
10 . Seeded s p e c i e s o f g r a s s e s and l e g u m e s made up h a l f the 

t o t a l h e r b a c e o u s v e g e t a t i o n t h e f i r s t y e a r a f t e r b r u s h r e m o v a l . 

T h e y made up o n l y 17 p e r c e n t 4 y e a r s a f t e r b r u s h r e m o v a l , 

d u e p r i m a r i l y t o t he a l m o s t t o t a l d i s a p p e a r a n c e o f a n n u a l 

r y e g r a s s by t h e t h i r d y e a r and a d r a s t i c r e d u c t i o n in B l a n d o 

b r o m e . 

1 1 . Seeded s p e c i e s made up a g r e a t e r p r o p o r t i o n o f t h e h e r b a c e o u s 

v e g e t a t i o n in t h e b u r n e d f i e l d s t h a n i n t h e b u l l d o z e d f i e l d fo r 

e v e r y y e a r o f r e c o r d . 

1 2 . T h e r e s u l t s o f t h e p r o j e c t p o i n t o u t i d e a s a n d p r o p o s a l s t h a t 

s h o u l d be c o n s i d e r e d for m a k i n g g r e a t e r g a i n s i n f u t u r e b r u s h 

r a n g e i m p r o v e m e n t p r o g r a m s : 

a . I n c r e a s i n g s e e d i n g r a t e s o f some s p e c i e s , s u c h a s r o s e 

c l o v e r a n d H a r d i n g g r a s s , a n d r e d u c i n g or e l i m i n a t i n g 

s o m e s p e c i e s , s u c h as a n n u a l r y e g r a s s a n d B l a n d o 

b r o m e , may p r o v i d e a l onge r l a s t i n g and more d e s i r a b l e 

t y p e o f f o r a g e t h a t m i g h t a l s o be more r e s p o n s i v e t o 

f e r t i l i z e r t r e a t m e n t s . 

b . I n c r e a s e d s e e d i n g r a t e s a l s o m i g h t h a v e d e c r e a s e d t h e 

i n v a s i o n b y y e r b a s a n t a a f t e r t h e b u r n s . Where s e e d i n g 

ra te w a s h e a v i e r in t h e a i r p l a n e s w a t h , y e r b a s a n t a 

w a s l e s s n o t i c e a b l e . 

c . S e e d i n g m e t h o d s m i g h t be i m p r o v e d t o p r o v i d e s e e d 

c o v e r a g e , p a r t i c u l a r l y w h e r e t h e r e is no t a g o o d a s h 

s e e d b e d . 

d . C h e m i c a l t r e a t m e n t of b r u s h s p r o u t s or s e e d l i n g s , 

t e s t e d o n l y t o a l i m i t e d e x t e n t i n t h i s p r o j e c t , s h o u l d 

be c o n s i d e r e d fo r w i d e s p r e a d u s e a f t e r t h e f i r s t b u r n or 

b u l l d o z i n g or a f t e r a r e b u r n . T h i s may p r o v i d e a more 

c o m p l e t e a n d p e r m a n e n t c o n v e r s i o n o f the v e g e t a t i o n . 

e . T h e p o t e n t i a l b e n e f i t s o f f e r t i l i z a t i o n s h o u l d be c o n ­

s i d e r e d , as r e s p o n s e t o d i f f e r e n t f e r t i l i z e r s w i l l be 

i n f l u e n c e d by t h e v e g e t a t i o n p r e s e n t a s w e l l a s n u t r i e n t 

d e f i c i e n c i e s o f t h e s o i l . 
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CONCLUSIONS 

1. Removal of brush by all three methods, followed by reseeding, 

increased livestock production three and one-half to four 

times. 

2. Controlled burning of standing brush was the most profitable 

treatment; burning crushed brush ranked second. Mechanical 

clearance did not return enough to repay costs during four 

grazing seasons. Costs of control burning of brush were paid 

off in 3 to 4 years of grazing, while costs of mechanical 

clearance probably would have paid off in 6 years of grazing. 

3. The greatest production per acre followed mechanical clear­

ance, although the increase over other treatments was not 

enough to cover the substantially higher costs of mechanical 

clearance. 

4. The cost of reburning was less than 30 percent of the cost of 

preparing for and making the original burn. 

5. At the end of 10 years, there appears to be more brush in the 

burned fields than in the bulldozed field. It is difficult to 

state whether this is a result of treatment or the differences 

in composition of the woody vegetation at the start of the 

project. 

6. Brush cover was reduced 90 percent by the first burn and 

more than 80 percent by the bulldozing treatment. 

7. Manzanita was nearly eliminated in 4 years by burning or 

bulldozing, followed by a reburn, but this species increased 

34 percent in the untreated field during a 3-year period. 

8. Yerba santa, relatively unimportant in the original woody 

vegetation, appeared to be the major component of the woody 

vegetation at the end of the 10-year period. 

9. Herbaceous vegetation more than doubled the first year after 

brush removal and reseeding, and had quadrupled by the 

third year. 21 



C o n t r o l l e d b u r n i n g o f b rush w a s s h o w n t o be a p r a c t i c a l , e c o ­

n o m i c a l , e f f i c i e n t , a n d , a b o v e a l l , p r o f i t a b l e m e t h o d o f c l e a r i n g 

b r u s h fo r r a n g e i m p r o v e m e n t . E v e n t h o u g h c a t t l e p r o d u c t i o n 

r e c o r d s w e r e o b t a i n e d for o n l y f ou r g r a z i n g s e a s o n s d u r i n g t h e 

10 y e a r s of t h e s t u d y , i n c r e a s e d p r o d u c t i o n m o r e t h a n o f f s e t 

c o s t s w h e r e b r u s h w a s bu rned s t a n d i n g or a f t e r m a s h i n g . 

M e c h a n i c a l c l e a r i n g r e s u l t e d i n g r e a t e r i n c r e a s e s in t o t a l p r o ­

d u c t i o n and g r o s s r e t u r n s , b u t t h e s e i n c r e a s e s w e r e n o t s u f f i c i e n t 

d u r i n g t h e c o u r s e o f t h e s t u d y t o o f f s e t t h e m u c h g r e a t e r c o s t s 

o f m e c h a n i c a l c l e a r a n c e . 

F o l l o w u p t reatment w a s n e c e s s a r y a f t e r a l l m e t h o d s o f b r u s h 

c l e a r a n c e . 

R e s e e d i n g t o a d a p t e d g r a s s e s a n d l e g u m e s i m p r o v e d t h e q u a l i t y 

a n d q u a n t i t y o f f e e d a n d c o n t r i b u t e d t o a l onge r f o r a g e s e a s o n . 

F e r t i l i z a t i o n i n c r e a s e d f o r a g e p r o d u c t i o n , b u t t h e e c o n o m i c s o f 

t h i s p r a c t i c e w e r e n o t t h o r o u g h l y s t u d i e d in t h e p r o j e c t . 

;.v.!:-d »^;.;;! o.i 

C a l i f o r n i a ' s m i l l i o n s of a c r e s o f b r u s h l o n d s p r o v i d e a g r e a t 

p o t e n t i a l for a n e x p a n d e d l i v e s t o c k i n d u s t r y t o s u p p l y i n c r e a s i n g 

a m o u n t s of m e a t a n d o ther l i v e s t o c k p r o d u c t s f o r t h e s t a t e ' s 

r a p i d l y e x p l o d i n g p o p u l a t i o n . More a n d more v o l l e y a r e a s a r e 

b e i n g d e v e l o p e d fo r i n t e n s i v e c r o p p i n g a n d fo r r e s i d e n t i a l and 

c o m m e r c i a l u s e , f o r c i n g l i v e s t o c k p r o d u c t i o n t o m o v e t o h i g h e r 

g r o u n d . T h e need t o i n v e s t i g a t e a n d d e m o n s t r a t e m e t h o d s o f 

i m p r o v i n g b r u s h l o n d s w a s a p p a r e n t to many o f t h o s e c o n c e r n e d 

w i t h r a n g e i m p r o v e m e n t . 

1 



Rancher experience over the years had shown the values of 

controlled burning and other methods of brush clearance, but 

there was little information comparing economic aspects of 

different brush control methods. 

The Backbone Range Study was a 10-year project to study and 

compare the economics of burning standing brush, burning mashed 

or crushed brush, mechanical clearance by bulldozer, and un­

treated range. This was a cooperative study by the University of 

California Agricultural Extension Service and the California 

Division of Forestry, Department of Natural Resources. 

THE STUDY AREA 

The area selected for study is located approximately 13 miles 

northeast of Redding, lying between US Highway 299 and the Pit 

River Arm of Shasta Lake. It represents 3 to 4 million acres of 

land covered primarily by manzanita, live oak, poison oak, 

ceanothus species, and yerba santa. Elevation is from 700 to 

950 feet. Topography is rolling, with slopes generally less than 

30 percent. 

Precipitation averaged 46.8 inches during the 8 years of measure­

ment on the project site; 77 percent fell from November through 

March. The highest seasonal rainfall was 66 inches and the 

lowest 26.8 inches. 

The soils have been surveyed and mapped by both the Soil Con­

servation Service and the Soil-Vegetation Survey (reports not yet 

published). Soils of the Auburn series were found on the majority 

of the area (about 75 percent) of the three test fields. The 

remainder was of the Goulding series, except about 10 percent 

of the mechanically cleared field that was Churn gravelly loom. 

The control field was mapped as approximately 60 percent Auburn 

and 40 percent Millsholm. , ; - .r ; 

The vegetation before treatment was primarily brush and trees, 

with grasses and forbs covering less than 20 percent of the 

ground. About 60 percent of the area was under a brush or tree 
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RESIDENT AND SEEDED SPECIES BEFORE AND AFTER 
BRUSH REMOVAL 

(percentage ground cover) 

Burned 
Standing 

Crushed 
& 

Burned 

Bulldozed 
& 

Windrowed 
Av. All 

Treated Fields 

1954 22 5 22 16 
Resident 

1956 17 11 36 21 

f 1954 0 0 0 0 
Seeded 

, 1956 19 26 14 20 

1954 22 5 22 16 
Total < -

1956 36 37 50 41 

The proportion of the herbaceous vegetation made up of seeded 

species remained at a little less than 50 percent in 1958, and 

then dropped to 17 percent in 1959. Annual ryegrass had been a 

large portion of the vegetation in 1956 but hod nearly disap­

peared by 1958. Blando brome was the only other seeded species 

making large contributions to the herbaceous cover (37 percent 

in 1958), but it had been reduced drastically by 1959. Rose 

clover, although never making up a large proportion, was drasti­

cally reduced in 1959 after gradually increasing in prior years. 

Hardinggrass increased its proportion very slightly from 1956 

to 1959. 

The proportion of the herbaceous vegetation provided by seeded 

species was greatest for every year of record in the crushed and 

burned field, next in the standing burned field, and least in the 

mechanically cleared field. 

Observations at the close of the project in 1963 indicated that 

Hardinggrass was holding its own and that rose clover had 

greatly increased to become a major source of forage. Subter­

ranean clover had come into the picture and was well established 

in some locations. 

Of the 68 species of grasses, legumes, and forbs planted in a 

variety trial in 1955, only Hardinggrass, rose clover, and tall 

wheatgrass remained in 1960. 

19 



H e r b a c e o u s v e g e t a t i o n c o n t i n u e d t o i n c r e a s e on t h e t r e a t e d 

f i e l d s t o 1958 a n d d e c l i n e d d u r i n g t h e dry y e a r o f 1 9 5 9 . 

H E R B A C E O U S V E G E T A T I O N B E F O R E AND A F T E R 
BRUSH R E M O V A L 

(percentage ground cover) 

Crushed Bulldozed 
Burned & & Av. Al l 

Year Standing Burned Windrowed Treated F i e l d s 

1954 (before clearing) 22 5 22 16 
1956 36 37 50 41 
1958 64 64 69 66 
1959 63 62 62 62 
Percentage increase 

1954-59 186 1,140 182 288 

E v e n a f t e r the d r y y e a r of 1959 , h e r b a c e o u s v e g e t a t i o n h a d 

i n c r e a s e d 2 8 8 p e r c e n t a f t e r t r e a t m e n t o f t h e t h r e e f i e l d s . 

R E S E E D I N G 

S e e d i n g m e t h o d s , d a t e s , and s p e c i e s used h a v e b e e n d e s c r i b e d . 

T h e i m p o r t a n c e o f seeded s p e c i e s is e v i d e n t by t h e r e c o r d 

s h o w i n g t h a t t h e s e s p e c i e s a c c o u n t e d for a b o u t h a l f o f t h e t o t a l 

h e r b a c e o u s v e g e t a t i o n t h e f i r s t y e a r a f t e r b r u s h r e m o v a l . T h e y 

a l s o a c c o u n t e d f o r 80 p e r c e n t o f t h e i n c r e a s e in h e r b a c e o u s 

v e g e t a t i o n t h e f i r s t y e a r a f t e r b r u s h r e m o v a l . 

18 

c a n o p y . W h i t e l e a f m a n z a n i t a , i n t e r i o r l i v e o a k , l e m m o n c e a n o ­

t h u s , a n d p o i s o n o a k made up a l m o s t 80 p e r c e n t o f t h e b r u s h a n d 

t r e e c o v e r ; d e a d m a t e r i a l in t h e c r o w n s made up a n o t h e r 12 pe r ­

c e n t ; t h e r e s t c o n s i s t e d o f s e v e r a l o t h e r s p e c i e s . 

T h e p r o j e c t a r e a a n d s u r r o u n d i n g c o u n t r y had been u s e d f o r many 

y e a r s fo r l i v e s t o c k g r a z i n g , a l t h o u g h g r a z i n g had b e e n g r e a t l y 

r e d u c e d as b r u s h c o v e r e d more a n d more o f t h e a r e a . F e e d 

s u p p l i e s w e r e r e p o r t e d t o be g o o d f o r a f e w y e a r s f o l l o w i n g t h e 

l a s t w i l d f i r e t o b u r n the s t u d y area ( 1 9 3 7 ) . A h e r d of e l k a l s o 

u s e s t h e a r e a as r a n g e . 

S T U D I E S M A D E 

C o n v e r s i o n of b rush iond to g r a s s l a n d , c o m p a r i n g d i f f e r e n t 

m e t h o d s , w a s t h e m a j o r p r o j e c t . F o u r f i e l d s o f a p p r o x i m a t e l y 

4 0 a c r e s e a c h w e r e u s e d , e a c h r e c e i v i n g a d i f f e r e n t t r e a t m e n t . 

T r e a t m e n t s w e r e m e c h a n i c a l c l e a r i n g and b u r n i n g in w i n d r o w s 

a n d p i l e s ; b u r n i n g s t a n d i n g b r u s h ; b u r n i n g c r u s h e d b r u s h ; a n d 

l e a v i n g t h e v e g e t a t i o n a l o n e . C o s t s o f t r e a t m e n t w e r e r e c o r d e d , 

a n d c a t t l e w e i g h t g a i n s w e r e m e a s u r e d f r o m e a c h f i e l d d u r i n g 

f ou r g r a z i n g s e a s o n s . 

Soi l fe r t i l i ty s t u d i e s were mode t h r o u g h n i n e t e s t p l o t s w h e r e 

d i f f e r e n t n u t r i e n t s w e r e u s e d . P l o t s w e r e e s t a b l i s h e d i n a l l 

t r e a t e d f i e l d s . O b s e r v a t i o n s and m e a s u r e m e n t s of f o r a g e p r o d u c ­

t i o n w e r e m a d e . 

V e g e t a t i v e c o v e r w a s a n a l y z e d p r i o r to b r u s h r e m o v a l a n d a t 

o t h e r s t a g e s o f t h e p r o j e c t . 

C h e m i c a l t reatment o f b rush s p r o u t s a n d s e e d l i n g s w a s i n v e s t i ­

g a t e d a t t e n d i f f e r e n t l o c a t i o n s . 

V a r i o u s s p e c i e s w e r e e v a l u a t e d t h r o u g h t h e s e e d i n g o f t h e t h r e e 

c l e a r e d f i e l d s and s m a l l e r t r i a l p l o t s . 

3 



± MFE2 I 

SOILS 

Symbol Name Slope, % 

ARD Auburn very stony loam 8-30 
ARE2 Auburn very stony clay loam 30-50 
CEDB Churn gravelly loam 3-8 
GDD Goulding very stony loam 10-30 
MFE2 Millsholm very rocky loam 30-50 
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Herbaceous Vegetation 

Herbaceous vegetation (plants other than brush or trees) covered 

only 16 percent of the ground before brush clearance. This 

more than doubled the first year after brush removal. 

HERBACEOUS VEGETATION BEFORE AND AFTER 
BRUSH REMOVAL 

( percentage ground cover) 

Crushed Bulldozed 
Burned & 8. Av. All 

Standi ng Burned Windrowed Treated Fields 

Before (1954) 22 5 22 16 
After (1956) 36 37 50 41 

The increase was due to an increase in resident species and to 

the introduction of species seeded after brush removal. 

RESIDENT AND SEEDED SPECIES BEFORE AND AFTER 
BRUSH REMOVAL 

Resident Seeded Total 

Before (1954) 16 0 16 
After (1956) 21 20 41 
Percentage increase 31 — 156 

The greatest increase the first year after brush removal was in 

the crushed field, where herbaceous vegetation increased more 

than seven times. 

The best stand the first year after brush removal was in the 

cleared field. Forage yield measured by clipping was highest 

here, as was cattle production in 1957, the first year of grazing. 

FORAGE WEIGHTS, AIR DRY, JULY 1956 

Standing 
Crushed 
Cleared 

294 lb per acre 
319 lb per acre 
398 lb per acre 



T h e rebu rn o f 1958 k i l l e d a l l m a n z a n i t a s e e d l i n g s in t h e m a s h e d 

f i e l d . O n l y 0 .5 p e r c e n t o f t he g round c o v e r in t h e s t a n d i n g 

f i e l d w a s m a n z a n i t a s e e d l i n g s b e f o r e the r e b u r n , a n d t h i s s a m e 

s m a l l p e r c e n t a g e w a s f o u n d a f t e r t h e r e b u r n . 

M a n z a n i t a was n e a r l y e l i m i n a t e d by 1959 (4 y e a r s a f t e r t h e 

o r i g i n a l b u r n a n d 1 y e a r a f t e r t h e r e b u r n ) r e g a r d l e s s o f 

t r e a t m e n t . 

B R U S H B E F O R E AND FOUR Y E A R S A F T E R O R I G I N A L B U R N , 
AND ONE Y E A R A F T E R R E B U R N 

(percentage cover) 

Crushed Bulldozed 
Burned & & Av. Al l 

Species Standing Burned Windrowed Treated F i e l d s 

25 

0 

5 

4 

T 

5 

0 

, 1 - ' , 

P o i s o n oak a n d c o f f e e b e r r y c h a n g e d v e r y l i t t l e o v e r t he 4 - y e a r 

p e r i o d , and y e r b a s o n t a made d e f i n i t e i n c r e a s e s . 

M a n z a n i t a cove r i n c r e a s e d 34 p e r c e n t in the u n t r e a t e d f i e l d 

d u r i n g t h e 3 -yea r p e r i o d ( 1 9 5 6 - 5 9 ) , w h i l e p o i s o n oak d e c r e a s e d 

a n d t h e r e w a s no c h a n g e in y e r b a s a n t a a n d c o f f e e b e r r y . 

Manzanita 

Poi: 

Yerba santa 

Coffeeberry 

Before 

After 

Before 

After 

Before 

After 

Before 

After 

27 

0 

6 

8 

T 

3 

1 

5 

33 

T 

2 

2 

T 

8 

0 

0 

16 

0 

8 

3 

T 

5 

0 

0 
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B R U S H C L E A R I N G M E T H O D S 

F o u r f i e l d s o f a p p r o x i m a t e l y 4 0 a c r e s e a c h w e r e u s e d t o t e s t a n d 

d e m o n s t r a t e m e t h o d s of b r u s h c l e a r a n c e . I n i t i a l t r e a t m e n t s 

s t a r t e d in t h e f a l l o f 1954 , w i t h c r u s h i n g o f b r u s h on one f i e l d 

a n d b u l l d o z i n g a n d w i n d r o w i n g of b r u s h on a n o t h e r f i e l d . A 

t h i r d f i e l d w a s l e f t a l o n e t o b u r n s t a n d i n g b r u s h , a n d t h e f o u r t h 

f i e l d w a s l e f t as a c o n t r o l t o r e c e i v e no t r e a t m e n t . 

T h e f i e l d s o f c r u s h e d and s t a n d i n g b r u s h w e r e b u r n e d t o g e t h e r 

J u l y 2 9 , 1 9 5 5 , w i t h e x c e l l e n t r e s u l t s . T h e c r u s h e d b r u s h w a s 

b u r n e d c l e a n , and a b o u t 90 p e r c e n t o f t he s t a n d i n g b r u s h w a s 

c o n s u m e d . 

T h e t h r e e t r e a t e d f i e l d s w e r e s e e d e d by a i r p l a n e on S e p t e m b e r 2 3 , 

1 9 5 5 . T h e s e e d w a s s i m p l y d r o p p e d i n t o t h e e x c e l l e n t a s h s e e d ­

b e d i n t h e t w o b u r n e d f i e l d s , b u t h a d t o be c o v e r e d by a b r u s h 

d r a g i n t h e b u l I d o z e d f i e l d . T h e seed m i x t u r e w a s : 

p o u n d s per a c r e 

R o s e c l o v e r 

C r i m s o n c l o v e r 

S u b t e r r a n e a n c l o v e r * 

H a r d i n g g r a s s 

A n n u a l r y e g r a s s 

B l a n d o b r o m e 

*Mt. Barker was seeded on the west half of each field, Tal larook on the 
other half. 

A l l t h r e e t r e a t e d f i e l d s w e r e r e b u r n e d in J u l y 1958 a n d r e s e e d e d 

on O c t o b e r 7, 1 9 5 8 . T h e burn w a s no t c o n s i d e r e d v e r y s u c c e s s f u l . 

T h e s e e d m i x t u r e , f l o w n on by p l a n e , c o n s i s t e d o f 4 p o u n d s o f 

r o s e c l o v e r a n d 1 p o u n d of M t . B a r k e r s u b t e r r a n e a n c l o v e r per 

a c r e , p l u s m i n o r a m o u n t s of o r c h a r d g r a s s , p u b e s c e n t w h e a t g r a s s , 

a n d L a d a k a l f a l f a . 
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8/6 p o u n d s per a c r e 



COSTS 

State equipment and crews were used in land treatment. Accurate 

time records were kept, and these were applied to rates represent­

ative of ranchers' costs at that time. 

LAND TREATMENT COSTS 
(dollars per acre) 

Crushed Bulldoze 
Burned & & 

Standing Burned Windrowe 
Operation 41.1 A 43.6A 38.2A 

Crushing - .65 hr @ $12/hr $ 7.78 — 

Clearing - 2.02 hr @ $12/hr .... .... $24.19 
Burn preparation $ 1.98 1.98 
Burning (July 1955) 2.57 2.57 
Seed (Sept. 1955) 4.87 4.87 4.87 
Airplane seeding (Sept. 1955) .60 .60 .60 
Seed covering (Sept. 1955) .... .... 2.99 
Reburn (July 1958) 1.33 1.33 1.33 
Seed and seeding (Oct. 1958) 2.31 2.31 2.31 

Totals $13.66 $21.44 $36.29 

Costs for burning standing brush twice, followed by seeding each 

time, were less than 40 percent of the cost of bulldozing and 

windrowing plus a burn and two seedings. The crushing and 

burning treatment cost less than 60 percent of the bulldozing 

and windrowing. 

PRODUCTION 

During the springs of 1957, 1958, 1960, and 1963, the three 

treated fields and the untreated (control) field were stocked with 

short yearling cattle to measure gains per animal and production 

per acre. Cattle were individually identified and weighed in and 

out of each field. Stocking rate ranged from 8 to 15 head on 

each treated field, and 3 to 5 head on the control field. Stocking 

rates were decided or determined by visual inspection of feed 

conditions. 
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Considering only the woody vegetation gives a better picture 

of the relative importance of the different species. 

WOODY VEGETATION BY SPECIES (Percentage) 

Crushed Bulldozed 
B urned 8. & Av. 

Species St anding Burned Windrowed Control All Fields 
Manzanita 43 47 29 52 43 
Wedgeleaf ceanothus 0 3 0 0 1 
Lemmon ceanothus 33 10 0 0 11 
Interior live oak 0 19 20 22 15 
Blue oak 1 T 18 4 6 
Black oak 0 0 T 0 0 
Poison oak 10 3 15 9 9 
Yerba santa T T T 2 1 
Coffeeberry 1 0 0 0 T 
Willow 1 0 4 0 1 
Digger pine 0 0 0 11 3 
Dead material in 

crowns 10 19 15 T 11 

Manzanita was consistently the predominant species, a Ithough 

of less importance in the c eared fie Id. Other species showed 

considerable variation in stand from field to field. 

The brush cover was reduced greatly after burning and clearing. 

Brush, including sprouts and seedlings, covered only 6 percent 

of the ground 1 year after treatment, compared to more than 

50 percent prior to treatment. 

BRUSH BEFORE AND ONE YEAR AFTER TREATMENT 
(percentage ground cover) 

Crushed Bulldozed 
Burned & & Av. 

Standing Burned Windrowed All Treated 

Before 53 61 50 55 
After 5 6 8 6 
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Woody V e g e t a t i o n ' ^ 1 V T L j r ^ JiOl 

T h e b r u s h c o v e r w a s s u c c e s s f u l y r e m o v e d by b o t h f i r e a n d 
b u l l d o z i n g , i -u - cc'>^- 'Ui' - nr>^:,s'\:Ki , D r ^ - . b-'t-;.--! 

T h e w o o d y v e g e t a t i o n p r i o r t o t r e a t m e n t i n c l u d e d 11 s p e c i e s , 

w i t h v a r i a t i o n s in t h e s t a n d of s p e c i e s f r o m f i e l d t o f i e l d . 

S t i l l , w h i t e l e a f m a n z a n i t a , i n t e r i o r l i v e o a k , l emmon c e a n o t h u s , 

a n d p o i s o n o a k g e n e r a l l y made up 8 0 p e r c e n t or more o f t h e 

c r o w n c o v e r . 

CROWN C O V E R A G E O F WOODY V E G E T A T I O N B E F O R E 
T R E A T M E N T 

)'>B D i t . 

Crushed Bu lido zed 
Av. Burned & & Av. 

Species Standing Burned Win drowed Control Al l F i e l d s 

% % % % % 
Manzanita 
Wedgeleaf ceano thus 0 2 0 0 T * '-̂ ^ 
Lemmon ceanothus 21 7 0 0 7 
Interior l ive oak 0 13 11 10 9 
Blue oak 1 T M 3 
Black oak 0 " 7 ft"'. 0 , 
Poison oak -;•( t«iT('t: > 

Yerba santa 
Coffeeberry 1 0 d<:.'6'.''.-i-J, 
Willow 1 0 2 0 1 
Digger pine 0 . - ' ^ -MiT 
Dead material in 

crowns 6 13 8 T 7 

6 3 * * 70 55 46 57 

Open 47 39 50 55 48 

* T = trace 
* * Percentages of "crown cover" and open" exceed 100 percent 

because of overlap of some of the crowns. 
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T h e s e f i e l d s w e r e n o t g r a z e d in a l l y e a r s o f t h e p r o j e c t fo r 

s e v e r a l r e a s o n s : t o a l l o w s e e d e d s p e c i e s t o g e t e s t a b l i s h e d , t o 

s a v e g r a s s f o r o t h e r r ebu rns ( t ha t d i d n o t t a k e p l a c e ) , a n d 

i n s u f f i c i e n t f e e d . i/rufrn * - : > D i-:;.; #«^;>c i D f j u f i f - \-/<:>it-:A--^ 

E f f o r t s t o m e a s u r e p r o d u c t i o n by c a t t l e g a i n s me t s e r i o u s d i f f i ­

c u l t i e s . One p r o b l e m was o c c a s i o n a l e x c e p t i o n a l l y h i g h w a t e r 

in t h e s t r e a m f l o w i n g t h r o u g h t h e p r o j e c t a rea t h a t w a s h e d o u t 

f e n c e s , a l l o w i n g c a t t l e f rom d i f f e r e n t f i e l d s t o m i x . T h e e l k 

h e r d t h a t u s e d t h e area a l s o k n o c k e d d o w n f e n c e s a t t i m e s , 

m a k i n g i t d i f f i c u l t t o k e e p t h e c a t t l e w h e r e t h e y b e l o n g e d . 

T h e 1958 a n d 1963 r e c o r d s r e q u i r e d m u c h i n t e r p o l a t i o n . T h e 

f o l l o w i n g f i g u r e s o n p r o d u c t i o n c a n n o t be c o n s i d e r e d e n t i r e l y 

a c c u r a t e , in v i e w o f t h e p r o b l e m s in m a i n t a i n i n g c a t t l e i d e n t i t y 

a n d l o c a t i o n . H o w e v e r , t h e f i g u r e s a re a c c u r a t e in a l l p o s s i b l e 

i n s t a n c e s , t h e e s t i m a t e s of some f i g u r e s o r e r e a l i s t i c , a n d t h e 

o v e r a l l c o m p a r i s o n s a r e v a l i d . 

P R O D U C T I O N P E R A C R E - POUNDS O F GAIN 

Crushed Bulldozed 
Burned & 8. 

Year Standing Burned Windrowed Control 
1957 34.2 33.8 41.8 11.0 
1958 33.0 33.0 34.8 8.6 
1960 34.8 29.8 8.2 
1963 20.1 32.9 28.8 7.4 

Tota ls 122.1 129.5 140.7 35.2 

Per year 30.5 32.4 35.2 8.8 



Clearing brush and reseeding should increase feed production 

and cattle gains, and these records give a clear indication of the 

importance of the increase. The standing burn treatment in­

creased animal gains per acre 3.5 times, crushing and burning 

increased gains 3.7 times, and the bulldozing treatment increased 

gains 4 times over the untreated field. These increases are 

particularly significant since measurements of cattle gains were 

made during only four seasons of the 10-year test period. 
i 

AVERAGE DAILY GAIN (Pounds); AND STOCKING RATE ^ r• ^ 

Crushed Bulldozed 
•,rr Burned & & 

Standing Burned Windrowed Control 

Year A/head Gain A/head Gain A/head Gain A/head Gain 

1957 3.7 1.75 3.6 1.68 2.9 1.68 10.0 1.51 
1958 2.7 1.60 2.9 1.68 2.5 " 8.0 1.21 
1960 3.4 1.86 3.6 1.65 3.8 2.10 10.0 1.28 
1963 5.1 1.90 5.5 2.01 4.8 2.09 13.4 --

Average daily gains, though showing some variation, are reason­

ably consistent throughout the treated fields. The greatest 

difference was between the crushed and bulldozed fields in 1960, 

and there appears to be no logical explanation. The generally 

low daily gains in the control field indicate that this field may 

have been overstocked, even though the stocking rate was about 

one-third that of the treated fields. •* _ 

' til alotoT 

8,H S.<!r t^.lt C.m. m-.v 

SOIL FERTILITY STUDIES tut^t^^v ^^^^w 

Nine fertilizer test plots were established, at least two in each 

treated field, between the fall of 1955 and the fall of 1958. 

Nutrients included in the trials were nitrogen, phosphorus, 

sulfur, and potassium. 

Different rates of application were used. Nitrogen rates varied 

from a low of 20 pounds per acre to a high of 130 pounds per 

acre; phosphorus from 25 to 170 pounds; sulfur from 60 to 150; 

and potassium rotes were consistent at 146 pounds per acre. 

For testing individual nutrients, urea was used as a source of 

nitrogen, treble superphosphate as a source of phosphorus, 

gypsum as a source of sulfur, and potassium chloride as a source 

of potash. In addition, several other commercial fertilizers 

were applied in test strips. 

Nitrogen was the element consistently responsible for increased 

forage production of nonleguminous species. Phosphorus pro­

duced very little response when applied alone but increased 

production when applied in combination with nitrogen. The 

nitrogen-phosphorus combinations stimulated forage growth more 

than did either element alone, although treatments were not 

made on pure clover stands. No responses to sulfur or potassium 

were observed or measured. 

The economics of range fertilization were not a major objective 

of the Backbone Study. Even though economic data on fertiliza­

tion were not obtained, such information would be highly 

desirable. 

rZ \h 

VEGETATIVE COVER ^ 

Measurements of vegetative cover were made at different times 

through the use of 12 permanent transects in each field, a total 

of 48 transects. Measurements were taken along the same 

transects each time by the point-step method. 
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T h e m u c h g r e a t e r g r o s s r e t u r n s f rom t r e a t m e n t w e r e e x p e c t e d . 

S i n c e c o s t s of t h e d i f f e r e n t t r e a t m e n t s v a r i e d , i t w a s n e c e s s a r y 

t o d e d u c t per a c r e c o s t s of t r e a t m e n t f r o m t h e i n c r e a s e i n g r o s s 

r e t u r n s t o d e t e r m i n e t h e g a i n or l oss f rom t r e a t m e n t in d o l l a r s 

a n d c e n t s . 

GAIN OR LOSS FROM T R E A T M E N T P E R A C R E 

Burned 
Standing 

Crushed 
8. 

Burned 

Bulldozed 
8. 

Windrowed 

Gross return from 
treatment $19.98 $21.69 $24.26 

Total cost of 
treatment $13.66 $21.44 $36.29 

Gain or loss $ 6.32 $ .25 -$12.03 

B u r n i n g s t a n d i n g b r u s h p r o v e d t o be t h e mos t p r o f i t a b l e t r e a t ­

men t d u r i n g t h e s t u d y , r e s u l t i n g in p r o d u c t i o n i n c r e a s e s g r e a t 

e n o u g h t o pay o f f a l l c o s t s o f t r e a t m e n t in l e s s t h a n t h r e e 

g r a z i n g s e a s o n s . M e c h a n i c a l c l e a r a n c e w a s no t p r o f i t a b l e , b u t 

w o u l d h a v e p a i d o f f t h e c o s t s in t w o more g r a z i n g s e a s o n s o f 

a v e r a g e p r o d u c t i o n . B u r n i n g c r u s h e d b r u s h r e p a i d a l l c o s t s 

a l m o s t e x a c t l y i n t h e fou r g raz ing seasons . 

T h e r e t u r n per g r a z i n g y e a r w a s 37 p e r c e n t for s t a n d i n g , 2 5 pe r ­

c e n t f o r c r u s h e d , a n d 17 p e r c e n t for b u l l d o z i n g . 
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R E T U R N S 

G r o s s r e t u r n s per a c r e are f i g u r e d on t h e b a s i s o f c a t t l e g a i n s 

h a v i n g a v a l u e o f 2 3 c e n t s per p o u n d . 

G R O S S R E T U R N S P E R A C R E 

Crushed Bul ldozed 
Burned & 8. 

Year Standing Burned Wi ndrowed Control 
1957 $ 7.87 $ 7.77 $ 9.61 $2.53 
1958 7.59 7.59 8.00 1.98 
1960 8.00 6.85 8.12 1.89 
1963 4.62 7.58 6.62 1.70 

Tota ls $28.08 $29.79 $32.36 $8.10 

Per year $ 7.02 $ 7.45 $ 8.09 $2.03 

T h e i n c r e a s e s in r e t u r n s due t o t r e a t m e n t w e r e d e t e r m i n e d by 

s u b t r a c t i n g t h e g r o s s r e t u r n s o f t h e c o n t r o l f i e l d f r o m t h e g r o s s 

r e t u r n s o f the t r e a t e d f i e l d s . 

GROSS R E T U R N S FROM T R E A T M E N T P E R A C R E 

Crushed Bulldozed 
Burned & 8. 

Year Standing Burned Windrowed 

1957 $ 5.34 $ 5.24 $ 7.08 
1958 5.61 5.61 6.02 
1960 6.11 4.96 6.23 
1963 2.92 5.88 4.92 

Tota ls $19.98 $21.69 $24.26 

Per year $ 5.00 $ 5.42 $ 6.06 
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Same general area after being bulldozed to remove brush. 

to 

J, 

One day after control burning of standing brush. 
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