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EFFECT OF SOIL TREATMENT ON FORAGE YIELDS
AND VEGETATIONAL GROUND COVER

R. F. FUELLEMAN axp C. J. BADGER
University of Illinois, Urbana

Vegetational response to soil treat-
ments can be measured by a number
of different methods. Yield of dry
matter is a conventional method usu-
ally employved; however, the yield
from a given area does not provide a
measure of the contribution of indi-
vidual species to the total, nor does
it indicate the percentages of weeds
and other undesirable species pres-
ent. Separation of species by man-
ual methods is tedious and expen-
sive. Because of this, much valuable
data is lost, particularly as it relates
to the effect of fertilizer materials
on the occurrence of species in a
turf.

Some two decades ago the point
quadrat method was (1) introduced
as a machine for measuring ground
cover. Although it is not suited for
use with tall vegetation, it does have
a distinet place in making measure-
ments on pastures and other types of
turf. The point quadrat (Fig. 1)
provides a rapid method of measur-
ing the botanical composition of veg-
etation. It does not measure yields
in terms of grams or pounds, al-
though some recent work by Arny
ef al (2) using a series of factors did
indicate that the point quadrat
could be used to give both a measure
of wyield and botanical composition.

The data presented in this paper
were obtained in 1940 and 1941 from
a series of plots at the University of
Illinois Soil Experiment Field lo-
cated at Elizabethtown, Illinois, in
Hardin County.

MATERIALS AND METHODS

Five plots approximately 1 x 9
rods in area were seeded on Sep-
tember 18, 1935. IFertilizer mate-
rials and limestone were applied,
crossing the seeding mixture plots.
Each seeding-mixture-soil-treatment
plot was one rod square.

The fertilizer materials and lime-
stone and the annual application per
acre, excepting limestone which was
applied in sufficient quantity to cor-
reet acidity, were as follows:

Plot 1= 250 pounds of rock
phosphate
150 pounds of sodium
nitrate

Plot 2= 200 pounds of super-
phosphate—20 percent
160 pounds of sodium
nitrate

Plot 3= 250 pounds of rock phos-
phate

Plot 4= 200 pounds of super-
phosphate—20 percent

Plot 5= 75 pounds of 9-27-9
fertilizer

Plot 6= No treatment

Plot 7=4000 pounds of limestone

Plot 8= 250 pounds of 0-24-12

fertilizer

Plot 9=4000 pounds of manure

The seeding mixtures and the aere
rates of application were:
Mixture No.1l=

Kentucky bluegrass 8 pounds
Redtop 5 pounds
White clover 3 pounds
Alsike clover 3 poands
Mixture No. 2—
Kentucky bluegrass 8 pounds
White clover 3 pounds
Bermuda grass 6 pounds
Korean lespedeza 5 pounds
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Fig. 1.—The point quadrat.

Mixture No. 3=

Timothy 8 pounds
Redtop 4 pounds
Red clover 4 pounds
Korean lespedeza 4 pounds
Mixture No. 4=
Orchard grass 6 pounds
Kentucky bluegrass 3 pounds
Redtop 3 pounds
White clover 4 pounds
Korean lespedeza 4 pounds
Mixture No. 5=
Kentucky bluegrass 8 pounds
White clover 3 pounds
Timothy 5 pounds
White sweet clover
(Melilotus alba) 4 pounds

All fertilizers were applied begin-

ning in 1931. The first seedings
were made in 1931 and 1932, As in-
dieated previously, new seedings

were made in 1935. The data re-
ported in this paper are for the
vears 1940 and 1941.

Hay yvields were obtained by sam-
pling each soil-treatment plot (with
a small quadrat) twice during each

season, usually early in June and
again in August. Point quadrat
readings were made before either the
first eutting or followed the second
cutting of hay or both.
RESULTS—VYIELD DATA

Yields of air-dry hay for the sea-
sons of 1940 and 1941 are given in
Table 1. The relationship between
seed mixtures and soil treatment is
marked excepting seed mixture No.
1 which contained no lespedeza, tim-
othy, or sweet clover. In 1940, a good
season for tall growing grass species,
large yields were obtained with few
exceptions. In 1941, the yields were
greatly reduced. This reduction was
presumably caused by lack of mois-
{fure. When moisture is deficient,
plants are unable to utilize fertilizer
materials applied to the soil. In-
stead of stimulating growth these
materials apparently have a drepres-
sing effect. Where no soil treatment
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TaBrLE 1.—HAY YIELDS FROM SOIL-TREATMENT—SEED MixTruge Prors For YEARS OF
1940-1941 -

(Totals for Two Years)

Mixture Mixture | Mixture | Mixture | Mixture

Plot No. 1 No. 2 No. 3 No. 4 No. 5

Ibs./A Ibs./A Ibs./A lbs./A Ibs./A
Lsvismisenas it s sin g joanmnsss 1940—1200 4684 7069 6961 6746
1941—1008 0974 1133 600 773
2208 5658 8202 7561 7519
A A N . . i~ 1940—1400 2726 6422 937 7186
1941—1008 974 1133 1200 1030
2408 3700 75565 2137 8216
B T S Y S e e 1940—1754 703 636 1190 7560
1941— 336 650 1416 600 773
2090 1353 2052 1790 8333
7: 2o | Mo e b R 19401741 904 2752 1361 7274
1941— 672 650 850 600 1030
2413 1554 3602 1961 8304
£ S | W 1940—2222 1194 2377 2740 4768
1941— 336 650 1133 600 1803
2558 1844 3510 3340 6571
B o R R S TR SR 1940—1182 268 408 302 1624
1941— 672 650 1133 1200 1288
1854 918 1541 1502 2912
7 £ UL N T -~ 1940—1195 326 1840 6665 2754
1941— 672 650 1416 2100 1288
1867 976 3256 8765 4042
R B AR R R S Y 1940—1285 3344 4786 3638 5892
1941—1008 974 1416 1200 2061
2203 | 4318 6202 4838 7953
O e e R e 1940—1416 504 3742 30562 2318
1941— 672 1299 1416 1800 2318
2088 1803 5158 4852 4636

has been applied (Plot 6) the yield
depressions did not take place.
POINT QUADRAT DETERMINATIONS
Although a number of point quad-
rat determinations were made, only
two sets of data are included. These

data are indicative of the vegeta-
tional cover. Tables 2 and 3 give
quadrat data obtained in November
1940 and Aungust 1941. One hundred
point readings were made on each
plot on each date.
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Native grasses consisted of Pas-
palum, Panicum, and Digitaria sp.
Some Andropogon wirginicus
(broomsedge) oceurred on the lime
and no treatment plots. Dominant
weed species were Plantago lanceo-
lata, Rwmex acetosella, Diodia teres,
Tararacum officinale, and Bursa
pastoris.

DISCUSSION OF RESULTS

Some  changes in  vegetational
cover occurred during the two sea-
sons, apparently a result of moisture
differences. In general, a rather
close relationship existed between
the total contribution by species to
percentage of ground cover in the
two seasons (1940 and 1941). If the
single species, Kentucky bluegrass
(Poa pratensis) is taken as an ex-
ample it will be noted that relative
percentages showed an increase in
1941 over 1940, excepting with seed
mixtures No. 2. The principal dif-
ferences were in the percentages of
space having no vegetation.

Another interesting difference oe-
curred between the total percentages
(all soil treatments) of ground cover
contributions by the native grass spe-
cies during the two seasons. Some
people have expressed the opinion
that the use of fertilizers is effective
in eliminating native species through
stimulating competition by seeded
grasses.  Although the differences
are not large (with one exeeption),
soil treatment apparently is not a
large factor in its effect on the pres-
ence or absence of native species.

Kentucky bluegrass seed makes up
part of seed mixtures 1, 2, 4 and 5:
however, it appears in most of the
soil-treatment — seed-mixture plots,
including plots of mixture No. 3
where no bluegrass was seeded. The
lowest percentages of bluegrass are
found on the series of plots which
did not receive fertilizer. No blue-
grass was found on the untreated

piot of mixture No. 3 in 1941, Where
phosphorus was part of the fertilizer
application treatment, Kentueky
bluegrass provided the larger part of
the ground cover.

Orchard grass (Daetylis glome-
rata) occurred in appreciable per-
centages where seeded. Some small
percentages occurred on a few plots
of seed mixture series No. 5. It was
assumed that some seed was carried
in from mixture No. 4 by wind.

Timothy (Phlewm pratense) was
seeded in mixtures No. 3 and No. 5.
Only small percentages are found in
seed mixture series No. 3 plots, with
a trace in one plot of seed mixture
series No. 2. After some six or seven
years, competition and mowing
seems to have limited timothy to a
few surviving plants.

Redtop (Agrostis alba) was seed-
ed in seed mixture series Nos, 1, 3
and 4. After a few years, redtop can-
not compete successfully with Ken-
tucky bluegrass, particularly where
soil treatments favor the former. On
seed mixture series No. 3 plots,
where bluegrass was not a part of
the original seeding, redtop is well
established.

A number of other interesting re-
lationships are apparent in Tables
1 and 2. From a practical point of
view, and over a period of years, it
would seem to be more economieal to
omit alsike clover(Trifolium hybrid-
wm), white clover (Trifolium re-
pens), redtop and timothy and cer-
tain seeds from mixtures containing
bluegrass because they do not seem
to constitute a large part of the ulti-
mate turf. However, these species
fill a very definite place in seeding
mixtures.  Redtop, timothy, and
orchard grass act as nurse crops for
the more slowly germinating Ken-
tucky bluegrass and as “‘filler”’

grasses until such a time as the more

aggressive Kentneky bluegrass be-
gins to spread.
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TABLE 2—GroUND COVER PERCENTAGES OBTAINED ON NoOvEMBER 18-19, 1940

23

Treatment plots

Species 1 2 3| 4 5 6 8 9
NaNO; | NaNO»
rP sP rP | sP | 9-27-9 None L |024-12| M
Seed mixture No. 1—consisting of Kentucky bluegrass, redtop, white clover and
alsike clover
Ky. bluegrass....... 80 49 | 49 | 55 48 36 | 39 54 | 52
Bedton. .. s aeis slevasmsl pranisa 8| 6 2 3110 3| B
Orchard grass.......|........ . ..o0nn e em | mesnas e i T ke
Native grasses. . ....|[........|.cooounn S 4 8| 3 2
Whiteelover........|................ 1 ssssneaprmnasis T R
7o FOT A SRt 1NN, | (SRR it | N 5 ey Ao OBV
LESPOARER . .. icsoieisons fimmmip sirs] wom iw s 2| 3 4 11| 5 ) B O
Weeds. ............ 2 31....] 1 4 5| 3 1 1
No vegetation. . . ... 11 28 | 29 | 23 31 29 | 34 20 | 24
Dead vegetation. . . ‘ 7 20 | 12 | 10 7 8| 6 18 | 18
Seed mixture No. 2--Kentucky bluegrass, Bermuda grass, white clover, Korean
lespedeza
Ky. bluegrass.. .. ... I 93 83| 81|71 63 35| 68 63 | 62
Timothy........... lo s s SPUPG e P s et 2 | fos -
Native grasses. .. ...|.......|.ccoeann 2 |anna]es 2 6| 1 11 2
Lespedeza..........[........[..... ... | 2 10| 2 2| 5
WoadE i 1 220 - W] I . 6 1 10| 5
No vegetation. . . ... 1 3| 7115 20 36 | 18 13 | 22
Dead vegetation. . . . | 12| 6|12 13 71 8 11 4
Seed mixture No. 3—Timothy, redtop, red clover, Korean lespedeza
Ky. bluegrass. . .. ... 5 16| 7|12 8 s . 29| 8
ok 1o TR St 23 43 | 34 | 27 19 25 | 37 10 | 28
TIRothy.. il oo siiinis 1 il VRO (U ! 6 B |ious 10| 9
Orchard grass. ... ... T svmesailvasils wilanedadves e 3 L
Native grasses. .. ...|........[........ R - DEeRr 6| 6 2| 2
edeza. ... ...oo|oeernnei]orneann. 6| 7 -+ 12| 9 2| 7
White clover. . ......[........0........].... ) M| AN P I el T TS 1
Weeds............. 19 |........ 9] 3 1 2|1 5 8| 6
No vegetation., . . ... 27 25| 15| 21 29 41 | 32 27 | 33
Dead vegetation. . .. 18 15 | 29 | 24 11 9| 10 12| 6
Seed mixture No. 4—Kentucky bluegrass, redtop, orchard grass, lespedeza, white
clover
Ky. bluegrass....... 23 32 | 42 | 31 28 1 1 28 | 4
Redtop. .. {.0c.ouu 1 3| 8| 6 4 11| 8 9| 7
Orchard grass....... 45 32 13|19 21 14 | 24 22 | 11
DEative Braas: o [wpsamilsinas NIy POEE] PSS Uy R TT R £ T 1
EEsfetd e 5 | syl st sees 8 e 18 | 28 oo vnaasn 9
Weeds. ... ... .... | ErE | ........ 6| 2 1|13
No vegetation. . . ... 18 20 | 29 | 35 34 31| 40 33 | 47
Dead vegetation. . . . 8 4| 8 12 19| 2 71 8




24 Ihinors Aeademy of Science Transactions

TapLe 2—Concluded

Treatment plots

Species 1 2 3| 4 5 6 7 8 9
Na.I;I) O3 | NaNO;y
r

sP rP | sP | 9-27-9 | None L |024-12 | M

Seed mixture No. 5—Kentucky bluegrass, timothy, sweet clover and white clover

Ky. bluegrass....... 37 48 | 55 | 51 55 30 | 43 52 | 48
Redtop....................[........ R 2 |semmmgs 11
Orchard grass....... 10 14| 4 o lowenses 4| 4 8| 7
Native grasses. .....|........[........ 2| 2 2 L ) ) R e
Leapedesn. ..o vucsmlimnianns s ] L] e B e A [N W e
Sweet clover........0..c.oooiufiveninn. Sipa ey e rmeeslaias s I [iaanas 2
Weeds: . .o 20 6|12 | 4 3 16| 6 |........ 3
No vegetation. . . ... 23 21 | 14 | 31 25 26 | 29 29 | 27
Dead vegetation. . . . 10 11 | 13 | 12 15 16 6 11 2

TasLeE 3.—GrouNp COVER PERCENTAGES ON Avcusr 14, 1941

Treatment plots

Species 3|4 5 6 7 8 9

1 2
NaNO; | NaNO;
rP sP rP | sP | 9-27-9 None L | 02412 M

Seed Mixture No. 1

Ky. bluegrass. ... ... 74 65 | 45 | 38 43 31 | 51 57 | 55
ROAEOD v o wsiniomniis [evmaesiseln s nms spm|| D 2 4 4 4| 2
Native grasses. .....[........[........ 6| 4 6 28 | 20 6 4

pedest: s fwrsmngnlaras i 13 | 14 6 13 |.... ] eeen...
Werds .oy ssmamn 3 2 |azsaleni 8 5 1 6 4
No vegetation. . . ... 13 18 | 23 | 27 29 19 | 21 22 | 28
Dead vegetation. . . . 10 15| 13 | 12 6 7

Seed Mixture No. 2

Ky. bluegrass... .. .. 56 57 | 48 | 53 54 37 | 46 48 | 49
Native grasses . ... .. i L | 3 ... 1 3| 2 4| 1
Lespedeza. ... ... .| .. ... ... ... ... .. 4 1 7 7 I hsss
Weeds. ............ 5 5 1].... 1 7 SHY — 10 s
No vegetation .. .. .. 28 26 | 35 | 30 29 42 | 30 20 | 32
Dead vegetation. . . . 10 12 | 13 | 13 14 7115 17 | 18
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TaeLE 3—Concluded
Treatment plots
Species 1 2 3 | 4 5 6 7 8 9
NaNO; | NaNO;
rP sP rP | sP| 9279 | None | L | 02412 M
|
Seed Mixture No. 3
Ky. bluegrass....... 29 40| 9| 32 2 ] [ — 14 4| 5
Redtop o afos sz v 15 17 | 40 | 27 15 39 | 55 11 | 29
Bmothy i aidaoianan 8 12| 9| 5 1 5| 3 Tl [
Native grasses. .. ...[......ooevvnaann : ] B 9 4| 1 21 1
Leapalana . 1.5 . v osk coenn sy | 4 56 19 | 2 loovees 8
Weeds........ 180 e ainais 6 2 1 4 |. 7117
No vegetation. .. ... 28 24 | 29 | 21 15 21 | 24 25 | 35
Dead vegetation. . . . 4 71 6| 9 1 8| 1 71 5
Seed Mixture No. 4
Ky. bluegrass. ... ... 23 3213021 27 1| 5 27 | 10
Bedtop: . oo [easingss: 1] 2| & 4 2] 6| 1
Orchard grass....... 30 28 [ 24 | 21 18 11| 19 26 | 10
Native grammes’ | [ivseevim foiariassdevas 3 1 | — 1] E—
Lespedeza.|........ oo enua]ocains. susl B 7 60 | 53 3|24
Weeds. ...l ...... 3 5/ 11 3 4 & B ez 10
No vegetation. . .- .. 36 26 | 33 | 28 23 16 | 15 25 | 40
Dead vegetation. . .. 8 8|10 11 11 4| 5 12| 5
Seed Mixture No. 5
|
Ky. bluegrass.. ... .. 65 52 | 60 | 65 | 62 22 | 29 56 | 49
BEACOD . s v s mases bewswesns| semfe s vnpad s 3 1 2 2
TOBAY.. .« {s v suwuafovawi s 1. B L A T ; 15 PRN——— - ..
Orchard grass....... 3 18 ) I |eondeosseadys 9] 3 3| 2
Native grasses. . ....[.....cooufoeeeaan 5 6 1 33 | 256 1| 4
BERpededa i 1 vl s sl s sl e ac v snaegss 2| 42 |casmasas 2
Weeds. ............ 6 11| 3| 3 5 6| 4 1| 3
No vegetation. . . . .. 22 13123 |20 18 22 | 22 29 | 31
Dead vegetation. . .. 4 71 8| 6 11 3| 3 8| 7

The value of soil treatments can
be assessed by comparing vegetation-
al percentage totals and yields for
the two seasons. These comparisons
are shown in Tables 1 and 4.

No correlation between yields and
percentages of ground cover is ap-
parent. The relatively low yields of
forage obtained from the ‘‘no treat-
ment’’ plots trend toward correla-
tion with the ground cover percent-

ages as shown in Table 2. The high
forage yields obtained from the ni-
trate-rock phosphate treatment are
not reflected in the ground ecover
percentages. Weed species and or-
chard grass contributed materially
to the forage yields on treatment
plots 1, 5, 7, 8, and 9 of seed mixture
No. 4.

Total yields of forage from all
mixtures with the same treatment
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TABLE 4—VEGETATIONAL COVER PERCENTAGES AS AFFECTED BY SoIL TREATMENTS

Treatment plots
Nov. 1940 1 2 3 4 5 6 7 8 9
NaNO; | NaNOy
rP sP rP | sP | 9-27-9 None | L | 0-24-12 | M
Seed Mixture

| o y) P 82 51 | 59 | 67 62 63 | 60 62 | 58

No.2.............. 94 83|85 | 73 66 57 | 74 76 | 74

No.3.............. 55 60 | 56 | 55 60 50 | 58 61 | 62

No.d,......oooonn. 74 67 | 63 | 59 54 50 | 58 60 | 45

No.b.............. 67 68 | 73 | 57 60 58 | 65 60 | 71

Totals. . . ...... 372 | 320 (336 311 | 302 | 278 [315| 319 [310
Average............ 74.4 64.8/67.2/62.2 604r 55,6|ﬁ3,0 63.862.0

August 1941

NO: Loincmommmmmsms 77 67| 64| 61 65 181| 176 73| 65
No.2...oovvvivnnnn 62 62 52| 57 57 51| 55 63| 60
No.3.............. 68 69 65 70 84 71| 275 68 %60
No.4.............. 56 66| 57 61 66 280 280 63| 55
No.5.ooviviuinnnn 74 /0| 69 74 71 175 175 63 62
Totals......... 337 344| 307 323 343 358 361 330, 302
AVETBEE. .ovrunivine [ 67.4 68.8|61.464,6 68.6 71.6/72.2 66.0/60.4

(1) Includes large percentage of native grasses,

lespedeza.  (3) More than 10 per cent weed species,

are shown in Table 5. These data
give conclusive evidence of the ef-
fect of these treatments on yields.

SUMMARY AND CONCLUSIONS
The effect of soil treatment on
vields of air-dry hay indicate that
nitrogen, phosphorus, potash and
lime give large increases. Percent-
ages of ground cover contributed by
the various species are not related
directly to yields when the point
quadrat method is used. Some trends
can be noted, but they are not eon-
sistent from year to year. Prevail-
ing moisture conditions in a given
season and the distribution of that
moisture affect the percentage com-

(2) Includes large percentages of annual Korean

position of the ground cover as well
as the yields. Kentueky bluegrass
(Poa pratensis) and orchard grass
(Dactylis glomerata) and redtop
(Agrostis alba) were most consistent
in contributions to the percentage
ground cover. The former species
is aggressive and persistent on treat-
ed soils.

Some species, after a period of
vears, have been almost completely
eliminated from the plots. Legumes,
excepting Korean lespedeza (Lespe-
deza stipulacea) made up a very
small part of the vegetation.

Botanical analyses using the point
quadrat are valuable in measuring
ground cover, but should not be re-
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TaBLE 5.—ToraL YIELps oF ForaGE Froym Soin TREATMENT SERIES For 1940 anxp 1941

Soil Treatments
Mixture 1 2 3 4 i 5 6 7 8 9
NaNO; | NaNOg
rP sP rP sP 9-27-9| None L | 02412 M
Yic']ds in Plounds |Per Acre
MNosdiceivn ot i 2208 2408 2090, 2413 2558 1854 1867 2203 2088
Nosg. w1 5658 3700, 1353 1554 1844 918 976 4318 1803
OIS veeee b i 8202 7555 20562 3502 3510 1541 3256 6202| 5158
Noxg 7561 2137 1790/ 1961 3340 1502 8765 4838| 4852
INOUBLY . o oes 7519 8216 8333| 8254 6571 2912| 4042 7953 4636
Total yields. . 31148 24016/15618 17684 17823 8727‘18903 2560418537
All mixtures with| | [
same t-reatmenti : '

lied on as a measure of component
weight contributions of the different
species. Where a single specie is
dominant or makes up a large per-
centage of the vegetation on a given
plot the forage yield and point
quadrat percentages are usually di-
rectly related. The inclusion of a
single elump of vegetation such as
orchard grass in a small yield sample
can seriously disrupt this relation-

ship, when the yield is caleulated on
an acre basis.
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