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Highlight 

Representative plants of eight des- 
ert species were defoliated at four 
phenological stages. These species 
used varying amounts of carbohydrate 
for regrowth; however, carbohydrate 
use and storage varied widely among 
phenological stages within species. 
There was a direct relationship be- 
tween average total carbohydrate levels 
in the autumn and the amount of re- 
growth after defoliation. The carbo- 
hydrate reserve level in the autumn ap- 
pears to be a good indicator of defolia- 
tion effects during the preceding 
growing season. 

Efectos de Defoliation (Pastoreo) 
sobre las Reservas de Carbohidratos 

en Algunas Especies Deserticas. 

Resumen3 

El manejo de pastizales requiere mas 
conocimientos sobre las respuestas fisio- 
16gicas de las plantas despues de1 
pastoreo. El estudio se llev6 a cabo 
para determinar la influencia de la de- 
foliacii>n sobre las reservas de carbohi- 
dratos en las yemas basales y las raices. 

l This was a cooperative project be- 
tween Utah State University and the 
Bureau of Land Management. Utah 
Agriculture Experiment Station jour- 
nal paper 1116. Received October 
30, 1970. 

2 Now Assistant Professor and Head of 
the Department of Range Science at 
Colorado State University, respec- 
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3 Por Donald L. Huss y Benjemin L6- 
pez, Dep. de Zootecnia, I.T.E.S.M., 
Monterrey, Mdxico. 

Se incluyeron cinco plantas arbustivas y 
dos gramineas defoliadas durante las 
dpocas de primavera temprana, prima- 
vera tarde, floraci6n y antes de1 letargo. 
Habia diferentes respuestas entre es- 
pecies y gpocas de defoNliaci6n. Sin 
embargo, habia una relaci6n directa 
entre la cantidad de carbohidratos al- 
macenados en otoiio y la cantidad de 
recrecimiento despuds de la defolia- 
ci6n. Plantas defoliadas durante las 
kpocas de primavera temprana y flora- 
ci6n tuvieron menos carbohidratos de- 
bido al menor tiempo para recrecer 
entre la defoliacibn y letargo. La canti- 
dad de carbohidratos en reserva influye 
en la producci6n de forraje en el 
Segundo afio. 

Future rangeland management 
will require more basic knowledge 
about the physiological responses 
of plants to foliage removal. A 
thorough knowledge of carbohy- 
drate synthesis, translocation, utili- 
zation, and storage as influenced 
by various ecological parameters is 
valuable in determining when and 
to what extent plants may be uti- 
lized for optimum productivity with 
minimum damage to the plant re- 
source. The depletion of carbohy- 
drate reserves is believed to be a 
primary factor for loss in plant 
vigor and subsequent range deteri- 
oration. 

Since plant vigor may be closely 
associated with carbohydrate re- 
serves, it is worthwhile to determine 
the phenological growth stage in 
which forage species can withstand 
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defoliation without severe reserve 
depletion. Therefore, this study 
was conducted on typical salt-desert 
shrub species to determine carbo- 
hydrate reserve depletion and stor- 
age after defoliation at. four pheno- 
logical growth stages. The species 
studied were: big sagebrush (Ar- 
temisia trident&z), black sagebrush 
(Artemisia arbuscula var. nova), 
shadscale (Atriplex confertifolia), 
Nuttall saltbush (Atriplex fukata), 
winterfat (Eurotia lanata), Indian 
ricegrass (Oryxopsis hymenoides), 
needle-and-thread (St@ comata), 
and squirreltail (Sitanion hystrix). 

Experimental Area and Procedure 

Plant samples were collected 
from three locations in north- 
western Utah from 1967 to 1969. 
The climate in the study areas is 
semi-arid with warm, dry summers 
and cold winters. Average yearly 
precipitation at the study areas 
was slightly greater during 1967 and 
1968 and slightly less than the lo- 
year average of 2 1 cm in 1969. Site 
descriptions were given by Coyne 
and Cook (1970). Defoliated and 
control plants were located within 
the same exclosures as those utilized 
by Coyne (1969), except that a 
third replication in Rush Valley, 
Utah was added. 

Defoliations were made by 
clipping 90% of the plant’s current 
photosynthetic tissue. The first 
clipping was done during early 
spring, about April 1. Most desert 
species had produced only about 10 
percent of their anticipated annual 
growth based on weight. Squirreltail 
was somewhat more advanced and 
was in the second or third leaf stage. 
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of mature size. Root and crown 
samples from control plants were 
also taken at the same time. Still 
other defoliated and control plants 
were sampled in the autumn at 
quiescence. Plants which were de- 
foliated during quiescence in 1967 
and 1968 were not sampled until 
the following growing season and 
fall of 1968 and 1969, respectively. 

Root samples from woody species 
included those roots with diameters 
less than or equal to 8 mm. This 
excluded only the taproots and the 
larger lateral roots. Crown tissue of 
woody species was defined as the 
tissue between the first stem 
branches and the first concentra- 
tion of roots (Fig. 1). All the fi- 
brous r”“t systems of grasses (to a 
30 cm depth) were collected and 
the lower three to four cm of the 
culms were designated as crown tis- 
sue (Fig. 2). No attempt was made 
to separate live tissue from dead 
unless decay was obvious. 

Plant parts were briefly washed 
with water, placed into labeled pint 
jars, covered with 95% ethanol to 
reduce enzyme activity, and sealed 
tightly. Later in the laboratory, lids 
were removed from the jars and 
the samples were placed in a forcetl- 
draft, steam-heated dryer at 70 C. 
Approximately I-week was required 
to evaporate the ethanol and an 
additional week to dry the samples. 

Alter drying, the samples were 
ground to pass through a 40.mesh 
screen. Laboratory analyses were 
conducted to determine TAC as 
milligrams of available carboby- 
drates per gram of dry plant matter. 
TAC as defined by Weinmann 
(1947) and Smith et al. (1964) in- 
clude sugars, dextrins, starches and 
fructosans. Structural carbohy- 
drates such as pentosans, hcmi- 
cellulose, and cellulose were not 
included in the TAC fraction. No 
allowance was made for the water 
of hydrolysis from polysaccbarides 
in the calculations (Grotelueschen 
and Smith, 1967). 

Extraction of TAC from ~-gram 
samples of plant material was ac- 
complished by using 0.2 N sulfuric 
acid as described by Smith et al. 
(1964). These extracts were analyzed 

I’he second defoliation treatment 
occurred during late spring, about 
~May 10, when plant twigs and gmss 
culms were rapidly elongating, hut 
before the flowering stage. The 
flower heads of squirreltail, how- 
ever, were in the hoot stage at this 
time. It was estimated that about 
40 to 50% of anticipated total an- 
nual growth ot woody species and 
GO to 70% of anticipated total an- 
nual growth of the grasses had hcen 
produced. The third clipping was 
made about July 1 when most twig 
and culm elongation had ceased. 
Indian ricegrass, needle-and-thread, 
Nuttall salthush, and winterfat 
were in the fruit development stage. 
Seeds of squirreltail were dissemi- 
nating and plants were becoming 
semiquiescent during this period. 
The two sagebrush species were in 
the flower-bud stage. Approxi- 
mately 85 to 95% of anticipated 
total annual growth of all species 
had been produced. The last de- 
foliation treatment was made about 
November 12 when all plants were 
quiescent. 

Total available carhobydrates 
(TAC) were determined from root 
and crown samples of defoliated 
plants that had regrown about 20% 

on a glucose equivalent basis by 
using an iodometric titration de- 
veloped by Heinre and Murneck 
(1940) with modifications of rea- 
gents as suggested by the Associa- 
tion of Official Agriculture Chem- 
ists (1965). Standard curves were 
determined for each stock solution. 

Results and Discussion 
With the diversity of annual 

growing conditions during this 
study, yearly differences and dif- 
ferences among species in the 
amount of regrowth after defolia- 
tion until autumn frosts were sig- 
nificant (P < .05). Plants which 
were clipped when near maturity 
(about July 1) usually did not at- 
tain 20% regrowth before autumn 
collections were taken. The two 
sagebrush species usually had less 
regrowth after defoliation than the 
other species. Nuttall saltbush and 
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squirreltail produced more re- 
growth after defoliation than did 
the other species. 

Total Available Carbohydrates at the 
Time of Defoliation Treatments 

Numerous researchers have re- 
ported the annual cycling of carbo- 

Table 1. Average difference in total available carbohydrates (TAC) when 
content in defoliated plants was subtracted from the controls. These figures 
represent TAC in milligrams per gram of sample utilized in attaining 20 per- 
cent of mature size following defoliation of eight species during 1967, 1968, 
and 1969. 

Species Year 

Quiescence1 Early growth Rapid growth2 

Roots Crowns Roots Crowns Roots Crowns 

hydrate reserves in perennial phntS 

and found that they followed some- 
Big sagebrush 

what similar patterns (McCarty, 
1935; Throughton, 1957; Wein- 
mann, 196 1; Priestly, 1962; Cook, 
1966; McConnell and Garrison, Black sagebrush 

1966; Donart, 1968; and Coyne and 
Cook, 1970). The low point in the 
reserve cycle normally occurs after 
initial spring growth and the maxi- Shadscale 

mum occurs at or near maturity. 
Significant differences (P < .05) 

in TAC concentrations between 
roots and crowns were evident for Nuttall saltbush 
all species except squirreltail which 
had similar TAC concentrations in 
both roots and crowns. Carbohy- 
drate reserves in roots of all browse Winterfat 
and suffrutescent species exceeded 
crown reserves; but crowns of In- 
dian ricegrass and needle-and- 
thread contained larger TAC con- 
centrations than roots. The roots of 

Indian ricegrass 

all sampled species usually had a 
larger increase than crowns in TAC 
storage following initial draw-down 
during early spring growth. 

Needle-and-thread 

In a previous study by Coyne and 
Cook (1970), carbohydrate reserves 
from all plants studied were gen- 
erally lowest during the spring Squirreltail 

when plants were making most 
rapid growth (about May 10) and 

1967 - - 
1968 32 6 
1969 4 1 
*vg 18 4 

1967 - - 
1968 18 2 
1969 8 0 
*Y? 13 1 

1967 - - 
1968 21 4 
1969 10 8 
A% 16 6 

1967 - - 
1968 -26 -13 
1969 14 8 
A% -6 -2 

1967 - - 
1968 26 6 
1969 14 -1 
A% 20 2 

1967 - - 
1968 1 3 
1969 0 8 
*ve; 0 6 

1967 - - 
1968 0 8 
1969 -10 -5 
A% -5 1 

1967 - - 
1968 -6 8 
1969 12 27 
f% 3 18 

16 -3 
24 -1 
17 3 
19 0 

20 7 
16 0 
2 3 

13 3 

-1 0 
15 5 
4 11 
6 5 

-2 -3 
-14 -10 

28 15 
4 1 

14 5 
22 3 

1 8 
12 5 

5 3 
-1 8 
-7 29 
-1 13 

1 -6 
2 16 

-3 9 
0 6 

24 17 
14 26 
43 72 
27 38 

20 3 
8 -3 

- - 
14 0 

20 8 
26 4 
- - 
23 6 

16 15 
30 16 
- - 
23 16 

20 8 . . 
13 0 
- - 
16 4 

16 5 
18 4 
- - 
17 4 

0 
10 
- 

5 

-1 
22 
- 
10 

7 14 
4 21 

- - 
6 18 

34 41 
26 44 
- - 
30 42 

were highest during quiescence in 
the fall. In general, most species 

1 Only two years of data were available for the quiescence defoliation treatment. 
2 Plants defoliated during rapid growth in the dry summer of 1969 seldom attained 20 

had about 60% as much TAC con- 
centration in the storage organs 
during early maturity (about July 

percent regrowth before-fall-quiescence. 

Sprague and Sullivan, 1950; Reyn- 
olds and Smith, 1962; Smith, 1962; 
Wolf et al., 1962; Jameson, 1963; 
Everson, 1966; Donart and Cook, 
1970). In the present study, reduced 
carbohydrate reserve levels in defo- 
liated plants were assumed to be the 
result of continued respiration, re- 
duction in photosynthesis, and the 
use of reserves in producing re- 
growth (Table 1). Negative values 
in Table 1 indicate that the control 
plants utilized more TAC in growth 

and respiration than the defoliated 
plants used in respiration and pro- 
duction of 20% regrowth. 

1) as at quiescence in the autumn. 
Squirreltail was the exception and 
had stored considerable reserves 
during semiquiescence in July. 

Total Available Carbohydrates 
Utilized in Producing Regrowth after 

Defoliation 

Several researchers have found 
carbohydrate reserves were lower in 
plants after defoliation as compared 
to control plants (Weinmann, 1943; 

Since defoliation treatments were 
not initiated until the spring of 
1967, only data for Z-years are avail- 
able for plants defoliated during 
quiescence in the autumn of 1967 
and 1968. Since plants clipped 
when near maturity (about July 1) 
during any year seldom attained 
20% regrowth before fall quies- 
cence, data from this treatment 
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were not considered in any of the 
analyses. 

Shadscale, Nuttall saltbush, and 
squirreltail utilized differing 
amounts (P < .05) of TAC for re- 
growth during the 3-years of study 
(Table 1). Nuttall saltbush and 
squirreltail utilized significantly 
more (P < .05) TAC in producing 
regrowth in 1969 than in 1968. 
Yearly differences in the amounts 
of TAC reserves utilized by the 
other five species were not statisti- 
cally significant. 

There were marked differences 
(P < .05) among the eight clipped 
species in the amounts of TAC re- 
serves used to produce 20% re- 
growth. Squirreltail utilized signifi- 
cantly more (P < .05) TAC reserves 
for regrowth than did the other 
seven species. Squirreltail utilized 
approximately 28 mg TAC/g of 
sample for regrowth; whereas, all 
other species except Nuttall salt- 
bush utilized from 0 to 23 mg 
TAC/g of sample in producing re- 
growth after defoliation (Table 1). 
Control plants of Nuttall saltbush 
often used more reserves for growth 
than defoliated plants used for re- 
growth. 

There were small differences in 
amounts of TAC utilized in produc- 
ing re<growth after any one defolia- 
tion (Table 1). Nuttall saltbush, 
needle-and-thread and squirreltail 
appeared to use more reserves when 
plants were defoliated during the 
early spring. Growth rates for 
spring-clipped plants were generally 
high during the favorable spring 
months. Higher respiration rates 
also could have contributed to 
<greater reductions in TAC reserves 
during this period. 

Shadscale withdrew more TAC 
for re<growth in 1967 and 1968 
when defoliated during late spring 
growth in May than when defoli- 
ated during early growth in April 
(Table 1). Sq uirreltail had greater 
TAC drawdown after being defoli- 
ated during early spring growth 
than during quiescence in 1968 and 
1969. These and other observed dif- 
ferences contributed to the signifi- 
cant (P < .05) year by species and 
treatment by species interactions. 

Significant differences (P < .05) 
were evident in the amount of TAC 
reserves utilized from roots or 
crowns of the eight species. Root 
TAC reserves were utilized more 
(P < .05) than crown reserves for 
regrowth after defoliation treat- 
ments in big sagebrush, black sage- 
brush, and winterfat (Table 1). 
Crown TAC reserves, however, were 
utilized more (P < .05) than root 
reserves for regrowth in Indian rice- 
grass and squirreltail. 

The use of reserves from various 
storage organs among years did not 
appear to be consistent. Shadscale 
root reserves were utilized about 
three times as heavily as crown re- 
serves in producing regrowth after 
defoliation treatments in 1968 
(Table 1). More use was made of 
crown TAC reserves than root re- 
serves for regrowth in 1969. The 
reason for this differential usage 
from reserve organs is not known 
unless TAC was translocated from 
one storage area to another. 

Carbohydrate Reserves in the Autumn 
as Affected by Earlier Defoliation 

Treatments 
As stated previously, defoliation 

during various phenological stages 
causes the use of varying amounts 
of carbohydrate reserves for re- 
growth and respiration. The re- 
serves used, however, may not be 
replenished unless the plant has an 
opportunity to regrow and mature 
after defoliation. Thus, insufficient 
carbohydrate reserves in the au- 
tumn may become a critical factor 
in the over-wintering of plants and 
subsequent growth the next spring. 
Therefore, critical stages in the 
annual developmental cycle and 
carbohydrate reserve cycle in the 
eight desert species studied may be 
delineated by determining carbo- 
hydrate reserve levels in both de- 
foliated and control plants during 
autumn quiescence. 

Both root and crown samples 
from plants from each defoliation 
treatment and from control plants 
were collected during the autumn 
of each year for TAC analyses 
(Table 2). The carbohydrate re- 
serve storage in the autumn after 

defoliation treatments was signifi- 
cantly (P < .Ol) different among the 
eight species. In general, the more 
regrowth attained in the current 
growing season by a species after 
defoliation, the greater was the car- 
bohydrate reserve storage by fall. 

Autumn reserve storage usually 
decreased as the time between de- 
foliation treatment and normal qui- 
escence lessened. Plants which were 
defoliated during rapid growth 
(about May 10) or near maturity 
(about July 1) had little regrowth 
and consequently had little photo 
synthetic tissue present for carbo- 
hydrate synthesis during late sum- 
mer; whereas plants which were 
defoliated during quiescence (about 
November 12) the previous year, or 
during early growth (about April 1) 
had more regrowth and greater car- 
bohydrate storage by quiescence. 
Several researchers reported similar 
findings for other species (Sampson 
and McCarty, 1930; Laycock and 
Conrad, 1968; Robison and Mas- 
sengale, 1968). 

The analyses of data for individ- 
ual species indicated significant (P 
< .05) yearly differences in autumn 
TAC reserve storage for big sage- 
brush, black sagebrush, needle-and- 
thread, and squirreltail. Reserve 
storage in big sagebrush and black 
sagebrush was greatest following 
the unusually wet, late growing 
season in 1968. This indicated that 
dry ‘growing conditions experienced 
in 1969 reduced reserve storage in 
the two sagebrush species. This dif- 
fers from research findings of 
Brown and Blaser (1970). They 
found soluble carbohydrate concen- 
trations to be greater in orchard- 
grass (Dactylis glomerata) crowns 
when plants were grown under con- 
ditions of moisture stress. 

Although the same TAC storage 
trend in roots and crowns of both 
sagebrush species was evident, roots 
were considered to be better indi- 
cators of defoliation effects than 
crowns (Table 2). The significant 
differences (P < .05) between au- 
tumn reserves in plant parts among 
defoliation treatments for big sage- 
brush was probably caused by a 
larger decrease of TAC in the roots 
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Table 2. Average total available carbohydrates (TAC) (mg/g) reserves stored at the time of fall quiescence in the roots 
and crowns of eight desert species from five defoliation treatments. Samples were taken in the autumn of each year 
during 1967,1968, and 1969. 

Species Year 

Control Quiescence1 Early growth Rapid growth Near maturity 

Roots Crowns Roots Crowns Roots Crowns Roots Crowns Roots Crowns 

Big sagebrush 

Black sagebrush 

Shadscale 

Nuttall saltbush 

Winterfat 

Indian ricegrass 

Needle-and-thread 

Squirreltail 

1967 65 38 - - 
1968 63 30 47 28 
1969 53 29 39 22 
Av?? 60 32 43 25 

1967 47 26 - - 
1968 50 29 49 25 
1969 42 26 48 23 
A% 46 27 48 24 

1967 118 70 - - 
1968 112 58 74 62 
1969 103 57 98 49 
A% 111 62 86 56 

1967 174 91 - - 
1968 173 109 165 86 
1969 155 94 152 88 
A% 168 98 158 87 

1967 72 56 - - 
1968 77 56 66 50 
1969 88 60 66 53 
A% 79 57 66 52 

1967 44 80 - - 
1968 38 74 34 59 
1969 47 78 50 68 
A% 43 77 42 64 

1967 52 62 
1968 44 68 
1969 39 58 
A% 45 63 

- - 
40 45 
45 50 
42 47 

1967 131 109 - - 
1968 112 102 103 84 
1969 116 80 84 88 
A% 120 97 94 86 

52 29 45 28 26 18 
47 30 44 26 47 30 
48 26 38 25 35 20 
49 28 42 26 36 23 

41 25 36 26 23 20 
45 26 43 28 48 26 
43 27 30 22 40 25 
43 26 36 25 37 24 

91 58 77 51 48 48 
86 47 92 59 63 41 

100 58 61 44 72 55 
92 54 77 52 61 48 

163 107 180 112 139 97 
163 90 160 92 119 80 
158 89 150 84 122 83 
161 95 165 96 126 86 

77 55 68 51 49 50 
60 46 66 57 53 49 
62 53 56 51 60 50 
66 51 63 53 54 50 

41 67 41 52 28 39 
39 80 28 40 24 32 
44 62 28 45 25 46 
42 70 32 46 26 39 

46 64 47 57 33 42 
38 49 35 50 31 32 
38 37 30 36 27 40 
40 50 37 48 30 38 

123 115 126 84 104 76 
102 97 93 84 114 98 
61 59 84 62 90 60 
95 90 101 77 103 78 

1 Defoliation treatments were not initiated until the spring of 1967; therefore, no data were available for the quiescence defolia- 
tion treatment the first year of the study. 

than in the crowns after clipping 
(Fig. 3). Coyne (1969) believed that 
roots were more important storage 
organs than crowns in both big 
sagebrush and black sagebrush. 

Big sagebrush and black sage- 
brush had the lowest TAC reserve 
storage levels of any species studied 
(Table 2). These two species also 
had less regrowth following defolia- 
tion than did most other species 
studied. Therefore, sagebrush vigor 
may be related to the small concen- 
tration of TAC reserves that are 
available for regrowth following de- 
foliations. 

Significant differences among au- 
tumn TAC levels for plants from 
the various defoliation treatments 
could not be demonstrated for Nut- 
tall saltbush and squirreltail. How- 
ever, carbohydrate levels in control 
plants were usually slightly higher 
than TAC levels in defoliated 
plants (Table 2). Both Nuttall salt- 
bush and squirreltail had larger 
TAC reserves in the autumn after 
defoliation treatment than other 
species studied and usually had 
greater regrowth after defoliation 
treatments than did any of the 
other species. These two species 

had two growth cycles during the 
wet late-summer and early-fall of 
1968. Therefore, this study indi- 
cates that there may be a relation- 
ship between the level of TAC 
reserves stored by a plant species 
and the ability of the species to 
withstand defoliation or clipping 
treatments. Cook (197 1) indicated 
that these two species withstood 
clipping treatments at different sea- 
sons and intensities better than 
many desert species. 

Winterfat usually did not make 
good growth recovery following any 
defoliation treatment. Therefore, 



CARBOHYDRATE RESERVES 423 

70 

60 

50 

TAC 40 
(mg/g 1 

30 

cl ROOTS 

Izl CROWNS 
BIG SAGEBRUSH In the case of Indian ricegrass, 

CONTROL QUIESCENCE EARLY RAPID MATURITY 
GROWTH GROWTH 

DEFOLIATION TREATMENTS BY PHENOLOGICAL STAGE 

FIG. 3. Average total available carbohydrates (TAC) from the roots and crowns of 
big sagebrush in the fall from five defoliation treatments. The TAC levels represent 
an average for all locations for 1967, 1968, and 1969 in all treatments except the 
quiescence defoliations which were made only in 1968 and 1969. 

the inadequate quantity of photo- 
synthetic tissue produced by de- 
foliated plants apparently limited 
carbohydrate synthesis and storage 
in this species (Fig. 4). The TAC 
concentrations among all defoliated 
plants were significantly (P < .05) 
lower than controls. 

Defoliation effects on carbohy- 
drate reserve storage in shadscale 
were greater for plants which had 
been defoliated during rapid spring 
growth or near maturity. Autumn 
reserve storage was not significantly 
different from the control, quies- 
cence, and early spring growth 
defoliation treatments. However, 
TAC levels for shadscale were sig- 
nificantly higher (P < .05) in con- 
trol plants than in plants that were 
defoliated during late spring 
growth and near maturity (Table 
2). These differences were greater 
in TAC storage in roots than in the 
crowns. 

Autumn TAC reserve stores in 
both roots and crowns of Indian 
ricegrass (Fig. 5) and needle-and- 
thread were usually somewhat 
higher among control plants com- 
pared with defoliated plants. Ho~w- 
ever, TAC reserve storage in both 
species was significantly less (P < 
.05) when defoliations occurred dur- 
ing late spring growth or near ma- 
turity. Little regrowth was made in 

these grasses when they were defoli- 
ated during late spring growth or 
near maturity during flowering and 
seed development. Several research- 
ers have reported that carbohydrate 
reserve storage in gras#s species was 
not significantly affected by defolia- 
tion or grazing treatments if the de- 
foliation or grazing treatment were 
discontinued in time for substantial 
regrowth before fall quiescence 
(Sampson and McCarty, 1930; Mc- 
Carty and Price, 1942; Hyder and 
Sneva, 1963; Paulsen and Smith, 
1968). Such conclusions appeared 

80 

75 

70 

TAc 65 
hg/g) 

60 

- 
cl ROOTS 

lzi CROWNS 

CONTROL QUIESCENCE EARLY RAPID MATURITY 

to apply to Indian ricegrass and 
needle-and-thread in the present 
study, but not to squirreltail. 

TAC reserve storage in crowns was 
more affected by defoliation treat- 
ments than reserve storage in roots 
(Fig. 5). Coyne (1969) believed 
crowns to be more important than 
roots for TAC reserve storage in 
Indian ricegrass and needle-and- 
thread. Needle-and-thread crowns 
also contained the larger stores of 
carbohydrates than roots in the fall, 
but defoliation treatments affected 
both root and crown TAC reserve 
stores about the same (Table 2). 

Summary and Conclusions 

A study was conducted during 
1967, 1968, and 1969 in northwest- 
ern Utah to determine the effects 
of defoliations during four pheno- 
logical growth stages on carbohy- 
drate reserve utilization and storage 
in desert plants. Carbohydrate lev- 
els were determined from root and 
crown samples for eight species: 
big sagebrush, black sagebrush, 
shadscale, Nuttall saltbush, winter- 
fat, Indian ricegrass, needle-and- 
thread, and squirreltail. 

Ninety percent of the plant’s 
current photosynthetic tissue was 
removed by clippings during initial 
spring growth, late spring growth, 
near maturity, and fall quiescent 

WINTERFAT 

GROWTH GROWTH 
DEFOLIATION TREATMENTS BY PHENOLOGICAL STAGE 

FIG. 4. Average total available carbohydrates (TAC) from the roots and crowns of 
winterfat in the fall from five defoliation treatments. The TAC levels represent an 
average for all locations for 1967, 1968, and 1969 in all treatments except the quies- 
cence defoliations which were made only in 1968 and 1969. 
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GROWTH GROWTH 

DEFOLIATION TREATMENTS BY PHENOLOGICAL STAGE 
FIG. 5. Average total available carbohydrates (TAC) from the roots and crowns of 

Indian ricegrass in the fall from five defoliation treatments. The TAC levels repre- 
sent an average for all locations for 1967, 1968, and 1969 in all treatments except the 
quiescence defoliations which were made only in 1968 and 1969. 

phenological stages. Defoliated and 
control plants were excavated to a 
30 cm depth and root and crown 
samples were taken for total avail- 
able carbohydrate (TAC) analysis. 
Carbohydrate samples were taken 
during each of the three years at 
four harvesting periods; when de- 
foliated plants had attained about 
20% regrowth, and during the au- 
tumn when plants were quiescent. 

Carbohydrate utilization to pro 
duce approximately 20% regrowth 
following defoliation was measured 
by comparing control and defoli- 
ated plants. The quantity of reserve 
depletion varied widely among 
treatments and among species. 
Squirreltail showed marked deple- 
tion in TAC in nearly all treat- 
ments. Most species which had 
been defoliated during late spring 
growth and when plants ap- 
proached maturity had significantly 
smaller reserve stores than controls 
by fall quiescence. Species which 
made little regrowth after defolia- 
tion treatments had low fall TAC 
storage. 

Root TAC concentrations were 
usually more affected than crown 
TAC concentrations by defoliation 
treatments. This was true for all 
species studied except Indian rice- 
grass and needle-and-thread, in 
which crown TAC levels were usu- 
ally more affected than root TAC 
levels. 

Both Nuttall saltbush and squir- 
reltail had larger TAC reserves and 
usually had greater regrowth after 
defoliation treatments than did any 
of the other species studied. This 
indicated that a relationship may 
exist between the level of TAC 
reserves stored by a species and it’s 
ability to withstand grazing or de- 
foliation treatments. 

Little relationship existed be- 
tween the TAC level of a plant at 
the time of defoliation and the 
amount of carbohydrates used for 
regrowth. However, the concentra- 
tion of carbohydrates stored by fall 
quiescence following defoliation 
was markedly affected by the ability 
of the plant to regrow and complete 
its annual life cycle. There was a 
direct relationship between average 
TAC levels in the autumn and the 
amount of regrowth made after de- 
foliations. The TAC level of a 
species in the autumn appears to be 
a good indicator of treatment ef- 
fects during the preceding growing 
season. 
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Highlight 

Diets collected by use of esophageal fistulated steers and 
sheep on foothill range in southcentral New Mexico where 
compared botanically and chemically. Sheep diets were 
generally higher in forbs and lower in grass than cattle diets 
and contained more forbs than grass except during June, 
July and August. Important forbs in sheep diets were car- 
ruth sagewort, vervain, and globemallow. Cattle diets con- 
tained more grass than forbs in all periods except April, 
with blue grama the most important grass followed by 
sideoats grama, wolftail, and threeawns. Sheep diets were 
consistently higher in crude protein and ash content than 
cattle diets, but there were no significant differences in 
cell-wall constituents and in vitro dry matter disappearance 
among dates or between cattle and sheep diets. 

l Journal article 372, Agricultural Experiment Station, New 
Mexico State University, Las Cruces, New Mexico 88001. 
Received December 1, 1970. 

2 Present address: Texas A and M Experimental Ranch, 
Throckmorton, Texas. 
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La Composition Botanica y Quimica de las Dietas 
de1 Ganado Bovino y Ovino en una Pradera Tipo 

Pinyon- Juniper 

Resumen3 
Se llevo a cabo el estudio en el Estado de New Mexico, 

E.U.A. Las dietas de1 ganado ovino constituyeron en mas 
hierbas que gramineas con la exception de 10s meses de 
Junio, Julio y Agosto. Las m&s importantes hierbas fueron 
Artemisia curruthii, Verbena spp. y Sphaerulceu coccinea. 
Las dietas de1 ganado bovino constituyeron en mas grami- 
neas que hierbas con la exception de1 mes de Abril. La 
graminea mas importante fue Boutelouu grucilis. Boutelouu 
curtipendulu, Lycurus phleoides y Aristidu spp. fueron 
secundarias en importancia. Las dietas de1 ganado bovino 
tuvieron mas proteina cruda. No hubo diferencia en 10s 
contenidos de fibra cruda ni de la digestibilidad entre las 
dietas de1 ganado bovino y ovino. 

Common use or dual grazing by more than one 
class of livestock offers possibilities for increasing 
livestock production without increasing land areas. 
Such practices are becoming increasingly more im- 
portant as production costs increase and opportuni- 
ties for acquiring additional land decrease. 

Some rangelands are better suited for grazing by 
one class of livestock than another, but many ranges 
may be better utilized by cattle and sheep grazing 
together (Cook, 1954; Smith, 1965; Stoddart and 
Smith, 1955). Rangelands with diverse topography 
and vegetation are more suitable for dual use by 
sheep and cattle than for single species use (Cook, 
1954; Merrill et al., 1966; Merrill and Young, 1954; 

3 Por Donald L. Huss y Benjamin Lopez, Dep. de Zootecnia, 
I.T.E.S.M., Monterrey, Mexico. 


