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Welcome: 

You are invited to read and study this research report. 

We welcome your suggestions. You are also invited to visit 

the Center often and observe the research in progress. The 

Center belongs to the people of this area and its progress 

depends on your continued interest and support. Agricultural 

research is our primary endeavor but the Center is also active 

in other areas. Agriculture Education is one example. The 

Center was host to more than 2,000 FFA students who used it 

as an outdoor laboratory during the past year. 

The Extension Division continues to offer many educational 

programs for all age groups. You are invited to take part in 

these and other programs held at the Center throughout the year. 

We have an "open door" policy and visitors are always welcome. 

There was a combined attendance of more than 7,900 visitors 

and participants at Center activities last year. 

Come see us! 

Sincerely yours, 

?a[~ 
Superintendent 
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SOUTHWEST MISSOURI CENTERI 

Farmers and businessmen worked closely with the College in 
the establishment of the Southwest Center near Mount Vernon. A 
limited program of research in soil fertility and field crops 
had been conducted on a small piece of land near Pierce City for 
a number of years. 

Most of the farms in the area are relatively small and the 
level of soil fertility is generally low. Several years with 
below normal rainfall were climaxed with a severe drouth in 1954. 
Many farmers were in serious financial trouble and a number of 
them abandoned their farms. The economy of the entire area was 
affected adversely and business and industrial people, who realized 
the importance of agriculture in the area, were interested in the 
establishment of an agricultural research program in the area. 

The problems of the area were discussed by farm people and 
business people and by groups composed of rural and urban 
representatives. Agricultural college staff members participated 
in the discussions. From the discussions the belief emerged that 
an agricultural research center, which would conduct investigations 
of the problems of the area, would develop valuable information 
which would help solve some of the major problems. An areawide 
committee with a representative from each of the 22 counties was 
formed, with Mills H. Anderson, a Carthage banker, as chairman. 
The committee requested the Agricultural Experiment Station to 
develop a research program for the area. 

The director of the Experiment Station appointed a committee 
of College staff members January 23, 1957, and directed the 
committee to develop a research proposal and to consider the 
establishment of a research center in the area. The committee 
moved rapidly and submitted the proposed plan, which was approved 
by the director. The Board of Curators approved the proposal and 
a bill was introduced in the General Assembly providing for the 
establishment of a research center in southwest Missouri. The 
bill was passed and became law July 6, 1957. 

The Board of Curators included in the University appropriations 
request for fiscal 1958-59 the amount of $75,000 for the purchase 
of land. The amount requested was approved by the General Assembly. 

lThis information was taken from THE CENTENNIAL REPORT--1870-
1970--0F THE COLLEGE OF AGRICULTURE, written by Dr. John H. Longwell, 
dean emeritus of the College. Copies of THE CENTENNIAL REPORT are 
available from the Editor's Office, 1-98 Agriculture Building, 
University of Missouri-Columbia, Columbia, Missouri 65201 at a 
cost of $2.50 each. 
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On May 2, 1958, the director appointed a committee of staff 
members to conduct a search for a suitable location for the center 
and make recommendations to the director. The site selection 
committee established criteria to be used in making the selection. 
More than 50 suggested farms were proposed and members of the 
committee inspected about 25 of them. Two farms lying on opposite 
sides of Highway 166, about 2.5 miles southwest of Mount Vernon 
were chosen as the most desirable location. The two farms have 
a total of 590 acres and were bought for $70,000. The Southwest 
Research Center was officially dedicated November 5, 1959. 

The General Assembly has appropriated funds to pay for necessary 
building, facilities, equipment, and operations. A comprehensive 
.research program has been developed and results of value to the 
agriculture of the area are being obtained. 

Since 1965 three adjoining tracts totalling 308 acres have been 
bought and included in the area. 

The center has been designated the University of Missouri-Columbia 
Southwest Missouri Center and serves as the headquarters for the 
area extension program as well as the research center. 
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Monthly 
1975 Total 

January 3.32 
February 3.66 
March 7.10 

April 3.42 
May 2.58 
June 5.49 

July 0.68 
August 6.05 
September 5.29 

October 1.51 
November 2.92 
December 2.78 

1975 Total 44.80 

1976 

January 0.50 
February 0.91 
March 3.46 

April 5.79 
May 4.12 

WEATHER DATA, SOUTHWEST RESEARCH CENTER, 
AGRICULTURAL EXPERIMENT STATION FOR 1975-76 

PRECIPITATION 
(In Equivalent Inches of Water) 

Departure Pan Evaporation 

+1.65 Adjusted Total 

+1.44 1975 Inches 

+4.11 May 6.89 
-0.85 June 7.79 
-2.45 July 9.09 
+0.77 August 9.48 

-2.94 September 5.11 

+3.11 1976 +1.18 

-1.93 May 6.08 

+0.58 
+0.33 

+5.10 

Dry Periods* 
May through September 

-1.17 6/18/75 - 7/23/75 -1.31 
+0.47 7/25/75 - 8/13/75 

+1.52 
-0.81 

*Dry Periods: At least 15 consecutive days with less than 0.25 inch per day. 

Compiled by Department of Atmospheric Science 
College of Agriculture 
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WEATHER DATA, SOUTHWEST RESEARCH CENTER, 
AGRICULTURAL EXPERIMENT STATION FOR 1975-76 

AIR TEMPERATURE 
(Degrees Fahrenheit) 

No. Days with Temperatures 

90° 
Mean Mean or 
Max. Min. Average *Normal Departure Above 

January 46.5 25.4 36.0 32.9 +3.1 0 
February 43.1 24.2 33.7 37.0 -3.3 0 
March 49.0 29.6 39.3 44.0 -4.7 0 

April 67.0 44.7 55.9 56.5 -0.6 0 
May 76.9 55.6 66.3 65.1 +1.2 0 
June 82.7 63.2 73.0 73.6 -0.6 0 

July 90~1 65.0 77.6 77.8 -0.2 18 
August 89.0 66.9 78.0 77.1 +0.9 14 
September 75.4 53.8 64.6 69.3 -4.7 4 

October 71.5 47.0 59.3 59.0 +0.3 0 
November 58.8 35.7 47.3 45.5 +1.8 0 
December 46.6 30.6 38.6 36.0 +2.6 0 

1975 Avg. 66.4 45.1 55.8 56.2 -0.4 36 

1976 

January 42.2 21.2 31.7 32.9 -1.2 0 
February 58.1 36.4 47.3 37.0 +10.3 0 
March 61.0 38.5 49.8 44.0 +5.8 0 

April 67.6 46.7 57.2 56.5 +0.7 0 
May 69.9 48.2 59.1 65.1 -6.0 0 

*Springfield Normal used. 

Compiled by Department of Atmospheric Science 
College of Agriculture 

100° 32° 0° 
or or or 
Above Below Below 

0 23 0 
0 22 0 
0 20 0 

0 3 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 

0 3 0 
0 13 0 
0 20 0 

0 104 0 

0 25 2 
0 12 0 
0 9 0 

0 2 0 
0 1 0 



CROP PERFORMANCE IN SOUTHWEST MISSOURI 

R. D. Horrocks and C. G. Morris 
Department of Agronomy 
University of Missouri 

Abstract: Knowledge of agronomic performance of various 
hybrids and varieties is valuable as an aid in selecting 
new hybrids and varieties. A large number of corn and 
grain sorghum hybrids and soybean varieties and blends are 
available to the grower. Many of these are new releases 
and all offer conflicting claims of superiority. The Crop 
Performance Program of Missouri is set up to provide a 
basis for selecting the cu1tivar likely to give the best 
performance under Missouri conditions. The following tables 
summarize the performance of corn, grain sorghum, soybean, 
and alfalfa lines at the Southwest Research Center in 1975. 

Performance recoro of hybrids evaluated under irrigation at the Southwest 
Research Center (SWC, Lawrence County) during the two-year period 1974-75 
and the three-year period 1973-75. 

_. __ ._-_._----_._----
2-YI::AI< AVEJ:iAGE .)-VE.Af, AVERAGE 

ACRE bQQ~1 M' DI'CPPED EAR ACRE LUDGING DROPPED ~AR 

ERANC--l-YBI-IIC YIELD ROOT STALK EARS HE (<'HT YIELD RCOT STALK EArlS HEIGHT 
(eUI (X I 01 al (FTI (ClUI ex I (XI 'XI CF T I 

_ ... -_.,-----_.-- - ,-----
GROUF' 1 MATUH ITY 

Acce UC66ul(SXI 1.8.4 1.6 1.3.8 0.2 .3.3 
FECERAL FX34-CSPXI 163.e 1.3 11.9 0.4- 3.3 
FUf>KS G-4S07(SXI 170.7 2..e 1::.9 1.0 3.6 
,.CALL 5TH SX74-Ca(SXI 160.3 2.4 12.4 0.7 4.1 

GRCUF' ;2 "ATUI"TY 

ASGROW RXI00CSX) 157.6 1.6 a.l 0.4 3.d 15l:i.0 1.1 7.5 0.2 3.9 
"SGI'OW RX90(SX I 15E.<; 2.2 <;.6 1.2 3.a 
FUf>KS G-4-7J7(SXI 168.9 1.0 10.3 0.2 3.3 
SUPERCFlOST S-85(SXI 147.4 1.5 7.3 0.2 3.6 14z.e 1.0 6.0 0.1 J.7 
IOWA-MC SXI~(SXI 162.a 2.~ 5.4 0.0 3.5 
MF" v-16(SX' 171.8 0.6 7.0 0.4 3.S 167.3 0.4 <,1.2 0 • .3 3.7 
"ORTeN 6700( SX I 143.1 0.6 <;.e: o.e .1.6 14-6.2 0.4 9.8 0.5 3.7 
"UNC YCH I EF SXl:i78CSX) 152.5 8.2 17.3 0.3 3.7 142.7 5.8 15.2 o.!) 3.7 
"UNCYCl-IEF SX662(SXI 141.4 4.1 10.<; 0.0 3.0 
"CALLSTRSX6837CSXI 163.8 o.a II.a 0.2 3.5 
MCNAIR X-170CSXI 161.0 1.3 11.6 1.0 3.5 
C'S GOLD SX5500CSXI 158." 0.6 e.4 0.2 3.7 157,e 0.4 9.4 0.6 .1.8 
C'S (;OLD SX550CA(SX) 161.9 1.2 10.2 0.6 3.7 
PAG SX96(SXJ 154.C! 1.2 1 C. 5 0.4 3.5 152.7 C.8 10.6 0.5 .3.7 
"ICNEER 3J25CSXI 168.9 o.a 3.9 0.2 3.<; 
PRINCETON S)la05(SXJ 151.8 0.9 5.3 0.4 3.7 
TROJAN TXSI13(SPXI 16~.4 3.2 13.7 0.2 .1.4 158.5 2.2 I 1.7 0.1 3.6 
TROJA" TXSI15ACSX) 156.2 4.2 9.4 0.8 3.9 
I-ULTING X9deO(3X) 131.0 1.7 le:.7 1.0 3.5 
hULTING x~aOC5X) H10.6 0.6 6.2 0.4- 3.6 
wILSON 180C(5X) 141.1 .3.5 9.2 0.5 03.9 

GRCUP 3 MA 1\,,1< 1 TV 

130-JAC X7L-24 (SPXI 164.9 0.8 10.9 0.0 3.7 
LE"'IS X808CSXI 16e.l 6.1 7.6 0.0 3.7 
Io4CCUROY MS)(ee(5X) 170.6 1.6 9.1 0.2 3.6 162.7 1.0 7.l:i 0.7 3.7 

AV ERAGE 158.e 2.1 10.0 0.4 3.6 154.3 1.5 9.7 0.4 3.7 
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Performance of grain sorghum hybrids at the Southwest Center (SWC) near Mt. 
Vernon, Mo. (Lawrence Co.). Planted May 12,1975. Harvested Oct. 16, 1975. 

GRAI" HEACS Off-
ACR~ MOIS- LGOG~O IN IS C~PT- E:XSER- TVPE TALL PLA~T 

VIELe TURE PLA"TS fEET NeSS TIC" HEADS PLA"lS ~lIGHT 

BRAND / HVBR 10 (La) (~) (X) (_J (1-5) (1 -t» ("J (") ( .. ) 

DEKALB 8R54 •• 
PI~NEER esol 
FUi'KS G-5Ibt:!R •• 
ACCO X94Ia •• 
WARNtO" lIII-db9 
FUi'KS G-522 
NK 279 
FU"KS H .. 3070 
NK ItlO". 
W,lRNER l1li-832 
~ULTING ADvANCe ~O 

T~ TOTAL 
fU"KS t-< .. JI70 
()t:.KALB t::-5Y 
ACCO RIOYO 
ASGRew DCI"AOa + 
GLON HRVST H265 
ACCO RI019 
f'Ui'K5 G-76t>1III 
Q E: K AL 0 8'" t 4 ... + 
NK SAVANNA 4 •• 

w ..... mER ... -666 
"K 27/i 
1'1 LM:.E.R 6442 + 
tE:KALU C~2V + 
ACCO FH09A + 
PIUNEER e.31:6 
TE VIOl + 
MfA GSI0 
ACCO RI029A 
MCNAIR 654 
PAG-5<!5 
"K 222G + 
PICNE:£1l d.3l1 
Tt HIRO-A-HOO II'. 
PICNEER Btl77 
"K SAVANNA .3". + 
~ULTING AQVA"CE dO 
n: "RAI"MAST[R-R 
"K 222A + 
FlJ"KS G-571 
FUNKS HW3550 
FUNKS G-4S'IBR." 
OU<ALd E -57 + 
TE. d8A 
WAR" ER 10-')01 
f'UNKS G-4C;0 
FUNKS G-.39.3 
PI CNf:::~h f!7d + 
MArn IN 

,o.V EI'lAGE: 

e4ce 
OCI9 
591t: 

57.32 
!~4~ 

5!:3E: 
5e~1 

5 = 1 ~ 
5394 
5:!3e 
5~23 

S.tSE 
51H 
:;165 
5116 
5eee; 
5073 
eC4<4 
5044 
50~e 

~023 

5010 
4<;41 
4921: 
49.<e 
4891 
4!!E:2 
4t15e 
471 tI 
4110 
470:! 
4t15 
4 e S4 
45E6 
44<;2 
4461 
43fE 
4.3 1<4 
425t:! 
417t: 
416C 
4 lid 

40St 
4C84 
~9Ct 

:ne5 
36'1'1 
.3t.<C; 
<!<;8.3 
2;'77 

47tl: 

~.o 

5.0 
5.0 
5.0 
e.o 
5.C 
5.0 
5.0 
t>.0 
5.0 
5.0 
5.0 
~.O 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
s.c 
5.0 
e.c 
s.o 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.C 
5.0 
~.O 

5.0 
5.0 

II.e 
5.0 
~.O 

5.0 
5.0 
e.o 
5.0 
5.0 
5.0 
~.o 

~.c 

5.0 
5.0 

5.1 

2.1 
... 0 
t.7 
6.0 

12.0 
3.4 
d.b 
7.t 
b.b 
;:.0 
,<.S 

o.tI 
I;:.E 
4.J 

<:'0.4 
t .,; 
4.2 

.3.5 
e.2 
t.E 
I.!:! 
4.f: 
0.5 
4.J 
9.7 

10.2 
4.4 
J.7 
3. C 
<;.e 
J.J 
7.2 
4.2 

10. I: 
le.e 
12.~ 

O.C 
Y.2 
c.~ 

::.E 
5.7 
e.!: 
5.4 
2 ... 
2.1: 
4.7 
J.7 

d. I 

e.e 

64 
56 
70 
61 
74 
62 
62 
:'6 
70 
52 
54 
56 
5<; 

59 
57 
::7 
51:> 
t2 
56 
:>1 
e I 
53 
~5 

59 
50 
51 
to7 

51 
5t> 
52 
4e;; 
1:>0 
::4 
49 
~3 

t3 
~tl 

56 
60 
eo 
e2 
52 
51 
4J 
57 
eJ 
42 
c:. 
to4 
42 

4.7 
4.0 
5.0 
4.0 
4.0 
4.0 
.3 • .3 
J.7 
J.7 
3.0 
4.~ 

4.0 
4.0 

5.0 
3.7 
J.7 
4.C 
303 
5.0 
4.J 
4 • .3 
J.O 
4.0 
4.0 
4.0 
4.0 
4.0 
3.7 
4.3 
4.7 
4.J 
4.J 
J.O 
4.7 
~.c 

:'.0 
4. J 
3.7 
4.J 
303 
2.0 
3.J 
4.7 
3 • .3 
.3.7 
4.1l 

5. C 
.J.7 
... 0 

4.0 

J.C 
2.3 
2.3 
2.0 
~.O 

1.3 
I .~ 

I. J 
2.7 
2.0 
1.3 
2.3 
1.7 
I.J 
2.0 
2.0 
I. J 
1.7 
3.0 
4.J 
2.3 
1.7 
1.7 
2.0 
2.3 
1 .7 
2.0 
1.3 
1.3 
1.3 
2.0 
2.0 
1.7 
1.0 
1 .7 
1.7 
2.0 
2.0 
2.7 
2.C 
2.0 
1.0 
J.J 
~.3 

.!.o 
1.7 
I .~ 

J.1 
2.3 
1. J 

e.G 
0.0 
0.0 
0.0 
C.C 
c.C 
0.0 
G.O 
0.0 
c.c 
G.e 
0.0 
o.C 
C.C 
C.O 
e.e 
0.0 
0.0 
0.0 
C.O 
c.O 
0.0 
o.e 
c.e 
c.o 
0.0 
0.0 
c.o 
c.e 
c.c 
C.C 
0.0 
c.O 
c.c 
c.c 
c.o 
0.0 
0.0 
C.5 
O.C 
C.O 
0.5 
C.O 
e.e 
1.2 
C.O 
o.c 
0.0 
c.e 
C.O 

C.C 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.5 
0.7 
0.0 
0.0 
0.0 
0.0 
1.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.7 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1:> 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.8 
2.1 
0.0 
0.5 
0.0 
0.5 
1.2 
0.0 
0.0 
0.0 
0.0 
0.0 
C.O 
0.';) 
C.O 
0.0 

o.<! 

LSC VALUe AT T~t: 5" LEVeL IS S69. HYURIDS UIFFt.I'lI"'G ~V "WH. lHA" l"l~ 'Ol\.lt; 
wiLL UlrFE~ SIG"I~ICA"TLY 19 CF 20 TI"ES GR~IIII". 

LSU VALUe AT THt 20~ LEv~L IS 020. HVU~ICS DIFFthl"'~ UY "LhE T~~" T~IS VAL~t 
J/1l.L UIFf[H SIG"'If'ICAr-TLY 16 CF ;:0 TIMES vIolCW". 

+WWELY GHOWT'l 
•• EI~U-RcSI~TANT "Y~~IL. 

9 

48 
41 
40 
39 
46 
J7 
37 
J9 
4.3 
'II 
3d 
4 I 
42 
J7 
40 
J5 
J8 
J7 
44 
41:1 
Jt> 
4 I 
35 
Jb 
.3Y 
JI:> 
-lb 
.37 
Jt> 
37 
40 
36 
37 
.34 
Jlj 

Jt> 
.3b 
42 
40 
.36 
41 
J4 
41 
41 
37 
J/4 

3:> 
411 
J,t 

J,t 



Average performance of soybean varieties evaluated in St. Clair and 
Lawrence counties during 1975. Locations were Appleton City and South 
Missouri Center near Mt. Vernon. 

Lodg- Seed Ma-
Acre ing Quality Plant turity 

Yield Score* Score Height Date 
Brand-Variety (bu) (1-5) (1-5) (in. ) 

SRF 307P 32.8 1.6 3.2 33 9-07 
Wayne 32.3 1.1 2.8 32 9-07 
FFR 444 30.8 1.3 2.5 32 9-08 
SRF 350 38.6 1.3 2.0 33 9-08 
Woodworth 31.6 1.0 2.8 32 9-08 
SRF 400 33.4 1.0 2.1 31 9-11 
Calland 36.6 1.0 3.6 32 9-15 
Bonus 38.3 1.1 2.8 36 9-16 
Williams 36.2 1.0 2.3 31 9-16 
Clark 63 36.9 1.5 2.5 33 9-20 
SRF 425 39.6 1.6 2.8 36 9-20 
Cutler 71 34.8 1.5 2.8 34 9-21 
Mitchell 45.5 2.0 3.0 34 9-22 
Kent 38.1 1.0 2.8 33 9-23 
Pomona 42.3 1.0 2.6 33 9-23 
SRF 450 44.1 1.0 2.3 33 9-27 
Custer 31.1 2.0 3.6 40 9-28 
Oksoy 43.2 1.6 2.6 40 9-28 
Scott 42.6 1.7 2.3 38 9-30 
Columbus 45.8 1.6 2.0 36 10-01 
Essex 50.5 2.0 1.3 31 10-06 
Mack 44.8 3.3 1.5 37 10-07 
Dare 44.6 2.8 1.1 38 10-09 
Hill 39.2 3.1 1.6 35 10-09 
Dyer 33.1 3.3 2.0 34 10-10 
OK963 47.8 1.3 1.5 33 10-11 
York 45.3 2.3 1.5 37 10-11 
FFR 555 41.4 1.8 1.3 38 10-12 
FFR 556 45.5 2.0 1.7 50 10-15 

Average 39.9 1.7 2.3 . 35 

LSD(.05)** 6.7 

*Lodging Scores: l=no lodging; 5=a11 plants lodged. 

**Differences between varieties greater than the given least significant 
difference (L. S. D.) can be considered due to varieties 19 out of 20 times 
grown. 
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Average performance of soybean varieties evaluated at the Southwest Center 
near Mt. Vernon, Mo. (Lawrence County) during the two-year period 1974-75. 

Lodg-
Acre ing Plant Ma-

Yield Score* Height turity 
Brand-Variety (bu) (1-5) (in. ) Date 

Bonus 42.8 1.6 40 9-06 
Calland 39.5 2.~ 35 9-06 
Wayne 39.3 2.3 35 9-06 
Woodworth 32.2 1.8 35 9-06 
SRF 400 34.3 2.0 36 9-06 
Williams 41.8 1.3 35 9- 08 
Clark 63 35.7 2.3 38 9-16 
Cutler 71 39.3 2.0 40 9-16 
SRF 425 42.6 2.5 41 9-18 
Kent 39.8 1.3 38 9-19 
Mitchell 45.8 2.9 40 9-19 
Pomona 40.4 1.0 38 9-21 
SRF 450 42.6 1.3 39 9-24 
Oksoy 38.4 2.3 45 9-26 
Columbus 46.1 2.7 42 9-30 
Essex 47.4 2.5 36 10-03 
Hill 33.6 3.6 38 10-06 
Mack 36.1 3.8 40 10-12 
Dyer 27.1 3.7 36 10-12 
Dare 34.3 4.0 42 10-14 
York 33.8 2.8 40 10-16 
FFR 555 32.3 2.5 48 10-17 
Custer 27.9 3.0 45 ** 

Average 33.0 2.4 39 

*Lodging Scores: l=no lodging; 5=comp1ete lodging. 

1!'*Maturity date not available. 
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SMALL GRAINS RESEARCH 

Boyd Strong, Dale Sechler, J. M. Poehlman, Paul Rowoth 
Tim Flanders and Matt Renkoski 

Department of Agronomy 

Small grain research at the Southwest Center involves wheat, 
barley and both winter and spring oats. Some observations on rye 
and triticale are also made at the Center. Variety tests of all 
grains were grown in 1975-76 but the wheat test was not harvested 
due to almost 100% sterility caused by the freeze on April 26 and 
May 3. Other grains suffered relatively minor damage. The wheat 
test was grown in a low area where the maximum cold air concentrated 
and most wheat varieties were flowering (at this stage of growth 
the crop is most sensitive). Other grains had already flowered 
or were not that far advanced. 

Wheat breeding efforts are concentrated on developing high 
yielding varieties of soft red winter wheat ' which will tolerate 
the production hazards in the area. Short, stiff-strawed, fertilizer
responsive varieties which are resistant to hessian fly and 
diseases such as Septoria, rust, smut, and mildew are desired. 
Thirty-four segregating populations, hopefully segregating for 
better combined traits, were space planted at the Center for 
selection on an individual plant basis. Agronomic and disease 
observations were made on the 40 varieties and advanced selections 
in the wheat variety test but they were not harvested for yield. 
Septoria and virus problems were prevalent in the wheat. Oasis, 
Arthur 71, Stoddard and Abe are soft wheat varieties that have 
performed well in the area. Hart and Beau are new soft wheat 
varieties that offer potential. Parker, Centurk and Danne have 
been good hard wheat varieties. 

Forty spring oat varieties and advanced selections were 
tested at the Center in 1976. BYDV and mildew were the most 
prevalent disease problems. Otee, Pettis, Trio and Chief showed 
the most BYDV tolerance and yield potential of the older varieties. 
Bates is a new spring oat variety being released from the Missouri 
program with superior BYDV, rust and smut resistance and greater 
yield potential. Lang is a new variety from Illinois which is 
similar to the Otee variety. Two winter oat tests of 60 entries 
were evaluated at the center along with about 120 selections in 
observation plots. Thirty bulk populations were space planted 
for selection on an individual plant basis but few selections 
were made due to severe winter killing. Compact, Walker and 
Chilocco are winter oat varieties for which seed is available and 
they perform acceptably. 
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One hundred and twelve varieties and experimental lines of 
two-and six-row winter barley were evaluated in replicated trials 
in 1975-76. Major emphasis in the breeding program has been 
concentrated on malting barley. Two-row, as well as six-row 
materials, are being utilized. No malt varieties are recommended 
for Southwest Missouri but Mo B475 produces good yields of feed 
barley. Two new potential varieties are being increased, one a 
two-row malt type and the other a six-row feed type, but seed 
will be available on a very limited basis. 

Eleven rye, triticale, wheat, barley and oat varieties were 
evaluated for use as forage in the fall and early spring but then 
left for use as a grain crop. The freeze damage resulted in 
grain yields of questionable relative value. Rye produced much 
more forage up to March 15 than the other grains while wheat was 
second. Stoddard produced the highest forage yield of the wheat 
varieties. Barley produced considerable fall forage but made 
less winter growth. 

Comparative performance and descriptions of wheat, oat, and 
barley varieties adapted to the state are available from extension 
personnel and in current UMC Agricultural Guides. 
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BIRDS FOOT TREFOIL MANAGEMENT 

c. J. Nelson, H. N. wheaton, and I. B. strong 
Department of Agronomy 

Abstract: Two experiments are being conducted to 
determine the feasibility of birdsfoot trefoil for 
South Missouri. Effects of soil pHs and phosphorus 
levels on establishment and subsequent persistence are 
being measured. Also, studies have been designed to 
determine cutting management flexibility with emphasis 
on cutting frequency and fall management. 

Trefoil produced more forage and was more persistent 
at pHs levels above 5.3 than at pHs 4.7. Raising pHs 
with lime did not improve establishment, however, and 
also did not affect the amount of phosphorus available 
for plant growth. Trefoil reached 95% of maximum yield 
at soil phosphorus levels of about 50 lbs/A. Increas
ing phosphorus level above 100 lbs/A tended to decrease 
trefoil persistence due to increased competition from 
invading weeds. 

Trefoil has persisted satisfactorily in mixtures with 
orchardgrass, but cutting frequency affects producti
vity of the mixture and the amount of trefoil present. 
cutting trefoil during the critical fall period appears 
to decrease the following spring yield. 

Availability of an adapted perennial legume for use in grass 
mixtures for pastures has been a critical need in Missouri, and 
particularly in the southwestern part of the state. In recent 
years birds foot trefoil has been utilized on an ever increasing 
acreage in Southern Iowa, and now is also increasing in use in 
North Missouri. This perennial legume is very well adapted to 
grazing in legume-grass mixtures. Being a legume, it fixes 
nitrogen in conjunction with root nodules, and it is also modera
tely drought hardy, and of high palatability. Trefoil is unique 
in that there has never been a case of animal bloat reported on 
this species, and it is better adapted to continuous grazing 
than other upright legumes. 

Until recently trefoil has had problems in acceptance and 
use. First, it was reputed to be difficult to establish. This 
is no longer true, as Dr. E. J. Peters has researched this thoroughly 
at the University of Missouri southwest center and can consistently 
get good establishment by spring seeding with an herbicide. 

The other major problem has been a lack of plant persistence. 
This was largely a crown and root disease problem that was most 
severe during warm parts of the season when the soil is moist or 
wet. Dr. J. D. Baldridge at the university of Missouri-Columbia 
has been breeding new trefoil varieties for resistance to these 
diseases, and in 1967 released the variety Dawn that was speci
fically selected for resistance to root and crown diseases. 
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Dr. Baldridge is about to release another new variety that 
is believed to be even superior to Dawn in resistance to diseases, 
and thus should persist into southern environments even better 
than present varieties. 

with these thoughts in mind we wanted to thoroughly investi
gate trefoil management to determine the flexibility of the legume 
for use in Southern Missouri. We were especially interested in 
forage yield, quality, and persistence under several cutting 
managements and fertility regimes. 

An experiment was established in the spring of 1972 to 
determine levels of lime and phosphorus that are necessary for 
successful establishment and growth of trefoil. Other research 
has shown that trefoil does not require as much lime ( to raise 
pHs) as alfalfa for optimum growth. Upland soils in Southwest 
Missouri naturally have a low pHs and often are very low in 
phosphorus. While many grasses may grow fairly well with low 
levels of phosphorus, legumes usually have higher requirements. 
We were hopeful that our data would give insight into the necesaary 
soil treatments for interseeding or renovation of grass pastures 
with trefoil. The first data was taken in 1973 and is being con
tinued at present. 

Different pHs levels (Table 1) were achieved by adding 
0, 2, o~ 4 tons/A of dolomitic limestone. within each pHs level 
eight phosphorus (p) levels (Table 2) were established. phos
phorus was plowed down in spring, 1972 and starter treatments 
were banded at seeding on April 12. Phosphorus topdr~sing 
treatments began in late summer, 1972, and have been repeated 
annually. All plots also received 100 pounds of potash (K) in 
late summer annually, beginning in 1972. plots were harvested 
three times during each of 1973, 1974, and 1975. 

Table 1. Effect of soil acidity pHs) on soil test levels of K 
(lb/A)and yield (T/A) of birdsfoot trefoil. P2 was not affected 
by pHs and averaged 178, 165, and 139 lb/A for 1973, 1974, and 
1975 respectively. 

1973 1974 1975 
E!!a -.L yield K Yield K Yield 

4.7 187 2.45 211 2.48 250 1.39 
5.3 181 2.58 189 2.62 225 1.47 
5.7 167 2.61 183 2.66 220 1.46 

L.S.D.* 
0.1 14 0.10 17 0.11 20 ns 

*For statistical purposes values exceeding this level are considered 
to be significantly different. ns means not significant. 
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Table 2. Soil test values following phosphorus treatments. 
plowdown and starter were begun in spring, 1972 and annual top-
dressing treatments were begun in fall, 1972. 

Treatments Lbs P/Acre P2 Soil Test Level 

plowdown starter TOEdress 1973 1974 1975 
0 0 0 -:n -n -n 
0 0 50 46 70 77 
0 50 0 51 42 33 
0 50 50 76 110 112 

150 50 0 151 143 92 
150 50 50 200 249 233 
300 50 0 270 316 170 
300 50 50 289 361 364 

Excellent stands of Dawn birds foot trefoil were obtained 
under all fertility and lime treatments. Apparently birdsfoot 
trefoil may be established under considerably lower soil pHs 
and phosphorus levels than alfalfa. 

There was no pHs by phosphorus interaction on total yield 
per season or on Bray's P2 test, so data were averaged over pHs 
levels. Table 1 shows that lime applications significantly raLsed 
pHs' but did not significantly change the P2 test. Even so, 
yield at pHs 4.7 was significantly lower in 2 of 3 years than at 
the higher pHs levels. These data suggest that trefoil responds 
to lime applications up to pHs levels of 5.3 to 5.4. 

Lime applications significantly affected the K test level 
in all 3 years (Table 1). Original K level in the soil was 
195 lbs/A and pHs was 4.6. 

K level is tending to increase with time at all pHs levels 
indicating that the 100 lb/A topdressing is greater than the 
amount removed by the crop. Trefoil yields were probably not 
limited by K level as Dr. T. R. Fisher (Mo. Agr. EXp. sta. Bull. 
1007) reported that an alfalfa-grass mixture reached 100% of 
yield potential at K levels of about 160 lbs/A. 

Phosphorus soil test levels were greatly affected by P 
applications (Table 2). Even those plots receiving no P treat
ment are testing higher now than the 13 Ibs/A before the native 
vegetation was plowed. Except where high rates of plowdown P 
were used, soil test value for Bray's P2 test are decreasing 
when no annual topdressing is added. Topdressing annually with 
50 Ibs/A of P has caused an increased soil test level in all cases 
which suggests that annual removal was less than that level. 

Yield was related to Bray's P2 soil test level and is shown 
in Figure 1. Yields for 1973 and 1974 were not statistically 
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different, but for more accurate interpretation all data within 
each years was transferred to a percentage basis before combining 
over years. Absolute yields at the six highest P2 levels were 
not significantly different during either year so they were 
averaged to obtain the 100% yield level, even though there is a 
gradual increasing trend with higher P2 levels. Regression equa
tions for yield were fitted to the 12 highest P levels in Figure 1, 
and to the lowest six levels. The two regression lines were arbi
trarily connected to form the response curve. using combined 
data, 95% of maximum yield level occurred at a P level of about 
50 Ibs/A. Yield levels of 95% of maximum are more economic than 
100%, as it would take almost 50 lbs/A more on the P test to 
produce the last 265 Ibs/A of forage to achieve the fOO% yield. 
Annual yields for 1975 were lower by the response curve to P2 
level was the same as for 1973 and 1974. 

First harvest for 1975 was taken on May 15. We were parti
cularly interested in weed invasion into the plots, and so separated 
harvested samples into trefoil and weed components. Interactions 
between soil pHs and P level were not s ignifican't for yield or 
botanical composition so data for each factor were averaged over 
the other variable. 

Weed invasion was significantly higher at pHs 4.7 as 51% 
of the yield consisted of winter annual weeds and cool-season 
grasses while both of the other lime levels had only about 41% 
of invading species. Evidently lime treatment increased vigor 
of trefoil enough to offer more competition to invading weeds 
and grasses. This was apparently also reflected in higher yields 
in 1973 and 1974 (Table 1) when lime was added to raise pHs. 
Spring 1975 yield was also significantly higher (.82 vs about .89 
tons/A) where lime was applied. 

Weed invasion was also affected by p treatment. Figure 2 
shows that yield of forage did not increase above a P level of 
70 lbs/A, and 95% of maximum yield occurred at 60 1bs/A which 
agrees closely with the 1973 and 1974 data. Of interest however 
is the fact that yield of trefoil in the forage mixture appeared 
to show an optimum at P levels near 100 lbs/A. At levels below 
75 lbs/A (95% maximum for trefoil alone) yield of trefoil was 
apparently being limited by inadequate p while at P levels above 
100 Ibs/A yield of trefoil was being reduced due to excessive weed 
and cool-season grass invasion. For example at 100 lbs/A P the 
mixture was 61% trefoil, while at 33 1bs/A it was 55%, and at 316 
and 361 Ibs P per acre it was only 52%. These data suggest that 
for maintenance of high percentages of trefoil in the mixture it 

, would be better to annually topdress the P removed, keeping the 
P2 test level in the 50-70 Ibs/A range, rather than to apply a 
large amount (e.g. more than 150-200 lbs) with expectations of it 
being available for many years. While the higher level of P will 
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Figure 2. Yield of forage and 
the trefoil component as 
affected by soil P level. 
Data for first cutting, 1975. 

be available and will continue to feed the forage, the detri
mental effects due to increased weed and grass competition on 
trefoil productivity may be of greater concern. 

Another experiment was designed to measure the ability of 
Dawn birds foot trefoil to yield and persist under different 
cutting managements. It is recognized that trefoil is much better 
adapted to frequent defoliation (similar to continuous grazing) 
than is alfalfa or other upright legumes providing some green leaf 
area remains to provide photosynthate to support the plant during 
regrowth. This characteristic, coupled with a natural reseeding 
habit, makes trefoil one of the best adapted legumes available 
for grass mixtures in pastures. 

Stands of trefoil and trefoil-orchardgrass were established 
in April, 1972, and treatments were imposed beginning in spring 
1973. plots were topdressed annually with 0-75-240 to insure that 
adequate P and K were available. Orchardgrass was seeded in half 
the plots as grasses may actually aid persistence of legumes by 
providing a mulch-like canopy in winter and also aid in preventing 
weed invasion. 

cutting treatment and forage yields of trefoil grown alone 
are shown in Table 3. A wide range in yield occurred in 1973 
which often happens during the first treatment season. Weed 
invasion is minimal, the trefoil plants were young and vigorous, 
and the results of the treatments had not begun to have a great 
effect. 

18 



Table 3. cutting frequencies and yield response of birds foot 
trefoil seeded in spring, 1972. 

Forage yield T/A 

cutting Treatment Code 1973 1974 1975 

May 1, then every 15 days 
to sept. 1 15 - FC 1.98 2.18 1.30 

May 1, then every 15 days 
to Oct. 15 15 + FC 2.32 2.22 1.22 

May 15, then every 30 days 
to sept. 1 30 - FC 2.08 2.58 1.70 

May IS, then every 30 days 
to Oct. 15 30 + FC 2.70 2.67 1.67 

May 30, then every 45 days 
to sept. 1 45 - FC 2.64 2.45 1.88 

May 30, then every 45 days 
to Oct. 15 45 + FC 3.68 3.13 2.36 

L.S.D. (0.05) 0.17 0.15 0.13 

In general, plants cut less frequently had the highest 
yield as less time was spent in the slower growth rate periods 
following cutting. Fall cutting in 1973 during the normal criti-
cal period of September 1 to October 15 increased yield in ail 
three basic cutting managements. During 1974, treatment effects 
began to show up as the range in yield was decreased and particularly 
at frequent cutting. During 1975 yield was lower where cutting 
occurred during the critical fall period. previous research by 
Dr. A. G. Matches, ARS, USDA, and the University of Missouri has 
shown that vigor and persistence of trefoil cut infrequently is 
often reduced. In our experiments treatments cut every 15 days 
or 30 days retained their productivity indicating that birds foot 
trefoil is adapted to more frequent defoliation. During 1975 we 
noticed a great deal of weed invasion into plots cut infrequently 
where trefoil was seeded alone. 

Table 4 shows the effects of the same treatments as in 
Table 3 on a birdsfoot trefoil mixture with orchardgrass. Orchard
grass has many desirable features for growing in mixtures with 
trefoil, and especially its upright growth habit and lessened 
sod-forming characters. Yields of the mixture were slightly lower 
than for trefoil grown alone (Table 3), but showed a similar relation
ihip between 1973 and 1974. During 1975 the mixture out yielded 
trefoil alone in most treatments. 

Of greater interest though is the persistence of trefoil in 
the mixture. Herein both the natural ability of trefoil plants 
to avoid stress and their reseeding ability are of concern. During 
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Table 4. Response of birds foot trefoil-orchardgrass mixture to 
cutting treatments. Percentage trefoil in mixture was calculated 
from botanical separations for each cutting throughout the growing 
season. 

yield {TLA) % Trefoil 
Treatment 1973 1974 1975 1973 1974 1975 

15 - FC 1.56 1.89 1.37 60.3 35.4 46.6 
15 + FC 1.92 2.10 1.25 60.5 34.8 43.5 
30 - FC 2.04 2.03 2.21 53.8 40.9 44.9 
30 + FC 2.50 2.40 1.82 51.4 40.4 47.2 
45 - FC 2.76 2.38 2.61 67.5 45.8 41.0 
45 + FC 3.51 2.57 2.80 65.3 45.1 49.0 

L.S.D. .05 0.17 0.15 .32 

1973, those plots cut every 15 days retained a high level of trefoil 
in the mixture (near 60%) while under the 30 day management the 
percentage was reduced. Trefoil percentage was highest in the 45 
day treatment. During 1974, the trefoil component was reduced to 
about 35% of the mixture under the 15 day treatment, but remained 
higher (40-45%) in other treatments. Even though trefoil is more 
tolerant of frequent cutting than many other legumes the 15 day 
frequency was apparently affecting productivity. However, by 
1975 when persistence was more dependent on reseeding, the trefoil 
percentage actually increased again with little difference between 
cutting treatments. 

The natural reseeding habit of trefoil will have to be 
evaluated over several years. In order to get new seedlings 
established it is generally recognized that competition will need 
to be kept to a minimum. In that case once the original plants 
die, which may be sooner in the frequent cuttings, persistence 
will be totally dependent on getting some seed produced and having 
competition decreased enough to make establishment possible. In 
the latter case the more frequent cutting may compensate to allow 
easier establishment to perpetuate the stand, even though seed 
yield may be lower than for other treatments. 

The influence of fall management on ability to overwinter 
and subsequent spring production is of major concern in legume 
persistence. Table 5 shows the response of the trefoil-orchard
grass mixtures to fall cutting and yield the following spring. 
Comparisons should be made only for the influence of fall cutting 
within each cutting frequency. NO management differences occurred 
during 1972 so spring 1973 yields as affected by fall cutting were 
not significantly different (NS). Even though half the plots were 
cut during fall, 1973 they still performed at the same level in 
spring, 1974 as their uncut counterparts. Treatments of cutting 
every 15 days gave three extra cuts during the critical fall growth 
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period adding 0.29 T/A to the 1973 yield. The 30 day treatment 
was cut twice and added 0.31 T/A, and the 45 day treatment was 
cut only on October 16 and gave 0.72 T/A additional yield. 

Table 5. Response of birds foot trefoil-orchardgrass mixture to 
fall cutting and subsequent spring cutting. Spring cuttings were 
on May 1-8, May 15, and June 1-3 of 15, 30, and 45 day treatments 
respectively. Yields are given in tons per acre. 

Fall Spring Fall Spring Fall Spring 
Treatment 1973 1974 1974 1975 1975 1976 

15 - FC 0 0.68 0 0.47 0 0.73 
15 + FC (3) 0.29 0.66 0.26 0.35 .22 0.58 
30 - FC 0 1.11 0 1.59 0 1.03 
30 + FC (2) 0.31 1.04 0.42 1.02 .14 0.82 
45 - FC 0 1.59 0 1.89 0 2.11 
45 + FC (1) 0.72 1.54 0.31 1.86 . 25 1.38 

LSD (0.05) 0.12 NS 0.06 0.20 .02 0.48 

cutting during fall, 1974 also increased yield for the 1974 
growing season with only a moderate effect on spring, 1975 growth. 
NO significant difference occurred in the least or most frequent 
cutting, but spring yield was reduced by fall cutting in the 30 
day frequency treatment. 

At each cutting the plants are not completely defoliated 
and leaf area was left to carryon photosynthesis to give the 
plant energy for regrowth. Again, the long range response of 
repeated cutting during the fall hardening period is not yet 
established. The influence of cutting on seedling development 
as the stands become more dependent on new seedlings will be 
critical. Therefore, these studies will become more valuable 
as dependence on reseeding for plant perpetuation become greate~. 

These data suggest that trefoil is adapted to more marginal 
soils in terms of pHs and phosphorus levels than we had antici
pated and that both minimum and maximum phosphorus levels are 
experienced. If management systems for establishment and main
tenance of trefoil in the stand are accepted, this legume could 
make an important contribution to the forage picture of South 
Missouri, and at an economic advantage. 
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BREEDING TALL FESCUE 

D. A. SIeper, Department of Agronomy 
G. B. Garner, Department of Biochemistry 

M. L. Mitchell, Department of Agronomy 
K. L. Hunt, Department of Agronomy 

Abstract: New experimental lines of tall fescue are 
continuing to be evaluated under small plot clipping 
regimes. Research has shown that Mg, P, K, Ca, and 
the ratio K/Mg+ca are heritable at most harvest dates. 
This gives us the potential of improving forage 
quality by altering the mineral levels through plant 
breeding in tall fescue. 

Tall fescue clonal lines selected from broad-base source 
nurseries have been progeny tested and put into certain synthetic 
combinations. Clonal lines included in these synthetics are the 
most desirable selected from thousands of plants. Selection 
pressure has been placed on vigor throughout the growing season, 
disease resistance, maturity, leafiness, drought tolerance, and 
winter hardiness. Since these selected clonal lines are now in 
synthetic combination, we are dealing with fewer numbers of en
tries, therefore, more emphasis can be placed on forage quality. 
The Tilley-Terry in vitro fermentation technique is being used 
to evaluate these new synthetics. A better understanding of 
the relationships between plant factors and animal performance 
is needed. We need more detailed information on what chemical 
and/or morphological features of tall fescue lend themselves to 
improving animal performance. Work in this area is being done in 
cooperation with A. G. Matches (USDA, ARS, Agronomy) and F. A. 
Martz (Dairy Husbandry) at the Southwest Center. 

Cooperative basic studies are currently in progress to help 
us make more realistic appraisals of our breeding materials. 
Many tall fescue lines and their progenies have been examined for 
their photosynthetic efficiency and desirable leaf growth charac
teristics. This work is being done in cooperation with C. J. 
Nelson (Agronomy). It is hoped that selection procedures can 
be developed that will allow us to produce tall fescue plants 
that have a more efficient photosynthetic system to improve 
yield potential. 

During the last two years, we have put considerable effort 
into the breeding program to study the genetic variation and 
heritability of minerals in tall fescue. Improper levels of 
minerals in forages can cause diseases such as grass tetany in 
grazing cattle. Grass tetany seems to be a complex problem as 
it is related to both a low level of magnesium in the ingested 
forage and poor absorption of magnesium in the intestinal tract. 
Several researchers have also demonstrated the importance of 
the K/Mg+Ca (meq/IOO g dry matter) ratio and its relationship 
to grass tetany. When the ratio K/Mg+Ca is less than 2.2, the 
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incidence of grass tetany is reduced. Table 1 contains Mg, 
P, K, Ca, and K/Mg+Ca values for certain selected parents. The 
data are variable, particularly for the ratio K/Mg+Ca. It is 
interesting to note that parent A59-90 had a ratio greater than 
2.2 and parent V2-445 less than 2.2 in the spring. We have found 
that most of these minerals are highly heritable, so it should 
be possible to develop a tall fescue with a low grass tetany 
potential. 

Table 1. Parental means for Mg, P, K, Ca, and K/Mg+Ca content 
of tall fescue forage for 1974 and 1975. 

Parents 

B5-62 
B17-9 
V8-696 
A59-90 
V2-448 
V2-248 

B5-62 
B17-9 
V8-696 
A59-90 
V2-448 
V2-248 

B5-62 
B17-9 
V8-696 
A59-90 
V2-448 
V2-248 

Mg (%) 

.189 

.163 

.173 

.143 

.186 

.177 

.260 

.217 

.209 

.196 

... 268 

.181 

.270 

.226 

.192 

.213 

.260 

.219 

P (%) 

.315 

.328 

.297 

.365 

.298 

.294 

.343 

.326 

.356 

.450 

.267 

.340 

.276 

.267 

.274 

.292 

.230 

.256 

Minerals 
K(%) Ca (%) K/Mg+Ca 

(meg/IOO 

SEring 
1.994 .305 1.656 
2.156 .290 1.990 
2.312 .282 2.076 
2.172 .213 2.492 
1.915 .310 1.585 
2.064 .315 1.747 

Summer 
1.473 .457 .852 
1.697 .424 1.137 
1.749 .476 1.110 
1.657 .364 1.235 
1.357 .613 .693 
1.577 .500 1.017 

Fall 
1.285 .451 .738 
1.906 .389 1.280 
1.697 .391 1.241 
1.658 .336 1.223 
1.473 .521 .789 
1.709 .510 1.003 

g) 

Table 2 includes dry matter yields collected in 1974 and 1975 
at Columbia and Mount Vernon, Missouri. Kenhy was found to have 
the highest yield in the spring while HI (a University of Missouri 
experimental) had the highest yield over locations and years in the 
fall. The highest total yield over seasons, locations, and years 
was found for HI. Aronde is from Holland (Manade x S170) and is 
not available here. Kenhy is an experimental from the USDA, ARS, 
University of Kentucky, ·while 196, HI and HII are University of 
Missouri experimentals. The Meadow Fescue is a relative of tall 
fescue. This particular selection is not too well adapted for 
Missouri conditions. 
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Table 2. Dry matter yields at two locations for 1974 and 1975. 

TonsLAcre 
Entry SEring Summer Fall Total 
Aronde 1.41 0.62 1.44 3.47 
196 1.49 0.53 1.25 3.27 
Kenhy 1.74 0.59 1.36 3.69 
Alta 1.63 0.49 1.35 3.47 
Fawn 1.70 0.53 1.08 3.32 
Goar 1.55 0.46 1.13 3.14 
HI 1.69 0.55 1.47 3.72 
HII 1.49 0.57 1.22 3.28 
Kenmont 1.60 0.55 1.40 3.54 
Kenwell 1.23 0.43 1.20 2.86 
Ky-31 1.59 0.50 1.21 3.30 
Trophy 1.67 0.54 1.08 3.30 
Meadow Fescue 1.24 0.34 0.72 2.30 

Mean 1.54 0.51 1.22 3.28 
L. S. D. (.05 ) 0.14 0.12 0.17 0.35 

Location Mean 
Columbia 1.70 0.76 0.96 3.42 
Mt. Vernon 1.42 0.27 1.51 3.21 

Research on using tall fescue for turf is continuing with 
the cooperation of J. H. Dunn (Horticulture). Much of Missouri 
is located in the "transition" zone of the united states. This 
area is south of the optimum range of bluegrass and too far north 
for the warm season turf species. Varieties such as Kentucky 31 
and Alta have been used for lawn and turf, but have been criti
cized for excessive coarseness. Tall fescue is well adapted to 
this region and selection is being placed on fine leaves, short 
growth habit, dense sod, drought tolerance, and resistance to 
disease. 
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ALTERING FORAGE MAGNESIUM WITH SOIL TREATMENTS 

J. R. Brown, Wm. Rice and M. Farley, Columbia 
Boyd Strong, Mt. Vernon 

Abstract: The data from the second full year of a study on the effect 
of soil treatments on fescue yield and composition are presented. These 
data provide further evidence that the magnesium concentration in fescue 
and the K/Ca+Mg ratio can be altered by soil treatments. 

One of the many factors which helps to trigger outbreaks of grass tetany 
in cattle is the content of magnesium in the forage the animals eat. Based 
upon information gleaned from work in other areas of the U.S. and world a study 
was initiated in 1972 at the Southwest Center. The objective of the study was 
to determine the effect of lime sources and timing of top-dressed N, P, and K 
on the concentration of Mg in fescue tissue at several times during the year. 

Methods 

In this study there are four basic treatments as follows: 

- Dolomitic limestone at one half the recommended rate 
- Magnesium oxide to supply 240 lbs Mg per acre 
- Dolomitic limestone as above plus 72 pounds of elemental sulfur 
- Calcitic limestone at one half the recommended rate 

These four basic treatments were worked into the plow layer of Gerald 
silt loam in 100' x 35' blocks prior to seeding Kentucky 31 fescue in the 
spring of 1972. 

Plots were laid off in 10 35' x 10' plots per block. Half of the plots 
in each block received 240 lbs Mg/A as MgO worked into the surface soil. Five 
timing treatments of top dressed fertilizer based upon 1972 recommendations were 
selected as follows: 

Number 

1 
2 
3 
4 
5 

January 

80 + 40 + 80 
80 + 40 + 40 

o 
o 

80 + 40 + 40 

Treatment time 
after first 

harvest 
lbs/A* 

80 + 
80 + 
40 + 

25 

o 
o 

40 + 40 
40 + 80 
o + 40 

August 

80 + 0 + 0 
80 + 0 + 40 
80 + 0 + 40 
80 + 0 + 0 
40 + 0 + 0 



The sampling and harvest plan selected was a compromise to simulate 
grazing where grazing would be impractical due to plot numbers and size. 
The fall growth was allowed to accumulate and go dormant. In January, after 
being leached by November and December precipitation, the fall growth was 
removed, dry matter yields were determined and the material analyzed for 
K, Ca and Mg. The "February" treatment was applied after removal of the 
stock piled material. When the new spring growth reached a 5-inch leaf 
length grab samples from each plot were taken periodically and analyzed for 
K, Ca and Mg. The entire growth was harvested at initiation of seed head 
emergence for yield and analysis. No grab samples were taken after the 
first harvest until fall. Soil samples from each plot were taken and the 
appropriate top dress treatments were made after the first harvest. The 
late spring-summer growth was harvested for yield and analysis in early 
July and the "August" treatment was applied in August. After the first 
frost periodic grab samples were taken until growth ceased. (The January 
harvests are considered 'as yield of the previous calendar year'.) The 
plant material was dried, ground and analyzed by routine methods. 

Results 

Topdress Treatments 

Delay of nitrogen application until after the first harvest shifted 
the production of drymatter to later in the season (Table 1). The data 
pointed out that it would be most desirable from the standpoint of drymatter 
production to include some potassium in the August treatment (Treatments 2 
and 3 in Table 1). It was assumed during the design of the study that 
potassium should not be applied in the August treatment because of its 
assumed adverse effect on uptake of magnesium by the grass in the fall. 
As will be seen later this effect did not occur in this study in 1974. 

It is quite common for Ca and Mg concentrations in vegetative material 
to be higher during the summer months than during spring and fall (Table 1). 
This phenomena results from a combination of dilution by rapid spring and 
fall growth and the effect of environmental conditions on the supply of 
these elements in the soil and on their uptake by plants. 

The K concentration in the material was related to age of sample and 
to when K fertilizer had been applied. The closer to the harvest date the 
K was applied, the higher the K concentration in the forage. The early 
spring grab samples were relatively high in K which is typical of very young 
grass. 

The K/Ca+Mg term is supposed to reflect the capability of grass to 
induce grass tetany. Grass tetany often occurs when the K/Ca+Mg ratio 
exceeds 2.0 to 2.2. Using this measure none of the material sampled during 
1974 would be considered likely to cause grass tetany. 
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Table 1. Effect of topdressing treatments on tall fescue composition and yield - 1974. 

Treatment Measure- Samplet Harvest** Samplet Harvest** YIELD T/A** 
ment 

Time* N+P20S+K20 1 2 3 1 2 4 5 3 H-1 H-2 H-3 TOTAL 

F 80+40+80 %Ca .45 .40 .43 .37 .49 .48 .39 .37 1.44 .40 1.08 2.92 
M 0 %Mg .35 .33 .28 .23 .29 .34 .32 .25 
A 80+ 0+ 0 %K 3.53 3.17 2.37 1.93 2.10 1.23 1.14 .94 

K/Ca-tMg 1.77 1.71 1.35 1.31 1.11 .61 .64 .62 

F 80+40+40 %Ca .44 .40 .44 .37 .48 .44 .36 .34 1.41 .44 1.26 3.11 
M 0 %Mg .35 .33 .28 .23 .29 .31 .29 .23 
A 80+ 0+40 %K 3.42 3.04 2.43 1.90 2.01 1.47 1.42 1.14 

K/Ca+Mg 1.72 1.63 1.38 1.30 1.08 .79 .86 .81 

tv F 
-...J 0 %Ca .43 .40 .41 .35 .44 .45 .36 .34 .64 1.05 1.30 2.99 

M 80+40+40 %Mg .29 .29 .25 .21 .31 .31 .30 .23 
80+ 0+40 %K 2.70 2.50 1.94 1.72 2.21 1.45 1.49 1.17 

K/Ca-tMg 1.51 1.48 1.22 1.27 1.19 .76 .89 .84 

F 0 %Ca .44 .42 .42 .36 .45 .48 .38 .36 .63 1.02 1.18 2.83 
M 80+40+80 %Mg .30 .30 .26 .22 .32 .35 .31 .25 
A 80+0+0 %K 2.55 2.27 1.84 1.63 2.47 1.32 1.25 1.02 

K/Ca+Mg 1.41 1.27 1.12 1.16 1.30 .64 .72 .69 

F 80+40+40 %Ca .44 .39 .42 .37 .46 .49 .39 .38 1.38 .75 .75 2.88 
M 40+ 0+40 %Mg .37 .34 .30 .24 .30 .33 .32 .23 
A 40+ -0+ 0 %K 3.41 2.93 2.37 1.85 2.27 1.23 1.17 .85 

K/CafMg 1.65 1.57 1.33 1.23 1.21 .60 .66 .57 

1sd .05 %Ca NS NS NS .017 .02 .022 .021 .014 .053 .166 .086 ---
%Mg .013 .013 .009 .01 .011 .019 .017 .009 
%K .114 .13 .13 .069 .08 .115 .121 .074 

K/Ca+Mg .07 .097 .08 .07 .06 .065 .082 .06 

* F = Feb 1974, M= May 1974, A = 5 Aug 1974 

** H (Harvest) 1 = 7 May 1974, H-2 = 19 Jun 1974, H-3 = 6 Jan 1975 

t Sampling 1 = 16 Mar 74, 2 = 28 Mar 74, 3 = 10 Apr 74, 4 = 11 Nov 74, 5 = 9 Dec 74 



Table 2. Effect of lime treatments on tall fescue composition and yield - 1974. 

Lime Measure- Samplet Harvest* Samplet Harvest* YIELD T/A* 
Treatment ment 

1 2 3 1 2 4 5 3 H-1 H-2 H-3 TOTAL 

%Ca .44 .40 .44 .36 .46 .47 .35 .34 1.11 .73 1.09 2.93 
%Mg .33 .32 .28 .23 .30 .33 .30 .25 

DOLOMITIC %K 3.03 2.68 2.09 1.74 2.15 1.31 1.19 .98 
K/Ca+Mg 1.56 1.50 1.19 1.23 1.15 .67 .72 .68 

%Ca .45 .44 .45 .37 .48 .47 .40 .38 1.15 .75 1.14 3.04 
%Mg .30 .31 .27 .22 .28 .31 .30 .22 

CALCITIC %K 3.13 2.74 2.30 1.78 2.22 1.24 1.25 1.00 
tv K/Ca+Mg 1.68 1.47 1.32 1.25 1.20 .65 .72 .69 co 

%Ca .43 .39 .40 .39 .46 .47 .39 .35 1.06 .72 1.08 2.86 
%Mg .34 .32 .28 .24 .31 .33 .32 .24 

MgO %K 3.13 2.84 2.12 1.89 2.26 1.43 1.40 1.08 
K/Ca-fMg 1.59 1.57 1.26 1.24 1.19 .72 .79 .74 

%Ca .44 .38 .40 .34 .46 .47 .36 .36 1.09 .72 1.16 2.97 DOLOMITIC %Mg .35 .32 .27 .23 .31 .34 .32 .23 
PLUS %K 3.20 2.86 2.25 1.81 2.21 1.38 1.34 1.04 SULFUR K/Ca+Mg 1.61 1.60 1.35 1.30 1.17 .68 .78 .72 

%Ca NS NS .03 NS NS NS NS NS NS NS NS NS 
%Mg .03 NS NS .009 .013 NS NS NS 

Isd.05 %K NS NS NS .10 NS NS NS NS 
K/Ca+Mg NS NS NS NS NS NS NS NS 

*H (Harvest) 1 = 7 May 1974, H-2 = 19 Jun 1974, H-3 = 6 Jan 1975 

tSampling 1 = 16 Mar 74, 2 = 28 Mar 74, 3 = 10 Apr 74, 4 = 11 Nov 74, 5 = 9 Dec 74 



Lime Effects 

The four kinds of lime material had few significant effects on the 
composition of the forage (Table 2). In fact, the only note-worthy effect 
was on the magnesium concentration in the first sampling where the carriers 
containing magnesium tended to cause a higher magnesium concentration in 
forage. This effect did not persist through the year (see also the note on 
Sulfur Effects). 

Magnesium Effects 

The additional soil magnesium added at establishment had a significant 
effect on the concentration of magnesium in the forage at all samplings and 
harvests (Table 3). While some of these differences were barely significant 
at the 5% level the consistency lends credence to the observation that added 
soil magnesium increased forage magnesium in this study. 

The magnesium treatment had a significant effect on the K/Ca+Mg ratio 
at the first sampling when a decrease from 1.65 to 1.57 was found. Both 
values are well below the critical 2.2 hence the decline has little practical 
significance. 

Table 3. Effect of Soil Magnesium Treatment on the Concentration 
of Magnesium in Fescue Forage 19741 • 

Added 
Magnesium 

None 

240 lbs/A 

lsd .05 

1 

.32 

.34 

.008 

Sample 
2 

.31 

.33 

.008 

3 

.27 

.28 

.009 

ISee Table 1 for actual calendar dates. 

Sulfur Effects 

Harvest 
1 2 

%Mg 

.23 .29 

.25 .31 

.013 .015 

Sample 
4 5 

.32 .30 

.34 .32 

.012 .011 

Harvest 
3 

.22 

.25 

.006 

The analysis of the first harvest for total S yielded some inconsistent 
results (Table 4). There seemed to be a clear increase in total S concentration 
due to the added soil sulfur but a significant treatment interaction makes any 
specific statement on treatment effects questionable. 

The main effect of topdress treatment was significant in influencing 
total N, the N/S ratio and % cystine in the harvested forage (Table 11). The 
80 lbs ofN applied in January seemed to be responsible for the higher percentages 
of N and cystine in material grown on treatments 1, 2 and 5. Table 12 further 
illustrates the relationships between results. At this writing the impact of 
these results in grass tetany problems has yet to be determined. 
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Table 4. Interactions between Topdress and Sulfur Treatment on Fescue Forage. First Harvest 1974. 

January Dolomitic Dolomitic Lime 
Treatment Lime plus Sulfur 

Treatment N Sl N
1 

Methionine Cystine N Sl N1 Methionine Cystine 
No. N+P20S+K20 % % S % % % % S % % 

1 80+40+80 2.06 .19 10.8 .13 .14 2.18 .27 8.1 .15 .15 

2 80+40+40 2.12 .24 8.8 .15 .15 2.10 .25 8.4 .15 .15 
~-------w 

0 
3 0 1.70 .25 6.8 .14 .12 1.73 .27 6.4 .15 .12 

4 0 1.66 .21 7.9 .14 .12 1.70 .26 6.5 .14 .12 

5 80+40+40 2.04 .23 8.9 .16 .14 2.02 .23 8.8 .16 .14 

1. The treatment x sulfur interaction was significant at the 5% for total Sand N/S ratio. 

1sd = .038% and 1.67 for % Sand N/S, respectively. 



Summary 

The 1974 results tend to support the hypothesis that forage magnesium 
concentrations can be maintained at relatively high levels without loss of 
yield by delaying topdressed fertilizer application to May. The data show 
that application of materials which contain magnesium to the Gerald soil 
will increase forage magnesium. Application of sulfur will increase the 
concentration of S in forage. The practical significance of this is yet 
to be determined. 
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GROWING LEGUMES WITH WARM-SEASON GRASSES 

A. G. Matches, Agricultural Research Service 
U. S. Department of Agriculture and Department of Agronomy 

M. Mitchell, Southwest Center 

Abstract: Caucasian bluestem, 'Blackwell' and 'Pathfinder' 
switchgrass were grown alone or with four legumes. Legumes 
included 'Cody' alfalfa, 'Dawn' birdsfoot trefoil, 'Summit' 
lespedeza and 'Serala' sericea lespedeza. Only 'Dawn' 
trefoil and 'Serala' lespedeza appeared well adapted for 
growing in mixtures with caucasian bluestem and switchgrass. 

Introduction: Under climatic conditions of the Southern Corn Belt, caucasian 
bluestem and switchgrass generally are not ready for g~azing until early or 
mid-June. Some producers have reservations about growing these warm-season 
grasses since they are grazed only during the summer months. Therefore, 
we examined the possibilities of growing legumes with caucasian bluestem 
and switchgrass as a method of obtaining more calendar days of grazing. 
Secondly, through fixation of atmospheric nitrogen, legumes might provide 
the nitrogen needs of the warm-season grasses. 

On May 21-22, 1970, seedings of four legumes were made with caucasian 
bluestem, 'Blackwell' and 'Pathfinder' switchgrass. The four legumes 
were 'Cody' alfalfa, 'Dawn' birdsfoot trefoil, 'Summit' an improved Korean 
lespedeaz, and 'Serala' an improved fine-stemmed variety of sericea lespedeza. 

Grasses and legumes were seeded in rows spaced one foot apart. 
Grass rows ran north and south and legume rows east and west. Plots 
6 x 20 feet in size were arranged in a split-plot design with grasses as 
the whole-plots and legumes as sub-plots. Grasses were also seeded with
out a legume and these plots received an annual application of 60 pounds 
of nitrogen per acre (N/A) in May. Plots with legumes received no 
nitrogen fertilizer. All plots received an annual application of 0-60-60 
fertilizer in February or March. Harvested for yield began in 1971 and 
continued through the 1975 season. 

Results: Average total yields of dry matter per acre over the five years 
(1971-1975) are given in Table 1. Generally, yields of caucasian bluestem 
were higher than yields of the two switchgrass varieties. Caucasian blue
stem fertilized with 60 lb N/A yielded higher than any of the bluestem
legume mixtures. With the switchgrasses, total yields with a legume 
(except for 'Summit' lespedeza) and with nitrogen fertilization were nearly 
the same. 

Alfalfa and trefoil provided a mid- to late-May harvest (each of the 
five years) for all three grasses; thus, these legumes would allow earlier 
grazing than if the warm-season grasses were grown in pure stands. Of the 
four legumes, 'Dawn' birdsfoot trefoil and 'Serala' lespedeza maintained the 
best stands and balance in grass and legume mixture. By the fifth year, 
'Cody' alfalfa stands had decreased and contributed only 2.3, 35.6 and 16.4% 
of the July botanical composition of caucasian bluestem,'Blackwell' and 
'Pathfinder' switchgrass, respectively (Table 2). In comparison, trefoil 
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and 'Serala' lespedeza continued to represent more than 40% of the harvested 
forage. Only stands of trefoil and 'Serala' continue to look good in the 
summer of 1976. 

Of the legumes tested, 'Dawn' birdsfoot trefoil and 'Serala' lespedeza 
appear the best adapted for growing in mixtures with caucasian bluestem 
and switchgrass. Alfalfa stands were very erratic after the third season 
of harvesting and stands of 'Summit' lespedeza were favorable only one 
of the five years even though 'Summit' was reseeded each year. 

Table 1. AVERAGE TOTAL YIELD PER SEASON FOR WARM-SEASON GRASSES GROWN 
ALONE OR WITH A LEGUME AT THE SOUTHWEST CENTER 

Warm-Season Grass 

Caucasian Bluestem 

'Blackwell' Switchgrass 

'Cody' 
Alfalfa 

6191 

4890 

B. 

Yield of Dry Matter - 1b/ A]) 

Legumes 

'Dawn' 'Summit' 'Serala' 
Trefoil Lespedeza Lespedeza 

7123 5569 6441 

4654 3787 6109 

Grass 
Alone 

8375 

5060 

'Pathfinder' Switchgrass 5051 5829 4568 6464 5582 

1/ - Average of 5 years (1971-1975) 
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Average 

6740 

4900 

5499 



Table 2. AVERAGE BOTANICAL COMPOS~TION OF FORAGE HARVESTED IN JULY 
1975 FOR THE WARM-SEASON GRASS AND LEGUME TRIAL AT THE 
SOUTHWEST CENTER 

Botanical Composition (%) - July 1975 

Seeded Weeds 
Legume Grass Legume Grass Broadleaf 

Caucasian Bluestern 

'Cody' Alfalfa 97.5 2.3 o 0.2 

'Dawn' Trefoil 58.5 40.3 o 1.2 

'Summit' Lespedeza 95.8 o o 4.2 

'Serala' Lespedeza 55.2 41.4 2.5 1.0 

Grass Alone 100.0 o o o 

'Blackwell' Switchgrass 

'Cody' Alfalfa 48.8 35.6 12.2 3.4 

'Dawn' Trefoil 39.0 51.3 7.8 2.0 

'Summit' Lespedeza 53.3 8.4 16.1 22.2 

'Serala' Lespedeza 24.3 59.5 8.8 7.4 

Grass Alone 71.6 1.9 6.2 20.3 

'Pathfinder' Switchgrass 

'Cody' Alfalfa 58.0 16.4 15.1 10.4 

'Dawn' Trefoil 38.6 56.6 2.7 2.1 

'Summit' Lespedeza 66.6 4.6 8.8 20.1 

'Serala' Lespedeza 26.6 60.7 2.8 

Grass Alone 69.3 5.2 11.4 14.1 
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ADVANCED EVALUATION OF FORAGES 

F. A. Martz, Department of Dairy Husbandry 
S. Bell and M. Mitchell, Southwest Missouri Center 
A. G. Matches, Department of Agronomy and USDA-ARS 
D. A. SIeper, Department of Agronomy 

Abstract: Two new lines of tall fescue, Kenhy and 
I-96, have been tested in grazing trials for a three
year period for a total of 336 grazing days. Grazing 
Kenhy or I-96 resulted in statistically significant 
increases for daily gain when compared to Kentucky-3l 
fescue during the first two test years. Grazing 
Kenhy or I-96 resulted in increases for daily gain 
when compared to Kentucky-3l fescue of 0.43 and 0.36 
lb. per day respectively for the spring grazing 
period of 1976. These data (1976) have not been 
analyzed statistically at this time. The 1976 animal 
gain results to date are comparable to the results 
of 1974 and 1975. Applications are presently being 
prepared for the release of these two new fescue 
lines. 

Introduction: 

The objective of this research was to evaluate, in grazing 
experiments, new lines of grasses which were developed from 
forage breeding research and small plot evaluations. A second 
objective was to gain further understanding of the forage 
characteristics which are related to animal performance and use 
this knowledge to improve our forage breeding and selection re
search. 

Procedures: 

Experimental Procedure: 

General Design: Five fescue lines were established in one
acre plots suitable for grazing. Each forage was replicated three 
times. The plots also included three reserve pastures of K-31 for 
extra animals and for adjustment periods. Three, 500-600 lb. ani
mals are ·allotted to each one-acre pasture. The treatment forages 
were as follows: 

A - Kenhy 
B - Kenmont 
C - I-96 
D - Fawn 
E - Kentucky-31 (check or control) 
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Pastures were irrigated when water became limiting in 1974 and 
1975. Irrigation was used because the major objective is to evalu
ate animal performance for different grass lines, not the inter
action between grasses and climate. Maintenance topdressing of 
fertilizer was applied annually to all plots at the rate of 75-60-60 
Ibs. per acre in February with 50 Ibs. N applied June 15 and 50 Ibs. 
N applied August 15. 

Animals were 500-600 lb. heifers which were uniform in weight, 
appearance and background. 

Dates: The approximate starting date each spring was April 15. 
The summer grazing period was divided into three parts: April 15 
to June 15; June 15 to August 15; and, August 15 to October 15. 
Animal data was collected for 40-50 days of each of these periods, 
depending on the amount of pasture available. In 1976 we grazed 
the plots rotationally for longer periods in the spring and fall 
and without irrigation to more nearly simulate on-farm grazing 
practices and to check the previous data collected in 1974 and 1975. 

Animal Weights: Weights' were taken at the beginning of each 
period and every 14 days until the end of the period. Cattle were 
placed in holding pens overnight, fasted, and shrunk weights were 
taken the next morning before animals are returned to pasture. 
Full weights were taken the evening before to correlate the full 
and empty weights. 

Grazing Management: Plots were strip grazed. Movable, electric 
cross fences were placed in each plot. Back fences restricted ani
mals to a strip of pasture to be grazed each 7-10 days. Mower 
strips were taken each 7-10 day period of the new ungrazed strip 
for yield and composition determinations. Three animals grazed 
each strip. The size of the strip was based on the forage avail
able at that time. Thus, we have a constant amount of forage 
available for all forages. No grain was fed on these pastures. 
Mineral and salt were provided. 

Forage cages were placed in each new strip with the animals at 
the beginning of the 7-10 days. Animals could not graze under the 
cages so forage growth could be measured at these spots. Forage 
samples and yields were taken from the grazed strip, cages, and the 
new strip each time animals were moved. These data are used to 
calculate forage consumed by the cattle. 

When forages reached the boot stage (or about 40 days regrowth), 
part of the forage was mowed for hay and allowed to regrow to fur
nish vegetative grass for future grazing. If the hay was harvested 
without rain damage, it was used for animal studies in the barn. 

Measurements: Several measurements and calculations have been 
made. Animal average daily gain was calculated. Forage intake was 
measured. Chemical composition including cell wall, protein, acid 
detergent fiber, cellulose and lignin was measured. Conversion of 
these forage components to gain was calculated. Morphology of the 
plants is measured and plant characteristics were related to animal 
performance. Energy production per acre is being calculated. 
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Results: 

Heifers consistently gained faster when grazing Kenhy and I-96 
than when grazing K-31 during the spring (Tables 1, 2 and 3). A 
summary of all data collected in this trial indicates that for the 
entire grazing season Kenhy and I-96 could be expected to result in 
about 1/3 lb. average daily gain more than K-3l with growing cattle 
which were comparable to the cattle used in this trial. We still 
experienced a mid-summer slump in performance with Kenhy and I-96 
fescue, but this slump did not appear to be quite as severe as with 
K-31 (Tables I and 2). It must be remembered that fescue is a cool 
season grass and probably cannot be expected to be as productive in 
the hot summer season as in the cooler seasons. Other forages such 
as legumes, warm season grasses or summer annuals may be more ap
propriate for mid-summer grazing. Average daily gains from Kenhy 
and I-96 appeared to be improved over those for K-3l in the fall 
grazing season also although the data is not as consistent as the 
spring results. 

Fescue which promotes improved gains can also be expected to 
improve production per acre of land. The gain per acre (Table 3) 
for Kenhy and I-96 was greater than for K-3l. The same number of 
animals were grazed per acre with comparable grazing pressures. The 
increased gain per acre is a direct result of increased rate of gain 
which results in a more efficient use of the available forage,. be
cause a smaller proportion of feed is used for animal maintenance 
and a greater portion is used for gain. 

The data suggests that Kenhy and I-96 will support improved 
animal performance compared to K-3l fescue. 
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Table 1. AVERAGE DAILY GAINS OF HEIFERS GRAZING FIVE 
FESCUE VARIETIES AT THE SOUTHWEST RESEARCH CENTER, 1974 

Fescue Average Daily Gain a 

Variety 

Grazing Period 

42 dab 48 dac 49 da Fulld 

Spring Summer Fall Season 

(lb) 

Kenhy 1.58 0.66 1.01 1.11 

Kenmont 0.85 0.62 0.80 0.77 

1-96 1.52 0.76 1.10 1.16 

Fawn 0.90 1.06 0.89 0.94 

Ky-3l 0.93 0.51 0.96 0.83 

a shrunk heifer weights. Based on 

b in column significantly different at probability Means are 
0.01. 

c 
in column significantly different at probability Means are 

0.10. 

d Means in column are significantly different at probability 
0.05. 
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Table 2. AVERAGE DAILY GAINS OF HEIFERS GRAZING FIVE FESCUE 
VARIETIES AT THE SOUTHWEST RESEARCH CENTER, 1975. 

Fescue 
Variety 

45 dab 

'I G' a Average Dal y aln 

Grazing Period 

49 da 35 dac Fulld 

Spring Summer Fall Season 

(lb) 

Kenhy 1.68 0.79 1.37 

Kenmont 1.36 0.53 0.83 

1-96 1.62 0.30 1.45 

Fawn 1.20 0.23 0.92 

Ky-31 1.33 0.26 0.79 

a shrunk heifer weights. Based on 
b in column significantly different at Means are 
c in column significantly different at Means are 

dMeans in column are significantly different at 

Table 3. AVERAGE DAILY GAINS OF HEIFERS GRAZING FIVE 
VARIETIES 

Fescue 
Variety 

Kenhy 

Kenmont 

1-96 

Fawn 

Ky-31 

AT THE SOUTHWEST RESEARCH CENTER, 1976. 

'I G' a Average Dal y aln 

68 da Spring Period 

(lb) 

1.40 

1.15 

1.33 

0.74 

0.97 

aBased on shrunk heifer weights. 
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1.33 

0.96 

1.18 

0.83 

0.85 

probability 0.05. 

probability 0.20. 

probability 0.10. 

FESCUE 

Gain Per 
Acre 

(lb) 

285 

235 

271 

151 

197 



VOLUNTARY INTAKE OF WARM AND COOL SEASON GRASS HAYS 

S. Bell, Southwest Missouri Research Center 
F. A. Martz, Department of Dairy Husbandry 
A. G. Matches, Department of Agronomy and USDA-ARS 

Abstract: Voluntary hay intake of Caucasion Blue
stem, Pathfinder Switchgrass, K-3l Fescue, and 
Orchardgrass was compared using Holstein heifers. 
Switchgrass and Bluestem were consumed in smaller 
amounts, and had higher cell wall, lower bulk density 
and lower crude protein than the Fescue. The warm 
season grasses were lower in protein than the cool 
season grasses and will probably need supplementa
tion even for growing dairy heifers. When Fescue 
and warm season grasses are compared at a similar 
growth stage, warm season grasses appear to be 
higher in cell wall and lower in voluntary intake 
than cool season grasses. 

Introduction: 

Warm season grass hays such as Caucasion Bluestem and Path
finder Switchgrass appear to be of lower quality than early cut 
cool season grass hays such as fescue and orchardgrass. How
ever, they usually yield more, mature later, and can be har
vested for hay in more favorable weather. Little is known about 
the palatability and feeding value of these hays. This experi
ment was designed to determine the palatability or voluntary 
intake of Caucasion Bluestem, Pathfinder switchgrass, late cut 
Orchardgrass, and early cut fescue hays. 

Procedures: 

Quality and other information about the hays used in this 
study are listed in table 1. The hays were square baled and 
stored in a pole barn. Before feeding, the bales were core 
sampled and then run through a field chopper to equalize parti
cle size, and also to prevent the heifers from pulling hay out 
of the mangers while feeding. The hays were fed twice daily at 
10 to 15 percent over estimated intake to insure that a free 
choice intake was achieved. Refused hay was weighed out of the 
mangers bi-weekly. 

The hays were fed to eight Holstein heifers averaging 757 
pounds at the beginning of the study. The eight heifers were 
divided into four groups of two, and each group was fed two 
weeks on each hay. Each heifer received 4 lb. per day ofa 12% 
protein grain mixture. Rotation at the end of each two-week 
feeding period was according to a 4 X 4 Latin squareexperi
mental design. Intakes during the last 10 days of each 2-week. 
period were used to determine average daily intake. Longer 
feeding periods were not used because of the small amount of 
warm season grasses available. 
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Crude protein was determined by the Kjeldahl method. Cell 
wall was determined by Van Soest's neutral detergent fiber method. 
Pepsin insoluable nitrogen was used to estimate digestible pro
tein. 

Results: 

Table 2 summarizes the intake results of the study. The 
hays were chopped quite coarse, so similar intake could be ex
pected if unchopped bales were fed. The orchardgrass used in this 
study was low in quality having a high cell wall and is not indi
cative of all orchardgrass hay. Increased cell wall content of 
forages has been related to decreased forage intake. A good cor
relation between cell wall and intake is illustrated in table 2. 
The warm season grasses appear to increase in cell wall faster 
over the growth stage than cool season grasses. Protein defici
ency is also known to depress forage intake. The low protein 
content of the warm season grasses used in this study may account 
for some of the low intake observed. The high cell wall content 
of the orchardgrass and warm season grasses probably contributed 
to the higher bulk density observed for these forages compared to 
the fescue. Cell wall means that the plant is more "woody" and 
would result in the stems being more stiff in greater bulk den
sity. The higher bulk density of fescue over orchardgrass could 
account for a small amount of the increased intake. In a 1972 
experiment, pelleting fescue increased bulk density 325% and 
intake 27%. Based on this, the 34% increase in bulk density of 
fescue over orchardgrass in this trial would account for only 3% 
of the 45% increased intake of early cut fescue over late cut 
orchardgrass. This finding indicates that other factors such as 
cell wall playa greater role in forage intake than bulk density. 

No attempt was made to measure average daily gain because of 
the short feeding periods. Shrunk heifer weights taken at the 
beginning and end of the 56-day feeding period showed an overall 
average daily gain of .85 pounds. 

Dry matter yield of the Bluestem and Switchgrass were 8,500 
and 9,500 pounds per acre, respectively. These yields on a sin
gle cutting are approximately one to l~ tons higher than first 
cutting Fescue and Orchardgrass given equal amounts of fertilizer 
on a similar soil. Dry matter yields can be misleading because 
of the lower protein content of the summer grass hays. Earlier 
cutting of the switchgrass and bluestem would decrease yield but 
improve the protein quality. 

When considering the summer grasses for hay, one must also 
consider the type of livestock to which the hay will be fed. 
Table 3 gives the percent of daily digestible protein intake 
from the forages and grain fed in this study. The early cut 
fescue hay more than met the protein needs of the heifers. The 
heifers received 4 pounds of a 12% protein grain mix in addition 
to the hay. According to these calculations the summer grass 
hays and late cut orchardgrass failed to meet the needs of the 
heifers and should be supplemented with a higher level protein 
than was used in this trial. 
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Warm and cool season grasses can both be utilized to spread 
out the haying season. Cool season grasses appear to have 
higher quality than the warm season grasses cut at the same 
stage of maturity. Cool season grasses should be harvested 
in the early head stage of maturity for optimum quality. To 
get satisfactory quality from the warm season grasses for feeding 
rePlacement dairy heifers on forage alone, they need to be har
vested before the heading stage. These data suggest that warm 
season grasses are low in protein content. Warm season grasses 
should be analyzed for protein before they are fed and then 
properly supplemented at feeding time. 

Table 1. CUTTING DATE AND MATURITY 

Hay 

Fescue 

Orchardgrass 

Caucasian Bluestem 

Pathfinder Switchgrass 

Cutting 
Date 

5-12-75 

5-30-75 

6-30-75 

6-30-75 

Maturity and 
Description 

foot in height to early head, 
no rain 

Seedhead stage, 
received 1.43" rain 

Boot to early head 
no rain 

Boot to early head 
no rain 

Table 2. BULK DENSITY, CHEMICAL COMPOSITION AND AVERAGE DAILY HAY INTAKE OF WARM 
AND COOL SEASON GRASS HAYS (Dry Matter Basis) 

Hay Bulk Cell Crude Digestible Avera~e Daill Hal Intake* 
Density Wall Protein Protein 

(kg/I) (%) (%) (%) (lhs/day) (% BW) 

Fescue .079 65.3 14.4 11.2 15.8 2.02 

. Swi tchgrass .073 77.6 6.3 3.7 12.3 1.56 

B1uestem .063 78.8 5.3 1.9 12.0 1.52 

Orchardgrass .059 85.3 801 4.9 10.9 1.36 

*Each heifer received 4 pounds daily of a 12% protein grain. 
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Table 3. PERCENTAGE OF DAILY DIGESTIBLE PROTEIN REQUIREMENT FROM HAY AND GRAIN FOR 800 
POUND GROWING DAIRY HEIFERS1 (DRY MATTER BASIS) 

Hay Hay Digestible Digestible Percent of Total Percent 
Intake Protein Protein Requirement From Hay and 

From Hay from: Grain 
Hay Grain* 

(lb/da) (%) (lbs) (%) (%) (%) 

Fescue 15.8 11.2 1.77 199 40 239 

Switchgrass 12.3 3.7 .46 51 40 91 

B1uestem 12.0 1.9 .23 26 40 66 

Orchardgrass 10.9 4.9 .53 60 40 100 

1 Maynard, Leonard A., and Loos1i, John K. Animal Nutrition, 505, 1962. 

*Estimated 9% digestible protein in the 12% crude protein grain mix. 
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MANAGEMENT OF WARM-SEASON GRASSES 

Bruce Anderson, Department of Agronomy 
Marion Mitchell, Southwest Center 

A. G. Matches, Agricultural Research Service, 
U. S. Department of Agriculture and Department of Agronomy 

Abstract: Experiments were initiated in 1975 to determine the 
yield, quality, and persistence of 'Pathfinder' switchgrass 
and caucasian bluestem as they are affected by various 
clipping treatments. 

The highest seasonal and first harvest yield (5.0 and 4.4 
tons/A for switchgrass, 5.7 and 4.6 tons/A for caucasian bluestem) 
was obtained with the latest date of first harvest. By delaying 
first harvest, however, in vitro digestibility and percent crude 
protein were reduced significantly. Also reduced was the amount 
of regrowth available for grazing in late July and August. 

While this first year's data is only preliminary, results 
indicate that earlier grazing can provide higher quality forage 
and better yield distribution without severely reducing overall 
yield. Upon completion of this research in 3 to 4 years, infor
mation will be available to determine if such results are consistent 
over time and if stand persistence is affected by these treatments. 

Introduction: In the Southern Corn Belt, cool-season grasses such as tall 
fescue, orchardgrass, and smooth bromegrass produce abundant forage during 
the spring and autumn, but their summer production is usually very low. As 
a result, animal performance during the hot, dry summer is usually low. In 
order to bridge this summer gap in forage production, warm-season grasses, 
which produce most of their grazeable growth after mid-June, are being used to 
develop pasture systems for nearly year-long grazing. 

Results from previous experiments indicate switchgrass and caucasian 
bluestem are two grasses with superior summer growth characteristics. How
ever, it is not known how to manage these two species for optimum yield, 
quality, persistence and animal acceptance. 

Experiments were established in the spring of 1975 on blocks of 'Path
finder' switchgrass and caucasian bluestem to determine the effect of cutting 
height and time of first harvest. Data from the drier Plains States suggest 
that switchgrass must be managed carefully to avoid loss of stand. Infrequent 
harvest, tall (8 inches or more) stubble height, or a combination of both 
have been necessary to maintain switchgrass stands over a number of years. 
Such management techniques may be impractical in the Southern Corn Belt 
since alternative species and land use may offer greater returns. Also, forage 
quality is lower under such management practices . 

. Results for 1975 

Clipping treatments consisted of two cutting heights, high (9 inches) 
and low (3 inches), and five first harvest dates. Different plots of switch
grass received their first harvest on May 28, June 4, June 11, June 18, and 
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June 25. Plots of caucasian bluestem, being later than switchgrass, were 
first harvested on June 11, June 18, June 25, July 2, and July 9. All 
switchgrass plots were again clipped on July 30 and all caucasian bluestem 
plots were clipped on August 20. A third cut was taken of all plots on 
October 22. First harvest and total season yields are given in Table 1. 

Table 1. EFFECT OF CUTTING HEIGHT AND SPRING CUTTING DATE ON FIRST CUTTING 
AND TOTAL SEASON YIELD OF 'PATHFINDER' SWITCHGRASS AND CAUCASIAN 
BLUESTEM, 1975 (SOUTHWEST CENTER) 

Yield (T/A) 
Switchgrass Caucasian Bluestem 

First Harvest Cutting Ht. Cutting Ht. 

Date Low High Low High 

:5/28 
First 1.9 0.8 
Season 3.9 2.8 

6/11 
First 3.3 2.1 1.9 0.6 
Season 4.4 2.7 3.4 2.3 

6/25 
First 4.4 2.7 3.4 1.6 
Season 5.0 3.0 4.7 2.4 

7/9 
First 4.6 2.5 
Season 5.7 3.1 

Dry matter yield of the first harvest and for the full season increased 
in both species as date of first harvest was delayed. Seasonal distribution 
was also greatly affected by date of first harvest. Switchgrass harvested 
early produced over 50% of its grazeable growth after the first harvest, 
whereas late harvested switchgrass produced less than 15% of its total 
yield after the first harvest. Caucasian bluestem regrowth was less affected 
by date of first harvest but it too showed differences, ranging from 43% 
regrowth for early harvest to only 20% regrowth with a late first harvest. 
High clipping height showed even greater advantages to early harvest in terms 
of regrowth. 

Growth pattern through the summer months is important to cattle producers 
needing additional pasture for grazing in late July and August. When switch
grass and caucasian bluestem are harvested early, much of their regrowth 
will be available during this critical period. 
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Another effect of early harvest is improved quality and animal accept
ance. As Figure I shows, percent digestibility and crude protein decline 
linearly as harvesting is delayed for each species. It should also be noted 
that while caucasian b1uestem appears to be of lower quality than switch-
grass, its harvesting scheme was two weeks later than that of switchgrass. 
This means that on the same date, the two grasses showed little or no differ
ences in digestibility and crude protein. Upon completion of this research in 
3 or 4 years, the results of these clipping treatments on 'Pathfinder' switch
grass and caucasian b1uestem should provide area farmers with a management system 
to meet their summer forage needs. 

Figure 1. EFFECT OF SPRING CUTTING DATE ON (a) IVDMD AND (b) CRUDE PROTEIN 
OF 'PATHFINDER' SWITCHGRASS AND CAUCASIAN BLUESTEM, 1975 
(SOUTHWEST CENTER) 1:../ 

l/IVDMD = In Vl'tro D M D' 'b'l' ry atter 1gestl 1 lty 
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INTERSEEDING LEGUMES INTO ESTABLISHED 
STANDS OF WARM-SEASON GRASSES 

A. G. Matches, Agricultural Research Service, 
U. S. Department of Agriculture and Department of Agronomy 

M. Mitchell, Southwest Center 
Bruce Anderson, Department of Agronomy 

Abstract: Varieties of alfalfa, red clover, ladino clover and 
two varieties of birdsfoot trefoil were seeded into established 
stands of caucasian bluestem and 'Pathfinder' switchgrass on 
March 15, 1976. Plots will be harvested on a hay management 
and simulated pasture management schedule during 1977. 

Introduction: Earlier research (see report on Growing Legumes with Warm
Season Grasses) indicated that certain legumes are adapted for growing 
in mixtures with caucasian bluestem and switchgrass. This experiment is 
an expansion of the previous research. 

In this experiment, five legumes were seeded into old established 
stands of caucasian bluestem and 'Pathfinder' switchgrass. Prior to seeding, 
the area was fertilized with a 0-60-90 fertilizer and lightly disked. On 
March 15, 1976, legumes were seeded wi~h a cultipacker seeder. The legumes 
seeded were: 

Treatment Legume 

A 'Dawn' Birdsfoot Trefoil 

B 'Cascade' Birdsfoot Trefoil 

C 'Victoria' Alfalfa 

D 'Kenstar' Red Clover 

E 'Arcadia' Ladino Clover 

A sixth treatment (F) is grass grown alone. 

Plans for 1977 

Two clipping treatments to be initiated in 1977 are (1) harvesting on 
a hay cutting schedule, and (2) harvesting on a simulated pasture grazing 
schedule. Hay plots will be harvested whenever the legume reaches 1/10 
bloom or the grass reaches the late boot to early heading stage of develop
ment. Pasture harvests will be taken at 4 to 6 week intervals beginning when 
grass or legume growth reaches a height of 10 to 18 inches. 

Measurements to be recorded include yield of dry matter, botanical 
composition, stand changes, plus in vitro digestibility, crude protein and 
mineral composition of the harvested forage. 
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PASTURE SYSTEMS FOR SEASON-LONG GRAZING 

A. G. Matches, Agricultural Research Service, 
U. S. Department of Agriculture and Department of Agronomy 

S. Bell and M. Mitchell, Southwest Center 
F. A. Martz, Dairy Husbandry Department 

Abstract: Grazing on phase II of experimentation with pasture 
systems began in the spring of 1974. The purpose of this re
search is to develop grazing systems for bridging the summer 
slump in pasture production. 

Pasture systems were grazed from April 9 to November 20 
(225 days) during 1975. The highest average daily gain of 1.54 
lb and gain per tester animal of 346 lb was obtained on the tall 
fescue + red clover -- tall fescue + alfalfa system. Highest 
gain per acre (409 lb) was obtained on the fescue-fescue round 
bale system. Average daily gains for fescue-fescue baled, fescue
caucasian bluestem, and fescue-switchgrass systems ranged from 
1.50 to 1.34 lb. 

Pasture carrying capacity was greatest on fescue-caucasian 
bluestem and fescue-fescue baled systems with 246 and 271 animal 
days of grazing per acre, respectively. Fescue-switchgrass and 
fescue + legumes systems averaged 212 animal days of grazing. 

The fescue-red clover and fescue-alfalfa pastures averaged 
35% and 62% red clover and alfalfa, respectively. In addition to 
forage grazed, hay yields (lb dry matter per acre) were 3264 lb for 
the fescue and 1984 for the fescue-alfalfa. 

Cattle maintained positive gains throughout nearly the entire 
grazing season on all pasture systems. 

Introduction: This experiment represents phase II of our research in 
developing grazing systems for bridging the summer slump in pasture pro
duction; phase I experiments were completed in 1972. 

Pasture systems consist of tall fescue for spring and autumn grazing 
and perennial summer grasses ('Blackwell' switchgrass and caucasian bluestem) 
for summer grazing. Also, pastures of tall fescue cut for hay in May and 
round baled are grazed (regrowth plus round bales) during the summer slump 
and again in late autumn. The above fescue pastures received an annual 
fertilization of 75 lb nitrogen per acre in February and 50 lb again in 
August. Warm-season grasses are fertilized annually with 60 lb of nitrogen 
in early May. 

Two additional fescue pastures 1vhich include legumes make up another 
system. 'Victoria' alfalfa and 'Kenstar' red clover were seeded into 
established stands of fescue in early March 1974. These pastures are not 
fertilized with nitrogen. 

All pastures in this experiment received an annual application of a 
0-60-60 fertilizer in February. 
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Pasture systems being evaluated are: 

1. Tall fescue-switchgrass 

2. Tall fescue-caucasian bluestem 

3. Tall fescue - tall fescue round baled 

4. Tall fescue + red clover -- tall fescue + alfalfa round baled 

Each pasture system is handled independently of others. That is, compo
nents of each system are grazed according to their particular pattern of 
growth. 

Pastures are grazed with Holstein heifers or steers. Tester animals 
remain on the same system throughout the season and their weight gain 
indicates quality of forage consumed. The desired balance of defoliation 
(differs according to the kind of forage) by grazing is maintained through 
the addition or removal of "put-and-take" animals from a pasture. Cattle 
are weighed approximately every 14 days and are shrunk 16 hours before 
weighing. A three-paddock system of rotational grazing is used in all 
pastures. 

Results for 1975: 

During 1975, the second year of experimentation, pastures were grazed 
a total of 225 days beginning April 9 and ending November 20. Dates of 
grazing the summer pastures are shown in Table 1. Caucasian bluestem pastures 
were grazed continuously from June 17 to October 9 for a total of 114 days. 
The switchgrass and round-baled fescue pastures were grazed for 84 consecutive 
days, whereas, the round baled fescue-alfalfa was grazed from June 17 to 
July 29, rested until August 12 and then grazed another 43 days. 

Hay yields averaged 3264 and 1984 lb of dry matter per acre for the 
fescue and fescue-alfalfa,respectively (Table 2). Wastage in grazing round 
bales was about 7 percentage units greater for the fescue (20.2%) vs. the 
fescue-alfalfa (13.3%) hay. Digestibility of hays averaged approximately 
50% both at the time of baling on May 30 and again on July 22. The hay 
residue not eaten by livestock averaged 37.6% digestibility (Table 3). 

Season-long grazing results are given in Table 4. llighest gain per 
acre (409 lb) was obtained on the fescue-fescue bale systems and gains per 
acre for the other system were not significantly different. The lowest 
average daily gain (1.34 1b) was obtained on the fescue-caucasian bluestem 
systems. Average daily gains on the other systems were not significantly 
different and averaged 1.51 lb. 

Based on results from phase I and this experiment, ~ach system has 
potential for use in southwest Missouri. Highest animal carrying capncity 
per acre can be expected from the fescue-fescue baled and fescue-caucnsian 
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bluestem systems. The fescue with legumes system can be expected to yield 
highest average daily gains, but pasture carrying capacity may be lower than 
where fe-scue is fertilized with an annual application of 125 1b N/ A. 
Switchgrass generally supplies fewer days of summer grazing than caucasian 
b1uestem. Our results show that several options are available for bridging 
the summer slump in pasture production. 

Table 1. AVERAGE DAILY GAIN (ADG) OF CATTLE ON S~1ER PASTURE DURING 1975 

Dates of No. of ADG 
Species Grazing Days lb. 

Round baled Fescue 6/17 - 9/9 84 1.14 

Round Baled Fescue-Alfalfa 6/17 - 7/29 42 1.85 
8/12 - 9/24 43 .56 

Caucasian Bluestem 6/17 - 10/9 114 .75 

Switchgrass 6/3 - 8/26 84 .66 

Table 2. HAY YIELDS, WASTAGE AND UTILIZATION DURING 1975. 

Hay 

Fescue 

Fescue-Alfalfa 

Yield 
5/30/75 

(lb. DM/A) 

3264 

1984 

% Wastage 
9/9/75 

20.2 

13.3 

Hay Utilized 
(lb. DM/A) 

2605 

1720 

Table 3. IN VITRO DIGESTIBILITY (IVDMD) OF HAY DURING 1975 

% IVDMD 

7/22/7sl/ 
Residue 

5/30/751/ 9/9/75 

Fescue 50.2 48.7 38.2 

Fescue-Alfalfa 51.5 51.1 36.9 

Average 50.8 49.9 37.6 

1/ Sampled at the time of baling 

1/ Sampled when cattle were grazing bales. 
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Table 4. GRAZING RESULTS FROM THE PASTURE SYSTEM TRIALS AT THE SOUTHWEST CENTER 
DURING 1975 

1975 Grazing Season (AEril 9 - Nov. 20) 

Animal AU 1/ ADG Gain/A Grain/Tester 
Pasture Systems Days/A Days/A- (lb) (lb) (lb) 

Fescue - Fescue Baled 271 201 1.50 409 338 

Fescue + Red Clover -- 2/ 
Fescue + Alfalfa Baled-

212 155 1.54 326 346 

Fescue - Caucasian 246 179 1.34 329 301 Bluestem 

Fescue-Switchgrass 212 160 1.48 314 334 

Average 235 174 1.46 344 330 

LSD. 05 
28 23 0.15 56 36 

CV % 5.99 6.64 5.59 8.14 5.52 

1..1 AU Days/A Animal Unit Days per Acre where a 1000-lb animal equals one 
animal unit (AU) 

~/ Average botanical composition of the legume pastures: 
38% fescue - 62% alfalfa 
65% fescue - 35% red clover 
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IRRIGATED FORAGE GRASS 

K. L. Larson, Department of Agronomy, UMC 
B. Strong, Southwest Missouri Center 

Abstract: An experiment to compare pro
ductivity of 8 forage species under high 
levels of fertility on dryland and under 
irrigation showed little differences 
among species on dryland in 1974. However, 
in 1975 on dryland with lower levels of 
fertility, Cody alfalfa and Caucasian 
bluestem were superior. Bermudagrass 
under irrigation in 1974 was most produc
tive, whereas their productivity in 1975 
was less than both Cody alfalfa and 
Caucasian bluestem. 

The experiment was initiated in 1974 on 8 forage species 
established during 1972 and 1973 to compare productivity under 
dryland and irrigated conditions. Fertility was maintained at 
high levels in 1974 to eliminate this variable as a growth
limiting factor, as well as to determine if high levels of 
fertilizer applications will provide an economical return. 
Results in 1974 indicated the high levels of nitrogen, phosphorus, 
and potassium were not economically feasible and thus the levels 
of application were reduced in 1975. Fertilizer treatments 
applied during 1974 are shown on pages 28-29 of the 1975 Research 
Reports for the Southwest Missouri Center. The 1975 fertilizer 
treatments are shown in Table 1. 

Table 1. Fertilizer treatments applied to several forage species 
grown on dryland and under irrigation at the Southwest 
Missouri Center during 1975. 

Pounds actual element Eer acre 

SEecies 3-21 S-27 6-27 7-29 8-11 9-17 

Irrigated 

Tall fescue SON 60N SON 
Orchardgrass SON 60N SON 
Bromegrass SON 60N SON 
Reed canarygrass SON 60N SON 
Caucasian bluestem 60N SON 
Midland bermudagrass 60N SON 
Greenfield bermudagrass 60N SON 
Cody alfalfa 30P20S' 20P20S' 

60K2O 60 K20 
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Pounds actual element Eer acre 

SEecies 3-21 5-27 6-27 7-29 8-11 9-17 

Dryland 

Tall fescue 50N 30N 15N 
Orchardgrass 50N 30N 15N 
Bromegrass 50N 30N 15N 
Reed canarygrass 50N 30N 15N 
Caucasian bluestem 30N 15N 
Midland bermudagrass 30N 15N 
Greenfield bermudagrass 30N 15N 
Cody alfalfa 30P

2
0 5 , 20P

2
0

5
, 

60K
2

O 60K
2

O 

Irrigation water was applied to supplement the natural rainfall 
druing June and July in 1974 (5~ inches) and July and August in 
1975 (7~ inches). 

Forage yields obtained during 1974-75 are shown in Table 2. 
Results show that irrigation water increased forage yields for 
all species but with the greatest responses in Greenfield bermuda
grass (2,4 T/A), Midland bermudagrass (2.0 T/A), and Cody alfalfa 
(1.8 T/A). Even though responses were obtained with the bermuda
grasses they were not the highest yielders under irrigation in 
1975 as in 1974. A possible explanation for this response is 
that bermudagrass will respond to high rates of nitrogen, and 
rates used in 1974 were considerably higher than applied in 1975. 

Table 2. Tons dry matter of several forage species grown on 
dryland and under irrigation17t the Southwest Missouri 
Center during 1974 and 1975. 

Tons DMZA 
1974 1975 Average 

Dry- Irri-y Dry- Irri- Dry- Irri-
land gated land gated land gated 

Kentucky 31 tall fescue 3.80 4.98 2.99 3.99 3.40 4.49 
Hallmark orchardgrass 3.65 4.14 3.17 3.72 3.41 3.93 
southland bromegrass 3.40 3.65 1.91 2.23 2.66 2.94 
Rise reed canarygrass 3.67 3.93 1.93 2.99 2.80 3.46 
Caucasian bluestem 3.74 4.73 3.84 4.76 3.79 4.75 
Midland bermudagrass 3.56 5.76 2.25 4.25 2.91 5.01 
Greenfield bermudagrass 3.36 5.71 2.01 4.41 2.69 5.06 
Cody alfalfa 3.57 4.28 3.98 5.78 3.78 5.03 

!/Harvest schedule (1975): orchardgrass (May 8, June 25, July 29, 
November 19) ~ Cody alfalfa (May 23, June 25, July 29, September 5, 
November 19) ~ Tall fescue and bromegrass (May 23, June 25, July 29, 
September 5)~ Caucasian bluestem, Midland and Greenfield (June 25, 
July 29, September 5) • 
.1/ 1975 Irrigation schedule: July 1 (2 inches), July 14 (2 inches), 
July 25 (1.25 inches), August 5 (2 inches). 
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SOIL FERTILITY RESEARCH WITH FORAGE CROPS 

Earl M. Kroth, UMC and Richard Mattas, SWC 

Abstract: Limestone at 3T/A topdressed on fescue appears 
to increase yields by 0.3T/A. Topdressed limestone plus 
topdressed K20 at 150 Ibs/A tends to decrease the magnesium 
content of spring grown fescue forage. Also topdressed 
limestone tends to decrease soil magnesium in the plow 
layer. 

Topdressed N @ 120/A, P 20 S @ 30 Ibs/A and K20 @ 50 lbs/A 
are producing top forage yields of Blackwell switchgrass 
and Caucasian bluestem. Kenstar red clover seedlings grew 
well with a concentration of 154 Ibs. P 20 S and 224 lbs. 
exchangeable K in the upper inch of the switchgrass plots. 
These plots had been topdressed with 0 + 30 + 0 for 4 years. 

Introduction 

Decisions as to the quantities of limestone, superphosphate, 
and potash to apply to soils to produce top economic yields are 
made by comparing the results of soil tests with soil test values 
accepted as standards. In the case of row or other rotated 
crops these "basic" or "corrective" treatments are plowed down 
or worked into tilled soil in some manner. Where long lay crops 
such as fescue are concerned, recommended lime or fertilizer is 
applied as top dressing to the soil surface. 

Studies with forage crops at the Southwest Center since 
1961 have shown that forage crops do not need corrective quantities 
of fertilizers plowed into the surface seven inches for optimum 
yields. Topdressing small quantities of P20S and K20 annually 
have proved to be just as effective. (Missouri Research Bulletin 
1005--Yields and Soil Test Values Resulting from Topdressing 
Forage Crops.) 

Limestone, phosphorus and potassium do not move into the 
soil rapidly and if recommendations based on conventional soil 
testing methods are followed when making applications to forage 
crops, high concentrations of calcium, phosphorus, and potassium 
accumulate in the surface two or three inches. In cases of low 
magnesium containing soils, low magnesium containing forage could 
result; magnesium uptake by plant roots could be hindered by 
high concentrations of calcium and potassium. 

Each soil fertility study now underway at Southwest Center 
is evaluating some phase of the topdressing method for supplying 
limestone and fertilizer to forage crops. 

Results 

A. Method and Rate of Supplying Limestone to Tall Fescue 

This study consists of a comparison of four limestone treat
ments as main blocks CO, 3T and 6T topdressed, 8T plowed down) 
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and five N, P, K treatments topdressed annually on each of the 
limestone blocks. The variables in these treatments are rates 
and times of application; total annual quantities of nutrients 
are equal. Treatments are evaluated by comparing yields as 
tons/acre hay and P, K, Ca and Mg content of the forage in 
spring and fall. 

The 8T/A limestone treatment was applied (4T plowed down, 
4T disked into plowed surface) and the fescue seeded in the 
spring of 1972 using a 60 + 30 + 30 starter fertilizer. The 
3T and 6T limestone treatments were topdressed in May 1973. 
The annually topdressed treatments are as follows: 

TABLE 1. Topdressed N, P, K Treatments for Limestone Study. 

Treatment 

1. 
2 • 
3. 
4. 
5. 

December 
80 + 50 + 150 
80 + 25 + 75 
80 + 50 + 75 
80 + 0 + 0 

0 

Time of 

After 

80 + 

Application 

1st Harvest August 
0 80 + 0 + 0 
0 80 + 25 + 75 
0 80 + o + 75 
0 80 + 50 + 150 
25 + 75 SO + 25 + 75 

TABLE 2. Yields T/A of Tall Fescue Related to Limestone and 
N, P, K Topdressings, 1975. 

NPK No 3T 6T 8T 
Treatment Lime To:edressed To:edressed Plowed Down 

1 2.8 2.7 2.S 3.2 
2 2.8 2.9 3.3 3.4 
3 2.8 3.1 3.2 3.4 
4 2.7 3.1 3.1 3.4 
5 2.9 3.0 3.1 3.6 

Average 2.8 3.0 3.1 3.4 

These data show that plots that received 3T and 6T/A 
limestone topdressed in March 1973 produced slightly higher but 
not statistically different yields than plots getting no limestone. 
Plots having 8T/A limestone worked into the plowed layer show 
0.6T/A increase over plots getting no limestone. This is probably 
a statistically significant yield increase but would not be worth 
the expense of plowing up a stand of tall fescue to make limestone 
applications according to tests made on the plow layer. 

TABLE 3. Initial Soil Test Values, 1972. 

Depth 

o - 7" 
8 - 1411 

om P20sLbs/A 
_%_ ~ --2 

2.6 22 20 
2.0 10 10 

ExK 
Lbs/A 

154 
135 

Ca 
Lbs/A 

2025 
1200 

55 

Mg 
Lbs/A 

161 
257 

NA 
Me/lOOgm 

6.1 
12.9 

pHs 

4.7 
3.9 

CEC 
Me/lOOgm 

12.0 
17.1 



TABLE 4. Soil Test Values by One Inch Depths of Plots 
Receiving Treatment 5. (See Table 1). Samples 
taken December 1975. Cation Exchange Capacity 
10 me/100gm. 

Lime 
Level 

Depth 
Inches 

None 0-1 
1-2 
2-3 
3-4 
4-5 
5-6 

Avg. 

3T/A 0-1 
Topdress 1-2 

2-3 
3-4 
4-5 
5-6 

Avg. 

6T/A 0-1 
Topdress 1-2 

2-3 
3-4 
4-5 
5-6 

Avg. 

8T/A 0-1 
Plowed 1-2 
Down 2-3 

Avg. 

3-4 
4-5 
5-6 

P20S Lbs/A 
P2 

184 
40 
17 
18 
15 
14 

48 
147 

26 
19 
18 
15 
12 

40 
153 

36 
15 
15 
17 
11 

4T 
125 

28 
17 
31 
12 
15 

38 

ExK 
Lbs/A 

419 
269 
167 
115 
112 

97 
197 

492 
285 
149 
112 

99 
88 

204 

466 
239 
138 
112 

94 
92 

190 

387 
196 
106 

98 
98 
94 

163 

Ca 
Lbs/A 

600 
900 

1,500 
2,000 
2,200 
2,100 
1,550 

3,300 
1,700 
1,800 
2,100 
2,000 
1,700 
2,100 

4,500 
1,900 
1,700 
1,800 
2,000 
1,900 
2,300 

2,100 
3,200 
3,500 
3,500 
3,400 
3,300 
3,200 

Mg 
Lbs/A 

123 
100 
113 
123 
127 
140 
121 

153 
67 
67 
77 
97 
93 

92 
147 

70 
70 
90 

100 
113 
98 
250 
193 
127 
113 
117 
130 
155 

4.1 
4.2 
4.7 
5.0 
5.1 
5.1 
4.7 

6.0 
4.8 
4.9 
5.1 
5.2 
4.9 
5.2 

6.3 
5.1 
5.0 
5.0 
5.2 
5.1 
5.3 

5.4 
6.3 
6.6 
6.5 
6.5 
6.4 
6.3 

The soil test values given in Table 4 show the following 
results: 

1. The average soil test P20S value when compared with 
the original value (Table 3) was increased by top 
dressing 50 lbs. P20 s /A for three years. A high 
P2 0 S concentration is shown in the upper inch with 
concentrations in the third to the sixth inches lower 
than the original value. These results are the same 
for all lime treatments. 

2. The average soil test exchangeable K value is also 
higher than the original value (Table 3) with quite 
high concentrations in the upper two inches. The 
values in the fourth inch and below are lower than the 
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original value. Again these values are the same 
for all lime treatments, 

3. Calcium was increased in the upper inch by top
dressing 3 and 6 TIA limestone with some movement 
out of the lower five inches to make the average 
Ca concentration the same as that of the soil before 
treatment. Topdressing nitrogen with no lime top
dressed moved Ca out of the upper two inches thereby 
reducing the pHs in these upper two inches. 

4. The average Mg concentration decreased with the top
dressing of 3 and 6 TIA limestone. However the higher 
Mg level in the upper inch apparently was enough to 
supply adequate Mg to growing fescue forage except 
where a high rate of K2 0 was topdressed in December, 
(See treatment 1, Table 5) 

5. The pHs was increased by 3 TIA limestone only in the 
upper inch. The 6 TIA treatment had an effect on 
pHs in the upper three inches. 

6, The 8 T/A plowed down increased the Ca level, main
tained the Mg level and increased the pHs of the entire 
plow layer. 

TABLE 5. Potassium, Calcium and Magnesium Contents of Tall 
Fescue Forage as Influenced by Limestone Applications 
and Time and Rate of Applying Nitrogen, Phosphorous, 
and Potassium. 

Date of SamE ling 
Limestone Treatment December 2 z 1975 March 30! 1976 
Treatment No. -k N. P. K, K% Ca70 Mg'7o K% f!a% Mg% 

No Lime 1 1,80 0.41 0.24 2.50 0.39 0.19 
2 2.11 0.38 0.23 L.5tY 0.42 u-:-w 
4 2.05 0.39 0.26 2.26 0,42 0.21 

3 T/A 1 1.72 0.52 0.23 2.40 0,52 0.17 
2 2.06 0.47 0.23 T:'J7 0.57 u:n 
4 2.12 0.51 0.23 2.26 0,57 0.20 

6 TIA 1 1.61 0.56 0.24 ·2.38 0.56 O~16 
2 1,97 0.51 0.25 T.TI 0,56 ~ 
4 2.13 0,50 0.22 2.16 0,59 0,20 

8 'T/A 1 1.79 0.50 0.28 2.44 0.49 ,0.21 
2 1.89 0.48 0.27 ~ 0.51 o:n 
4 2.03 0.48 0.28 2.02 0.54 0,24 

-;\oSee Table 1 for time and rates of N.P.K, 

The data show that 150 1bs/A K2 0 applied in December 
Treatment 1 (see Table 1) decreases the Mg percentage of forage 
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sampled in March 30, 1976 below the critical value of 0.2%. 
Treatment 2 also tended to decrease the Mg level. Limestone 
topdressings C3T and 6T) tend to decrease the Mg percentage 
of forage when compared to that of forage produced in plots 
getting the limestone CBT) plowed down. The soil tests show 
the plots getting the BT limestone have a higher Mg content, 
possibly due to the Mg in the limestone, see Table 4. 

B. Effect of Topdressing Fertilizers on Yields of Black~ll 
switchgrass and Caucasian Bluestem. 

These studies use the "Feed the Plant" approach to 
forage production rather than the conventional "Fertilize the 
Soil" method used for row and rotated crops. Yield data were 
taken first in 1972 for the swit>c:hgrass and in 1973 for the 
bluestem. Topdressed fertilizers are composed of 3 levels of 
N, 4 levels of P2 0 S , and 4 levels of K2 0 in all combinations 
making a total of 4B different treatments. Quantities per 
acre of the three nutrients are: N = 0, 60, 120; P20S = 0,30, 
60, 320 as rock phosphate; K20 = 0, 50, 100, 150, Yields for 
1975 of selected treatments are given in Table 6. 

TABLE 6. Yields of Switchgrass and Bluestem as Influenced by 
Different Rates of N.P.K. 1975. 

Yields T/A 
Selected Selected 
Treatments Switchgrass Bluestem Treatments Switch~rass Bluestem 

0+0+0 1.2 1.1 120+30+50 5.0 
60+0+0 3.0 2.B 120+30+100 4.9 
120+0+0 3.B 3.0 120+30+150 5.4 
0+30+0 1.3 1.0 120+60+150 4,B 
60+30+0 3.2 2.5 120+ 3'2 O~(+ 100 4.5 
120+0+0 4.1 3,4 l20+3207C'+150 4.5 

60+30+50 3.7 3,3 0+30+50 1,1 
60+30+100 3.7 3.3 0+30+100 1,1 
60+30+150 3.9 3,5 0+30+150 1.3 

7C'Applied as rock phosphate topdressed spring of first 
production year of each grass. 

The data to date show that 120 lbs N will produce more 
forage than 60 lbs N although in some years there is evidence 

4.2 
4.4 
4.8 
4.9 
4.2 
3,7 

1.3 
1.3 
1,7 

of some carryover from the 120 1bs rate, indicating that 100 lbs 
N could be a more suitable rate. P20 sat 30 lbs/A and K20 at 50 
lbs/A annually would be optimum rates for these nutrients on 
this soil. However yields are tending to be higher with the 150 
lbs/A rate. In these studies all forage is removed. Under 
pasture conditions considerable amounts of the nutrients would 
be returned in animal wastes and consequently annual P2 0 S and 
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K20 applications would be less. Apparently the rock phosphate 
is supplying P at a suitable rate for these grasses. 

C. Establishing Red Clover in Stands of Switchgrass 

Kenstar red clover seed at 8 lbs/A were drilled into the 
switchgrass plots receiving no N in late February 1976. Good 
stands were obtained on all plots. However, different rates of 
growth were observed depending on the amounts of P2 0 S and K20 
that had been topdressed during the previous 4 years~ The table 
below shows the concentrations of P20S and exchangeable K the 
seedling red clover plants found in the upper 4 inches of 
differently treated switchgrass plots, 

Depth 
Inches Topdressed Treatment's 

0+30+0 0+30+50 l20+30+50-k 

P20 S ExK P2 0 S ExK P2 0 S ExK 

0-1 154 224 164 405 73 266 
1-2 59 145 82 249 27 108 
2-3 27 115 17 161 18 96 
3-4 22 109 16 130 14 96 

*Red clover was not seeded on plots getting this treatment. 
However they were sampled to show what the P20 S and ExK 
concentrations would be in the upper 4 inches of a soil getting 
a reasonable amount of nitrogen topdressed with an optimum rate 
of P2 0 S and K2 0. If red clover were to be seeded on plots 
getting this treatment 70 lbs of 46% superphosphate banded with 
the seed with a modified grain drill would insure good growth of 
the clover seedlings. 
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BIG BALE WASTE ON FOUR FEEDING METHODS 

S. Bell, Southwest Missouri Research Center 
F. A. Martz, Department of Dairy Husbandry 

Abstract: Large round bales were fed to Holstein 
heifers using four different feeding methods: (A) 
free choice; (B) circular feeder; (C) electric 
fence; (D) fence line bunk. Free choice feeding 
resulted in an average waste of 40% and using an 
electric fence reduced the waste to only 14%. The 
circular feeder and the fence line bunk resulted 
in the least amount of waste (6%) and the greatest 
amount of hay intake by the heifers. 

Introduction: 

With the production of more big round balers by more manu
facturers, more beef and dairy farmers are looking into big 
bale haying and feeding systems. Since hay waste during feeding 
can be a serious problem, a study was designed to compare feeding 
losses using four methods of feeding the big bales. 

Procedure: 

Orchardgrass hay cut May 20, 1975, received .75 inches of 
rain before being baled with a Vermeer, Model B, baler May 27, 
1975. The hay yielded one-half ton per acre and measured 8.7% 
protein at the time of feeding. 

The bales were stored together in a well drained area out
side and received 25.5 inches of precipitation before they were 
fed beginning January 13, 1976. Moisture penetrated to a depth 
of four to six inches in early December after a five inch snow. 
However, the bales dried almost completely by mid-January and 
discolored hay was limited to the outside two to four inches. 

The four methods of feeding were as follows: 

A. Free Choice. The bales were placed on a clean area 
in a pasture and the heifers were given free access 
to the bale. 

B. Circular Feeder. This method w'as a 6~ foot diameter 
slant bar feeder with the bottom 24 inches enclosed. 
The big bales were set in the pasture and the feeder 
then slipped over the bale. 

C. Electric Fence. Stationary electric fences were set 
on two sides. The third side which was accessable 
to the heifers was an electric wire that was moved 
closer to the bale as needed along the stationary 
side wires. The fourth side was a permanent line 
fence. 
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D. Fence Line Bunk. This feeder was seven feet wide, 
twelve feet deep; and constructed of six wooden 
fence posts and two inch thick boards. The bot
tom 24 inches of the sides were completely en
closed. The bunk was constructed as an off-set 
in the fence line and bales were placed in the 
bunk from outside the pen. 

Feeding and Waste Results: 

The big bales were sampled for moisture, weighed and fed one 
at a time to 22 bred Holstein heifers. Average shrunk weight of 
the heifers at the beginning of the trial was 915 pounds. The 
bales were fed in the following order to balance out the effect 
of the previous feeding method: A, B, C, D, D, B, A, C, C, B, 
D, A, A, D, C, B, B, D, C, A. The heifers were not fed the next 
bale until the previous bale was consumed. Waste was measured 
by weighing the refused hay and sampling for moisture so the dry 
weight could be determined. Results are summarized in table 1. 

Table 1. BIG BALE WASTE, WASTE MEASUREMENTS , AND AVERAGE DAILY HAY INTAKE 

Dry Bale Waste* Average. Dai ly 
Feeding Weight* Dry % Hay Intake 
Method (lbs) (lbs) % Range lbs/day 

Free Choice 710 286 40 34 to 52 8.4 

Circular Feeder 663 42 6 4 to 8 12.3 

Electric Fence 700 96 14 11 to 18 12.3 

Fence Line Bunk 699 44 6 1 to 10 14.0 

*Average of five bales for each feeding method. 

In addition to the dry hay the heifers had access to three acres 
of fescue pasture. They also received four pounds per head per day 
of 12% prote,in grain mix. Because of the available pasture, waste 
was higher and dry hay consumption lower, earlier in the trial. 

Precipitation during the seven-week feeding period totaled 
1.33 inches with five days of rain, sleet or snow. The dry weather 
prevented trampling of refused hay into mud and allowed for accur
ate measurement of waste. 

The bales fed free choice were scattered out to about a 
twenty foot diameter circle. The layer of refused hay was thicker 
eight feet from the center than in the center. This indicates 
that once the hay is trampled underfoot and gets mixed with a 
little manure, it is refused. Daily intake on the free choice 
hay was the lowest of the four feeding methods which indicates 
that the heifers were being forced to cleanup the bales. These 
heifers might have consumed more hay had they been allowed to 
waste more hay. When picking up the refused hay from the free 
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choice feeding, it was impossible to discard all the manure in 
the refused hay. However, we feel confident that on a dry 
weight basis the manure weighed back with the hay would account 
for less than 5% of the measured 40% waste. 

In summary, free choice feeding of large bales as used in 
this trial is wasteful with up to 40% dry matter loss. The 
electric fence greatly reduced waste over free choice but allowed 
some hay to be dragged underfoot. The circular feeder and wooden 
fence line bunk with the lower 24 inches enclosed greatly re
duced the amount of hay pulled underfoot and reduced waste to 6 
percent which was 8 percent less waste than when using the elec
tric fence. 
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SOILS OF SOUTHWESTERN MISSOURI 

c. L. Scrivner and J. C. Baker 
Department of Agronomy 

ABSTRACT: Three soils, Gerald, Creldon and Keen~make 
up a large portion of the gently sloping uplands of 
the Southwest Research Center. Similar Soils are 
distributed over a wide area of Southwestern Missouri. 
The soils have special features that influence plant 
rooting and yield. All three soils have fragipans 
(dense layers) in the lower subsoils that are extremely 
acid. Root penetration is believed to be restricted 
by such layers. Cherty (stony) layers in the Creldon 
and Keeno soils result in low volumes of available 
mOisture storage in subsoils. 

Soils of the University of Missouri Southwest Research 
Center have features that relate them to a large area of 
Missouri delineated on the map in Figure 1. Claypan horizons 
in some soils relate them to many soils to the west and north 
of the center. Underlying limestones, contents of chert frag
ments and fragipans in other soils relate them to many soils 
east and north of the center. 

There are more than 20 different kinds of soils on lands 
of the Southwest Research Center. They may be grouped into 
three topographic units: (1) the alluvial lands along Spring 
River; (2) the sloping, formerly forested lands bordering the 
Spring River Valley; and (3) the gently sloping prairie uplands. 

Three soils of the gently sloping prairie uplands were 
studied in detail. Those soils, named the Gerald, Creldon 
and Keeno form most of the landscape on the western portion of 
the lands of the Center. Those same soils are prominent parts 
of the landscape in that part of Missouri shown in Figure 1 to 
have identical or closely related soils. 

Gerald, Creldon, Keeno Soils 

This group of soils forms a pattern (called a soil associa
tion) in which the Gerald is positioned on nearly level to 
depressional parts of the landscape. The Creldon and Keena soils 
are on slopes with gradients of 2 to 12 percent. Within the 
association there are several features that are important in 
sOil-plant relationships. Those special features are: 
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CENTER 

FIGURE I. 

MISSOURI AREAS WITH SIMILAR SOIL CONDITIONS TO 
THOSE OF THE UNIVERSITY OF MISSOURI-COLUMBIA 

SOUTHWEST CENTER. 

~ IDENTICAL OR CLOSELY RELATED SOILS 

~ SIMILAR SOILS 
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Claypans Subsoils with high clay content 
a feature of Gerald soils. 

Fragipans Dense and compact layers in 
lower subsoils - a feature in 
all three soils 

Cherty Layers Layers with 10 to 80 percent 
of the volume made up of coarse 
chert - a feature of Creldon and 
Keeno. 

Acid, Infertile Subsoils - pH of 4.0 or less; low phosphorus 
and potassium - a feature of all 
three soils. 

Plant root penetration and function ma~ be affected by 
the special soil features in three ways; (1) water storage 
capacities are affected, (2) densities of fragipans are great 
enough to retard root penetration and (3) the pH of the subsoils 
is low enough to suggest a possible interference from aluminum, 
manganese and other elements in the chemical nutrition of the 
roots. 

Plant Available Water Storage Capacities 

The amount of water which the soils can store and release 
to growing plants is greatly affected by volumes of coarse. 
chert which retain little or no water and by fragipans which 
have low pore volumes for water retention. Volumes of available 
water for the different soil layers are tabulated in Table 1. 
The volumes vary from 3 percent to 20 percent of the soil volume. 
When those volumes are converted to inches of water in given 
depths of soils they are as follows: 

Soil 

Gerald 
Creldon 
Keeno 

Plant Available water Storage 
(in 3 ft soil) (in 4 ft soil) 

5.4 inches 
4.8 
3.5 

6.9 inches 
5.5 
3.9 

The estimates of available water are based upon the assumption 
that roots can penetrate and function well to depths of three 
and four feet. It may be that the physical and chemical nature 
of the fragipan prevents some penetration and thus not all of 
the water may be truly available. 

Densities of Fragipans 

Data included in Table 1 show that the fragipan layers 
are compacted to densities of 1.55 grams/cc. Some more strongly 
expressed 'fragipans in the Missouri Ozarks may have densities 
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as high as 1.8 grams/ceo Thus the fragipans are not as dense 
in the Gerald, Creldon, Keeno soils as they are in some sOils 
in Missouri. Even so a density of 1.55 indicated a soil with 
only 40 percent pore space for retention of water and for 
root penetration. Root penetration is generally believed to 
be retarded at densities greater than 1.5. 

Subsoi1 pH or Acidity 

Data included in Table 1 show that mlnlmum pH values 
exist in the fragipans of the Creldon and Keeno soils where 
minimum values are pH 3.65 and pH 3.95. Such values are 
extremely low. Research has not been performed to demonstrate 
impeded root growth in these soils associated with low pH. 
However, they are in the range at which aluminum and manganese 
toxicities are possible. 

Phosphorus levels of the subsoils are extremely low. 
Test values of 6 to 18 pounds per acre 7 inches of soil are 
common. Similar depths in many northern Missouri soils have 
phosphorus test values of over 200 pounds per acre seven inches 
of soil. Potassium and ca.lcium levels are also low. 

Possible Remedies for Subsoil Features 

Research may be needed to determine the effects upon root 
penetration that will result from physical and chemical altera
tions of the fragipan. Conventional methods cannot be employed. 
However, the fragipan layers could be mechanically broken by 
chiseling or they could be mechanically mixed with overlying 
or underlying horizons having more clay. For example, if the 
claypan horizon of the Gera.ld could be mechanically mixed with 
the upper one foot of the underlying fragipan, the resulting 
mixture would have a clay content of 36 percent. Swelling and 
shrinking of the clay would prevent reformation of the dense 
fragipan. The available water holding capacity of the upper 
3 feet of soil would be increased by about ten percent. 

Liming of the subsoils concurrent with mechanical mixing 
or chiseling might raise the subsoil pH above a critical level 
and thus encourage root penetration. 

The Creldon and Keeno soils could possibly be greatly 
charged by the above procedures. The fragipans are th 1 ( 1 

the underlying materials have low densities and slightly higher 
pH's. Thus the destruction of the rooting b~rrier presented 
by the fragipan might result in a greatly enlarged rooting 
volume extending well below the present bottom of the fragipan. 
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Figure 2. GERALD SOil 
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The Gerald soils have dark colored, silty surface 
horizons underlain by claypan horizons which have as much 
as 50 to 60 percent clay sized par~icles. They have 
fragipans (dense acid layers) below the claypan. Some 
small chert fragments are scattered throughout materials 
below the claypan and at some depth (usually over four 
feet) red cherty clay materials are found. The silty 
surface soil and the claypan are thought to have formed 
in a silty, wind laid deposit called loess. The cherty 
materials formed as the result of weathering of cherty 
limestones which underlay the soil areas. 

pHs 

... 4.70 

.. 4.35 

41-4.05 

.. 4.10 

4- 4.15 

+-4,13 

+4,28 

-+4,30 

The claypan horizon retains large volumes of unavail
able water and causes some restriction in drainage and 
aeration in spring months. The fragipan horizon is not as 
dense as those of the central and eastern ozarks. However, 
density of 1.55 grams/cc. is enough to impede root penetration. 
The fragipan horizon is not present in other claypan soils 
north of the Gerald areas. 

Available water storage capacities are moderate, being 
5.4 inches in 3 feet of soil or 6.9 inches in 4 feet of 
soil. 
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Figure 3. CRELDON SOIL 
UNIVERSITY OF MISSOURI - COLUMBIA, SOUTHWEST CENTER 
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The Creldon soils have dark silty surface soils and 
brown, silty clay subsoils that are underlain by dense, 
cherty fragipan layers. Volumes of coarse fragments and 
the dense fragipan, severely limit volumes for penetration 
of air, water and roots below two feet depth. 

Available water storage capacity is 4.8 inches of 
water in 3 feet of soil and 5.5 inches of water in 4 feet 
of soil. These low capacities result in early drought 
damage to crops during periods of rainfall shortage. 

The fragipan and subsoil are extremely acid and may 
present chemical barriers to root penetration. 

Some of the Creldon soils on Southwest Research Center 
lands are slightly less well drained than is typical for 
the soil in other parts of Missouri. 
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Figure 4. KEENO SOil 
UNIVERSITY OF MISSOURI - COLUMBIA, SOUTHWEST CENTER 
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The Keeno soils are characterized by large volumes 
of chert. They have dark-colored cherty silt loam surface 
horizons and have cherty fragipans at two to three feet 
depth. 

Available water storage capacities are low being 3.5 
inches of water in 3 feet of soil and 3.9 inches of water 
in 4 feet of soil. 

The cherty fragipan is extremely acid and the root 
environment in that layer is poor both chemically and 
physically. Materials below the fragipan are red cherty 
clays with moderate to low densities and they are less 
acid than the overlying fragipan. 

Cherty limestone underlies the soil at variable depths. 
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Table 1. Some characteristics of Three Soils -
University of Missouri Southwest Center 

Soil Depth Nature of Fine Earth Volumes of Solids and Water 
Name (inches) (Total Soil Minus (Percent of Total Soil) 

Coarse Chert} 
pHs Clay Bulk Coarse Sand, Silt Water Water Water 

Content Density Chert and Clay 1/3 Atm.* 15 Atm.* Avail.* 
( %) (%L ( %} ( ~} (~} (~} ~ 

Gerald 0- 7 4.70 13 1.44 0 54 30 10 20 
7-11 4.35 15 1.42 0 54 30 10 20 

11-13 4.05 39 1.30* 0 49 38 24 14 
13-22 4.10 55 1.21 0 46 45 35 10 
22-25 4.15 35 1.32 1 50 38 24 14 
25-33 4.13 19 1.46 2 54 30 15 15 
33-44 4.28 29 1.55 2 58 34 21 13 
44-52 4.30 27 1.53 5 55 32 21 11 
52-62 4.40 32 1.51 10 51 28 20 8 

-.....] 

4.25 1.36 o Creldon 0- 7 15 2 50 30 10 20 
7-12 4.15 33 1.34 2 50 36 20 16 

12-16 3.90 40 1.24 2 46 40 28 12 
16-22 3.78 53 1.22 2 45 45 35 10 
22-34 3.65 32 1.55 10 53 32 20 12 
34-41 3.78 24 1.55* 60 24 9 4 5 
41-51 3.90 50 1.30* 50 25 20 14 6 
51-62 4.23 88 1.21 30 32 32 25 7 

Keeno 0- 7 4.58 20 1.40* 10 48 27 9 18 
7-11 4.38 24 1.40* 10 48 27 9 18 

11-14 4.68 23 1.24* 30 33 21 7 14 
14-23 4.28 29 1.24* 50 24 18 10 8 
23-35 4.08 27 1.55* 86 12 7 4 3 
35-47 3.95 65 1.50* 30 40 28 25 3 
47-58 4.15 73 1.20* 20 36 36 28 8 

*Estimated values 



KENTUCKY BLUEGRASS FOR TURF IN SOUTHWEST MISSOURI: 
A LOOK AT THE REGIONAL TEST IN 1976. 

John H. Dunn 
De partment of Horticulture 

Abstract: Sixty Kentucky bluegrass varieties and 
experimentals are pre sently under observation for 
possible use in southwest Missouri. Fylking + 
Biljart, Geronimo, and Pennstar are among those 
named varieties showing acceptable quality so far 
this summer. Fusari'Um sp. is believed to be the 
cause of the unusually poor appearance of many 
other varietie s. 

Much of the midwest is dissected by an imaginary line 
which divides the region into a northern area where cool season 
grasses like Kentucky bluegrass are grown with relative ease and 
a southern area where warm season grasses such as bermuda are 
the preferred species. The in-between area is commonly referred 
to as a transition zone where no turfgrass species is completely 
adapted. 

Summer heat and drought and disease have been the 
obvious adversaries of Kentucky bluegrass in this transition zone 
which include s much of the state of Mis souri. Inadequate irrigation 
systems often add to the difficulties professional turf managers face 
in culturing this species for golf courses and athletic fields. 

Bluegrass lovers should be encouraged by a large group of 
Kentucky bluegrass varieties which arrived on the scene in the 1960's 
and 1970' s . The se are the re sult of efforts of several dedicated 
turfgras s breeders and evaluations by experiment stations around the 
country. The cultivars have been developed for the diverse needs 
of the turfgrass industry and range from types best adapted to the 
"low" maintenance home lawn situation to the more demanding 
environment of the golf course with its traffic and close-cut tee sand 
fairways. 

Sixty of these bluegrasses have been under observation at 
the Southwest Center since 1972 as part of a regional variety evaluation 
study which began in the northeast and now includes several midwest 
universities. Plots receive 2 lb nitrogen per 1,000 sq ft/year with 
1 lb applied in fall and 1 lb applied in early spring in the form of a 
complete fertilizer. Plots are mowed at 2 inche s and irrigated as 
needed. We also treat the area in spring to prevent crabgrass and 
spray on occasion for broadleaf weed control. 
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Observations over the past summer show that several varieties 
including Fylking + Biljart, Geronimo, and Penns tar have, so far, given 
acceptable quality turf. Others such as Kenblue, Campina and several 
experimental selections were mostly unadapted to the climate and moderate 
maintenance of the Southwe st Center. 

Table 1. Average summer quality (9=best) ratings for Regional 
Kentucky bluegrass varieties and blends, June to 
August, 1976. Southwest Center. 

Fylking + Biljart 1 5.2 Adelphi + Nugget 4.7 Nugget + Park 
Geronimo 5.0 Vantage 4.7 Bonnieblue 
P-59 5.0 Fylking 4.6 KI 158 
Pennstar 5.0 Blend 38 4.6 KI 131 
Merion + Pennstar 5.0 Majestic 4.6 Nugget 
Enob1e 4.9 Adelphi 4.6 Ram I 

4.2 
4.1 
4.1 
4.1 
3.9 
3.8 

Parade 4.9 BA 6255 4.6 P-154 13.8 
Brunswick + P-59 4.9 P-143 4.6 Fylking + Jamestown 3.7 
Park 4.9 Sodco 4.6 Entopper 3.7 
Merion 4.9 KI 157 4.5 KI 132 3.7 
Vantage + Victa 4.8 Touchdown 4.5 Enita 

2 3.6 
Merion + Baron 4.8 Nugget + P-59 4.5 Fy lking + Pe nnfine 3.6 
Cheri 4.8 Windsor 4.5 Merion + Kenblue 3.6 
Plush 4.8 Monopoly 4.4 KI 187 

1 
3.5 

Victa 4.8 Baron 4.4 Fylking + Pennlawn 3.3 
Rugby 4.8 Galaxy 4.3 KI 133 3.3 
Brunswick 4.8 BA 61-91 4.3 Campina 3.3 
P-140 4.7 Nugget + Pennstar 4.2 KI 138 3.3 
Sydsport 4.7 Enmundi 4.2 KI 143 3.1 
Delft 4.7 Glade 4.2 Kenblue 2.9 

LSD. 05 .8 

I Fine-leaf Fescue 

2 Perennial ryegras s 

Further"among those entrie s ranked in the top twenty for quality this year I 
only Victa, Fylking + Biljart I Cheri I Brunswick + P-29 I and Plush were ranked 
similarly during the past three years. This inconsistency in ranking can often 
be traced to disease infestation which may be particularly injurious in one year 
given the right combination of weather and management. This year we believe 
a Fusarium sp. was the primary causal factor in a severe outbreak of disease during 
early August. Fusarium is a hot weather disease which is most evident when 
turf undergoe s alternate periods of wetting and drying during summer I typical of 
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conditions this year at Southwe st Center. High nitrogen fertilization and thatch 
have also been implicated in the occurrence of this disease. All bluegrass 
entries were affected and most sustained moderate to severe injury. Several of 
the most severely infested varieties have shown the same. disease symptoms over 
the past eight years at Columbia. Others like Windsor had been relatively free 
of disease at both Columbia and Southwe st Center until this year. 

* Table 2. Disease (9 = most severe) ratings for Regional Kentucky bluegrass 
varietie s and blends I August 2, 1976. Southwe st Center. 

Kenblue 8.7 P-140 5.7 Nugget + P-59 4.3 
Windsor 8.3 Sodco 5.7 Monopoly 4.3 
KI 138 8.3 P-154 5.7 Adelphi 4.0 
KI 143 7.7 Entopper 5.7 BA 6255 4.0 
KI 133 7.3 Glade 5.3 Enoble 4.0 
Nugget + Park 7.3 KI 132 5.3 Vantage + Victa 4.0 
Fy lking + Pennfine 7.0 Baron 5.3 Pennstar 3.7 
KI 158 7.0 Brunswick 5.3 Merion + Pennstar 3.7 
Campina 7.0 Enmundi 5.3 Victa 3.7 
Enita 7.0 Brunswick + P-59 5.0 Geronimo 3.3 
Fylking + Pennfine 7.0 Majestic 5.0 Park 3.3 
Nugget + Pennstar 6.7 Touchdown 4.7 Rugby 3.0 
KI 187 6.7 BA 61-91 4.7 Delft 3.0 
KI 157 6.7 Fylking 4.7 Merion + Baron 3.0 
Nugget 6.3 Plush 4.7 P-59 2.3 
Merion + Kenblue 6.0 Sydsport 4.7 P-143 2.3 
Galaxy 6.0 Adelphi + Nugget 4.7 Parade 2.3 
Bonnieblue 6.0 Blend 38 4.7 Merion 2.0 
KI 131 6.0 Cheri 4.3 Vantage 2.0 
Ram 1 5.7 Fylking + Jamestown 4.3 Fylking + Biljart 1.7 

* Tentatively identified as Fusarium sp. 

Diversity in quality from year to year makes it necessary that we continue 
our observations for several more years to cull out the poor varietie s • Many of 
the better varieties will, no doubt, be added to a growing list of "improved" 
Kentucky bluegrasses which we are presently recommending for use in much of 
Missouri. 
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WALNUT MULTI-CROP DEMONSTRATION 

John P. Slusher, Extension Forester 
School of Forestry, Fisheries and Wildlife 

Missouri is a leading state in the production of black walnut 
wood and nut products. Much of this production has come from prairie 
and row-crop situations. With increasing demands for walnut and 
decreasing supplies, black walnut values have risen and offer 
opportunities for supplemental farm income. Management systems are 
being developed to allow management of walnut trees in conjunction 
with other cropping systems. 

In a cooperative project, the Hammons Walnut Products Company 
of Stockton, Missouri, the Forestry Division of the Missouri Department 
of Conservation and the University of Missouri School of Forestry, 
Fisheries and Wildlife established a 160 tree demonstration planting, 
in fescue pasture, on the Southwest Missouri Center in the spring of 
1975. 

The planting was made with tree rows spaced 35 feet apart and 
with the trees 12.5 feet apart within the row. This spacing allows 
some future selectivity among trees but allows haying or future 
grazing between the rows. 

Genetically superior walnut seed sources were used, chemical 
weed and grass control was applied around the seedling and a fescue 
hay crop will be periodically removed from the demonstration area. 

In addition to the demonstration value of the project the area 
will serve to provide data about the compatibility of walnut and fescue 
and on the survival and growth of the superior seed sources. 

In spite of a very dry period during the summer and moderate 
defoliation by grasshoppers, survival on the plantation at the end 
of the first growing season was 96 percent. 

On April 25th 1976 a killing frost destroyed most of the leaves 
on all the seedlings. The trees made a good recovery and as of the 
end of July of the second growing season (1976) the plantation had 
90 percent of its trees surviving. 

74 



PINES UNDER STUDY AT SOUTHWEST CENTER 

R. Brooks Polk 
School of Forestry, Fisheries and Wildlife 

Abstract: Survival, growth, foliage characteristics, and other traits 
of planted pines are strongly associated with site conditions under 
which parental stocks evolved. This is being borne out at Southwest 
Center through extensive seed-origin studies of Scotch and ponderosa 
pines, two wide-ranging species in nature. In more limited studies, 
pinyon pine plantings from three geographic origins have almost com
pletely failed, and a New Mexico source of southwestern white pine 
shows promise. A unique cover in Southwest Missouri, these pine 
stands are being used heavily by nesting birds, especially doves. 

Scotch Pine Seed-Origin Study 

In 1961 a Scotch pine (Pinus sylvestris L.) seed origin study was 
established at Southwest C~nter as a part of a broad test in the North Central 
Region. Progress and results of this experiment, mostly in terms of Christmas 
tree production, have been reported annually since 1965. An experimental 
design using 72 origins and 5 randomized blocks permitted routine statistical 
analyses. Briefly, it can be stated that a wide diversity of genetic dif
ferences is associated with the geographic origins of the seed from which 
nursery stock of the species is commercially produced. 

It should be explained that Scotch pine has the most extensive natural 
occurrence of any of the world's approximately ninety-five pine species. 
Its native range almost spans the Eurasian land mass, extending from 
Scotland almost to the Pacific Ocean. Latitudinally, it spreads from Scan
dinavia southward into the mountains of Spain, Italy, Greece, Turkey and 
the Bible lands. It is not surprising, therefore, that this pine is one 
of the most racially differentiated of forest tree species. 

When trees derived from various provenances are compared, great contrasts 
are found. Among the most striking differences are the following: 

a. Initial survival of planted trees ranged by geographic origin of 
the seed from 100 to below 10 percent. 

b. Fastest growing sources are more than four times the size of the 
slowest. 

c. Needle length by source ranges from slightly over one inch to 
almost four inches. 
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d. Winter needle color ranges from lemon yellow to good shades of 
green. 

e. Differences in pollination dates are so great that some sources 
are reproductively isolated from each other, even though growing 
together on a common area. Biologically, therefore, they are no 
longer effectively of the same species. Any crossing of such 
origins must be artificially accomplished. 

There is also great variation in certain traits among trees within 
the different sources. Best genetic gains require an intensive selection, 
utilizing the best trees in each of the promising origins, followed by 
breeding. 

There is a surprising consistency of interstate results. For example, 
fast-growing or good-color performers in Missouri give similar results in 
Michigan, etc. Said another way, there is less genetic x site interaction 
than was anticipated. 

Best sources for Christmas tree purposes are mostly from various pro
vinces in the more southerly range of Scotch pine, i.e., from localities in 
France, Spain, Greece, Turkey and southern Russia west of the Caspian Sea. 
It has been further learned, however, that Spanish sources and certain 
French origins are highly susceptible to a serious needlecast disease and 
should be avoided. 

One of the primary points of interest in this study of Scotch pine 
is the natural expression of crown characteristics. It is therefore desirable 
to maintain an openly stocked stand, minimizing competition between adjacent 
tree crowns. By the end of the 1967 growing season (7 seasons after the 
planting of 2-0 seedlings at a 7 X 7-ft. spacing) much crown closure had 
taken place. The stand was thinned in February, 1968, removing 275 trees. 
The number of trees in the residual stand is 530. 

Work with these Scotch pine origins is now moving into a breeding phase. 
Trees are being selected from various points in Missouri, including Southwest 
Center, and adjacent states. Scions have been taken from the selected trees 
to produce a breeding orchard of graft clones. It seems obvious that superior 
varieties for Christmas trees and perhaps other purposes can be developed 
from this genetically diversified species. Less certain, however, is whether 
or not seed orchards of Scotch pine will be sufficiently productive of seed 
under Missouri conditions. This question is necessitating a study of factors 
affecting seed production in Scotch and other pines. 

Ponderosa Pine 'Provenance Study 

In April, 1968, a planting of ponderosa pine (Pinus pOnderosa Laws.) 
was carried out at Southwest Center to test the effects that geographic source 
of seed can have on the performance of this species. With minor exceptions 
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that involve several of the total of 79 seed orlglns, the general experi
mental plan uses eight replicates of 4-tree plots in a completely randomized 
main block, plus two more replicates per origin in a border around the main 
block. A few additional plots of some origins were required to fill out 
the rectangular plantation of 58 rows and 56 columns, giving a total of 3248 
trees planted. 

This is part of a broad interstate study of ponderosa pine in the 
North Central Region. Nursery stock for two Missouri tests (a similar 
planting has been made in Boone County near Columbia) came from the U.S. 
Forest Service nursery at Halsey, Nebraska. 

Despite the use of hardy 2-1 stock, this planting in southwestern 
Missouri is expected to provide a severe test of initial survival abilities 
for the different origins. Any drouth conditions will be accentuated by 
the very stony Baxter soil and the exposure of the site to hot, dry winds 
from the south and west. 

By far the most important pine of western North America, this species 
is widely distributed in the mountainous West. Indigenous to the Rocky 
Mountains and mountain ranges of the Pacific coast, it spans a territory 
from North Dakota, Montana, and British Columbia in the north to southern 
California, Arizona, New Mexico, and Trans-Pecos Texas. At the eastern 
edge of its range, ponderosa pine is found in many disjunct occurrences -
including northwestern Oklahoma, parts of Colorado, and western Nebraska. 
It blankets the Black Hills of South Dakota, giving the hills their dark 
appearance when viewed from the plains. 

As with Scotch pine, it is not surprising that this widespread species 
gives abundant evidence of genetic diversity. A complex of geographic races 
has been variously recognized, but such races are usually difficult to deli
neate because they intergrade. Seed collections for the present study were 
planned to test broadly dryland origins of the species on both a geographic 
and local basis. To provide a check with material from elsewhere in the 
natural range of ponderosa pine, the total list of 79 origins includes 
several collections from coastal mountain ranges in Washington, Oregon, and 
California. 

Past plantings of ponderosa pine in Missouri have given variable 
results. Excellent trees of the species are occasionally found in plan
tations, windbreaks, and as ornamentals. Too frequently, however, the species 
is severely attacked by the Dothistroma needlecast disease, resulting in 
heavy mortality, loss of growth, and general degradation of the stands. 

These nursery stocks from such diversified seed origins promise to 
provide the best background of information yet obtained for an intelligent 
use of ponderosa pine in Missouri, elsewhere in the Midwest, and in the 
Great Plains. Associated with origin of seed, differences have been ob
tained in survival, hardiness, quantitative and qualitative growth factors, 
crown characteristics, and pest resistance. With reference to disease, it 
is already known that some ponderosa pines have a high resistance and perhaps 
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even an immunity to the serious Dothistroma needlecast referred to above. 
Such differences in disease susceptibility are associated with geographic 
or local races within the species. Some considerable depiction of this 
host-pathogen relationship is a prospect of the present study. 

Inherent differences of the magnitude and kinds expected for ponderosa 
pine have been observed already in the 3-year-old nursery stock. Seedlings 
of some origins were several times larger than others. Needle lengths 
ranged from three inches to over six inches, foliage color from pale gray
green to a bright green. Also observed were marked variations in needle 
stoutness and straightness. 

Differences noted at the seedling stage are becoming ever more apparent 
as the stand develops. The trees were measured in September, 1975, after 
eight growing seasons in the field. Associated with natural origin of seed, 
mean tree heights at that date ranged from 8.96 feet down to 4.79 feet, with 
individual tree heights ranging from 12.0 feet to 1.7 feet. There is no 
obvious regional pattern in these height differences. Rather, there is 
considerable variation within regions, suggesting the possibility of strong 
local racial differentiation. The tallest mean heights are being obtained 
from seed collections in New Mexico and Nebraska and the shortest from 
Colorado and Wyoming, but there is a considerable range in height perfor
m~nce between seed origins obtained within these states. 

Pinyon Pine 

Three seedlots of pinyon pine (Pinus edulis Engelm.) were collected 
in the vicinities of Meeker, Colorado; Flagstaff, Arizona; and Young, Arizona. 
Stock of hardy appearance was produced from all three sources on a deep loess 
at Elsberry, Missouri, but poor results from field tests have been obtained 
in northwestern, central, and southwestern Missouri. A plot of 31 seedlings 
3 years old was planted at Southwest Center in 1961. Initial survival was 
not good, and subsequent mortality has further reduced the plot to only five 
living trees. These are scrubby, around 5 feet tall. Results here and at 
other test sites suggest that Pinus edulis requires better soil aeration than 
is obtained on most Missouri uplands. 

Southwestern White Pine 

Sixty seedlings of Southwestern white pine (Pinus strobiformis Engelm.) 
were planted at Southwest Center in 1961. This stock was produced from seed 
collected in the mountain foothills (el. 7600 feet) between Alamogordo and 
Cloudcroft, New Mexico. In addition to being a test of adaptability to 
the site, this plot compared 3-0 bare-root vs. 2-1 potted stock (30 seedlings 
each) as establishment methods. Results have produced no significant dif
ference associated with kind of planting stock. Despite one killback of 
the new flush of annual growth by a late freeze in May, a moderately good 
development has been made. The trees are straight, symmetrical, and of a 
yearlong dark green color. Problems have been (1) occasionally severe browse 
and antler damage by deer, especially at the plot border, and (2) defoliation 
of some trees by the bagworm (Thyridopteryx ephemeraeformis Haw.). The 
attack by this insect killed or severely damaged most of the trees before 
discovery of the problem. 
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SWINE EVALUATION STATION 

John C. Rea and Keith Leavitt, Department of Animal Husbandry 
Eldon Cole, Southwest Missouri Center 

Interest in the swine evaluation station at the Southwest 
Center continued very strong through the past year. Entries 
in the 30 pens available for production testing has exceeded 
capacity. Breeders have made good use of this facility as a 
means of evaluating and improving the seed stock in Southwest 
Missouri and the state. 

Commercial producers, both feeder pig and market hog 
producers, have found the sales from the Southwest Center to 
be an excellent source of superior breeding stock. Over 
time, it should continue to improve the performance of pigs 
being marketed from Southwest Missouri and result in a 
better pork product for consumers. 

The swine evaluation station at Mt. Vernon was established 
through the efforts of a group of concerned swine producers 
in the area in cooperation with the agri-businesses throughout 
Southwest Missouri. The evaluation station includes 30 pens, 
a lagoon, service building, and boar testing equipment. The 
day-to-day management of the station is now under the direct 
supervision of Don Kleiboecker, of the Southwest Center 
staff, with supervision from Keith Leavitt of the University 
of Missouri-Columbia. 

Three sales have been held in 1976. On February 21, 42 
head were sold averaging $299 per head. On July 16, 41 head 
sold at an average of $308 per head and on August 19, 38 
head were sold averaging $286 per head. Operation costs of 
the station are borne by the breeders who use the station 
and, most commonly, are taken from the receipts from the 
sale of boars. Boars are required to meet certificate 
requirements similar to those at the central test station at 
Columbia, northeast station at Canton and the northwest 
station at Maryville before they are eligible for sale. 

These central test stations over the state provide a 
standard environment and a guide that sets the pattern for 
the evaluation of purebred animals over the state. It is 
proving to be an excellent addition to the other research 
facilities on the Southwest Center. 
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