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INTRODUCTION

It has been estimated that over twelve million acres in the Southern
Great Plains are not suited for cultivation and need to be seeded to per-
ﬁaneht grass cover (18)1"1'° Additional millions of acres are to be éstab=
lished to perennial grasses for an indefinite period of time to adjust
crop acreages. All federally spomsored programs dealing with range and
pasture reseeding or reclamation work should utilize the available adapt=
ed sources of improved grasses.

In the past, the grass seed supply has been dependent ué@n the wild
”héfveét of seed from our native ranges and pastures during favorable years.
‘This source of grass seed is not reliable, and usually the seed harvested
is of very low quality.

Only through the grass seed grower's ability to produce seed can the
maximum utilization of improved grasses be obtained. Morevefﬁicient mefth=
ods are needed for grass seed producti@nttd fill the critical shortage.
This study investiggtes some of the problems associated with seed produc-

tion of two native grasses in Oklahoma.,

/1 Numbers in parentheses refer to Literature Cited



REVIEW OF LITERATURE

Fertility studies conducted on side-cats grama grass by Hamilton
and Wooten (16) in Arizona showed that if side-oats grama was over=-
fertilized Qith nitrogen prior to the flush of growth in July, the
plants would lodge. They stated that side-cats should be managed in
such a way as to produce a thrifty plant ready to put up its seed heads
when thié flush of growth occurs.. Teo little is known of the possibil-
ity of reducing lodging with adequate amounts of phosphorus and potas-
sium. No fertilizer recommendations were made by these authors for
side=oats grama, but fertility rates recommended for other grasses, such
as weeping lovegrass, Wilman lovegrass, sand lovegrass, smilo, rescue
grass, and wheatgrass, varied from 60‘to 100 pounds of nitrogen per acre.

In Nebraska, Jackson (22) concluded that thirty pounds of nitrogen
per acre was the most effective rate for seed production of side-oats
grama. He reported there was no advantage obtained from the application
of phosphate either alone or im combination.with nitrogen in relation to
seed yield.

Hérlan and Kneebone (17), using a split rate of fertilizer treatments
on switchgrass, found that forty pounds of nitrogen per acre applied im
eérly spring plusvthirty pounds at boot stage gavé significant incr@aée
in seed yields. However, no significant differences were obtained when
comparisons were made between the f@rty=thirty pound‘split rate applied
in early spring and at boot stage respectively and a seventy-thirty split

rate or a one hundréd pound rate applied once in early spring, im number



of panicles produced per plot, nor in the grams of seed produced per
fertilized plot,

In a similar study copducted in Oklahoma, Kneebone (24) applied 30
pounds of nitrogen per acré to blue grama grass planted im 12 inch rows
in mid-August and obtained a highly significant increase in seed yields.
Adequate irrigation water was applied after fertilization and was contin-
ued until the seed hadireaqhed the soft dough stage;

As a general rule, Smith (352 stated, our native grasses yield six
to ten times more seed under cultivation as compared to wild harvest.
Grasses that produce sezed in the fall will respond best to applications
of just enough water throughout the season to maintain good heavy growth,
followed by heavy applicatiohs of water about six weeks before maturity.
In addition he reported that grasses producing seed crops early in the
summer benefit from forty to fifty pounds of actual nitrogem per acre.
The need becomes apparent about the third seed crop under dryland condi-
tions, and the second crop under irrigated conditioms.

Broadcast applications of ammonium nitrate om little bluestem in
Oklzhoma will.increase seed stalk production according to Murphy and
others (32). Nitrogen application in combination with phosphorus pro-
duced the greatest number of seed stalks. Murphy stated that light
applications of nitrogen are not sufficient for maximum seed yields,
and superphosphate alone may actually decrease the seed stalk yield.
With studies conducted on weeping lovegrass planted iﬁ three foot rows,
at seven locations, these workers concluded that phosphorus alome does
not increase seed yield. They réported nitrogen applications of 45 to
48 pounds per acre produced from each pound of nitrogen app}ied .91 to

4.76 pounds of weeping lovegrass seed.



Cook and Parmer (13), measuring forage yields of six varieties of
side-oats grama planted in rows and fertilized with 60-60-0 uﬁder dry-=
land conditions in Texas ranked Goromado third highest in productiom.

The varietygs weye clipped twice with Coronado yielding a total of
1,825 pounds of oven-dry forage per acre.

In a study éf bromegrass segd production in New York, Cain and
others'(9) pbserved that nitrogen applications on’very fertile soil
caused iodging; whereas, on fields of moderately fertile soils, he
recommended rates of 200 to 300 pounds of 10-10-10 to be applied in
the fall; spring applications should be avoided to prevent lodging.

He reported seed yields as high as 1,100 pounds per acre were produced
in three foot cultivated rows.

In Kansas, Anderson and others (1) imcreased bromegrass seced yields
ninety-nine percent over check plots on old established stands with a
two-hundred pound rate of ammonium sulfate per acre., On new stands a
heavier rate of four-hundred pounds per acre was needed to increase seed
yields forty percent over that produced by the check plets. The addition
of phosphate had no effect on yield of forage or seed.

Churchill (11) pointed out that fertilized plots of Hr@megrass were
likely to produce iess seed the yéar foilowing fertilization than if left
unfertilized. He found, also} that an eighty pound rate qf nitrogen per
acre on broadcast stands was the most practical application for increaéing
seed yields in Michigan. - '

A rate and time of application study of ammonium sulfate on bromegrass
conducted by Harrlson and Crawford. (20) sh@wed that 100, 250, and 500

pound rates applied in May favored seed yields and ‘that 750 and 1000 pound

rates applied at this time favored forage yields.



In an investigation of cultural practices which favor maximum seed
production of orchard, brome, timothy and Reed canary grass, Buller (3)
found that 100 pounds of nitrogen per acre significantly increased seed
yields in canary grass, whereas a 200 pound rate produced the best seed
yields in both brome and orchardgr#sa, while a 50 pound rate gave the
best response for seed ylelds on timothy. Significantly higher seed
yields were produced on the grasses seeded in rows than in broadcast
stands,

On irrigated land in Idaho, Oman and Starkl(33) reported that 55
pounds of nitrogen per acre on mountain bromegrass produced an increase
of three pounds of seed for every pound of nitrogen applied. In another
study with tall oatgrass, smooth bromegrass and orchardgrass grown in
rows three feet apart, 60 pound rates of nitrogen per acre produced
seed increases of 55% over the yield produced by the check plots.,

With applications as high as 1,250 pounds per acre of nitrqte of
soda (equivalent to 200 pounds of nitrogen) on orchardgrass, Jones and
others (23) found that seed yields increased with nitrogen added up to
and including 100 pounds per acre. Plant tissue tests showed that or-
chardgrass fertilized with 150 to 200 pounds of actual nitrogen per acre
carried a very high percentage of soluble nitrogen and generally a low
percentage of potassium. They stated that this condition favors lodging
when high rates of nitrogen are used.

In a study as to the effect on orchardgrass seed yield of different
sources of nitrogen, yncv;car and Gibson (29), uninq fiye different nitro=-
gen fértilgzars, foun; that the fofm of nitrogen was not w;ry important.
Eighty pounds per acre of ammonium sulfate gave a significant increase

in seed yields as did the 20 and 160 pound rates of calcium cyanamide.



They reported no additional response in seed yields from am application
of 160 -or 320 pounds of nitrogen per acre when compared to the 80 pound
rate. A significant difference was also foumd, however, in the weight
in grams per 1000 seeds from the different treatments. Seed produced
on the fertilized plots receiving 40 pounds of nitrogen per acre and
over had higher gram weight average than the check and 20 pound rate.

Lodging in Keﬁtucky 31 fescue and orchardgrass was found by Spencer
(36) to be a problem with heavy rates of nitrogen. In additiom, the
lodging problem increased progressively with late application dates.
Spencer observed that burning amd'am'applicacion of nitr@gem gave a
significant increase in forage and seed production by both fescue énd
orchardgrass.

The influencelof burning and fertilization on seed production in
some:southern grasses was studied by Burton (4). He found that fertili-
zation of burned plots gave the greatest seed yields, but the percentage
_increasé due to fertilizatiom was greater in the unburmed plots, He
concluded that burning had no significant effect ﬁp@n seed yields, and
that nitrogen alone will produce as much seed as an equivalent amount
of nitrogen applied in a 4-8-4 fertilizer.

In Canaéa, anwles (26) wo;kimg with crested wheatgrass, obtg;ned
significantly greater seed yields with féli fertilizer apélicati@ms than
when treated in the spring. Seed yields of 428 pounds per acre we%e ob-
tained with 264 pounds of émmonium nitrate applied im the fall compared
to 112 pounds of seed produced with spring applicationslof 112 pounds
of fertilizer@- He found that ammonium phosphate was more effective when
applied in the fall than in spring. ‘Knowles recommended the use of

fertilizers high in nitrogen such as ammonium nitrate or ammonium



sulfate on old stands. Rates of 75 to 150 pounds per acre of ammonium
nitrate or %00 to 200 pounds per acre of ammonium sulfate applied‘in
the fall were recom@ended for: seed production on creste& wheatgrass.

Under dryland conditions in Idaho, Klages and Stark (253) found
that 20 pounds of nitrogen per acre (100 pounds of ammonium sulfate
or 60 pounds of ammonium nitrate) was ushally sufficient for grass
seed production. In areas where 20 or more inches of rain fall, 50
pounds of nit;ogen per acre can be used., They reported as much as
90 pounds per écre could be used to advantage in the irrigated parts '
of the state,

Letting seed head counts,serve as an index of the influence of
fertilizer treatment upon seed yields, Burton (5) found in a number
of southern»grasses studied that the application of phosphorus and
potassium without nitrogen significantly increased the number of
heads in only common bermuda. The addition of nitrogem to the basic
phosphorus and potassium treatments materially increased the ]pn:’aaxﬁluc»=
tion of seed heads in most of the grasses studied. |

In a study of row-spacing, depths and rates of seeding for pro-
dyction of grass seed, McWilliams (31) concluded that, im gemeral,

30 inch rows were the best for graés seed production, After the
stand was three yearé old, the 18 inch rows dropped im production
while the 30 to 42 inch spacings continued to produce satisfactorily.

Nitrogen fertilization did not give seed increases of Russiam
wildrye during the application year, according to studies conducted
by Stitt'(w)o However, the respomnse was apparent the follgowing year.
He reported row spacings of 1.5 to 2 feet apart, with applications of
100 and 200 pounds of nitrogen per acre gave the highest seed yields

under irrigatiom.



-Defrance and Odland (14) found that seed yields of velvet bent-
grass could be increased by moderate applications of nitrogen. They
found phosphorus and potassium had little effect upon seed yial&s
eitherlglone or with nitrogen.

Working with ryegrass in New Zealand, Chrystall (10) obtained
seed yields ranging from 43 to 60 bushels when grown with clover as
a companion crop.

For production of Rhodesgrass seed Lancaster (27) recommended
200 pounds per acre of ammonium nitrate and 500 pounds of 0-14-7 for
maximum yields.

Fertilizer placement tests conducted by Riewe and Smith (34) on
an improved perennial pasture consisting of Dallis grass, bermuda grass,
and white clover, using 40, 80, 160, and 320 pounds per acre of P205
"with and without 50 pounds of nitrogen, applied 10 and 20 inches apart
in bands below the surface and broadcast, showed potash and phosphate
had no influence on forage yiglds. Also, more weeds were observed
where fertilizer was banded béneath the soil. In another study radio-
active phosphate was used to measure the efficiency of phosphate broad-
cast on the surface in comparison with phosphate banded below the sur-
face. Likewise, the application of nitrogen increased the amount of
fertilizer phosphorus removed in the forage. The method of fertilizer
placement did not affect forage yields, but they were significantly
increased by nitrogen and phosphorus applications.

A number of grasses were studied by Fudge and Fraps (15) to deter-
mine the effect of various fertilizers upon the yield of forage. Sodium
nitrate increased the yield of forage by 17% when compared to a check,

but did not significantly change the chemical composition. Ammonium



sulfate and muriate of potash had no significant effect upon either yield
or chemical composition of the grasses studied. They found that lime
phosphate increased the yield of forage by 45%, and calcium in the forage
by 18% but had no significant effect upon percentage of protein or phos-
phorus. Superphosphate applied on unlimed plots more than doubled the
yleld of forage, while it increased the percentage of protein and calcium
by about one-third 4nd the percent P205 by one-half. Differences in the
protein and phosphorus content of the grasses studied at the mature stage
from different groups of soils were very small.

Brown (8) studied the chemical composition of pasture species of the
northeast region as influenced by fertilizers. In timothy nitrogen con-
tent of forage increased as the amount of nitrogen fertilizer applied
increased. Heavier rates of nitrogen (56 pounds per acre) lowered the
value of potassium in the forage. Brown stated that this indicated a
lack of proper balance in the supply of nutrients. In Kentucky bluegrass
and Rhode Island bentgrass the source of nitrogen had a profound effect
on the percentlnitrogen in the dry matter. Source of nitrogen also had
an effect on the content of phosphorus in the dry matter. Calcium up-
take was also effected. Fertilizers car;ying sodium increased the potas-
sium content in the grasses, while magnesium fertilizers had the opposite
effect. The use of physiologically neutral or alkaline nitrogen carriers
resulted in higher nitrogen, phosphorus and calcium contents in the grasses
studied.

Brooks and Holt (6) reported average forage ylelds of 3 to 4 tons per
acre were produced annually under irrigation by the better species of grass
in a warm season grass yield test at Iowa Park, Texas. The five highest

yielding grasses were coastal bermuda, blue panic, Johnsongrass, King
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Ranch bluestem, and Blackwell switchgrass. Blackwell switchgrass ranked

_ fourth and fifth for the two years, yielding close to 4000 pounds per acre
annually. Forage yields in excess of 13 tons of air-dry forage per acre
were produced with coastal bermudagrass at Crystal City, Texas, with 200
pounds of nitrogen applied per acre, and at College Statiom with 1000
pounds of nitrogen.

When protected to the end of the season, Lang and Barnes (28) found,
side-oats grama and buffalograss yielded more forage than when harvested
frequently. Mid-season grasses, western wheatgrass, sanberg bluegrass,
and slender wheatgrass produced more forage whenkcut only omce.

In Florida, Blaser and dthers (?) found more forage was produced by
napiergrass if split applications of 32 pounds of actual nitrogen were
applied in March and June.

A frequenéy of.clipping stq@y‘on Russian wildrye condu@ted by
Thaine (39) in‘Canéda showed greater .yields were obtained from taking
2 to 3 cuttings pei season than from only 1 or 2 cuttings.

Tests were conducted on tall‘qatgrass aﬁd alta fescue under irriga-
tion in Montana. Forage yields were doubled by Stitt (38) with anﬂappli=
cation of 100 pounﬁs of nitr@gen per acre as compared to a check,

Many vafiables influence y%éld in grasses of both seed and fo@age,
"Brown (7) observed that Kentucky bluegrass, Canada bluegrass, and orchard-
grass made some growth at 40° F; wh@reas bermudagrass made no grow;h and
very little at SOQvF, The optimum temperature for top growth was §OO to
900 F forlgentucky bluegrass and Camada bluegrass, 70° F for @rchafdgrass,
while the maximum top growth for bérmudagrass was cobtained at 1000 F.

Ha;rison (19) observed Kentucky bluegrass made little growth at 100° ¥
in sand culture, however, thé‘addition of mitrogen' stimulated the yields

at 80° F.
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Seed dormancy and germinatiom inm native grasses are important factors
in establishment. Conkos (12), studying seéd dormancy in some native
grasses in Illinois, showed that side-oats grama wés more sensitive to
storage temperatures than seeds of other species in the test. Cold stor-
age prolonged dormancy to 14 months, whereas, dormancy broke in 2 to 6
months under room temperature;

The effect ;f maturity at time of hgrvest in crested wheatgrass was
studied by Hermann and Hermann (21). They reported that storage was
neceséary for good seed germination aféer harvest, and that the germina-
tion after storage was higher as maturity increésedu McAlister (30)

obtained similar results in his study on some of the western range

grasses,



METHODS AND MATERIALS

Seed production studies on Coronado side=-cats grama, Bouteloua cur-

tipendula, Michx., Torr and Caddo switchgrass, Panicum virgatum L., were

conducted under irrigated and dryland conditioms at the El Reno Lives
stock Research Stationm.

Both grasses were established in cultivated rows three feet apart
on a Brewer clay loam soil, high imn available phosphate and p@tagsium,
medium to high in nitrogen and with a pH of 7.5, (Table III)..~Tﬁe:Coro=
nado side-oats grama was established in the spring of 1953, and Caddo
switéhgrass was e;tablished in the spring of 1955,

A furrow type surface irrigatiqn system was gsed in the"applicatiom
of water. As shown in Table II, a teotal ef’37.inches of sppélemen@al
water was applied to side-ocats grama in 1956; whereas, in 1957 no irri-
gation water was needed for the first seed crop and ouly 19 inches was
applied to produce the second croé. Switchgrass received 32 inches of
supplemental water in 1956, an& 17 inches in 1957,

The area selected for study on each grass was chosen for uniformity
of stand and soil. Forty-eight pleots, each consisting of three rows,
three feet apart and twenty feet long, with border rows along the out-
side and a five foot unfertilized area on the ends, were used for each
grass and field cendition.

Twelve rates of fertilizers were used in a completely randomized

block design, with four replications of each treatment. Broadcast

applications of fertilizer were made by hand.

12
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Rates of fertilizers and design used were the same for both grasses
under both conditions.

Fertilizer rates in pounds of nitrogen, phosphorus (P205> and potas-
sium (K20) respectively were as follows:

0-0-0, 0-0-100, 0-100-0, 0~100~-100
'1Qd-o~o,‘1do;0=100, 100-100-0, 100-100-100
200-0-0, 200w0%100, 200~100=0, 200=100n100

The commercial fertilizers used to obtain these rates were ammonium
nitrate (33% N), muriate of potash (60% K»0), and treble superphosphate
(46% P205). |

After the year of establishment, Coronado side-oats grama will pro-
duce two seed crops under irrigatiom, and ome or sometimes twg in good
years under dryland conditions. The first crop is usually hafvested in
June and the second in Sep;ember.

On June 21, 1956, fertilizer treatments were applied‘on gidew@ats
grama qftef the first seed crop was removed. In 1957, fertilizer was
applied April 21 and July 27 on both irrigatedvcr@ps, The side-ocats
grama plots grown on dry land received an application of fertilizer om
June 21, 1956, and April 21, 1957.

The switchgrass plots established in 36 inch rows in the sprimg of
1955 were fertilized June 21, 1956, on both the irrigated and dryland
plots, just prior to boot stage and on April 21, 1957, prior to the
heavy early spring growth,

In 1956 the second crop of Coromado side-oats grama produced on
both dry and irrigated fields was harvested October 24. The first seed
crop in 1957 of Coronado side-ocats grama was harvestad from both land
conditions July 2, The second seed crop obtained on the irrigated field

was harvested October 10, 1957.
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Both forage and seed yields were taken on switchgrass September 8
under irrigation and September 16 on dryland, in 1956. 1In 1957 harvest
dates were September 3 under irrigation and August 26 on dryland.

The seed crops of both grasses were harvested by topping the seed
heads in each plot by hand in 1956 with a sickle. The heads were then
placed in a sack, labeled, dried and threshed with a Vogel nursery
thresher. The threshed seed was scalped, lightly hammer-milled and
cleaned with a small clipper cleaner before the weight was recorded.

Forage yields in 1956 were taken on both grasses by mowing the
entire plot after seed crop removal. A sample was taken from each plot
for chemical analyses and dry matter determination. All chemical analyses
were made by the Department'of Biochemistry.

Bécause of the time involvéd in handling, the method of harvesting
both seed and forage yields of both grasses was changed in 1957. One
row, twenty feetvlong in each plot was selected at random and harvested
by hand for seed yields. Forage yields were taken by mowing the topped
row in side-oats and by mowing ome of the two remaining .20 foot rows of
switchgrass.

Prior to harvesting seed yields in 1957, small samples of side-oats
grama seed were hand-stripped from each fertilized plot im both the dry-
land and irrigated areas. Each sample was thoroughly mixed and divided
to an approximate five gram sample, weighed, and the caryopses were
extracted from the appendages, and the pérceng of naked seed was deter-
mined for each plot,

The extracted seeds were used in the‘germinatioﬁ study to measure
the effect of fertilizer on the dormancy in freshly harvested seed. Each
caryopsis used was selected as a perfect seed, cracked, broken and shriv-

eled seed being rejected. Four samples of one-hundred seeds each were
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selected at random from the perfect seed fraction of both grasses to rep-
resent the harvest from each fertility treatment on dryland or irrigated
plots. One sampl% (replication) from each fertility treatment was placed
at random on each of four trays which»vin turn, were randomly placed in
the germinator.

Germination tests were conducted as prescribed by A.0.S.A. (Associ-
ation of Official Seed Amalysts) with the exception that naked caryopses
of side-oats grama were germinated from each level of fertilizer treat-
ment. According to the official method, seeds for germination shall be
taken from the separation of the kind or variety comsidered pure seed
and shall be counted without discrimination as to size or appearance.

The pure seed fraction in native grasses includes the enclosure around
the caryopses as well as the group or clusters which may have more than
one grain present, but is counted only as one. |

Switchgrass seed was taken iﬁ a similar maoner from each fertilized
plot, as was side-oats grama, except the caryopses were not extracted
from the lemma and palea. The seed was cleaned and separated into a pure
seed fraction, which was used in the germination study,

Germination tests were repeated im the same manmer at intervals
until dormancy was broken.

A Shultz Da-Lite germinator equipped with a thermograph set for an
alternating temperature of 20° C for 16 hours of darkness and 30° ¢ for
an eight hour light period was used in this study. Counts were made at

seven day intervals for a 28 day period.



RESULTS AND DISCUSSION

The fertilization of Caddo switchgrass prior to early boot stage in
1956 or from an early spring applicatiom im 1957 (Table I) had no signif-
icant effect on yield of seed or stover produced in either year under
dryland or irrigated conditions. However, the.average total seed yields
produced under irrigation for the two year period were five t@'nime times
greater per acre than the yields obtained on drylamd. Stover y;elds pro-
duced under irrigatiocn in comparison to dryland were 2.5 tons greater per
acre.

Non=-fertilized plots, as well a¢g fertilized plots, lodged umder‘irri=
gation during both years. Dryland switchgrass did mot mature in 1956 due
to the lack of moisture, amd lodging was not noted. The more favorable
rainfall during the growing season inm 1957 (Table II) allowed switchgrass
on dryland to mature and set seed. All plots that received nitrogen as
part of their fertility treatment lodged under dryland conditioms im 1957,

A negative correlation between forage and seed yields was obtained
in 1956, and a positive correlationm was obtained in 19537. This emphasizes
that it is not enough simply to supply adequate amounts of water and ferti-
lizer for good vegetagive growth, as good seed yields do not always accom-
pany good forage yields.

Temperature conditions prevailing during the blooming period in Aug-
ust, 1956 were very high. There were 15 days of recorded mid=afternooﬁ
temperatures of 100° F and over. This condition was followed by hot dry

winds which caused considerable blasting of seed heads in switchgrass and

16



Figure 1. Dryland plots of Caddo .switchgrass,
June 6, 1957.

Figure 2. Irrigated plots of Caddo switchgrass,
June 6, 1957.

APR 1858

APR 1058
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a ré@pction in yield of seed. A more favorable temperature condition pre-
vailed during the bloom and dough stages in 1957. Yield of seed produced
per acre was considerably higher in 1957 than in 1956. 1t is the auther's
opinion that response in seed yield due to fértilization cannot be meas-
ured except in optimum years unless temperature and other variables, other
vthan:water‘dﬁdvfertilizer, agfécting seed set in swiﬁchgraés céﬁ be con-
troliéa. c

rThe soil fertility level (Table III) at the start of this study was
sufficient to meet the nutrient needs of switchgrass under both land
conditions, for the two year period. In comparing the chemical composi-
tion of stover obtained from the check plots with the chemical composition
of the §tqver harvested from the fertflized plots (Table IV), switchgrass
utilized very little_of the applied nitrogen, phosphorus and potassium.
The chemical composition was not notably changed due to fertilizer appli-
cation on either dry or irrigated land for the two years of study. The
protein and phosphorus content of the stover produced on dryland was con-
sis;ently higher than the stover produced under irrig#tion. The protein
content of the irrigated stover harvesﬁed from the check plots in 1956
compared to the protein content im 1957, indicates that the level of
available soil nitrogen may be lowering. If this study had been started
on the‘soil three years after the establishment of switchgrass instead of
one year, positive responses on seed and forage yields due to fertiliza-
tion may havé been cbtained.

Switchgrass grown under dryland conditionms (Figure‘1)~mmtgreslearlier
than when grown under irrigation (Figure 2). At the time of harvest of
the dryland seed crop, August 262‘1957, the crop was fully matured and in
a dead ripe stage. Sqme loss was noted due to shattering. The seed har-

¥

vested September 7, 1957, under irrigated conditions was not fully ripened,
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and no loss due to shattering was noted. The, germination of thé fresh
seed (Table V) harvested from each fertilized plot on .both irrigated

and dryland in 1957 suggests that fertilization with nitrogen and phos-
phorqs m;y have a favorable effect on germination of freshly harvested

1

matqre séed. The seed produced under irrigation is less dorpant than
seed grown under dryland conditions, and the stage of maturity at the
time of harvest may have an effect on the length of dormancy involved
in freshly harvested switchgrass seed., Under dryland conditions seed
harvested from plots which received the 100 pound nitrogen rate and
the 100 pound phosphorus rate had a significantly greater average
percent germination and less dormant.seed at each germination inter-
val of one month, three months, and seven months after harvest than
seed produced from other treatments. Seed harvested from each fertil-
ity treatmenﬁ under irrigation, although significant differences were
measured at one and three month intervals, did not show any comsistency
in germination as to any particular fertilizer rate; no difference

in germination could be measured as to the effect of fertilizer at the

seven month interval.



TABLE I

MEAN YIELD IN POUNDS OF SWITCHGRASS SEED AND STOVER PRODUCED PER ACRE PER’ TREATMENT

UNDER IRRIGATION AND DRYLAND IN 1956 AND 1957.

Treatment

0-=0-0
0=100-0
0-0-100

0-100-100

100=0=0
100-100-0
100-=0-100

100-100-100

200-0<0
200-100-<0
200-0-100

200-100-100

‘Seed Yields

(Pounds Per Acre)

Stover Yields

(Pounds Per Acre)

Irrigated Dryland Irrigated " ‘ Dryland

: 2 Yr. ’ 2 Yr. . : 2 Yr. 2 Yr.

1956 1957 Total | 1956 1957 Total | 1956 1957 Total | 1956 1957 Total
384 582 966 .- 207 207 | 8149 6991 15140 | 3846 5755 9601
376 631 1007 .- 288 288 8493 6881 15374 | 4911 6003 10914
452 638 1090 - 127 127" 8703 . 7555 16258 | 5449 5577 11026
451 535 986 | -- 19i 192 | 8569 7114 - 15683 | 4557 5787 10344
454 694 1148 = 232 232 | 7317 7187 14504 | 4207 5642 9849
555 633 1188 o= 158 158..1 8783 7069 15752 | 4734 6258 10992
374 592 966 | == 175 175 8581 7639 16220 .| 4087 6457 10544
481 575 1056 == 168 iea} 8297 6989 15286 | 3525 5671 9196
380 558 938 | -- 133 133 | 8742 7218 15960 - | 4900 6591 = 11491
315 614 929 == 110 110 9409 7180 16589 | 4786 6638 11424
452 655 1107 | -- 154 154 8198 7038 15236 | 4598 5982 10580
381 694 1075 -- 128 128 8807 7885 16692 | 3941 5793 9734

74
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ANNUAL PRECIPITATION AND SUPPLEMENTAL IRRIGATION RECEIVED
BY BOTH GRASSES DURING BOTH YEARS OF STUDY

MEAN CHEMICAL ANALYSES OF THE BREWER CLAY

"LOAM SOIL PRIOR TO THIS STUDY

Side-oats Switchgrass
Inches Inches Inches

Month Applied Water Applied Water Precipitation
1956 1957 1956 1957 1956 | 1957

- March = = = =; 1.60 1.95
April 6" = - o= .70 S,QO
May 6" == A =e 5.50 7005
June 6" == 8" - 1.15 6.25
July 6" = A 6" 3.80 l,OO
Augusp 13" 13" 10" 8" .80 .15
September 12" 6" o= 3" == 4.40
October 3n -- -- -- 5.8  1.90

TABLE III

Designation of Land Soil Available Phdsphorus Available K %

%

Condition and Crop __ pH Lbsn/Acre ‘ Lbs./Acre O.M. N

Irrigated Switchgrass 7.5  65(very high) 735 2.47 .124
Irrigated Side-cats 7. 65{very high) 480 2.42 118
Dryland Switchgrass 7.4 65(very high) 660 2.53 .124
Dryland Side-=oats 7.2  65(very high) 680 2.86 .139




TABLE IV
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MEAN CHEMICAL COMPQSITION (IN PERCENT) OF CADDO SWITCHGRASS STOVER
‘ PRODUCED ON IRRIGATED AND DRYLAND CONDITIONS WITH

DIFFERENT FERTILITY TREATMENTS IN 1956 AND 1957

% Phosphorus

Land Condition  Year K, K Py Pg Ny Ng Ng

Irrigated 1956  .097  .084 .089 .092 .098 ~ .090  .082
Irrigated 1957  .098 .094 .11 .083 .082 .093 .116
D£}1and 1956  .120 .137 .135 .122 .13 126 .130
Dryland 1957  .171  .174 (195 .167 .189 .197 .132

' ‘ % Calcium '

Land Condition Year Kl KO Py Py Ny Ny Ny

Irrigated 1956 .393  .363 .368 .388 .383  .403  .364
£r;igéted . 1957 .400 401  .394 .409 .391 .439, 371
Dryland 1956 ,3i7” 418 426,370 .415 Q499 .370
Dryland 1957 445 431 .437 489  .454  .426  .435
- — % Protein
Land Condition Year K Ko Py Py Ny ‘Ng- No

Irrigated 1956 4.26  4.61 4.00 4.58 4.06 4.62  4.39
Irrigated 1957  4.28  3.90 4,16 3.86 4.12 4.42 3,49
Dryland 1956 5.58  6.61 6.24 5.96 6.38 6.09 5,83
Dryland 1957 5.67  5.65 5.83 5.49 5.79 5,92 5,27

e ————_————

———
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TABLE V

THE EFFECT OF FERTILIZER ON DORMANCY IN FRESHLY HARVESTED SEED OF CADDO
SWITCHGRASS UP TO SEVEN MONTHS AFTER HARVEST AS DETERMINED BY
PERICDIC GERMINATION AND REPORTED IN PERCENTAGES

Percent Germination

Fertility - 1 Month 3 Months 7 Months
Treatment Irr, Dry Irr. Dry Irxr. Dry
0-0-0 27.8 26.5 58.0 48.8  61.8 51.5
0-0-100 27.0 2j<5 65.8 48.8 74.5 45.5
0-100-0 36.8%%  40.8%% 62.0 59;5** 6502 62, 5%%
0-100-100 28.8 24,0 67.3 45.5 69.8 38.5
100-0-0 33.0 36 . 5%* 59.5 59, 5%#* 62.8 69, 8%*%
'100-0-100 23.0 21.3 68.0%% 54,53 65.8 52.2
100-100-0 28.8 36, 5%% 61.3 38.8 74,2 47.2
100-100-100 33.0 18.0 52.5 43,5 69.5 45u5
200-0-0 ‘ 35.0 27.0 66.0 48.5 63,5 40.0
200-0-100 40.8%%  23.8 53.5 41.5 63.0 41.5
200-100-0 32.0 16.0 66.5 33.8 71.5 28.2
200-100-100 30.8 26.0 61°3 v 46.0 70.5 44,0

*% significantly different at the 17 level, as shown by
Analyses of Variance, Tables XIII, XIV, XVI, XVII, and
XVIII, Appendix. : i
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~ Coromnado Side=oat$ Grama

The broadcast application of fertilizer treatments to th; second crop
of Coronadd side-oats grama grass under irrigation immediately following
removal of the first crop in 1956v(Tab1e XX1) had no effect on yigld of
seed or stover produced.

‘Due to an unfavorable fertilizer and soil moisture relatiomship which
existed in one section of the side~oats grama field under irrigation, as
shown in Figure 3, only three of the four plots were harvested for each
fertilizer gregtment in 1957. This area was excluded from the study since
it contained one each of all twelve treatments. On the three harvested
plots, early spring application of fertilizer treatments for production
of the first seed crop in 1957 had a significant effect on seed yield,
but no differences were measured in the amount of stover prgduced. Sig-
nificantly higher seed yields were obtained from plotsvyeceiving the 200-
100-100 pound»rate of fertilizer per acre. An average of 592 pounds of seed
per acre was ﬁroduced with this fertility treatment in comparison to an
average of 336 pounds of seed per acre for the check plots.

The irrigated plots treated with phosphorus and potassium alome and in
combination and the check matured earlier than the plots receiving nitrogen.
Since all plots were harvested at the same time to avoid loss in shattering
pf the earlier‘maturing plots, bias was injected into the data. The plots
that were not as mature had a larger percentage of inert matter and light
seéds, This factor may have been requnsible for the inability to measure
significant differences in yield due to nitrogen fertilization in the sec-
ond crép of side-cats.grama in 1957 as computations were not made until
after cleaning. A.differgncé in number of seed heads and forage produced
hould be seen in comparing plogs in the field as shown in Figure &, but no

statistical or mathematical difference could be demomstrated.
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8961 HAY

Figure 3. The unfavorable condition above existing under irri-

gation in one section of the side-oats grama field was more
pronounced in the plots which received 100 and 200 pound rates
of nitrogen alone and in combination with phosphorus and/or
potassium. This condition was apparently due to the high
rates of fertilizers used, brought on by standing water. The
check or border row on right was not notably hurt. A reduc-
tion in stand and vigor can be seen from the row on the left
which received a 200-100-0 fertilizer treatment two years in
succession,
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APR 1088

Figure 4. The irrigated side-oats grama plot (left) which
received a 100-100-100 pound rate of fertilizer appeared
to produce a larger amount of seed stalks and stover in
comparison to border row (right).

L.

#0081 HAY

Figure 5. The application of 100 pounds of phosphorus to
side-oats grama under irrigation (left) resulted in little

difference in growth and seed stalk production in compari-
son to border (right). ‘
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Seed yields produced by side-cats grama under dryland conditions
(Table XXI) were not increaséd with fertilizer during the period of this
study. The significant difference in stover production from plots which
received a fertilizer application of 100-100-0 in 1957 was probably due

to the variability in the stand rather than to the effect of the fertili-
zer treatment. Even though 1957 was a more favorable year tham 1956,
under dryland c¢onditions lower stover yields were obtained. fhe resi-
dual effect ofvthebfertilizer applied in 1956 plus the fertilizer ap-
plied in 1957 seemed to have a harmful effect on the yield of stover
produced. This was particularly true when 200 pounds of nitrogen were
used along or in combination.

The two year total of side-cats grama seed produced under irrigation
(Table XXI) was approximately fifteen times greater per acre than the
yiélds obtained under dryland. Stover yields produced per acre under
irrigation in comparison to dryland were from 2.0 to approximately 4.0
tons greater,

Lodging did not occur under dryland conditi@né in 19536 or 1957.
However, under irrigation lodging occured on all plots receiving nitro-
gen aloné and in combination with phosphorus and/or potassium. No lodg-
ing was observed in the check, nor the plots treated with phpsphorus and
potassium alone or in combination.

From samples taken prior to the seed harvest in 1957, it was found
(Table XXII) that all fertilizer treatments applied to side-oats grama
gave an increase:infpgrcenp seed set under irrigation. Under dryland,
however, .the application qf fgrtilize; seemed to have the opposite effect
on seed set (Table XXIII), with the exception of those plots treated with

phosphorus alone which gave a significant increase in percent caryopses
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in comparison to the check plots. Percent caryopses or seed set was
twice as great under irrigation as that obtained under dryland conditioms.

Caryopses of freshly harvested seed from each fertility treatment
from both irrigated and dryland plots of side-oats grama (Table XXIV)

did not have the length of dormancy that was found in switchgrass. The
application of fertilizer caused a significant increase in percent early
dormancy in seed harvested from the irrigatedhplots. Fresh seed har-
ves;ed from the fertilized plots on dryland conditions did not show any
differences in percent germination due to fertilizer rates. No differ-
ence in percent germination was obtained from irrigated or dryland seed
groups three months after harvest. Each seed group from each fertility
treatment, from both irrigated and dryland, germinated in excess of 90%.
After three months of storage, dormancy could not be considered a prob-
lem in the 1957 seed croé of Coronado side-cats grama.

As shown in Table XXV, the protein content of side=oats grama stover
harvested from the second crop under irrigation in 1956 and 1957, and
from the single crop harvested in 1956 and 1957 under dryland conditioms,
showed no difference within land conditioh and erop due to fertilizef
applicaticn, However, an increase in protein wag obtained in the first
stover crop pfoduced under irrigation‘in 1957 from all plots receiving
fertilizer treatments. In 1957, the phosphorus content of stover was
not increased with any fertilizef treatment. A slightly higher éhos=
phorus content was obtained under irrigation in 1957;where no nitrogen
fertilizer was applied. The phosphorus content of stover was c@ﬁSiSQ
fently higher under dryland conditions than under irrigated. The pro-=
tein, calcium, and phosphorus‘content of the stover was higher in the

first crop than in the second under irrigatiom.



TABLE XXI

MEAN YIELD IN POUNDS OF CORONADO SIDE-OCATS GRAMA SEED AND STOVER PRODUCED PER ACRE PER TREATMENT
UNDER IRRIGATION AND DRYLAND IN 1956 AND 1957

Seed Yields

(Pounds Per Acre)

- Stover Yields

(Pounds Per Acre)

Treatment Dryland Irrigated _Dryland Irrigated
: 2 Yr. -| 2nd Crop 1lst & 2nd 2 Yr. : 2 Yr. Combined 2 Yr.
1956 1957 Total 1956 1957 Total 1956 1957 Total 1956 1957  Total
0=0-0 ce 93 93 436 686 1116 1430 844 2274 2521 4288 6809
0-100-=0 == 113 113 516 660 1176 1311 927 2238 2598 4189 6787
0-0-100 a= 123 123 529 735 1264 1332 808 2140 2580 5314 7894
0-100-100 == 85 85 396 570 966 1222 702 1924 2386 3894 6280
100-0-0 == 99 99 559 815 1374 1322 1013 2335 2925 6299 5224
100-100-0 == 55 55 584 766 1340 1208 752‘ 1957 2896 5733 8629
>100=0=100 == 90 90 , 684 841 1525 1081 1020 2101 2823 5762 8585
100-100-100 == 59 59 547 1000#* 1547 1503 578 2081 2768 5568 8336
200-0-=0 == 81 81 653 935 1588 1201 476 : 1677 3055 5512 8567
200-100-=0 - 127 0 127 540 966 . 1506 1482 779 - 2261 | 2779 6423 9202
260-=0-100 == 93 93 476 749 1225 1269 644 1913 2633 4899 7532
200-100-100 == 74 74 638 977% 1615 1124 403 1527 3091 6171 §262

© % Significantly different at the 5% probability level, in the first crop harvested
in June, 1957, as shown by the Analysis of Variance, Table XXIX, Appendix.
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TABLE XXII

ANALYSIS OF VARIANCE OF THE PERCENT CARYOPSES OBTAINED FROM HAND-STRIPPED SAMPLES HARVESTED FROM

EACH FERTILIZED PLOT OF IRRIGATED CORONADO SIDE- OATS GRAMA IN 1957

Fertilizer Treatment

0=-0-0 0=0-1 0-1-0 0-1-1 l=-1-1 1-0-0 1-1-0 1-0-1  2-0-0  2-1-0  2-0-1 2-1-1

Ty T2 T3 Ty Ts Te T7 T3 Ty T10 T11 T12
1 11.0 15.9 18.0 16.2 21.0 21.3 15.9 15.6 12.2 17.9 18.8 2@.6
2 13.1 14,9 15.4 14.2 14,7 16.8 17.5 18.3 14,7 15.3 25.0 29.4
3 12.6 22.2 17.0 18.6 23.2 21.3 16.5 22.6 15.7 13.9 15.7 17.8
b 15.4 16.4 21.0 16.0 17.3 18.9 17.2 15.9 21.8 13.4 20.4 20.2
X 13.0 17.4 17.8 16.3 19.0 19.6 16.8 18.1 16.1 15.1 19.9 23.5

Source D.F. S.S. M.S. - F.

Total 47 667.79

Treatment 11 313.9 28.54 2.903%

Error 36 353.89 9.83
Multiple Range: ‘

0-0-0 2=1<0 2-0-0 0-1-1 1-1-0 0-0-=1 0=1-0 1=0-=1 1=1-1 1-0-0 2-0<=1 2=1=1

T Ti0 T9 T4 T7 T2 Tq Tg Ty Tg T11 - T19

13.0 15.1 16.1 16.3 16.8 17.4. 17.8 18.1  19.0 19.6 19.9 23.5

Note: Any two means underscored by the same line are not significantly differemt at the 5% level.

0¢



TABLE XXIII

ANALYSIS OF VARIANCE OF THE PERCENT CARYOPSES OBTAINED FROM HAND-STRIPPED SAMPLES HARVESTED FROM
EACH FERTILIZED PLOT UNDER DRYLAND CONDITION IN 1957

Fertilizer Treatment

2-0-1

0-0-0 - 0-0-1 0-1<0 0-1-1 1-1-1 1-0-0 1-1-0 1-0-1  2-0-0 2-1-0 "2-1-1
Ty ) Tg Ty Ts5 Te T7 Tg Tg T10 T11 T12
1 8.0 4.4 14.0 6.0 3.1 4.7 4.1 5.2 5.6 7.6 6.6 6.1
2 7.0 4,1 11.0 6.2 3.9 4,0 3.4 3.7 5.8 7.7 6.3 4.6
3 7.0 4,4 11.5 7.1 3.8 5.3 4.3 4,0 5.9 7.3 5.9 4.7
4 5.7 4.3 11.1 7.6 3.5 4.5 3.3 3.8 5.4 8.0 5.9 5.6
X 6.9 4,3 11.9 6.7 3.8 4.6 3.8 4,2 5,7 7.6 6.2 5,3
A.0.V, x
Source D.F. - 8.5, M.S. F.
Total 47 249.9
Treatment 11 233,7 21.27 47,26*#
Error 36 16,2 45
Multiple Range:
1=1-1  1-1-0 1=0-1 0-0=1 1-0-0 2-=1-1 2-0-0 2-0-1 0-1-1 0-0-0 2=1-0 0-=1-0
T5 I7 Tg T2 Te T12 Tg T11 T4 Tl T10 T3
3.8 3.8 &, 2 4,3 4.6 ~5.3 5,7 6.2 6.7 6.9 7.6 . 11.9

Note: Any two means underscored by the same line are mot significantly different at the 1% level.

1€
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TABLE XXIV

THE EFFECT OF FERTILIZER ON DORMANCY IN FRESHLY HARVESTED SIDE-OQATS
GRAMA SEED IN 1957 FROM IRRIGATED AND DRYLAND PLOTS

Percent Germination

Irrigated ' Dryland
Ireatment 1 Month 3 Months 1 Month 3 Months
0-0-0 ‘ | 61l* 94 51 95
0=0-100 50 98 52 96
0-100-0 42 96 | 52 98
0-100-100 59% 98 53 98
160=0-0 55 97 52 96
100-100-0 58% 99 61 95
100-0-100 42 90 62 95
100-100-100 27 9§ 49 95
200-0-0 48 95 52 | 97
200-100-0 56 95 56 98
200~-0-100 47 97 55 97

200-100-100 64% 98 58 95

* Significantly higher at the 5% level, as shown by Analysis of
Variance, Table XXXV, Appendix.
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TABLE XXV

MEAN CHEMICAL COMPOSITION (IN PERCENT) OF CORONADO SIDE-OATS GRAMA STOVER
PRODUCED ON IRRIGATED AND DRYLAND CONDITIONS WITH
DIFFERENT FERTILITY TREATMENTS IN 1956 AND 1957

% Phosphorus

Land Coﬁdition ~ Year Ky Ko Py - Po Ny No No
‘ lst Crop . : _
Irrigated 1957 . .231 .239 .233 234  .232  .214  .256
L 2nd Crop o
Irrigated 1957 .150 .155 ,158 .l47 131 124 .203
Dryland 1957 .332‘ .315 .328 .319 .329 .335 .308
— — = - = . ~ —— = ‘ 'i"'. f_’. I e i g St Tt e . o — "'TZ;':_":
Land Condition Year Ky Ko Py Po Ny " Ng Ng
lst Crop : o
Irrigated 1957 .302  .332 .301 .309 .350 .327 .273
2nd Crop : .
Irrigated 1957 .284  ,299 2290 .293 .297  .264 @ .341
Dryland' 1957 .363  .307 .320 ,350 .348 ,372 ,293

% Protein _

Land Condition Year Ky Ko Py Bg Np Ny N,
2nd Crop ‘
Irrigated 1956  5.25 5.38 5.56 5.07 5.75 5.87 4.33
. 1st Crop L
Irrigated 71857 8.98 8.88 8.62 9.25 9.68 10.06 7.06
2nd Crop '
Irrigated 1957  6.16 5.92 6.07 6.00 6.4% 6.60 5.07
Dryland 1956  8.75 8.99 8.98 8.76 8.44 9.48 8.69

Dryland , 1957 10.07 10.36 10.27 10.17 10.62 10.00 10.03




SUMMARY AND CONCLUSIONS

» Resqlts of this study indicate neither switchgrass nor side-ocats
grama require high rates of fertilizer for maximum yields of seed and
forage.

No response in yield of seed or stover due to fertilizer applied
cquld be measured on switchgrass grown on a Brewer clay loam soil of
high fertility in 1956 or 1957 umder dry or irrigated conditioms.

When established in cultivated rows for seed production on a fer-
tile soil, switchgrass does not need added’fertilizer until after the
second year of production under irrigation and after three to four
years under dryland.

Seed yield respomse in switchgrass due to fertilization may be
masked in some years, when undesirable temperatures and hot, dry winds
prevail during the Bloom and dough stages. For this reason, response
to fertilizer may be best measured by the production of forége, assume
ing that under optimum conditions there is a positive correlation be-
tween forage and seed production, |

Seed yields under irrigation om both switchgrass and side-oats
grama were much greater for the two year period than those produced
on dry land. Switchgrass produced 5 to 9 times more seed per acre,
and side-oats grama 15 times more under irrigation than on dryland.

Switchgrass stover yield was 2.5 tons ggeatér under irrigation
in cgmparison”to yields obtained on dryland for the two year period.

Side-cats grama produced 2.0 te 4.0 tons more stover under

34
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irrigation than under dryland.

The quality of switchgrass stover appears to be higher under dryland
conditions but apparently diminishes in quality in wet years.

Side-oats grama and switchgrass stover produced under irrigation has
a lower phosphorus and protein content than stover produced on dryland.
Under both land conditions the quality of the first stover crop of side-
oats grama is very high. Under irrigation, the protein content of side-
oats incrgases with nitrogen application, but it is not significantly
different between nitrogen rates. There is a significant difference in
protein content of side-oats stover between the first and second crops.

This study indicatgs that heavy fertilization along with unfavorable
water conditions results in loss of stand and plant vigor im side-ocats
grama.,

A significant increase in seed yvields was measured on side=~oats grama
under irrigation from the early spring applicatiom of 100 and 200 pounds
of nitrpgen alene and in combination with 100 pounds each of phosphorus
and potassium in 1957.

The early seed maturity of side-oats grama in the phosphorus and potas-
sium treated pleots alone and in combination and the check under irrigation
make it difficult to measure the effect of fertilizer om seed yields.

Severe lodging cccurred under irrigation in both side-oats and switch-
grass when fertilized with 100 and 200 pound rates of nitrogen alone ox
in combination with 100 pounds of phosphorusvand/or potassium.

Little or no lodging occurred when 100 pounds of phosphorus and/ox
potassium were applied alone or in combination on either grass.

All fertility treatments applied to irrigated side-oats grama gave

an increase in seed set when compared to the check plots.
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The application of fertilizer to side-oats grama on drylamnd, with
the exception of phosphorus, decreased the percent seed set.

Under irrigation the seed sét of side-ocats grama is twice as great
as that obtained on dryland.

There is an indication that the fertilizatiom of switchgrass with
nitrogen or phosphorus may have a favorable effect on germimation of
freshly harvested mature seed.

Fewer dormant switchgrass seeds are produced undef irrigation than
under dryland, but the stage of maturity at the time of harvest may have
an effect on the length of dormancy imvolved.

Fertilizer apparently had no effect on germination or dormancy of
freshly harvested side-oats grama seed produced on either land conditiom.

No dormancy was found in Coronado side=oats gramg after three months

of storage at room temperature,



10.

11.

12.

130

LITERATURE CITED

Anderson, R. L., R. E. Krenzin and J. C. Hide. The effect of nitro-
gen fertilization on bromegrass in Kansas. Am. Soc. of Agron.
Jour. 38: 1058-1067. 1946.

Blaser, R. E., G. E. Ritchey, W. G. Kirk and P. T. Dix Arncld. Ferti-
lizer experiment with napier grass. Fla. Ag. Exp. Bull. 568:
1=32, 1955,

Buller, R. E. Effects of nitrogen fertilization and rates amd methods
of seeding on grass seed yields in Penmsylvania. Agrom. Jour.
47: 559-63. 1955, ;

‘Burton, Glenn W. Seed production of several southern grasses as in-

fluenced by burning and fertilization. Am. Soc. Agron. Jour.
36: 523-9, 1944,'

. Factors influencing seed setting in several southern
grasses. Am. Soc. Agrom. Jour. 35: 465-74, 1943,

Brooks, L. E. and E. C. Holt. Progress Report 1792. Tex. Agr. Exp.
Station. 1955.

Brown, E. M, Some effects of temperature on the growth and chemical
composition of certain pasture grasses. Mo. Agr. Exp. Sta.
Res. Bull, 299. 1939,

Brown, B. A. The chemical composition of pasture species of the north-
east region as influenced by fertilizers. Am. Soc. Agrom. Jour.
32: 256-265. 1940,

Cain, J. C., E. A. Carleton and H. L. Porter, Field bromegrass seed
production. New York State Ag. Exp. Farm Res. 20: 2 1954,

Chrystall, J. B. Grass‘seed production in Koaranga. Jour. of Agr,
New Zealand 56: 289-90. 1938.

Churchill, B. R. Smooth bromegrass seed production in Michigan.
Mich. Agr. Exp. Circ. Bull. 192: 1-22. 1944,

Conkos, C. J. Sééd dormancy and germination im some native grasses.
Am. Soc. Agrom. Jour, 36: 337-45. 1944.

Cook, D. E. and W. R. Parmer. Side-oats grama grass variety test on

the Blackland Station. Tex. Ag. Exp. Prog. Report 1740: 1-2.
1954,

37



14,

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25,

26.

27.

28.

38

Defrance, J. A. and T. E. Odland. Seed yields of velvet bent,
Agrostis canina L., as influenced by the kind of fertilizer
applied. Am. Soc. Agron. 34: 205-210. 1942.

Fudge, J. F. and G. S. Fraps. Chemical compesition of forage
grasses from the Gulf Coast prairie as related to socils and
to requirements for range cattle. Tex. Ag. Ext. Bull, 644:
1-39., 1944,

Hamilton, Louis P. and W. H. Wooten. Grass seed production.
Univ. of Arizona. Ag. Exp. Sta. Bull.No. 228. 1950.

Harlan, J. R. and W. R. Kneebone. The effect of various methods
and rates of nitrogen on seed yields of switchgrass. Am.
Soc. of Agron. Jour. 35: 442-53,1953.

, R. M. Ahring and W. R. Kneebone. Grass seed pro-
duction under irrigation im Oklahoma. Okla. Agri. Exp. Sta.
Bull. B-481. 1956,

Harrison, €. M. Response of Kentucky bluegrass to variatioms in
temperature, light, cutting, and fertilization. Plant Physiol.
9: 13=106. 1934,

and W. N. Crawford. Seed production of smooth
bromegrass as influenced by application of nitrogen. Am. Soc.
Agron., Jour. 33: 643-51. 1941.

Hermann, E. M. and W. Hermann. The effect of maturity at time of
harvest on certain responses of seed of crested wheatgrass.
Am. Soc. Agron. Jour. 31: 876-885. 1939,

Jackson, F. B. Seed production methods for side-ocats grama. Univ.
of Nebraska, in a report given te the Tenth Annual Western Grass
Breeders Work Planning Conference at South Dakota State College.
1956. ’

Jones, G. D., T. J. Smith and M. H. McVickar. GCrowing orchardgrass
for seed. Va. Ag. Ext. Circ, 591: 1-5, 1953,

Kneebone, W. R, Blue grama seed prdduction studies. Jour. of Range
Management 10: 17-21., 1956,

Klages, K. W. and R. M. Stark. Grass seed production. Idaho Agr.
 Exp. Sta. Bull. 273. 1949,

Knowles, R. P. Crested wheatgrass. Canada Dept. of Agr. Publ. 986.
1956, e ‘ - . :

ancastér, R. R. Rhodesgrass. Tex. Agr. Ext. Bull. 245: . 1-8. 1949,
Lang, R. and 0. K. Barnes. Range forage production in relatiom to

time and frequency of harvesting. Wyoming Agr. Exp. Sta. Bull.
253, 1943, ‘



29.

30.

31,

32.

33.

34,

35.

36.

37.

38.

39.

39

MacVicar, R. M. and D. R. Gibson. Effect of sources of nitrogen
rates of application and method of application on seed pro-
duction of orchardgrass., Sci. Agr. 31: 399-412, 1951.

McAlister, D. F. Effect of maturity on the viability and longevity
of seeds of western range and pasture grasses. Am. Soc. Agron.
Jour. 35: 442-53, 1943,

McWilliams, Jesse L. Cultural practices on grass production.
U.S.D.A., Tec. Bull, No. 1097. 1955.

Murphy, H. F., Hi W. Staten and W. C. Elder. The effect of ferti-
lizer on grass seed productiomn, Okla., Exp. Sta. Bull, No. 319:
85-90, 1947. -

Oman, H. F. and R. H. Stark. Grass production on irrigated land.
U.S.D.A.”leafletrNo, 300. 1951. ' '

Riewe, M. E. and J. C. Smith. Effect of fertilizer placement on
perennial pastures. Tex. Ag. Exp. Bull, 805:, 1-10. 1955.

Smith, J. E., Jr. Grass seed production under cultivation in
southern great plains. Cattleman 35(5): 26-27, 78-80. 1948.

Spencer, J. T. Seed production of Kentucky 31 fescue and orchard-
grass as influenced by rate of planting, nitrogen fertilizatiom
and management. Kentucky Agr. Exp. Sta. Bull. 354. 1950.

Stitt, R. E. Nitrogen, wide-rows helps seed production in Russian
wildrye. Crops and Soils 7: 26. 1954.

Yields of grass species and varieties under irrigation
in'Montana. Montana State College Agr. Exp. Sta. Bull. 508.
1955, ‘

Thaine, R. The effect of clipping frequency on the productivity
and root development of Russian wildrye grass. Can. Jour.
Agr. Sci. 34: 299-304. 1954.



APPENDIX

40



41

TABLE VI

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON SEED YIELDS
IN POUNDS PER ACRE OF CADDO SWITCHGRASS PRODUCED
UNDER IRRIGATION IN 1956

SOURCE - DF ss MS F
Total 47 555,148 ﬂ
Treatment 11 197,791 17,981.00 1.811
Error 36 357,357 9,926.58
C.V. = 23.8%

TABLE VII

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER' TREATMENT OF CADDO
' SWITCHGRASS STOVER YIELDS PRODUCED UNDER TRRIGATION IN 1936.

. SOURCE DF ss MS F
Total : 47 62,794,862
Treatment 11 11,071,127 1,006,466 .7005
Error 36 51,723,735 1,436,770
C.v. = 14%
* TABLE VIII

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT OF CABDRO
SWITCHGRASS SEED -YIELDS IN POUNDS PER ' ACRE ‘PRODUCED UNDER
IBRI@ATION IN 1957

SOURCE DF SS MS F
Total 47 608,215 -
Treatment 11 112,366 10,215 SR
Error 36 495,849 13,774

c.Vv. = 19%




TABLE IX

&2

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON CADDO
SWITCHGRASS STOVER YIELDS PRODUCED UNDER IRRIGATION IN 1957

MS - F

SQURCE o : DF SS
Total 47 25,171,348
Treatment 11 4,083,897 371,263.36 ©.6653
Error 36 20,087,451 557,984.75
C.V. % 10.33%
‘TABLE X

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON CADDO
SWITCHGRASS STOVER YIELDS PRODUCED ON DRYLAND IN 1956

5S

SOURCE DF MS F
Total SN 65,793,905
Treatment 11 13,241,571 1,203,779 .8246
Error 36 52,552,334 1,459,787 |
C.V. =27%

TABLE XI

ANALYSIS OF .VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON CADDO
SWITCHGRASS SEED YIELDS PRODUCED ON DRYLAND IN 1957

SOURCE DF
Total _ . 47
Treatment 11

Error 36

C.V. = 447

S8

319,762,3

114,485.6
205,276.7

MS P
10,407.78  1.825

5,702.13
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TABLE XII

ANALYSIS OF' VARIANCE ‘OF THE EFFECT OF FERTILIZER TREATMENT ON CADDO
SWITCHGRASS STOVER YIELDS PRODUCED ON: DRYLAND IN 1957

SOURCE ‘ DF Ss MS F
Total 47 28,187,503

Treatment 11 6,372,639 579,330 . 8695
Error ‘36 21,814,864 605,968

C.v. = 13%




TABLE XIII

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER ON THE PERCENT.GERMINATION..OF FRESHLY “HARVESTED
CADDO SWITCHGRASS SEED PRODUCED ‘UNDER. IRRIGATION IN 1957

SOURCE DF . SS MS F
Total 47 1963.20
Reps 3 128.37 42.79
Treatment 11 1008.70 91.70 3.66%%
Errorx 33 826.13 25.03
C.V. 8 16%
Multiple Range: )
1<1-0 0<0-1 0=0<0 0-1-1 1-1-1 2-1-1 2-0-1 1-0=0 1-0-1 2-0-0 0-1-=0 2-1-0
Te T2 13l T3 T7 T12 T11 Ts Tg Tg Ty Ti0
23.0 27.0 27.8 28.8 28.8 30.8 32.0 33.0 33.0 35.0 36.8 40.8

Note:

Any two means underscored by the same line are not significantly different at the 1% level.
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TABLE XIV

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON THE PERCENT GERMINATION OF IRRIGATED
CADDO SWITCHGRASS SEED THREE MONTHS AFTER HARVEST

SOURCE DF SS MS F
Total 47 1785.92

Reps 3 41.42 13.807

Treatments 11 1196.92 108.811 6.558%%
Exrror 33 547 .58 16.593

C.V. S 6.5%

Multiple Range:
1-1-1 2-0<1 0-0<6 1-0=0 2-1-=1 1-1-0 0-1-0 0=0-1 2=0-0 2-1-0 0-1-1 1-0-1
T7 T11 T1 T5 T12 Te T4 T2 T9 T10 T3 Tg
52.5 53.5 58.0 59.5 61.3 61.3 62.0 65.8 66.0 66.5 67.3 68.0

Note: Any two means underscored by the same line are not significantly different at the 1% level.
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TABLE XV

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON THE
PERCENT GERMINATION 'OF: IRRIGATED. CADDO SWITCHGRASS SEED
y - SEVEN MONTHS AFTER HARVEST

SOURCE DF SS MS F
Total 47 2540.67

Reps 3 249.50 83.17 1.99
Treatment 11 913.17 83.02 1.988

Error 33 1378.00 41.76




TABLE XVI

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON THE PERCENT GERMINATION OF
FRESHLY HARVESTED CADDO SWITCHGRASS SEED PRODUCED ON DRYLAND IN 1957

SOURCE DF Ss ‘ MS F
Total 47 2896.98

Reps 3 15.23 5.08

Treatment 11 2502.73 227.52 19, 802%*
Error 33 379.062 11.49

c.V. = 12%

*% gignificant at the 1% level

Multiple Range: ‘
2-1-0 1-1-1 1-0-1 2-6-1 0-1-1 2-1-1 0-0-0 2-0-0 0-0-1 1-0-0 1-1-0 0-1-0

T10 Ty Tg C Ty T3 T12 T T9 T2 T5 Te Ty
16.0 18.0 21,3 23.8 24.0 26.0 26.5 27.0 27.5 36.5 36.5  40.8

Note: Any two means underscored by the same line are not significantly different at the 1% level.

iy



TABLE XVII

ANALYSIS OF VARIANCE OF :THEEFFECT OF FERTILIZER TREATMENT ON THE PERCENT?GERMINATION OF CADDO
SWITCHGRASS SEED PRODUCED..ON DRYLAND .:THREE MONTHS AFTER HARVEST

SOURCE DF S8 MS F

Total 47 3445,25.

Reps 3 70.25 23,417

Treatment 11 2659.25 241.75 11.146%%
Error 33 715.75 , 21.689

c.V. ® 9,8%

%% significant at the 1% level

Multiple Range: ‘
2-1-0 1-1-0 2-0-1 l=1-1 0-1l-1 2-1-1 2-0-0 0-0-1 0-0-0 1-0-1 1-0-0 0-1-0
Tig Tg T11 T7 T3 T12 T9g T2 T1 Tg Ts Ty
33.8 38.8 41.5  43.5 45.5 46.0  48.5 48.8 48.8 ‘54.5 59.5 59.5

Note: Any two means underscored by the same line are not significantly different at the 1% level.
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TABLE XVIII

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER ON THE PERCENT GERMINATION OF CADDO SWITCHGRASS
SEED PRODUCED ON DRYLAND SEVEN MONTHS AFTER HARVEST

SOURCE DF ss MS F
Total 47 6265,92

Reps 3 250.42 83.47 3.78
Treatment 11 5286.92 480.63 21.77%%

Error 33 - 728.58 22.08
*% significant at the 1% level

Multiple Range:
2=1<0 0=1=1 2-0=0 2=0=1 2=1=1 1=1=1 0=0=1 1=1=0 0-0=0 1=0-1 0-1-0 1-0-0
T10 Ty Tg T11 T12 Tg T3 T6 T1 T7 T2 Ts5
28.2  38.5 40,0  41.5  44.0 45,5 45,5 47.2  51.5 52,2  62.5  69.8

Note: Any two means underscored by the same line are not significantly different at the 1% level.
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TABLE XIX

PROXTMATE CHEMICAL ANALYSES OF IRRIGATED CADDO SWITCHGRASS STOVER
FROM EACH FERTILITY TREATMENT FOR BOTH YEARS OF STUDY

,.,70
Ash

%

%

%

%

%

%

Protein Fat Fiber N.F.E. Ca P
Treatment 1956 1957 1956 1957 1956 1957 1956 1957 1956 1957 1956 1957 1956 1957
6=0-0 6.87 6.84 5,69 3.17 1.52 1.43 42.44 42.85 43.48 45.71 .375 .406 .078 .095
0-100-0 6.50 6.72 4.06 3.76 .92 1.54 41.69 44,07 47.43 43,91 .385 .348 .079 .132
0-0-100 6.90 6.77 4.19 3.46 1.57 1.15 40.79 43.24 46.55 45.38 .365 .329 .100 .086
0-100-100 6.35 6.68 3.63 3,57 .86 1.38 42.38 43,08 46.78 45.29 .330 .402 .072 .151
100=O;O 6.44 7.71 3.94 4.05 .81 1,55 40.48 40.82 48,33 45.87 .325 .471 ,092 .076
100-0-100 6.81 6.53 4.00 3.68 1.68 1.53 39.07 42.56 48.44 45.70 .365 .373 .099 .084
100-100<0 7.44 5,92 4,50 3.94 .70 1.27 33.23 42.58 54.13 46.29 .428 ,351 .104 .069
100-100-100 5.72 7.79 3.81 4.80 .43 1.65 39.64 42,25 50.40 43.51 ,352 .368 .098 .098
200-0-<0 6.45 6.43 3.94 3.48 .92 1.15 41.23 44.29 47.46 44.65 .355 .384 .073 .068
200-0-100 6.10 7.80 3.81 4.27 .96 1.53 44.82 41.55 44.31 44.85 .375 .421 .082 .112
200-100-0 7.60 9.30 5.25 5.04 1.64 1.69 41,13 38.88 44.38 45.09 .480 .498 .103 .105
200-100-100 6.65 8.81 4.69 4.88 .60 1.44 34,28 40.77 53.78 44.10 .400 .453 .102 .086
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TABLE XX

PROXIMATE CHEMICAL ANALYSES OF DRYLAND CADDO SWITCHGRASS STOVER
FROM EACH FERTILITY TREATMENT FOR BOTH YEARS OF STUDY

%

%

%

%

%

%

%

Ash Protein Fat Fiber N.F.E. Ca P
Treatment 1956 1957 1956 1957 1956 1957 1956 1957 1956 1957 1956 1957 1956 1957
0-0-0 7.60 7.19 7.25 5.20 1.94 1.70 34.19 39.63 49.02 39,63 .445 .459 .163 .122
0-100-0 5.62 8.90 5.37 5.47 1.82 1,83 36.31 39.73 50.88 39.73 .370 .469 ,107 .134
0-0-100 4,95 7.78 4.13 5.14 1.44 1.85 39.84 39.23 49.64 ”39.23 .260 .449 .086 .117
0-100-100 6.95 6.86 6.56 5.27 1.00 1.77 34.04 40.25 51.45 40.25 .405 .362 .165 .155
100-0-0 6.67 6.72 7.00 5.33 .92 1.72 33.96 37.26 51.45 37.26 .405 .395 .137 .195
100-0-100 6.10 8.11 6.25 6.09 1.52 2.01 39.94 36.36 46.44 36.36 .380 .453 .118 .226
100-100-=0 6.10 8.10 6.00 6.09 1.52 1.98 39.94 36.76 46.44 36.76 .380 .476 .118 .133
100=100=100‘ 6.63 7.37 6.25 5.67 1.49 1.83 36.76 40.61 48.87 40.61 .430 .491 .130 .201
200-0-0 7.14 6.86 6.94 5.77 .82 1.96 35.00 40.20 50.10 45.21 .450 .403 .135 .158
200-0-100 6.82 7.54 6.87 6.05 .95 1.86 33.92 39.53 51.44 45.02 .460 .409 .148 .207
200-100-0 5.16 7.36 &.44 5.39 1.59 2.08 39.44 36.95 49.37 48.22 .280 .453 .093 .175
200-100-100 6.72 7.97 6.13 6.45 1.57 2.21 38.60 37.30 46.98 37.30 .445 .437 .126 .247

16
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TABLE XXVI

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT CF CORONADO
SIDE-0ATS GRAMA STOVER YIELDS PRODUCED UNDER IRRIGATION IN 1956

SOURCE DF SS MS . F
Total 47 6,923,967 147,318
Treatment 11 2,070,342 188,213 1.39
Error v 36 4,853,625 134,823

C.V. = 13.3%

TABLE XXVII

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON SEED YIELDS
i _OF CORONADO" SIDE-OATS GRAMA PRODUCED UNDER IRRIGATION IN 1956

SOURCE DF Ss MS F
Total : 47 . 1,668,233 :

Treatment 11 325,712 29,610 .7609
Error 36 1,342,521 37,292

c.v. = 37%

TABLE XXVIII

ANALYSIS QF VARIANCE OF THE EFFEGT OF FERTILIZER TREATMENT ON CORONADO
- SIDE-OATS GRAMA STOVER YIELDS PRODUCED ON DRYLAND IN 1956

SOURCE DF -’88 MS F

Total 47 5,135,441 v
Treatment 11 184,448 71,313 .5900

Error : . 36 4,350,993 120,860




TABLE XXIX

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON THE FIRST SEED CROP
OF CORONADO SIDE-OATS GRAMA PRODUCED UNDER IRRIGATION IN 1957

SOURCE DF Ss MS F
Total 35 959,034.9
Treatment 11 555,364.6 50,487.7 3.002*
Error 24 403,670.3 16,819.6
c.v. = 31%
Multiple Range:
0=1-1 1-0-1 0-0-1 0-1-0 0-0-0 2-1-0 1=0-0 1-1-0 2-0-0 2-0-1 1-1-1 2-1-1
Ty, Ty To Ts T1 T10 Isg Tg T9 T11 T8 T12
175 295 314 322 336 346 409 479 - 508 576 582 592

Note: Any two means underscored by the same line are not significantly different at the 5% level.

(19
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TABLE XXX

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON THE FIRST
STOVER CROP OF CORONADO SIDE-<OATS GRAMA PRODUCED UNDER
IRRIGATION IN 1957

SOURCE DF S8 MS F
Total 35 29,158,037
Treatment 11 10,267,827 933,438.8 1.1859
Error 24 18,890,210 787,092.1
C.V. = 30%

TABLE XXXI

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON THE SECOND
SEED CROP OF CORONADO SIDE-OATS GRAMA PRODUCED UNDER ’
" IRRIGATION IN 1957

SOURCE DF s$ MS F
Total 35 435,289.6
Treatment 11 °23,180.3 2,107.3 .1227
Etrqr » 24 412,109.3 17,171.2
c.V. = 33%

TABLE XXXII

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON THE SECOND
STOVER CROP OF CORONADO SIDE=-OATS GRAMA PRODUCED UNDER
IRRIGATION IN 1957

SOURCE ) DF . ss MS - F

Total 35 11,098,545.6 . "
Treatment 11 4,450,117.7 404,556.2 1.4603
Error 24 6,648,427.9 277,017.8

C.v. = 227
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TABLE XXXIII

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON THE TOTAL
SEED YIELD OF CORONADO SIDE-OATS GRAMA PRODUCED
UNDER IRRIGATION IN 1957

SOURCE DF ss MS F
Total 35 1,647,792.75
Treatment 11 632,937.41 57,539.8 1.3607
Error 24 1,014,855.34  42,285.6
c.v. = 25%

TABLE XXXIV

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON THE TOTAL
STOVER YIELD OF CORONADO SIDE<QATS GRAMA PRODUCED
UNDER IRRIGATION IN 1957

SOURCE DF S§ MS F
Total 35 54,788,555

Treatment 11 23,749,558 2,159,050.7 1.6694
Exror 24 31,038.997 1,293,291.5

Cc.v. = 21%




TABLE XXXV

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER: TREATMENT ON THE PERCENT GERMINATION -OF FRESHLY HARVESTED
CORONADO .SIDE-OATS GRAMA SEED .PRODUCED UNDER IRRIGATION

SOURCE DF 8s MS F
Total 47 6,001.4

Reps 3 204.2 68.06

Treatment - 11 4,608.8 418.98 16.351%
Erxor 33 1,188.4 36.01 :

Multiple Range: '

l1-1-1 0-1-0 1-0-1 2-0-1 2-0-0 0-0-1 1-0-0 2-1-0 1-1-0 0-1-1 0-0-0 2-1-1
Tg T3 T7 T11 Tg T2 T8 T10 T6 T4 Ty T19
27.2 42,5 42,5 47,2  47.8 49.7. 54,7 56,2 - 57.7 59,2 61.0 64.0

Note: Any two means underscored by the same line are not significantly different at the 5% level.

9¢



TABLE XXXVI

ANALYSIS OF VARIANCE OF THE EFFECT OF (FERTILIZER TREATMENT ON THE, FERCENT GERMINATION OF IRRIGATED
CORONADO -SIDE=OATS GRAMASEED THREE MONTHS AFTER 'HARVEST

SOURCE DF 5SS MS ¥
Total 47 435,
Reps -3 57. 19.00 5.405%*
Treatment 11 262, 23.818 6.776%%
Errox 33 116, 3.515
Multiple Range:
© 1-0-1 0-0-0 2-0-0 2-1-0 0-1-0 1-0-0 2-0-1 O0-1-1 1l-1-1 2-1-1 0-0-1 1-1-0
T7 T1 To T10 T3 . T8 T11 Ty Ts5 T12 T2 Te
90.5 95.0 95.5 96.0 .. 97.3 97.5 98.0 98.0 98.2 98.2  98.7

Note:

93.5

Any two means underscored by the same line are not significantly different at the 1% level.

LS



TABLE XXXVII

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON.CORONADO SIDE~-OATS
GRAMA STOVER YIELDS PRODUCED ON DRYLAND IN 1957

SOURCE
Total

Treatment
Error

Multiple Range:

DF 58 MS F

47 7,223,574
11 2,804,994 254,999 2.0775%
36 4,418,580 122,738

" 221-1  2-0-0 1-1=1 2=1=0 O0-l=1 1<0=1 2-0-1 0-1-0 0=0-0 0-0-1 1-0-0  1-1-0
T12 T9 Tg T10 Ty T7 T11 T3 T1 Ty Ts5 - "To
702 752 779 808 844 927 1013 1020

403 476 578 644

Note: Any two means underscored by the same line are not significantly different at the 5%‘1eve1.

8¢
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TABLE XXXVIII

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON CORONADO
SIDE~OATS GRAMA SEED YIELDS PRODUCED ON DRYLAND IN 1957

SOURCE

Total
Treatment
Error

DF

47
11
36

SS MS F
88,414.5

22,541.75 2,049, 1.117
65,972.75 1,832.6

TABLE XXXIX

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON THE
PERCENT GERMINATION OF FRESHLY HARVESTED CORONADO SIDE-0OATS
GRAMA SEED PRODUCED ON DRYLAND IN 1957

SOURCE

Total
Reps
Treatment
Error

DF
37

11
24

ss ” MS F
1,448.8 o
268, 2 134.,1 4 .. 5.610%
607.4 55,2 7 2,309

1573,2 23,9

TABLE XL

ANALYSIS OF VARIANCE OF THE EFFECT OF FERTILIZER TREATMENT ON THE
PERCENT GERMINATION OF CORONADO SIDE-OATS GRAMA SEED

PRODUCED ON DRYLAND THREE MONTHS AFTER HARVEST

SOURCE

Total
Reps
Treatment
Error

DF
47

11
33

SS M3 . F
115.5

13.5 4.500 2.233
35.5 3,227 : 1.601
66,5 2,015
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TABLE XLI

PERCENT PROTEIN OF THE SECOND STOVER CROP OF CORONADO SIDE=0ATS GRAMA
FROM EACH FERTILITY TREATMENT PRODUCED UNDER BOTH
' IRRIGATED AND DRYLAND CONDITION IN 1956

Dry}and _ Irri§ated
Treatment Profein | Pr@éein
0-0-0 9.13 | 4.13
0-100-0 8.13 4.69
0-0-100 8.13 4.31
0-100-100 9.37 4.19
100-0+0 7.9 » 5.69
100-100-0 8.94 6.31
100-0-100 7.69 5.06
100-100-100 919 5.94
200-0-0 10. 81 5.81
200-100-0 9,00 5.69
200-0-100 - 8.88 5,43

200-100~-100 9.25 6.56




TABLE XLII

PROXIMATE CHEMICAL ANALYSES OF THE FIRST AND SECOND STOVER CROPS OF CORONADO SIDE=-OATS
GRAMA FROM EACH FERTILITY TREATMENT PRODUCED UNDER IRRIGATION IN 1957

%

%

%

%

%

Ash Protein Fat Fiber N.F.E.. Ca. P.
Ist 2nd st 2nd 1st 2and 1st 2nd 1st  2nd st 2nd 1st 2nd
Trgatment Crop Crop Crop Crop Crop Crop Crop Crop Crop Crop Crop Crop Crop Crop
0;0;0 12.98 16.17 6.96 5.32 1.67 1.61 35.60 33.05 42,79 43.85 .,265 .373 .247 .203
0-100-0 12.61 12.99 6.37 4.67 1.45 1.37 38.62 36.21 40.95 44.76 244 289 . 260 .212
0-0-100 12.80 11.49 8.00 4.92 1,46 1.27 36,26 37.79 41.48 44,53 ,298 .283 .265 .199
0-100-100 13.66 13.11 6.89 5.38 1.65 1.51 35.66 35.47 42.14 44,53 .286 .309 .246 ,194
160-=0-0 12.86 10.00 10.11 5.91 1.51 .83 34.50 41,22 41.02 42.04 .357 .278 .,221 .106
100-100-0 13.55 11.60 9.15 6.54 1.39 1.41 33.68 38.06 42.23 42,39 .342 .3l4 .235 129
100-0-160 12,15 12.38 9.70 6.49 1.64 1.16 34.73 37.7;. 41.78 42,20 .369 .283 ,229 .126
100-100-160 11.75 12.39 9.77 6.81 2.49 1.66 36.17 37.00 39.82 42.14 .332 .3l4 .241 .133
200=0;0 12,18 12.08 10.04 6.95 2.43 1.31 ‘36,84 36.63 38.51 43,03 .348 .262 .239 .131
200-100-=0 12.73 11.82 10.69 6.11 2.77 1.23 34.47 36.42 39.34 44,42 .324 .279 .213 .l44
200-0-100 12.99 10.47 10.66 6.43 1.47 1.35 34.23 36.59 40.65 45.16 .354 .273 .202 .116
200-100-100 10.81 11.09 8.85 6.92 1.26 1.22 38.50 36.31 40.58 44.46 .280 .243 .201 .132

19



TABLE XLIII

PROXIMATE CHEMICAL ANALYSES OF THE FIRST STOVER CROP OF CORONADO SIDE~OATS
'GRAMA FROM EACH FERTILITY TREATMENT PRODUCED ON DRYLAND IN 1957

% %o % % % % %
Treatment Ash Protein Fat Fiberxr N.F.E, _Ca, ‘“P.
0-0-0 15.78 10.06 1.35 34,80 38.01 .231 .282
0-100-0 16.17 10.06 1.46 34,84 37.47 .274 .313
0-0-100 16.73 10,21 1.81 31.60 39.65 .350 .307
0-100-100 16.80 9.79 1.55 33.33 38.53 °315 .325
100-0-0 | 15.86 10.82 1.47 31.37 40.48 .343 .335
100-100-0 17.37 10.29 1.59 33.21 37.54 .280 . 294
100-0-100 16.79 10.30 1.51 33.14 38.26 .367 .341
100-100-100 16.53 11.07 1.28 31.57 39,55 .371 . 346
200-0-0 16..43 10.61 1.28 32.68 39,00 .401 .332
200-100-0 17.44 10,34 1,52 32.69 38,01 .311 .333
200-0-100 15.94 9.00 1.46 34.71 | 37.99 .357 .316

200-100-100 17.81 10.05 1.40 31.82 38.92 420 : .358

29
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