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TasLE 10,—Basal area of Idaho fescue plants when clipped, and one year afierward
. the Burgess Spring Ezperimentol Range.

Basal area—
Average date and growth stage at When 1 When X
time of clipping ! clip- Re- | chip- Re-
' ped | 1949 | duc- | ped | 1952 | duc-
in Jotion e in tion

1948 1951

-~
3

<, .
B
=

=

-

=

April 25. Leaves about 3 inches tall.| 4.30 | 1, 23 71 § 5.
May 13. Stems low in boot________ 4.71 | .76 84 1:6.10 1 1. 50 75
May 27. Stems emerging from boot_| 4. 79 | .45 90 1. 5.21 1 .95 82
June 17. Stems two-thirds grown...| 487 | .08 98 « 4.20 . .30 93
July 6. Peak of flowering. _________ 4,42 . 57 87 1 420 .47 89
July 21. Seed in milk__._________._ 4 88 1 1. 45 701420 .57 86
August 8. Seed ripe . ____._.__.._. 5,051 1. 94 62, 471 ] 1.28 73
August 19, Plant 80 percent dry_ .. |"4. 20 - 1.65 1 61 | 482 | 1. 45 70
September 1. Plant 90 percent dry__| 4.30 | 2. 16 50 | 5.10 | 1. 80 65
September 29, Plant 95 percent dry_| 4. 38 | 2. 51 431320120 62
Average. ... ___ . ... __ 4.59 | 1,28 721473116 75

1 10 plants cﬁpped at each growth stage in each series.

TR N T g P T R

T;QBLE 11.—Change in basal area or number of fascicles of forage species. clipped 4
years at' the seed-in-milk stage,' the Burgess Spring Experimental Range, 1 946-49°

Bagal area Fasecicles
Year . ; , ‘ ;
Idaho feseue | ° Bottlebrush- | Longspur lupine | Woolly wyethia
squirreltail . :
j ‘ T
) Sq. in. | Pet. | Sq. in. | Pet. No. | Pet. No, Pet,
1946 ____ . 4 16 100 1.88 100 15.4°1 100 82 100--
1947 ... 4 216 52 1. 2.22 | 118 5.0 32 T.7 1 94
1948 _ . ... 1. 67 40 2,25 | 120 6. 5. 42 1 8.8 { 107
1949. - 1. 39 33 . 69 37 2.4 16 7.9 96
1950, ... .83 20 L7138 1.-4 9 6.9 ] 84

! Clipping was started in 1946 and ended in 1949 in all 4 species. The effect of a
particular clipping is reflected in growth the yesar after clipping.  Thus the effect
of clipping in: 1948 is reflected in the figures for 1947; the effect of clipping in the .
- fourth year, 1949, is reflected iv 1950. ) .

Flower stalks in regrowth

Per square inch
of basal area Height

Average date and growth stage at time of clipping: ‘ (number) (inches)
ay 1. Leaves about 3 inches tall_.___.__ '2.62 14. 50
May 13. Flower stalks low in boot________ .79 10, 82
May 27. Flower stalks surpassing basal :
. BAVES . o e e . 30 6. 82
June 17. Flower stalks two-thirds grown. . { .04 . 65
July 6. Peak of flowering_.______.._____ - ® @
July 9. Flower stalks full grown__.._.__.. 0 0
Check plants, unelipped_______ ... . . ___ 13. 09 23.62 -
! Average 1946, 1947, 1948, and 1951,
2 Trace. ;

The stunted flower stalks that were produced in the regrowth had little
orno seed. Flower stalk production 1 year after clipping was severely
reduced.  Average reductions for 4 years ranged from 94 to 100
percént: :

Average number of flower stalks per square inch of basal area one year after elipping

Average date and growth stage at time of clipping: !

April 25. Leaves about 3 inches tall.___.. . ____ ... __ . _______ 0. 35
ay 13. Flower stalks low in boot__ ... ... __ _ .. ... ______ 0
May 27. Flower stalks surpassing basal leaves_ __ _.________ .. ... .33
June 17, Flower stalks two-thirds grown_. .. __.__ .. ___..__._.___ .20
July 6. Peak of flowering. . ... ... . _ . _______... .28

Check plants, unclipped. . .. ... ... . . __ . . ___.__...._ 587
! Clipped in 1946, 1947, 1948, and 1951. : -

TasL 13.—Flower-stalk production per square inch of basal area in Idaho fescue
when rested one to. four seasons after clipping, the Burgess Spring Experimental

Range

Flower stalks from plants clipped— L
Seasons rest after : Uneclipped
clipping (number) : | eheck plants
4 years 3 years 2 years
) 1946-49 1947-49 1948-49
No. . .No. No. No.
1o loioolloo (| S I 0 1.12
2 o 6. 29 16.39 | 17. 63 23. 57
S U 1.97 117 : .31 - .61
S 5 ' 3.07 . 86 3.91

TaBLe 2—Average date of flowering and seed .ripening of some wbundant plant
species, pine type, the Burgess Spring Experimental Range, 1936-54

Flowering Seed ripening

Species . L

Date Basis, Date Basis,

‘years years
’ No. No. ’

Rosssedge. .o .. _ . May 15 5 | June 24

. Blender phlox. .. ______........__...__.{ June '1 3| July 2 2
Littleflower collinsia. .. . __ . ____.__._ June 2 2 July 2 2
Lambstongue groundsel.___._ ... __ June 6 4 | July 10 4
Antelope bitterbrush_____.___.____.____ June 10 ~12 | Aug. 5 -5
Woolly wyethia_.._._ - . _.____.2.. June 18 | 13 | Aug. 1 6
Cheatgrass brome____________________ June 19 10 | July 24 8
Lemmon needlegrass._ . ... .. ._._ June 19 g1 July 23 8
Sandberg bluegrass_. ... . ___...- June 21 10 | July 24 7
Tiongspur lupine. .. . __________.__. June 25 | 14 | July 29 6
Mountain brome. .- _-___:_______ July 3 5| Aug. 7 5
Bottlebrush squirreltail | .. _.-____..___ July 4 12 | Aug. 6 6
Tdaho feseue_ . ... ___..__. July 9| 13 | Aug. 5 11
. Flatpod groundsmoke. ____ ... ... __... July 11 3| Aug. 27 2
Rabgitbrush goldenweed.___.__.____ ... Sept. 5 127} Oet. 5 6
Bigsagebrush. .. ____ ... _____.. Sept.. 8 8 | Oct. 6 4




Forage production
per acre 1 Percent
Year (pounds) of average 3 NODB=- o
1936 .. : 343 104 3 _ =8 B SG S S
1937 LTIt 290 88 &3 R
193811 oL 472 143 £k g | E5 | "
L 162 49 =8 | 3 3
19400l 399 121 & g
1941 o] 472 143 L 2| 5 e
1942 o 399 121 S S = | &g o
1943 TTTToomemmmmmmmmmmmmTTTT 218 66 >g &8s gE—aan
1944 DI 327 99 ~oy g5 | =
1945 . « S5
______________________________________ 343 104 S -
1946 ____ I 182 55 58
1947 LI 290 38 s e 00 3 = 09 01t
1948 LI 452 ' 137 KRN RS 0D
1940 IITTTTIITImmmmemem e 108 80 N ES | 84 A
1050 Ll LTI 290 88 58 g | 25 | =
12 S 436 132 - ° | £5 | =®
; N _ £§% S| 2%
Average ... ... __. 330 100 B E
1 Measured by clipping in 1936, 1947, and 1948. Esti i s X R s Smby
fiold Observations. ping ) ) stimated in other years from : w s 2 % g : c: BSOS
- ! 2L |5
S a1 [#3]
g ~=
-3 T
38 R S
5o Llehhh
§> *5 : SRR
T s atetets
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TasLe 15.—Weight gains of yearling Hereford heifers in timber and grassland types, | 3% & _&'g $E88
o the Burgess Spring Experimental Range, 194448 S8 = %.::’;’ .
R = © o <H
- TIMBER TYPE—MAXIMUM SEASONAL GAINS! [ 8 By 858
L3 Ss00%00%¢ca
S v L g FErky
- - o . : v =
Grazing season Begin- Gain .| Gain per B £5 R RERENE
Year | Heifers __ | ning | End | per head. By SSS =eies
weight | weight | head ‘| per day : g IIERRE
N Dates Days . Tt ol Tt Tt
Num-~
ber . Pounds | Pounds { Pounds | Pounds
1944 ___ 10 | June 2-Oct. 20____| 140 | 443 656 213 1. 53 - e
1945___ 14| ‘May 23-Oct. 7_._.| 137 450 670 220 1. 62
1946____ 12 | May 12-Sept. 21._| 132 390 609 219 1. 66
1047____ 9 | May 7-Oct. 1_____ 147 380 608 228 1. 55
1048 | O | Jume 9-Oct. 10____| 123 | 444 | 651 | 207 1. 68
Av. .| 11| May 23-Oct. 6.__.| 136 | 421 | 639 | 217{ 161
TIMBER TYPE——TOTAL SEASONAL GAINS?
— ‘ , geenk RABERT |4
1944 ___ 10 | June 2-Oct. 31__._| 151 443 649 206 1. 36 i ek e e SN O L R S =
1945____| © 14 ['May 23-Oct. 26-._| " 156 450 645 195 | 1. 25 =
1946 ..} 12| May 12-Oct. 17.__} 158 390 593 203 1.28 &
1947_.:_| 9 | May 7-Oect. 20____{ 166 380 603 223 - 1.34 2
1948 __|. 9| June 9-Oct. 10____| 123 | 444 | 651 | 207 ) 168 2RRRN BRRBRS | 5 &
Av. .. . 11 | May 23-Oct. 21| 151 | 421 | 628 | 207 1.38 SRBV]S AENN®N | 2 B
: , L , : L =R
= - » . o &
B | wovownm w | Swomww= |2 @
3 15 TS vt B <F z | VRSO =
5| Svocovoe 5| o08%8% | o §
* 3 © =R~
; MmO W 2 movgwns % :’D
g 3322IF | 2| 333§ |2 =
TasLE 14.—Estimated utilization by catile of herbage of Idaho fescue and all forage E ) % w3
species in openings in the pine type, by specified year, the Burgess Spring Experi- E & ‘E =
. mental Range § © N0 00 6% - Q0@ s 88
5| SR@®ds | 3| 838888 | v ogP
e i : © =4
Utilization ﬁ . § g &3
. T [ s O
Year ! ‘Grazing season IE ha b ,,J R ,Eg
~ Days | Idaho All forage - NN R e~ Bl diNgon 4 g 8
‘ fescue species Bl P87 | B CesSes | B ORE
ol R T ! B SOT880 g gw
<3 2
Bl 892239 | 5| 899387 | B oF
No. | e Pet. 8] d8sdds | 2| d890dR |2 23
1936 | June 19-Sept. 25 ___________ .. ... 98 7 18 4l ommmen [H1 enmmon |3 88
1937 | June 14-Oct. 8_ ___ . _______.__. 111 17| - 22 | ESSSS58 | 4| SSS3ssE | Fudn
1938 | June 24—Sept. 23 ... ... o1 5 30 4| SESSRE | 5| RE2R5A | gEEd
1939 | Aug. 10-Sept. 21_ 1. 42 11 7 & ° - SFE"
1043 | July 9-Sept. 28 ... __ 81 23 19 Suaee | onaoen | TEG
1944 | June 2-Oct. 31_ __________________ 151 11 22 g oo
1945 | May 23-Oct. 26 ... .. 156 65 56 g382
1946 | May 12-Oct. 17__________________ 158 80 56 — | #3228
] T 1 1 t 1 I ¢ i 1 ] il -E /.E +
Average, June 18-Oct. 7. __ __ 111 32 30 Vo :!‘:w: : Pl ggé%
yegne | yogse | | 9504
\ . FAIL S« DEIE2< B
No grazing in 1940, 1941, and 1942. ) ; ’ ”
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R . STORED CARBOHYDRATES
Nutritive substances are of particular importance in the life of
perennial grasses, especially carbohydrates such as mono- and di-
saccharides, starch, and, to some extent, hemicellulose. The carbo-
hydrates are stored in all parts of the plant in considerable quantities.

However, the most important role in plant nutrition is played by the roots
rhizomes, O No ’

1 > Y se
plant parts are important organs for the storage of nutritive subktances.

During their first days, commencing from the beginning of spring
the g.reen shoots of perennial grasses develop at the expense of the ’
nourishment accumulated in the storage organs. Twelve to 20 days after
the appearance of green shoots, when they reach a height of not less than

*,ﬁ-

20

nemessece

"10 cm,’ the assimilatory activity of the leaves begins and accelerates, so

" that the storage of nutritive substances starts to take place and the vital
ackivity of the roots and rhizomes is resumed. As shown by numerous in-
vestigations (Smelov and Morozov, 1954; Nikitina, 1940; Evseev, 1954;
Nekrasova, 1948), throughout the further development of the plant, the
- percentage of nutritive substances increases until the flowering- seedbearing
phases; later, toward winter, it either remains unchanged or registers in-
significant losses (Tables 8, 9, and 12).

If, after the ear-formation phase, a drastic increase of the mass of
the tops takes place, or if a new formation of shoots begins after the fall
decline, the quantity of stored nutritive substance may decrease. This has
been observed by S.P. Smelov and A.S. Morozov (Table 8). :

Table 8

Stored carbohydrate content of underground organs of planté
during different phases of growth (as percentage of dry weight)

-

8 = =]
a ,
g g %ﬂ 2 ;5. ] "2‘
LT ] * -
Plants ) & < R : 8 o
o g 9 . B g L 8
: E 9 =] g & 2 3 >
. . B o & B ) 0 8 (=]
Experiment by S.P. Smelov and A.S. Morozov (Fodder Institute,1959)

Awnless brome grass . . . . |19.1 [34.6 | 205 |27.4 | 31.3 |15.4
Orchardgrass. . . . ... . }|12.8 18,3 | 11,8 }15.1 13.8 9.2
Meadow foxtail. . . . .. .. 9.5 [15.3 | 12.1 _}15.3 | 16.9 {11.5
Meadow fescue, . . ... .. | 12,6 |24.9 14,1 ]13.7 15.7 8.4
Pasture ryegrass. . ... . 9.7 |21.6 | 18,5 119.3 | 19.6 6.3

Average . . . ... .. 12,6 |23,0 | 154 118.1 |19.4 |10.2

Experiment by E, V. Nikitina (Kirgiz SSR, 1940)

Orchard grass. . ...... |31.9 [27.4 | 38.2 [|39.4 |42.2 |46.5
Ganeshin's Festuca sulcata , {17.8 26.2 27.6 28.5. | 24.6 28.2
Couchgrass ......... |43.6 [39.6 | 33.4 |46.9 |46.9 |53.4
Alchemilla, . ...... .. 163 |17.1 - 36.0 |45.6 |43.2
19.3 . § - 31.8 [25.2 |30.1 |323

Regel's geranium , . ., . . . -

Subalpine cereal-motley

grass (Phleum) meadow . . | 8.5 5.7 - - 10.2 | 14.1
Alpine motley grass meadow - 26.1 28.2 {29.7 | 29.0 |30.3
Low Cobresgia . . ... e .o - - - 24.3 '} 32.0 }24.3

Experiment by Graber (USA)(Smelov, 1947)
Alfalfa . . . ... ... ... '31.3 l19.3 !40.8 l49.4 41,2 424

Experiment by S.P. Smelov {(Fodder Institute, 1947). )
Timothy (single culture). . . I - |47.4 l52.8 les.s |es.0 |e1.

21



- #15.2%. 'On the hay meadow, over a radius ot 10 102U cm, ine iigure was
4 6%, and on the pasture, 5.9%. In the latter case the negative influence
of frequent exploitation was less pronounced because the flood basin was
fertlhzed each year by silt.

" The diminished root weight is due to the fact that frequent cutting and
grazing result in a smaller supply of nutritive substances. This is because
the plant is frequently deprived of its assimilation organs (leaves).

©  centnersfha

I

, Flgure 4. Yield of tops (black) stubble (white), and roots (striped)
T -after repeated cutting of plants during the various phases
.of growth (experiment by E. Klapp, FRG, 1956)

. I—orchard grass; II—pasture rye graés; III—Kentucky bluegrass;
IV—fowl meadow grass; yearly cutting: 1—during the full flower-
1ing phase, 2—during ear formation, 3—before ear formation.

, The root weight not only decreases as a consequence of frequent

: ,cuttmgs-' it also decreases as the result of yearly cuttings, if carried out
systematically during the early phases of growth over several consecutive
years. The experiments of E. Klapp in FRG (Figure 4) testify to this.

All of the plants he experimented with showed a decrease in root weight as

a consequence of regular early cuttings (before the ear-formation phase)
over a long period; the decrease appeared not only in the root weight but
also in the weight of the tops. Both the yields of root weight and tops were
several»i:imes lower than the yields obtained during the full flowering phase._



- INFLUENCE OF CUTTING AND GRAZING ON PLANT YIELDS

The reduction in the quantity of roots and in their content of nutritive
substances, caused by frequent or early cuttings, also leads to reduced
shoot formation, the nondevelopment of some of the plant parts, and to an
overall reduction in yield. For instance, according to experiments by P. A,
Voshchinin (Fodder Institute), timothy grass gave yields of 95% when cuttingé
were made every 30 days, and, when cuttings were made every 20 days the!
,yfeld was 44 % more than when cuttings were made every 10 days. The '
Yields after cuttings were made every 30 days were 2189% higher than when
cuttings were made every 20 days and 112 % higher than when cuttings were |
made every 10 days. According to the experiments of S.I. Yuvenskaya !

Fodder.Institute) made on rich flood meadows of the Oka River (yielding .~
87.2 centners /ha of cereal grasses and cereal-motley grasses), when

three cuttings were made per year, the summer of the first year yielded

a hfarirest which was 31 % higher than when seven cuttings were made yearly,
" while the yield of the second year was 64 % greater.
| In a trial made by G.A. Tuzhikhin in 1939 at the Fodder Institute, the
‘yield‘of mixed grasses (an average of two varieties), cut three times a year
" during the flowering phase over a period of several years, exceeded the ,
yield of the same grass mixtures cut three to five {imes per summer by 33 %

In a trial made by S.P. Smelov (Fodder Institute, 1947), the yield of
a meadow foxtail, cut once a year in the course of four years during the

flowering phase, was 76 % more than the yield of similar plants cut four to
five times each summer over a period of four years. Under the same con-
ditions, the yield of awnless brome grass was 162 % greater,

‘A drastic yield decrease (by 25 % and more) was registered as early
as after one year when four to five cuttings were made of sown grasses, as

~ compared with two to three cuttings. This was observed in numerous ex-
periments made under our superwision in the forest- steppe and steppe zones.
These experiments were conducted by the Department of Pasture and
Meadow Economy in Barnaul and in Leningrad by T.R. Godlevskaya, M.F.
Shirina, A.P. Kretova, and others, and by N.B. Bolodon at the Fodder
Institute, . :

" In the experiment of V.G, Tanfil'ev carried out in Omsk over two
years with an average of six plant associations on solonetzes, solonchaks,
" and solonetzous forest-steppe complex soils, the yield during the third

year, as compared with that of the yield from plots which remained uncut
during the previous two years, was as follows: after two cuttings per year
over the last two years, 82% to 94 %; after four yearly cuttings, 81%; and
after five yearly cuttings, 79%. After two years of experiments on a hill
‘gteppe in the Kirgiz SSR, E.V. Nikitina obtained on the third year a de-
crease in the yields of Stipa and Avefiastrum by a factor of 1.5, This was
obtained three times after four cuttings; on alpine motley grass with -
Coleresia, this was obtained after three cuttings, This represents a yield
“which is 1,5 times smaller than that obtained on plots which had not been
cut during the previous years. Considerable yield decreases were also ob-.
_served by V.I. Evseev and A, F. Slugina (Orenburg district) on steppe-
type pastures and on single plants (Table 16). '

In experiments made by V,G. Tanfil'ev on chernozem steppes in
Stavropol’ region, on an average of Tive grass varieties, Festuca pratensis,
Festuca sulcata, Stipa capillata, Agropyron repens, and Medicago sativa,
the following yields were obtained: after four cuttings during the previous
year, 45%, after five cuttings, 30%, as compared to the yield which was
obtained after two cuttings. ; :

A yield decrease caused by frequent cuttings was also registered in -
the semidesert regions of the USSR. In experiments by L.P. Davydova
(Emben Horse-Breeding Ranch, Aktyubinsk district) the yield during the
first year [of the trial] was higher after one to two cuttings than after two
to three cuttings per summer in eight out of the 15 grass stands on which
the trial was made.. On the following year the yield was higher in 10 plant
associations (out of 15). ~, C : ‘

-«
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Yield of pasture ;grasses in relation to the number of yearly
~grazings {or cuttings) {according to experiments by V.I. Evseev
and A.F. Slugina. Brody, Orenburg district)

Grass yield {centners /ha)
after cutting or grazing
£ > )
Name of plant Years of g H g b
under experiment experimenting h o - 8.,
o bt eulo®
g 3 58| =29
grogzron pectini-
forme, Festuca First . ... ... 12.8 17.3 24.0 31.1
sulcata, Bromus ||Second. . . . . . . 9.6 13.6 11.8 6.4
inermis, Bromus {|Second year yield )
erectus (average as compared
of 4 grasses) with yield of 1st
) year {in %). . . . 75 64 48 21
Grasses of Euagro-
pyron, Agropyron-
brome grass and
Festuca sulcata— :
Stipa on natural Second . .. ... 14,9 - 7.6 -
pastures (average ||[Second (in %) . . . 100 - 51 -
of 3 types)

On the third year of a trial made by I.V. Larin, I.V. Kamenetskaya,
and T.K. Gordeeva on three steppe associations in the semidesert, in the
region between the Volga and Ural Rivers (Dzhanybek, West Kazakhstan
district), there was a yield decrease of 41 % after two to three cuttings.
After a single cutting the yield remained practically unchanged.

A great number of experiments have been made abroad on the influence
of frequent grazings. We shall quote some of them. In England, after four
years of experimenting, Springfield concluded that 20 % more sheep had been
fed and their added weight was 32 % higher when the sheep were grazed on a
four-week pasture rotation plan than when they were grazed on pastures
rotated every two weeks, and their weight increment was 15 % greater than
when the grass was cut every third week,

Frank, in 1934, after five years of experiments on a lowland meadow,
found that the maximum quantity of grass was obtained by cutting for hay and
by subsequent grazing on the aftergrowth, This amounted to 73 % more than
that obtained by weekly grazings, but the albumin content was lower by 24 %.
The maximum albumin content was obtained by the method of biweekly
grazings, which yielded 34 % more than with the combination of hay cutting
with grazing, although the grass bulk was 41 % less than when the grass was
cut for hay and the cattle subsequently grazed on the aftergrowtﬁ;

32
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Sampson {experiments carried out in the state of Utah in the USA in
1933) notes that, as the result of monthly cuttings, bushy cereal grasses
perished during the fourth year of their life, and that after four cuttings
per summer in previous years, toward the end of the third year the yield
was four times less than after one to two cutiings per summer,

, Experiments made by Hudson in New Zealand showed that after monthly
grazings the pastures yielded 34 % more grass during the following year
than after years in which the pasture had been grazed every fourth day.

- Experiments made in Germany by Klapp in 1956 showed that young
pastures (with one and two-year-old grass), even when properly taken care
of, have a considerably lower yield even after only three grazings. Older
pastures show such a decrease after only four to five grazings. When the
initial grazing is not carried out too early, the pastures can easily with-
stand even more than five grazings per year (Table 17).

o Table 17
Comparative yields of pastures at different grazing frequencies (Klapp, 1956)

Experimental Subjects Number of cuttings
2 3 4 5

Young meadows. 100 88 64 -
Investigations by Klapp - . .

Old meadows. 100 ‘96 90 -
Investigations by Klapp

First cutting, not made 100 ’ 97 97 100
too early. Investiga- ’
tions by Kaut

Frequent cuttings and grazings also often cause the mortality of plants 1
from freezing. Thus, according to the experiment by V.G. Tanfil'ev (1940),
a fivefold cutting caused the death of 31 % of meadow fescue and 25 % of

+ Festuca sulcata; twofold cuttings resulted in practically no mortality (0-4%),
This phenomenon may be seen particularly clearly in alfalfa plants. In the
experiment of M.F. Shirnina (Leningrad), it was shown that a five to six-
fold cutting of sown alfalfa caused a very high mortality rate (over 50 %) for
the following year. Experiments in the USA showed that after three cuttings
a year, the mortality of plants during the winter was 2.5 to 3 times higher
than after twice-yearly cuttings,

From all the above it is clear that even normal methods of exploitation,
such as two to three cuttings or grazings a year, lead to a lowering of yields
as compared to those of grass stands that have never been exploited or have
been exploited only once. ,

This is explained by the fact that after each cutting or grazing the
development of new shoots necessitates an expenditure of certain amounts of
nutritive substances, which inevitably affects the development of both the
underground and overground parts of plants,

33



& °* Therefore, it naturally follows that those plants which have the
majority of their leaves concentrated on the upper parts of the stalks, or
have their leaves distributed evenly along the stalks, are the ones most
affected by frequent cuttings, Plants whose leaves are situated closer to
the ground are least affected. To the first group belong almost all the
plants with considerable top development: red clover [Trifolium pratense],
Trifolium hibridum, sown alfalfa [Medicago sativa], Onobrychis, awnless
brome grass [Bromus inermis], timothy {Phleum pratense], couch grass
[Agropyron repens}, and others. To the second group belong plants with
considerable development on the ground: white bent grass [Agrostis alba], .
Kentucky bluegrass [Poa pratensis], red fescue [Festuca rubral},

Festuca sulcata, white clover [Trifolium repens], Alchemilla, Sibbaldia,
ete, : ‘
Experiments have shown that top-leafy plants, when untended and cut
four to five times a year, begin to die out and disappear entirely from the
pasture, and after three to four years begin to be replaced by low-leaved
grasses8. The latter can often withstand as many as eight to ten cuttings or
‘grazings. One of the experiments showed that white bent grass, after 13
cuttings in the course of two years, gave a similar yield on the third year

“'{during which it was cut only once) to that obtained after three years of a
single annual cutting; it has also been shown that even after 22 cuttings the
yield declined by only 50 per cent. Kentucky bluegrass was more strongly
affected: six to 13 cuttings over two years reduced the yield to one third,
while nine to 22 cuttings reduced it to one fifth (Graber and others, 19217).

Thus, it seems to be established that even two to three yearly cuttings

' or grazings are to be avoided. However, in order to obtain the greatest
quantity of nutritive substances as possible per hectare after single annual
cuttings, harvests should not be gathered earlier than the end of the earing-
budding phase, at which time the plants contain 1.5 to two times less pro-
tein and 30% to 40% more cellulose than plants subjected to three yearly
cuttings. Also, the yield of nutritive substances per unit of surface area is
also not the same: after single grazings the cattle receive less protein (and
albumin), as well as a great deal more poorly digestible cellulose (Table 18).

Table 18

Variation of protein and cellulose yield (in centners /ha) of pasture
grasses as the result of different numbers of cuttings and grazings
{experiment of V.1. Evseev, 1934-1855; Brody, Orenburg district)

Number of Euagropyron-pasture Agropyron-brome grass pasture
cuttings protein cellulose protein cellulose

1 041 1,06 2,94 13.14

2 ' 0.81 1.12 5.74 12.49

4 - - 6.14 6.18
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Flgure 3. Yield of (a) roots and of (b) tops of perenmal and
annual grasses

I-natural vegetation (results of 73 experiments); II-perennial
grasses (74 experiments); Ill-annual grasses (27 experiments)

Enormous quantities of root mass accumulate in virgin soil under
the natural vegetation; this mass is many times that of the tops. Thus,
according to calculation (Figure 3), the weight of the tops was 24.1 cent-
ners /ha, while that of the underground parts was 267.4 centners/ha, which
ig 11.1 times greater (Manokhina, Larin,Akimtseva,1956; Orlovskii and
Afanas'eva, 1929; Shalyt, 1950; Kachinskii, 1925; and others; compiled’
by1.V. Larin). The weight of the underground parts and its correlation to
the weight of the tops can reach enormous proportions in different associ- -
ations. Thus, according to calculations made at the Dzhanybek Station of
the Academy of Sciences of the USSR in the Trans-Volga semidesert region,
the weight of the tops of plants of the Stipa—A Agropyron pectiniforme asso-
ciation was 11.3 centners /ha, while that of the underground parts was 660.0
centners /ha, which is 58.4 times greater (Kamenetskaya, Gordeeva, Larin,
1955). According to calculations made at the Limann Station, the weight of
the tops of the motley grass—Agropyron association was 32.3 centners /ha,
while the weight of the underground parts was 703.8 centners /ha (21 times
more); the sedge [Carex melanostachya M. B.] association offered a pro-
portion of 16.3 to 663.0, which is 41 times greater; the motley grass—
cCereal associations, when grown in containers, gave a ratio of 8.9 to 645.0,
or 71.8 times greater (Manokhina, Larin, Akimtseva, 1956). When virgin
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. '340 cm. - The rqots of plants in a three- -grass mlxture, in their third year,

ki penetratefl ‘meadow-chestnut soil to a depth of 300 cm, and were exposed

to the sun [sic] to a depth of 120 cm.

The roots of wild plants of the Trans-Volga regions penetrate the soil
as follows (according to observations made at the Dzhanybek and Limann
Stations of the Academy of Sciences of the USSR by Kamenetskaya, Gordeeva,
and Larin in 1955; Manokhina, Larin, and Akimtseva in 1956):

1) On saline soils and on light- chestnut semisaline soils:

annuals and perennial ephermerals . . . . . .. . 10to 12 cm
Artemisia pauciflora Web., . .. ... ... ... 50 to 85 cm
Kochia prostrata (L_}Schrad. . .. ... .. .. over 200 cm
Pyrethrum achilleifolium M.B, . . . . . ... .. 120 to 140 cm
Agropyron desertorum (Fisch.) Schult.. . . . . " 150 em

 Agropyron ramosum (Trin.) Richt. . . . . . ... 100to 120 cm

2) On meadow-chestnut soils of low-lying areas:

Agropyron pectiniforme Roem. et Schult. ., .. 180 to 200 cm

Festuca gulcata Hack. . . ¢ .« 4 ¢ v 0 i v v o v & 150 em
Stipacapillata L. . . . .. ... 000 v a 200 to 210'cm
Artemisia austriaca Jack. . . . ... ... . 150 to 200 cm

Medicago romanica Prod. . . . . + v ¢« . v ¢ o 200 to 220 ¢m
3) In flood basins during the periodic spring floodings:
Agropyron repens (L.)P.B. .. ... ...... 160 to 220 cm

Agropyron pectiniforme . . . .. ... ... ... 140 to 200 cm
Puccinellia Fomini Bilyk. . . . . ... ... ... 120 to 140 cm

Glycyrrhiza glabraL. . . . .. ... et e e e . 200 cm
‘Artemisia monogyna W. etK e e e e e e e e 120 em
Artemisiapontica L. . . ... ... ... .... 150 to 170 cm
Carex melanostachya M.B. . . . . .+ « v v v + 4 200 cm

In cereal grasses, the majority of overground shoots form their own
roots. The roots of non-seedbearing shoots usually hibernate and develop
during the following year. A part of the roots of seed-bearing shoots die
off in the spring of the following year, while some live for several years,
Most of the legumes and representatives of other families extend their
roots deeper than the cereals. They often live for many years, and only a
small part of them die off every year.

It has been found that the roots of cultivated perennial cereals and
legumes increase during at least the first four to five years of their life.
According to experiments by A.R. Kozhevnikov and E.I. Popova in Omsk
(1946), made on six varieties of grasses, the weight of roots, according
to age, was (in centners/ha): first year, 47.0; second year, 102; third
year, 161; and fourth year, 166.

Under conditions of irrigation the weight of the roots of Agropyron

ectiniforme (Sakharina, 1940, Valui Experimental Station) and of
Medicago sativa (Golodkovskii and Golodkovskii, 1937) began to drop
toward the sixth year of life. In the experiments of F,I, Filatov (1951)
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e rst. cultivated, the :yiélds of the first two to four ‘years are known
_tobe highér than the yields of plants grown on soil which has been cultivated

. for a long time. This is because virgin soils have a better structure and also,

~in all probability, it is due to the presence of the still undecomposed under-
ground parts of plants. ‘

The root length of plants per square meter has been calculated as
reaching many kilometers; it is especially great in herbaceous plants, Ac~
cording to the investigations of N.I. Savvinov and N.A. Pankova (1942),
root length under the virgin soil of the Trans- Volga region varied from
21.7 to 51.7 km. According to the investigations of V.M. Ponyatovskaya
. {1956), the root length of sown grasses (per m2) on sodpodzol soils of the

~Kaliningrad district was from 4.9 km for awnless brome grass—in the asso-
ciation Bromus inermis, Festuca pratensis, Phleum pratense, and Festuca
rubra—fo 58 km for orchard grass in the association Dactylis glomerata

and Herbae diversae. According to the investigation of B.Ya. Metelev and
Khuan Ven'-ui (1938) made on the dark colored soil of a depression in the
‘Trans- Volga region, the root length of plants in a high yield season attained
9.4 km for wheat, 11.7 for corn, 12.0 for Sudan grass, and 12.3 for sorghum.
In the third year of growth the figures were 20.3 km for alfalfa, 19.9 for
Euagropyron, and 27.3 km for awnless brome grass. The latter experiments
show that the root length of annual grasses is less than that of perennial
" grasses.. ,

‘. It often happens that the root system of perennial grasses continues to
develop until late into the fall within -one single growth period. Thus, the
_experiments of S.P.Smelov (1947}, based on an average of three grass

" varieties (meadow fescue, awnless brome grass, and meadow foxtail)
showed that 5,000 cm3 of soil from a surface area of 100 cm2, taken ata

-~ _depth of from 0 to 50 cm, contained the following quantities of roots: during

spring tillering, 4.4 g; during ear formation, 5.6 g; during flowering,

8.1 g; and during seed-bearing, 9.9 g. According to experiments made by "
E.V. Nikitina (1940) on a hill meadow in which orchard grass predominated,
the weight of a unit area of the roots of orchard grass alone was: 8 May,
11 g; 5 July, 12.0 g; 5 August, 14,6 g; 19 September, 16.0 g; and 11

- ;October, 12.0 g.
“+" .7 7. In annual plants the root system completes its development with the
onset-of flowering; in the fall, it dies off.
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It follows that the productivity of cattle fed on grass of single grazmgs
' or cuttings s lower than that of cattle fed on grass cut a number of times.

| This has been established by a seriés of experiments by V.1, Evseev in the
i Orenmburg steppe region, as well as by experiments made abroad. Thus,

* gecording to the experiments of Veiske {(Klapp, 1956), after 14 cultings

' during the course of a summer, a yield of 42,7 centners per hectare of hay

| was obtained, containing 27.1% of albumin and 9.0 centners per hectare of
digestible albumin; after three cuttings a yield of 69.2 centners per hectare
of hay was obtained, containing 13.4 % albumin and 6.2 centners per hectare
of digestible albumin, .

It therefore frequently happens that even without any care, the total
yields of the first two to three years of exploitation contain the maximum
quantity of nutritive units—especially of digestible protein and albumin—as
the result of frequent cuttings, and not at all, as one would suppose, after
single annual cuttings.,

Taking all the above into consideration, we conclude that it is desir-
able to make use of the grass several times a year in order to raise the
productivity of the cattle. The ability of the grasses to grow back should.
of course, be taken into account. It is recommended that the grass be
grazed (or cut) as follows: in the forest zone, three to four (and even up to
five to seven) times per year; in the forest-steppe zone, two to four times;
in the steppe and in the semidesert zones, two to three times; and in the
desert, one to two times.

Turf grasses (meadow grass, Agrostis, pasture rye grass, red
fescue, sheep's fescue, etc can withstand frequent and very low cutting
{eight and more per year). This is explained by the fact that, as a con-
sequence of selection, turf grasses have large quantities of leaves close to
the ground, and also by the fact that turfs are usually systematically and
generously fertilized; turfs are also usually rolled and irrigated. A.G. .
Golovach (1955) recommends the mowing of lawns (in Leningrad) to a height
of three to four cm from the ground; this should be done for the first time
in spring, when the grass has reachied a height of 10 to 15 cm; the after-
growth should be mowed every 10 to 15 days after the first mowing to'a
height of 10 cm. .




plants -- or remains bare and subject to erosion. The main problems
 0fsgrazing management on western rangés center dn perennial plants
 particularly those that reproduce from seed. Management that maintains
“thsse plants invariably maintains plants that reproduce vegetatively.
;An understandlng of why plants are killed by grazing is essential for
development of satisfactory grazing methods and maintenance of the
‘vrange resource.

‘ Plants, lkke animals, reqpireﬁfbod for growth and sustenance. The
kaOd moterials used for these purposes are carbohydrates, proteins,

@hﬂ fats. Animals obtain these subsﬁances by eating plants or other
 &§&@&18. Plants menufacture these substances; in other words, plants
make their own food. |

‘ n The plant first produceiasugar glucose in the process of photo-

: ,éynthesis. Using this sugar as a building block, it then makes all
>fhﬁjother food nmaterials. Glucose is‘fbrmed only in green cells and
‘principally in leaves. The other cémpounds can be made anywhere in

the plant, in the top or roots, or‘in green or non-green cells. But
because glucose is the basis of all food materials, the plant may be
‘said to make its food dm its green léaves.

| In perennials, some of the food materials made by the plant each

/ 'yéar is stored for future use. Carbbﬁyﬂrates, proteins, and fats are
all stored, but the bulk of the material is starch. In herbaceous
pérennials, the materials are stored in roots and other underground

e pérts and stem bhases. In woody planté, they are stored above ground in

S ste@s, branches, twigs and leaves as well as in underground parts.




‘Scme of these reserves are used to start growth in springrand to
~n¢urish the plant when it is not making food -~ in winter, for example,
:ﬁﬁEn the plant is dorment. Reserves are replenished regularly iﬁ
normal growth.
‘<ji‘ Perennials store enough food to last for several years. So even
if “-kthe plant is defoliated, as by grazing, for a year or two, it
does not die. Under continuous clbse_grazing year after year during
the green period, however, the plant~§annot make and replenish
fééerves. Consequently, reserves aré\ultimately depleted, and the
plant dies. As in the case of an animal, the plant becomes
!éxdgressively weaker and smaller as it runs out of food. It can,
 1£;fact, starve to death.
Pﬂo'rosmrmsis

: Glucose, C6Hl206 (see structural formula below) is formed in the
:iiving cell from carbon dioxide gasicoe and water Héo in the presence
of‘ the green pigment chlorophyll (0553'?205NhMg) and sunlight in the
© .process of photosynthesis. Oxygen gas 02 and water are generated

as glucose is formed.

o—-—o——-o—_—o-—.(}__c}-——m




The chemical reaction of photOsynthesis may be written as
fbllows:
| Sunlight
-——..-.-——.—.}
6(;'02 -+ 12H,.0 C6H1206 + 602 -+ 6H20

2" Chlorophyll

(gree n) (stored)

energy

Photosynthesis

Photosynthesis takes place in the chloroplasts of the cell.
’Chloroplasts are green because of the presence of chlorophyll. The
éafbon dioxide used in photosynthesis is obtained from the atmosphere.
Tﬁé‘water is obtained from the soil. And the energy used to drive
ﬁhefprocess 1s obtained from sunlight.

| Chlorqlﬁhyll traps and converts‘sunlight energy into work energy
’in:the cell. A portion of this energ& is then used to disintegrate
earbon dioxide and water into essentially atom units and to reassembieé
 t£ese units in the form of glucose,oxygen gas, and water. Another
pdrtion is stored in glucose as it is produced. And a further portion
;is stored temporarily in special phosphorus-containing compounds.

This latter energy is ultimately imcorporated in other organic compounds
as they are formed or is expended in work.

Thus, photosynthesis is an energ&-storing process. The energy
derived from sunlight is stored in the bonds connecting atoms in
molécules. This energy is released when the molecules are disintegrated
adq the bonds broken. The energy conﬁained in all food materials is
deiived through photosynthesis and is released when the materials are

utilized.




Essentially then, the plant can‘make food only when it is green.
‘Thé amount produced is controlled by‘Such factors as light intensity,
 temperature, availability of waber and soil minerals, and amount of
éhlnrophyll in the plant, which is related to the size of the green
,ﬁiéﬁt' Some of these factors, such as availability of water and
'ﬁiherals and size of the green plant, are affected by grazing, and
can be controlled by the range menager.

COMPOSITION OF FOOD MATERIALS

Carbohydrates

The more important carbohydrates in the plant from the standpoint
'Q£ grthh are the three sugars -- glucose, fructose, and sucrose --
‘anﬁ starch, inulin, and cellulose. All these compounds except

QL  céilulose are prime sources of energy and growth materials for the
plant. Cellulose is a structural maﬁerial and is not usually broken
kéﬁwﬁ once it is formed.

Fructose (fruit sugar) is a Gacéfbon sugar like glucose and is
formed from it. These sugars have the same chemical formula, but the
molecules differ structurally. Phosphorus is essential for conversion
’9£ glucose to fructose, in fact, for the formation of glucose and all

if,;éarbohydrates.

Sucrose (beet or cane sugar) cléHEQOll is formed by the union of
one molecule of glucose with one molecule of fructose.

Starch makes up the bulk of the food reserves in plants. It
cccurs in cells in the form of starChigrains. It consists of long,

‘VS‘éften branched, sﬁyﬂal, chains of glﬁcose molecules linked together.
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Akmolecule of water is eliminated from between each two adjoining
V 1glucose units as starch forms. It is a partially dehydrated
‘gégmpound and because it is relatively‘insoluble, it makes a good
'sfbrage material.
= ' Inulin is like starch and is used in the same way. It consists
offchains of fructose units rather than glucose units.
| Cellulose is the main component of the cell wall. It consists
7 of long straight chains of glucose molecules. The chains are bound
together in cable-like strands of varied size which are interwoven
»iﬁ.the cell wall to form a porouskfiamework. In mature cell walls,
‘the spaces between cellulose strands are characteristically filled
With lignin and relatively insoluble carbohydrates. These materials
fo&engthen the wall and maké' it largely impervious to water.
ysellulose forms the bulk of the roughage in forage plants and
:  fé¢dstuffs.
“ Proteins
Proteins make up most of the living material in cells. A
;&éllowish viscid substance, protein looks like raw egg white.
Mést of the protein in the plant isfenzymatic, but some is inert
i ;gna comprises food reserves. -Reserve Ewoteins are concentrated in
buds, root tips and other meristematic—tissues, terminal portions of
twigs, and seeds.
Proteins ocontain nitrogen and~sulfUI in addition to carbon,
h&ﬂrogen, and oxygen. The molecules‘COnsist of long chains of amino

acids and are large and tremendously‘COmplex.

11




Amino acids are characterized by the presence of an amino radical
(Nﬁé), and an acid radical (COOH), in the molecule. The general
 formula for an amino acid may be written as follows: |

(R)
(W,) - c:: - (coon)
H

Twenty-two amino acids are known to occur in plant proteins.
1Théy differ from each other by the arrangement of chemical elements
 §§ the (R) group. The simplest aminé acid is glycine in which the
(R) group is a hydrogen atmm.

| Proteins differ from each othér~mainly in the number, kind, and
srrangement of amino acids in the molecule. Some proteins contain
all 22 emino acids, some less. Proteins, like all organic compounds,
‘cehtain energy -- but somewhat less‘than carbohydrates and fats.
| Fats

Fats (or oils) ocecur in small amounts in all plant cells. They
play vital roles in the cell. Fats occur in large amounts in the
sﬁems and twigs of some shrubs and tfees, espedially in winter, and
also in some seeds. Fats contain large amounts of energy.

Fats and oils are the same chemically but differ physically. In
general, fats are solid at room température, oils are liquid.

Fats are formed by the union of glycerol and certain organic

acids, known as fatty acids, as shown below:

12




H
i

H - ? - OH -+ fatty acid )
CH - ? - OH + fatty acid 3 ——= Fat + 3,0
"H-C - OH + fatty acid %
B
(glycerol)

Some of the more abundant fatiy acids are oleic, lauric, myristic,
fkjpalmitic, stearic, linoleic, and linolenic. Fats differ from each
otger in the kinds of #4tty acids in the molecule. The acids in the
 three positions may be the same or different.
| RESPIRATION
Respiration is an oxidation or‘burning process that requires gaseous

Loiygen. It is essentially the reverse of photosynshisis. The energy
stored in orgenic compounds during photsynthesis is liberated in
 tespiration. The initial breakdown of organic materials is accomplished
ﬁyxenzymes. Starch may be reduced td‘glucose units, sucrose to glucose
and fructose, proteins to mmino acids, and fats to glycerol and fatty
 §¢1&5. These units may be reduced even further and then reassembled

into new compounds. Carbohydrates, proteins, and fats can all be

e ,interconverted this way. Or the ultimate units may be degradied to

carbon dioxide and water with the liberation of large amounts of
energy. Gaseous oxygen is required in this final step. The chemical

:fbrmula for respiration, using glucose as an example of an organic

’51 compound, may be written as follows:

13




Cety 0g + 6 0, —> 6 0024— 6 H0 + Energy

Respiration is continuous. Fdod materials are burned and energy
i‘ibferated continuously even when the plant is dormant. Reserves can,
;ﬁhéz:efore s be depleted by respiration alone.

To grow normally, the plant must contain adequate food materisls
to burn and adequate gaseous oxygen to effect burning. Vigorous

- dEpends _
,gro’wt}}‘on a high level of reserves in roots and a well aerated soil.

14




PLANT GROWTH

The seasonal growth and development of perennial plants is .
illustrated hefe with Idaho fescue (Fig. 1). The growth pattern
of this bunchgrass applies to other grasses and similar plants and
5 té’ﬁbrbs and woody plants as well. Shoot growth of herbaceous

ﬁlants and twig growth of woody plants are comparable. Plant growth

©  stage is best expressed in terms of percentage growth and greenness

of the shoot.

The elapsed time from start of’growth to dormency in Idsho
féécue is 6 or 7 months. Shoot growth is completed in about
4 months. The plant loses greenness over a comparable period. The
ﬁbisture content of the plant starts declining about the time the
‘piént is half grown and starts slowing &n growth. The total weight
‘bf‘the shoot declines late in the season because seeds shatter and
»  plant parts dry out and disintegrate.

(The period of growth and development of different species
;on different sites may differ appreciably from that for this species.
‘Some plants dry completely or shed leaves as they become dormant.)

Roots start and complete growth‘before the shoot. Root growth

@2 is largely completed by the time the shoot is half grown. By then

the plant is growing most rapidly and presumably has greatest need
fb: a fully developed root system.

Approximately one third of the roots die each year. They start
b ﬁc\die about the time root growth ends. A large smount of organic

5 matter gets into the soil eack year this way.
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REGROWTH

Potentigl for the plant to regrow during the season is highest
,éarly in the season, and declines with advance of the season as soil
‘mﬁisture and the growth impetus of the plant decline (table 3).
’Ai%ér the plant is half grown and starts slowing in growth rate,

-its regrowth is neglipble. Grasses may regenerate practically a

full size crown and produce appreciable viable seeds if defoliation
or grazing is ended before the plant starts growing rapidly -- before
flqwer stalks are tall enough to be removed. Several weeks of grazing
may be provided up to this time.

The éombined yield of initial growth and regrowth from plants
clipped early in the growing season is less than the yield of growth
from unclipped full grown plants (table 3). Therefore, herbage
prqduction and grazing capacity during the season are reduced by
eérly grazing. The amount of reductién is discussed later in the

seéction on season of grazing.
TREND IN FOOD RESERVES

The plant starts ssoring food resérves when'it is about #half
grcwn and begins slowing in growth (Fig. 2). From there on it

- makes more food than it uses in growth and respifation. The excess
is stored. The plant maintains vigor by maintaining a normal supply
‘of:food reserves.

- Approximately half of the seasonal stores are deposited by the
»<~;tiﬁé‘the shoot is 90 percent grown{:’In grasses and plants of similar

growth development, this is gbout fldﬁering time. Most of the

2k




Table 3.~-Yield of initial growth and regrowth of Idaho fescue

clipped one to a l.5-inch stubble at different grthh

stagésj regrowth harvested;when full<§;bwn.

e e

B

-

Initial growth and =
regrowth' combined

‘Average date and growth " Initial ° Sesrorth
stage at time of initial clipping | growth | © gi :

Grams Grams Grams i“Pérj(ﬁ,e:fﬂ? |

May 1% Leaves‘about 3 inches _

tall, S | 0.78 0.70 1.48 60
May 13. TFlower sta;ks low in

boot. | o k1.o9 .29 1.38 56 -

- May 277 TFlower stalks surpass- |

ing basal leaves. - . 1.h2 20 1.62 ,66_
June 177 TFlower stalks two-

thirds grown. 2.16 .05 - 2.21 -0
July 67 Peak of flowering. . - 2.39 .01 2.4 98 .
July 9. Flower stalks fﬁll '

grown. 2.h1 .01 2.42 99,
July 18! Seed in ﬁilk, _ 2.45 0 2.45 ' k;:lOO '
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~reserves are deposited by the time the shoot is full grown, or at
~s§ed-fipe time in grasses. But reserves continue to accumulate fof
;ééVEral days or weeks, while the plant still has greenness, until
\théyamount of food made in photosynthesis Jjust balances the amount
ﬁéé& in respiration. Then reserves decline throughout the dormant
;iééiod because of respiration,:and continue to decline as growth
°i¢sumes -- wntil the shoot is about half grown —; because of both
growth and respiration. Resemves are lowest when the shoot is about
‘haif grown.
| EFFECT OF DEFOLIATION
) ‘V Removal of the leaves of the plant any time during the green
: ’péfiod reduces the amount of food made and stored by the plant. As
a result, the capacity of the plant to produce both shoot and root
‘gicﬁth the next year is reduced. Defcliation is most harmful when
fé#érves are lowest. This is abuout the time the plant is growing
most rgpidly.
| However, defoliation of the plant agytime up to the time food
stoiage is completed is harmful even at a relatively late growth
stage gx‘éble k). Plants vary in their ability to withstand defoliation.
f«;_Wyethia, for exemple, withstands clipping better thhn other species
because of greater food storage capacity and pebhaps other ressons.
Genérally, close defoliation of the plant year after year at almost
agyfgreen growth stage ultimately resﬁlts in depletion of food

- reserves and the death of the plant.
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Table 4, --Change in size of four forage species clipped yearly

to a~l.5 inch stubble at the seed-in-milk stage

: Basal area _’,:: - Fascicleslzl;
_Yeaf i Idaho fescue f Bottlebrush f Longspur lupine f Woolly wyethia

; . squirreltail ‘; ‘ X

Sq.in.  Pet. Sq.in.  Pet. ‘No.  Pet.  To. l?ct..

1946 4,16 100 1.88 100 15.4 00 ¢ 8.2 100
1947 2.16 52 2.22 ' 118 5.0 32 7.7 o
191+8 1,67 Lo - 2.25 120 6.5 Lo 8.8 107
9% 139 33 69 31 2.a 6 7.9 %
1950 .83 20 LAY 1.4 9 6.9 E

-

;/ ‘A fascicle is a group of leaves or leaves~and stems that originate

from a single bud.



Rhizomatous plants generally stand grazing better than tufted

‘plants. They are not grazed as completely because of their prostrate
| ngWth habit. They retain more greenness in the grazed;éff stubble.
‘And they usually have greater regrowth and food storage capacity.

The growth of herbaceous planté is not affected significantly by
'gﬁézing after reserves are stored. The reserves and growing points
on the plants are out of reach of animals. In woody plants, however,
kiéserves and growing points are exposed, and grazing after reserves
"are stored and Quring the dormant period can harm these plants.

'  Rémoval of growing points does the most damage.

i The effect of defoliation is proportionsl to the amount of crown

féﬁoved from the green plant. Studies show that 60 percent and more

" can be removed from some species without interfering with the future
k‘normal growth of the plant. Apparently, the plant can make adequate

jf“fbod in less than a normal size crown. The portion of the crown that

" can be removed safely is called the proper-use amount.
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