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The impact of sand-laden winds seems to be the
main factor in reducing
growth rates on northwestern exposures
as well as on the tops. The
direct impact of desiccating winds not only blows
off top soil but also results in quicker loss of moisture conserved in sand dunes. Under desert conditions of Thal even a little loss of moisture may
make a great difference.
That
is why eastern
exposures are relatively
safer and better sites for
height growth of ber.
The study of four different
competition
levels
suggests moisture to be a critical factor. The massive root system of old clumps of fitsain seem to
use most of the moisture.
New tufts even planted
within 5-ft radius of tube plant did not offer as
much competition
for moisture
as the old wellHowever, the lowest competiestablished clumps.
tion level represented
by complete removal of old
clumps and no new tufts within 5-ft radius gave
the maximum
height growth of ber.
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Where sand dunes are active, sowings of grasses
may not be successful.
Alternative
practices
of
surface stabilization
may be too costly to apply
over extensive desert ranges of Pakistan.
If done properly, tuft planting is a reasonably
sure method of establishing vegetal cover on active
sand dunes. The operation
is relatively
econom-
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ical. Under Thal conditions,
its cost is Rs. 12.00/
acre.3
Ten to 25 fodder trees/acre of dunes will not
only ameliorate
the general environment
but also
be a dependable
fodder source in winter.
As no
watering is done after planting,
the operation
is
extremely economical.
Under Thal conditions the
total cost of planting fodder trees does not exceed
Rs. 75.00/hundred
plants.
For better height growth, ber should be transplanted on southeastern
(leeward) exposures.
Even
tops may be slightly better than northwestern
exposures. If possible, the 5-ft radius around the ber
plant should be cleared of all vegetation.
To avoid
wind erosion on sensitive spots, tufts of karera or
dhaman may be planted without much harmful
effects on height growth of ber plants. Ber, being
a fast growing species, should be able to check
wind erosion within two years.

Conclusions

8

FESCUE

Labor

cost under

Thal

conditions

hour.

5%
growth of Elmer Idaho fescue, the improved strain used in
this study, is 500 ppm of nitrate-N
in the shoots, dry basis.
The suggested critical nitrate-N
concentration
for growth
of the nonimproved
strain is 140 ppm of nitrate-N,
dry
basis. These critical concentrations
are guides that can be
used to determine
the N status of Idaho fescue on rangelands. Nitrate-N
in shoots of Idaho fescue should be above
500 ppm, dry basis, during
active vegetative
growth,
if
maximum
forage production
is desirable.

Strains of Idaho fescue are important
components of many perennial
grasslands
in western
United States north of latitude 40. Nitrogen
fertilization is frequently
a part of the management
of these grasslands.
But, the fertilization
is often
done without knowledge
of the concentration
of
nitrate-N required in the plant for maximum plant
growth.
Nitrogen
fertilization
of grasslands may
become more efficient when the critical nitrate-N
concentrations
of the component grasses are known
(Hylton et al., 1964).
We want to make efficient use of N fertilizer in
the management
of rangelands, rather than simply
apply more fertilizer.
To help achieve this goal
the critical nitrate-N concentration
might be used
as a guide (Ulrich, 1952) to determine if, and when
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the grasses are deficient in N. Application
of this
guide should result in more efficient use of N.
Different
strains of Idaho fescue vary in their
ability to produce forage from a given amount of
nitrogen.
But, it is not known if the critical nitrate-N
concentration
is different
for different
strains.
This study was conducted
to determine
the critical nitrate-N concentrations
for growth of
two strains of Idaho fescue; an improved
strain
(Elmer Idaho fescue) and a nonimproved
strain.
Materials

and

Methods

Experiment
I.-Twenty-one-day-old
seedlings
of an improved strain of Idaho fescue were transplanted
on May
24, 1966 from tap water to aerated nutrient
solutions
in a
greenhouse.
The nutrient
solutions
were in ZO-liter tanks.
Fifteen
seedlings
were transplanted
to each tank.
The
solutions
contained
the following
basal nutrients
when the
seedlings were transplanted:
(in meq/l) 2.0 K+, 0.5 Na+, 1.0
Mg”, 5.0 Ca++, 0.5 H2P04-, 0.25 Cl-, 0.25 SiOa’, and 3.5 SOa’
(plus SO1= added with certain
micronutrients);
(in ppm)
0.125 B, 0.125 Mn, 0.0125 Zn, 0.005 Cu, 0.0025 MO, and 2.5
Fe (as a Fe-EDTA
complex).
Manganese,
Zn, Cu, and Fe
were added as sulfate salts. Boron was added as H,BO, and
2HeO (85% assay). The foregoing
nutrients
MO as MoOa
were added again in these same amounts
21 days after the
seedlings
were transplanted,
and again
in double
these
amounts
35 days after they were transplanted.
Distilled
water was added to keep about 20 1 of solution in each tank.
The pH of the solution
was maintained
between
5.5 and
6.0 with H2S04.
Seven different
N treatments
(Table
1) were provided
The
5 lowest
treatments
were
from
Ca(N03)2
4H,O.
provided
when the seedlings
were transplanted.
An additional 4 meq of NOs- were added to the two highest N treatments 21 days after the seedlings
were transplanted,
and a
final 8 meq of NO,- were added 14 days later to the highest
N treatment.
The seven N treatments
were replicated
four
times in a randomized
complete
block design.
The plants were harvested
on July 19 at the late vegetative stage of growth.
Tops were separated
from roots and
fresh weights were obtained.
Two shoots were selected from
each plant, i.e. 30 shoots/tank,
for blade and stem separation.
The youngest
blade that was completely
out of the
sheath and fully open was removed
from these shoots and
designated
as recently
matured.
The immediately
younger
l

l

blade and the immediately
older blade were also removed
and designated
as immature
and matured,
respectively.
Stem samples included leaf sheaths and buds after all blades
were stripped
from the shoots.
One shoot from each plant,
15 shoots/tank,
was also selected and left intact.
The top
material
that remained
was residue.
The roots were washed
with distilled water and centrifuged
at 40 g for 5 minutes.
The plant material
was dried in a forced-draft
oven at
70 C. Dry weights were recorded.
Top weight was the sum
of the plant parts plus the residue,
but exclusive
of roots.
The
plant
material
was ground
to pass a 60-mesh sieve.
Nitrate-N
was determined
by a modified
phenoldisulfonicacid method
described
by Johnson
and Ulrich
(1959).
Letters in tables are in accordance
with Duncan’s
Multiple
Range Test (Duncan,
1955).
Experiment
2.-Adequate
seed could not be collected
for
the nonimproved
strain, therefore,
clonal material was used.
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Idaho fescue plants of a nonimproved
strain were collected
in Lassen County, California.
The plants were divided into
clones and the roots were washed with tap water. The tops
and the roots were each cut to 8 cm in length.
Clones were
then selected at random and transplanted
to nutrient
solutions in a greenhouse
on May 26, 1966. Ten clones were
supported
on each tank.
Plant
culture
methods
were
like those described
for
Experiment
1, except
for nutrient
additions.
The initial
basal nutrients
were the same as for Experiment
1. But,
the second addition
of basal nutrients
was made 35 days
after the clones were transplanted,
and the third addition
was made 119 days after the clones were transplanted.
Six different
N treatments
were provided from Ca(NO+
4H20
(Table
3). The 4 lowest treatments
were provided
when the clones were transplanted.
An additional
4 meq
of NOs- were added to the two highest N treatments
with
the second addition
of basal nutrients.
A final 8 meq of
NO,- were added to the highest N treatment
with the third
addition
of basal nutrients.
The six N treatments
were
replicated
four
times
in a randomized
complete
block
design.
The plants were harvested
on October
26. The harvest
methods and the treatment
of plant material were like those
described
for Experiment
1, except
shoots were the only
plant part selected for nitrate-N
analysis.
Two shoots from
each plant,
20 shoots/tank,
were selected
for nitrate-N
analysis.

l

Results

and Discussion

Experiment

1

Tops of N deficient plants were light green, but
only the tips of the leaves of severely deficient
plants were markedly chlorotic.
Top growth was
retarded before abnormal
coloration
was evident.
Nitrogen deficient plants were upright while plants
with ample N had a tendency to lodge. Roots of
N deficient plants were darker brown than normal
roots.
Plant growth from treatments of less than 8 meq
of NO,-/1 was limited by the lack of N (Table 1).
Fresh weight of tops, dry weight of tops, and total
strain of Idaho
Table
1. Growth of an improved
from nutrient solutions with variable N supp1y.l

fescue

Weight, g per plant
Treatment,
meq of NO,- Fresh
tops
per liter
0.25
0.5
1
2
4
8
16

0.80
1.40
4.07
7.35
12.25
16.01
18.12

e3
e
d
c
b
a
a

Oven-dry
tops
0.23
0.41
1.11
1.83
2.54
3.04
3.12

e
e
d
c
b
a
a

roots
0.17
0.26
0.64
0.80
0.69
0.63
0.67

c
c
b
a
ab
b
ab

total
0.40
0.67
1.75
2.63
3.23
3.67
3.79

e
e
d
c
b
ab
a

Toproot
ratio2
1.39
1.60
1.75
2.31
3.68
4.88
4.67

d
d
cd
c
b
a
a

1Data are means of four replications.
2Oven-dry basis.
3 Values within a column followed by like letters not significantly
different at the 5% level.
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Table
2. Nitrate-N
concentration
in various parts of an
improved strain of Idaho fescue as affected by N supp1y.l
Nitrate-N,
Treatment,
meq of NO,per liter Immature
95 b3
80 b

2
4
8
16

2500 a
4240 a

3-

ppm dry basis2

Blades
Recently
matured

Matured

340 b
240 b
4680 a
6100 a

220
240
6470
8160

Shoots

Stem

140
310
5140
6460

45 c
470 b
5800 a

b
b
a
a

7290 a

c
b
a
a

l Data are means of four replications.

2-

I -

e Nitrate-N was not detected in plant material from treatments of
less than 2 meq of NO,- per liter.
s Values within a column followed by like letters are not significantly different at the 5% level, as determined on the log
transformations
of these data.
3- J

0

I I
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dry weight (tops plus roots) increased as the N in
solution increased from 0.25 to 8 meq of NO,-/
liter. Root weight, however, reached a peak with
2 meq of N03-/liter
and then declined, although
not significantly
at the 5% level, with more N in
solution.
The top-root ratio (Table
1) shows that
top growth and root growth were not affected
equally by changes in N treatment.
Dry top weight
increased
about
13-fold while dry root weight
increased only 3.7-fold with a 32-fold increase in
N supply, from 0.25 to 8 meq of NOa-/liter.
Similar results have been observed for the effect of N
on top growth of other grasses in nutrient solution
(Hylton et al., 1965) and in field tests (Lorenz and
Rogler, 1967).
Nitrate-N
could not be detected in dried plant
parts from N treatments
of less than 2 meq of
NO,-/liter
(Table
2). Matured blade tissue contained more nitrate-N
than the other plant parts
at the two highest N treatments.
But, nitrate-N
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FIG. 1. Relation of dry weight of tops to nitrate-N in immature,
recently matured, and matured blades, stems, and shoots, of an
improved strain of Idaho fescue, dry basis, shown schematically.
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FIG. 2. Relation of dry weight of tops to nitrate-N in shoots of
an improved strain of Idaho fescue. Critical nitrate-N concentration for top growth at 10% below maximum growth as
indicated by arrow is 500 ppm of nitrate-N, dry basis. Numbers with like symbols show the meq of NO,- added/l of
nutrient solution.

accumulation
varied among plant parts for treatments of 2 and 4 meq of N03-/liter.
Dry weights of tops was plotted against the concentration
of nitrate-N
in respective
plant parts
that were sampled from each N treatment.
These
nitrate-yield
relations are illustrated
schematically
in Fig. 1. The curves are similar for each plant
part except for two noticeable differences;
1) there
are differences among plant parts in the accumulation of nitrate-N at the two highest N treatments,
and 2) the transition
area, i.e. the change from
deficient to adequate nitrate-N, is not as sharp for
the stem tissue as for the other plant parts.
A nitrate-yield
calibration
curve for the shoots
is shown in Fig. 2. This curve shows how the
nitrate-N
content in the shoots changed relative
to N treatment
and plant growth.
The vertical
part of the curve shows the area of N deficiency
and represents plants that increased in growth but
did not accumulate
nitrate-N,
with a gradual increase in N treatment.
The horizontal part of the
curve shows the area where the N treatment was
adequate to very high. Points along the horizontal
part of the curve represent plants that accumulated
nitrate-N,
but top growth did not increase.
The
part of the curve where the vertical and horizontal
This
portions
converge
is a transitional
area.
transition
ranges from 250 to 1,200 ppm of nitrate-N in the shoots. The nitrate-N concentration
in the transitional
area of the curve at 10% reduction from maximum
top growth, and shown by
the arrow, is 500 ppm (Fig. 2). Hence, 500 ppm
(dry basis) is the suggested critical nitrate-N
con-
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Table
3.
Growth and nitrate-N
concentration
of a nonimproved
strain of Idaho fescue from nutrient
solutions
with variable N supp1y.l
Weight, g per plant

Treatment,
meq/ 1
NO,-

Fresh

total

Toproot
ratio2

Nitrate
in
shoots,
ppm3

1.63 e
3.33 d
5.15 b
6.48 a
5.22 b
4.16 c

1.18c
1.26 c
1.92 b
3.18 a
3.05 a
3.02 a

---300 b
2200 a
2540 a

Oven-dry
roots

tops

tops

0.5
1
2

3.15 e4
6.92 d
12.67 c

0.87 e
1.85 d
3.33 bc

0.76 d
1.48 abc
1.82 a

4
8
16

21.65 a
18.50 b
14.70 c

4.88 a
3.93 b
3.12 c

1.60 ab
1.29 bc
1.04 cd

1 Data are means of four replications.
2 Oven-dry basis.
3 Dry basis. Nitrate-N was not detected in shoots from treatments
of less than 4 meq of NO,- per liter.
4 Values within a column followed by like letters are not significantly different at the 5% level.

centration
in the shoots for growth
proved strain of Idaho fescue.
Experiment

of this

im-

I

0

IA

I
140

I

I

I

I

500
Nltrate-N

I

I

I

I

1500
in shoots

ment increased from 0.5 to 4 meq of N03-/liter
(Table 3). The top-root ratio indicates that high
N in solution retarded top and root growth equally,
while low N retarded top growth more than root
growth.
Nitrate-N
was not detected in plants from N
treatments of less than 4 meq of NOs-/liter (Table
3). A nitrate-yield
calibration
curve for the shoots
is shown in Fig. 3. The two highest N treatments
were not used to draw the horizontal
portion of
the curve because the growth depression described
earlier was not desirable.
Otherwise, the construction of the curve in Fig. 3 is similar to that in
Fig. 2, described under Experiment
1. The transitional area for the curve in Fig. 3 ranges from 50
to 500 ppm of nitrate-N.
The nitrate-N concentration in this transitional
area of the curve at 10%
below maximum
top growth and shown by the
arrow, is 140 ppm (Fig. 3). Thus, 140 ppm (dry
basis) is suggested as the critical
nitrate-N
concentration
in shoots of this nonimproved
strain of
Idaho fescue.
Summary

2

The nonimproved
strain of Idaho fescue grew
slowly. Twenty-two
weeks were required to obtain
large differences in growth attributable
to N treatment. Growth was retarded at the two highest N
treatments
(Table 3 and Fig. 3) because too much
nitrate-N
was added to the solutions
before the
plants were capable of rapid nitrate-N
reduction
and subsequent
assimilation
of reduced
compounds.
Plant growth increased
as the N treat’
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I
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2500
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FIG. 3. Relation of dry weight of tops to nitrate-N in shoots of
a nonimproved strain of Idaho fescue. Critical nitrate-N concentration for top growth at 10% below maximum growth as
indicated by arrow is 140 ppm of nitrate-N, dry basis. Numbers with like symbols show the meq of NO,- added/l of
nutrient solution.

and Conclusions

Two strains of Idaho fescue, one improved and
one nonimproved,
were grown separately in nutrient solutions in a greenhouse.
The improved
strain was grown from seed. The nonimproved
strain was grown from clonal material because seed
was unavailable.
Nitrogen
in the solutions
was
varied to give six and seven N treatments,
respectively, for the nonimproved
and the improved
strains.
Plant growth for the improved strain was rapid
relative to that for the nonimproved
strain. Top
growth of both strains suffered more than root
growth when N deficiency
caused a reduction
in
plant growth.
Nitrate-N in shoots of these two strains of Idaho
fescue can be used for an adequate diagnosis of
their respective
N statuses at the late vegetative
growth stage. Shoots would probably be satisfactory at younger growth stages also. The critical
nitrate-N concentration
for the improved strain is
500 ppm of nitrate-N in the shoots, dry basis, while
that for the nonimproved
strain is 140 ppm of
nitrate-N, dry basis. This difference in the critical
concentrations
may not be of practical significance
in evaluating the N status of these or other strains
of Idaho fescue for the management
of rangelands.
This study indicates that nitrate-N in the shoots
of most strains of Idaho fescue should not be
allowed to fall below 500 ppm, dry basis, during
the active vegetative growth period, if N deficiency
is undesirable
for the growing season.
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Highlight
Low sagebrush
species were effectively
controlled
with
low volatile esters of 24-D at 2 lb/acre
applied from May
1 to May 15 on sites with early phenology
and May 15 to
June 1 on sites with late phenology.
Sandberg
bluegrass
phenology
ranged from late boot to fully headed but preanthesis.
Green
rabbitbrush
in mixed
stands with low
sagebrush was effectively controlled
with 2,4-D at 3 lb/acre
applied near the end of the treatment
period for low sagebrush.
A combination
of picloram
plus 2,4-D was also
evaluated
for green rabbitbrush
control.

Low sagebrush (Artemisia arbuscula Nutt.) and
alkali sagebrush (A. Zongiloba (Osterhout)
Beetle)
characteristically
grow on soils with a fine-textured
B horizon.
Some of the physical and chemical
properties
of these soils have been discussed by
Eckert (1957), Passey and Hugie (1962), Tueller
(1962), and Robertson
et al. (1966).
In this paper,
refers to both brush
the term “low sagebrush”
species.
In the Intermountain
States, a poor to excellent
stand of grass may dominate
the understory
in a
low sagebrush
type.
Perennial
species include:
bluebunch wheatgrass (Agropyron spicatum (Pursh)
l Contribution
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Agricultural Research
Service,
U. S. D. A., and the Nevada Agricultural
Experiment
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University
of Nevada, Journal Series No. 76. The authors gratefully
acknowledge
the
cooperation
of the Bureau
of Land Management,
U. S.
Department
of the Interior.
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Scribn. 8c Smith), Idaho fescue (Festuca idahoensis
Elmer), Sandberg bluegrass (Poa secunda Presl.),
(Sitanion hystrix (Nutt.) J. G. Smith),
squirreltail
and Thurber
needlegrass (Stipa thurberiana
Piper).
Annual species include:
downy brome (Bromus
tectorum L.) and 6-weeks fescue (Festuca octoflora
Walt.).
Site potential and range condition
determine the dominant
species and species composition. Many sites with an understory
of desirable
perennial
grasses have a potential
for increased
forage production
if brush were killed and grass
released from competition.
This study has two phases: (1) chemical control
of low sagebrush and associated green rabbitbrush
(Chrysothamnus
viscidiflorus
(Hook.) Nutt.); and
(2) response of understory species. Chemical control is discussed here. Previous research on control
of low sagebrush was by Cornelius
and Graham
Cali(1951, 1958) on forest ranges in northeastern
fornia.
Methods and Materials
Studies were conducted
at 9 locations
during the period
1963 through
1965. Low sagebrush
cover ranged from 6 to
25%; density ranged from 28 to 88 shrubs/400
ft.2 Green
rabbitbrush
was present on 3 sites with a range in cover of
from 0.2 to 5%, and a density range of from 8 to 22 shrubs/
400 ft.2 During
the study, precipitation
on the most xeric
site ranged from 8 to 10 inches, and on the most mesic site
from 13 to 21 inches.
In the spring of 1962 and 1963 on 2 sites, we evaluated
propylene
glycol butyl ether esters of 2,4-dichlorophenoxyacetic
acid
(2,4-D);
of 2,4,5_trichlorophenoxyacetic
acid
(2,4,5-T);
and of 2-(2,4,5_trichlorophenoxy)
propionic
acid
(silvex) for control
of low sagebrush.
All were applied
at
rates of 1, 2, and 3 lb/acre on four dates:
5/l, 5/15, 6/l,
and 6/15. Based upon results from these treatments,
2,4-D
at 1 and 2 lb/acre, applied
on three dates, were uniform
treatments
for seven sites in 1963 and 1964.
Additional
treatments
were added in 1964 and 1965 to evaluate
a
mixture
of triisopropanolamine
salt of 4-amino-3,5,6-trichloropicolinic
acid (picloram2)
and triisopropanolamine
salt
of 2,4-D, and 3 and 4 lb/acre of 2,4-D ester for simultaneous
2 Picloram

is not registered

for use on grazing

lands.

