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ABSTRACT 

Seven species of shrubs from the Arizona chaparral were ob

served, measured and analyzed between 1960 and 1963 to determine growth 

patterns, phenological development and nutritive values of foliage. The 

seven species were shrub live oak (Quercus turbinella Greene), hollyleaf 

buckthorn (Rhamnus crocea Nutt.), littleleaf mountainmahogany 

(Cercocarpus breviflorus Nutt.), birchleaf mountainmahogany (C. 

betuloides Nutt.), desert ceanothus (Ceanothus greggii Gray), Wright's 

silktassel (Garrya wrightii Torr.), and skunkbush (Rhus trilobata Nutt). 

All were broadleaved schlerophylls except skunkbush. The shrubs were 

studied at three sites: Three-Bar at 1,000 m elevation with 60 cm of 

mean annual precipitation, Sierra Ancha at 1,500 m elevation with 53 cm 

mean annual precipitation, and Whitespar at 1,800 m elevation with 53 cm 

mean annual precipitation. Soils at Three-Bar and Whitespar were 

derived from granite and soil at Sierra Ancha was derived from diabase 

parent material. 

On all species, growth of stems was highly variable between 

years, seasons within years, species, site, and individual shrubs of the 

same species. Growth occurred each spring on all shrubs at all sites 

except in 1961. In 1961, winter moisture was below normal and pattern 

of rainfall evidently prohibited growth on all shrubs. Summer growth 

was limited to 1963 with a minor exception of a few millimeters of 

growth on one littleleaf mountainmahogany at Sierra Ancha in 1962. 

xi 
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Summer rainfall in 1960 and 1962 was below normal and showers that did 

occur were late in the season. Summer rainfall appeared to be adequate 

in both 1961 and 1963, although summer growth did not occur in the 

summer of 1961 possibly due to low vigor resulting from no growth in the 

spring of that year. 

Growth started earliest in spring at Three-Bar, the lowest 

elevation, and began latest at Whitespar, the highest elevation. Desert 

ceanothus and birchleaf mountainmahogany began to grow earliest when 

minimum temperatures were near freezing, (28 to 36 F), shrub live oak 

and Wright's silktassel began growth when minimum temperatures were 

still below 40 F (36 to 40 F) and hollyleaf buckthorn, littleleaf 

mountainmahogany and skunkbush began to grow after minimum temperatures 
i 
I 

were above 38 F. 

Production of seed was related to winter precipitation on all 

species except Wright's silktassel. Although blooms were seen on most 

species each year even in the dry spring of 1961, the amount and pattern 

of rainfall determined maturation of seed. Seed production of Wright's 

silktassel only occurred during summer while littleleaf mountain

mahogany, at Sierra Ancha, produced seed in both spring and summer. 

The nutritive value of shrubs in the Arizona chaparral may not 

be as high as often supposed. Crude protein is generally high in early 

spring (15 to 20%), but rapidly declines to 5 to 8% as the season 

progresses and, in most species, is rarely higher than 7% during winter. 

Phosphorus is the element most likely to be deficient and, except in 

spring is often at or below the 0.18% required for adequate nutrition. 
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Since calcium content is generally high, high calcium:phosphorus ratios 

often complicate the phosphorus assimilation. Calcium:phosphorus ratios 

are frequently above 7:1 in most species during fall and winter. 

Nutritive value alone appears to have little to do with grazing pref

erence. Protein and phosphorus content in samples of skunkbush were 

comparable to those in littleleaf mountainmahogany, but grazing history 

shows that littleleaf mountainmahogany is much preferred over skunkbush 

by grazing animals. 



INTRODUCTION 

The chaparral type of Arizona covers two to two and one-half 

million hectares (five to six million acres). Except for a few outlying 

areas, the bulk of the type is found on steep, rocky slopes of mountains 

and hills just south of the Mogollon Rim. The Bradshaw, Matzatal, 

Sierra Ancha, Pinal and other mountain ranges of the vicinity have 

considerable area dominated by chaparral. 

Chaparral is found at elevations ranging from 1067 to 1830 

meters (3500 to 6000 ft). At lower elevations, the type grades into 

semi-desert grasslands and, occasionally, desert. The line between 

chaparral and semi-desert shrub is somewhat tenuous but likely should be 

drawn where semi-desert shrub plants become dominant in the overstory. 

The line at upper elevations is more easily defined although chaparral 

plants often may be dense beneath pine and juniper stands. In these 

areas, fire or clearing operations may create a temporary chaparral 

aspect until pine or juniper become reestablished. Juniper tends to 

occupy the same elevational range as chaparral but its dominance may be 

somewhat related to soil parent material. Soils derived from basalt 

rarely support chaparral but juniper grows readily on these soils. 

Chaparral is most frequently found on soils derived from granite 

or schist but can be found on most soils in the area. Soils producing 

good chaparral overstory are frequently deep (unconsolidated mass) and 

may or may not contain considerable clay in the lower horizons. 

1 
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Chaparral vegetation is usually associated with a Mediterranean type of 

climate; cool wet winters and dry hot summers. The Arizona chaparral is 

rather unique in this respect. Summer precipitation averages about 50% 

of yearly total on the bulk of the type although this percentage may 

drop to about 30% in the west near the Colorado River and be as much as 

60% near the New Mexico border. Winter precipitation, falling as rain 

or snow, comes from frontal systems originating in the Pacific. Summer 

precipitation results from moist air originating in the Gulf of Mexico 

and falls as thunderstorms of high intensity and short duration. Two 

dry periods, May-June and October-November, usually separate the two wet 

seasons. 

Over 50 species of shrubs, most of which are broadleaf schlero-

phylls, have been identified within the Arizona chaparral. Shrub live 

oak (Quercus turbinella Greene) is the dominant species on most areas 

and frequently forms 70% or more of the canopy cover. Two manzanitas, 

point-leaf (Arctostaphylos pungens H.B.K.) and pringle (A. pringlei 

Parry) are dominant on some areas usually to the point of exclusion of 

other shrubs, grass and forb species. Other shrubs, rarely dominant but 

important because of animal preference, density or frequency, are desert 

ceanothus (Ceanothus greggii Gray), Wright's silktassel (Garrya wrightii 

Torr.), hollyleaf buckthorn (Rhamnus crocea Nutt.), skunkbush (Rhus 

trilobata Nutt.), littleleaf mountainmahogany (Cercocarpus breviflorus 

Nutt.), and birchleaf mountainmahogany (C^. betuloides). 

Because of summer rainfall, the understory of the Arizona chap

arral can be rich and varied. Perennial grasses are numerous. The most 
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frequent grasses are blue grama (Bouteloua gracilis (H.B.K.) Lag.), 

sideoats grama (B. curtipendula (Michx.) Torr.), hairy grama (B. hirsuta 

Lag.), black grama (.B. eriopoda Torr.), wolf tail (Lycurus phleoides 

H.B.K.), several bluestems (Andropogon sp.) , and several three-awns 

(Aristida sp.). These grasses grow primarily in summer. Cool season 

grasses most frequently found are squirreltail (Sitanion hystrix Nutt.) 

and long-tongue mutton grass (Poa longiligula Scribn. & Williams). 

Several annual grassess seen mostly in spring, are found. The species 

most frequently encountered are red brome (Bromus rubens L.) and needle 

grama (Bouteloua aristidoides (H.B.K.) Griseb.). 

A profusion of perennial forbs also are found in the understory. 

Presence or absence of these plants is often related to elevation, 

rainfall, and overstory density. Among the most noticeable are several 

species of desert hollyhock (Sphaeralcea sp.), several penstemons 

(Penstemon sp.), and numerous composites. Alfilaria (Erodium cicutarium 

(L.) L'Her) often covers significant areas in early spring. 

The most plentiful half shrub in the type is snakeweed 

(Gutierrezia sarothrae (Pursh) Britt. & Rusby) although Wright's buck

wheat (Eriogonum wrightii Torr.) and false mesquite (Calliandra 

eriophylla Gray) are often present. Twinberry (Menodora scabra Gray) 

sometimes occupies significant space in the understory. 

The Arizona chaparral has been grazed by livestock since Anglo 

settlement during the latter part of the 19th century. At one time, 

grazing by sheep and goats was relatively common, but at present, 

grazing is restricted primarily to cattle. Despite this history of use, 
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relatively little is known concerning animal preference, growth, devel

opment, and nutritive value of even the most prevalent shrubs of this 

type. Past grazing was usually based on production of understory 

grasses and forbs. Although general observations and opinions have been 

made known concerning growth and grazing values, this type of infor

mation has not been well documented. 

This study was originated to measure and observe growth, de

velopment and nutritive value of some of the more important shrubs of 

the chaparral. Due to restrictions in time and finances, a maximum of 

seven species were selected for study. Selection was based on occur

rence and assumed importance as forage for livestock and deer. Those 

selected were shrub live oak, desert ceanothus, hollyleaf buckthorn, 

Wright's silktassel, skunkbush, littleleaf mountainmahogany, and birch-

leaf mountainmahogany. 

In addition to limitations of time and finances, sites for study 

were also limited by available climatological data. Two sites were 

chosen in 1960 to represent the low and mid-elevational range of the 

type. These sites were the Sierra Ancha Experimental Forest (mid-

elevation) about 64 km north of Globe and the Three-Bar experimental 

area (low elevation) about 8 km west of Roosevelt Lake. In 1963, a 

climatological station was activated at Whitespar (high elevation) about 

13 km south of Prescott, making it suitable for study. Growth and 

development data were collected from this site in 1963. 



LITERATURE REVIEW 

Many investigators have reported on growth, development of nu

tritive value of desert and semi-desert shrubs. Productivity and 

nutritional value of the numerous sagebrushes (Artemesia sp.) and 

saltbushes (Atriplex sp.) which form the overstory on millions of 

hectares in the western United States have been well documented. Much 

less information is available on the shrubs, often broadleaved schle-

rophylls, which occupy the foothills and lower mountains. Large 

expanses of this type of vegetation are found in the southwest. 

Forsling and Storm (1929) found that twig increment in Utah on 

mountainmahogany (Cercocarpus montana) during one year was 3.4 times 

greater than in the previous year. Pechanec, Pickford, and Stewart 

(1937) found that twig growth on a single rabbitbrush (Chrysothamnus 

nauseousus) in 1935 was 3.8 times the growth in 1934. Julander (1937) 

worked with quaking aspen (Populus tremuloides) and cliffrose (Cowania 

stansburiana) on the Kaibab National Forest in northern Arizona and 

found huge variation in amount of growth between years. In California, 

Watkins and de Forest (1941) showed that stem growth of chamise 

(Adenostema faciculatum) varied from 0 to 20 cm over a single two month 

growing period. Young and Payne (1948) measured and clipped the growth 

of redstem ceanothus (Ceanothus sanguineus), serviceberry (Amelanchier 

alnifolia), Utah honeysuckle (Lonicera utahenis), and rose (Rosa sp.) 

in the cutover lands of northern Idaho and found the growth could vary 

more than 100% between individuals of the same species during the same 

5 
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year. In Oregon and Washington, Garrison (1953a) studied bitterbrush 

(Purshia tridentata), snowbrush ceanothus (Ceanothus velutinus), 

rabbitbrush, creambush rockspirea (Holodiscus discolor), and big 

whortleberry (Vaccinium membranaceum) for four years and found that pro

duction during years of highest yield was from 2.2 to 4 times greater 

than production during years of lowest yield. Harvey (1962) worked with 

several chaparral species in California in an attempt to follow seasonal 

growth, but could not due to lack of growth. During his one year of 

study, seasonal rainfall was less than 14 cm (5.5 inches). 

The periods of growth of various shrubs have been extensively 

studied. Cooper (1922) studied the growth cycle of a number of chap

arral species near Palo Alto, California and showed that all grew in 

late winter and early spring, but became dormant during the dry summer 

months. Forsling and Storm (1929) showed that twig growth of mountain-

mahogany in Utah was directly related to soil moisture. Bauer (1936) 

studied a number of chaparral species in various sites near Los Angeles, 

California and found that rainfall, evaporation, and soil moisture could 

be related to the variability in growth of these species. Miller (1947) 

studied the effects of climatic conditions on the growth of a number of 

southern California chaparral shrubs and showed that marked differences 

in growth rate existed between individuals and species in response to 

yearly and seasonal changes in climatic conditions. Kramer (1952) con

sidered the factors affecting transpiration and soil water loss in 

stands of chaparral vegetation of southern California and found that 

regardless of the amount of precipitation during the preceding winter, 
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all soil water was dissipated by the end of summer through evaporation, 

transpiration, or percolation. 

In Arizona, Swank (1958) made notes on observations of growth 

and dormancy of mountainmahogany, desert ceanothus (Ceanothus greggii), 

hollyleaf buckthorn (Rhamnus crocea), cliffrose, Wright's silktassel 

(Garrya wrightii), shrub live oak (Quercus turbinella), skunkbush (Rhus 

trilobata), manzanita (Arctostaphylos sp.), sugar sumac (Rhus ovata), 

and emory oak (Quercus emoryi). He concluded that most shrubs in the 

Arizona chaparral would grow any time physical conditions were favor

able; even during winter months. Hanes (1965) intensively studied 

growth and blooming cycles of chamise and red shank (Adenostema 

sparsifolium) in southern California. Chamise was active during winter 

and early spring while red shank grew in spring and summer. He found 

that cessation and resumption of growth on both species was influenced 

by variable physical factors such as soil moisture, soil temperature, 

air minimum temperature, insolation, and air relative humidity. He also 

found, however, that both species possessed internal physiological 

rhythms which operated more or less independently of physical factors. 

In the south, Halls and Alcaniz (1965) found that growth on browse 

plants was rapid in spring, but that 12 of the 16 species studied 

virtually ceased to grow as summer advanced. 

Numerous studies have been made concerning growth of shrubs 

following treatments such as burning, crushing, flailing, mowing, light 

applications of herbicides and clipping. Julander (1937) found that 

moderate clipping of aspen and cliffrose stimulated growth of twigs. 



Biswell et al. (1952) found that burning of chamise brushlands in Cali

fornia stimulated sprouting and sprout growth. Aldous (1952) studied 

effects of clipping on mountain maple (Acer spicatum), white birch 

(Betula alba), beaked hazelnut (Corylus cornata), mountain ash (Sorbus 

americana), redozier dogwood (Cornus stolonifera), willow (Salix sp.), 

black ash (Fraxinus nigra), red-berried elder (Sambucus racemosa), and 

pin cherry (Prunus pennsylvanica), and found that moderate clipping of 

twigs generally stimulated growth during the succeeding year. Garrison 

(1953b) clipped the annual growth of bitterbrush, snowbush ceanothus, 

rabbitbrush, and creambush roclcspirea. In general, clipping stimulated 

twig production to the detriment of flower and fruit production. Con

tinued heavy clipping over a period of years, however, caused decreasing 

vitality in shrubs. 

Horton and Kraebel (1955) studied the development of chaparral 

stands following fire in southern California and found that twig growth 

of sprouting chaparral species was rapid and shrubs reached maximum 

height within 5 to 10 years after burning. Bedell and Heady (1959) 

found that growth of twigs on mature chamise plants in California 

ceased in June while that of crown sprouts continued into late autumn. 

Phillips (1964) reported that railing, dozing with a blade one to two 

feet above the ground, and rolling with a large log behind a tractor all 

stimulated twig production of bitterbrush in southern Idaho by as much 

as 300% during the first year. These treatments killed 13% of the 

shrubs and seriously injured others, resulting in lower production 

during the second and third season. Ferguson and Basile (1966) found 

that removal of the top half of six foot bitterbrush plants stimulated 
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twig production to nine times pretreatment level, but that stimulation 

lasted only a few years. 

Several investigators have studied the nutritive value of shrubs 

other than desert or semi-desert species. Mackie (1903) found leaves of 

oak (Quercus sp.) to be acceptable as forage for livestock in Cali

fornia. Hart, Guilbert, and Goss (1932) analyzed deerbrush (Ceanothus 

integerrimus) and bitterbrush for crude protein, calcium, and phosphorus 

on California brushlands. They found that crude protein in both species 

remained above 12% during spring, summer, and fall. Calcium content was 

always above 1% while phosphorus content was rarely above 0.18% except 

in early spring. Calcium:phosphorus ratio in bitterbrush never exceeded 

9 to 1. Gordon and Sampson (1939) reported on amounts of calcium, phos

phorus, potassium, crude protein and crude fiber in collections from 

Aescuius californica, Quercus douglasii, Sambucus glauca, Rhamnus 

californica, Rhus diversiloba, Ceanothus cuneatus, Ceanothus 

divaricatus, Lotus scoparius, and Lupinus albifrons. They found that 

crude protein in the foliage of deciduous shrubs and trees declined in 

an orderly way from beginning of growth to maturity while that in non-

deciduous shrubs changed relatively little. Crests and depressions in 

the curve of protein content was determined by the relative amount of 

young and mature leaves in the collection. Calcium content of all 

plants varied throughout the season and was also governed somewhat by 

the amount of young and mature foliage in the sample. Phosphorus con

tent declined from early leaf stage through leaf maturity and was rarely 
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above 0.18% except during periods of rapid growth. Calcium:phosphorus 

ratio averaged about 1 to 1 in early spring and 28 to 1 at leaf matu

rity. 

Biswell et al. (1952) found that deer diets in heavy stands of 

brush in California consisted of 95% browse while diets on opened brush 

stands seldom exceeded 50% browse. He concluded that the better mixture 

in the diet from opened brush was preferred by deer. DeWitt and Derby 

(1955) studied the changes in nutritive value of red maple (Acer 

rubrum), white oak (Quercus alba), flowering dogwood (Cornus florida), 

and roundleaf greenbrier (Smilax rotundifolia) in Maryland following 

burning. They found that crude protein content of all species exceeded 

11% in May and tended to decrease later in the growing season. Lowest 

value for crude protein (6.8%) occurred in a red maple sample collected 

in late September. They also found that crude protein content of 

greenbrier, red maple, and flowering dogwood was significantly higher 

during the year following a low intensity fire, but no effects could be 

determined in the second year. Bissell and Strong (1955) studied the 

crude protein content of 48 California plants which included many of the 

dominant species in the California chaparral. They found that crude 

protein levels of all shrubs were highest in spring and summer and 

lowest in fall and winter. Protein levels of most species varied from 5 

to 8% in January and from 10 to 25% in May. 

In California, Bissell and Weir (1957) investigated the digesti

bility of interior live oak (Quercus dumosa) and chamise by deer and 

sheep. They concluded that the oak contributed considerably to the diet 

of both animal species but the high content of crude fiber, resins, and 
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waxes reduced digestibility. They also reported that total digestible 

nutrient content of chamise sprouts was only slightly lower than that of 

alfalfa hay. In Utah, Smith, Turner, and Harris (1956) studied the 

apparent digestibility of birchleaf mountainmahogany (Cercocarpus 

betuloides) , curlleaf mountainmahogany (C^. montanus) , cliffrose, choke-

cherry (Prunus virginiana), gambel oak (Quercus gambelii), Utah juniper 

(Juniperus utahensis), bitterbrush, and sagebrush (Artemesia tridentata). 

They found positive digestion coefficients for lignin on all trials 

except for three on cliffrose. They also concluded that their technique 

for lignin-ratio was of doubtful validity on the types of forage studied. 

Smith (1957) investigated composition and digestibility of birchleaf 

mountainmahogany, cliffrose, chokecherry, and gambel oak in Utah and 

found that nutritive levels of most samples tested rated fair to poor in 

winter. Apparent nutritive levels were further compounded by volatile 

oils which showed as apparently digestible but were probably not uti

lized by the animal. 

Tabor and Dasmann (1958) studied the life history and management 

of black-tailed deer in the California chaparral and stated that shrubs 

made annual growth in April and May. These tender and nutritious twigs 

and leaves were high quality deer food. They also reported that forage 

of the highest quality was provided by California laurel, mountain

mahogany, and deerbrush. Scrub oak and poison oak were lower quality 

but still good. Hundley (1959) investigated the available nutrients in 

flowering dogwood, black locust (Robinia psuedoacacia), red maple, 
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rhododendron (Rhododendron maximum), and buffalo nut (Pyrularia pubera) 

in Virginia. He found through proximate analysis that protein content 

increased during the dormant months on all species. 

In Colorado, Dietz, Udall, and Yeager (1962) made a compre

hensive study of chemical composition and digestibility of 

selected forage species on summer and winter deer ranges. Shrub species 

included aspen, blueberry (Vaccinium scoparium), willow, mountain-

mahogany, bitterbrush, and rabbitbrush. They found that aspen and 

willow were good sources of protein, fat, nitrogen-free extract, ash, 

calcium, and phosphorus on summer ranges when compared to grasses or 

blueberry. On winter range, samples from juniper, sagebrush and 

rabbitbrush were higher in protein, fat, ash, calcium, and phosphorus 

than those from either bitterbrush or mountainmahogany. However, they 

also found that deer refused to eat sagebrush when fed alone. Palata-

bility of the three most important shrubs showed the following ranking: 

(1) bitterbrush, (2) mountainmahogany, and (3) sagebrush. Furbush 

(1962) rated the palatability, abundance and accessibility of the most 

common browse plants of the California chaparral type. Those rating 

highest in all categories were bitterbrush, birchleaf mountainmahogany, 

serviceberry, and deerbrush. Among the least preferred were manzanita, 

oaks, and buckthorn. 

Dalrymple, Dwyer, and Webster (1965) investigated the chemical 

content of winged elm (Ulmus alata) on Oklahoma ranges and found that 

cattle used the plant most intensely in May, June, and July when browse 

was most succulent and had the highest protein content. In May, protein 

content was above 13% but the amount steadily dropped to slightly over 
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7% by the end of September. Bohman and Lesperance (1967) and Wilson 

(1969) discussed methodology and reviewed literature concerning nutri

tive value of plants. They concluded that browse was consistently 

higher in crude protein than grass and was also higher in crude fiber 

and lignin content. 

In Arizona, little attention has been given to the nutritive 

value of chaparral shrubs. Nichol (1938) studied the palatability for 

deer of 168 different native plants. For shrub species common to the 

chaparral, he concluded that manzanita, Wright's silktassel, buckbrush, 

and skunkbush were of moderate to low palatability for deer and that 

deerbrush (Ceanothus fendleri), mountainmahogany (Cercocarpus 

paucidentatus), and cliffrose were highly preferred by deer. He also 

found that palatability varied highly from season to season, species to 

species, and animal to animal. Swank (1956) investigated the protein 

and phosphorus content of skunkbush, shrub live oak, Emory oak, 

mountainmahogany, Wright's silktassel, cliffrose, manzanita, desert 

ceanothus, hollyleaf buckthorn, and sugar sumac. Samples were collected 

at three locations in April, July, January, and March. April col

lections showed highest crude protein content on all species ranging 

from 21% for a single collection on skunkbush to 7.9% on a collection of 

manzanita. Most values for crude protein in April were above 10% on all 

species. Lowest crude protein contents were from collections made in 

January and ranged between 4.6% to 8.2%. Analyses for phosphorus con

tent showed this element was rarely above 0.18% except in April. Swank 

(1958) repeated the data presented in his 1956 publication and concluded 
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that phosphorus was the most likely element to be deficient in the 

foliage of Arizona chaparral. 

Reynolds (1967) studied growth, chemical constituents and deer 

use of crown sprouts of shrub live oak, birchleaf mountainmahogany, and 

Wright's silktassel. He found that sprouts grew in spring until availa

ble moisture was depleted and that additional growth was made after 

summer rains began in July. Crude protein and phosphorus contents were 

highest in early spring and gradually decreased as the season pro

gressed. There were slight increases in the amount of both nutrients as 

summer rains caused additional growth. Crude protein content ranged 

from 14% in April to below 10% in February. Phosphorus content was 

above 0.18% during spring only. Sprouts were used most heavily by deer 

during two periods, June-July and September-October. 



STUDY AREAS 

The scope of this study, due to availability of funds and time, 

varied from year to year. Several sites were available but only three 

were eventually used during the course of the study. 

Three-Bar 

The Three-Bar site was located about 8 km (5 miles) west of 

Roosevelt Lake on an area that had been dedicated to long-term studies 

of wildlife and watershed management. It had the highest precipitation 

of chosen sites even though it was lowest in elevation (Table 1). It 

also had the highest maximum and minimum temperatures. 

Soils at Three-Bar were formed from granitic debris on an 

alluvial outwash. Horizon development was fairly distinct. The A 

horizon (0 to 19 cm) consists of grayish brown sandy loam with 50% 

cobble and gravel. The pH was 6.8 and the lower boundary of this 

horizon was irregular. The B2T horizon (10 to 40 cm) was brownish clay 

and contained about 75% cobble and gravel. The pH was 6.7. The C 

horizon (40 to over 60 cm) contained about 90% cobble and gravel. 

This site supported relatively dense stands of chaparral and an 

understory of several grasses and forbs. Four shrubs were found in 

sufficient numbers for the study (Table 2). 

15 
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Table 1. Characteristics of the Three Study Areas. 

Characteris tic Location 

Three-Bar Sierra Ancha Whitespar 

Precipitation, cm 60 53 53 

(24 in) (21 in) (21 in) 

Soil parent material Granite Diabase Granite 

Soil Depth, m 1.2 .6-1.8 .6 

(4 ft) (2-6 ft) (2 ft) 

Elevation, m 1000 1,500 1800 

(3300 ft) (5000 ft) (6000 ft) 

Max. Air temperature, F 105 100 95 

Min. Air temperature, F 10 0 -10 

Aspect East East & West East 

Sierra Ancha 

This site is located about 64 km (40 miles) north of Globe and 

about 24 km (15 miles) northeast of the Three-Bar site. The Sierra 

Ancha Experimental Forest has been dedicated to watershed management 

research. The site was located near the Experiment Station Headquarters 

so that precipitation and temperature records kept for the Headquarters 

site could be used in the study. Precipitation at this site was 

slightly lower than at Three-Bar (Table 1) and maximum and mimimum 

temperatures were also lower. 
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Table 2. Chaparral Species Found at Each Location in Sufficient Numbers 

for Observation and Measurement. 

Species Location Species 

Three-Bar 

I 

Sierra Ancha Whitespar 

Shrub live oak X X X 

Desert Ceanothus X X 

Hollyleaf buckthorn X X X 

Wright's sillctassel X 

Skunkbush X 

Littleleaf mountainmahogany X X 

Birchleaf mountainmahogany X 

Soils at Sierra Ancha were formed from diabase parent material. 

The unconsolidated material in the mantle was a meter or more deep but 

horizon development was essentially nonexistent. The mantle was com

posed primarily of course sand intermixed with gravel and boulders which 

ranged from a few centimeters to a meter or more in diameter. The soil 

(unconsolidated sand) was grayish in color and contained considerable 

iron bearing mineral. The pH was 6.7. 

This unconsolidated mass of sand and rock supported a surpris

ingly dense and relatively diverse stand of shrubs and half-shrubs. Six 

shrub species were chosen for inclusion in the study (Table 2). Forbs 

were few and grasses were limited to an occasional bull muhly 

(Muhlenbergia emersleyi Vasey) and a few squirreltail plants. 
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Whitespar 

The Whitespar site was also located on a drainage where water

shed management research was being conducted. The site was almost 13 km 

south of Prescott and approximately 129 km (80 miles) northwest of both 

Sierra Ancha and Three-Bar. Rainfall at this site was similar to that 

at Sierra Ancha (Table 1) although the site was 250 meters higher in 

elevation. Maximum and minimum temperatures at this site were the 

lowest of the three selected sites. 

Soils at Whitespar were formed in place from granitic parent 

material. These soils were moderately deep, friable, noncalcareous, 

dark brown to very dark brown, gravelly, sandy loams. The A horizon (0 

to 13 cm) was dark grayish brown gritty loam with weak, fine granular 

structure and contained about 60% angular cobble and gravel. The pH was 

7.0 and the lower boundary was clear and smooth. The AC horizon (13 to 

23 cm) was brown gritty loam with weak, fine granular structure, and 

about 75% cobble and gravel. The pH was 6.8 and the lower boundary was 

clear but irregular. The C horizon (23 to over 56 cm) was 95% angular 

cobble and gravel with interspaces filled by soil material from the 

upper horizons. 

At 1800 meters, this site was approaching the upper elevational 

limits of chaparral growth. Shrubs were often dense but the canopy was 

formed by relatively few species. Only three species were found in 

sufficient numbers for the study (Table 2). Forb and grass species were 

numerous and formed a fairly dense understory. 



METHODS 

Precipitation 

Each of the three study locations was within 1 km of year-round 

recording precipitation gauges maintained by the U.S. Forest Service. 

Charts were changed weekly. Although daily records were available, they 

proved to be of little use in the study. Of more interest was the 

compilation of records into seasonal amounts that could be directly 

related to periods of growth. These periods of growth were March 

through May and July through September. Since winter precipitation 

could be stored, at least partially, in the soils for use by plants in 

spring, precipitation records for October through May were compiled for 

association with spring growth and records for June through September 

were compiled for association with summer growth. The effectiveness of 

October precipitation toward spring growth was questionable but included 

for consideration. 

Air Temperature 

Automatic recording thermographs were in place at Sierra Ancha 

and Whitespar each year data was collected at these locations. At 

Three-Bar, the thermograph was not installed until January of 1962. 

Therefore, data for this location was limited to 1963 only. 

Growth 

Five mature but not decadent plants of each species were se

lected at each location. Ten twigs on each plant were selected and 
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tagged. Some bias was associated with twig selection. Rapidly growing 

crown sprouts were avoided, grazed or broken twigs were not tagged, and 

all selected twigs were located in the outer edges of the crown. When 

possible, no more than a single twig from a main stem was selected. 

Twigs were evenly spaced around the outer edge of the crown in order to 

sample all aspects. Twigs within one foot of the ground were avoided as 

well as those in the top center of the crown. Within these re 

strictions, twigs were selected by grasping a branch and inspecting 

leaders and secondary twigs to choose one which met the criteria. Metal 

tags were loosely affixed to the selected twigs about 60 cm from the 

leader tip. New twigs were selected each year to avoid effect of 

previous years' handling. 

Leaders were measured from the crotch of the first twig above 

the metal tag. Secondary twigs chosen for measurement were the first 

single (alternate branching) or pair (opposite branching) of secondary 

twigs below the leader tip prior to start of spring growth. Relocation 

of the chosen secondary was possible by measuring from the first crotch 

above the tag to the base of that individual. Measurement of secondary 

twigs originated at the base of that individual. 

Initial tagging and measurements were made in February, before 

growth began. Intervals between measurement were every two weeks during 

time of rapid growth and development and monthly during dormancy. Twigs 

were measured to the nearest hundredth of a foot and converted to milli

meters. 
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Although twigs were handled with special care during measure

ment, leaves and twigs were occasionally broken. Twigs sustaining 

injury were deleted from the data. 

Development 

Phenological observations were made on the same twigs tagged for 

growth measurements. Stages of fruiting development were recorded as 

follows: flower buds swollen, bloom, fruit forming, fruit full size, 

fruit ripe, fruit dropped. At the same time, vegetative development was 

recorded as; leaf buds swollen, leaves one-half full size, leaves full 

size, leaves falling, and dormant. Observations were also made of 

growth habits which might affect twig elongation or time of growth. 

Nutritive Value 

In 1962 and 1963, current twig and leaf growth was collected 

from shrubs adjacent to tagged shrubs for analysis of protein, ash, 

phosphorus, and calcium content. Collections were confined to one site, 

Sierra Ancha, due to constraints on time and funds. The collected 

material was weighed, dried at 70 C for 24 hours, reweighed and ground 

through a 40 mesh screen. Nutritive analysis was made according to 

Association of Official Agricultural Chemists (AOAC) (1960) Procedures. 

Samples collected early in 1962 were analyzed at three separate 

laboratories: by the author in a laboratory at Arizona State University, 

Valley Laboratories in Phoenix, Arizona and by a Forest Service labora

tory in Rapid City, South Dakota. Results of the three analyses were 

not significantly different (Pond and Pearson, 1970). Subsequent 



analyses were done only at the Rapid City laboratory and results 

reported here are from that laboratory only. 



RESULTS 

Precipitation 

Precipitation varied greatly with season, year, and location. 

Winter precipitation (October through May) often came in the form of 

snow and resulted from massive Pacific frontal systems. Summer rainfall 

(June through September) resulted from afternoon and evening thunder

storms, usually of short duration and often intense. 

Three-Bar 

Winter Precipitation. Rainfall in winter varied from 68.8 cm in 

1959-60 to 26.0 cm in 1960-61 (Table 3). Winter precipitation.is 

stored in the soil mantle for use by plants in the spring. At Three-

Bar, buds often swell and some growth may occur in late February. 

Precipitation in December, January and February is likely to be impor

tant for spring growth while precipitation in October, and possibly, 

November may evaporate from the soil before growth begins. 

In 1959-60, about 41 cm of precipitation fell in December, Jan

uary and February. About 26 cm fell in the same months in 1962-63 with 

over 14 cm falling during February alone. In 1960-61, only about 8 cm 

of rain was recorded for these three months and most occurred in Jan

uary. 

Rainfall in March, April and May should be important for con

tinuance of spring growth. In 1959-60, over 3 cm occurred in March but 
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Table 3. Precipitation (cm) at Three-Bar During the Study. 

Year 1959-60 1960-61 1962-63 

Month 

October 21.0 8.3 .6 

November 2.4 .9 4.6 

December 27.3 .8 6.6 

January 10.3 6.7 4.5 

February 3.0 .3 14.5 

March 3.5 8.9a 4.7 

April .1 .1 2.5 

May 1.2 0 0 

Sub-total 68.8 26.0 38.0 

June .3 0 0 

July 3.1 4.6 1.0 

August 6.0 4.2 16.3 

September 3.0 9.7 3.5 

Sub-total 12.4 18.5 20.8 

Total 81.2 44.5 58.8 

a. Several light storms scattered throughout the month. 
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April was a dry month. In 1962-63, over 4 cm fell in March and 2.5 cm 

occurred April. The 8.9 cm which fell in March 1960-61 followed a 

dry winter and could have been too late or too little for initiation of 

growth. 

Summer Precipitation. Showers in summer during the 3 years of 

measurement varied from 20.8 cm in 1963 to 12.4 cm in 1960 (Table 3). 

Summer growth, if it occurs, usually begins in late July or early August 

so that rainfall amount during this time is important. In both 1960 and 

1961, total rainfall for the two months (July and August) was less than 

10 cm. In 1960, the only major summer storm in either month was 3.3 cm 

and fell on August 22; late for initiation of growth. Summer storms in 

July and August of 1961 did not exceed 2 cm at any time. In 1963, 16.3 

cm of rain fell in August alone. Showers began on August 1 and measur

able precipitation occured for seven consecutive days. In all, showers 

were recorded for 17 of the 31 days of August. Rainfall in Septemeber 

could be important for continuance of growth but is late in the season 

for initiation of growth. 
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Sierra Ancha 

Winter Precipitation. Rainfall at this site varied between a high 

of 63.7 cm in 1959-60 to a low of 26.5 cm in 1960-61 (Table 4). Rain

fall in December, January and February was deemed most important for 

spring growth. In 1959-60, 1961-62, and 1962-63, rainfall for these 

three months approached or exceeded 25 cm. In 1960-61, the total for 

these months was only 6.9 cm. Rainfall in March and April was important 

for continuance of growth, but initiation of growth was likely dependent 

on earlier precipitation. 

Summer Precipitation. Summer showers at this site varied between 

28.5 cm in 1963 and 9.6 cm in 1962 (Table 4). Summer growth is depen

dent on rainfall in July and early August. In 1960, the sporadic 

rainfall of July continued well into August. Of the 11.7 cm falling in 

August, over 7.5 cm fell after August 22. In 1961, rainfall during both 

months was light and sporadic. In 1962, only 3.0 cm of rain fell during 

both months. In 1963, July was a dry month but summer showers began on 

a regular basis on August 1 and measurable rainfall occurred during 19 

days of the month. 

Whitespar 

Winter Precipitation. During the winter of 1962-63, 24.5 cm 

of rainfall occurred at this site (Table 5). February was the 

wettest month (8.7 cm), but significant amounts occurred in March (3.5 

cm) and April (4.0 cm). At this elevation, buds may begin to swell in 

March or April. Therefore, rainfall in October, December and January 

may not be as critical as that of February, March, and April. 
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Table 4. Precipitation (cm) at Sierra Ancha During the Study. 

Year 1959-60 1960-61 1961-62 1962-63 

Month 

October 21.9 9.6 1.3 5.8 

November 1.6 2.9 1.9 6.4 

December 18.2 1.6 10.4 6.3 

January 12.8 5.0 11.4 4.5 

February 5.0 .3 o 8.0 13.2 

March 2.5 6.9 7.6 3.7 

April .6 .2 .5 2.2 

May 1.1 0 .1 .1 

Sub-total 63.7 26.5 41.2 42.2 

June .1 1.5 1.7 0 

July 5.0b 7.3 1.2 .5 p 
August 11.7 8.5 1.8 25.0 

September 2.8 4.6 4.9 3.0 

Sub-total 19.6 21.9 9.6 28.5 

Total 83.3 48.4 50.8 70.7 

a. 3.8 cm fell after March 15. 

b. Over 7.5 cm fell after August 22. 

c. Rains began on August 1; measurable rainfall on 19 days 

during the month. 

1 



Table 5. Precipitation (cm) at Whitespar During the Study. 

Year 1962-63 

Month 

October . 8 

November 3.0 

December 1.9 

January 2.5 

February 8.7 

March 3.5 

April 4.0 

May . 1 

Sub-total 24.5 

June 0 

July 4.6 

August 23.6 

September 11.0a 

Sub-total 39.2 

Total 63.7 

a. 5.7 cm fell September 18. 
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Summer Precipitation. Summer showers were numerous after August 

1 with 23.6 cm of precipitation resulting from showers on 17 days of 

that month (Table 5). Of the 11.0 cm recorded in September, 5.7 cm fell 

on September 18; rather late in the growing season. 
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Air Temperature 

Maximum and minimum air temperature for a particular date varied 

with elevation. Generally, temperatures at Three-Bar were highest and 

those at Whitespar were lowest. Temperatures during the months of 

February, March, April and May should be influential in regulating 

beginning of growth. The only year these data were available for all 

three sites was in 1963. At Sierra Ancha temperatures were available 

for all four years. 

Maximum Daily Temperatures in 1963 

Maximum daily temperatures, recorded in Fahrenheit, did not drop 

below freezing at any site during the four months (Table 6). Mean maxi

mums at Three-Bar were about 5 degrees higher than at Sierra Ancha and 

about 10 degrees higher than at Whitespar. At Three-Bar, maximum tem

peratures were never lower than 46 degrees during the four months. The 

final dates maximum temperatures were 40 degrees or below at the other 

two sites were February 11 at Sierra Ancha and April 17 at Whitespar. 

Minimum Daily Temperatures in 1963 

Mean minimum daily temperatures at Three-Bar were usually only a 

few degrees warmer than at Sierra Ancha (Table 7) but were 10 to 15 

degrees warmer than at Whitespar. The date of final frost was March 19 

at Three-Bar, April 27 at Sierra Ancha and May 12 at Whitespar. 
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Table 6. Daily Maximum Temperatures (F) at Three-Bar, Sierra Ancha, and 

Whitespar in the Spring of 1963. 

Month and Station 

Date February March April May 

Ta Sb wc T S W T S W T S W 

1 70 67 62 67 65 66 68 62 50 82 75 71 
2 74 68 63 68 65 54 57 56 48 84 77 71 

3 72 69 71 53 63 42 70 64 62 86 78 72 

4 74 71 72 52 43 36 75 70 65 84 77 72 

5 78 76 74 57 50 52 75 69 70 90 82 81 

6 82 79 76 63 59 56 79 72 70 95 85 84 

7 78 75 72 66 60 56 81 75 70 92 85 80 

8 75 72 67 68 65 58 80 73 68 89 86 76 

9 70 66 56 68 64 56 72 69 52 82 77 68 

10 52 69 42 56 60 51 67 59 55 86 80 70 

11 46 38 38 56 50 49 76 70 64 78 74 64 

12 49 43 39 62 56 47 83 78 72 80 80 68 

13 52 48 38 67 60 58 88 81 78 86 81 74 

14 51 47 49 70 65 58 86 79 70 91 85 75 

15 59 52 51 58 58 40 71 75 58 90 82 75 

16 54 50 49 60 53 44 68 62 54 92 84 79 

17 60 56 57 50 48 35 58 58 38 94 87 84 
18 60 57 61 50 45 42 62 56 47 96 88 82 

19 68 65 62 64 59 52 66 56 54 94 83 80 
20 69 65 64 70 65 59 74 68 56 98 89 82 
21 68 67 54 73 68 64 61 63 44 94 86 79 
22 67 62 58 69 67 56 71 66 62 88 82 70 
23 69 63 59 70 65 58 76 70 63 87 78 84 

24 70 67 64 70 64 62 78 71 65 90 81 73 
25 74 68 64 75 71 68 70 67 55 87 77 74 
26 72 68 65 76 70 66 58 50 42 89 82 76 
27 67 65 54 78 73 70 64 58 54 90 83 78 
28 67 62 61 78 71 55 70 64 64 92 83 74 
29 68 65 60 81 73 72 90 83 76 
30 76 70 65 84 76 72 88 80 74 
31 76 71 62 86 82 76 

\.verage 66.0 62.7 58.6 65.6 61.5 54.7 72.3 67.0 59.8 88.7 81.7 78.0 

a. Three-Bar 

b. Sierra Ancha 

c. Whitespar 



Table 7. Daily Minimum Temperatures (F) at Three-Bar, Sierra Ancha, and 

Whitespar in the Spring of 1963. 

Month and Station 

Date February March April May 

Ta sb wc T S W T S W T S 1 

1 50 46 37 35 37 28 34 38 32 50 49 38 

2 46 44 37 35 37 28 36 21 21 53 49 38 
3 44 44 38 36 38 22 37 33 27 49 46 36 

4 41 44 38 30 27 28 43 42 29 51 48 38 

5 42 50 39 27 25 17 43 42 38 50 49 38 
6 44 50 39 36 32 24 44 45 36 55 52 45 

7 44 55 39 32 35 24 50 49 40 64 52 49 

8 42 50 38 34 35 23 52 48 37 62 57 47 
9 49 44 40 34 35 27 54 45 37 64 53 50 

10 40 32 31 40 31 23 45 38 28 60 54 44 

11 38 30 29 44 35 24 42 37 32 54 50 33 

12 30 25 22 38 30 28 42 45 31 46 54 30' 

13 24 17 16 38 34 24 48 55 38 47 50 35 

14 28 24 14 36 38 26 52 54 41 56 56 41 
15 30 29 21 48 35 16 48 47 34 64 57 42 
16 33 30 23 30 25 16 47 38 37 55 56 41 
17 33 33 24 33 31 27 40 37 19 56 60 42 
18 34 33 29 3 3 ,  28 22 36 31 20 58 60 43 
19 35 36 33 30 25 20 39 31 25 63 59 50 

20 37 41 29 40 37 29 43 38 35 68 63 50 
21 40 41 28 49 45 32 50 41 22 62 59 48 
22 38 39 30 52 48 32 38 34 29 65 56 46 
23 40 36 30 46 40 27 38 39 26 64 57 36 
24 37 35 28 41 37 28 40 41 29 57 52 40 
25 40 37 29 42 37 32 50 46 35 60 47 37 
26 37 40 32 44 45 31 51 46 30 56 47 39 
27 38 44 32 41 43 31 37 31d 24 55 53 40 
28 35 33 29 50 49 40 38 35 28 58 54 42 
29 54 48 35 44 42 36 60 52 40 
30 46 40 32 50 51 40 60 52 40 
31 46 46 32 60 52 42 

Average 38.2 37.9 30.5 39.4 36.4 26.7 43.7 40.7 30.9 57.5 53.4 41.3 

a. Three-Bar 

b. Sierra Ancha 

c. Whitespar 

d. Date of final frost 
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Maximum Daily Temperatures at Sierra Ancha During the Study 

Temperature differences between years were available only at 

Sierra Ancha. Maximum temperatures were above freezing each day in 

February, March, April and May for all four years (Table 8). The maxi

mum temperature during these months was below 40 degrees on only one 

day, February 11, 1963, during the study. 

Minimum Daily Temperatures at Sierra Ancha During the Study 

Final frost occurred in April during three of the four years and 

in March in 1962 (Table 9). 

Growth 

Growth occurred on all species each year except 1961. The most 

striking feature of growth was its unpredictability. The date growth 

began on an individual twig as well as amount per twig, shrub or loca

tion was extremely erratic. This evidence of variability was similar to 

that found in Utah by Forsling and Storm (1929), in California by 

Watkins and deForest (1941), in Idaho by Young and Payne (1948), and 

several other investigators. Some tagged individuals failed to grow at 

all while others grew varying amounts and began growth on various dates. 

Some twigs grew in spring only, some in summer only and still others 

grew in both seasons. This total lack of conformity in growth virtually 

eliminated the value of most statistical analyses due to the enormous 

variation involved. Although averages for growth are given, percentage 

of twigs that did grow as well as range in growth may be more inter

esting than average growth. At least, these statistics show just how 

variable growth was for all species. 
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Table 8. Daily Maximum Temperatures (F) at Sierra Ancha During February ~hrough May, 1960-1963. 

Month and Year 
February March April May 

Date 60 61 62 63 60 61 62 63 60 61 62 63 60 61 62 63 

1 56 64 65 67 44 65 53 65 65 65 69 62 71 76 76 75 
2 51 64 67 68 52 67 58 65 71 71 69 56 74 75 80 77 
3 48 60 66 69 62 43 58 63 77 81 68 64 68 75 85 78 
4 53 59 66 71 64 42 59 43 78 83 69 70 62 69 84 77 
5 54 54 66 76 63 47 61 50 81 83 73 69 60 67 84 82 
6 55 49 66 79 74 51 63 59 82 80 72 72 75 68 85 85 
7 60 50 62 75 74 57 56 60 79 65 72 75 80 65 86 85 
8 60 56 55 72 70 64 50 65 79 61 74 63 82 75 87 86 
9 55 60 66 66 67 69 50 64 81 69 76 69 85 86 86 77 

10 41 69 70 69 69 70 · 40 60 80 64 72 59 90 86 87 80 
11 54 70 69 38 69 66 42 50 77 65 75 70 92 81 87 74 
12 53 68 60 43 66 68 50 56 69 ~ 71 81 78 90 78 83 80 
13 48 64 60 48 62 71 45 60 69 67 83 81 87 63 70 81 
14 52 65 60 47 62 72 49 65 74 69 84 79 79 77 71 85 
15 55 68 61 52 53 72 55 58 71 71 84 75 80 80 64 82 
16 56 65 62 50 56 47 60 53 73 76 85 82 88 80 63 84 
17 49 57 60 56 57 57 61 48 75 79 85 58 75 83 63 87 
18 54 54 60 57 66 55 65 45 78 75 86 56 73 85 76 88 
19 52 57 59 65 73 59 63 59 79 70 85 56 69 86 78 83 
20 44 57 52 65 75 63 46 65 81 70 75 68 77 81 80 89 
21 50 61 52 67 77 70 45 68 81 77 71 63 78 82 69 86 
22 50 68 43 62 77 73 51 67 78 15 75 66 80 84 76 82 
23 42 67 45 63 63 75 46 65 66 79 78 70 76 83 77 78 
24 41 56 43 67 54 66 55 64 55 65 82 71 70 84 77 81 
25 47 65 52 68 68 59 69 71 63 68 74 67 75 85 75 77 
26 50 63 40 68 72 55 75 70 65 68 63 50 85 85 72 82 
27 44 51 36 65 71 58 75 73 65 74 72 58 86 88 70 83 
28 53 59 43 62 60 57 70 71 62 81 70 64 . 96 87 64 83 
29 52 70 51 67 65 61 82 67 73 85 77 77 83 
30 72 45 .68 70 65 88 69 76 84 82 81 80 
31 66 62 70 71 85 82 82 82 

Average 51.0 60.7 57.4 62.7 65.6 60.5 57.3 61. 5 72. 9 73.2 75.3 67.0 78.9 79.6 77. 3 81. 7 
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Table 9. Daily Minimum Temperatures (F) at Sierra Ancha During February Through May, 1960-1963. 

Month and Year 
February March AEril May 

Date 60 61 62 63 60 61 62 63 60 61 62 63 60 61 62 63 

1 35 34 36 46 32 29 27 37 40 40 40 38 41 45 42 49 
2 31 33 40 44 34 38 28 37 46 46 45 21 46 45 53 49 
3 27 36 40 44 32 37 28 38 45 47 43 33 43 50 56 46 
4 30 34 40 44 38 30 30 27 45 54 43 42 42 40 54 48 
5 25 32 40 50 40 31 41 25 52 41 43 42 36 39 56 49 
6 27 25 42 50 44 30 40 32 53 44 45 45 42 41 56 52 
7 30 28 39 55 47 32 39 35 53 45 44 49 50 44 57 52 
8 38 29 39 50 44 32 29 35 50 30a 48 48 53 44 56 57 
9 38 33 42 44 42 43 24 35 53 37 43 45 55 43 58 53 

10 27 35 45 32 42 38 24 31 54 38 46 38 60 59 58 54 
11 25 42 52 30 42 38 20 35 54 34 42 37 62 53 57 50 
12 28 36 45 25 41 39 20 30 38 43 49 45 64 47 52 54 
13 29 38 42 17 40 42 25 34 37 41 52 55 60 40 40 50 
14 26 40 40 24 31 41 25 38 46 37 58 54 56 43 39 56 
15 25 39 37 29 17 40 25 35 48 34 57 47 58 50 36 57 
16 25 40 38 30 29 30 34 25 46 43 59 38 43 49 40 56 
17 24 32 32 33 26 31 32 31 46 50 60 37 , 49 51 37 60 
18 27 29 28 33 34 31 36 28 54 50 55 31 46 53 40 60 
19 31 31 32 36 41 27 35 25 50 48 57 31 46 55 51 59 
20 25 30 31 41 48 35 32 37 50 40 49 38 45 49 43 63 
21 25 30 28 41 50 29 32 45 53 42 43 41 48 51 40 59 
22 26 36 25 39 41 42 32 48 44 42 48 34 49 55 42 56 
23 20 33 30 36 47 45 25 40 40 40 , 48 39 46 53 48 57 
24 15 24 28 35 40 41 25 37 29 35 58 41 43 55 45 52 
25 20 32 27 37 40 33 32a 37 31 35 50 46 43 54 44 47 
26 24 38 26 40 43 29 43 45 38 36 42 46 47 57 45 47 
27 33 22 26 44 48 32 50 43 38 43 42 31a 57 56 44 53 
28 .29 29 15 33 40 39 45 49 44 48 45 35 58 52 38 54 
29 32 31 31 40 48 35 52 43 42 56 51 43 52 
30 41 30 35 40 31a 51 41 51 57 52 52 52 
31 41 33 35 46 54 51 50 52 

Average 27.5 32.9 35.2 37.9 41.2 34.8 31.9 36.4 45.3 42.2 47.9 40.7 49.5 49.8 47.5 53.4 

a. Date of final frost 



Shrub Live Oak 

Stem Elongation. Shrub live oak did not grow in either spring 

or summer in 1961 (Table 10). In that spring, some buds swelled and 

leaves were produced, but all tagged twigs failed to elongate. This was 

the only spring during the study when twig elongation failed to occur. 

Summer growth was limited to 1963 only and, during that year, occurred 

on all sites. 

In 1960, spring growth was found on all tagged leaders at both 

Sierra Ancha and Three-Bar. This was not found during any other year at 

any site. During most spring growth periods, the number of leaders with 

growth exceeded the number of secondary twigs with growth but, in 1962 

and 1963, the opposite occurred at Sierra Ancha. In 1963, the only year 

of comparison between all three sites, fewer twigs of both kinds elon

gated at Three-Bar than at either Sierra Ancha or Whitespar. In summer, 

the number of growing twigs at Three-Bar and Sierra Ancha was similar 

and more numerous than those growing at Whitespar. 

Twigs that grew in the spring of 1963 did not necessarily grow 

in the summer and vice versa. At Three-Bar, 12 leaders and 7 secondary 

twigs which grew in spring did not grow in summer. Conversely, 8 

leaders and 10 secondary twigs with summer growth had not grown in 

spring. At Sierra Ancha, 25 leaders and 15 secondary twigs with growth 

in spring failed to grow in summer, but only 6 leaders and 3 secondary 

twigs with summer growth had failed to grow in spring. At Whitespar, 

all twigs with summer growth had also grown in spring. 



Table . 10. Growth of Shrub Live Oak at all Sites Showing Percentage of Twigs with Growth, Average Growth 
per Twig, Range in Growth of Twigs, and Percentage of Twigs that Died During the Year. 

Year and TyEe of Growth 
1960 1961 1962 1963 

Area Measurement Season Lead Second Lead Second Lead Second Lead Second 

Three-Bar 
Twigs with Growth(%) Yearlong 100 74 0 0 No Data 72 64 

Spring 100 74 0 0 No Data 52 44 
Summer 0 0 0 0 No Data 48 48 

Average Growth (mm) Yearlong 
1 

20 7 0 0 No Data 30 23 
Spring 20 7 0 0 No Data 17 10 
Summer 0 7 0 0 No Data 14 13 

Range in Growth (mm) Yearlong 6-59 0-34 0 0 No Data 0-140 0-226 
Spring 6-59 0-34 0 0 No Data 0-79 0-70 
Summer 0 0 0 0 No Data 0-131 0-156 

Twigs that Died(%) 4 12 64 48 No Data 12 16 

Sierra Ancha 
Twigs with Growth(%) Yearlong 100 90 0 0 6 90 82 78 

Spring 100 90 0 0 66 90 70 72 
Summer 0 0 0 0 0 0 32 50 

Average Growth (mm) Yearlong 28 18 0 0 24 20 28 14 
Spring 28 18 

~ 
0 0 24 20 24 11 

Summer 0 0 0 0 0 0 4 3 

Range in Growth (mm) Yearlong 12-49 0-40 0 0 0-141 0-113 0-233 0-46 
Spring 12- 49 0-40 0 0 0-141 0-113 0-120 0-36 
Summer 0 0 0 0 0 0 0-113 0-24 

Twigs that Died(%) 2 6 46 38 16 22 8 10 

Whitespar 
Twigs with Growth(%) Yearlong No Data No Data No Data 70 60 

Spring No Data No Data No Data 70 60 
Summer No Data No Data No Data 12 14 

Average Growth (mm) Yearlong No Data No Data No Data 9 6 
Spring No Data No Data No Data 8 3 
Summer No Data No Data No Data 1 1 

Range in Growth (mm) Yearlong No Data No Data No Data 0-49 0-37 
Spring No Data No Data No Data 0-49 0-37 
Summer No Data No Data No Data 0-21 0-9 

Twigs that Died(%) No Data No Data No Data 14 16 

w 
" 
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The average growth of leaders exceeded that of secondary twigs 

during all years and at all sites. Largest average yearlong growth for 

leaders was at Sierra Ancha and exceeded 24 mm during each year growth 

occurred. In 1963, average spring growth of leaders was somewhat com

parable at Three-Bar and Sierra Ancha (17 mm and 24 mm, respectively) 

and considerably lower (8 mm) at Whitespar. The same relationship, but 

on a smaller scale, was true of secondary twigs; 10 mm at Three-Bar, 11 

mm at Sierra Ancha and 3 mm at Whitespar. 

At each site, the average summer growth of secondary twigs was 

comparable in length to leader growth. In 1963, twigs at Three-Bar made 

considerably more summer growth than those at Sierra Ancha or Whitespar. 

Summer growth of leaders at Three-Bar averaged 14 mm compared to 4 mm at 

Sierra Ancha and 1 mm at Whitespar. 

The range in elongation of leader or secondary twigs varied from 

year to year and site to site. Strangely, the smallest range occurred 

in 1960 when all leaders and most secondary twigs made some growth. In 

1963, the leader with most yearlong growth (233 mm) was found at Sierra 

Ancha. Longest leader growth at Three-Bar and Whitespar was 140 mm and 

49 mm, respectively. Growth of the longest leaders at Three-Bar and 

Sierra Ancha was a combination of spring and summer growth but, at 

Whitespar, all growth occurred in spring. Greatest elongation of a 

secondary twig (226 mm) occurred at Three-Bar in 1963. The twig grew 70 

mm in spring and 156 mm in summer. The 156 mm of growth was the 

greatest elongation of any twig, leader or secondary, during either 

growing season at any site. 
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Some tagged leaders and secondary twigs died each year at all 

sites. Death usually was limited to a few millimeters of the tip and 

cause of death was not readily apparent. Often, death occurred after 

the twig failed to grow, but some twigs died after making appreciable 

spring growth. Death usually became apparent in August or September. 

Death of tips was greatest in 1961 when growth did not occur. In 1963, 

death of twigs was comparable at all locations. 

Periods of Growth. Spring growth began earliest at Three-Bar 

and latest at Whitespar (Table 11). In 1963, beginning of growth at 

Sierra Ancha was two weeks later than at Three-Bar and six weeks earlier 

than at Whitespar. Both kinds of twigs usually began and ceased to grow 

on the same dates, but there were exceptions. During all three years 

that spring growth occurred at Sierra Ancha, leaders started to grow 

about the same date each year, near the first of April, and ceased 

growing at or near the end of May. Cessation of growth at Three-Bar was 

comparable to that at Sierra Ancha but leaders at Whitespar continued to 

grow well into July, about 40 days longer than at the other sites. 

The two week period of most rapid spring growth occurred earli

est at Three-Bar and latest at Whitespar. In 1963, plants grew most 

rapidly in early April at Three-Bar, in early May at Sierra Ancha and in 

mid-May at Whitespar. In 1963, over three-fourths of the total yearly 

elongation at Sierra Ancha and Whitespar resulted from spring growth 

compared to only about half at Three-Bar. 
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Table 11. Periods of Spring and Summer Growth of Shrub Live Oak at all 

Study Sites. 

Site and Year 

Season 

Three-Bar Sierra Ancha Whitespar 

Growth Kind of Twig 1960 1963 1960 1962 1963 1963 

Began Leader 3/24 3/17 3/29 4/4 4/3 5/15 

Second 3/24 3/17 3/29 4/18 4/3 5/15 

Ceased Leader 5/15 5/27 5/18 5/29 6/3 7/10 

Second 5/15 5/16 5/18 5/15 6/3 6/12 

Q 
Most Rapid Leader 4/10 4/2 4/14 4/18 5/2 5/15 

Second 4/10 4/2 4/14 4/18 5/2 5/15 

% of Total Leader 100 55 100 100 86 86 

Second ioo 43 100 100 80 88 

Summer Began 

Ceased 

Most Rapid 

% of Total 

Leader 

Second 

Leader 

Second 

Leader 

Second 

Leader 

Second 

S 
o 
u 
o 
o 
53 

8/30 

8/16 

9/30 

9/30 

8/30 

8/30 

45 

57 

& 
o 
M 
o 
o 
13 

& 
o 
1-1 
o 
o 
sz; 

8/29 

8/29 

9/12 

9/12 

8/29 

8/29 

14 

20 

8/12 

8/12 

9/5 

9/5 

8/12 

8/12 

14 

12 

a. The first date of the two week period of rapid stem 

elongation. 
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Summer growth began earliest at Whitespar (August 12) and by 

the end of August, twigs of both kinds were growing on all sites. 

Summer growth ceased in early September at Whitespar, in mid-September 

at Sierra Ancha and in late September at Three-Bar. The two week period 

of most rapid summer growth at Whitespar were the first two weeks of 

growth. August 12 to August 23, while most rapid summer growth at Three-

Bar and Sierra Ancha occurred in early September. Plants at Sierra 

Ancha grew only two weeks during summer. 

Hollyleaf Buckthorn 

Stem Elongation. This species did not grow in either spring or 

summer in 1961 at either Three-Bar or Sierra Ancha (Table 12). Some new 

leaves were produced in May and buds swelled at an earlier date but stem 

elongation failed to occur. This was the only year of measurement 

during the study where stems failed to grow in spring. Summer growth 

was limited to 1963 and then occurred only at Three-Bar and Whitespar. 

At Three-Bar, summer growth was restricted to leaders. 

In 1960, measurements were made at Three-Bar only. Spring 

growth occurred on all leaders and 96% of the secondary twigs. During 

other years of measurement percentage of twigs with growth ranged from 

66% (leaders at Sierra Ancha in 1963) to a high of 94% (secondary twigs 

at Sierra Ancha in 1962). Percentage of leaders with growth exceeded 

percentage secondary twigs with growth each year at Whitespar and Three-

Bar but the opposite was true at Sierra Ancha. In 1963, about 20% and 



Table 12. Growth of Hollyleaf Buckthorn at all Sites Showing Percentage of Twigs with Growth, 
Average Growth per Twig, Range in Growth of Twigs, and Percentage of Twigs that Died 
During the Year. 

Year and TyEe of Growth 
1960 1961 1962 1963 

Area Measurement Season Lead Second Lead Second Lead Second Lead Second 

Three-Bar 
Twigs with Growth(%) Yearlong 100 96 0 0 No Data 84 74 

Spring 100 96 0 0 No Data 84 74 
Summer 0 0 0 0 No Data 8 0 

Average Growth (mm) Yearlong 11 9 0 0 No Data 16 6 
Spring 11 9 0 0 No Data 14 6 
Summer 0 0 0 0 No Data 2 0 

Range in Growth (mm) Yearlong 3-28 0-18 0 0 No Data 0-100 0-30 
Spring 3-28 0-18 0 0 No .Data 0-100 0-30 
Summer 0 0 0 0 No Data 0-18 0 

Twigs that Died(%) 0 0 12 12 No Data 8 8 

Sierra Ancha 
Twigs with Growth(%) Yearlong No Data 0 0 88 94 66 68 

Spring No Data . 0 0 88 94 66 68 
Summer No Data 0 0 0 0 0 0 

Average Growth (mm) . Yearlong No Data 0 0 17 15 13 11 
Spring No Data 0 0 17 15 13 11 
Summer No Data ~ 0 0 0 0 0 0 

Range in Growth (mm) Yearlong No Data 0 0 0-67 0-55 0-67 0-42 
Spring No Data 0 0 0-67 0-55 0-67 0-42 
Summer No Data 0 0 0 0 0 0 

Twigs that Died(%) No Data 12 12 2 2 6 6 

Whitespar 
Twigs with Growth(%) Yearlong No Data No Data No Data 88 78 

Spring No Data No Data No Data 84 76 
Summer No Data No Data No Data 30 14 

Average Growth (mm) Yearlong No Data No Data No Data 16 10 
Spring No Data No Data No Data 9 7 
Summer No Data No Data No Data 7 3 

Range in Growth (mm) Yearlong No Data No Data No Data 0-92 0-64 
Spri.ng No Data No Data No Data 0-34 0-37 
Summer No Data No Data No Data 0-58 0-61 

Twigs that died(%) No Data No Data No Data 0 0 
.p,,. 
N 
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10% fewer leaders and secondary twigs, respectively, grew at Sierra 

Ancha than at the other sites. 

With one minor exception, twigs at Whitespar and Three-Bar 

which grew in summer had also grown in spring. Average summer growth of 

leaders at Whitespar (7 mm) was considerably higher than that at Three-

Bar (2 mm). No summer growth occurred at Sierra Ancha in any year. 

Average leader growth in spring exceeded average secondary twig 

growth at each site every year. Summer growth of secondary twigs 

occurred only at Whitespar and the average was about 43% that of average 

leader growth. 

The range in growth of leader and secondary twigs varied with 

years and sites. In 1960, the longest leader produced at Three-Bar was 

only 28 mm compared to 100 mm of growth at the same site in 1963; all 

produced in the spring. At Whitespar, the leader with most spring 

growth (34 mm) also grew 58 mm in summer for a total yearly growth of 92 

mm. At the same site, the secondary twigs with greatest summer growth 

(61 mm) was on a twig that had not grown in spring. 

Some tagged twigs died each year with exception of Three-Bar in 

1960 and Whitespar in 1963. Death was not confined to just twig tips. 

Whole branches died far back into the canopy and often to the root 

crown. Death was rapid and cause was not apparent. Branches could be 

healthy, at least in appearance, during one visit and completely yellow 

two weeks later. Under these circumstances, death of leaders and 

secondary twigs occurred at the same time. 

Periods of Growth. Spring growth began earliest at Three-Bar 

and latest at Whitespar (Table 13). In 1963, growth began at Sierra 
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Table 13. Periods of Spring and Summer Growth of Hollyleaf Buckthorn 

at all Sites. 

Site and Year 

Season 

Three--Bar Sierra Ancha Whitespar 

Growth Kind of Twig 1960 1963 1962 1963 1963 

Began Leader 3/24 4/3 4/23 5/3 5/14 

Second 3/24 4/3 4/23 5/3 5/14 

Ceased Leader 5/15 5/27 6/14 6/14 7/10 

Second 5/15 5/27 6/14 6/14 7/10 

Most Rapid Leader 3/24 4/18 5/4 5/3 5/14 

Second 3/24 4/18 5/4 5/3 5/14 

% of Total Leader 100 92 100 100 58 

Second 100 100 100 100 71 

Summer Began 

Ceased 

Most Rapid 

% of Total 

Leader 

Second 

Leader 

Second 

Leader 

Second 

Leader 

Second 

•U 
& 
o 
M 
e> 
o 
2; 

8/28 

10/1 

8/28 

§ 
u 
o 
o 
S3 

5 
o 
u 
o 
o 
23 

8/23 

8/23 

9/20 

9/20 

9/5 

9/5 

42 

29 

a. The first date of the two week period of most rapid stem 
elongation. 



Ancha one full month later than at Three-Bar and about two weeks earlier 

than at Whitespar. Both kinds of twigs began and ceased to grow on the 

same dates. In 1963, growth ceased at Sierra Ancha two weeks later than 

at Three-Bar and about a month earlier than at Whitespar. In 1963, 

plants grew at Three-Bar and Whitespar approximately the same number of 

days; 54 and 56 days, respectively. At Sierra Ancha spring growth 

lasted only 42 days. 

The period of most rapid growth in spring also occurred earliest 

at Three-Bar and latest at Whitespar. At Three-Bar, rapid growth in 

1960 was about one month earlier than that in 1963 but at Sierra Ancha 

rapid growth occurred on about the same dates (early May) during both 

years of measurement. 

Summer growth at Three-Bar and Whitespar in 1963 began in late 

August and ceased in late September. The few leaders which grew in 

summer at Three-Bar elongated rapidly immediately after growth began and 

then grew slowly during the last half of September. The reverse was 

true of both leaders and secondary twigs at Whitespar. 

Birchleaf Mountainmahogany 

Stem Elongation. This species was found only at Three-Bar and 

growth occurred during two of the three years of measurement (Table 14). 

In 1961, both leaf and stem buds swelled and leaves were eventually pro

duced but twigs did not elongate. Summer growth occurred in 1963 only. 

Over 70% of the leaders grew in both 1960 and 1963. Also, over 

70% of the secondary twigs grew in 1963 but only half as many grew in 

1960. Average yearlong leader growth was greater than average secondary 
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Table 14. Growth of Birchleaf Mountainmahogany at Three-Bar Showing 
Percentage of Twigs with Growth, Average Growth per Twig, 

Range in Growth of Twigs, and Percentage of Twigs that Died 

During the Year. 

Years and Type of Growth 

1960 1961 1963 

Measurement Season Lead Second Lead Second Lead Second 

Twigs with Growth (%) Yearlong 88 36 0 0 74 72 

Spring 88 36 0 0 64 70 

Summer 0 0 0 0 34 20 

Average Growth (mm) Yearlong 14.8 2.6 0 0 18.1 9.2 

Spring 14.8 2.6 0 0 9.6 6.8 

Summer 0 0 0 0 8.5 2.4 

Range in Growth (mm) Yearlong 0-52 0-13 0 0 0-89 0-101 

Spring 0-52 0-13 0 0 0-50 0-61 

Summer 0 0 0 0 0-89 0-40 

Twigs that Died (%) 0 0 0 0 

twig growth during both years. In the spring of 1960, average yearlong 

secondary twig growth was only about 18% that of average leader growth 

but, in 1963, average secondary twig growth was about 51% that of the 

leaders. In the summer of 1963, leader growth was almost equal to 

growth in spring but summer growth of secondary twigs was less than half 

that of spring. 

All twigs which grew in the summer of 1963 had also grown in 

spring. The twig with greatest growth (101 mm) was a secondary twig 

which grew in both spring and summer. Longest growth on a leader (89 mm) 
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was also the result of both spring and summer growth. None of the twig 

tips died during any year including 1961. 

Periods of Growth. Spring growth began about 12 days earlier in 

1963 than in 1960 (Table 15). Since the date growth ceased in 1963 was 

12 days later than in 1960, spring growth in 1963 lasted 24 days longer 

than in 1960. The period of most rapid spring growth was comparable for 

both years. 

Summer growth began in late August and ceased in early October; 

lasting just over one month. The two week period of most rapid summer 

growth was the first two weeks growth occurred. 

Littleleaf Mountainmahogany 

Stem Elongation. This species was found only at Sierra Ancha 

and Whitespar (Table 16). Three-Bar was evidently below its elevational 

range. Growth did not occur in spring or summer of 1961 although new 

leaves were produced in late May. At Sierra Ancha, one leader did grow 

in the summer of 1962; the only summer growth observed at this site 

during the study. At Whitespar, a small amount of summer growth was 

found on both leaders and secondary twigs. 

Few leaders made spring growth in 1960 and 1962 (24%) and even 

fewer secondary twigs grew. In 1963, a year evidently more suitable for 

growth, over 60% of both kinds of twigs grew at Sierra Ancha and over 

90% of both kinds grew at Whitespar. 

The single leader which grew 9 mm in the summer of 1962 had also 

grown in spring. In 1963 at Whitespar, all twigs with summer growth had 
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Table 15. Periods of Spring and Summer Growth of Birchleaf Mountain-

mahogany at Three-Bar. 

Year 

1960 1963 
Season Growth Kind of Twig 

Spring Began Leader 3/10 2/26 

Second 3/10 2/26 

Ceased Leader 5/15 5/27 

Second 5/15 5/27 

Most Rapid3 Leader 4/10 4/3 

Second 4/10 4/3 

% of Total Leader 100 53 

Second 100 74 

Summer Began Leader i 8/29 

i 
Second i 8/29 

I 
Ceased Leader ! 10/2 

JG 
4J 

Second § 10/2 

0 
Most Rapid Leader o 8/29 

1 
Second i 8/29 

i 
% of Total Leader ! 47 

i 
i 

Second 1 26 

a. The first date of the two week period of most rapid stem 
elongation. 



Table 16. Growth of Littleleaf Mountainmahogany at Two Sites Showing Percentage of Twigs with 

Growth, Average Growth per Twig, Range in Growth of Twigs, and Percentage of Twigs that 

Died During the Year. 

Year and Type of Growth 

1960 1961 1962 1963 

Area Measurement Lead Second Lead Second Lead Second Lead Second 

Sierra Ancha 

Twigs with Growth (%) Yearlong 24 14 0 0 24 22 60 66 

Spring 24 14 0 0 24 22 60 66 

Summer 0 0 0 0 2 0 0 0 

Average Growth (mm) Yearlong 4 1 0 0 16 14 16 18 

Spring 4 1 0 0 16 14 16 18 
Summer 0 0 0 0 1 0 0 0 

Range in Growth (mm) Yearlong 0-46 0-31 0 0 0-•168 0-171 0--98 0-128 

Spring 0-46 0-31 0 0 0-•168 0-171 0-•98 0-128 

Summer — — 0 0 0-•9 0 0 0 

Twigs that Died (%) 2 6 16 24 0 0 2 0 

Whitespar 

Twigs with Growth (%) Yearlong No Data No Data No Data 96 92 
Spring No Data No Data No Data 96 90 

Summer No Data No Data No Data 26 8 

Average Growth (mm) Yearlong No Data No Data No Data 8 5 
Spring No Data No Data No Data 7 4 
Summer No Data No Data No Data 2 1 

Range in Growth (mm) Yearlong No Data No Data No Data 0--40 0-58 

Spring No Data No Data No Data 0--31 0-37 
Summer No Data No Data No Data 0--27 0-21 

Twigs that Died (%) No Data No Data No Data 0 0 
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grown in spring. Summer growth at Whitespar was confined to four plants 

and average elongation for both kinds of twigs was small; less than 2 

mm. 

Average leader growth in spring generally exceeded that of 

secondary twigs but an exception occurred at Sierra Ancha in 1963. 

During that year, one secondary twig grew 128 mm which contributed 

heavily to the average. Even so, this was not the greatest elongation 

by a single twig. The secondary twig growing 171 mm at Sierra Ancha in 

1962 exceeded the longest leader produced that same year by 3 mm. 

Average leader and secondary twig growth at Sierra Ancha in 1962 and 

1963 appeared to be similar, but a close look at the difference in 

number with growth and the range in growth shows that average elongation 

does not present a true picture. The range in elongation varied from 

year to year and site to site. 

Twig tips did not die at Sierra Ancha in 1962 and Whitespar in 

1963. Loss in 1961 was greatest with 16 and 24% of leader and secondary 

twig tips, respectively, dying. At Sierra Ancha in 1960, one leader and 

three secondary twigs died and, in 1963, only one leader died. Twig 

death rarely affected more than 10 mm of the tip. 

Periods of Growth. In 1963, spring growth began at Sierra Ancha 

three weeks before that at Whitespar (Table 17) and ceased at Sierra 

Ancha about two weeks earlier than at Whitespar. Initiation of growth 

at Sierra Ancha varied among years. In 1960, growth started on March 

29, about three weeks earlier than in 1962 or 1963. Plants ceased to 

grow later in 1962 and 1963 compared to 1960. In 1960, stem elongation 
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Table 17. Periods of Spring and Summer Growth of Littleleaf Mountain-

mahogany at Sierra Ancha and Whitespar. 

Site and Year 

Sierra Ancha Whitespar 

Season Growth Kind of Twig 1960 1962 1963 1963 

Spring Began Leader 3/29 4/21 4/17 5/14 

Second 3/29 4/21 4/17 5/14 

Ceased Leader 5/18 7/3 6/26 7/10 

Second 5/18 7/3 6/26 6/12 

a 
Most Rapid Leader 3/29 4/21 5/17 5/14 

Second 3/29 4/21 5/17 5/14 

% of Total Leader 100 99 100 79 

Second 100 100 100 85 

Summer Began Leader 

Second 

i 
i 
i 
i 
i 
i 

7/18 i 
i 
i 
i 
i 
i 

8/9 

8/9 

Ceased Leader 
i 
i 
i 
i 

-E! 

8/2 
i 
i 
i 
i 

.G 

9/10 

Most Rapid 

% of Total 

Second 

Leader 

Second 

Leader 

Second 

s 
o 
M 
a 
o 
53 

7/18 

1 

0 

& 
o 

a 
o 
S5 

9/10 

8/27 

8/27 

21 

15 

a. The first date of the two week period of most rapid stem 
elongation. 
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lasted only 50 days compared to 73 and 69 days, respectively, in 1962 

and 1963. 

With one exception, the period of most rapid spring growth 

coincided with the first two weeks of growth. At Sierra Ancha in 1963, 

stem elongation was slight from April 17 to May 17. Most of the growth 

for that year occurred in the last two weeks of May. The small amount 

of summer growth at Sierra Ancha in 1962 occurred during one two week 

period. Summer growth at Whitespar began on August 9 but most growth 

occurred in the two week period beginning August 27. 

Desert Ceanothus 

Stem Elongation. This species did not occur at Whitespar and 

did not grow in spring or summer of 1961 at Sierra Ancha or Three-Bar 

(Table 18). Buds swelled and leaves were produced in April. Summer 

growth occurred only in 1963 at either site. 

The number of twigs of both kinds which grew in spring 

exceeded 66% each year growth occurred. In most years, number of 

leaders with growth was comparable to number of secondary twigs with 

growth; the greatest difference being 92% leaders and only 68% secondary 

twigs at Sierra Ancha in 1960. Average spring growth of both kinds of 

twigs was small at Sierra Ancha in 1960 and 1962 (less than 11 mm) when 

compared to other years and data from Three-Bar. Greatest average 

spring elongation of leaders occurred at Three-Bar in 1960 while 

greatest elongation of secondary twigs was found at Sierra Ancha in 

1963. 



Table 18. Growth of Desert Ceanothus at Two Sites Showing Percentage of Twigs with Growth, Average 

Growth per Twig, Range in Growth of Twigs, and Percentage of Twigs that Died During the 

Year. 

Year and Type of Growth 

1960 1961 1962 1963 

Area Measurement Season Lead Second Lead Second Lead Second Lead Second 

Three-Bar 

Twigs with Growth (%) Yearlong 98 88 0 0 No Data 84 70 

Spring 98 88 0 0 No Data 78 66 

Summer 0 0 0 0 No Data 76 60 

Average Growth (mm) Yearlong 53 8 0 0 No Data 72 36 

Spring 53 8 0 0 No Data 31 14 
Summer 0 0 0 0 No Data 40 22 

Range in Growth (mm) Yearlong 0-174 0-31 0 0 No Data 0-311 0-105 

Spring 0-174 0-31 0 0 No Data 0-189 0-57 

Summer 0 0 0 0 No Data 0-163 0-82 

Twigs that Died (%) 24 32 54 46 16 28 

Sierra Ancha 

Twigs with Growth (%) Yearlong 92 68 0 0 72 78 84 94 

Spring 92 68 0 0 72 78 84 92 

Summer 0 0 0 0 0 0 80 90 

Average Growth (mm) Yearlong 7 3 0 0 11 7 64 47 
Spring 7 3 0 0 11 7 49 35 
Summer 0 0 0 0 0 0 15 12 

Range in Growth (mm) Yearlong 0-18 0-9 0 0 0-123 0-130 0-263 0-132 
Spring 0-18 0-9 0 0 0-123 0-130 0-162 0-102 
Summer 0 0 0 0 0 0 0-101 0-89 

Twigs that Died (%) 22 14 64 70 28 16 14 16 
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All twigs with summer growth at Sierra Ancha had also grown in 

spring but, at Three-Bar, two leaders with summer growth had not grown 

in spring. Spring growth did not necessarily insure summer growth. A 

few twigs at each site with spring growth did not grow in summer. In 

1963 summer growth of both types of twigs at Sierra Ancha was about 30% 

of spring growth. At Three-Bar, average summer growth of leaders and 

secondary twigs exceeded spring growth but the average for secondary 

twigs was only about half that of leaders. 

Range in elongation of both types of twigs was variable between 

years and sites. Longest leader produced at Sierra Ancha in 1960 was 

only 18 mm compared to one measuring 174 mm at Three-Bar the same year. 

Greatest yearlong growth was 311 mm on a leader at Three-Bar in 1963 but 

a leader at Sierra Ancha grew 263 mm that same year. Secondary twigs at 

both sites also made excellent growth in the spring of 1963 and summer 

growth of both types of twigs often exceeded 80 mm. 

Some twig tips died each year of measurement at both sites. 

Die-back rarely exceeded 10 mm of the tip. Greatest loss occurred in 

1961 but significant losses also occurred during other years. Death 

usually occurred in mid-summer and often on twigs that had grown in 

spring. In 1963, all twigs that died at Sierra Ancha had made some 

spring growth and most had started to grow in summer before death 

occurred. 

Periods of Growth. Spring growth began earliest at Three-Bar 

(Table 19). In 1960, growth at Sierra Ancha began only four days later 

than at Three-Bar but the difference in 1963 was about three weeks. At 
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Table 19. Periods of Spring and Summer Growth of Desert Ceanothus at 

Three-Bar and Sierra Ancha. 

Site and Year 

Season Growth Kind of Twig 

Three--Bar Sierra Ancha 

Growth Kind of Twig 1960 1963 1960 1962 1963 

Began Leader 3/10 2/26 3/14 3/13 3/21 

Second 3/10 2/26 3/14 3/13 3/21 

Ceased Leader 5/15 5/27 4/14 6/14 6/26 

Second 5/15 5/27 4/14 6/14 6/26 

Most Rapid3 Leader 3/24 4/3 3/14 3/13 5/2 

Second 3/24 4/3 3/14 3/13 5/2 

% of Total Leader 100 44 100 100 64 

Second 100 39 100 100 65 

Spring 

Summer Began 

Ceased 

Most Rapid 

% of Total 

Leader 

Second 

Leader 

Second 

Leader 

Second 

Leader 

Second 

& 
o 
M 
o 
o 
53 

8/13 i 
i 

8/13 
i 
i 
i 
i 

10/1 
i 
i 
i 
i 

3 J3 
1 0 / 1  %  £  

o o « . 
9/1 u o 

o o 

9/1 1 
1 
1 

56 
1 
1 
1 
I 

61 
1 
1 
1 

8/14 

8/14 

9/13 

9/13 

8/29 

8/29 

36 

35 

a. The first date of the two week period of most rapid stem 
elongation. 
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both sites, growth began and ceased on both kinds of twigs on the same 

date. In 1960, growth ceased at Sierra Ancha one month earlier than at 

Three-Bar but the opposite occurred in 1963. Shortest spring growth 

period at either site was 30 days at Sierra Ancha in 1960 and longest 

spring growth was 97 days at Sierra Ancha in 1963; only four days longer 

than growth at the same site in 1962. 

The period of most rapid growth was variable by site and year. 

At Three-Bar, most rapid spring growth occurred in late March of 1960 

and early April of 1963. At Sierra Ancha, plants grew rapidly in late 

March during 1960 and 1962 but did not do so until early May in 1963. 

Summer growth at both sites began in mid-August and ceased at 

Sierra Ancha in mid-September; about two weeks before plants at Three-

Bar stopped growing. The time of most rapid summer growth at both sites 

was late August and early September. 

Wright's Silktassel 

Stem Elongation. This species was found only at Sierra Ancha 

and was measured all four years (Table 20). Growth occurred in spring 

only in 1960 and 1962, in both spring and summer of 1963, and did not 

occur at all in 1961. 

The percentage of leaders with spring growth varied between 14% 

in 1960 and 42% in 1963. Wright's silktassel has terminal inflores

cence. Twigs which produced buds or blooms in the preceeding year do 

not grow but die back to the first pair of leaves below the tip during 

the succeeding spring. Watkins and de Forest (1941) found this to be 

true of chamise in California. Twigs that had obviously bloomed during 



Table 20. Growth of Wright's Silktassel at Sierra Ancha Showing Percentage of Twigs with Growth, 

Average Growth per Twig, Range in Growth of Twigs, and Percentage of Twigs that Died 

During the Year. 

Year and Type of Growth 

1960 1961 1962 1963 

Measurement Season Lead Second Lead Second Lead Second Lead Second 

Twigs with Growth (%) Yearlong 14 54 0 0 16 72 48 90 

Spring 14 54 0 0 16 72 42 78 

Summer 0 0 0 0 0 0 44 86 

Average Growth (mm) Yearlong 8 15 0 0 3 10 27 44 

Spring 8 15 0 0 3 10 9 16 

Summer 0 0 0 0 0 0 19 29 

Range in Growth (mm) Yearlong 0-123 0-83 0 0 0-61 0-45 0-153 0-153 

Spring 0-123 0-83 0 0 0-61 0-45 0-64 0-67 

Summer 0 0 0 0 0 0 0-98 0-107 

Twigs that Died (%) 86 28 82 26 52 16 36 14 
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the preceding year were not tagged. However, it was difficult to 

ascertain if a fruiting bud had started to develop and many twigs with 

these inconspicuous buds from the previous year were tagged. Hence, 

average growth of leaders was usually small due to the small number that 

grew but the average for only those that did elongate ranged from 58 mm 

in 1960 to 20 mm in 1962. The relatively high number of leaders with 

growth in 1963 was likely due to the sparsity of flower buds in 1962. 

Greatest elongation of a leader in spring was 123 mm in 1960. 

Secondary twigs seldom produced flower buds. As the tip of a 

leader died following the fruiting process, a secondary twig assumed 

dominance. The percentage of secondary twigs with growth ranged from 

54% in 1960 to 78% in 1963. Maximum growth of an individual was 153 mm 

and occurred in 1963. 

Summer growth in 1963 was confined to 44% of the leaders and 86% 

of the secondary twigs. Three leaders which grew in spring did not grow 

in summer but five others that remained dormant in spring made summer 

growth. All secondary twigs that grew in spring made summer growth plus 

four others that had not grown in spring. Maximum summer growth for a 

single twig was 98 mm for a leader and 107 mm for a secondary twig. 

Neither of these twigs had grown in the spring. 

In 1961, leaf buds swelled, new leaves eventually grew but twigs 

did not grow. Die-back of leaders ranged from a high of 86% in 1960 to 

a low of 36% in 1963. Fewer secondary twigs died; from 28% high in 1960 

to 14% low in 1963. Dead twigs were often replaced by new stems growing 

from the axils of the first pair of leaves. Failure to grow did not 
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always signify imminent death. In 1960, die-back occurred on all 

leaders which failed to grow but only on about half the secondary twigs 

that did not grow. 

Periods of Growth. Growth began in early April each year and 

spring growth was completed by late May (Table 21). In 1960 and 1962, 

the two week period of most rapid growth coincided with the first two 

weeks of growth. In 1963, early growth was slow and most rapid elonga

tion did not occur until early May. Summer growth began in early August 

but was most rapid in late August. Summer growth lasted about one 

month. 

Skunkbush 

Stem Elongation. This species was limited to Sierra Ancha and 

was measured three years (Table 22). Tagged plants did not grow in 

1961, grew in spring only in 1962, and grew both seasons in 1963. 

Skunkbush has terminal inflorescences and blooms usually, but 

not always, occur on leaders. In 1962, only one tagged leader grew for 

a total of 3 mm and, in 1963, growth occurred on four leaders. Leaders 

with growth in 1963 did grow significant amounts. In 1963, 3 mm of 

summer growth was found on one leader that had grown 98 mm in spring. 

Average growth of secondary twigs far exceeded average leader 

growth; primarily because more secondary twigs grew. The secondary twig 

average growth in 1963 was over three times that of 1962 not only 

because more twigs grew but also because of more growth per twig. In 

1962, the most spring growth on a secondary twig was 71 mm compared 
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Table 21. Periods of Spring and Summer Growth of Wright's Silktassel at 

Sierra Ancha. 

Season 

Spring 

Growth Kind of Twig 1960 

Year 

1962 1963 

Began Leader 4/1 4/4 4/3 

Second 4/1 4/4 4/3 

Ceased Leader 5/18 5/17 5/28 

Second 5/18 5/17 5/28 

Most Rapid3 Leader 4/1 4/4 5/2 

Second 4/1 4/4 5/2 

7o of Total Leader 100 100 32 

Second 100 100 35 

Summer Began 

Ceased 

Most Rapid 

% of Total 

Leader 

Second 

Leader 

Second 

Leader 

Second 

Leader 

Second 

8/2 

8/2 

8/30 

8/30 

8/15 

8/15 

68 

65 

a. The first date of the two week period of most rapid stem 
elongation. 



Table 22. Growth of Skunkbush at Sierra Ancha Showing Percentage of Twigs with Growth, Average 

Growth per Twig, Range in Growth of Twigs, and Percentage of Twigs that Died During the 

Year. 

Year and Type of Growth 

1961 1962 1963 

Measurement Season Lead Second Lead Second Lead Second 

Twigs with Growth (%) Yearlong 0 0 2 50 8 82 

Spring 0 0 2 50 8 64 

Summer 0 0 0 0 2 52 

Average Growth (mm) Yearlong 0 0 Trace 10 5 39 

Spring 0 0 Trace 10 4 27 

Summer 0 0 0 0 1 12 

Range in Growth (mm) Yearlong 0 0 0-3 0-71 0-101 0-276 

Spring 0 0 0-3 0-71 0-98 0-150 

Summer 0 0 0 0 0-3 0-270 

Twigs that Died (%) 98 42 98 30 92 12 

CTv 
I-1 



to 150 mm in the spring of 1963. The greatest yearlong growth of any 

twig was 276 mm in 1963 and was a combination of 6 mm of spring growth 

and 270 mm of summer growth. 

Skunkbush also has terminal inflorescence. Twigs on which 

flower buds had formed during the previous year died back a few milli

meters in spring. Hence a large number of leader tips died each year. 

Secondary twigs which produced blooms also died but others died without 

producing blooms. Over 92% of the leader tips died each year. The 

least death loss of secondary twigs (12%) occurred in 1963. 

Periods of Growth. Growth began in both years in late April or 

early May (Table 23). The one leader which grew in 1962 did not start 

until early May and ceased to grow two weeks later. Spring growth of 

secondary twigs ceased in late May of both years. Most rapid growth of 

both kinds of twigs occurred in early May of both years. 

Summer growth in 1963 began on August 1. Leaders grew for only 

two weeks and secondary twigs grew for one month. The first two weeks 

of summer growth were most rapid. 

Development 

Flowers were seen on all species each year, even in 1961 when 

stems failed to grow. These flowers did not always develop full-sized 

fruit. New leaves grew on the broadleaf schlerophylls each spring and 

gradually replaced most or all of the older leaves. If sufficient rain 

fell in early summer, additional new leaves were produced whether stem 
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Table 23. Periods of Spring and Summer Growth of Skunkbush at Sierra 

Ancha. 

Season Growth 

Year 

1962 
Kind of Twig 

1963 

Spring Began 

Ceased 

Most Rapid 

% of Total 

Leader 

Second 

Leader 

Second 

Leader 

Second 

Leader 

Second 

5/4 

4/23 

5/17 

5/28 

5/4 

5/4 

100 

100 

4/18 

4/18 

5/27 

5/27 

5/2 

5/2 

99 

69 

Summer Began 

Ceased 

Most Rapid 

% of Total 

Leader 

Second 

Leader 

Second 

Leader 

Second 

Leader 

Second 

8/1 

8/1 

8/14 

8/30 

8/1 

8/1 

1 

31 

a. The first date of the two week period of most rapid stem 
elongation. 
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elongation occurred or not. If stems did elongate in summer, new leaves 

were produced on old as well as new stem growth. 

Shrub Live Oak 

Seed Development. Flower buds began to swell at Three-Bar about 

March 10 compared to April 1 at Sierra Ancha and May 5 at Whitespar 

(Figure 1). The major exception to this pattern occurred in 1961 when 

buds swelled about May 1 at both Three-Bar and Sierra Ancha. 

Full size acorns were produced three of the four years at Sierra 

Ancha, one of three years at Three-Bar and did not grow at Whitespar in 

1963. In 1961, a few blooms were seen in May at both Three-Bar and 

Sierra Ancha but these withered before acorns could be produced. In 

1963, acorns grew to about 2 mm in size at both Three-Bar and Whitespar 

but dried and fell without ripening. 

In 1960, seed development was comparable at Three-Bar and Sierra 

Ancha. Though buds swelled at Three-Bar prior to swelling at Sierra 

Ancha, development of full size acorns occurred at Sierra Ancha about 

two weeks earlier than at Three-Bar. Acorns at Sierra Ancha tended to 

remain immature in 1962 and 1963 for a longer time than in 1960. Acorns 

ripened about July 15 in 1960 and about a month later in the other 

years. 

Leaf Growth. New leaves were produced each spring and usually 

began to grow shortly after flower buds began to swell. Leaves began to 

grow at Three-Bar during early April, at Sierra Ancha in late April, and 

at Whitespar in early May. In 1961, leaves at both Three-Bar and Sierra 

Ancha did not grow until mid-May. 



Figure 1. Timing of Floral and Leaf Development of Shrub Live Oak at All Sites 

BD. or BUD — Flower buds swelling 

BLM or BLOOM — Flowers in bloom 

IMMAT. or IMMATURE — Fruit growing 

FULL — Fruit full size 

RP. or RIPE — Fruit ripe 

DROP — Fruit falling 

ABORT — Flowers or fruit falling prematurely 

LVS or LEAVES — Leaves growing 
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Production of new leaves in summer generally coincided with stem 

elongation and usually did not occur unless stems grew. The major 

exception occurred in 1961 when stem growth did not occur in either 

spring or summer but new leaves were produced in both seasons. 

Hollyleaf Buckthorn 

Seed Development. In general flower buds of this species 

swelled at Three-Bar in late March, at Sierra Ancha in early May and at 

Whitespar in late May (Figure 2). The one exception to this pattern was 

that buds at Three-Bar in 1961 did not swell until early May. If fruit 

was produced, it tended to ripen in early September at all locations 

indicating a compression of time necessary for full development as 

elevation increased. Fruits were not produced at Three-Bar or Sierra 

Ancha in 1961 and blooms were not seen that year. 

Stages of development were similar at Sierra Ancha in 1962 and 

1963, but considerable difference was observed at Three-Bar between 1960 

and 1963. Full sized fruit were not seen until mid-July in 1963, about 

one month later than in 1960. However, date of ripening during the two 

years differed by only 10 days. 

Leaf Growth. New leaves were produced about two weeks before 

flower buds swelled in all years except 1961. First leaves were gener

ally approaching full size as flower buds swelled. Leaves were produced 

each spring, including 1961, at each location. At Three-Bar, leaves 

were produced in summer in both 1961 and 1963 but summer leaf production 



Figure 2. Timing of Floral and Leaf Development of Hollyleaf Buckthorn at All Sites 

BD. or BUD — Flower buds swelling 

BLM — Flowers in bloom 

IMMAT. or IMMATURE — Fruit growing 

FULL — Fruit full size 

RIPE — Fruit ripe 
ABORT — Flowers or fruit falling prematurely 

LVS or LEAVES — Leaves growing 
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at Sierra Ancha was not observed in any year except 1961. Leaf growth 

in summer generally occurred mid and late August to late September, but 

at Three-Bar in 1963, growth was restricted to the last two weeks of 

September. 

Birchleaf Mountainmahogany 

Seed Development. This species, found only at Three-Bar, pro

duced seed in spring and early summer of 1960 and 1963 (Figure 3). 

Although the plants bloomed in 1961, the blooms withered without setting 

seed. Buds and blooms were produced at least two weeks before new 

leaves began to grow. Although buds began to swell two weeks earlier in 

1963 than in 1960, seed of both years reached full size on about the 

same date in late June. Seed dispersal appeared to be dependent on 

amount of wind disturbance. Ripe seed in 1963 stayed on the plants 

about two weeks longer than in 1960. Plants bloomed only in spring. 

Leaf Growth. Leaves began to grow well after blooming had 

occurred and continued to grow for about one month. Leaves were pro

duced in the summer of 1961 and 1963 but not in 1960. In 1961, leaf 

growth in summer began in mid-August but did not occur until mid-

September in 1963. 

Littleleaf Mountainmahogany 

Seed Development. Buds began to swell at both Sierra Ancha and 

Whitespar in mid-March each year except 1961 (Figure 3). At Sierra 

Ancha, even in 1961, plants were in bloom by mid-May but blooms were not 

seen at Whitespar until late June. Seed ripened at Sierra Ancha in July 

and'were falling by August. Seed at Whitespar ripened in mid-August. 



Figure 3. Timing of Floral and Leaf Development of Birchleaf Mountainmahogany at Three-Bar and 

Littleleaf Mountainmahogany at Sierra Ancha and Whitespar 

BD. or Bud Flower buds swelling 

BL., BLM or BLOOM — Flowers in bloom 

IMMAT. or IMMATURE — Fruit growing 
RP. or RIPE Fruit ripe 

DP or DROP — Fruit falling 

GONE — Fruit dispersed 

ABORT — Flowers or fruit falling prematurely 

LVS or LEAVES — Leaves growing 
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At Sierra Ancha, flower buds swelled a second time in late July 

each year except 1961. In 1960 and 1962, plants bloomed in summer 

although blooms were few in number and withered without setting seed. 

In 1963, seed from summer blooms were ripe by mid-September. The summer 

seed crop in 1963 was the largest seed crop, spring or summer, observed 

on littleleaf mountainmahogany during the study. Plants at Whitespar 

did not bloom in summer. 

Leaf Growth. Leaves appeared in spring while flower buds were 

still swelling. At Sierra Ancha, leaves were produced each summer 

except the summer of 1960. Leaves did not grow in summer at Whitespar. 

In 1961, leaves were produced in summer at Sierra Ancha even though 

flower buds did not swell; the only time this occurred during the study. 

Desert Ceanothus 

Seed Development. This species was found at Three-Bar and 

Sierra Ancha. Buds began swelling in late February each year except 

1961 at both sites (Figure 4). Seeds were produced at both sites in 

1960 and at Sierra Ancha in 1962. In 1961, buds did not swell until 

about the first of April and, although a few blooms were seen, seed did 

not develop. In 1963, blooms were seen in summer (mid-August at Sierra 

Ancha and mid-September at Three-Bar) but withered without producing 

seed. 

Leaf Growth. Leaves usually began to grow about the time plants 

began to bloom, spring and summer. In the summer of 1961, leaves were 

produced at both sites although plants did not bloom. Neither blooms or 

leaves were produced at either site in the summer of 1960 nor in the 

summer of 1962 at Sierra Ancha. 



Figure 4. Timing of Floral and Leaf Development of Desert Ceanothus at Three-Bar and Sierra Ancha 

BUD — Flower buds swelling 

BLM or BLOOM — Flowers in bloom 

IMMAT — Fruit growing 

FULL — Fruit full size 

RP — Fruit ripe 

GONE — Fruit dispersed 

ABORT — Flowers or fruit falling prematurely 

LVS or LEAVES — Leaves growing 
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Wright's Silktassel 

Seed Development. This species was found only at Three-bar and 

Sierra Ancha. Flower buds were produced in late July of each year 

(Figure 5). Buds were plentiful in 1960 and 1963 but were especially 

sparse in 1962. Blooms were observed only in 1963 and occurred in the 

latter part of August. In this year, fruit was ripe by October and 

remained on the shrub until the following spring. The inflorescence of 

this species was terminal and primarily restricted to leaders although a 

few blooms were seen on secondary twigs. If a twig produced a flower 

bud, that twig died back to the first pair of leaves the following 

spring whether blooming and seed setting occurred or not. 

Leaf Growth. In most years, leaves began to develop in early to 

mid-April and ceased to grow by mid-May. In 1961, beginning of leaf 

growth was two to four weeks later than in other years and growth ceased 

about June 1. 

Skunkbush 

Seed Development. This species was not tagged in 1960 and 

failed to bloom in 1961. During the three years of observation, buds 

swelled in late March or early April (Figure 5). In 1962 and 1963, 

blooms appeared in early to mid-April and seeds ripened in late May. 

Seed remained on the shrubs into winter. Blooming was restricted to the 

terminals of leaders and a few secondary twigs. Stems that produced 

flower buds died back a few millimeters the following spring. 

Leaf Growth. In all years, leaves began to grow in April. In 

1963, summer leaf development was associated strictly with new stem 

development. New leaves were not produced on older twig growth. 



Figure 5. Timing of Floral and Leaf Development of WrightSilktassel and Skunkbush at Sierra Ancha 

BD or BUD —- Flower buds swelling 

BLM «— Flowers in bloom 

IMMAT. •— Fruit growing 

RIPE — Fruit ripe 

ABORT <— Flowers or fruit falling prematurely 

LEAVES — Leaves growing 



'y ',, r " ..- r r---r- ...- ,- ,. . -,-
~ y '1 

"' f ,. '!' 

SPECIES : YEAR ~ 
3/1 4/ 1 5/ 1 

RIGHT>s SILKTASSEL 196 0 I I . I 
LEAVES 

196 1 I I I 

1962 
l lr 

LEAVES 
I I -

196 3 
LEAVES 

SKUNKBUSH 1961 

1962 

1963 

-,,--- ' 
'r 

DATE 
6 / 1 7/ 1 

I I 

I I 

---.-, -.. , 
\. ..,_ '!' " 1 y ·~· ~ 

8/1 9/1 10/l 11/1 

I BUD I ABORT 

I BUD I ABORT 

LEAVES 

Figure 5. Timing of Floral and Leaf Development of Wr ight's Silk tassel and Skunkbush at Sierra Ancha 

-.J 
w 

"' 
-,( 



74 

Nutritive Value 

The current growth of leaves and twigs, and seed when present, 

were combined for nutritive analyses. This made collection in March and 

April very time consuming and tedious due to the slight growth that had 

occurred. Predictably, protein content, as measured by total nitrogen, 

and moisture content were highest during periods of active growth and 

development. Trends for other nutrients were less predictable and 

varied from species to species. 

Protein 

Shrub Live Oak. In 1962, protein content of this species 

declined from a high of 22.9% on April 15 to 7.9% by July 1 and remained 

at or near this level until the following spring (Figure 6). On May 1, 

1963, protein content was 16.4% and again declined to near 8% by June 

15. There was a slight tendency for protein to increase during July and 

August after summer rains began and summer growth started but with this 

increase, protein never exceeded 10% during the summer or fall. 

Hollyleaf Buckthorn. During both years, protein content of this 

species was similar to that of shrub live oak (Figure 6). Highest value 

(21.0%) occurred in May of 1962 and lowest value (6.5%) occurred in 

December of the same year. There was little or no response either in 

growth or protein content, to the adequate rainfall in the summer of 

1963. 

Littleleaf Mountainmahogany. This species tended to have the 

highest protein content of any species at any collection date (Figure 

6). Lowest value for the two years (8.1%) occurred on September 1, 1962. 
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Higher values for that year may have been a reflection of the late and 

inadequate rainfall. This was the only species that produced measurable 

growth in 1962. In 1962, protein values showed a marked response to the 

adequate summer rains although no measurable growth occurred on the 

tagged plants. The high value for that summer (15.1%) occurred in 

September. 

Desert Ceanothus. Protein content of this species tended to 

remain higher in the late spring than that of shrub live oak and was 

somewhat similar to that of littleleaf mountainmahogany over the two 

year period (Figure 6). In 1962, the collection on July 1 contained 

11.6% compared to only 7.9% for shrub live oak. After that date, 

however, values for the two species were similar throughout the fall and 

winter. Trend in the spring and early summer of 1963 was very similar 

to the same period of 1962 but a distinct increase occurred after August 

15. On September 15, 1963, protein content was above 12% compared to 

less than 8% the previous year. 

Wright's Silktassel. Protein content of this species was con

sistently lower, except in spring, than for any species (Figure 6). In 

1962, the protein value was only 5.1% by July 1 and remained at or near 

this value until the following spring. In the summer of 1963, values 

were somewhat higher due to summer growth and rainfall but was still 

less than 10% on September 1 and dropped to near 6.0% by November 15. 

Skunkbush. This species is generally considered one of the less 

preferred shrubs as forage for wildlife or livestock. This lack of 

preference cannot be traced to low protein content since this nutrient 
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remained relatively high (8.1% or higher) during periods when leaves 

were on the plants (Figure 6). During the winter of 1962-1963, protein 

in twigs alone reached a low of 4.8%. There was evidence that growth 

due to adequate summer rains in 1963 caused an increase in protein. 

Values increased from 7.3% on August 15 to 10.8% on September 1. By 

November, the dead and dying leaves and the twigs contained only 4.6% 

protein. 

Phosphorus 

This element has on several occasions been reported to be the 

nutrient most likely to be deficient on Arizona rangelands. The Nation

al Academy of Sciences (1970) suggests that rations should contain at 

least 0.18% phosphorus. The various shrubs frequently contained less 

than this amount. 

Shrub Live Oak. Phosphorus was high in this species during both 

springs, 0.57% in April of 1962 and 0.40% on May 1, 1973 (Figure 7). By 

July 1 of both years, phosphorus content had fallen below the required 

amount. There was a tendency for the collections to contain at least 

0.18% during winter although the collection of March 1, 1963, contained 

only 0.12%. In any event, amount of phosphorus in shrub live oak was 

borderline during most of the year and was below requirement during most 

of both summers. 

Hollyleaf Buckthorn. Highest phosphorus value (0.46%) for this 

species occurred in May 1962 (Figure 7). By June of both years, 

phosphorus was below required levels and remained so throughout summer, 



.50 

• 40 " 

.30 I 

.20 ;fl "' ' · . . .. ....... 
/ 

' / ....... ..., .... 
• I 0 

SHRUB LI VE OAK 
0 

J F M A M J J A s 0 N 

.50 

.40 
t-
z 
IJJ .3 0 / \ 

0 / ' \ a:: / 
\ 

LLJ .20 . . .... . . .. ( . ............. \,. ......... .. .. .... . .. .. . . .. 
Q. - - - -./ ...._ -- ... 

,I 0 
HOLLYLEAF BUCKTHORN 

·o 
J F M A M J J A s 0 N 

.50 

.4 0 

.30 

.20 
• . =" -...: :...: -.., 

. I 0 
LI TTLELEAF MOUNTA INMAHOGANY 

0 
J F M A M J J A s 0 N 

MONTH 
F_igure 7. Phosphorus Content in Samples of Six Shrub Species from 

Sierra Ancha in 1962 and 1963 

.!50 

.40 

,3 0 

,2 0 

·' 0 

0 D 
J 

.~o 

.40 

.30 

.20 

.I 0 

0 
D 

J 

.50 

.4 0 

.30 

.20 

,I 0 

0 0 
J 

78 

1962 
- - - - - - 1963 .... ... ...... ,a~ • 

DESERT CEANOTHUS 
I. 

F M A M J 
1
J A S 

/ 

/ 
/ 

/ 

. . ..... . ... /' . . .. . 
/ __ ___ _.,, 

WR I GHT>s 

F M 

I 

A 

I 

/ 

I 
I 

M J 

. . ......... /~ . . .... . ... . ... . . . . . _____ _./ 

I 
SKUNKBUSH 

F M A M J J 

MONTH 
A s 

0 N D 

0 N D 

• 

0 N D 



79 

fall, and winter. Lowest value (0.13%) was reached in mid-November of 

1963. 

Littleleaf Mountainmahogany. Phosphorus content of this species 

remained above minimum requirement until July 1 of both years (Figure 

7). Following that date, content seemed to fluctuate according to 

growth and available moisture. In 1962, phosphorus content was 0.21% on 

November 1 and was still 0.20% on January 1, 1963, but dropped to 0.15% 

by March 1. Following the spring high, phosphorus was below requirement 

during July and August, above requirement in September and dropped to 

0.13% by November 15. 

Desert Ceanothus. Phosphorus was above requirement in this 

species during April, May, and June and below requirement for the 

remainder of the year (Figure 7). Highest value (0.40%) was from the 

collection of April 15, 1962, and lowest value (0.11%) occurred on 

October 1 of the same year. Percentage during the winter months ranged 

around 0.15%. 

Wright's Silktassel. The pattern of phosphorus content followed 

by this species closely resembled that of desert ceanothus even though 

values in summer, fall, and winter was somewhat lower (Figure 7). The 

high (0.48%) occurred on April 15, 1962, and the low (0.10%) was reached 

several times during both years. Fhosphorus content of this species was 

below required level during nine months of the year. 

Skunkbush. Phosphorus content of this species was generally 

above requirement during the period when green leaves were on the plant 

(Figure 7). In 1962, content (twigs only) dropped below minimum re

quirement by October and remained low throughout the winter. In 1963, 
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phosphorus content increased after summer rains began and was still 

0.26% (twigs only) on November 15. 

Calcium 

The National Academy of Sciences (1970) maintains that calcium 

requirement for nutritional forage is essentially that of phosphorus; 

0.18%. This being so, the element was not deficient in any shrub 

collection during the two years. There was, however, great variation in 

amount between species and years. 

Shrub Live Oak. Content in this species varied from a low of 

0.34% in April, 1962, to a high of 1.25% in November 1963 (Figure 8). 

The element had lowest value in spring and increased through summer and 

fall. In 1962, there appeared to be a relation to growth period. 

Calcium was low during periods of rapid growth and high during dormancy. 

This did not prove to be true in 1963. In summer, growth began in 

August but calcium content of the foliage continued to be high during 

this growth period, above 1.0%. 

Hollyleaf Buckthorn. This species had a dubious honor of having 

the highest calcium content of any species for a single collection; 

3.07% in November, 1963 (Figure 8). Content of this element dropped 

below 1.0% in spring only and, during both years, was above 2.0% by 

September 1. 

Littleleaf Mountainmahogany. In this species, calcium varied 

erratically during the two years of collection (Figure 8). Values 

appeared to be highest during times of rapid growth but the high value 
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and low value occurred exactly one year apart 1.34% on July 1, 1962, and 

0.86% on July 1, 1963. 

Desert Ceanothus. Calcium content of this species dropped below 

1.0% only during the fall and early winter of 1963 (Figure 8). During 

the preceding winter, the value had remained near 1.30%. Highest value 

occurred during the dry summer of 1962, 1.96% on September 1 compared to 

declining values following the wet summer of 1963. 

Wright's Silktassel. Calcium content in this species was below 

1.0% at only one collection; 0.85% in April 1962 (Figure 8). Highest 

percentage was reached in the dry summer of 1962; 1.64% on July 1. This 

high value dropped to 1.24% by September 1962 and this increased into 

winter. In 1963, one high peak (1.32%) was reached on June 15 followed 

by a decrease as summer rains began. By October of that year, the 

percentage had increased to 1.61%. There appeared to be a tendency for 

calcium to decrease during growth periods and increase during periods of 

dormancy. 

Skunkbush. Calcium content for this species was quite different 

between years (Figure 8). In 1962, content in May was 0.70% and in

creased to a high of 2.11% by November. Following leaf fall, calcium 

content of twigs was only 0.79% by December 1. In 1963, calcium content 

stayed below 1.00% through October. There appeared to be a relationship 

to rainfall and growth. High calcium content during the dry 1962 summer 

and lower calcium content during the wetter 1963 summer. 
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Calcium:Phosphorus Ratio 

This ratio is not a nutrient but is of value in nutritive 

evaluation. The National Academy of Sciences (1970) indicated that this 

ratio should at least be 1:1 and that ratios of up to 7:1 may not create 

problems. Ratios above 7:1 tend to make phosphorus less available for 

animal use. This is an important consideration in Arizona where 

phosphorus tends to be low in most forages. 

Shrub Live Oak. Lowest ratio of the two elements for this 

species was 0.6:1 and occurred on April 15, 1962 (Figure 9). Highest 

ratio 9:1 occurred on September 1, 1963. During the two years, the ca:p 

ratio exceeded 7:1 only in late summer and fall of 1963. 

Hollyleaf Buckthorn. The high calcium content of this species 

was reflected in the ca:p ratio (Figure 9). The critical high 7:1 was 

exceeded each month except April and May. Highest ratio 24:1 occurred 

in November of 1963. 

Littleleaf Mountainmahogany. The ratio for this species closely 

resembled that for shrub live oak (Figure 9). Critical high was ex

ceeded only in September 1962 and November 1963. Lowest ratio 4:1 

occurred on November 1, 1962. 

Desert Ceanothus. Highest calcium:phosphorus ratios for this 

species occurred during the dry summer of 1962 culminating in a high of 

13:1 on September 1 (Figure 9). In 1963, the critical high of 7:1 was 

exceeded only in the July 15 collection. 

Wright's Silktassel. The ratio was above critical high for this 

species each month except April, May, and June during both years (Figure 
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9). The low ratio (2:1) occurred on April 15, 1962, and the high (15:1) 

occurred in November 1963. 

Skunkbush. Calcium:phosphorus ratio exceeded 7:1 in collections 

of this species only in the late summer and fall of 1962 reaching 12:1 

in November of that year (Figure 9). During 1963, the highest ratio 

(7:1) occurred in July just before summer rains began. 

Total Ash 

The ash, total mineral content, of most species did not vary in 

the same magnitude as individual elements either within or among 

species. 

Shrub Live Oak. Ash content of this species varied between 6.2% 

in January 1963 and 3.0% in June of the same year (Figure 10). In 1962, 

ash content varied little during the entire year but in 1963 there 

seemed to be a tendency for ash content to be lowest following spring 

growth and to increase during the summer. The slight decrease after 

summer growth was followed by a dramatic increase in early winter. 

Hollyleaf Buckthorn. Ash content of this species was generally 

highest of any species ranging from 4.2% on November 1, 1962, to 8.2% on 

November 15, 1963 (Figure 10). Ash content remained rather high in the 

summer of 1962, dropped a little in the fall and winter and gradually 

increased to a peak in June of 1963. Following erratic behavior in the 

summer and early fall, ash content peaked in November of 1963. 

Littleleaf Mountainmahogany. Ash content of this species was a 

little higher in the spring of 1962 than in the spring of 1963, 4.5% and 
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3.7%, respectively (Figure 10). In 1962, the tendency was for a 

decrease slowly throughout the year following the spring high. In 1963, 

a slight decrease through August 15 was followed by a slight increase in 

September after summer rains, but these changes were rather insignifi

cant. 

Desert Ceanothus. In desert ceanothus, ash content was highest 

in spring (6.2% in mid-April of 1962 and 4.0% in mid-May of 1963) and 

tended to decrease into summer and fall (Figure 10). Content in 1963 

was consistently lower than for the same collection dates in 1962. 

Wright's Silktassel. Ash content of this species was not too 

different from that of shrub live oak except that values in spring 

tended to be somewhat higher (Figure 10). Values ranged from a high of 

6.0% in April 1962 to a low of 3.1% in March of 1963. 

Skunkbush. In 1962, ash content of this species was highest in 

May and tended to decrease as summer progressed (Figure 10). There was 

a slight peak in August and another in November. In 1963 after peaking 

in May and June, ash content remained rather constant (about 4.5%) for 

the remainder of the year. 

Moisture 

Moisture in forage is usually a component in nutrient analysis. 

High moisture content is usually correlated with periods of rapid 

growth. 

Shrub Live Oak. Moisture content of collections approached 70% 

in April and declined as the season progressed (Figure 11). In 1962, 

this decline was steady and reached a low of 32% on December 1. In 
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1963, the decline flattened in mid-August and a slight increase was 

registered through October 1 after which moisture content declined again 

through November. The differences between the late summers of 1962 and 

1963 were reflections of summer rainfall and growth. 

Hollyleaf Buckthorn. As with shrub live oak, moisture content 

of this species was quite high in spring; above 70% (Figure 11). In 

1962, decrease in moisture content was steady through September 1 (46%), 

increased slightly by October 1 (51%) and decreased to 40% by December 

1. In 1963, moisture content decreased in spring and early summer to 

50% and tended to remain at about this level for the rest of the year. 

Fluctuations in both summers were reflections of rainfall. Summer rains 

were late and inadequate in 1962 but were earlier in 1963 although 

apparently insufficient to cause summer growth of this species. 

Littleleaf Mountainmahogany. Moisture content of this species 

in mid-may of both years was somewhat lower than for other species being 

60% in 1962 and 56% in 1963(Figure 11). Decrease in content in 1962 

after spring continued to September 1 followed by an increase by October 

1. This late summer increase in moisture content was followed by a 

decrease to only 37% by December 1. In 1963, the pattern started in the 

same way but dramatic increases in moisture content followed the July 

thunderstorms culminating in moisture content of 61% by September 1. 

After that date content decreased to 45% by November 15. This pattern 

was somewhat surprising considering that the species made slight growth 

in the summer of 1962 and none in the summer of 1963. 

Desert Ceanothus. The pattern of moisture content in desert 

ceanothus during both years was similar to that of littleleaf 



mountainmahogany; high in spring and decreasing until summer thunder

storms began (Figure 11). Increases following summer rains were reg

istered in the October 1 collection of 1962 and the August 15 collection 

of 1963. 

Wright's Silktassel. The patterns of moisture content set by 

both littleleaf mountainmahogany and desert ceanothus were followed in 

different magnitude by this species (Figure 11). Decreases from the 

high in spring were halted by initiation of summer thunderstorms. 

Skunlcbush. With this species, decrease in moisture content 

following spring in 1962 was not offset by the late summer rainfall 

although the values tended to level out during September and October 

(Figure 11). The 1963 pattern in moisture content, was very similar to 

the pattern set by several other species. Decline from the spring high 

through July 15 was followed by a dramatic increase in August and 

September. 



DISCUSSION AND CONCLUSIONS 

There are several relationships between the various measurements 

and observations. Some are obvious and others are subtle. 

Relation of Air Temperature and Spring Growth 

Initiation of spring growth on all species appeared to be 

related to air temperature. Hanes (1965) found this to be true in his 

study of chamise and red shank in California. The effects of air tem

perature on growth were not so evident at Whitespar where all three of 

the tagged species began to grow on the same day (May 15), but was 

strongly indicated at both Three-Bar and Sierra Ancha. Whitespar, at 

1,800 meters, was near the upper elevational limit for chaparral. 

Temperatures remained at freezing or near freezing until May. Plants 

were likely conditioned to take full advantage of the relatively short 

growth period existing between sufficient warmth for growth and the late 

spring dry period. 

Average minimum air temperature for the 20 days prior to initi

ation of growth at both Three-Bar and Sierra Ancha was interesting 

(Table 24). These calculations indicated that some species began growth 

at lower temperatures than others * Desert ceanothus at both locations 

and birchleaf mountainmahogany at Three-Bar began to grow when this 

average was still low, 28 to 36 F. Shrub live oak and Wright's silk-

tassel began to grow a short time later when the average minimum air 

temperature was above 36 F, 36 to 40 F. The remaining three species, 
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Table 24. Date Growth Began on the Various Shrubs at All Locations in 

Relation to Average Minimum Temperature for the 20 Days Prior 

to Growth. 

Species, Locations and Years: Date Growth Began: Ave. Min. Temp. 
for 20 Previous Days: 

Shrub live oak: 

Three-Bar 1963 3/16 37 
Sierra Ancha 1960 3/29 40 

Sierra Ancha 1962 4/4 36 

Sierra Ancha 1963 4/3 38 
Whitespar 1963 5/15 38 

Hollyleaf buckthorn: 
Three-Bar 1963 4/2 42 

Sierra Ancha 1962 4/22 49 

Sierra Ancha 1963 5/3 42 

VJhitespar 1963 5/14 38 

Desert ceanothus: 

Three-Bar 1963 2/28 34 

Sierra Ancha 1960 3/15 36 

Sierra Ancha 1962 3/14 28 

Sierra Ancha 1963 3/20 32 

Littleleaf mountainmahogany: 

Sierra Ancha 1960 

Sierra Ancha 1962 

Sierra Ancha 1963 

Whitespar 1963 

Birchleaf mountainmahogany: 

Three-Bar 1963 

Wright's silktassel: 

Sierra Ancha 1960 

Sierra Ancha 1962 

Sierra Ancha 1963 

Skunkbush: 

Sierra Ancha 1962 
Sierra Ancha 1963 

3/29 40 

4/22 49 

4/17 43 

5/14 38 

2/28 34 

3/30 40 

4/4 36 

4/3 38 

4/22 49 

4/18 43 
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hollyleaf buckthorn, littleleaf mountainmahogany and slcunkbush did not 

grow until the average was above 38 F, 38 to 49 F. 

In 1963, initiation of growth was related to average air tem

perature at the three sites (Table 24). Growth of shrub live oak at 

Whitespar began six weeks later than at Sierra Ancha and two months 

later than at Three-Bar. 

Relation of Winter Precipitation and Spring Growth 

The amount of winter precipitation certainly has an effect on 

the amount of spring growth and could also have an effect on the per

centage of stems making growth. Similar effects were reported by 

Forsling and Storm (1929) in Utah as well as by Miller (1947), Kramer 

(1952), Harvey (1962) and Hanes (1965). The lack of sufficient winter 

precipitation may be severe enough to completely prohibit growth as 

demonstrated in the spring of 1961. Harvey (1962) also found this to be 

true in the California chaparral. It is rather difficult to determine 

just how much winter precipitation is necessary to produce growth. In 

the winter of 1960-61, a little over 26 cm fell at both Three-Bar and 

Sierra Ancha (Tables 3 and 4). The last major spring storm occurred 

about March 15. Although buds swelled and some plants produced a few 

blooms and new leaves, stem growth did not occur. From this, one could 

assume that chaparral plants would not grow in areas receiving so 

little moisture. This assumption would be false. Rainfall pattern 

could be very influential to spring growLh. In the winter of 1962-63, 

plants at Whitespar grew after winter precipitation amounting to only 25 

cm (Table 5) . 
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In the winter of 1960-61, well over 9 cm of the total 26 cm 

winter precipitation at Three-Bar and Sierra Ancha fell in October and 5 

cm or more fell in January. February and early March, when buds should 

be swelling at both localities, were extraordinarily dry periods. Sig

nificant rains in late March were too late to influence bud enlargement. 

Hence, the plants did not grow. Harvey (1962) found that growth did not 

occur in the California chaparral following a winter of only 14 cm 

precipitation. 

Conversely, winter precipitation at Whitespar in 1962-63 

followed a much different pattern. December and January were exception

ally dry months, but 16 cm fell in February, March, and April. This was 

well over half the total and came at the time when buds were swelling. 

This pattern, though precipitation was limited, was sufficient to allow 

stem growth to occur. 

Comments by residents near Sierra Ancha indicate that total lack 

of spring growth is an uncommon occurrence. None could remember a 

previous incidence. 

Rainfall records at Sierra Ancha have been maintained since 1936 

and, since that time, total winter precipitation has fallen below 29 cm 

(12 inches) during six years including 1960-61 (Table 25). One would 

assume from totals that the winter of 1960-61 was the third driest on 

record. The striking feature in the table is the extremely dry winter of 

1954-55. Yet, residents maintain, and their statements are borne out by 

scanty records, that some spring growth did occur that year. The time 

rain falls may be as important as amount of rainfall. 
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Table 25. Centimeters of Winter Rainfall (October to May) at Sierra 

Ancha for the Six Driest Years of Record. 

Year 

Month 1946-47 1947-48 1949-50 1954-55 1958-59 1960-6! 

October 2.6 3.9 6.1 . 6 5.5 9.6 

November 8.8 3.7 1.5 .1 5.7 2.9 

December 8.3 6.7 6.8 2.3 0 1.6 

January 2.6 .3 6.2 10.1 2.8 5.0 

February 3.8 7.3 6.9 1.5 7.0 .3 

March .8 5.3 2.0 0 0 6.9 

April .3 T .1 .8 .5 .2 

May 1.5 0 .5 .1 .3 0 

Total 28.7 27.2 30.1 15.5 21.8 26.5 
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In 1954-55, 10 cm (almost two-thirds of the total) fell in 

January (Table 25). This was evidently enough to cause buds to swell 

and, at least a small amount of growth. The patterns of the other dry 

years show that (1) significant rainfall in November and December 

followed by some precipitation in January and February may be sufficient 

to cause growth; 1946-47, 1947-48, 1949-50. (2) low rainfall in 

November and December followed by high amount in January and February 

may also be sufficient for growth; 1954-55, 1958-59. (3) but low 

precipitation in November and December followed by only moderate rains 

in January and February may not be sufficient for growth; 1960-61. 

October precipitation likely has little effect on spring growth since 

much of this may be used in late fall transpiration or be lost by evap

oration from the soil. March precipitation can be important in main

taining growth that has started or is ready to start, but, except at 

higher elevations, may be too late to assist in bud enlargement. 

Pattern of precipitation may be most critical at the higher 

elevations. Kramer (1952) indicates that soil moisture loss due to 

evaporation and percolation is a continuing process. Growth at White-

spar did not generally begin until mid-May (Figures 1, 2, and 3) and, in 

the Arizona chaparral, May and June are among the driest months of the 

year (Tables 3, 4, and 5). At high elevations, much of the soil mois

ture stored from rains of October through March could be dissipated by 

the time growth begins in May. Hence, adequate rainfall in late winter 

and spring becomes even more critical at this elevation. 
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Relation of Air Temperature and Floral Development 

Development of seed on most chaparral shrubs could be affected 

by spring temperatures. Many of the species bloom at or near the times 

stem growth begins. If a very hard freeze occurred after blooming 

begins, the seed crop could be adversely affected. A hard freeze did 

not occur at this time during the four years of study but the possi

bility always exists. 

Relation of Winter Precipitation and Floral Development 

Development of seed on most species was dependent on winter 

moisture. Acorns of shrub live oak, the berries of hollyleaf buckthorn 

and the fruits of skunkbush did not ripen until summer or fall but 

blooms of all these species and early development of the fruit occurred 

prior to summer thunderstorms (Figures 1, 2, and 5). Acorns were pro

duced on shrub live oak at Three-Bar during one of the three years, at 

Sierra Ancha during three of the four years and failed at Whitespar 

during the only year of measurement. 

In 1959-60, over 60 em of precipitation fell in winter at both 

Three-Bar and Sierra Ancha (Tables 3 and 4). Acorns of shrub live oak 

were produced at both sites despite the fact that summer growth did not 

occur (Figure 1). In 1961, the few blooms withered at both locations in 

early spring following a winter of less than 30 em precipitation. In 

1962, acorns were plentiful and fully developed at Sierra Ancha 

following a well distributed 41 em of winter precipitation. In 1963, 

acorns at both Three-Bar and Whitespar reached approximately 2 rum size 

before drying and falling in late spring. Winter precipitation was 38 
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cm and 25 cm, respectively (Tables 3 and 5). Acorns at Sierra Ancha did 

develop in 1963 after 42 cm of precipitation (Table 4). From this one 

could conclude that about 40 cm of winter moisture is the minimum neces

sary for complete development of shrub live oak acorns in the Arizona 

chaparral. Rainfall pattern at Three-Bar and Sierra Ancha in the winter 

of 1962-63 was quite similar. 

Desert ceanothus seed development also appears to be quite 

sensitive to winter moisture. Seed were produced at Sierra Ancha in 

1960 and 1962 only, although blooms were observed in 1961 and 1963 

(Figure 4). Total winter precipitation in 1961-62 and 1962-63 was quite 

similar; 41 and 42 cm, respectively (Table 4). The one major difference 

is the pattern. Twice as much rain fell in March of 1962 as in March of 

1963. However, rainfall in March of 1960 was even less than that in 

1963, so March rainfall by itself does not appear to be the answer. In 

1960, rainfall had been high throughout the winter creating a reservoir 

to draw on. This was not true in 1962 and 1963. 

Other species which bloomed in spring were less sensitive to 

precipitation than either shrub live oak or desert ceanothus. Little-

leaf mountainmahogany, birchleaf mountainmahogany, hollyleaf buckthorn 

and skunkbush produced seed each spring except 1961 (Figures 2, 3, and 

5). Seed of littleleaf mountainmahogany at Whitespar were sparse in 

1963, but did mature. 

Relation of Summer Precipitation and Floral Development 

Two species, desert ceanothus at both Three-Bar and Sierra Ancha 

and littleleaf mountainmahogany at Sierra Ancha only, bloomed in both 
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spring and summer (Figures 3 and 4). Blooming in summer on both these 

species was correlated with summer rainfall. At Sierra Ancha, blooms 

were observed in littleleaf mountainmahogany each summer except 1961. 

Seed matured only in 1963. In 1960, summer thunderstorms were late and 

nighttime temperatures were low by the time blooming occurred. In 1962, 

only 9.6 cm of rainfall occurred and most fell in September. This 

amount and the pattern in which it fell appears inadequate for seed 

formation. The summer rainfall in 1961 appeared to be adequate, but 

plants had suffered severe stress because of no growth in spring. 

Blooming did not occur although numerous leaves were produced or grew to 

full size during this summer. 

Desert ceanothus bloomed in summer at Three-Bar and Sierra Ancha 

in 1963 only (Figure 4). At both sites, the blooms of late August and 

early September dried or were frozen without setting fruit. Over the 

full range of desert ceanothus in the Arizona chaparral, the author has 

observed desert ceanothus blooming during every month of the year except 

December and January, but has not seen seed produced at any time except 

spring. 

Wright's silktassel was the only tagged species which bloomed 

only in summer (Figure 5). Buds enlarged in early summer of each year 

including 1961, but mature seed were produced in 1963 only. It appears 

that the same factors which precluded summer growth during three of the 

four years of measurement (Table 20) were also effective in preventing 

seed formation of this species. 

Of all the species, it appears that Wright's silktassel has the 

least opportunity for seed production. Climatic records show that 
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summer thunderstorms are less dependable than winter precipitation. 

Summer rains may be sparse or occur too late. Plants that depend on 

these thunderstorms for seed production have fewer opportunities than 

those which depend on winter moisture. Species like littleleaf 

mountainmahogany which can bloom and set seed in both growing seasons 

have the best opportunity over the years. 

Relation of Precipitation and Nutritive Value 

Changes in nutrient content were often related to growth which 

was an effect of adequate moisture (Figures 6 and 7). This statement is 

somewhat belied by the nutritive trends on mountainmahogany at Sierra 

Ancha in 1963. Although measurable growth did not occur, protein and 

phosphorus content showed a definite increase following summer rains 

(Figure 6). Reynolds (1967) found this to be true of protein content of 

crown sprouts. On this species, a heavy crop of summer seed as well as 

new leaf growth was included in the analyses providing they grew on 

current annual growth of twigs. The other species making no summer 

growth in 1963 was hollyleaf buckthorn. A comparison of the protein 

content in the summer of 1962 (a dry year) and in 1963 (a comparatively 

wet year) showed little difference between the two years with most 

species (Figure 6). 

Relation of Stem Growth and Floral Development 

Growth did affect floral development of some species; especially 

desert ceanothus. Blooms of ceanothus were found only on plant material 

(twigs) produced during the previous growing season. Flower buds were 

not found on older growth. Under these conditions, if blooming occurs 
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too early and fails to set seed because of freezing, subsequent blooming 

in a more favorable period prior to a season of growth might be sparse 

or nonexistent. Seed production at Sierra Ancha in the spring of 1962 

was light (Figure 4). The previous twig elongation occurred in 1960 

(Table 18). Flower buds and some blooms were produced on this material 

in 1961. Twigs that had produced buds or blooms in 1961 may not have 

done so in 1962 and light seed production resulted. In 1963, blooms 

were numerous even though seed were not produced. Growth occurred in 

the spring of 1962 and the plants did not bloom that summer. Blooms in 

the spring of 1963 were on one-year-old twig growth which had not pro

duced blooms or seed before. 

Floral development of species such as Wright's silktassel and 

skunkbush was also affected by stem growth. Both species have terminal 

inflorescences and, although flowering was not restricted to leaders, a 

large percentage of flowering occurred on leaders. In the case of 

Wright's silktassel, stem elongation possibly could occur in the spring 

and blooming in the summer (Table 20 and Figure 5). With skunkbush, 

blooms were produced about the same time growth began, which means 

little or no stem growth occurred before the terminals are committed to 

seed production (Figure 5). 

Flowers of other species - shrub live oak, littleleaf mountain-

mahogany, birchleaf mountainmahogany, and hollyleaf buckthorn - were 

produced from the axils of leaves and were not limited to stem growth of 

the previous growing season. In spring, birchleaf mountainmahogany 
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blooms appeared before new leaves began to show, while blooms of little-

leaf mountainmahogany did not appear until new leaves were about half 

normal size (Figure 3). All four species may produce blooms in years 

when stem elongation does not occur, but under conditions too dry to 

allow stem elongation, seed will also not develop. 

Causes for Variation in Stem Growth 

It would be appropriate to discuss reasons for variation in stem 

growth on individual plants. The main stems attached to the root crown 

of many chaparral shrubs are of different ages. Stem growth from the 

root crown is induced for several reasons and, sometimes, appears to be 

induced for no reason at all. Any activity causing injury to some of 

the older main stems (fire, trampling, grazing, etc.) may induce new 

stem growth from the root crown. These younger stems are more vigorous 

than the older stems and produce more growth with a larger number of 

individual twigs. (Julander 1937, Biswell et al. 1952, Horton and 

Kraebel 1955, Bedell and Heady 1959, and others). 

When plants were tagged, an effort was made to avoid tagging 

young, vigorously growing stems. Selected stems were all of the same 

general appearance and at about the same height on the shrub. Even so, 

there was a distinct possibility that some tagged twigs were located on 

main stems which still retained some of the youthful vigor while other 

twigs were located on old, decadent main stems from the root crown. 

Still, this does not account for the inconsistency in growth. Close 

inspection showed that stems which appeared to have grown vigorously in 

the recent past often did not grow at all while other stems that had the 
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appearance of having made little recent growth elongated rapidly in a 

particular growing season. Reason for growth or no growth might be of 

great interest to a research scientist in plant physiology, but was 

beyond the scope of this study. The event and magnitude of growth on a 

particular stem could not be tied to visual aspects of health and vigor. 

Relation of Stem Death and Growth Form 

Death of twigs or stems in times of stress or due to normal pro

cesses appeared to be random and not related to growth. Some twigs that 

had grown vigorously in spring died in summer along with others that had 

not grown in spring. Twig tip death appears to be a natural phenomenon 

which occurs each year, but this phenomenon is more common during years 

of stress. This natural occurrence has an effect on the size and 

appearance of the shrubs. If leaders continued to grow without tip 

death, chaparral clumps would become tree clumps and cease to be classi

fied as shrubs. It is interesting to note that death can occur in 

different ways and, thereby, affect the general appearance of the 

shrubs. 

Twig death on shrub live oak and both species of mountain 

mahogany affected only twig tips, 10 mm or less. Clumps of these 

species were relatively loose and somewhat rounded at the top with 

clumps of mountainmahogany being less dense than shrub live oak due to 

fewer main stems coming from the root crown. Leader tip death in shrub 

live oak appeared to stimulate several secondary twigs which grew 

rapidly for a short while. Leader tip death in mountainmahogany, on the 

other hand, resulted in one secondary twig assuming dominance. This 



104 

also contributed to the difference in density and compactness of the two 

species. 

Wright's silktassel plants are usually more upright than shrub 

live oak and have fewer main stems from the root crown. The terminal 

inflorescences are responsible for much of the compactness of the shrub 

crown. When leader tips give rise to buds, blooms and seed, these tips 

die back to the first pair of leaves below the twig tip. Usually, a new 

secondary twig grows from the axil of each of these leaves and one may 

or may not assume dominance during the first year. As these twigs 

produce inflorescences, two more twigs are formed. This results in a 

very compact shrub. 

Skunkbush leader tips also die back to the first leaf after 

budding or blooming. This stimulates the production of a single twig 

from the axil of that leaf. This twig may or may not become the domi

nant twig of that particular main stem. Since twig tip death results in 

only one additional twig, the general appearance of skunkbush is much 

less compact than that of Wright's silktassel, but skunkbush is often 

altered in appearance by another phenomenon. In years of peak rodent 

population, the inner bark of skunkbush is frequently eaten. The author 

has seen skunkbush with a high percentage of stems completely girdled 

near the ground. This causes profuse sprouting from the root crown in 

subsequent years. These new sprouts grow rapidly, with little or no 

branching during the first year or two. Frequency of girdling is 

unknown and the activity may be related to both precipitation and rodent 

population. Many skunkbush shrubs were girdled in the dry spring of 

1961. 
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Still another growth form is assumed by desert ceanothus. This 

plant usually has few (often only one) stems from the root crown. The 

plant reproduces by seed, but rarely sprouts. The plants are also rela

tively short-lived compared to other chaparral plants which sprout 

vigorously (Pond 1971). For these reasons, the species grows upright 

and rarely becomes densely branched unless consistently browsed by 

livestock or wildlife. Twig tip death may also contribute to denseness. 

The most unique growth form is assumed by hollyleaf buckthorn. 

In ungrazed conditions, this species produces relatively few stems from 

the ground. These main stems are comparatively straight as are the 

secondary branches from this main stem. Death of twig tips is rare, but 

whole main stems die back completely to the ground. Whether this death 

is random or due to age is unknown, but this type of death contributes 

to a more upright, less branch condition. However, if this species is 

heavily grazed by livestock or wildlife, the plant can become very dense 

due to stimulated growth of secondary twigs. In these cases, death is 

still confined to whole stems rather than twig tips. 

Relation of Growth and Nutritive Value 

Growth was definitely associated with several nutrients. Of 

these, the most obvious was protein content as measured by total nitro

gen. In all species, protein content was highest in spring when the 

very succulent new growth was first collected and was invariably lower 

as the year progressed and the older, though still current years, growth 

was in the collections (Figure 6). This is comparable to the findings 

of Swank (1956) in the Arizona chaparral as well as Dietz, Udall, and 
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Yeager (1962) in Colorado and several investigators in California. On 

most species, protein content increased following the additional stem 

growth of summer in 1963. The most significant increases in protein 

content following summer rains were on littleleaf mountainmahogany, 

desert ceanothus, Wright's silktassel and skunkbush. The significant 

increase in protein content of littleleaf mountainmahogany was sur

prising in light of the fact that stems of this species did not grow 

during the summer. Also, somewhat contrary to pattern was the lack of 

increase in protein content of shrub live oak which did make consider

able summer growth. Hollyleaf buckthorn did not grow in summer and 

there was no perceptible increase in protein content following summer 

rainfall. 

The increase in protein content of twigs and leaves produced in 

spring on littleleaf mountainmahogany despite lack of summer stem growth 

could be due to its blooming and setting seed during that summer. The 

summer seed crop was heavier than any crop in previous springs and, when 

found on current years stem growth, were added to stems and leaves for 

analysis. Shrub live oak did make summer stem growth in 1963. The 

reason for lack of increase in protein content during this growth period 

is unknown. Acorns were growing to full size and ripeness during early 

summer which may have had an affect on protein content of newly grown 

s tems. 

High phosphorus content was also associated with early spring 

growth. Growth in summer had little effect on phosphorus content in all 

species with possible exception of littleleaf mountainmahogany and 
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skunkbush (Figure 7). During the summer growth period, content of this 

element remained below or near the absolute minimum level (0.18%) 

recommended by the National Academy of Sciences (1970). Therefore, 

growth in itself was no indication that phosphorus content was above 

this minimum level. Similar results were found in California by Hart, 

Guilbert, and Goss (1932) and Gordon and Sampson (1939). 

Calcium content in relation to growth was highly variable among 

species (Figure 8). Calcium in shrub live oak and hollyleaf buckthorn 

tended to follow the same pattern both years, being lowest during the 

early spring growth period followed by increases well into summer and 

remaining quite high in winter. There was no apparent change in calcium 

content during the period of summer growth in 1963. In littleleaf 

jpountainmahoganyf the difference in calcium content between the two 

years was not easy to explain. In 1962, the highest calcium value 

during the study (1-34%) occurred in July. In 1963, the lowest value 

during the study (0.86%) occurred in July. This is not a wide range in 

values when compared to results from other species, but the fact that 

both the high and low values were recorded during the same month one 

year apart is somewhat confusing. July is the month when summer rains 

begin, but significant shower activity had not occurred either year by 

the time the July sample was collected. The pattern is inexplicable. 

Calcium content of desert ceanothus did appear to be affected by 

summer rainfall and stem growth. In 1962, when summer growth did not 

occur, calcium increased from a spring low to a high in September and 

then decreased into winter. Significant rainfall occurred in September 
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of this year although too late to cause stem growth. In 1963, calcium 

increased, much like in 1962, from a spring low until about August 1, 

when summer growth began and then decreased significantly into winter. 

This same general pattern was followed by slcunkbush, but the calcium 

content of Wright's sillctassel followed no pattern except that of being 

generally lowest in spring. 

These relationships and changes in nutrient content of various 

shrubs during a year are interesting. There is a long history of 

appreciation of chaparral as winter range for livestock. Due to the 

"evergreen" nature of most chaparral shrubs, protein and other nutrients 

have been assumed to be high in winter. In reality, most collections 

during winter contained less than 8% protein (Figure 6). The only time 

high values were obtained was in early spring and, occasionally for some 

species, in the midst of summer growth periods. These high values for 

protein occurred during the periods when more preferred food sources are 

available and contain high protein content. However, 7 or 8% protein in 

winter from shrubs is somewhat higher than can be expected from most 

cured grasses. The National Academy of Sciences (1970) shows that a 

dry, pregnant, mature cow weighing 450 kg requires 0.40 kg of total 

protein daily. A ration containing 8% protein would require the cow to 

eat five kg of dry matter daily, not an impossible task. 

As expected, phosphorus is the major element with greatest 

likelihood of being deficient on chaparral ranges. In most shrubs, this 

element was below requirement much of the year (Figure 7). During late 

spring, summer, fall and winter, phosphorus in most collections averaged 

near 0.16%. The National Academy of Sciences states that a 450 kg dry, 
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pregnant mature cow requires 12 grams of phosphorus daily. Such an 

animal would have to consume 7.5 kg of shrub forage containing 0.16% 

phosphorus to meet this requirement and this would imply that all 

phosphorus was extracted for use in the body. 

The calcium requirement for bodily growth and functions is 

essentially the same as phosphorus, 0.18%. Calcium content in all 

collections exceeded this amount by varying degrees. The National 

Academy of Sciences (1970) suggests that the calcium:phosphorus ratio 

should exceed 2:1 to help prevent urinary calculi. A ratio lower than 

this was obtained in only one sample; the shrub live oak collection of 

April 15, 1962 (Figure 9). 

When the calcium:phosphorus ratio exceeds 7:1, phosphorus is 

less readily assimulated in the body and passes out in the feces. In 

the chaparral, phosphorus has been demonstrated as critically low 

assuming that all of the element was assimulated. Most species ap

proached the critical 7:1 ratio at some time during the year but shrub 

live oak, mountainmahogany, desert ceanothus (in 1963 only) and skunk-

bush (in 1963 only) were the species with ratios most consistently below 

7:1. Samples collected from hollyleaf buckthorn and Wright's silktassel 

exceeded the critical 7:1 ratio, often appreciably, during most of the 

year. 

Relation of Nutritive Value and Grazing Preference 

Nutritive analyses indicate that several chaparral shrubs could 

be utilized as animal forage but they do not give definitive information 
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concerning the preference by grazing animals for the species. Little-

leaf mountainmahogany is generally considered one of the most preferred 

chaparral shrubs while slcunkbush is among the least preferred (Dietz, 

Udall, and Yaeger, 1962). Yet, there is little difference between the 

nutritive analyses of these shrubs. Protein content of littleleaf 

mountainmahogany samples were above 8% during much of the year and 

content was positively influenced by summer rainfall (Figure 6). Anal

yses showed that skunlcbush contained similar amounts of protein and 

followed the same pattern. Phosphorus content of littleleaf mountain

mahogany was seldom higher than 0.2% while that of skunkbush in 1963 was 

above 0.25% much of the time and did not fall below the critical 0.18% 

at any time during spring, summer or fall (Figure 7). The calcium:phos

phorus ratio for littleleaf mountainmahogany was between the recommended 

2:1 and 7:1 in all collections except two while that of skunkbush was 

outside these bounds on only three collections (Figure 9). From this, 

one could conclude that skunkbush in years of adequate summer rainfall 

was as nutritious as littleleaf mountainmahogany. Grazing history has 

shown, however, that animals select littleleaf mountainmahogany, but 

rarely touch skunkbush. Reasons for the preference must be due to other 

than nutrient content. 

Relation of One Nutrient to Another 

Some interesting relationships were seen in comparison of nutri

tive content within the same species during the two years of collection 

at Sierra Ancha. This is best displayed through use of correlation 

coefficients. 
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Shrub Live Oak 

The correlation between protein, phosphorus, and moisture content 

was high during both years (Table 26 and Figures 6, 7, and 11). The 

same was not true with calcium. In 1962, a highly significant negative 

correlation was found between calcium and three other nutrients; 

moisture content, protein and phosphorus (Table 26 and Figures 6, 7, 8, 

and 11). In 1963, this relationship was still negative, but not signif

icant. This indicates that calcium content was low in spring and 

increased into summer and fall with little change in pattern due to 

summer rainfall and concurrent growth. In the dry year, 1962, moisture 

content, protein, and phosphorus were high in spring and decreased into 

summer and fall which was exactly opposite to the reaction of calcium. 

In 1963, calcium content followed the same pattern as the previous year, 

but summer rainfall and growth caused an increase in the other nutri

ents. Hence, a more significant negative correlation in 1962 than in 

1963. 

The relationship of total ash to moisture content, protein, and 

phosphorus was very interesting. In 1962, the correlation coefficients 

were positive though not significant (Table 26 and Figures 6, 7, 9, and 

11). In 1963, the coefficients were negative but again not significant. 

In 1962, total ash followed a pattern of being high in spring and lower 

in summer and fall. In 1963, the reverse appeared to be true. This is 

borne out by the fact that the correlation coefficient between total ash 

and calcium was negative in 1962 and positive in 1963 though neither 

were significant. 



Table 26. Correlation Coefficients Between Five Nutrients Shown for Six Shrubs Collected at Sierra 
Ancha During Two Years. 

Nutrient 
Species Nutrient Year Pr ot ein Phosphorus Calcium Tot al Ash 

Shrub live oak Mo i sture 1962 +. 845 ,'d ~ +.810 ** -. 890 -1,* +.358 ns 
1963 +.874 'lo'~ +. 846 -1,* -. 571 ns -.305 ns 

Protein 1962 + . 992 ,'d, - . 958 ,'o'. + . 575 ns 
1963 +.888 ** -.435 ns -.248 ns 

Phosphorus 1962 -.952 *-'- +.561 ns 
1963 -.525 ns -.026 ns 

Calcium 1962 -.381 ns 
1963 +. 512 ns 

Hollyleaf buckthorn Moisture 1962 +. 836 ,'.* +.809 ** - . 906 .,,.,,. +.027 ns 
1963 +. 835 ,'.* +. 901 ** -. 737 ,'o'. +.106 ns 

Protein 1962 +.988 *1~ -.912 ** -. 213 ns 
1963 +. 969 ** -.718*,'. +.003 ns 

Phosphorus 1962 -.937 ,..,,. -.172 ns 
1963 - . 784 ,'.,', -. 078 ns 

Calcium 1962 -.071 ns 
1963 +.519 ns 

Lit t le.Lt:af mcmntainmohogany Moisture 1962 +.939 ** +. 718 ** +.430 ns +. 926 ** 
1963 +.861 ** +.738 ** +.234 ns +. 790 ** 

Protein 1962 +.867 ** +.169 ns +. 840 ** 
1963 +. 727 ** +.521 ns +. 871 ** 

Phosphorus 1962 -.110 ns +.648 ns 
1963 +.221 ns +.468 ns 

Calcium 1962 +. 610 ns 
1963 +.296 ns 

Desert ceanothus Moisture 1962 +.881 ** +. 843 'le* -.496 ns +.910 ** 
1963 +.875 ** +. 704 ** +.022 ns +. 617 * 

Protein 1962 +.963 ;'e* -.499 ns +.879 ** 
1963 · +. 816 *'l, +.032 ns +.619 * 

Phosphorus 1962 -.445 ns +. 903 ,'d, 

1963 +.380 ns +.755 ** 
Calcium 1962 -.355 ns 

1963 +.499 ns 

Wright's silktassel Moisture 1962 +.839 ** +.837 ** -.807 ** +. 725 * 
1963 +.833 ** +.824 ** -.343 ns +. 709 ** 

Protein 1962 +.998 ** -.859 ** +.752 * 
1963 +.868 ** -.444 ns +. 728 ** 

Phosphorus 1962 -.858 ** +.780 * 
1963 -.382 ns +.781 ** 

Calcium 1962 . -.665 * 
1963 -.501 ns 

Skunkbush Moisture 1962 +.916 ** +.859 ** -.467 ns +.633 ns 
1963 +. 862 'le* +.838 ** -.381 ns +.667 * 

Protein 1962 +. 727 ** -.442 ns +.569 ns 
1963 +.816 ** -.380 ns +. 497 ns 

Phosphorus 1962 -.504 ns +.690 * -1963 .. -- - --- - - - . 259- n.s + . 764 ** 
Calcium 1962 +.056 ns 

-1963 +.107 ns 

+ Positive correlation 

- Negative correlation 

* Significant at the .05 level of confidence 

** Significant at the .01 level of confidence 

ns Not significant 
I-' 
I-' 
N 
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Hollyleaf Buckthorn 

In this species, the relationship between moisture content, 

protein and phosphorus was much the same as in shrub live oak; all 

positive coefficients and highly significant (Table 26 and Figures 6, 7, 

and 11). However, the relationship of calcium to moisture, protein and 

phosphorus was different than in shrub live oak. Coefficients were all 

negative and all highly significant. Hollyleaf buckthorn did not grow 

in the summer of 1963, but nutrient content pattern between the two 

years was quite similar. Relationship of total ash and other analyses 

was not significant and followed no discernible pattern. 

Littleleaf Mountainmahogany 

The relationships between moisture content, protein and phos

phorus in this species were similar to those relationships first seen in 

shrub live oak (Table 26 and Figures 6, 7, and 11). The relationship 

between analyses of calcium and other nutrients was different than in 

shrub live oak. Though all coefficients involving calcium were not 

significant, all except one (calcium and phosphorus in 1962) were posi

tive while those of shrub live oak were negative. This indicates that 

calcium content of this species tended to follow the pattern of other 

nutrients as the season progressed rather than trending in the opposite 

direction as in shrub live oak. Also, a significant positive corre

lation existed between total ash and moisture and protein during both 

years. Correlation coefficients of total ash to phosphorus or calcium 

were not significant. 
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Desert Ceanothus 

All correlation coefficients except those involving calcium 

were positive and significant (Table 26). This indicates that all 

nutrients except calcium reacted similarily as the growing season pro

gressed during both years of collection. As with littleleaf mountain-

mahogany, all coefficients involving calcium were not significant. 

However, all were negative in 1962 and positive in 1963. This indicates 

that calcium content in 1962 tended to trend in the opposite direction 

of other nutrients as the season progressed, but this tendency was 

reversed in 1963. Calcium increased in summer and fall of both years 

(Figure 8) while other nutrients tended to decrease (Figures 6, 7, 9, 

10, and 11). In 1963, nutrients other than calcium made slight to 

significant increases once summer rains began. Hence, negative coef

ficients in 1962 and positive coefficients in 1963. 

Wright's Silktassel 

All correlation coefficients except those involving calcium were 

significant and positive indicating that all elements except calcium 

reacted similarly during both years (Table 26). In 1962, all elements 

except calcium were highest in spring, declined to a relatively stable 

level in late spring and summer, and slightly increased in fall (Figures 

6, 7, 10, and 11). In 1963, all elements except calcium were again 

highest in spring and declined until summer runs began in August after 

which some increase in content occurred. All correlation coefficients 

involving calcium were negative indicating an opposite pattern, lowest 

content in periods of growth and highest during dormancy. 
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Skunkbush 

Correlation coefficients involving only moisture, protein, and 

phosphorus were all positive and highly significant (Table 26). All 

coefficients involving total ash were positive though most were non

significant. Coefficients involving calcium were negative with the 

exception of calcium and total ash. This indicates that elements except 

calcium were highest during growth periods and lowest during dormancy. 

These correlation coefficients show that trends in moisture con

tent, protein and phosphorus as the growing season progressed followed 

similar patterns during both years. When one was high the others tended 

to also be high and vice versa. Relationships of the other nutrients 

varied by species with calcium tending most often to be negatively 

correlated, often not significant, to other nutrients; low when they 

were high and vice versa. Correlation coefficients involving total ash 

tended to be positively and significantly correlated with other nutri

ents, except calcium, in three species; littleleaf mountainmahogany, 

desert ceanothus and Wright's silktassel. It is significant to note 

that these three species have long been recognized as among the most 

preferred shrubs by livestock and wildlife in the Arizona chaparral. 

Grazing Value of Chaparral 

The Arizona chaparral is capable of producing forage for both 

livestock and wildlife. Though no effort was made during this study to 

measure production per unit area, the data indicate that amount of 

current growth may be somewhat less than originally thought. Many stems 

do not grow at all or may grow very little during any one year. Most 



stem growth is restricted to spring even though some growth occurs in 

summer providing rainstorms occur in July and early August. Leaves, 

which could contribute much to grazing capacity, are produced each year. 

Floral development and seed production is dependent on rainfall. 

Species, such as littleleaf mountainmahogany, that are capable of seed 

production in either spring or summer have best opportunity to produce 

at least one crop each year. Those which flower and produce seed in 

summer only, such as Wright's silktassel, have least opportunity for 

seed production because summer precipitation is more erratic than 

spring. Most seed produced by shrubs contribute little to the diet of 

livestock, but may be important food for various wildlife and insect 

species. 

The nutritive content of shrubs shows that protein is highest in 

spring and lowest in fall and winter. Even so, protein content of 

shrubs in winter is considerably higher than can be expected from dry 

grasses. Protein content of various species is not the only factor 

having an effect on grazing preference since least preferred species 

often have higher protein values than more preferred species. 

The one nutrient most likely to be deficient in most shrubs of 

the chaparral is phosphorus. Content of this nutrient was below 0.18% 

during much of the year for all shrubs. This low value was further 

complicated by high content of calcium. Calcium:phosphorus ratios above 

7:1 means that much of the phosphorus in the forage becomes unavailable 

for animal use as it passes through the body. Livestock grazing on 

chaparral ranges should receive a supplemental ration containing 

phosphorus. 
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