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some ranchers in these areas are 
calving later in spring. This 
practice enables them to obtain 
a higher weaned-calf crop than 
earlier calving and to have sala- 
able calves for the higher calf 
prices in February and March. 
Budget 6 summarizes costs and 
income for late spring calving 
on the sample model ranch. The 
net income of $2,244.00 fn Budget 
6 compares favorably with Budg- 
ets 1 and 4 and greatly exceeds 
Budgets 2 and 3. 

Conclusions 
Under the conditions imposed 

in the model ranch of this study, 
fall calving offers an economic 
advantage to early spring calv- 
ing. The advantages of fall calv- 
ing include: (1) lower death 
losses leading to higher percent- 
age weaned calves, (2) higher 
prices for spring marketed 
calves, (3) closer correlation be- 
tween season of green feed and 
the calves’ ability to utilize for- 
age, (4) the possibility of in- 
creasing brood cow numbers on 
public summer ranges, and (5) 
the opportunity to use artificial 
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Highlight 
A single harvesting of as much as 

60% of current herbage af any stage 
of seedling development did nof sig- 
nificanily depress roof and herbage 
production of cane bluesfern plants 
grown in a greenhouse. Ninety per- 
cent removal was detrimental fo sub- 
sequent roof and herbage growth. 

The major objective of range 
management is to obtain maxi- 
mum sustained animal produc- 
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insemination procedures. Late 
spring calving, followed by win- 
ter marketing, offers a second 
alternative which may be more 
profitable than early spring calv- 
ing. 

Marketing flexibility is highly 
dependent upon available graz- 
ing. In any given year the out- 
look for heavier-weight calves 
for summer or fall sale may be 
more favorable than for lighter 
weight calves in spring (Miller, 
1963). The rancher who fall 
calves has additional flexibility 
because he can hold his calves 
for the possibility of more favor- 
able prices, thus adding the op- 
tion of a cow-yearling operation. 

A natural way to shift to fall 
calving would be to breed re- 
placement heifers and some cows 
to calve in the fall. In five suc- 
cessive years following such a 
practice the entire herd could 
be shifted. In this way the 
rancher can test the advantages 
and disadvantages of fall calv- 
ing without committing the en- 
tire herd. In essence, he may 
practice split calving for about 

iJ+ 

tion consistent with perpetuation 
of the natural resources. It is im- 
portant, then, to know the de- 
gree to which plants can be 
grazed without permanent in- 
jury. Little is known in this re- 
gard concerning seedling grasses. 
Criteria are needed for judging 
the grazing readiness of grass 
seedlings, especially those which 
can be related to stages of plant 
development that can be identi- 
fied in the field. The research re- 
ported here sought to identify 
and relate such stages to the ef- 
fects of herbage removal on sub- 
sequent root and shoot develop- 
ment. 

Review of Literature 
A number of related studies 

have been conducted to deter- 
mine the effects of removing 
shoots from grass plants on the 
subsequent growth of roots. Most 

five years, which may in the end 
turn out to be a better method 
of operation for him than either 
spring or fall calving. 

All the public land policy im- 
plications imposed by fall calv- 
ing have not yet been deter- 
mined. However, public land ad- 
ministrators should welcome the 
opportunity to decrease the graz- 
ing pressure on ranges which 
have traditionally been over- 
stocked. 
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of these studies showed that 
cropping (clipping or grazing) 
will reduce subsequent plant 
growth, especially root growth, 
if the cropping is either frequent 
or excessive. The initial response 
to grazing or clipping is the in- 
terruption of root elongation 
(Parker and Sampson, 1931; 
Crider, 1955). Continued defolia- 
tion reduces the number and 
depth of penetration of grass 
roots (Jacques, 1937; Albertson 
et al., 1953; Ruby and Young, 
1953; Cook et al., 1958). The 
amount of reduction is directly 
related to the intensity and fre- 
quency of defoliation (Graber, 
1931; Thaine and Heinrichs, 1951; 
Albertson et al., 1953; Thaine, 
1954). 

According to Crider (1955), a 
single clipping that removed 
most of the foliage caused roots 
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to stop growing for periods rang- 
ing from 6 to 18 days. When these 
clippings were repeated period- 
ically, as in a system of rotation 
grazing, root growth of all 
grasses stopped for periods that 
ranged from 25 to 45 days during 
the growing season. The percent- 
age of roots with interrupted 
growth was proportional to the 
amount of the foliage which was 
removed. Schuster (1964) found 
that, in general, the reduction in 
root systems of individual forage 
species on ponderosa-pine- 
bunch-grass ranges was propor- 
tional to the amount of use. 
Heavily grazed plants had roots 
with progressively fewer, more 
sparse and shorter branches. 

The effects of clipping fre- 
quency on development of seed- 
ling grasses was reported by 
Robertson (1933) and by Thaine 
and Heinrichs (1951). Robertson 
found that clipping reduced the 
growth of both roots and shoots 
in seedlings of Bouteloua graci- 
lis, Bromus inermis, Sorghum 
sudanensis (Robertson’s Holcus 
sorghum sudanensis), Koeleria 
cristata, Poa pratensis and Stipa 
spartea. Of these, Koeleria cris- 
tata was least affected. He con- 
cluded that removal of the aerial 
parts of grass seedlings has an 
immediate injurious effect which 
was manifested both above and 
below ground; and that the ex- 
tent of injury depended largely 
upon the nature of the species 
and frequency of the treatment. 
Thaine and Heinrichs showed 
that the total yield of roots on 
Russian w i 1 d r y e (Elymus 
junceus Fisch.) declined progres- 
sively as the number of clippings 
increased. 

Procedure 

The study was divided into 
two parts. First, the ontogenetic 
expressions were determined for 
plants of cane bluestem, Andro- 
pogon barbinodis Lag., grown 
from seed. Second, the clipping 
studies were correlated with des- 
ignated stages of plant develop- 
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ment as expressed morphologi- 
cally. 

In the second phase, cane blue- 
stem plants were grown in a 
greenhouse during the spring 
and early summer of 1965. This 
phase pertained to various clip- 
ping intensities within the pre-, 
4-, 8-, and la-tiller stages which 
were clipped to remove 30, 60, 
or 90% of the above-ground 
herbage. Data were subjected to 
an analysis of variance for a 
completely randomized d es i g n 
with 10 replications for each 
treatment. An additional 10 
plants were allowed to reach 
maturity with no clipping. An- 
thesis of the inflorescence of the 
primary culm was used as the 
criterion for maturity. The con- 
trol plants were purposely con- 
founded and could not be in- 
cluded in the analysis of variance 
of the clipped plants. Mean com- 
parisons of the clipped and un- 
clipped plants were subjected to 
the Student’s “t” analysis. 

The various intensities of crop- 
ping were designed to remove as- 
signed percentages of foliage 
(leaf and stem) weight, and are 
referred to as degree of use, per- 
cent use, or utilization. The stub- 
ble height corresponding to each 
degree of use was determined 
from height-weight clipping stu- 
dies on five additional plants 
grown to the designated stage 
of development. 

Each plant except the control 
was clipped to the designated 
stubble height and was not 
clipped again. Data collected at 
the time of clipping included 
oven-dry weight of clipped leaves 
and culms, number of tillers, 
length of plants, and number of 
nodes and leaves on the princi- 
pal culm. The roots and all above 
ground vegetative mater’ial were 
harvested for all plants at ma- 
turity of the control plants. 

In both phases, the plants were 
grown in one-gallon cans filled 
with a potting mixture consist- 
ing of equal parts of sand, peat 
moss, and perlite. Each can was 
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FIG. 1. Koot and herbage production of 
cane hluestem plants from seedling 
cmergencc to maturity. 

planted with several caryopses. 
The emergent plants in all pots 
were selected for uniformity, 
and each pot was thinned to 
leave one seedling. The pots 
were watered equally with a 20% 
solution of 10-52-17 fertilizer. 
The harvested plant material 
was dried for 8 hr in a forced- 
draft oven at 60 C prior to 
weighing. 

Resulh and Discussion 

The first phase of the study 
revealed that the seminal root 
grew rapidly until three leaves 
were unfolded. Beginning at this 
time, the increase in root weight 
was very slow until the plant 
had 12 leaves, after which the 
initiation and extension of roots 
proceeded very rapidly. The first 
tiller buds at the base of the 
main stem were not evident ex- 
ternally until nine leaves had 
unfolded. The number of second- 
ary stems increased rapidly, and 
their development generally pro- 
ceeded concurrently with the 
rapid increase in root production 
(Fig. 1). It would seem that any 

reduction in photosynthetic 
tissue prior to the time second- 
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8 hr. 

ary culms were produced would 
be harmful to the plant. 

The effect of clipping on sub- 
sequent root production varied 
with the intensity of the clipping 
and the stage of development at 
which the clipping was done 
(Table 1) . An analysis of vari- 

ance of the clipped plants re- 
vealed a significant difference 
at the .05 level in root develop- 
ment due to intensity of use, 
regardless of the stage of de- 
velopment . 

The analysis indicated a de- 
cline in root production with 
successively greater intensities 
of use. However, when the 
amount of root production from 
plants clipped to different inten- 
sities of use were compared with 
the amount of roots produced by 
the unclipped plants, only the 
90% degree of use significantly 
reduced root growth (Table 2). 

Light use appeared to stimu- 
late root production as compared 
to no use, but this could not be 
demonstrated statistically. Aver- 
age root production for the con- 
trol plants was 0.95 g greater 
than that of 90% use; 0.38 g 
greater than 60% use; and 0.12 g 
less than 30% use. 

Herbage production from 

Table 2. Comparison of mean values 
(g) befween control and differenf 
clipping infensifies as fo fheir ef- 
fecf on roof and herbage develop- 
menf (all dafes). 

Development 
and Clipping intensity, % 

Treatment 30 60 90 

Roots 
Control 0.12 - 0.38 - o*glj::’ 

30% - - - 1.07” 
60% - - - 0.57” 

Herbage 
Control 1.79 , 0.23 - 5.18” 

30% - - 1.56 - 6.97” 
60% - -- - 5.41* 

* Significant difference at 95% prob- 
ability level. 

plants subjected to varying de- 
grees of use followed the same 
pattern as root production 
(Table 1). Although the light de- 
gree of use appeared to stimulate 
herbage production, only the 
plants which were clipped most 
severely differed significantly 
from the unclipped plants in 
yield of herbage (Table 2). 

Even though an interaction 
between intensity and tiller 
stage could not be statistically 
demonstrated, it appeared that 
90% use at the 8-tiller stage de- 
pressed the yields of both root 
and herbage more severely than 

Table 1. Characferisfics of cane bluesfem plank harvested by clipping af 
different intensifies af various sfages of seedling developmeni and 
compared to unclipped plank. 

Days Number Herbage Root 
Tiller between Percent of weight weight, 
Stage Clippings removal tillers grams1 grams 

PRETILLER 0 90 13.6 12.01 2.13 
60 14.8 16.99 2.65 
30 14.3 15.74 2.74 

4 11 90 15.4 11.41 2.34 
60 16.8 15.57 2.52 
30 15.7 18.28 3.29 

8 11 90 15.4 11.41 2.34 
60 16.8 15.57 2.52 
30 13.6 16.69 3.17 

12 13 90 16.4 9.99 2.00 
60 14.8 13.50 2.22 
30 17.7 17.69 2.98 

CONTROL 16 0 14.0 15.34 2.93 -____- 
1 Sum of weight of above ground vegetative material removed at matura- 

tion plus weight of material removed at clipping. Oven-dried at 60 C for 

clipping at any other stage of de- 
velopment (Table 1) . This may 
be related to the ontogenetic de- 
velopment of seedlings. Root 
and shoot development were 
slow until 3 or 4 tillers were 
initiated (Fig. 1). Development 
of both was concurrent and rapid 
after this stage. Therefore, exces- 
sive removal of photosynthetic 
material during this period could 
have a very adverse affect on 
subsequent development. The 
effects of herbage removal prior 
to this stage could be offset with 
sufficient time to recover and re- 
moval after this stage could be 
partially offset with greater root 
and herbage development prior 
to clipping. 

This study has shown that if 
further development of grass 
roots is interrupted for 6 to 18 
days, as recorded by Crider 
(1955)) this interruption is not 

reflected in total production 
after post-harvest intervals rang- 
ing up to 51 days except with re- 
moval of 90% of the herbage. 
Both Robertson (1933) and 
Thaine and Heinrichs (1951) 
demonstrated that repeated har- 
vesting of seedlings was detri- 
mental. The results from this 
study indicate that seedlings can 
be harvested judiciously the first 
year without damage, provided 
the harvesting is neither exces- 
sive nor prolonged. 

This study has shown that as 
much as 60% of the herbage can 
be removed from new plants at 
any stage of development with- 
out depressing the production of 
either roots or herbage. Although 
it was not demonstrated conclu- 
sively, there was some indication 
that a single harvesting of 30% 
of the herbage might stimulate 
subsequent growth. 

Summary and Conclusions 
The effects of removing 30, 60, 

and 90% of the herbage at sev- 
eral stages of development (pre- 
tiller, 4-tiller, 8-tiller, and 12- 
tiller stage) was studied using 
first-year plants of cane blue- 
stem. Subsequent growth of both 
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roots and shoots were compared 
with production from undis- 
turbed plants under greenhouse 
conditions. 

It 
1. 

2. 

was concluded that: 
Removal of 90% of the cur- 
rent herbage at any stage of 
plant development was de- 
trimental to further root 
and herbage growth. 
Removal of as much as 30 
and 60% of the current 
herbage at any stage of 
plant development was not 
detrimental to subsequent 
root and herbage produc- 
tion when compared with 
yields from unclipped 
plants. T1 prom this study, the effects of 

herbage removal on first-year 
plants of cane bluestem are re- 
lated to the degree of utilization, 
but show no definite correlation 
with the stage of development. 

This study was conducted in a 
greenhouse under more or less 
optimum growing conditions. 

Further testing under field con- 
ditions may introduce considera- 
tions not evident here. Neverthe- 
less, it demonstrated that, under 
the conditions specified, first- 
year plants of cane bluestem 
could withstand herbage re- 
moval of as much as 60% at very 
early stages of seedling develop- 
ment as well as later without 
undue harm to the plant and 
subsequent growth. 
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Highlight 
The germination behavior af alfer- 

nafing temperatures of range plants 
suitable for seeding semi-arid range 
was consistent with their behaviour 
ai the fixed temperatures of the al- 
ternation cycle, but not with 
weighted mean daily iemperafure. 
Unfavorable temperatures produced 
a greater reiardation of germination 
than would be expected from their 
relative influence on the weighted 
mean. Alternating temperatures did 
noi stimulate germinafion in the spe- 
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ties studied. These data support 
conclusions from previous work re- 
garding low seedbed temperatures as 
a factor in. fhe failure of semi-arid 
range seeding operations. 

Jn the first part of this investi- 
gation (Ellern and Tadmor, 1966; 
hereafter referred to as part I), 
germination behaviour of pas- 
ture plants at fixed tempera- 
tures under laboratory condi- 
tions was interpreted in the light 
of soil temperatures recorded in 
the field. 

In the semi-arid Negev, di- 
urnal temperature fluctuations 
in the seedbed zone of shallow 
seeded range plants normally 
reach an amplitude of about 20C 
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on bright dry days and about 
1OC during cloudy and rainy pe- 
riods (Tadmor et al., 1964). The 
bluegrasses (Pea spp.) , orchard- 
grass (Dactylis glomerata L.), 
Bermuda grass (Cynodon dacty- 
Zen L.) and others have been 
shown to respond to such fluc- 
tuations and to germinate only 
or better at alternating tempera- 
tures (Harrington, 1923; Mo- 
rinaga, 1926; Lehmann and 
Aichele, 1931). The question 
therefore arose whether the spe- 
cies investigated also respond in 
this way; whether their germi- 
nation at alternating tempera- 
tures is consistent with that at 
fixed temperatures; to what ex- 
tent germination is a function of 
hour-degrees and how it is af- 
fected by the amplitude between 
temperature extremes. Investi- 
gations at fixed temperatures 
only might be insufficient to ex- 
plain plant establishment in the 
field. 


