisia tridentata subsp.
wyomingensis Beetle & Young
Sidney, MT July 1987 10 h Je-and-thread Stipa comata Trin. & Rupr.
July 1987 10 Western wheatgrass Agropyron smithii Rydb.
Chickasha, OK June 1987 10 Indiangrass Sorghastrum nutans (L.) Nash
June 1987 10 Big bluestem Am[ropogon gerardii Vitman
June 1987 10 Little bluestem Schizachyrium scoparium (Michx.) Nash
Chickasha, OK June 1987 10 Buffalograss Buchloe dactyloides (Nutt.) Engelm.
June 1987 10 Seribners dichanthelium Dichanthelium oligosanthes (Schult.)
Guild var. seribnerianum (Nash) Gould
June 1987 10 Sand paspalum 1"(1&})11/11))1 setacenm Michx. var.
stramineum (Nash) D. Banks
Ft. Supply, OK June 1987 10 Sand sagebrush Artemisia filifolia Torr.
June 1987 10 Tall dropseed Sporobolus asper (Michx.) Kunth
June 1987 10 Sand lovegrass Erogrostis trichodes (Nutt.) Wood
Woodward, OK June 1987 10 Hairy grama Bouteloua hirsuta Lag.
June 1987 10 Sideoats grama Bouteloua (:urli])cmhzln (Michx.) Torr.
Alice, TX May 1985 4 4 4 4 4 Honey mesquite Prosopis glandulosa Torr. var.
glandulosa (Torr.) Cockll.
Aug. 1985 2 2 2 2 2
Nov. 1985 2 2 2 2 2
Jan. 1986 NAY
Apr. 1956 2 2 2 2 2
May 1985 5 5 5 5 5 Lime prickly ash Zanthoxylum fagara (1..) Sarg.
Aug. 1985 3 3 3 3
Nov. 1985 3 3 3 3
Jan. 1986 33 3 3
Apr. 1986 33 3 3
May 1985 5 5 Texas colubrina Colubrina texensis (T. & G.) Gray
Aug. 1985 5 5
Nov. 1985 5 5
Jan. 1986 5 5
Apr. 1986 5 5
May 1985 5 5 Texas persimmon Diospyros texana Scheele
Aug. 1985 5 5
Nov. 1955 5 5
Jan. 1986 NA
Apr. 1986 5 5
Sonora, TX June 1987 10 White tridens Tridens albescens (Vasey) Woot. & Standl.
June 1987 10 Curly mesquite Hilaria belangeria (Steud.) Nash
June 1987 10 Texas wintergrass Stipa leucotricha Trin. & Rupr,
“No sample collected for deciduous shrnbs and trees

st
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TaBLE 3. Mean and standard error of leaf biomass and leaf area, and linear regression” model slope coefficients (L. ARD)
relating leaf area to leaf biomass for selected range 2land grasses and shrubs s.nnp]( :d after full leaf extension.

Leaf biomass SE Leaf area SE AR =
Species (g) (mm™ ) {rmm” g B
GRASSES
Needle-and-thread 3.6 0.80 3,580 900 1,040 98
Western \-vh(fatgrass 2.0 0.33 5,760 902 2,910 98
Indiangrass 8.5 1.56 82,670 1,350 9,440 .96
Little bluestem 2.7 0.38 28,030 4,710 10,780 98
Big bluestem 1.3 0.45 11,290 2,213 12,970 .86
Buffalo grass 1.5 0.22 6,820 1,091 5,680 97
Scribners dichanthelium 1.3 0.21 15,300 2,601 16,110 .96
Sand paspalum 1.5 0.23 7,580 1,136 6,890 95
Tall dropsec 0.9 0.15 8,500 1,334 9,390 99
0.8 0.12 8,650 1,383 11,380 98
Hairy grama 0.7 0.13 4,360 769 5,890 99
Sideoats grama 0.6 0.22 5,240 2,836 10,210 98
White tridens 0.7 0.16 3,980 1,007 5,830 98
Texas wintergrass 1.2 ().24 8,320 1,361 6,720 95
Curly mesquite 0.8 0.15 5,270 925 6,620 99
SHRUBS
Desert zinnia 1.6 0.10 9,440 580 5,700 .89
Mariola 3.5 0.40 19,410 1,280 5,690 84
Broom snakeweed 3.7 0.51 11,160 920 2,700 96
Little leaf sumac 3.9 0.71 292,050 331 4,700 91
Tarbush 3.7 1.00 23,360 203 6,100 97
Creosotebush 3.0 0.19 16,790 910 3,660 86
Sand sagebrush 3.2 0.58 5,950 1,257 2,010 98
Shadscale saltbush 3.9 0.8] 10,530 2,047 2,640 98
Wyoming big sagebrush 5.3 0.83 18,220 2715 3,340 97
Al areasweight regressions were significant at P <
PLeaf area ratio (L, ’\R, represents Bo in e: ach regression, w]u cre Y = Bo(X

used. Grass biomass in each quadrat was clipped
to a 20-mm stubble height and separated by
p(‘cws into live or dead leaves. Live leaves were
placed in plastic bags on ice for later determina-
tion of leaf area. The leaves were flattened and
placed between clear plastic sheets and then
processed through a lm{ area meter. Leaf area
was determined with a Li- ( or 3000° leal area
meter to the nearest 1 mm?>. The sdmp]es were
then oven-dried at 60 C for three days and dry
mass determined.

To ensure that samples of shrubs and trees
represented the full range of size of plants pres-
ent, a stratified random sampling procedure was
used. Height classes of 1 m were arbitrarily
chosen, and plants were selected randomly from
each (,,1(155. As a result, total number of mets
sampled varied among species depending upon
the range of plant h 01ghts (Table 2).

Anopen-ended Lube( 50 mm on a side) was
used to sample shrub y and tree leaf biomass. The

“The use of a trade or fivm name in this paper is for reader information and
does not imply endarsement by the TS, Department of Agrienlture of any
product oy service

sample cube was placed in an area considered
repres sentative of the entire canopy, and the
leaves within the area were removed by hand.
IJAl{S were d(.i()l ll]l]](?d m t](,‘, same manner as
for grasses.

\V]thm plant variability of LARs was evalu-
ated for four mesquite trees and four lime
prickly ash shrubs in May 1985 near Alice,

Texas. Fifteen sample cubes were randomly

located and sampled from cach of the four mes-
quite trees. For the lime prickly ash shrubs 12
sample cubes were harve stod from each of the
four shrubs. LAR was determined in the same
manner as previously described. A one-way
analysis of variance was used to test | - differ-
ences (P <.05) among the slopes of {h(, regres-
sion oqnzliiom witlnn plant canopy by species
(Steel and Torrie 1980). Within-plant LARs
were not significantly different for lime prickly
ash and me xqmtv in MA\ 1985. Based on these
relationships, one sdmpl per plant was utilized
during the remainder of the study.

Hn( :e shrubs, lime prickly d\ll Texas per-
simmon, and Texas colubrina, and one tree,

e



1992] RANGELAND LEAF AREA RATIOS 241

TABLE 4. Mean and standard error of leaf biomass and leaf area, and linear regression’ model slope coeflicients (LAR")

relating leal

area to leaf biomass for selected rangeland shrubs and tree on a inm sandy Joam range site near Alice, Texas.

Species Date Leaf biomass SE l,(éaf';lgml SE L ‘\l\
() (rnm™) (mm o)

Lime prickly ash May 1985 4.7 0.73 45,180 1,450 8,760 a“ 99
Au;’ 1985 4.2 0.63 40,330 1,530 8,730 a 98
Nov. 1985 5.6 0.589 43, ‘3(7( 1,460 8,670 a 98
Jan. 1985 4.9 0.76 44 1,450 8,870 a .98
Apr. 1986 5.3 0.65 1,580 8,690 a .98

Mesquite May 1985 6.5 0.87 ) 1610 8,990 a 98
Aug. 1985 57 0.64 56,040 1,470 8,780 a .98
Nov. 1985 5.5 0.70 48,460 1,410 8,630 a 98
Jan. 1985 NAY
Apr. 1986 6.4 0.81 59,100 1,470 9,290 a 98

Texas persimmon May 1985 4.6 0.64 49 960 1,940 10,590 b 96
Aug. 1985 4.1 0.65 41,670 1,780 10,360 b 98
Nov. 1985 4.8 0.59 51,060 1,790 10,130 b 98
Jan. 1986 4.6 0.68 44,720 1,900 10,020 b 98
Apr. 1986 4.7 0.69 64,150 2,070 12,660 a 97

Texas colubrina May 1985 4.9 0.78 55,070 2,020 10,310 b 98
Aug. 1985 5.2 0.89 57,010 1,720 10,110 b 98
Nov. 1985 3.8 0.65 55,380 2090 13,360 a .98
Jan. 1986 NA
Apr. 1986 4.1 0.71 41,760 1,880 10,230 b .98

“All area: weight regressions were significant at P < .03,

"Leaf ar r;\ho(l AR) represents B in each sion, where Y = Ba(X)

“Parameters in the columns by species sharing «
“No sample was collected for deciduons shrubs

honey mesquite, were selected for evaluation of

seasonal fluctuation in LAR. Honey mesquite,
Texas persimmon, and Texas colubrina are
drought-deciduous while lime prickly ash is an
evergreen. Sample dates were selected to cor-
mspond to the phenological stages of (1) maxi-
mum leaf area, (2) peak drought (leiol ation, (3)
autumn, just prior to winter l(zaf fall and d()l—
mancy, and (4) after winter leaf fall for the
deciduous shrub.

The Statistical Analysis System (SAS 1982)
was utilized to ()\xlllml(‘ linear re glussmu rela-
tionships, Y = po + B1(X), between leaf biomass
and leaf area. Where Y is estimated leaf area
(mm?), Bo is the intercept, B, is the slope (L Al\
coefficient as defined by Rad{md 1967 in mm?
g~1), and Xis leaf biomass (g). The intercept was
tested to determine if it was significantly differ-
ent (P <.05) from zero. The mtmcept was not
significantly different from zero for all species.
Therefore, the data were reanalyzed and pre-
sented using a linear regression model, Y =
Bo(X), similar to that reported by Coombs et al.
(1987) and Ansley et al. (1992) for estimating
LAR. All statistical tests were judged significant
at P < .05 unless otherwise stated. A homogene-
ity of slope test was used to test for differences

commion letter are not significantly different (P < .05) based on homogeneity of slope test

among the slopes of the regression equations
(LAR) l)et\vocn sample )(‘nods within species
(Steel and Torrie 1980).

RESULTS AND DISCUSSION

Leaf area of graminoids was Ing_’l ly corre-
Jated with leaf biomass for all species within
sample dates (Table 3). The LAR for p(,u nnm]
grass leaf area ranged from 2910 to 16,110 mm?

“! The LAR for shmbs and trees mng.,od from
9()1() to 13,360 nmim? T_I. yoft (1985) also
reporte d sxgmf}c(mt Imo;u regression relation-

ships (1 (r* = .83-.97) for LAR lm 11 native grass

species in southern Arizona. Goff re) sorted 111 Wt
the linear regression coefficients fol stem area
to stem bl()mass (SAR) ranged from 32 to 73%
of the LAR and the mean SAR was 44% of the
mean LAR.

There was no significant seasonal variation
in LAR for lime prick lv ash and mesquite {Table 4).
Although there was no significant seasonal dif-
ference b( stween nwsqmtv LAR relationships, a
gradual decrease in the LAR from May through
’\J()\ rember was apparent in 1985. Furthermore,
the LAR was larger in April 1986, though it was
not significantly d fferent from 1985 sampling
dates. \/h)(mv\ etal. (1977) found that the s )(*(111(
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leaf density (mg mm?) of mesquite leaves
increased over thv growing season. The density
ranged from () ()()04 mg mm”~ in the spring to
0. ()] 7mgmm”~ in the dll ihls((nwsp(mds \\qth
a leaf area change of 5880 to 25,000 mm” g
Ansley et al. (1992) working in north u‘ntml
Texas, mpoliod that LA}\ Of mvxqmt(‘ ranged
from 9916 to 5944 mm? g Mesquite L A]\
declined from May through August 1987, but
stabilized from Aucrust ﬂll()u‘fl S( ptember fol-
lowing substantial pmclpltaholl In 1988 precip-
itation was substantially less than in 1987, and
the mean LAR was swmflc antly lower than in
1987. LAR followed l]w same pattom in 1988,
declining from a hwh of 6877 in the spring to a
low of 4996 mm® g‘l in October. Ansley et al.
(1992) speculated that the decline in I AR was
caused by cell-wall thickening in response to
drymtr conditions, based on the work of Kramer
and Kozlowski (1979).
The similarity in LAR across sampling dates
from this study may be partially mpldm(*d in that
sampling was not initiated until all leaves were
fully expanded for approximately four weeks. In
addm()n, April, May, June, and September pre-
cipitation was significantly above the long-term
average pleupltatlon and Nno 11()t1cc(1l)10 water
stress was appalcnt in the trees sampl( »d. Nilsen

et al. (1986) indicated that relative leaf area of

phreatophytic mesquite (P. glandulosa var. tor-
reyana) in the Sonoran dowﬁ( of southern Cal-
ifornia remained nearly constant from May
through November. Maximum leaf area was
m qmtdmod throughout the hottest and driest
months of the year via access of dcop stored soil
water by taproots. When water availability to the
norm: 11]} phreatophytic mesquite was reduced,
total leaf area was reduced (Nilsen, Virginia, and
Jarrell 1986). We hypothesized that mosqmtv
leaves reach a stable weight at maturity and the
lack of water stress dmnw the growing season
prevents the changes in lmf we lgllt to edi area

reported by Anslev etal. (1992). Changes in leaf

weight as a result of translocation ()i Sugars,
stare 11( S, ot]\er compounds, and insect damage
could not be detected or separated from cv]]—
wall thickening from water stress within the
precision of Szunpling in our sfudy.

Texas persinimon LAR in April 1986 was
significantly greater than for sampling dates in
1‘)&“ Meve r(l()/ 4) reported that Texas persim-
mon ])1()(1\1((15 two l);)( s of leaves: alarge leaf'in

the center of the canopy and a snm“m leaf

around the perimeter of the plant. The leaves
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are initially light green in color and become
glabrous after ]()mrdh(m ceases. As the leaf
matures, the xylem and bundle fibers become
increasingly wmﬁed and the leaf tums dark
green, vlt]] t] 1e underside becoming densely
covered with trichomes. Leaf modi hcamm is
complete by early July. The lower LAR of Texas
persimmon leaves in 1986 was attributed to the
leaves mnot being fully elongated, with
incomplete de vel()pm(‘nt of m(h()m( s and lig-
nification.

LAR relationships for Texas colubrina varied
seasonally. LAR was similar during the early
growing seasons in May 1985 and Apnl 19‘)()
dnd in /\utmst 1985. In November the LAR was
33% greater than during other sample dates
(Table 4). Basal leaves of Texas colubrina are
approximately 10 times larger than the outer
canopy leaves. In response to an exte nded dry
period in July and August, Texas colubrina
droppe d ()5% of its leaves. The only leaves
retained during this dry period were the large
basal leaves in the center of the shrub. Thc
significant  difference in LAR between the
dmple dates was attributed to the different
proportion of leaf ty p( s and not the change in
specific weight of “the leaves.

(nmsl\()pp and Miller (1986) reported sim-
ilar significant seasonal changes in LAR for
Wyoming big sagebrush. They speculated that
the greatest propomon of seasonal variation was
due not to the development or alterations in
starch and sugar accumulations but rather to
changes in tho proportion of larger persistent
leaves to smaller ephemeral leaves.

Shrub leaf biomass to leaf area was highly
correlated for the nine other shrubs sampled
(Table 3). The LAR for shlu leaf area mngcd
from 2010 to 6100 mm? g'. Other researchers
have also reported satisfactory results in relating
leaf biomass to leaf area (Schilesinger and
Chabot 1977, Kaufmann et al. 1982, Ganskopp
and Miller 1986) within sample date. Based on
the seasonal variability in LAR for Texas persim-
mon and Texas colubrina in this study and the
findings of Ganskopp and Miller (1986} in eastern
Oregon for Wyoming 1)ig sagd)msh, we can state
that seasonal variability in these and other
drought-deciduous shrubs is an important source
of variation that needs to be accounted for when
sinmlzlting LAI over the entire CTOWING $eason.
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CONCLUSION

For the species sampled, leaf biomass is a
reliable estimator of leaf area. However, for
some shrub species, seasonal differences in

development and shedding of different types of

leaves and leaf morphological development can
p;()du(‘e wmh(umt tempoml fluctuations in
LAR. C,aldwe et al. (1981) reported that for
semmnd bunchgrasses, leaf blades of regrowing
tillers had gr eater )hotosymhetm (upamtv than
blades on unclipped p]ants This resulted in
greater carbon gain for clipped plants and an
mueasod photosynil)( su/hdnsplmtmn ratio.
Nowak and Caldwell (1984) reported that the
photosynthetic rate for both clipped and un-
clipped plants decreased with age of the leaves.
Current  rangeland  hydn ()1001(, simulation
models do not account for dunwcs in LAR or

evap()transpn ation rates as a hl\ld]()l) (){ (1"‘6‘ (){‘

the leal, proportion of leaf type, or compensa-
tory photosynthesis rate increases following
defoliation due to grazing. Models umenﬂ)
utilize a fixed coefficient for calculating LATL If
significant advances in modeling empo(mnspl—
dilon on rangelands are to be made,
improvements in the relationships used to sim-
ulate (‘,valf)otranspimi,ion that incorporate these
processes will be needed. The LAR method of

calculating LAT evaluated in this study provides
a fast, 1(*]1(11)10 method of estimating LAl neces-
sary to parameterize these 1}7(11()]0(710 simula-
tion models. To account for the seasonal
differences in LAR for Texas persimmon and
Texas colubrina, a weighted average based on
season of year is recommended for parameter-
izing the WEPP model. For plants like mesquite
dnd ime prickly ash, one LAR value can be used
in non-drought years. For years with significant
dry periods, a decrease in LAR of 10-40% may
need to be accounted for with non-phreato-
phytic mesquite, as indicated by this work and
that of Ansley et al. (1992).
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