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SOIL FERTILITY AND PLANT NUTRITION RESEARCH 
IN SOUTHEAST MISSOURI - 1966 and 1967 

James A. Roth, Thomas E . Fisher and Earl M. Kroth(l) 

l 

Soil fertility experiments were conducted on two soil types at the Portageville 

Field, Clarkton Field, and with three cooperators in Southeast Missouri during 1966 

and 1967. The various locations of experiments included the major soils of the area. 

The 1966 and 1967 growing seasons were unfavorable for cotton production in 

Southeast Missouri with the 1967 production the lowest since 1909 . The cold and wet 

seasons delayed planting and retarded maturity to the extent many fields of cotton 

in 1966 were not harvested after an early freeze. 

The fertilization of cotton was very difficult during these past two years, as 

in many cases nitrogen fertilizers depressed yields due to a delay in maturity and 

failure of the bolls to open. Nitrogen continues to be the most critical plant nutrient 

in cotton production but response to this nutrient is largely dependent upon the climate. 

Additional soil fertility experiments were initiated with soybeans but the response 

to fertilizer has not been as favorable as expected. Irrigation has increased yields 

on the loam and sandy soils but on the clay soil yields were depressed. Soybeans in 

a rotation have produced higher yields than continuous soybeans even though fertilized. 

Yields of wheat on a silt loam soil near Qulin were increased by twenty bushels 

with the addition of phosphate fertilizer. Additional response was obtained by the 

application of limestone on this soil which had a very low soil test for phosphorous and 

a low pH. 

Included in this report are 1967 soil tests of the individual plots which indicate 

the changes as a result of soil treatments over a period of years. These data indicate 

that the application of calcitic limestone has increased available phosphorous, decreased 

available potassium, decreased available magnesium , and increased pH of the soil. 

High application rates of nitrogen fertilizers have significantly reduced the pH of the 

soil over a period of five to six years. 

Greenhouse experiments have included limestone and fertility studies of problem 

soils of the area. These experiments are used to hasten solution of problens in the 

field. Presently experiments in the greenhouse include rates and sources of limestone 

to determine rate of reaction on various soils of the area as measured by annual soil 

test. 

The following report includes the data obtained from the experiments during 1966-

67. All harvest data were obtained by machines to simulate as close as possible farm 

conditions. Experiments included three or four replications in randomized complete 

( 1) Jame.s A. Roth, Assistant Professor of Agronomy (Soil Fertility) and Thomas E. Fisher , Technician, 
located at the Delta Center, Portageville , Missouri and Earl M. Kroth, Assistant Professor of 
Agronomy (Soil Fertility) located at the Columbia Campus, Columbia, Missouri. 
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block design. Analysis of variance was calculated for each experiment and "L. S. D." 

or the " Dun c an ' s Multi p I e R an g e T e s t " was us e d to de term in e s i g n if i c an e e at the 5 % 

leve 1. 

These data are for only one year and no attempt has been made in this report 

to summarize over a period of years. In arriving at conclusions or practices to 

follow, the above fact must be considered. As experiments are terminated the data 

will be summarized and published in separate publications. 

This report is a contribution of the Department of Agronomy's research projects 

as follows: 

.EV 

267 Cotton Fertilization 

4 86 Limestone Needs 

357 Soybean Fertilization 

358 Soil Treatments for Alfalfa and Birdsfoot Trefoil 

117 Crop Sequences 

168 Corn Fertilization 

492 Fertilization of Sugar Beets 

• 

"*: Portageville Field 

A· Clarkton Field 

e Qulin Field 



Clarkton and Portageville Fields 
Initial Soil Test: OM 

Clarkton 
Portageville 

Soil Treatment 
** Plowdown 
N+P2o5+K2 0 

0.8 
1. 9 

Banded Annually 
N+P 2o5+K20 

Plowdown x Annual Treatment 
None 100+ O+ 0 
None 100+50+50 
o+ 200+ 0 100+ o+ 0 
O+ 200+ 0 100-l-50+50 
o+ 0-1-200 100+ o+ 0 
o+ 0-1-200 100+50+50 
O+ 100+200 100+ O+ 0 
O+ 100+200 100+50+50 
O+ 200+200 100+ O+ 0 
o+ 200+200 100+50+50 
o+ 400+200 100+ o+ 0 
O+ 400+200 100+50+50 
o+100o+200 100+ o+ 0 
0-1-1000+200 100+50+50 
o+ 200+100 100+ o+ 0 
O+ 200+100 100+50+50 
O+ 200+400 100+ O+ 0 
o+ 200+400 100+50+50 
O+ 100+100 100+ o+ 0 
O+ 100+100 100+50+50 
O+ 400+400 100+ O+ 0 
O+ 400+400 100+50+50 
Minimum Least Significant Range(L. S. D. )(. 05) 
Maximum Least Significant Rang€(. 05) 
Coefficient of Variation 
SUMMARY OF PLOWDOWN TREATMENTS 
Plowdown PhosI!horous 
None 
O+ 200+ 0 
o+ 0+200 
O+ 100+200 
o+ 200+200 
o+ 400+200 
0+1000+200 
Plowdown Potassium 
None 

0+200+ 0 
0+200+100 
0+200+200 
0+200+400 
0+100+100 
0+400+400 

Minimum Least Significant Range(L. S. D. )( . 05) 
Maximum Least Significant Range(. 05) 
'TJMMARY OF ANNUAL BANDED TREATMENT 

._ o+ 0 
lOO+v '*50 
Minimum Least Significant Range(L.S. D. )(. 05) 
Maximum Least Significant Range(. 05) 
Coefficient of Variation 

K 

230 
310 

Basic Soil Treatments on Cotton 
1966-67 -- Experimental Results 

Mg. ca 

80 500 
940 6000 

1966 

pH 

4.1 
5.6 

H 

3.0 
2.0 

Pounds Seed Cotton Per Acre 

C.E.C. 

5.0 
21. 5 

Clarkton Portageville-Clay 
First Pick Total First Pick Total 

1130 h 1614 g Not harvested in 
1418 bcdefg 2093 cdef 1966 
1205 fgh 1841 fg 
1484 abcde 2247 abcde 
1235 efgh 1978 ef 
1271 defgh 2132 bcdef 
1156 gh 1959 ef 
1209 fgh 2057 cdef 
1297 cdefgh 2099 cdef 
1516 abed 2443 ab 
1428 bcdef 2014 def 
1644 ab 2244 abcde 
1123 h 1946 ef 
1405 bedefg 2309 abed 
1195 fgh 1900 fg 
1543 abc 2375 abc 
1166 fgh 1972 ef 
1290 cdefgh 2158 bcdef 
1277 edefgh 1896 fg 
1706 a 2519 a 
1385 bcdefgh 1942 ef 
1742 a 2535 a 

231 281 
274 333 
10.1% 7.9% 

1274 de 1854 c 
1344 ede 2044 abc 
1253 de 2055 abc 
1182 e 2008 be 
1407 bed 2271 a 
1536 ab 2129 ab 
1264 de 2127 ab 

1274 de 1854 c 
1344 ede 2044 abc 
1369 bed 2137 ab 
1407 bed 2271 a 
1228 de 2065 abc 
1492 abc 2208 ab 
1564 a 2239 a 

163 199 
188 229 

1236 b 1924 b 
1475 a 2283 a 

70 85 
70 85 
10.13 7.9% 

Soil Type 

Sand 
Sharkey Clay 

3 

1967 
Bushels of Soybeans 

Clarkton Portageville -Clay 

41. 3 g 32. 2 abed 
43. 9 fg 31. 2 bed 
47 .4 bcdef 30.4 cd 
50. 3 abc 32. 3 abed 
47 . 8 bcde 34.2 abed 
49 . O abed 35. O abc 
47. 3 bcdef 37.5 a 
50. 6 abc 36. 4 ab 
50. O abc 33. 6 abed 
52. o a 34. 3 abed 
44.9 efg 32. 7 abed 
46. 7 cdef 33. 8 abed 
49. 5 abed 29 . 3 d 
51. 0 ab 31. 5 bed 
47 . 3 bedef 33. 5 abed 
49 .1 abed 35.9 abc 
47 .3 bcdef 37.2 a 
50. 0 abc 36. 7 ab 
46 .0 def 36. 0 ab 
49.9 abc 35. 8 abc 
41.6 g 32. o abed 
47. O bcdef 34. 3 abed 

3.3 4.6 
4.0 5. 7 
4.2% 8.3% 

42. 6 e 31. 7 be 
48. 9 ab 31.4 be 
48. 4 ab 34.6 ab 
49 . 0 ab 37.0 a 
51.l a 33. 9 abc 
45. 8 cd 33. 2 abc 
50 . 3 ab 30.4 c 

42.6 e 31. 7 be 
48. 9 ab 31.4 be 
48. 2 be 34. 7 ab 
51. la 33 . 9 abc 
48. 7 ab 36.9 a 
48. O be 35.9 a 
44.3 de 33.2 abc 
2.3 3.4 
2.7 3.8 

46.4 b 33.5 a 
49.1 a 34.3 a 
1. 0 1. 5 
1. 0 1.5 
4.2% 8.3% 
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COMPARISON OF ANNUALLY BANDED FERTILIZER TREATMENTS 
No Treatment 1369 ab 1736 b 
lOo+ o+ 0 1130 b 1615 b 
lOo+ 5o+ 50 1418 ab 2093 ab 

5D+ 5o+ 50 
1oo+1oo+100 
15D+10o+100 
Minimum Least Significant Range( L. S. D. )(. 05) 
Maximum Least Significant Range(. 05) 
Coefficient of Variation 

**Plowdown fertilizer applied: 
Variety and date of planting: 
Irrigated: 

Limestone applied: 

1624 a 
1258 ab 
1425 ab 

361 
396 
14.5% 

2505 a 
2231 ab 
2378 a 

598 
658 

15. 7% 

Spring 1962 
Auburn M-May 5 

June 28, July 14 and 29 

4 Tons Dolomitic 1962 

45. O abc 
41. 3 c 
43.9 be 
49.6 ab 
50. 7 a 
49. 0 ab 
5.7 
6.3 
6. 8% 

Spring 1961 Spring 1962 
Hill-May 5 

June 15, Aug 14, 
Sept 6 

None 4 Tons Dolomitic 
1962 

Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different(. 05). 

38.3 a 
32.2 a 
31.2 a 
34. 8 a 
32. 0 a 
37.3 a 
6.7 
7 . 3 

10. 7% 

Spring 1961 
Hill-May 23 

None 

The above experiment was designed to determine if plowdown applications of phosphate and potash are sufficient as compared to 
annual application. 

This experiment with cotton was terminated in 1966 but in 1967 soybeans were planted in the plots to determine residue effect 
on the soybeans. 

The results indicate that annual applications of phosphate and potash increased yield of cotton and the soybeans following on the 
sandy soil at Clarkton. An increase in yield was obtained in the clay soil but the increase was not significant. 



LIMESTONE AND NITROGEN 
PORTAGEVILLE FIELD 

1966-67 -- EXPERIMENTAL RESULTS 

Portageville Field 
Initial Soil Test: 

Topsoil: Sandy Loam 
Subsoil: Sandy Loam 

OM 

1. 6 
1. 5 

Soil Treatment 
*Limestone 
(Tons per Acre) 

Annual Fertilizer 
N+P 2o5+K2 0 

LIMESTONE X NITROGEN MEANS 
None 25+5o+ 50 
None 5o+5o+50 
None 10o+5o+50 

1 Fine Lime 25+5o+50 
1 Fine Lime 50+5o+50 
1 Fine Lime 10o+5o+50 
2 Fine Lime 25+5o+50 
2 Fine Lime 5o+5o+50 
2 Fine Lime 10o+5o+50 
2 Agricultural 25+5o+50 
2 Agricultural 5o+50+50 
2 Agricultural 100+5o+50 
4 Fine Lime 25+5o+50 
4 Fine Lime 5o+5o+50 
4 Fine Lime 10o+5o+50 
4 Agricultural 25+5o+50 
4 Agricultural 5o+5o+50 
4 Agricultural 10o+5o+50 
8 Agricultural 25+5o+50 
8 Agricultural 5o+5o+50 
8 Agricultural 10o+5o+50 

12 Agricultural 25+5o+50 
12 Agricultural 5o+5o+50 
12 Agricultural 10o+5o+50 

**1/4 Fine Lime Annually 25+50+50 
**1/4 Fine Lime Annually 5o+5o+50 
**1/4 Fine Lime Annually 10o+5o+50 
Minimum Least Significant Range(L. S. D. )(. 05) 
Maximum Least Significant Range(. 05) 

LIMESTONE MEANS 
No Treatment 

1 T Fine Lime 
2 T Fine Lime 
2 T Agricultural Lime 
4 T Fine Lime 
4 T Agricultural Lime 
8 T Agricultural Lime 

12 T Agricultural Lime 
**1/ 4 Fine Lime Annually 
Minimum Least Significant Range(L. S. D. )(. 05) 
Maximum Least Significant Range(. 05) 

NITROGEN MEANS 
25# Nitrogen Sidedress 
50# Nitrogen Sidedress 

100# Nitrogen Sidedress 
Minimum Least Significant Range(L. S. D. )(. 05) 
Maximum Least Significant Range(. 05) 
Coefficient of Variance 

Limestone applied on sandy loam soil in March, 
* Calcium carbonate limestone 

K 

300 
210 

Mg. 

280 
360 

1966 

Ca 

2500 
2600 

Pounds Seed Cotton 
Soil pH First Pick 

5. 3 k 1544 abc 
5.2 k 1236 fghi 
5.2 k 1249 efghi 
5 . 5 hij 1564 ab 
5 . 5 hij 1220 ghi 
5.4 j 1254 efghi 
5. 9 def 1506 abed 
5. 8 efg 1152 hi 
5. 7 fgh 1177 hi 
5. 7 fgh 1593 a 
5.9 def 1470 abcdefg 
5. 7 fgh 1371 abcde fgh 
6.1 d 1580 a 
6. Ode 1437 abcdefg 
6. 0 de 1493 abcde 
6.1 d 1475 abcdefg 
6.1 d 1271 defghi 
6. 0 de 1157 hi 
6.6 abc 1358 abcdefgh 
6. 5 be 1279 defghi 
6. 5 be 1096 i 
6.8 a 1350 abcdefgh 
6. 8 a 1317 bcdefghi 
6. 7 ab 1279 defghi 
6. 0 de 1539 abc 
5.9 def 1353 abcdefgh 
5. 9 def 1302 cdefghi 
0.2 212 
0.2 253 

5.2 g 1343 be 
5.5 f 1346 be 
5. 8 e 1278 be 
5. 7 e 1478 a 
6.0 cd 1503 a 
6.1 c 1301 be 
6.5 b 1244 c 
6. 8 a 1316 be 
5.9 d 1398 ab 
0.11 122 
0.13 142 

6.0 1501 a 
6.0 1304 b 
5.9 1264 b 
0.06 71 
0.07 74 
1.9% 9.3% 

1963. 

Fine lime from Ste. Genevieve, Missouri, of 200 mesh. 
Agricultural limestone from Jonesboro, Illinois. 

** Fine lime banded by the row annually. 

pH 

4.9 
4 . 8 

Total 

2171 abc 

H 

3.0 
3.0 

2018 abcdefgh 
2046 abcdefgh 
21 84 abc 
1954 cdefgh 
2077 abcdefg 
2163 abc 
1847 gh 
1850 fgh 
2235 a 
2235 a 
21G 8 abc 
2128 abed 
2061 abcdefgh 
2179 abcdef 
2143 abed 
1924 defgh 
1888 efgh 
1965 cdefgh 
1835 h 
1600 i 
1982 bcdefgh 
2010 abcdefgh 
2079 abcdef 
2110 abcde 
2158 abc 
2207 ab 

197 
235 

2078 bed 
2072 bed 
1953 d 
2213 a 
2122 abc 
1985 d 
1800 e 
2024 cd 
2158 ab 

113 
131 

2120 a 
2004 b 
2010 b 

66 
69 

5. 7% 

Auburn M cotton planted May 7, 1966 and May 11, 1967 with 13+50+50 banded by the row at planting. 
Additional nitrogen sidedressed July 8, 1966 and June 29, 1~67. 
Irrigated: July 2 and July 28, 1966. No irrigation required in 1967 . 

Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different (.05). 

C.E.C. 

11. 0 
11.5 

1967 
Pounds Seed Cotton 

5 

Soil pH First Pick Total 

5. 5 i 1819 ab 2309 be 
5. 2 j 1814 ab 2357 ab 
5. 2 j 2324 a 2846 a 
5. 5 i 1817 ab 2280 be 
5. 6 hi 1651 b 2196 be 
5. 4 ij 1666 b 2283 be 
5. 8 gh 1779 ab 2168 be 
5. 8 gh 1580 b 2013 be 
5. 6 hi 1536 b 1906 be 
5. 8 gh 1722 b 2370 ab 
5. 8 gh 1962 ab 2156 be 
5. 5 ij 1740 b 2237 be 
5. 9 fg 1722 b 2010 be 
6. 0 fg 1661 b 2005 be 
5. 6 hi 1603 b 1918 be 
6. 1 efg 1814 ab 2237 be 
6. 0 fg 1796 ab 2273 be 
6. 0 fg 1575 b 2038 be 
6. 7 be 1514 b 1886 be 
6. 7 be 1595 b 1906 be 
6. 5 cd 1432 b 1743 c 
7.1 a 1559 b 1962 be 
7. 0 a 1554 b 1967 be 
6.9 ab 1475 b 1855 be 
6. 3 de 1725 b 2148 be 
6. 5 cd 1817 ab 2352 ab 
6. 2 e 1626 b 2194 be 
0.2 486 491 
0.3 579 586 

5. 3 g 1986 a 2504 a 
5. 5 f 1711 ab 2253 ab 
5. 8 e 1632 b 2029 bed 
5. 7 e 1808 ab 2234 abc 
5. 8 e 1662 b 1978 bed 
6. 0 d 1728 ab 1283 be 
6. 6 b 1513 b 1845 d 
7. 0 a 1530 b 1928 cd 
6. 3 c 1722 ab 2231 abc 
o. 1 280 284 
0.2 324 328 

6. 1 a 1719 a 2131 a 
6.1 a 1715 a 2160 a 
5. 9 b 1664 a 2104 a 
0.1 162 164 
0.1 170 172 
2.4% 17.0% 13 , 7% 

This experiment was designed to study the effect of limestone on the soils and what effect rate of nitrogen has on the effective 
duration of the limestone treatment. The limestones used were materials with 50% passing through a No. 40 screen and a fine lime 
with 100% passing a No. 100 sieve. In addition, annual applications of 500 pounds of fine lime banded by the row have also been made. 
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Portageville Field 
Initial Soil Test: 

Topsoil: Sandy Loam 
Subsoil: Sandy Loam 

Soil Treatment 
*Limestone Annual fertilizer 
(Tons per Acre) N+P205+K2 0 

LIMESTONE X NITROGEN MEANS 
None 
None 
None 

1 Fine Lime 
1 Fine Lime 
l Fine Lime 
2 Fine Lime 
2 Fine Lime 
2 Fine Lime 
2 Agricultural 
2 Agricultural 
2 Agricultural 

25+5o+50 
5o+5o+50 

10o+5o+50 
25+5o+50 
5o+5o+50 

10o+5o+50 
25+5o+50 
5o+5o+50 

10o-+-5o+50 
25+5o+50 
5o+5o+50 

10o+5o+50 
4 Fine Lime 25+5o+50 
4 Fine Lime 5o+5o+50 
4 Fine Lime 10o+5o+50 
4 Agricultural 25+5o+50 
4 Agricultural 5o+5o+50 
4 Agricultural 10o+5o+50 
8 Agricultural 25+5o+50 
8 Agricultural 5o+50+50 
8 Agricultural 10o+5o+50 

12 Agricultural 25+5o+50 
12 Agricultural 5o+5o+50 
12 Agricultural 10o+5o+50 

**1/ 4 Fine Lime Annually 25+5o+50 
**1/4 Fine Lime Annually 5o+5o+50 
**1/4 Fine Lime Annually 10o+5o+50 
Minimum L.S.R.(L.S.D.)(.05) 
Maximum L.S.R. (. 05) 

LIMESTONE MEANS 
None 

1 T Fine Lime 
2 T Fine Lime 
2 T Agricultural 
4 T Fine Lime 
4 T Agricultural 
8 T Agricultural 

12 T Agricultural 
**l/ 4 Fine Lime Annually 
Minimum L.S.R.(L.S.D. )(.05) 
Maximum L.S.R.(.05) 

NITROGEN MEANS 
25# Nitrogen Sidedress 
50# Nitrogen Sidedress 

100# Nitrogen Sidedress 
Minimun L. S. R. (L. S. D. )(. 05) 
Maximum L.S.R.(.05) 
Coefficient of Variance 

OM 

1.6 
1. 5 

O.M. 

2.23 defg 
2.27 cdef 
2.33 abode 
1. 93 hi 
2.13 efghi 
2. 03 fghi 
1. 90 hij 
1. 97 ghi 
2.10 efghi 
2.30 bcdef 
2.30 bcdef 
2.50 abed 
2.17 efgh 
2.33 abode 
2.37 abode 
2.57 ab 
2.60 a 
2.57 ab 
2.33 abode 
2.53 abc 
2.23 defg 
1. 97 ghi 
1. 97 ghi 
2. 03 fghi 
1. 67 j 
1. 83 ij 
2. 03 fghi 

.25 

.30 

2.28 b 
2.03 c 
1. 99 cd 
2.37 b 
2.29 b 
2.58 a 
2.37 b 
1. 99 cd 
1. 84 d 

.15 

.17 

2.12 b 
2.21 a 
2.24 a 

.08 

.09 
6.9% 

LIMESTONE AND NITROGEN 
PORTAGEVILLE-LOAM 

1967 SOIL TESTS RESULTS 

K 

300 
210 

331 ghijk 
348 fghijk 
330 ijk 
324 k 
343 ghijk 
350 fghijk 
333 hijk 
431 ghijk 
328 jk 
358 defghijk 
354 efghijk 
354 efghijk 
367 bcdefgh 
361 cdefghij 
388 abode 
382 abcdef 
361 cdefghij 
376 abcdefg 
399 ab 
406 a 
395 abc 
388 abode 
393 
375 abed 
365 bcdefghi 
326 jk 
324 k 

30 
36 

336 e 
339 de 
334 e 
356 cd 
372 be 
373 be 
400 a 
385 ab 
338 de 

18 
20 

361 a 
359 a 
358 a 

10 
11 
5.0% 

Mg. 

280 
360 

K 

470 abed 
513 ab 
517 ab 
447 cd 
493 abed 
543 a 
463 bed 
523 ab 
530 ab 
507 abc 
530 ab 
517 ab 
467 bed 
490 abed 
503 abc 
463 bed 
493 abed 
517 ab 
467 bed 
510 abc 
527 ab 
437 de 
470 bed 
470 bed 
373 f 
383 ef 
467 bed 

56 
67 

500 a 
494 a 
506 a 
518 a 
487 ab 
491 ab 
501 a 
459 b 
408 c 

32 
38 

455 c 
490 b 
510 a 

19 
20 

6.9% 

Ca 

2500 
2600 

pH 

4.9 
4.8 

H 

3.0 
3.0 

Mg. 

220 abc 
233 ab 
240 a 
220 abc 
220 abc 
213 abc 
213 abc 
207 bed 
220 abc 
240 a 
220 abc 
240 a 
180 def 
213 abc 
200 cde 
213 abc 
207 bed 
200 cde 
173 ef 
207 bed 
173 ef 
167 f 
167 f 
167 f 
207 bed 
200 cde 
227 abc 

26 
31 

231 a 
218 ab 
213 be 
233 a 
198 cd 
207 be 
184 d 
167 e 
211 be 

15 
17 

204 a 
208 a 
209 a 

87 
91 

7.5% 

Ca 

3133 gbi 
3167 gbi 
3167 ghi 
3000 i 
3000 i 
2867 i 
3267 fghi 
3200 ghi 
3167 ghi 
3700 bcde 
3933 bed 
3533 defg 
3467 efg 
3633 cdef 
3400 efgh 
4000 be 
3933 bed 
4000 be 
4567 a 
4700 a 
4500 a 
4867 a 
4900 a 
4500 a 
3733 bcde 
4067 b 
3733 bcde 

371 
443 

3156 ef 
2956 f 
3211 e 
3722 c 
3500 d 
3978 b 
4589 a 
4756 a 
3844 be 

214 
248 

3748 ab 
3837 a 
3652 b 

124 
130 

5.9% 

Duncan's Multiple Range Test: Results followed by same letters are not significantly different(. 05). 

H 

C.E.C. 

11. 0 
11. 5 

2.17 bed 
2.83 a 
2.83 a 
2.00 bcde 
2.00 bcde 
2.33 abc 
1. 50 efg 
1. 33 fgh 
2.00 bcde 
1. 83 cdef 
1. 67 def 
2.50 ab 
1. 50 efg 
1. 33 fgh 
2.00bcde 
1. 33 fgh 
1. 50 efg 
1. 33 fgh 
o. 50 ijkl 
o. 33 jkl 
o. 67 ijk 
o. 00 l 
o. 00 l 
0.17 kl 
1. 00 ghi 
o. 50 ijkl 
o. 83 hij 

.47 

.56 

2.6 a 
2.1 b 
1.6 c 
2.0 b 
1.6 c 
1. 3 c 
o. 5 e 
o.o f 
o. 7 d 
0.27 
0.31 

1. 3 b 
1.2 b 
1. 6 a 

.16 

.16 
19.7% 

pH 

5. 50 i 
5. 23 j 
5.17 j 
5. 53 i 
5. 57 hi 
5. 40 ij 
5. 83 gh 
5. 83 gh 
5. 63 hi 
5.80 gh 
5. 83 gh 
5.47 ij 
5. 93 fg 
6. 03 fg 
5. 57 hi 
6. 07 efg 
6. 00 fg 
6. 00 fg 
6. 70 be 
6. 67 be 
6.50 cd 
7. 07 a 
7. 03 a 
6.87 ab 
6.30 de 
6.47 cd 
6.20 e 

.24 

.29 

5.3 g 
5.5 f 
5.7 e 
5.7 e 
5.8 e 
6.0 d 
6.6 b 
6.9 a 
6.3 c 
0.14 
0.16 

6.0 a 
6.0 a 
5.8 b 

.08 

.08 
2.4% 

C.E.C. 

11. 50 efg 
12. 33 abcdef 
12. 33 abcdef 
11. 00 g 
11.17 fg 
11. 00 g 
11. 00 g 
10. 83 g 
11. 50 efg 
12.67 abode 
13. 00 abc 
12.83 abed 
11.50 efg 
11. 83 cdefg 
11. 83 cdefg 
12.83 abed 
12. 83 abed 
13. 00 abc 
13.17ab 
13. 50 a 
13. 33 a 
13. 33 a 
13. 50 a 
12.67 abode 
11. 67 defg 
12. 00 bcdefg 
11. 67 defg 

1. 03 
1.23 

12.0 b 
11. 0 c 
11.1 c 
12.8 a 
11. 7 b 
12. 8 a 
13.3 a 
13.1 a 
11. 7 b 

0.59 
0.69 

12.0 a 
12.3 a 
12.2 a 

.34 

.36 
5.0% 

The above data from soil tests obtained in 1967 which is four years after the limestone was applied. This soil required 12 tons of agricultural 
limestone to neutralize the acidity or raise the pH from 4. 9 to 7. O. One hundred pounds of nitrogen applied annually to cotton has significantly 
reduced the pH and increased hydrogen content of the soil. 



Portageville Field 
Initial Soil Test: 

Topsoil: Sharkey Clay 

Soil Treatment 

LIMESTONE AND NITROGEN 
PORTAGEVILLE FIELD 

1966-67 -- EXPERIMENTAL RESULTS 

OM 

1. 3 

K 

480 

Mg. 

940 

1966 

ca 

6000 

pH 

5.5 

H 

2.5 

C.E.C. 

22.0 

1967 
*Limestone 
(Tons per Acre) 

Annual Fertilizer 
N+P205+K20 

Pounds Seed Cotton Pounds Seed Cotton 
pH First Pick Total pH First Pick 

LIMESTONE X FERTILIZER MEANS 
None 25+50+50 Not Harvested in 1966 5. 7 I 669 abc 
None 50+50+50 5. 7 1 825 abc 
None 100+50+50 5. 8 kl 841 abc 

2 Agricultural 25+50+50 6. 1 ijk 806 abc 
2 Agricultural 50+50+50 6. 2 hij 723 abc 
2 Agricultural 100+50+50 6.1 jk 768 abc 
4 Agricultural 25+50+50 6. 4 fghi 671 abc 
4 Agricultural 50+50+50 6. 5 efgh 760 abc 
4 Agricultural 100+50+50 6. 2 hij 830 abc 
8 Agricultural 25+50+50 6. 9 bed 663 abc 
8 Agricultural 50+50+50 6. 8 bcde 785 abc 
8 Agricultural 100+50+50 6. 6 def 677 abc 

12 Agricultural 25+50+50 6. 8 bcde 763 abc 
12 Agricultural 50+50+50 6. 8 bcde 779 abc 
12 Agricultural 100+50+50 6. 7 cdef 854 ab 
24 Agricultural 25+50+50 7 . 2 a 760 abc 
24 Agricultural 50+50+50 7. 0 abc 607 c 
24 Agricultural 100+50+50 7 .1 ab 617 be 

**1/4 Fine Lime 25+50+50 6. 6 def 652 abc 
**l/ 4 Fine Lime 50+50+50 6.5 defg 687 abc 
**1/4 Fine Lime 100+50+50 6. 3 ghij 895 a 

LIMESTONE MEANS 
No Treatment 5. 7 e 778 ab 

2 T Agricultural Lime 6.1 d 766 ab 
4 T Agricultural Lime 6. 4 c 754 ab 
8 T Agricultural Lime 6. 8 b 708 ab 

12 T Agricultural Lime 6. 8 b 799 a 
24 T Agricultural Lime 7 .1 a 661 b 

1/ 4 T Fine Lime (Annually) 6. 5 c 745 ab 
Minimum Least Significant Range(L. S. D. )(. 05) 0.2 118 
Maximum Least Significant Range(. 05) 0.2 134 

NITROGEN MEANS 
25# Nitrogen Sidedress 6. 5 a 712 a 
50# Nitrogen Sidedress 6. 5 a 738 a 

100# Nitrogen Sidedress 6.4 b 783 a 
Minimum Least Significant Range(L. S. D. )(. 05) 0.1 77 
Maximum Least Significant Range(. 05) 0 . 1 81 
Coefficient of Variance 2.7% 16 . 4% 

Duncan's Multiple Range Test: Yields followed by the same letter are not significantly different( . 05). 
Limestone applied in March, 1961. 
* Calcium carbonate limestone 

Fine lime from Ste. Genevieve, Missouri, of 200 mesh. 
Agricultural limestone from Jonesboro, Illinois. 

** Fine lime banded by the row annually. 
Auburn M cotton planted May 23, 1967 with 13+50+50 additional nitrogen sidedressed July 11, 1967 . 
Irrigated: Norie in 1967. 

7 

Total 

669 abc 
825 abc 
841 abc 
806 abc 
723 abc 
768 abc 
671 abc 
760 abc 
830 abc 
663 abc 
785 abc 
677 abc 
763 abc 
779 abc 
854 ab 
760 abc 
607 c 
617 be 
652 abc 
687 abc 
895 a 

778 ab 
766 ab 
754 ab 
708 ab 
799 a 
661 b 
745 ab 
118 
134 

712 a 
738 a 
783 a 

77 
81 
16.4% 

This experiment was designed to study the effect of limestone on the soils and what effect rate of nitrogen has on 
the effective duration of the limestone treatment. The limestones used were materials with 50% passing through a No . 40 

screen and a fine lime with 100% passing a No. 100 sieve. Iri addition, annual applications of 500 pounds of fine lime 
banded by the row have also been made. 

Plots were not harvested in 1966 due to late maturity and an early freeze which prevented the cotton bolls from 
opening. Unfavorable weather in 1967 resulted in very low yields on this soil. 
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Portageville Fi.eld 
Initial Soil Test: 

Topsoil: Sharkey Clay 

Soil Treatment 
*Limestone 
(Tons per Acre) 

Annual Fertilizer 
N+P 2o5 +K2 0 

LIMESTONE X NITROGEN MEANS 
None 
None 

25+50+50 
50+50+50 

None 100+50+50 
2 Agricultural 25+50+50 
2 Agricultural 50+50+50 
2 Agricultural 100+50+50 
4 Agricultural 25+50+50 
4 Agricultural 50+50+50 
4 Agricultural 100+50+50 
8 Agricultural 25+50+50 
8 Agricultural 50+50+50 
8 Agricultural 100+50+50 

12 Agricultural 25+50+50 
12 Agricultural 50+50+50 
12 Agricultural 100+50+50 
24 Agricultural 25+50+50 
24 Agricultural 50+50+50 
24 Agricultural 100+50+50 

**1/ 4 Fine Lime 25+50+50 
**1/ 4 Fine Lime 50+50+50 
**1/4 Fine Lime 100+50+50 

Minimum L. S.R.(L.S. D.)(.05) 
Maximum L. S.R.( . 05) 

LIMESTONE MEANS 
No Treatment 

2 T Agricultural Lime 
4 T Agricultural Lime 
8 T Agricultural Lime 

12 T Agricultural Lime 
24 T Agricultural Lime 

**1/4 T Fine Lime (Annually) 
Minimum L.S.R. (L.S. D. )(. 05) 
Maximum L. S. R. (. 05) 

NITROGEN MEANS 
25# Nitrogen Sidedress 
50# Nitrogen Sidedress 

100# Nitrogen Sidedress 
Minimum L. S.R. (L.S. D. )(. 05) 
Maximum L.S.R. (. 05) 
Coefficient of Variance 

LIMESTONE AND NITROGEN 
PORTAGEVILLE FIELD 

1967 SOIL TEST RESULTS 

OM 

1. 3 

O . M. 

1. 83 cde 
1. 83 cde 
2 . 00 bcde 
2. 03 abcde 
2.10 abc 
2.17 ab 
2.03 abcde 
1. 93 bcde 
2 . 00 bcde 
2 . 13 ab 
2 . 00 bcde 
2 . 07 abed 
1 . 97 bcde 
2.10 abc 
2. 30 a 
1. 80 de 
1. 77 e 
1.90bcde 
2. 03 abcde 
1. 90 bcde 
2 . 00 bcde 

.23 

. 28 

1. 88 be 
2.10 a 
1. 99 ab 
2. 07 a 
2.12 a 
1. 82 c 
1. 98 ab 

.14 

.15 

1. 98 ab 
1. 95 b 
2. 06 a 
0.09 
0.09 
7. 0% 

K 

480 

361 cd 
365 cd 
348 d 
427 ab 
412 abc 
408 abc 
439 ab 
403 abc 
439 ab 
444 a 
418 ab 
435 ab 
418 ab 
439 ab 
427 ab 
412 abc 
390 bed 
409 abc 
423 ab 
435 ab 
393 abed 

44 
53 

358 b 
415 a 
427 a 
432 a 
428 a 
404 a 
417 a 

26 
29 

418 a 
409 a 
408 a 

17 
18 

6.5% 

K 

Mg. 

940 

410 abed 
407 abcde 
390 bcde 
460 a 
433 abc 
437 abc 
420 abed 
390 bcde 
443 ab 
423 abed 
410 abed 
423 abed 
400 bcde 
407 abcde 
383 cde 
377 de 
353 e 
353 e 
410 abed 
430 abed 
417 abed 

47 
56 

402 b 
443 a 
418 ab 
419 ab 
397 b 
361 c 
419 ab 

27 
31 

414 a 
404 a 
407 a 

18 
19 

6 . 8% 

Ca 

6000 

Mg. 

980 ab 

H 

5 . 5 

1027 a 
987 ab 
973 ab 
973 ab 
967 ab 
907 be 
927 abc 
980 ab 
880 be 
893 be 
900 be 
953 abc 
920 abc 
887 be 
933 abc 
840 c 
887 be 
927 abc 
953 abc 
940 abc 

96 
115 

998 a 
971 ab 
938 abc 
891 c 
920 be 
887 c 
940 abc 

56 
63 

936 a 
933 a 
935 a 

36 
38 
6.2% 

Ca 

pH 

2. 5 

5500 gh 
5533 fgh 
5467 h 
5700 efgh 
5733 defg 
5767 def 
5833 de 
5867 de 
5900 cde 
6133 abc 
6167 ab 
5867 de 
5967 bed 
5967 bed 
5900 cde 
6300 a 
6167 ab 
6200 ab 
5800 de 
5867 de 
5767 def 

217 
260 

5500 f 
5733 e 
5867 cd 
6056 b 
5944 be 
6222 a 
5811 de 

125 
143 

5890 a 
5900 a 
5838 a 

82 
86 

2 . 2% 

Duncan's Multiple Range Test: Results followed by the same letters are not significantly different(. 05) 

C.E.C. 

22.0 

H 

3. 67 a 
3 . 67 a 
3. 33 a 
2. 00 be 
1. 83 bed 
2 . 33 b 
1. 33 ede 
1. 1 7 cde 
2. 00 be 
0. 00 f 
0. 50 ef 
0 . 83 def 
0. 33 ef 
0 . 00 f 
0 . 50 ef 
0 . 00 f 
0 . 33 ef 
0. 00 f 
1. 17 cde 
1. 17 ede 
1. 67 bed 
0 . 88 
1. 05 

3 . 56 a 
2 . 06 b 
1 . 50 e 
0 . 44 d 
0.28 d 
0 . 11 d 
1 . 33 c 
0 . 51 
0 . 58 

1. 21 a 
1. 24 a 
1 . 52 a 
0.33 
0.35 
4.0% 

pH C.E.C. 

5 . 701 22 . 00a 
5 . 67 1 22. 17 a 
5. 80 kl 21.50 ab 
6 . 10 ijk 20. 83 be 
6. 20 hij 20 . 83 be 
6. 07 jk 21. 33 ab 
6. 40 fghi 20 . 17 cdef 
6. 50 efgh 20. 17 edef 
6 . 20 hij 21. 50 ab 
6. 87 bed 19. 50 def 
6. 83 bede 20. 00 cdef 
6. 60 def 19. 83 cdef 
6 . 77 bcde 19. 67 def 
6 . 83 bcde 19. 17 f 
6. 70 cdef 
7. 20 a 
6. 97 abc 
7 . 07 ab 
6 . 57 defg 
6 . 53 defg 
6. 27 ghij 
0.29 
0.35 

5 . 72 e 
6. 12 d 
6. 37 c 
6. 77 b 
6. 77 b 
7. 08 a 
6. 46 c 
0. 17 
0. 19 

6. 51 a 
6 . 50 a 
6. 39 b 
0.11 
0.12 
2 . 7% 

19. 33 ef 
20. 17 cdef 
19 . 67 def 
19. 50 def 
20. 17 cdef 
20 . 33 ede 
20. 50 bed 

0 . 90 
1. 07 

21. 89 a 
21. 00 b 
20. 61 b 
19 . 78 d 
19 . 39 d 
19 . 78 d 
20 . 33 c 

0 . 52 
0 . 59 

20. 36 a 
20.33 a· 
20. 50 a 

0 . 34 
0.36 
2.6% 



Clarkton Field 
Soil Type: Sand 
Initial Soil Test: 

Topsoil: 
Subsoil: 

Soil Treatment 
*Limestone 
(Tons per Acre) 

None 
None 
None 

2 T Dolomitic 
2 T Dolomitic 
2 T Dolomitic 
2 T Calcium Carbonate 
2 T Calcium Carbonate 
2 T Calciun1 Carbonate 
4 T Dolomitic 
4 T Dolomitic 
4 T Dolomitic 
4 T Calcium Carbonate 
4 T Calcium Carbonate 
4 T Calcium Carbonate 
6 T Dolomitic 
8 T Dolomitic 
8 T Dolomitic 
8 T Calcium Carbonate 
8 T Calcium Carbonate 
8 T Calcium Carbonate 

12 T Dolomitic 

Annual Fertilizer 
N+P205+K2 0 

25+50+50 
50+50+50 

100+50+ 50 
25+50+50 
50+50+50 

100+50+50 
25+50+50 
50+50+50 

100+50+50 
25+50+50 
r>0+50+50 

100+50+50 
25+50+50 
50+50+50 

100+50+50 
25+50+50 
50-t 50+50 

100+50+50 
25+50+50 
50+50+50 

100+50+50 
2'1+50+50 

12 T Dolomitic 50+50+50 
12 T Dolomitic 100+50+50 

**l/4 T Calcium Carbonate 25+50+50 
**1/4 T Calcium Carbonate 50+50+50 
**1/4 T Calcium Carbonate 100+50+50 
Minlmum Least Significant Range(L. S. D. )(. 05) 
Maximum Least Significant Range(. 05) 

LIMESTONE MEANS 
None 

2 T Dolomitic 
2 T Calcium Carbonate 
4 T Dolomitic 
4 T Calcium Carbonate 
8 T Dolomitic 
8 T Calcium Carbonate 

12 T Dolomitic 
**1/4 T Fine Lime (Annua!ly) 
Minimum Least Significant Range(L. S. D. )(. 05) 
Maximum Least Significant Range(. 05) 

NITROGEN APPLICATION MEANS 
25# Nitrogen Sidedress 
50# Nitrogen Sidedress 

100# Nitrogen Sidedress 
Minimum Least Significant Range(L. S. D. )( . 05) 
Maximum Least Significant Range(. 20) 
Coefficient of Variance 

LIMESTONE AND NITROGEN 
CLARKTON FIELD 
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1966-67 -- EXPERIMENTAL RESULTS 

OM 

1. 0 
1. 0 

K Mg. 

350 40 
310 40 

1966 

Ca 

600 
600 

Pounds Seed Cotton Per Acre 
pH First Pick Total 

4.4 jk 
4. 3 k 
4. l k 
5. 1 efgh 
4. 9 fghi 
5. O efghi 
4. 9 fghi 
4. 8 hi 
4. 8 hi 
5. 4 cd 
5. 6 be 
5. 2 defg 
5.4 cd 
5. 5 cd 
5. 3 def 
6. l a 
5. 9 ab 
5. 9 ab 
6. 2 a 
6. l a 
6. 1 a 
6. 2 a 
6. 2 a 
6 . 1 a 
4. 7 hi 
4. 7 hij 
4. 7 ij 
0.3 
0. 4 

4. 3 f 
5 . 0 d 
4.9 de 
5.4 c 
5.4 c 
5 . 9 b 
6. l a 
6. 2 a 
4. 7 e 
0.2 
0.2 

5.4 a 
5. 3 ab 
5.2 b 
0.1 

1323 efg 
1130 gh 

875 h 
1834 ab 
1742 abed 
1602 abcdef 
1834 ab 
1674 abed 
1654 abcde 
1818 ab 
1883 a 
1700 abed 
1877 a 
1572 abedef 
1680 abed 
1526 bcdef 
1471 cdef 
1297 fg 
1628 abcdef 
1458 cdefg 
1556 abcdef 
1490 bcdef 
1539 abcdef 
1412 defg 
1546 abcdef 
1785 abc 
1441 cdefg 

292 
348 

1109 d 
1726 ab 
1721 ab 
1800 a 
1710 ab 
1431 c 
1547 be 
1480 c 
1591 b 

169 
195 

1653 a 
1584 a 
1468 b 

97 

1841 cd 
1634 de 
1428 e 
2280 ab 
2276 ab 
2332 a 
2312 ab 
2270 ab 
2322 a 
2224 ab 
2384 a 
2358 a 
2335 a 
2175 abe 
2339 a 
2054 abc 
2086 abc 
2099 abc 
2204 ab 
2185 abc 
2371 a 
2145 abc 
2316 ab 
2289 ab 
1949 bed 
2283 ab 
2047 abc 

313 
373 

1634 d 
2296 a 
2301 a 
2322 a 
2283 ab 
2080 e 
2253 abe 
22.50 abc 
2093 be 

180 
209 

2149 a 
2179 a 
2176 a 

104 

pH 

4.0 
4.0 

H 

2.5 
2.5 

C.E.C. 

4.5 
4.5 

1967 
Pounds Seed Cotton Per Acre 

pH First Pick Total 

4. 8 fghi 
4 . 5 hi 
4.4 i 
5. 1 efghi 
5. o efghi 
4. 8 fghi 
5. 2 efghi 
4. 7 ghi 
4. 7 ghi 
G. 3 defgh 
G.6bedef 
5. o efghi 
5. 7 abcde 
5. 4 defg 
5. 5 c defg 
6 . 1 abe 
6. 2 abc 
5. 8 abed 
6. 3 ab 
6. 2 abc 
6. o abed 
6. 2 abe 
6. 5 a 
6. 2 abc 
5. 2 efgh 
5. 2 efgh 
4. 9 fgh i 

4. 6 e 
5. 0 de 
4. 9 de 
5 . 3 cd 
5 . 5 be 
5. 7 b 
6 .2 a 
6. 3 a 
5.1 d 
0.4 
0.5 

5. 6 a 
5 . 5 a 
5.2 b 
0.2 

816 e 
603 e 
596 e 

1268 cd 
1369 abed 
1258 cd 
1428 abed 
1536 abe 
1634 a 
1369 abed 
1290 bed 
1543 abc 
1431 abed 
1389 abed 
1516 abc 
1297 bed 
1533 abc 
1454 abed 
1523 abc 
1549 abc 
1608 ab 
1471 abc 
1608 ab 
1503 abc 
1146 d 
1379 abed 
1372 abed 
273 
325 

671 e 
1298 b 
1533 a 
1401 ab 
1446 ab 
1428 ab 
1560 a 
1527 a 
1299 b 
157 
182 

1305 a 
1361 a 
1387 a 

91 

1114 f 
868 f 
858 f 

1598 ede 
1765 abcde 
1664 bcde 
1687 abede 
1864 abed 
2001 ab 
1723 abcde 
1775 abcde 
1975 abe 
1706 abcde 
1729 abcde 
1877 abed 
1549 de 
1854 abcde 
1801 abcde 
1890 abcde 
1916 abed 
2070 a 
1851 abcde 
2021 ab 
2034 ab 
1471 e 
1762 abede 
1788 abcde 
325 
388 

947 c 
1676 b 
1851 ab 
1824 ab 
1771 ab 
1735 b 
1959 a 
1968 a 
1674 b 

188 
217 

1621 b 
1728 ab 
1785 a 

108 
0.1 102 110 0. 2 96 114 
3.6% 11.1% 8.6% 12.0% 11.3% 

* Calcium Carbonate fine lime from Ste. 
down March 1962. 

Genevieve, Missouri Dolomitic limestone from Piedmont, Missouri. Applied broadcast and plowed 
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LIMESTONE AND NITROGEN 
CLARKTON FIELD 

1967 - SOIL TEST RESULTS 

Clarkton Field - Soil Type: Sand 
Initial Soil Test: OM 

Topsoil: 1 . 0 
Subsoil : 1. 0 

Soil Treatment 
*Limestone 
(Tons per Acre) 

None 
None 
None 

2 T Dolomitic 
2 T Dolomitic 
2 T Dolomitic 
2 T Calcium Carbonate 
2 T Calcium Carbonate 
2 T Calcium Carbonate 
4 T Dolomitic 
4 T Dolomitic 
4 T Dolomitic 
4 T Calcium Carbonate 
4 T Calcium Carbonate 
4 T Calcium Carbonate 
8 T Dolomitic 
8 T Dolomitic 
8 T Dolomitic 
8 T Calcium Carbonate 
8 T Calcium Carbonate 
8 T Calcium Carbonate 

12 T Dolomitic 
12 T Dolomitic 
12 T Dolomitic 

**1/ 4 T Calcium Carbonate 
**1/ 4 T Calcium Carbonate 
**1/4 T Calcium Carbonate 
L. S. D. (. 05) 

LIMESTONE 
None 

2 T Dolomitic 
2 T Calcium Carbonate 
4 T Dolomitic 
4 T Calcium Carbonate 
8 T Dolomitic 
8 T Calcium Carbonate 

12 T Dolomitic 
**1/ 4 T Fine Lime (Annually) 
Minimum L. S. R. 
Maximum L . S, R. 

NITROGEN 
25# Nitrogen Sidedress 
50# Nitrogen Sidedress 

100# Nitrogen Sidedress 
Minimum L. S. R. 
Maximum L. S. R. 
Coefficient of Variance 

Annual Fertilizer 
N+P 2o5 +K20 

25+50+5 0 
50+50+50 

100+50+50 
25+50+50 
50+50+50 

100+50+50 
25+50+50 
50+50+50 

100+50+50 
25+50+50 
50+50+50 

100+50+50 
25+50+50 
50+50+50 

100+50+50 
25+50+50 
50+50+50 

100+50+50 
25+50+50 
50+50+50 

100+50+50 
25+50+50 
50+50+50 

100+50+50 
25+50+50 
50+50+50 

100+50+50 

O.M . 

0 . 4 
0 . 5 
0.6 
0.6 
0.8 
0.8 
0.9 
0.7 
0 . 8 
0. 7 
0.8 
0 . 8 
0.6 
0.7 
0.6 
0 . 6 
0.6 
0.6 
0.6 
0.6 
0 . 8 
0.7 
0.7 
0 . 7 
0.7 
0.7 
0.7 
0.06 

0. 51 e 
0. 74 abc 
0. 82 abc 
o. 76 ab 
0. 63 cd 
o. 60 de 
0. 68 bed 
0 . 71 bed 
0. 70 bed 
0.10 
0 . 12 

0.66 a 
0.68 a 
O. 71 a 
0.6 
0.6 

K 

350 
310 

263 
253 
258 
292 
269 
289 
279 
245 
282 
302 
300 
322 
263 
305 
274 
222 
223 
224 
348 
271 
258 
262 
248 
218 
294 
310 
311 

70 

258 bed 
283 abc 
269 abc 
308 a 
281 abc 
223 d 
292 ab 
243 cd 
305 a 
40 
47 

281 a 
269 a 
271 a 
23 
24 
15.2% 

Mg. 

40 
40 

K 

200 
183 
207 
230 
230 
220 
233 
197 
217 
227 
230 
230 
203 
203 
220 
187 
193 
207 
203 
233 
227 
197 
213 
203 
210 
200 
203 

27 

197 c 
227 a 
216 ab 
229 a 
209 be 
196 c 
221 ab 
204 be 
204 be 

15 
18 

210 a 
209 a 
215 a 

9 

Ca 

600 
600 

9 

7.5% 

Mg. 

100 
47 
60 

133 
133 
113 

80 
53 
40 

160 
173 
147 

87 
67 
73 

220 
220 
187 

67 
67 
53 

233 
227 
220 

33 
33 
33 
36 

pH 

4.0 
4.0 

69 d 
127 c 

58 d 
160 b 

76 d 
209 a 

62 d 
227 a 

33 e 
21 
24 

124 a 
113 ab 
103 b 

12 
13 
19 . 0% 

H 

2 . 5 
2.5 

Ca 

633 
500 
500 
767 
800 
633 
900 
500 
700 
667 
733 
667 

1167 
1100 
1333 
1100 
1033 

933 
1400 
1400 
1600 
1200 
1400 
1167 
1500 
1100 

833 
399 

544 c 
733 c 
700 c 
689 c 

1200 b 
1022 b 
1467 a 
1256 'ab 
1144 b 
230 
266 

1037 a 
952 a 
930 a 
133 
140 

C.E.C . 

4 . 5 
4 . 5 

H 

2 . 8 
3.3 
3 . 8 
2 . 5 
2.8 
3 . 3 
2 . 5 
3.0 
3.2 
2.3 
2.0 
2.5 
1. 8 
2 . 2 
2 . 0 
1. 0 
1. 2 
1. 5 
0.8 
0.8 
1. 3 
1. 0 
0.8 
1. 0 
2.5 
2.7 
3 . 2 
0.7 

3 . 3 a 
2.9 b 
2.9 b 
2. 3 e 
2 . 0 c 
1.2 d 
1. 0 d 
0 . 9 d 
2.8 b 
0.38 
0.44 

1. 9 b 
2.1 b 
2.4 a 
0.22 
0 . 23 

24. 4% 18. 5% 

Duncan's Multiple Range Test: Results followed by the same letters are not significantly different( . 05). 

pH 

4.8 
4.5 
4.4 
5.1 
5 . 0 
4.8 
5.2 
4.7 
4.7 
5.3 
5.6 
5.0 
5.7 
5.4 
5.5 
6.1 
6 . 2 
5.8 
6.3 
6.2 
6.0 
6.2 
6.5 
6.2 
5.2 
5 . 2 
4.9 
0.7 

4. 56 e 
4. 97 de 
4. 90 de 
5. 29 cd 
5. 52 be 
5. 71 b 
6.18 a 
6. 30 a 
5. 09 d 
0.39 
0.45 

5. 55 a 
5 .. 47 a 
5.15 b 
0.23 
0.24 
7. 5% 

C.E.C. 

5.0 
4 . 8 
5 . 5 
5 . 3 
5 . 7 
5.7 
5.3 
4.5 
5.3 
5 . 0 
4 . 8 
5.2 
5.3 
5.& 
6.0 
4.8 
5 . 0 
4.8 
4.8 
4.8 
5.8 
5.3 
5.5 
5 . 2 
6 . 7 
5 . 8 
5.5 
0.9 

5 . 1 bed 
5 . 5 abc 
5.1 bed 
5. O cd 
5. 6 ab 
4.9 d 
5. 2 bed 
5. 3 bed 
6 . O a 
0 . 5 
0.6 

5 . 3 a 
5.2 a 
5 . 4 a 
0.3 
0.3 

10.4% 



Portageville Field 
Initial Soil Tests : 

Sandy Loam Soil 
Clay Soil 

RATES OF NITROGEN 
1966 - 67 - - EXPERIMENTAL RESULTS 

OM 

1. 7 
2.4 

K 

440 
455 

1966 

Mg. 

260 
940 

Ca 

2500 
6500 

pH 

4.8 
5.5 

H 

3.0 
4.0 

C.E.C. 

11. 0 
24.8 

11 

1967 
Pounds Seed Cotton Per Acre Bushels Soybeans Per Acre 

Soil Treatment Sangy Loam Soil 
Carryover 

At Planting Nitrogen Nitrogen 

N+P 2o5+K20 Sidedress First Pick Total First Pick Total 

12+48+48 None 1750 ab 2096 b 1890 a 2284 b 

12+48+48 25 1791 a 2416 a 1970 a 2423 b 

12+48+48 50 1686 ab 2444 a 1970 a 2414 b 

12+48+48 75 1674 ab 2480 a 1924 a 2381 b 

12+48+48 100 1661 ab 2549 a 1975 a 2482 ab 

12+48+48 125 1601 ab 2470 a 2066 a 2683 a 

12+48+48 150 1525 b 2417 a 2058 a 2717 a 
Minimum L.S.R.(L.S.D.)(.05) 208 247 190 246 

Maximum L.S.R.(.05) 235 278 214 277 

Coefficient of Variance 8.4% 6.9% 6.5% 6. 7% 

Planted Replanted May 21 Replanted May 21 
Nitrogen Sidedress July 7 
*Nitrogen sidedress in 1965 but none in 1966 
Irrigated June 30 June 30 
2 Tons Limestone applied 1963 
(1) Nitrogen applied to cotton plots in 1965 but none to soybeans in 1967. 
(2) Nitrogen applied to cotton plots in 1966 but none to soybeans in 1967. 

Clay Soil 

First Pick Total 

Not harvested in 
1966 

Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different(. 05). 

Sangy Loam Soil Clay Soil 

(1) (2) (1) (2) 

39.4 a 44.9 a 38.4 a 36. 0 a 
41.4 a 41.6 b 38. 3 a 34. 8 a 
42. 8 a 41. 5 b 33.6 b 32. 1 ab 
41. 4 a 40. 8 b 34. 8 ab 32. 4 ab 
39. 7 a 38 . 4 be 37 . O ab 34.l a 
44.1 a 36.9 c 33.1 b 32. 9 ab 
43.9 a 40. 7 b 34. 0 ab 28.9 b 

5 . 0 3.1 4.2 4.3 
5.7 3.5 4.7 4. 8 
8.1% 5.1% 7.9% 8.8% 

May 11 May 11 May 23 May 23 

These experiments on the two soil types at the Portageville Field were designed to measure the effectiveness of sidedressing different rates 

of nitrogen on cotton. Also yields were obtained from the area on which nitrogen was applied in 1965 but not in 1966 - to determine if nitrogen 

will carry over from one year to the next. 
The cotton experiment was terminated in 1966 and in 1967 Hill soybeans were planted in the plots to determine what effect the previous soil 

treatments would have on soybean yields. 
In 1966 a total of 37 pounds of nitrogen appeared to be ample for maximum cotton yields on the sandy loam soils. On the residue (Carryover) 

area 125 and 150 pounds of nitrogen applied in 1965 produced highest yields . 
Cotton on the clay soil in 1966 was late and an early freeze prevented harvesting these plots. 
Soybean yields in 1967 were irratic and difficult to draw conclusions as to effect of previous soil treatments. 
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Clarkton Field 
Initial Soil Test: 

Topsoil: 
Subsoil: 

Soil Treatment 

At Planting Sidedress 

No Treatment 
13+5o+50 None 
13+5o+50 25+ o+O 
13+5o+50 5o+ O+O 
13+5o+50 75+ o+O 
13+5o+50 lOo+ o+o 
13+5o+50 125+ O+O 
13+5o+50 15o+ O+O 
13+5o+50 25+ 8+0 
13+5o+50 5o+l6+0 

RATES OF NITROGEN 
1966-67 EXPERIMENTAL RESULTS 

OM P205 K Mg. Ca pH H 

1.3 212 330 40 600 4.1 2.0 
0.8 80 300 40 600 4.0 2.0 

1966 
Pounds Seed Cotton Per Acre 

*"Residue" 
First Pick Total First Pick Total 

1342 b 1529 e 1868 c 2042 d 
1810 ab 2024 d 2375 ab 2617 abc 
2063 a 2452 be 2225 abc 2519 abc 
2057 a 2605 abc 2329 ab 2605 abc 
1950 a 2491 abc 2369 ab 2632 abc 
2048 a 2678 ab 2522 a 2809 a 
2149 a 2791 a 2357 ab 2705 ab 
1895 ab 2543 abc 2369 ab 2739 a 
2140 a 2464 be 2219 abc 2495 abc 
2005 a 2501 abc 2036 be 2268 bed 

C.E.C. 

4.0 
4.5 

Soil Type 

Sand 
Sand 

1967 
Bushels Soybeans Per Acre 

(1) (2) 

40. 5 abc 45 . 2 a 
39. 4 abc 44.4 a 
40. 2 abc 47 . 2 a 
41. 9 ab 45. 7 a 
43. 8 a 45. 6 a 
40. 3 abc 45. 9 a 
41. 3 abc 44.4 a 
40. 7 abc 46 . 3 a 
39.4 abc 47.4 a 
40. 1 abc 43.4 a 

13+5o+50 75+24+0 2094 a 2684 ab 2161 abc 2427 abed 39.4 abc 44.6 a 
13+5o+50 10o+33+0 
13+ o+ 0 5o+ o+o 
13+ o+ 0 lOo+ o+O 

Minimum Least Significant Range(L. S. D. )( . 05) 
Maximum Least Significant Range(. 05) 
Coefficient of Variance 

1929 ab 
1843 ab 
1883 ab 

293 
346 

9.1% 

Two tons dolomitic limestone applied in 1961 and two tons in 1962. 
* Sidedress in 1965, none in 1966. 

2510 abc 
2326 c 
2366 c 

261 
308 

6. 5% 

Auburn M cotton planted May 3, 1966, 1967 Hill soybeans planted May 5, 1967. 

2320 ab 
2253 abc 
2339 ab 

374 
441 

10. 0% 

1966 irrigated June 27, July 12 and 27, 1967 irrigated June 15, August 14 and September 5. 

2641 ab 
2580 abc 
2650 ab 

397 
468 

9.4% 

** Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different (. 05) 

39. 8 abc 46.2 a 
38 . 4 be 46. 5 a 
36.9 c 46.9 a 
3.8 3.5 
4.4 4.2 
5. 6% 4.6% 

This experiment was designed to determine the optimum rate of nitrogen for cotton on this sandy soil, and to measure any value in 
the addition of phosphate to the sidedress application of nitrogen . In 1967 the cotton experiment was terminated, and soybeans planted in 
the plots to measure the effects of preVious soil treatments on soybean yields. No fertilizer was applied to the soybeans in 1967. 

(1) Yields of soybeans on plots on which nitrogen was applied in 1966. 
(2) Yields of soybeans on plots on which nitrogen was applied in 1965. 
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RESPONSE.. OF VARIETIES TO FERTILITY TREATMENTS 
1966 EXPERIMENTAL RESULTS 

Clarkton and Portageville Fields 
Initial Soil Tests : OM K 

350 
440 
455 

Mg. 

40 
260 
940 

Ca 

600 
2500 
6500 

pH 

4 . 1 
4.8 
5.5 

H 

2. 5 
3.0 
4.0 

C.E . C. Soil Type 

Sand Clarkton 1 . O 
Portageville-Loam 1. 7 
Portageville-Clay 2. 4 

Variety 
Soil Treatment 

N+P 2o5 +K20 
Clarkton 

Auburn M 
50+50+50 

100+50+50 
150+50+50 

50+50+5 0 
100+50+50 
150+50+5 0 

Deltapine 45 
50+50+50 

100+50+50 
150+50+50 

Missouri 470 
50+50+5 0 

100+50+50 
150+50+50 

Stoneville 213 
50+50+50 

100+50+5 0 
150+50+50 

Minimum L. S. R. (L. S. D. )(. 05) 
Maximum L.S.R . (. 05) 

Y_b._R_LE_~X_M...!!:_~~§-

Auburn M 
Rex SL 
Deltapine 45 
Missouri 470 
Stoneville 213 
Minimum L.S.R.(L.S. D. )(. 05) 
Maximum L.S.R.(.05) 

~Qlb_!B_E_~!.M..~~1'_.M..~~l'..§_ 

50+50+50 
100+50+50 
150+50+50 

Minimum L. S. R. (L. S. D. )(. 05) 
Maximum L. S. R. (. 05) 
Coefficient of Variance 

First Pick Total 

1271 bed 
1510 ab 
1611 a 

1294 be 
1438 abe 
1379 abe 

576 gh 
462 h 
619 gh 

943 ef 
983 def 

1202 ede 

953 ef 
845 fg 

1146 ede 
270 
314 

1464 a 
1370 a 

552 c 
1043 b 

982 b 
156 
172 

1007 b 
1047 b 
1192 a 

121 
127 

14. 7% 

1507 cde 
1873 ab 
2027 a 

1530 bcde 
1749 abc 
1677 abed 

793 g 
704 g 
917 fg 

1290 e 
1376 de 
1687 abed 

1218 ef 
1225 ef 
1543 bcde 

323 
376 

1803 a 
1652 a 

805 c 
1451 b 
1329 b 

187 
206 

1268 b 
1385 b 
1570 a 

145 
152 
13.5% 

f'ounds Seed Cotton Per Acre 

4 . 5 
11. 0 
24.7 

Portageville-Loam Portageville-Clay 
First Pick Total First Pick Total 

1896 a 
1677 abc 
1766 ab 

1373 def 
1024 gh 

899 h 

1605 bed 
1488 cde 
1338 def 

1447 cde 
1241 efg 
1134 fgh 

1312 ef 
1136 fgh 
1037 gh 

245 
285 

1779 a 
1099 d 
1477 b 
1274 c 
1162 c 

141 
156 

1527 a 
1313 b 
1235 b 

109 
115 

10. 6% 

2416 ab 
2433 ab 
2596 a 

2193 be 
2059 cd 
188 0 cd 

2181 be 
2189 be 
2010 cd 

2143 be 
2087 c 
2008 cd 

1970 cd 
1763 d 
1773 d 
276 
321 

2482 a 
2044 b 
2127 b 
2079 b 
1835 c 

159 
176 

2181 a 
2106 a 
2054 a 

124 
130 

7. 7% 

731 ab 
869 ab 
809 ab 

837 ab 
894 a 
901 a 

798 ab 
720 ab 
619 b 

963 a 
933 a 
809 ab 
235 
269 

803 ab 
877 a 
712 b 
902 a 
135 
146 

832 a 
854 a 
784 a 
117 
123 

16.5% 

1098 c 
1449 ab 
1478 a 

1093 c 
1368 abc 
1391 abc 

1073 c 
1132 be 
1157 abc 

1293 abc 
1474 a 
1359 abc 

301 
345 

1342 a 
1284 ab 
1121 b 
1375 a 

174 
187 

1139 b 
1356 a 
1347 a 

150 
158 
13. 6% 

Sandy Loam 
Sharkey Clay 

1967 
Bushels Soybeans Per Acre 

Portageville 
Loam (1) Clay (1) 

41. 7 ab 
37 . 5 abc 
47. O a 

40 . 0 ab 
41. 3 ab 
37. 8 abc 

43 . 1 ab 
46 . 7 a 
43 . 8 ab 

44. 0 ab 
39. 7 ab 
33. 5 be 

34. 6 be 
28 . 8 c 
40. 6 ab 
9.3 

10.8 

42 . 1 a 
39 . 7 ab 
44 . 5 a 
39 . 1 ab 
34. 7 b 
5.4 
5.9 

40. 7 a 
38 . 8 a 
40 . 5 a 

4 . 2 

4.4 
13. 7% 

40. 8 a 
38. 8 ab 
40. 3 ab 

38 . 1 ab 
37 . 6 ab 
36. 9 b 

40 . 4 ab 
38 . 5 ab 
40 . 6 ab 

38 . 8 ab 
39.9 ab 
39. 3 ab 
3.3 
3.7 

39 . 9 a 
37. 6 b 
39. 8 a 
39. 3 ab 
1.9 
2.1 

39 . 5 a 
38. 7 a 
39. 3 a 

1. 7 
1. 7 

4. 8% 

Planting date May 19 May 22 (replanted) May 11 May 11 May 23 

Irrigated June 27-July 12, 27 June 30 June 28-July 13 
50+50+50 banded at planting with additional nitrogen sidedress at bloom stage. 
*Yields for Auburn Mon Portageville-clay from rate of nitrogen test and not included in statistical analysis . 
Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different( . 05). 

The above experiments were designed to measure the response of five recommended varieties to varying rates of nitrogen on three 
soil types. 
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RESPONSE OF VARIETIES TO FERTILITY TREATMENTS 
1966 EXPERIME N TAL RESULTS 

"RESIDUE NITROGEN" 

Variety 

Clarkton and Portageville Fields 
Initial Soil Tests: OM 

Clarkton 1. 0 
Portageville-Loam 1. 7 
Portageville-Clay 2. 4 

1966 

K 

350 
440 
455 

Pounds Seed Cotton Per Acre 

Mg. 

40 
260 
940 

Ca 

600 
2500 
6500 

pH 

4.1 
4.8 
5.5 

***Soil Treatment 
N+P 2o5+K20 Clarkton Portageville.,-Loam Portageville- Clay 

Auburn M 
50+50+50 

100+50+50 
150+50+50 

Rex SL 
50+50+50 

100+50+50 
150+50+50 

Deltapine 45 
50+50+50 

100+50+50 
150+50+50 

Missouri 470 
50+50+50 

100+50+50 
150+50+50 

Stoneville 213 
50+50+50 

100+50+50 
150+50+50 

MinimumL. S. R . (L. S. D.) 
(. 05) 
MaximumL.S.R.( . 05) 

.YAR_!_E_T.X_M._E A ~-L 
Auburn M 
Rex SL 
Deltapine 45 
Missouri 470 
Stoneville 213 

Minimum L. S.R. (L. S. D.) 
(. 05) 
Maximum L. S. R. (. 05) 

50+50+50 
100+50+50 
150+50+50 

Min. L.S. R.(L.S. D.) 
(. 05) 
Max. L.S.R.( . 05) 
Coefficient of Variance 

Planting date 
Irrigated 

First Pick Total First Pick Total 

1474 ab 
1464 ab 
1333 abc 

1625 a 
1392 ab 
1379 ab 

1205 bcde 
875 ef 
842 f 

1268 bed 
924 def 

1012 cdef 

1205 bcde 
989 cdef 
838 f 

309 
360 

1424 a 
1465 a 

974 b 
1068 b 
1011 b 

179 
197 

1355 a 
1129 b 
10 81 b 

138 
145 

15. 3% 

May 19 

1959 abcde 1 794 abcde 
2175 a 1812 abed 
2136 ab 1947 ab 

2106 abc 
2027 abed 
2008 abed 

1628 def 
1405 f 
1415 f 

1880 abcde 
1569 ef 
1720 cdef 

1752 bcdef 
1759 bcdef 
1569 ef 

356 
414 

2090 a 
2047 a 
1483 c 
1723 b 
1693 b 

206 
227 

186 5 a 
17 8 7 a 
17 69 a 

159 
167 

11. 6% 

1593 def 
1524 ef 
1391 f 

1814 abed 
1936 ab 
2013 a 

1649 cdef 
1468 f 
1906 abc 

1700 bcde 
1786 abcde 
1562 def 

239 
278 

1850 a 
1502 c 
1921 a 
1674 b 
1683 b 

138 
152 

1710 a 
1705 a 
1764 a 

107 
112 

8.1% 

2072 def 
2224 abed 
2446 ab 

2181 bcde 
2217 abed 
2839 abed 

2153 cde 
2339 abed 
2456 a 

1949 ef 
1868 f 
2375 ab 

2158 cde 
2357 abc 
2235 abed 

237 
275 

2247 a 
2246 a 
2316 a 
2064 b 
2250 a 

137 
151 

2103 b 
22 01 b 
23 70 a 

105 
111 

6. 3% 

June 27-July 12, 27 
May 22 (replant) 
June 30 

***Soil fertility treatment in 1965. None applied in 1966. 

First Pick Total 

108 e 
115 de 
344 b 

98 e 
211 cd 
316 be 

289 be 
309 be 
495 a 

238 be 
264 be 
337 b 

98 
112 

189 c 
209 c 
364 a 
280 b 

56 
61 

183 b 
22 5 b 
37 3 a 

49 
51 
21. 6 % 

May 11 

220 e 
227 e 
509 b 

222 e 
364 d 
490 be 

399 cd 
419 bed 
637 a 

378 d 
413 cd 
511 b 

89 
102 

319 b 
359 b 
485 a 
434 a 

51 
55 

305 c 
356 b 
537 a 

45 
47 
12. 9% 

June 38-July 13 

Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different(. 05). 

H 

2.5 
3.0 
4 . 0 

C. E.C. 

4.5 
11. 0 
24 . 7 

Soil Type 

Sand 
Sandy Loam 
Sharkey Clay 

1967 
Bushels Soybeans Per Acre 

Clarkton (1) Portageville 

40. 1 cd 
44. O abc 
45. 2 a 

43 . 6 abc 
44. 7 ab 
44. 2 abc 

38. 5 d 
43 . 1 abc 
43 . 5 abc 

43 . 4 abc 
44. 8 ab 
41. 3 abed 

40. 2 bed 
42 . 1 abed 
44. 0 abe 

4 . 0 
4 . 6 

43.1 a 
44.2 a 
41. 7 a 
43.2 a 
42 . 1 a 

2 . 3 
2.5 

41. 2 b 
43. 7 a 
43 . 6 a 

1. 8 
1. 9 
5. 5% 

May 5 
June 15, 
Aug. 14, 
Sept. 5 

Loam (1) Clay (1) 

40. 7 a 
41. 8 a 
41. 3 a 

41. 4 a 
37. 6 ab 
41. 8 a 

43. 0 a 
43. 6 a 
43. o a 

39 . 2 ab 
33.5 b 
39. 3 ab 

44.4 a 
44.2 a 
42. 8 a 

6.3 
7 . 3 

41.2 a 
40. 3 ab 
43.2 a 
37. 4 b 
43. 8 a 

3 . 6 
4 . 0 

41 . 8 a 
40.1 a 
41. 6 a 

2 . 8 
2.9 
9. 0 % 

May 11 

39. 9 ab 
37. 3 abcde 
39. 6 abc 

37. 9 abcde 
36. 7 bcde 
36.1 cde 

40. 6 a 
39 . 3 abc 
38. 7 abed 

37. 7 abcde 
35.4 de 
34. 7 e 

3. 2 
3. 6 

38.9 a 
36.9 a 
39.5 b 
35.9 b 

1. 9 
2.0 

39. O a 
37. 2 b 
3 7 . 3 b 

1. 6 
1. 7 
4. 8% 

May 23 



15 

METHODS OF APPLYING FERTILIZER TO COTTON 
1966-6 7 EXPERIMENTAL RESULTS 

Portageville Field 
Initial Soil Test: 

Topsoil: 
Subsoil 

OM 

2.5 
2 . 2 

K 

350 
380 

Mg. 

980 
1020 

Ca 

5300 
7000 

1966 

pH 

5. 4 
5.5 

H 

6. 5 
6. 0 

C.E.C. 

24.3 
28.5 

Soil Type 

Sharkey Clay 

1967 
Soil Treatment Pounds Seed Cotton Per Acre Pounds seed cotton per acre 

Preplant 
N+P205+K20 

No Treatment 
50+ 50+ 50 

Broadcast and bed 

75+ 75+ 75 
Broadcast and bed 

100+100+100 
Broadcast and bed 

50+ 50+ 50 
Band under bed 

100+ 100+ 100 
Band under bed 

50+ O+ 0 
Broadcast and bed 

100+ O+ 0 
Broadcast and bed 

Band at Planting 
N+P205+K20 

50+ 50+50 
100+100+100 

13+ 50+ 50 
13+ 50+ 50 

100+ O+ 0 

Sidedress 
N+P2o5+K20 

37+o+O 
87+0+0 

Minimum Least Significant Range(L.S. D. )(. 05) 
Maximum Least Significant Range(L. S. D. )(. 05) 
Coefficient of Variance 

Preplant fertilizer applied 
Cotton Planted 
Irrigated 
Sidedress 

First Pick 

754 e 

1029 cd 

1136 abed 

1102 bed 

1387 a 

1238 abc 

1293 ab 
1018 cd 

970 de 
940 de 

1054 bed 

1169 abed 

1031 cd 

227 
264 

12.4% 

May 10 
May 11 
June 28-July 14 
July 5 

*''Residue" **"Residue" 
Total First Pick Total Total (1) 

1011 b 

1611 a 

1824 a 

1866 a 

1944 a 

2028 a 

1792 a 
1797 a 
1620 a 
1737 a 
1882 a 

1857 a 

630 a 

351 a 

474 a 

390 a 

584 a 

543 a 

530 a 
486 a 
500 a 
676 a 
710 a 

678 a 

1776a 504a 

361 416 
420 484 

12. 2% 45 . 5% 

860 a 

516 a 

662 a 

571 a 

795 a 

793 a 

738 a 
1096 a 
701 a 
946 a 
962 a 

979 a 

518 e 

871 d 

1112 bed 

1151 abed 

1176 abed 

1517 a 

1245 abed 
1485 ab 

1068 cd 
1318 abc 
1513 a 

1148 abed 

704 a 1247 abed 

634 332 
737 386 

47.3% 16. 6% 

April 4 

Total (1) 

669 c 

713 be 

843 abc 

717 be 

598 c 

793 abc 

591 d 
846 abc 
656 c 

1043 a 
967 ab 

869 abc 

999 a 

245 
284 

18. 3% 

May 11 May 22- Aubur n M-May 22 
June 28-July 14 

July 3 

Duncan's Multiple Range Test: Yields followed by the same lette rs are not significantly different( . 05). 

* Fertilizer applied to plots in 1965 but none applied in 1966. 
** Fertilize r applied in 1966 but none in 1967 . 
(1) Due to late maturity only one picking was made in 1967. 

The above experiment was designed to determine the most efficient method of applying fertilizer . Banding the fertilizer under the bed or 

near the seed has been more productive as compared to broadcasting the same amount. 
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Portageville Field 
Initial Soil Test: 

Sandy Loam 
Clay 

OM 

1. 4 
3.2 

CROP ROTATION EXPERIMENT 
1966-67 -- EXPERIMENTAL RESULTS 

K 

540 
500 

Mg . 

160 
940 

Ca 

1700 
7000+ 

pH 

4.8 
5 . 3 

H 

2.5 
3. 8 

C.E . C. 

8 . 1 
22.1 

Pounds Seed Cotton Per Acre 
Crop Sequence Sandy Loam Soil (1) Clay Soil 

First Year Second Year Third Year 

Cotton Soybeans Corn 
Cotton Soybeans Wheat-Sudan 
Cotton Soybeans Wheat-Soybeans 
Cotton Soybeans Soybeans 
Cotton Fescue Fescue 
Cotton Cotton Cotton 

Minimum Least Significant Range(L. S. D. )(. 05) 
Maximum Least Significant Range( . 05) 
Coefficient of Variance 

Cotton Variety 
Date of Planting 
Fertilizer applied at planting 
50 pounds nitrogen sidedressed 
Irrigated 
All crops in rotation fertilized at optimum rates. 

1966 1967 
First Pick 

2497 ab 
2651 a 
2649 a 
2454 ab 
2394 ab 
2275 b 

275 
302 

6 . 1% 

Auburn M 
May 9 
50+50+50 
None 
July 1,29 

Total 

2742 ab 
2968 a 
2967 a 
2717 ab 
2702 ab 
2526 b 

245 
269 

4.9% 

First Pick 

2022 a 
2083 a 
2136 a 
2033 a 
2207 a 
2116 a 

300 
330 

7.9 % 

Auburn M 
May 11 
50+50+ 50 
None 

1967 
Total First Pick 

2416 a 1069 a 
2446 a 1036 a 
2568 a 1089 a 
2456 a 1089 a 
2545 a 1088 a 
2373 a 1283 a 

302 305 
332 335 

6 . 7% 15 . 1% 

Auburn M 
May 23 
50+50+50 
July 11 

(1) Cotton on clay soil was late in 1966 and due to early freeze the cotton was not harvested. Only one picking in 1967. 

Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different ( . 05). 

On the loam soil continuous cotton has depressed yields in 1966 and 67 as compared to cotton grown in rotation. 

Total 

1069 a 
1036 a 
1089 a 
1089 a 
1088 a 
1283 a 

305 
335 

15 . 1% 

These experiments were designed to determine the benefit of crop rotation in cotton production as compared to continuous cotton. 



Portageville Field 
Initial Soil Test: 

Sandy Loam 
Clay 

OM 

1.3 
2.8 
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COVER CROP EXPERIMENT 
1966-67 -- EXPERIMENTAL RESULTS 

P205 K Mg. Ca pH H C.E.C. 

224+ 520 160 1700 4.9 2.0 7.8 
176 530 948 6300 6.0 4 . 0 24.4 

Pounds Seed Cotton Per Acre 

Cover Crop 

None 
Rye 
Rye and Vetch 
Dixie Crimson Clover 
Austrian Winter Peas 
Field Brome 
Rye Grass 

Minimum Least Significant Range(L. S. D. )(. 05) 
Maximum Least Significant Range(. 05) 
Coefficient of Variance 

Cover Crops Planted 
Cotton Planted 
Fertilizer applied 

Starter 
Sidedress 

Irrigated 

Sandy Loam Soil 
1966 

First Pick 

1660 a 
1787 a 
999 b 

1214 b 
1142 b 
1907 a 
1739 a 

286 
318 

10. 8% 

Total 

2300 abc 
2412 ab 
1786 d 
2082 bed 
1930 cd 
2500 a 
2294 abc 

377 
418 

9. 7% 

September 20, 1965 
Auburn M-May 21 

50+5o+50 
None 
June 20-July 29 

1967 
First Pick Total 

1387 be 1763 abc 
1669 a 2079 a 
1196 c 1647 be 
1264 c 1664 be 
1218 c 1609 c 
1578 ab 1977 ab 
1427 be 1762 abc 

223 303 
248 336 

9. 0% 9. 5% 

September 16, 1966 
Auburn M-May 11 

50+50+50 
None 
None 

Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different(. 05) . 

( 1) Clay Soil 
1967 

First Pick Total 

904 ab 904 ab 
826 b 826 b 

1170 a 1170 a 
1002 ab 1002 ab 
926 ab 926 ab 
886 ab 886 ab 
884 ab 884 ab 

298 298 
331 331 

17. 8% 17. 8% 

September 16, 1966 
Auburn M-May 24 

50+50+50 
50# N July 11 
None 

(1) Cotton on the clay soil was late in 1966 and 1967. Due to early freeze the cotton was not harvested in 1966. In 1967 the season delayed 
cotton maturity and only one picking was made. 

On the sandy loam soil in 1966 and 1967 the non- legume cover crops produced higher yields than the legumes. The additional nitrogen 
provided by the legumes probably resulted in an excess supply of nitrogen. 

On the clay soil in 1967 the legumes increased yields over the non-legume cover crops . 

This experiment was designed to determine the effect of winter-cover crops on the organic matter content of the soil over a period 
of years. Considerable difficulty has been encountered in the establishment of stands of these winter crops. If crops are allowed to grow 
too late in the spring, considerable work is required in preparing the seedbed for cotton. 
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MINOR ELEMENT EXP ER IME NT 
19 6 6-67 -- E XPER I .. ME NTAL RESULTS 

Clarkton Field 
Initial Soil Test: OM P205 K Mg. Ca pH H C.E.C. Soil Type 

Topsoil: 0.7 202 130 160 1300 4.9 2 . 0 6.0 Sand 
Subsoil: 0.6 90 130 140 1700 4.2 2 . 0 7.0 Sand 

1966 1967 
Pounds Seed Cotton Per Acre Pounds Seed Cotton Per Acre 

*Soil Treatment **No Fine Lime **4T Fine Lime 1964 **No Fine Lime **4T Fine Lime 1964 
(Pounds E!er Acre) First Pick Total 

No Trace Elements 1382 a 1851 a 
0.5 Boron Banded 1706 a 2152 a 
0. 5 Boron Broadcast 1667 a 2054 a 
1. 0 Boron Banded 1490 a 2014 a 
1. 0 Boron Broadcast 1395 a 1877 a 
2.0 Boron Banded 1494 a 1975 a 
2.0 Boron Broadcast 1474 a 1896 a 
4.0 Boron Broadcast 1225 a 1664 a 
0. 75 Boron with Herbicide 1507 a 2001 a 

20 Copper Sulphate Banded 1539 a 2073 a 
20 Zinc Sulphate Banded 1399 a 1873 a 

Limestone Means 1480 1948 
Minimum L.S.R.(L.S. D. )(. 05) 430 432 
Maximum L.S.R.(.05) 494 495 
Coefficient of Variance 17.1% 13.0% 

Cotton planted Auburn M - May 19 
Irrigated as needed June 27, July 12 and 27 
** Four ton dolomitic limestone applied to all plots in 1963. 
* All plots 5o+50+50 banded at planting. 

First Pick 

760 a 
940 a 
806 a 
838 a 
848 a 
747 a 
809 a 
678 a 
799 a 
796 a 
773 a 

799 
324 
372 

23. 8% 

Total First Pick Total First Pick 

1209 a 1163 a 1461 a 943 a 
1441 a 1241 a 1494 a 1022 a 
1323 a 1199 a 1441 a 947 a 
1379 a 1207 a 1595 a 924 a 
1320 a 1028 a 1264 a 845 a 
1294 a 1215 a 1458 a 933 a 
1363 a 1199 a 1412 a 904 a 
1166 a 1150 a 1382 a 816 a 
1333 a 1081 a 1313 a 789 a 
1304 a 1107 a 1353 a 861 a 
1245 a 960 a 1173 a 881 a 

1307 1150 1395 897 
448 363 444 323 
514 416 509 371 

20. 1% 18. 5% 18. 7% 21.1% 

Auburn M - May 5 
June 16, August 15 and September 5 

Duncan's Multiple Range Test: Yield followed by the same letters are not significantly different(. 05). 

Total 

1202 a 
1245 a 
1205 a 
1123 a 
1035 a 
ll43 a 
1127 a 
1055 a 
969 a 

1107 a 
1090 a 

1118 
355 
407 

18. 6% 

Experiments in the greenhouse have indicated that high rates of limestone may result in trace element deficiencies in the soil. These 

results are from field studies designed to verify greenhouse results. 
The area of the field with 4 tons of fine lime in addition to the 4 tons of dolomitic limestone produced lower yields with all treatments 

as. compared to the area with only 4 tons of dolomitic limestone. Boron has increased yields but the increase has not been statistically 
significant. The soil pH in 1967 was 7. 2 on the area which received the 4 tons of fine lime as compared to pH 6. 1 on the areas which 
did not have the fine lime. 



NITROGEN REQUIREMENTS OF CORN 

1966-67 -- EXPERIMENTAL RESULTS 

Portageville Field 
Soil Type: Sanely Loam 
Initial Soil Test: 

Topsoil: 
Subsoil: 

Soil Treatment 

OM 

2.2 
2.0 

P205 K 

224+ 440 
185 260 

Mg. Ca pH H C.E.C. 

300 2800 4.8 3.5 12.5 
320 3100 5.0 3.0 12.5 

1966 1967 

Starter Sidedress Yield in Bushels Per Acre With Per Acre Planting Rates of: 

N+P 2o5+K20 N+P 2o5 +K2o 13,760 18,085 

0+25+25 0 39.8 22.6 

25+25+25 25+0+0 79 . 1 77.7 

25+25+25 75+0+0 107. 1 109.4 

25+25+25 125+0+0 116. 1 115.2 

25+25+25 175+0+0 113. 7 116. 8 

25+25+25 225+0+0 112.5 122.4 

25+25+25 275+0+0 110. 3 122.1 

L. S. D. ( . 05) For plant population 15 . 6 bushels 

L. S. D. ( . 05) For nitrogen treatment 9. 6 bushels 

Single Cross corn planted April 7-12 with starter and Sidedress May 13. 

Irrigated June 20, 29, and July 7. 
Harvested September 6 

0+50+50 0 
50+50+50 0 
50+50+50 50 
50+50+50 100 
50+50+50 150 
50+50+50 200 
50+50+50 250 

L. S. D. (. 05) For plant population 
L. S. D. (. 05) For nitrogen treatment 

22,800 

12. 2 
63.6 
95.3 

107. 3 
97 . 3 

109 . 7 
120. 7 

Applied plowdown soil treatment and 2 tons limestone before breaking rye under. 

Single Cross corn planted April 3. 
Irrigated June 14 
Harvested September 7 
Rye seeded on plots in fall of 1966 to increase organic matter content 

27,920 11, 733 16,685 20, 898 

20.8 
55.3 
87.4 

101. 2 
94.4 
99.3 

110.4 

16.1 8.3 7. 8 
37 . 4 43.2 23.7 
71. 4 78.9 79. 7 
80.0 103.6 111. 3 
83.9 111.1 110. 3 
87.6 115. 5 115.4 
82.6 116.2 112. 6 

7. 7 bushels per acre 
6 . 8 bushels per acre 

19 

24,858 

6 . 9 
16.5 
76.6 

107.1 
113. 8 
120.8 
123.0 

This experiment was designed to determine the optimum rates of planting and nitrogen for corn 

in Southeast Missouri. With the lower rates of nitrogen there was little value from higher rates of 

planting. When higher rates of nitrogen were applied a higher planting rate v.e.s necessary to utilize 

the treatments. Results indicate most optimum rate of planting as 17 to 20 , 000 plants with a total 

application of 200 pounds of nitrogen. 
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FERTILIZER REQUIREMENTS OF CORN AND SOYBEAN::, 
1966-67 -- EXPERIMENTAL RESULTS 

Portageville Field 
Initial Soil Test: 

Topsoil: 
Subsoil: 

Soil Treatment 

None 
100+ O+ 75 
100+ 25+ 75 
100+ 50+ 75 
100+ 75+ 75 
100+100+ 75 
100+ 75+ 0 
100+ 75+ 25 
100+ 75+ 50 
150+ 75+ 75 
100+ 75+100 
100+ 25+ 25 
100+ 50+ 50 
100+ O+ 0 
100+100+100 

OM 

2.2 
2 . 0 

Minimum Least Significant Range(L. S. D. )(. 05) 
Maximum Least Significant Range( . 05) 
Coefficient of Variance 

Planted: 
Irrigated: 
Stalk count plants per acre: 

K 

440 
260 

Mg. Ca pH H 

300 2800 4.8 3.5 
320 3100 5.0 3.0 

Corn 1966 
Bushels Per Acre 

13. 6 d 
113. 6 c 
122. 2 abc 
121. 9 abc 
139. 3 a 
114. 4 be 
116. o be 
120. O be 
116. 6 be 
114. 2 be 
121. 8 abc 
123. 6 abc 
118. 3 be 
120. 8 be 
132. 7 ab 

15.8 
18. 9 

9 . 7% 

Pioneer 3306-April 7 
June 20, 29-July 7, 15 
15,000 

C.E.C. Soil Type 

12.5 Sandy Loam 
12.5 Sandy Loam 

Soybeans 1967 
Bushels Per Acre 

50. 5 ab 
49. 5 ab 
48. 5 ab 
50. 9 ab 
48. 8 a 
46. 9 b 
45. 6 b 
48. 3 ab 
48. 7 ab 
48. 9 ab 
48. 8 ab 
49. 2 ab 
48. 7 ab 
51. 4 a 
48. 4 ab 

3. 7 
4.4 
5. 2% 

Hill-May 11 
September 11 

Duncan's Multiple Range Test: Any two yields not followed by the same letter are significantly different from each other at 
odds of 19:1 (5%). 

This experiment was designed to determine the need by corn for phosphorous and 
potassium on a soil testing high in these two elements. 

In 1965 only nitrogen was required for maximum yields of corn whereas in 1966 there 
was a response to phosphate and potash. 

In 1967 soybeans were planted on the same plots with no additional fertilizer . Yields 
were excellent but previous fertility treatments on the corn had little or no effect on the 
soybeans. 



Portageville Field 
Initial Soil Test: 

Sandy Loam Soil 
Clay Soil 

CROP ROTATION EXPERIMENT 
1966-67 -- EXPERIMENTAL RESULTS 

OM 

1. 4 
3.2 

K 

540 
500 

Mg. 

160 
940 

Ca pH 

1700 4. 8 
7000+ 5.3 

H 

2.5 
3. 8 

C.E.C. 

8.1 
22.l 

21 

Bushels of Soybeans Per Acre 

First Year 

Cotton 
Cotton 
Cotton 
Cotton 

Crop Sequence 

Second Year 

Soybeans 
Soybeans 
Soybeans 
Soybeans 

Third Year 

Corn 
Wheat-Sudan 
Wheat-Soybeans 
Soybeans 

Minimum Least Significant Range(L. S. D. )( . 05) 
Maximum Least Significant Range(. 05) 
Coefficient of Variance 

Hill soybeans planted 
Hill soybeans planted after wheat 
Irrigated 

Sandy Loam Soil 
1966 1967 

Second 
Year 

47. 9 a 
47. 3 a 
44. 5 ab 
42. lb 

3.6 
3.7 
3.9% 

May 27 
June 14 
July 1 

Third 
Year 

16.0 
32.5 

Second 
Year 

47. 2 ab 
49.4 a 
45.4 b 
41. 3 c 

3.1 
3.2 
3. 9% 

May 11 

Third 
Year 

19.5 b 
24. 5 a 

June 7 
September 11 

1966 
Second 

Year 

32. 9 a 
35. la 
33. 8 a 
34. la 

4.5 
4.7 
6.6% 

May 31 
June 21 
June 27 

Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different(. 05). 

Clay Soil 

Third 
Year 

13. 7 b 
33.2 a 

3.4 
3.4 
4.1% 

1967 
Second 

Year 

38. 2 a 
36. 8 a 
35. 7 a 
36.2 a 

2. 5 
2.6 
3.4% 

May 23 
June 7 

Third 
Year 

27. 5 b 
35 . 1 a 

This exp.,riment indicates the depression of approximately 10 bushels in yie lds of soybeans following 
soybeans on the loam soil as compared to the soybeans follow i ng cotton . The above data and previous dat a 
emphasizes the importance of rotating soybeans on this soil. 
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Portageville Field 
Initial Soil Test 

Sandy Loam 
Clay 

LIME AND FERTILIZER REQUIREMENT OF SOYBEANS 
1966-67 -- EXPERIMENTAL RESULTS 

P205 K Mg. Ca pH 

224+ 440 260 2500 4.8 

H 

3.0 

OM 

1. 7 
1. 9 224+ 310 940 6000 5.6 2 . 0 

C.E.C. 

11. 0 
21. 5 

Soil Treatment Bushels of Soybeans Per Acre 
Tons Limestone Annual Fertilizer 

N+P2o5+K20 

None None 
None 13+5o+50 
1 None 
1 13+5o+50 
2 None 
2 13+5o+50 
4 None 
4 13+5o+50 

Minimum Least Significant Range(L.S. D. )( . 05) 
Maximum Least Significant Range(. 05) 

1~~1Q~_1:..LQ..~-M~-~~~ 
Minimum Least Significant Range(L.S. D. )(. 05) 
Maximum Least Significant Range(. 05) 

blM_E:_ S T Qlf_E: __ f1~ A :Ii§_ 
None 
1 
2 
4 

Minimum Least Significant Range(L. S. D. )(. 05) 
Maximum Least Significant Range( . 05) 

E_!:_R_~1h1~~B_l!f_~AN_§_ 
None 
13+5o+50 

Minimum Least Significant Range(L.S. D. )(. 05) 
Maximum Least Significant Range(. 05) 
Coefficient of Variance 

Limestone applied 1963 
Hill Soybeans planted: 
Irrigated 

Fertilizer banded at planting 

1966 
Non -irrigated 

34.2 abc 
33. 8 abc 
34. O abc 
35. 3 abc 
34.1 abc 
33. 3 be 
33.9 abc 
33. 7 abc 

2 . 5 
2.9 

34.0 b 
0.02 
0 . 02 

34.0 e 
34.7 d 
33.7 g 
33 .8 f 

0.02 
0.02 

34.0 a 
34.0 a 

1.2 
1. 3 
4.1% 

May 27 

Sandy Loam 
1967 

Irrigated Non -irrigated Irrigated 

35. 5 ab 28.0 e 35.9 a 
35. 8 ab 28. O e 34.3 ab 
35.2 abc 29.2 de 36.4 a 
36.4 a 27. 8 e 34.9 a 
34.6 abc 31. o cd 36.0 a 
35. 7 ab 27.6 e 34. 3 ab 
33. 5 be 29. 6 de 35.2 a 
32.6 c 28.1 e 32. 1 be 

2.1 
2.4 

34.9 a 28 . 7 b 34.9 a 
0 . 02 
0.02 

35.7 b 28 . 0 h 35.0 c 
35.8 a 28 . 5 g 35.7 a 
3 5. 1 c 29 .3 e 35.1 b 
33 . 1 h 28. 9 f 33.7 d 

0.03 
0.03 

34. 7 a 29.5 c 35.9 a 
35.1 a 27.9 d 33 . 9 b 

1. 0 
1.1 
3. 8% 

May 27 May 11 May 11 
July 28 Aug. 17 

Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different(. 05). 

Cla:y Soil 
1966 1967 

Irrigated Irrigated 

28. 5 b 36. 6 ab 
28.3 b 34.1 c 
28.6 b 37. 9 a 
29.1 b 35. 7 abc 
28. 6 b 37. 0 ab 
29. 7 ab 36. O abc 
32. 3 a 37. 0 ab 
29. 0 b 34 . 9 be 

3.0 2.3 
3.3 2.5 

28.4 a 35.3 a 
28.9 a 36.8 a 
29. 1 a 36.5 a 
30. 6 a 36 . 0 a 

2. 1 1 . 6 
2.3 1. 7 

29.5 a 37.1 a 
29 . 0 a 35.2 b 

1. 5 1. 1 
1. 5 1.1 
5 . 5% 3.3% 

May 31 
July 13 + Aug. 21 
Sept 10 

Irrigation increased yields significantly in 1966 and 1967 on the sandy loam soil. Fertilizer has 
not increased yields of soybeans on these two soils which test high in phosphorous and potassium. 
Limestone has not responded on these soils in 1966 and 1967. 

This experiment was designed to determine the need for limestone by soybeans on the two soil 
types at the Portageville Field. Irrigation was included in the study on the sandy loam soil whereas 
water was applied as needed on clay soil only. 



LIME AND FERTILIZER REQUffiEMENTS OF SOYBEANS 
1967 -- SOIL TEST RESULTS 

Portageville Field 
Initial Soil Test: 

Sandy Loam 
Clay 

OM 

1. 7 
1.9 

K 

440 
310 

Mg. 

260 
940 

Ca 

2500 
6000 

Soil Treatment 
Annual Fertilizer Tons Limestone 

Portageville Loam 

N+P2o5+K20 0. M. P 205 K 

.!:<lM_E:_l?_'!.Ql!_E_JL ... E.~g]'j_!-1_~...!'-ll_~_E:.A.!!§._Ui_Q!:!...:!R RJ.9.A.'!:.~..PJ 
None None 2. 2 a 201 fg 363 d 
None 13+50+50 2. 2 a 318 ab 403 abed 
lT None 2.2 a 203 fg 350 de 
1 T 13+50+50 2 . 3 a 297 b 430 abc 
2T None 2. 2 a 224 ef 374 d 
2T 13;-50+50 2 . 2 a 309 b 436 ab 
4T 
4T 

None 
13+50+50 

2 . 3 a 
2.4 a 

259 cd 
341 a 

350 de 
440 a 

.!:<!M_E_i?_!.Ql!_E __ ~_y_~g]'j_!..J±...!'..A._~£:.A.!!§._U.!l~__I_Q.~!_E:_QJ_ 
None None I. 8 b 160 h 310 ef 
None 13+50+50 1. 8 b 250 de 374 d 
1 T None 1. 8 b 164 h 270 f 
IT 13+50+50 
2T None 
2T 13+50+50 
4T None 
4T 13+50+50 
Min!mum L.S.R.(L.S. D. )(.05) 
Maximum L. S. R. (. 05) 

!J.!.g!Q_b-_'.!'._~Q..~..l!'!~-~~§. 
Non-irrigated 
Irrigated 
Minimum L. S. R. (L. S. D. )(. 05) 
Maximum L.S.R.( . 05) 

11ME!''!:_Ql!_!:_l1.!;~_l'i_~ 
None 
lTon 
2Ton 
4Ton 
Minimum L.S.R.(L.S.D.)(.05) 
Maximum L.S.R.(.05) 

f~lt'!:.1~1~~.!l_!'l_~~..!'.IJL 
None 
13+50+50 

Minimum L.S.R. (L.S. D. )(. 05) 
Maximum L.S.R.(.05) 
Coefficient of Variance 

1. 9 b 
1. 8 b 
1. 9 b 
1. 9 b 
1. 8 b 
0.2 
0.2 

2. 26 a 
1. 83 b 

. 02 

. 02 

2. 00 d 
2 . 04 c 
2 . 05 b 
2 . 10 a 

. 04 

. 04 

2. 03 a 
2. 07 a 

. 74 

. 74 
5.9% 

261 cd 
178 gh 
288 be 
199 fg 
301 b 

28 
33 

269 a 
225 b 

0.1 
0. 1 

232 c 
231 d 
250 b 
275 a 

0.1 
0.1 

199 b 
295 a 

10 
10 

6 . 61,¥ 

367 d 
307 ef 
387 bed 
300 ef 
380 cd 

47 
54 

393 a 
337 b 

0.1 
0.1 

363 c 
354 d 
376 a 
367 b 

0.1 
0.1 

328 b 
402 a 

16 
16 

7 . 4% 

Mg. 

220 de 
213 e 
260 be 
246 bcde 
260 be 
246 bcde 
213 e 
213 e 

300 a 
307 a 
246 bcde 
280 ab 
246 bcde 
240 cde 
240 cde 
254 bed 

31 
36 

234 b 
265 a 

0.1 
0.1 

260 a 
258 b 
248 c 
230 d 

0 . 1 
0.1 

248 a 
250 a 

11 
11 
7.3% 

Portageville Clay 

None None 
None 13+ 50+50 
1 None 
1 13+50+50 
2 None 
2 13+50+50 
4 None 
4 13+50+50 
Minimum L. S. R. (L. S. D. )(. 05) 
Maximum L.S.R.(.05) 

11M_E:_l?_'!:.Ql!_!: __ l1.~Al'i.i?.. 
None 
lT 
2T 
4T 
Minimum L.S.R. (L.S. D. )(. 05) 
Maximum L.S.R.(.05) 

None 
13+50+50 

Minimum L.S.R.(L.S. D. )(. 05) 
Maximum L.S.R.(.05) 
Coefficient of Variance 

2.30 a 
2.43 a 
2.47 a 
2. 33 a 
2.43 a 
2.43 a 
2.40 a 
2 . 27 a 

. 46 

.50 

2.37 a 
2 . 40 a 
2.43 a 
2.33 a 

. 33 

. 35 

2.40 a 
2. 37 a 

.23 

.23 
10. 3% 

211 a 
261 a 
229 a 
274 a 
238 a 
265 a 
244 a 
231 a 

59 
64 

236 a 
252 a 
252 a 
238 a 

41 
44 

231 a 
258 a 

29 
29 
12. 8% 

467 a 
473 a 
487 a 
467 a 
437 a 
450 a 
437 a 
453 a 

73 
80 

470 a 
477 a 
443 a 
445 a 

51 
55 

456 a 
461 a 

36 
36 

8.4% 

940 a 
900 a 
927 a 
927 a 
913 a 
940 a 
913 a 
913 a 

55 
61 

920 a 
927 a 
927 a 
913 a 

39 
42 

923 a 
920 a 

28 
28 

3 . 2% 

pH 

4 . 8 
5.6 

Ca 

3333 fgh 
3267 gh 
3633 cde 
3700 cde 
3767 bed 
3666 cde 
4166 a 
4267 a 

H 

3.0 
2.0 

3267 gh 
3233 h 
3467 efgh 
3500 efg 
3533 ef 
3500 efg 
4000 b 
3866 be 

237 
273 

3725 a 
3545 b 

11 
11 

3275 d 
3575 c 
3617 b 
4075 a 

0.1 
0. 1 

3646 a 
3625 a 

84 
84 
3. 8'ii 

5733 b 
5767 b 
5833 ab 
5767 b 
5900 a 
5833 ab 
5900 a 
5900 a 

115 
126 

5750 e 
5800 be 
5867 ab 
5900 a 

82 
87 

5842 a 
5817 a 

58 
58 
10. 5% 

H 

C.E.C. 

11. 0 
21. 5 

2. 7 a 
2. 5 ab 
2.2 be 
2. 3 abe 
2. 2 be 
2 . O ed 
1. 3 ef 
1. 7 de 

1. 5 ef 
1, 7 de 
1. 0 f 
1.2 ef 
1.2 ef 
1. 2 ef 
0 . 3 g 
0. 5 g 
0.4 
0.5 

2.1 a 
1.1 b 

. 01 

. 01 

2 . 1 a 
1. 7 b 
1. 6 e 
1. 0 d 

. 01 

. 01 

1. 5 a 
1. 6 a 

.2 

.2 
16.4% 

5.3 a 
4.5 b 
4.3 be 
3. 7 bed 
3. 8 bed 
3. 5 ed 
3.0 d 
3. 5 ed 

. 82 

. 89 

4.9 a 
4. 0 b 
3 . 7 be 
3 . 3 e 

. 58 

. 61 

4.1 a 
3. 8 a 

. 41 

.41 
10.9% 

Duncan's Multiple Range Test: Results followed by the same letters are not significantly different (. 05). 

pH 

5. 4 h 
5 . 3 h 
5.6 g 
5. 6 fg 
5. 7 efg 
5. 7 efg 
6.1 be 
5.9 d 

5. 7 ef 
5. 8 e 
6.1 b 
6. O cd 
6. 1 bed 
5. 9 d 
6 . 5 a 
6. 5 a 
0 . 1 
0.2 

5. 7 b 
6.1 a 

. 01 

. 01 

5. 6 d 
5. 8 c 
5. 7 b 
6. 3 a 

. 01 

. 01 

5.9 a 
5 . 8 b 

.06 

.06 
1. 4'X 

5.5 d 
5. 7 cd 
5. 8 be 
6. O a 
5.9 ab 
6 . O a 
6.1 a 
6. 0 ~ 

.18 

.20 

5. 6 c 
5.9 b 
!l. O ab 
6.1 a 

.13 

.14 

5 . 8 b 
5. 9 a 

. 09 

. 09 
1. 7% 

23 

C.E.C • 

12. 5 be 
12. O ed 
12. 7 be 
13.2 ab 
13.2 nb 
12. 8 b 
12. 8 b 
13. 7 a 

11. 3 de 
11. 5 de 
11. O e 
11. 3 de 
11. 3 de 
11. 3 de 
11. 7 de 
11.7de 
0.7 
0.8 

12.9 a 
11.4 b 

. 02 

. 02 

11.8 d 
12. 0 c 
12. 2 b 
12.5 a 

.01 

. 01 

12.1 a 
12.2 a 
0.3 
0.3 
3. 2% 

24.2 a 
23 . 2 be 
23. 5 ab 
22. 5 cd 
22. 8 bed 
22.7bcd 
22.0 d 
22. 5 ed 

. 84 

.91 

23.7 a 
23. 0 b 
22. 8 be 
22. 8 e 

.59 

. 63 

23.1 a 
22. 7 a 

.42 

.42 
l.9'i(. 
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Porta ville Field 

CHISELING AND IRRIGATION OF SOYBEANS 
1967 EXPERIMENTAL RESULTS 

Bushels of Soybeans Per Acre 
Sandy Loam Soil Clay Soil 

Non-irrigated Irrigated Non-irrigated 

Chisel Middles 

Check 

Irrigation Means 

Minimum Least Significant Range(L. S. D. )(. 05) 
Maximum Least Significant Range(. 05) 
Coefficient of Variance 

Hill Soybeans planted 
Irrigated 

44.9 a 46. 1 a 

44.9 a 48. O a 

44 . 9 47 . 0 

2 . 9 
2.9 
4 . 4% 

May 23 
August 23 and September 5 

Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different(. 05). 

36. 8 a 

37. O a 

36 . 9 

1. 6 
1. 6 
3. 0% 

May 23 
August 8 

Irrigated 

29 . 3 a 

29.1 a 

29.2 

The middles between rows were chisel e d 12 inches deep Jul y 19 in order to increase penetration 
of irrigation water. 

Chiseling increased yi e ld of so y bean s on the loam irrigated plots but not significantly. There 
was no effect of chiseling on the clay soil. 

Irrigation increased yields on both soil types in 1967 . 



Clarkton Field 
Initial Soil Test: 

Topsoil 

FERTILIZER AND IRRIGATION REQUIREMENTS OF SOYBEANS 
1966-67 -- EXPERIMENTAL RESULTS 

OM 

1. 0 

K 

160 

Mg. 

220 

Ca 

l100 

H 

2.2 

pH 

5. 5 

C.E.C. 

6.2 

Bushels Soybeans Per Acre 

Soil Treatment 

None 
(Seed not inoculated) 
0 + 0+30 
0 + 0+60 
0 +30+60 
7 -1/2+33+25-l/2+Traces 
7-1/2+33+25-1/2 
6 +18+3o+3 mn 
6 +22+22+3 zn 

4 lbs. Boron 
2 lbs. Boron 

100 lbs. Trace Element Mixture 
50 lbs. Nitrogen side dress July 

100 lbs. Nitrogen side dress July 
100 lbs. Sulphur 
Minimum Least Significant Range(L. S. D. )(. 05) 
Maximum Least Significant Range (. 05) 

Di~lQ.b_'i;:..LO_~-M~_A_~~ 

Minimum Least Significant Range(L. S. D. )(. 05) 
Maximum Least Significant Range (. 05) 

Coefficient of Variance 

Hill soybeans planted: 
Irrigated 

*Non-irrigated 

40. l abcdefgh 
38. 9 bcdefgh 
39. O bcdefgh 
36.0fgh 
42. 7 abcdefg 
38. 2 cdefgh 
43. 6 abcdef 
41. 6 abcdefgh 
37 . 8 defgh 
40 . 4 abcdefgh 
37. 4 efgh 
38. 3 cdefgh 
35 . 2 gh 
36. l fgh 
33. 6 h 

38. 6 b 

6.9 
8.3 

1. 8 
1. 8 

1966 

9.9% 

June 27 
July 12, 27 

May 5 

Irrigated 

40. 9 abcdefgh 
41. 5 abcdefgh 
44. 1 abcdef 
41. 4 abcdefgh 
47. 7 a 
45. 6 abcde 
46 . 8 ab 
46. 6 ab 
45 . 6 abcde 
44. 9 abcde 
45. 4 abcde 
45 . 9 abed 
43 . 5 abcdef 
46 . 3 abc 
44.1 abcdef 

44. 7 a 

June 27 
July 12, 27 
September 8 

Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different. 

1967 
Non-irrigated 

22.5 b 
22. 3 b 
23. 5 b 
21. 8 b 
25. 2 ab 
25 . 7 ab 
23. 8 b 
22. 8 b 
26. 0 ab 
28. 8 a 
23 . 3 b 
25.4 ab 
24. 3 ab 
25. 0 ab 
23 . 7 b 
4.2 
5.0 

24.3 

10.4% 

May 5 
None 

* These plots were irrigated same as irrigated plots except last irrigation September 8 on which no water was applied. 

25 

Irrigated 

37. 7 abc 
36. 4 abc 
36. 7 abc 
37.0abc 
43. 6 a 
39 . 4 abc 
42. 5 ab/ 
41. 9 abc 
36. 5 abc 
35. 4 be 
37 . 9 abc 
:36. 5 abc 
35 . 9 abc 
35. 6 be 
34. 5 c 
6.8 
8. 0 

37.8 

10. 8% 

June 15 
August 14 
September 5 

The one extra irrigation on September 8, 1966 increased yields of soybeans by 6 bushels. In 1967 irrigation increased yields on 
average of 13. 5 bushels as compared to the non-irrigated plots. The above data indicates a response to phosphate on the irrigated 
plots in 1967 even though the soil test indicates an ample supply. Trace elements did not improve yields but in some instances 
reduced yields of soybeans. 
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Portageville Field 
Initial Soil Test: 

Sandy Loam Soil 
Clay Soil 

NITROGEN AND IBRIGATION REQUIBEMENTS OF SOYBEANS 
1966 EXPERIMENTAL RESULTS 

OM 

2.0 
2 . 6 

K 

300 
453 

Mg. 

320 
1047 

Ca 

4200 
5567 

pH 

5.0 
5. 5 

H 

2.0 
4.2 

C. E.C. 

14.0 
23.0 

Bushels So:):'.beans Per Acre 
Soil Treatment 
N+P2o5+K20 

No Treatment 
50+0+0 

100+0+0 

Average 

Minimum Least Significant Range(L.S. D. )(. 05) 
Maximum Least Significant Range(. 05) 
Coefficient of Variance 

* Irrigated loam soil July 15, July 28 and September 9. 
**Irrigated clay soil July 13 and September 10. 

*Irrigated 

47. 8 a 
46.4 a 
49 . 3 a 

47.8 

4.0 
4.1 
3.7% 

Hill soybeans planted May 27 on loam and May 31 on clay soil. 

Sangy Loam Soil 
Non-irrigated **Irrigated 

48 . 0 a 22 . 7 a 
48. O a 22. 3 a 
48. 0 a 22 . 8 a 

48. 0 22 . 6 

5 . 2 2 . 4 
5 . 3 2. 5 
4.8% 4.7% 

Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different at 5% level. 

Cla:l:'. Soil 
Non -Irrigated 

21. 5 a 
21. 3 a 
21.1 a 

21. 3 

1.1 
1. 2 
2 . 4% 

Yields of soybeans were not significantly increased by nitrogen and irrigation on the loam soil but 

a slight increase in yield was obtained by irrigation on the clay soil. 



Portageville-Clay 
Initial Soil Test: 

Topsoil: 

OM 

1. 7 

WHEAT AND SOYBEAN ROTATION 
1966-67 -- EXPERIMENTAL RESULTS 

K 

500 

Mg. 

1140 

Ca 

3800 

H 

14.0 

pH 

4.2 

C.E. C. 

29.0 

27 

Bushels Per Acre 
1966 

Methods of Handling Wheat Straw Wheat So:i:::beans 

Straw burned - disc and plant soybeans 43. 8 a 20.2 b 

Straw scattered - disc and plant soybeans 42. 7 a 17. 8 b 

Straw scattered - break, disc and plant soybeans 43. 3 a 17. 8 b 

Straw scattered with 33 lbs. nitrogen 43.4 a 21. 3 b 
break, disc and plant soybeans 

Straw scattered - disc and plant soybeans 44.2 a 18. 3 b 
12+48+48 applied to soybeans 

Straw burned - disc and plant soybeans 45.4 a 20.4 b 
12+48+48 applied to soybeans 

Full season soybeans 37. 2 a 

Full season cotton Seed Cotton 1818 

Minimum Least Significant Range(L. S. D. )(. 05) 8.7 6.9 
Maximum Least Significant Range(. 05) 9.7 7.8 
Coefficient of Variance 7.5% 12. 2% 

Monon Wheat seeded November 18, 1965 
Full season Hill soybeans planted May 28, 1966 
Hill soybeans following wheat planted July 9, 1966 

Duncan's Multiple Range Test: Yields followed by same letters are not significantly different . 

Wheat planted in fall with 9+36+36 starter and topdress in March with 66# Nitrogen. 
No fertilizer applied to full season soybeans but rotated with cotton plots. 
Fertilizer applied to cotton plots 10o+50+50. 
All plots irrigated as needed. 

1967 
Wheat Soybeans 

27.9 ab 32.2 b 

25. 5 be 31. 9 b 

24.4 c 30. 7 b 

24. 7 c 32. 3 b 

27. 8 ab 30. 9 b 

29.4 a 32. 0 b 

40. 9 a 

Seed Cotton 1383 

5.4 5. 8 
6.0 6.6 
7.0% 6. 8% 

October 22, 1966 
May 23, 1967 
June 17, 1967 

This experiment was designed to determine the benef i ts of retaining the wheat stra w or burni n g 
prior to planting soybeans after harvesting the wheat. Also included various methods o f preparing 
the soil for planting soybeans . 

Above data indicates that full season soybeans have produced highest yields but did not have 
benefit of the wheat crop. Burning the straw as indicated above has produced as high or higher 
yields as compared to plowing it under. This fact may be changed after the experiment has 

. continued for several years. 
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FERTILIZER EXPERIMENTS WITH WHEAT 
1966 EXPERIMENTAL RESULTS 

SUMMARY OF INITIAL SOIL TESTS 
Location: OM P 2o5 K Mg. Ca pH H C. E .. C. Soil Type 

Clarkton Field 1. 0 240 135 30 0 4. 4 3 . 5 3. 8 Sand 
Portageville Field 1. 7 224+ 59 0 300 2500 4. 8 3. 0 11. 1 Fine Sandy Loam 
Portageville Field 2. 4 189 455 940 6500 5. 5 4. 0 24. 7 Clay 

Limestone has been applied to Clarkton and Portageville-Loam since initial soil tests were taken. Additional soil tests 
will be taken at completion of experiment. 

Basic 
Plowdown 

Soil Treatments 
Starter Nitrogen 

N+P 2o5+K2o Top Dress 

Bushels of Wheat Per Acre 
Clarkton Portageville 

Loam Clay 

(1) Bushels of Soybeans Per Acre 
Portageville Loam 

L~K1dL~~~_l: __ Q..E_~b.9_\Y.Q.9~~~-~I~B_12_~g~-~~_p_£!.!]'~_QQ~-~_F_E.g]'J~1~-~~-Q~_W_l!.~~1'_XJ~_I,::,.Q~ 
No Treatment 10.9 g 26. 9 e 9. 2 d 38. 1 ab 

9+36+36 None 14. 0 f 27. 4 de 12. 6 d 40.1 ab 
None 33#N-March 30 . 4 e 37. 6 abc 20. 7 c 37. 1 ab 
9+36+36 33#N-March 32. 9 de 38. 8 ab 24. 6 be 37. 8 ab 
None 66#N-March 34. 5 d 41. 1 a 32. 4 ab 35. 6 ab 
9+36+36 66#N-March 38. 6 c S7. 7 abc 36. 5 a 34.2 b 
9+36+ 36 lOO# N-March 42 . 1 abc 37. 3 abed 37. 9 a 35. 7 ab 
9+36+36 132#N-March 45. 5 a 30 . 1 bcde 40. 8 a 40 .6 a 

0+400+0 9+36+36 None 15. 1 f 28 . 4 cde 11. 0 d 34. 9 ab 
0+400+0 9+36+36 33#N-March 31. 2 de 36. 5 abcde 24. 5 be 34.2 b 
0+400+0 9+36+36 66#N-March 39. 6 be 37. 4 abed 32. 7 ab 36. 3 ab 
0+400+0 9+36+36 lOO#N-March 42. 4 abc 36. 9 abed 34. 8 a 35. 3 ab 
0+400+0 9+36+36 132# N-March 43. 3 ab 36. 5 abcde 37. 3 a 34.3 b 

Minimum Least Significant Range(L. S. D. )( . 05) 3.6 8.8 7.8 5.3 
Maximum Leas t Significant(. 05) 4 . 2 10 . 3 9 . 1 6.2 
Coefficient of Variance 6.6% 15.1% 16. 9% 8. 7% 

1~K1'JL~~~-~-Q..E_I!.M~_.9_F __ l'i.L12_~Q9.J:_~-~~g_k_LQ.~~lQ.£<_.9_J'i._Y_LE_bQ§_Q..f_.lY..~~~-12_ 

9+36+36 66#N-Seeding 22. 9 b 34. 8 b 38. 6 a 39. 8 a 
9+36+36 66#N-January 38. O a 38. 6 ab 38. 7 a 39. 2 ab 
9+36+36 66# N-March 39. 5 a 41. 7 a 45.1 a 37.6 b 
9+36+36 66#N-April 25. 1 b 38. O ab 43 . 4 a 38 . 9 ab 
9+36+36+Trace 66#N-March 38. 3 a 42. 5 a 45. 6 a 38. 6 ab 

Minimum Least Significant Range( L.S. D. )(. 05) 2.3 4.4 9.4 1. 6 
Maximum Least Significant Range(. 05) 2.4 4.7 10.1 1. 8 
Coefficient of Variation 3. 7% 5.4% 11. 8% 2.3% 

1~f1'_ll..~~~_l: __ Q..E_~I~B_12_~g_K~~-ILbL~~B..§_.9_~_\Y'..li~-~!_YL~1..PJL 

9+36+ 36 66#N-March 42. 0 ab 40. 8 a 46.0 a 38. 9 a 
75+36+36-March 40 . 5 b 44. 3 a 44. 7 a 36. 8 a 

9+ 0+36 66#N-March 40. 5 b 42. 8 a 45 . 4 a 35. 3 a 
9+36+ 0 66#N-March 43 . 4 a 42. O a 45.5 a 36. 8 a 
6+24+24 69#N-March 43. 3 ab 41. 7 a 45. 6 a 38.3 a 

12+48+12 63#N-March 41. 6 ab 41. 8 a 45. 8 a 39. 3 a 

Minimum Least Significant Range(L. S. D. )(. 05) 2.6 4.4 4.7 4.7 
Maximum Least Significant Range(. 05) 2.8 4.8 5.1 5.2 
Coefficient of Variance 3.4% 5. 7% 5. 6% 6.9% 

Monon wheat planted: Oct 4, 1965 Oct 5, 1965 Oct 7 , 1965 
Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different(. 05). 

These results indicate that nitrogen was essential at all locations. The application of a starter 

in addition to the nitrogen increased yields at all locations. 
The March application of nitrogen produced higher yields of vi.heat as compared to applying all 

nitrogen at seeding or in April but increases at two locations were statistically significant. 
(1) Hill soybeans were planted June 14 on the plots of the loam soil to determine carryover effect of 

the fertilizer applied to the wheat. No fertilizer wa s applied to the soybeans. Soybeans i rrigated 

July 7. 



FERTILIZER EXPERIMENTS WITH WHEAT AND SOYBEANS 
1967 EXPERIMENTAL RESULTS 

SUMMARY OF INITIAL SOIL TESTS 
Location : OM P 205 K Mg. Ca pH H 

Clarkton Field 1. O 240 135 30 O 4. 4 3 . 5 
Portageville Field 1. 7 224+ 590 300 2500 4 . 8 3. 0 
Portageville Field 2. 4 189 455 940 6500 5. 5 4 . O 

C.E. C. 

3.8 

29 

Soil Type 

Sand 
11. 1 Fine Sandy Loam 
24. 7 Clay 

Limestone has been applied to Clarkton and Portageville-Loam since initial soil tests were taken. 
taken at completion of experiment. 

Additional soil tests will be 

Basic 
Plowdown 

Soil Treatment 
Starter 

N+P2o5+K20 
Nitrogen 
Top Dress 

Bushels of Wheat Per Acre 
Clarkton Portageville 

Loa m Clay 

LNKJ.._lL~~..Q_E __ O_E_~b_9WQ.9W~~-~~~B_t_~g-~l'-~_.t'!..Lt-liQ.9_E_N_E~B-t-L~L~~g 

No Treatment 10. 8 c 17. 6 e 4. 8 f 
9+36+36 None 20. 6 b 22 . 0 d 5. 6 f 
None 33#N-March 24.5 b 27. 4 cd 13. 3 e 
9+36+36 33#N- March 32 . 1 a 31. O abc 16 . 3 d 
None 66#N- March 21 . 0 b 32. O abc 22 . 3 c 
9+36+36 66#N-March 32. 7 a 33.4 abc 26. 6 b 
9+36+36 lOO#N-March 32.2 a 31. 9 abc 28 . 7 ab 
9+36+36 132#N-March 33.8 a 35. 3 ab 30 . 1 a 

0+400+0 9+36+36 None 23. 8 b 23.2 d 6 . 6 f 
0+400+0 9+36+36 33#N-March 30 . 3 a 31. O abc 15. 9 d 
0+400+0 9+36+36 66#N-March 33 . 6 a 36. 6 a 26 . 7 b 
0+400+0 9+36+36 lOO#N-March 33 . 1 a 33. 5 abc 28 . 7 ab 
0+400+0 9+36+36 132#N-March 32. 7 a 29. 5 be 29. 7 a 

Minimum Least Significant Range(L. S. D. )( . 05) 4.5 5.6 2.5 
Maximum Least Significant Range( . 05) 5.2 6.5 2 . 9 
Cofficient of Variance 9.6% 11 . 3% 7.6% 

LNKJ.._lL~~..Q_E __ Q..E_~LM]: _ _9_F __ .t'!..Lt-liQ.9Jl:_N_~~.P-I,J_Q_~IlQl'_.9_.ti_X..LE_hQ.§ 

9+36+36 66#N- Seeding 29. 8 c 36. 8 ab 18. 3 b 
9+36+36 66#N-January 34.1 b 35. 4 be 18 . 7 b 
9+36+36 66#N-March 33. 9 b 39. O a 25 . 6 a 
9+36+36 66#N-April 29 . 7 c 33. 7 c 19. 7 b 
9+36+36+Trace 66#N-March 37.0 a 37. 8 ab 26 . 3 a 

Minimum Least Significant Range(L. S. D. )(. 05) 2.6 2.5 2 . 4 
Maximum Least Significant Range (. 05) 2.8 2.6 2.6 
Coefficient of Variance 4 . 2% 3 . 4% 5.9% 

1NKJ.._lL~~..Q_ll: __ Q..E_~~~B_T_~g_K]:Jt~1h~l~B.§_.9_.t'!.__X,.lJ!:_hQ.§ 

9+36+36 66#N-March 36 . 2 ab 39. 2 ab 24.4 ab 
75+36+36-March 33.1 b 37. 5 b 23. 5 b 

O.+ 0+36 66#N-March 36. 8 ab 40 . la 27. 9 a 
9+36+ 0 66#N-March 33.1 b 40 . 5 a 27 . 5 a 
6+24+24 69# N-March 37.9 a 39. 7 a 27. 8 a 

12+48+12 63#N-March 36. 9 ab 40.4 a 27.4 a 

Minimum Least Significant Range(L. S. D. )(. 05) 3.8 2.1 3 . 6 
Maximum Least Significant Range( . 05) 4.2 2.3 3.9 
'Coefficient of Variance 5.9% 2.9% 7.4% 

Monon wheat planted: s¢pt 23 ' 66 Oct 29 166 Oct 11 '66 
Wheat harvested: June 6 June 7 June 7 
Hill soybeans planted following wheat: 

Irrigated: 

Bushels of Soybeans Per Acre 
Clarkton Portageville 

Loam Clay 

28 . 3 b 21. 4 a 34. 8 a 
32 . 0 ab 22. 6 a 33 . 3 a 
31. 2 ab 20. 7 a 33 . O a 
34 . 2 ab 21. 8 a 33.1 a 
28 . 7 b 22. O a 33.1 a 
32 . 8 ab 21. 6 a 33. 0 a 
34. 2 ab 20. 9 a 34.2 a 
33. 8 ab 23 . 5 a 35 . 2 a 
34. 2 ab 23. 0 a 33 . 8 a 
35 . 9 a 22 . 9 a 34.1 a 
36 . 2 a 22. 6 a 35.4 a 
36.9 a 22. 5 a 34. 9 a 
36. 6 a 20 . la 34. 2 a 

5.2 3.8 4.1 
6.0 4.4 4.7 
9.1% 10. 2% 7.1 % 

34.4 a 27. 3 abc 41. 2 a 
32. 7 a 25. 7 c 41. 0 a 
33 . 8 a 26. 5 be 43. 2 a 
35 . 5 a 28. 2 a 42.6 a 
35 . 7 a 27. 6 ab 43 . 8 a 

3.0 1. 6 3. 9 
3 . 2 1. 7 4 . 2 
4.6% 3.1% 4 . 9% 

36 . 1 a 27. 8 a 39. 1 a 
37. 5 a 28. O a 39. la 
38. 3 a 26 . 6 a 38. 5 a 
38. 2 a 27 . 2 a 39 . 1 a 
37 . 9 a 28 . O a 41. 2 a 
38. 7 a 28 . 5 a 37 . 4 a 

3.6 3.0 4.1 
4.0 3. 3 4.5 
5. 3% 6. 0% 5. 8% 

June 8 Replanted June 8 
June 27 

Aug 14 Sept 11 Aug 18 
Sept 5 Sept 6 

Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different( . 05). 
These data indicate that nitrogen was essential at all locations. A complete starter increased yields at all locations but was not 

statistically significant on the Portageville sandy loam soil. 
Topdressing wheat in March produced higher yields than o& mes of application tested. 
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FERTILIZER EXPERIMENTS WITH WHEAT 
1966 EXPERIMENTAL RESULTS 

LOCATION: Jerry Griffith farm near Qulin, Missouri 

Initial Soil Test: 

Topsoil: 

Soil Treatment 

OM 

1. 6 

P205 

22 

K Mg . Ca pH 

60 180 1500 4.2 

Bushels of Wheat Per Acre 

H 

4.0 

Starter 
N+P205+K20 

Topdress 
N+P205+K20 

No 2 Tons Fine Fertilizer 

No Treatment 
9+36+36 

9+36+36 

9+36+36 

9+36+36 

9+36+36 
75+36+36 

9+36+36+Traces 
9+36+36 
9+36+36 
9+36+36 

33#N-March 
33#N-March 
50#N-March 
50#N-March 
66#N-March 
66#N-March 

lOO#N-March 
lOO#N-March 

75+36+36-March 
66#N-March 
66#N-January 
66#N-April 

132#N-March 

Minimum Least Significant Range(L. S. D. )(. 05) 
Maximum Least Significant Range (. 05) 
Coefficient of Variance 

bl !1~-~I..Ql:',J: __ 1'1,!;.b._l:i.~ 

No limestone 
2 Tons Fine Limestone 

Minimum Least Significant Range(L. S. D. )(. 05) 
Maximum Least Significant Range (. 05) 
Coefficient of Variance 

Limestone 

16. 8 fg 
23. 8 f 
11. 4 g 
38. 5 bcde 
15. 9 fg 
35. 8 de 
19. 2 fg 
44. 9 abed 
13.4 g 
46. 2 abc 
44. 4 abed 
18. 7 fg 
44. 8 abed 
35. 6 de 
37.4 cde 
36. 9 cde 

8.2 
10 . 0 
15.9% 

30. 2 b 
32. 5 a 

2.0 
2.0 

15. 9% 

Monon wheat planted October 26, 1965. Harvested June 17, 1966. 
Hill soybeans planted June 19 and harvested October 28, 1966 . 

Limestone Means 

18. 1 fg 17. 4 ef 
32. o e 27. 9 d 
10. 4 g 10. 9 g 
44. 6 abed 41. 5 abc 
11. 2 g 13. 6 efg 
42. 9 abed 39.4 c 
12. 8 g 16. 0 efg 
48. 1 ab 46. 5 ab 
10. 2 g 11. 8 fg 
45. 6 abc 45.9 ab 
47. 8 ab 46. 1 ab 
18 . 4 fg 18. 5 c 
50. 3 a 47.6 a 
42. 8 abed 39. 2 c 
40.2 bcde 38. 8 c 
44.2 abed 40. 5 be 

5.8 
7 . 0 

15.9% 

Duncan 's Multiple Range Test: Yields followed by the same letters are not significantly different(. 05). 

C.E.C. Soil Type 

8.5 Silt Loam 

Bushels of Soybeans Per Acre 
No 2 Tons Fine 
Limestone Limestone 

20 . 4 abc 22. 8 a 
19. 9 abc 24. 5 a 
15. 3 c 16. 4 b 
18. 6 abc 23. O a 
15. 7 c 20. 9 ab 
19. 6 abc 23. 8 a 
16. 6 abc 20. 0 ab 
20. 9 ab 22. 8 a 
16. 7 abc 15. 8 b 

120.4 abc 24.2 a 
21. 5 a 24. 3 a 
19. 4 abc 23. 8 a 
19.4 abc 24. 8 a 
18. 2 abc 22. 3 a 
19. 9 abc 22.2 a 
16. 1 abc 23. 3 a 

4.4 5.0 
5.2 5.9 

14.2 13 . 4 

18.7 
22.2 

Results indicate a significant increase in yields with the application of phosphate on this soil 

which has a low phosphate test. The application of limestone improved yields where nitrogen, 

phosphate, and potash were added. 
Nitrogen was essential for maximum yields with 66 pounds applied in March being the most 

effective. 
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1966 EXPERIMENTAL RESULTS 
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Soil Test: OM P205 K Mg. Ca pH H C.E.C. Soil Type 

Topsoil: 1. 6 22 60 180 1500 4.2 
Soil Treatment Bushels of Wheat Per Acre 

Starter 
N+P 2o5 +K20 

Pounds Nitrogen 
Topdress in March 

No 
Limestone 

fJi_Q_~E!!.b.J'_:§._~_EQ]'_A_~l.:!-~-~lM_E:_§_T_Q!:i_!:_ 
10+ O+ 0 50 7.4 k 
10+ 0+30 50 13. 0 j 
10-t. 0+60 50 12.1 j 
10+ 0+90 50 11. 2 jk 
10+30+ 0 50 26. 0 ghi 
10+30+30 50 23. 4 hi 
10+30+60 50 30 . 1 fgh 
10+30+90 50 32. 3 efgh 
10+60+ 0 50 42. 7 abed 
10+60+30 50 40. 3 bcde 
10+60+60 50 36. 6 cdef 
10+60+90 50 39. 2 bcdef 
10+90+ 0 50 36. 8 cdef 
10+90+30 50 46. 5 abc 
10+90+60 50 39. 7 bcdef 
10+90+90 50 43. 9 abc 
Minimum Least Significant Range(L. S. D. )(. 05) 8.7 
Maximum Least Significant Range(. 05) 10.7 

fli_Q_~E!!.b_T_:§._M_!:Al1§. 
0 10. 9 c 

30 28. 0 c 
60 39. 7 b 
90 41. 7 b 
Minimum L.S.R. (L. S. D. )( . 05) 4.4 
Maximum L.S.R.(. 05) 5.0 

E.9_12..M.B_MJl:_~E§_ 
0 28. 2 b 

30 30. 8 b 
60 29. 6 b 
90 31. 6 b 
Minimum L.S.R. (L.S. D. )(. 05) 4.4 
Maximum L.S.R.(.05) 5.0 

b1KE1..~T.QJ;<_E __ ~~.b_li~ 
No limestone 30. 1 b 
2 Tons Fine Limestone 37. 7 a 
Minimum L. S.R. (L. S. D. )(. 05) 2.2 
Maximum L. S. R. (. 05) 2.2 
Coefficient of Variance 15 . 7% 

Monon wheat planted October 26, 1965 and harvested June 17, 
Hill soybeans planted June 19 and harvested October 28, 1966. 

2 Tons Fine Fertilizer 
Limestone Means 

13. 7 j 10. 5 f 
20. 6 ij 16. 8 f 
16. 9 ij 14. 5 f 
19. 7 ij 15. 5 f 
39. 5 bcdef 32. 8 de 
33 . 3 defg 28. 3 e 
37 .1 cdef 33. 6 de 
42.4 abode 37. 4 cd 
46. 8 abc 44 . 7 ab 
49. 0 ab 44. 6 ab 
46. 6 abc 41. 6 be 
48. 0 ab 43. 6 abc 
46. O abc 41. 4 be 
50.9 a 48. 7 a 
45. 7 abc 42. 7 abc 
46.4 abc 45.2 ab 

6.2 
7.5 

17. 7 d 14. 3 c 
38.1 b 33. 0 b 
47.6 a 43. 6 a 
47.3 a 44.5 a 

3.1 
3.4 

36. 5 a 32. 3 a 
38.4 a 34. 6 a 
36. 6 a 33 . 1 a 
39.2 a 35.4 a 

3.1 
3.4 

1966. 

4.0 8.5 Silt Loam 
Bushels of So:l:'.beans Per Acre 

No 2 Tons Fine Fertilizer 
Limestone Limestone Means 

12. 2 l 25. O abcdef 18. 6 e 
15.6jkl 24 . 6 bcdef 20. 1 de 
12. 5 kl 18. 5 hijk 15. 5 f 
14. 2 kl 23. O defgh 18. 6 e 
17. 4 ijk 25. 5 abode 21. 5 bcde 
17 . 1 ijk 23. 5 cdefg 20. 3 cde 
17. 0 ijk 26. O abed 21. 5 bcde 
18. 0 ijk 27.3 abed 22. 7 abed 
21. O efghi 29. 7 a 25.4 a 
19. 9 ghij 29. 8 a 24. 8 ab 
18 . 0 ijk 27. 9 abc 22. 9 abed 
18. 9 ghijk 29. 5 a 24. 2 ab 
18.1 ijk 26.4 abed 22. 2 abed 
20. 6 fghi 29. 0 ab 24. 8 ab 
19. 8 ghij 27.4 abed 23. 6 abc 
18.0ijk 27. 5 abed 22. 8 abed 

4.1 2.9 
5.0 3.5 

13. 6 e 22. 8 c 18.1 c 
17. 4 d 25. 6 b 21.5 b 
19. 5 d 29. 2 a 24.3 a 
19.1 d 27. 6 ab 23.4 a 

2.1 1. 5 
2.4 1. 6 

17.2 b 26. 7 a 21. 9 ab 
18 . 3 b 26. 7 a 22.5 a 
16 . 8 b 24.9 a 20. 9 b 
17. 3 b 26. 8 a 22.1 ab 

2.1 1. 5 
2.4 1.6 

17 . 4 b 
26. 3 a 

1. 0 
1. 0 

11.5% 

Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different(. 05). 

The above data indicates that phosphate and limestone produced excellent yield increases of 
wheat but potash had little or no effect. This soil had a very low test in phosphorous and potassium. 
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Portageville Field 
Initial Soil Test: 

Sandy Loam Soil 
Clay Soil 

*Soil Treatment 

SOIL FERTILITY EXPERIMENT WITH SUGAR BEETS 
1966 -- EXPERIMENTAL RESULTS 

OM P205 K Mg. Ca pH 

2 .5 208 300 320 4200 5 . 0 
2.7 346 360 940 7000 5.9 

Sandy Loam Soil 

H 

2.0 
2.0 

Starter Nitrogen No Beets Percent Juice Purity Yield No Beets 

N+P205+K20 Side dress 100 Feet Sugar Percent Tons / Acre 100 Feet 

!!.':!.!Y..§ ~~~~~ 

No Treatment 114 a 12. 1 a 91. 3 12. 7 a 130 b 

5o+ 50+ 50 120 a 12 . 6 a 90 . 1 13 . 4 a 170 a 

lOo+ 50+ 50 114 a 12. 4 a 88 . 8 12 . O a 160 a 

lOo+ o+ 50 50#N 138 a 11. 6 a 87.8 12. 7 a 170 a 

lOo+ 50+ 0 50#N 123 a 11. 5 a 90.4 12. 8 a 158 a 

100+ 50+ 50 50#N 129 a 12. 1 a 89. 7 12 . 4 a 166 a 

100+ 50+ 50 50#N 50#N 123 a 11. 2 a 89. 6 11. 2 a 170 a 

lOo+ 50+ 50 lOO#N 140 a 11. 4 a 89. 4 12. 2 a 185 a 

lOo+lOO+lOO 123 a 11. 3 a 89. 5 12. 5 a 177 a 

100+100+100 50#N 50#N 111 a 11. 9 a 88.3 12. 9 a 159 a 

100+100+100 lOO#N lOO#N 126 a 10. 9 a 89. 1 12. 1 a 167 a 

100+ 100+ 1oo+ Boron 50#N 50#N 128 a 11. 2 a 89.9 12. 4 a 179 a 

lOo+lOo+lOO 50#N lOO#N 130 a 11. 8 a 90. 1 12. 6 a 169 a 

~!!_T..I~~t.El.ll.!!LM~~l}!l-
Minimum L. S. R. (L. S. D. )(. 05) 33 1. 5 2 .5 2.0 25 

Maximum L.S.R.(.05) 39 1. 7 2.9 2 .4 29 

Coefficient of Variance 18.4% 8. 8% 1. 9% 11. 3% 10 . 4% 

GWH 1 planted April 22 on loam: March 18 on clay soil. 

Irrigated as needed: June 24, July 15, July 28 (loam only), September 10. 

Duncan's Multiple Range Test: Yields followed by the same letters are not significantly different(. 05) . 

C.E.C. 

14.0 
24.0 

Cla Soil 
Percent Juice Purity Yield 
Sugar Percent Tons/ Acre 

14. 0 ab 92. 0 a 5.4 e 
14. O ab 91. 8 a 16. O cd 
14 . 4 a 91. 4 a 15 . 5 d 
14 . 2 a 91. 2 a 19 . 4 ab 
13 . 7 ab 90. 7 a 1 7. 4 bed 
14. 0 ab 91. 9 a 20. 0 ab 
13. 5 ab 90. 5 a 18.5abc 
14. 4 a 91. 6 a 19. 9 ab 
14. 3 a 92. 7 a 19. 1 ab 
13. 1 b 91. 9 a 18. 3 abc 
13. 1 b 89. 9 a 21. 1 a 
14 . 3 a 91. 3 a 19. O ab 
13. 5 ab 90. 1 a 18. 9 ab 

0.9 2 . 7 2.6 
1. 1 3.2 3.0 
4. 7% 2.1 % 10.1% 

Sugar beets were late on the loam soil because of necessity to repl ant. Soil physical properties 

of the loam are such that emergence of the small plants has been very difficult. 

The above data indicates that 100 to 150 pounds of nitrogen was required on the clay soil to 

produce maximum yields. 



Portageville Field - Clay Soil 
Initial Soil Test: 

Topsoil : 
Subsoil: 

SOIL FERTILITY EXPERIMENTS WITH ALFALFA 
1967 EXPERIMENTAL RESULTS 

OM P205 K Mg. Ca pH 

2.9 156 360 840 6000 5.7 
1. 9 203 400 965 6400 6.4 

H 

2.0 
1. 0 

Soil Treatment Tons Yield of Ha:I:'. Per Acre 
Initial 1967 
Fertilizer Topdress 1st Cutting 2nd Cutting 3rd Cutting 

Limestone N+P2o5+K20 N+P205+K20 June 12 July 18 August 10 

blM_E_~T.Q~.KJ~_...f_liB.JJJ..JJ:_~Il_Ml;_!'\_~§. 
None None None 1. 46 f 1. 19 c . 68 d 
None 0+400+ 0 0+50+ 0 1. 88 de 1. 33 ab . 79 be 
None 0+400+200 0+50+100 1. 92 cde 1. 29 be . 81 abe 
None 0+ 0+200 O+ 0+100 1. 68 ef 1. 41 ab . 74 bed 
3 Tons None None 1. 77 ef 1. 27 be . 75 bed 
3 Tons 0+400+ 0 0+50+ 0 1. 85 ef 1. 27 be . 72 ed 
3 Tons 0+400+200 0+50+100 2. 02 bcde 1. 38 ab . 83 ab 
3 Tons O+ 0+200 O+ 0+100 1. 92 cde 1. 34 abc . 80 be 
6 Tons None None 2. 31 abc 1. 26 be . 76 bed 
6 Tons 0+400+ 0 0+50+ 0 2 . 34 ab 1. 36 ab . 81 abc 
6 Tons 0+400+200 0+50+ 100 2. 30 abed 1. 35 ab . 82 abc 
6 Tons O+ 0+200 O+ 0+100 2. 68 a 1. 50 a .91 a 

Minimum Least Significant Range(L. S. D. )(. 05) . 38 .14 . 09 
Maximum Least Significant Range(. 05) . 38 .17 . 11 

bl~lL~T.Q~_E_J4.~.b.li.~ 
None 1. 73 b 1. 30 a . 76 b 
3 Tons 1. 89 b 1. 31 a . 77 b 
6 Tons 2 . 41 a 1. 36 a . 83 a 

Minimum Least Significant Range(L. S. D. )(. 05) . 19 . 07 . 05 
Maximum Least Significant Range(. 05) . 20 .08 . 05 

E~..!LT.L~L~~B_..M_li~~~-
None 1. 84 b 1. 24 c . 73 b 
0+400+ 0 0+50+ 0 2. 02 ab 1. 32 be . 77 ab 
0+400+200 0+50+100 2. 08 a 1. 34 ab . 82 a 
O+ 0+200 0+ 0+100 2.09 a 1. 41 a . 82 a 

Minimum Least Significant Range(L.S. D. )( . 05) .22 . 08 . 05 
Maximum Least Significant Range(. 05) .24 . 09 .06 
Coefficient of Variance 11. 0% 6.3% 7.0% 

Limestone and initial fertilizer applied September 1960. 
Buffalo alfalfa was reseeded September 1966 after losing previous stand to high water. 
Topclress application of fertilizer was applied only in 1967. 

C.E.C. 

21. 0 
21. 5 

4th Cutting 
Sept. 18 

. 48 ed 

. 52 bed 

. 55 abc 

. 55 abc 

.47 cd 

. 46 d 

. 53 bed 

. 56 abe 

. 55 abed 

. 54 bed 

. 63 a 

. 59 ab 

. 04 

. 04 

. 53 b 

. 50 b 

. 58 a 

. 04 

.04 

. 50 b 

. 51 b 

. 57 a 

. 57 a 

. 05 

. 05 
8. 7% 

Duncan's Multiple Range Test : Yields followed by the same letters are not significantly different(. 05). 
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Total 

3. 81 e 
4. 52 bed 
4. 57 bed 
4 . 38 cd 
4. 26 de 
4. 30 de 
4. 76 bed 
4. 62 bed 
4. 88 bed 
5. 05 be 
5. 10 ab 
5. 68 a 

.50 

. 58 

4 . 32 b 
4 . 47 b 
5.18 a 

.25 

. 26 

4. 31 b 
4. 62 ab 
4. 81 a 
4 . 89 a 

.29 

. 31 
6.4% 

The above data indicates maximum yields where six tons of limestone were applied in 
1960 with 100 pounds of potash top dressed in 1967 .. 

The stand of alfalfa has been very difficult to maintain on this soil because of high water 
and winter killing . 
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ALFALFA-FERTILIZER AND LIMESTONE 
1967 SOIL TEST RESULTS 

Portageville Field - Clay Soil 
Initial Soil Test : OM P205 K Mg. Ca pH H C.E.C. 

Topsoil: 2.9 156 360 840 6000 4 . 7 2.0 21. 0 
Subsoil: 1. 9 203 400 965 6400 6 . 4 1. 0 21. 5 

Soil Treatment 
Initial 1967 
Fertilizer Top dress 

Limestone N+P :;." 5+K20 N+P2o5+K20 O.M. P205 K Mg. Ca H pH C.E.C. 

blM_1'.:_~tQ~_E2._...K_J_~~1'l~l~J!:-~-M~-A-~~ 
None None None 2 . 80 a 369 ab 427 ab 947 ab 5700 e 2 . 67 be 6. 07 cd 21. 50 be 
None 0+400+ 0 0+50+ 0 2. 80 a 399 ab 447 a 1000 a 5733 de 3. 67 a 5. 87 e 22. 83 a 
None 0+400+200 0+50-t 100 2. 70 a 382 ab 420 ab 940 ab 5700 e 3 . 17 ab 5. 93 de 21. 83 abc 
None O+ 0+200 0+ 0+100 2.60 a 337 b 427 ab 980 a 5700 e 3 . 17 ab 5 . 93 de 22. 00 ab 
3 Tons None None 2. 60 a 354 ab 413 ab 973 ab 5800 cd 2.17 bed 6 . 23 abc 21. 17 be 
3 Tons 0+400+ 0 0+50+ 0 2. 70 a 397 ab 393 ab 960 ab 5833 be 2.17bcd 6 . 17 be 21. 33 be 
3 Tons 0+400+200 0+50+100 2 . 87 a 401 ab 440 ab 940 ab 5833 be 2. 50 bed 6 . 20 be 21. 67 be 
3 Tons O+ 0+200 O+ 0+100 2. 67 a 367 ab 417 ab 940 ab 5833 be 2. 50 bed 6. 17 be 21. 50 be 
6 Tons None None 2. 80 a 409 a 420 ab 960 ab 5933 a 1. 50 d 6 . 43 a 20. 83 c 
6 Tons 0+400+ 0 0+50+ 0 2. 80 a 416 a 413 ab 920 ab 5967 a 2. 00 cd 6. 33 ab 21. 33 be 
6 Tons 0+400+200 0+50+100 2. 87 a 416 a 400 ab 920 ab 5900 ab 1. 83 cd 6. 33 ab 20. 83 c 
6 Tons O+ 0+200 O+ 0+100 2. 73 a 401 ab 387 b 893 b 5900 ab 2 . 00 cd 6 . 30 ab 21. 00 be 

Minimum Least Significant Range(L. S. D. )(. 05) . 27 58 51 75 89 .91 .18 . 99 
Maximum Least Significant Range(. 05) . 31 67 59 86 103 1. 05 . 21 1.14 

bl M_E_~tQ~_E __ !v!E;~_l'i~ 
None 2. 73 a 372 b 430 a 967 a 5708 c 3 . 17 a 5. 95 c 22. 04 a 
3 Tons 2. 71 a 380 b 416 a 953 ab 5825 b 2.33 b 6.19 b 21. 42 b 
6 Tons 2 . 80 a 411 a 405 a 923 b 5925 a 1 . 83 c 6. 35 a 21. 00 b 

Minimum Least Significant Range(L. S. D. )(. 05) .14 29 26 37 44 .45 . 09 . 50 
Maximum Least Significant Range(. 05) .14 30 27 40 47 .48 .10 . 52 

E~1Ltlhl~~B_JYI_~~~ll-
None 2. 73 a 377 a 420 a 960 a 5811 a 2.11 a 6.24 a 21. 17 b 
0+400+ 0 0+50+ 0 2 . 77 a 404 a 418 a 960 a 5844 a 2. 61 a 6.12 b 21. 83 a 
0+400+200 0+50+ 100 2. 81 a 400 a 420 a 933 a 5811 a 2. 50 a 6. 16 ab 21. 44 ab 
O+ 0+200 O+ 0+100 2. 67 a 368 a 410 a 938 a 5811 a 2. 56 a 6.13 b 21. 50 ab 

Minimum Least Significant Range(L. S. D. )(. 05) .16 33 30 43 51 .52 .10 .57 
Maximum Least Significant Range(. 05) . 17 36 32 47 55 .57 . 11 . 62 
Coefficient of Variance 5.8% 8 . 7% 7 . 2% 4.6% 0. 9 % 21. 7% 1.7% 2. 7% 

Duncan's Multiple Range Test: Results followed by the same letters are not significantly different (. 05). 



SOIL FERTILITY EXPERIMENTS WITH SUGAR BEETS 

1967 EXPERIMENTAL :RESULTS 

3 r. ,) 

The soil physical co nd itions of the sandy loam soi l on the Portageville 

Field has prevented penetration of irrigatio n water and plant roots during past 

seasons. In 1 967 Zonolite (expanded mica) was mixed through t h e soi l to a 

depth of 15 inches prior to planting of sugar beets. 

During the growing season the sugar beets on the treated soi l produced 

a larger top growth and required leas pressure to insert a soil probe into the 

soil as compared to tho non - treated area. As a resu l t the data below indicates 

considerable difference in yields. 

Soil Treatment 

C h eck 

10 Ton Zonolite per acre 

Tons Beets 
Per Acre 

16. 0 

2 3. 1 

Percent 
Su gar 

16 . 1 

15. 2 

Perce nt 
Purity 

93.4 

9 2. 8 

The s u gar beets o n the l eft si d e are in the c h eck plot as co mp are d to the 

beets o n th e right in th e zo nolit e pl ot. Eve n though th e s ub soil was c h ise l e d 

it compacted to the exte nt th a t the roots co uld not freely penetrate the soil as 

indicated b y th e grow th of the beets on the l e ft . The roots on the right grew 

th ro u g h th e zo n o lit e area but upon reac hin g the area b e low th e zo nolit e turned 

to the side. 

Th e results of thi s exp er im e nt i ndicat e that it i s very important th a t 

some method be d evise d to prevent co mpa c tion of this soil followin g periods 

of hi g h rates of rainfall. 
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LIMESTONE EXPERIMENT 
1967 SOIL TEST RESULTS 

Portageville Clay 

*Calcium Carbonate Limestone 
Size of Limestone 
Particles 
(Mesh per inch) 0.M. P205 K Mg. Ca H pH C. E.C. 

- lo+ 20 1.2 ab 408 a 357 a 587 a 3933 ab 2.2 b 6. 0 a 15. 0 a 

- 20-+ 40 1.4 a 382 a 333 a 567 a 4433 a 2. 0 b 6. 1 a 15. 8 a 

- 40-+ 60 1. 0 b 393 a 350 a 593 a 4533 a 2.0 b 6.1 a 16. 2 a 

- 60-+100 1.2 ab 418 a 353 a 573 a 4633 a 1. 7 b 6.2 a 16. O a 

-100 1. 3 ab 365 a 333 a 693 a 3833 ab 2. 8 ab 5.6 ab 15 . 8 a 

Hydrated 1. 1 ab 416 a 323 a 593 a 3800 ab 2 . 5 b 5 . 8 a 14. 8 a 

None 1. 2 ab 384 a 350 a 700 a 3200 b 4. 2 a 5 . 0 b 15 . 5 a 

Minimum Least Significant Range(L. S. D. )(. 05) 0.3 80 90 173 936 1. 4 0.7 2 .3 

Maximum Least Significant Range(. 05) 0 .4 89 100 192 1039 1. 6 0. 8 2.6 

Coefficient of Variance 15. 0% 11. 4% 14.5% 15. 8% 13. 0% 32.2% 7 . 2% 8.4',f, 

*Limestone applied at rate of 3 tons per acre and plowed down 1963 . 

Duncan's Multiple Range Test : Results followed by the same letters are not significantly different(. 05). 

This experiment was designed to determine the effect of various size of limestone particles 

on soil test results over a period of years. 
The above data indicates that after five years the size of particle has had no significant 

effect on hydrogen ion concentration or pH of the soil. 
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THE SAN JOSE SCALE IN MISSOURI. 

BY L EONARD H ASEMAN. 

The San Jose scale was introd uced into Missouri some 
eighteen years ago and has .already become so firmly es tab
lished in the State that hopes of its complete ex terminat ion 
have long since vanished. It has reached a stage where we 
can only expecl Lo control it by preventing it from spreading 
further, and by cleaning up the orchards already infested . 
The control of this pest cannot be accomplished by any one 
man or any dozen men, but requires the concerted effor ts of 
each and every fruit grower in the State, whether he be a 
commercial grower or a farmer vvi th a small home orchard. 
It is the duty of every cne engaged in fruit growing· to ac
quaint himself with this pest and the methods of controll in f!i 
it and then sec that he does not shirk his duty when it comes 
time to act. 

It is the aim of this report to place before the fruit 
growers of the State, as nearly as possible, the actual status 
of this pest in Missouri, the appearance of the pes t, the na
ture of the injury it does, and the best methods for its con
trol. This should enable anyone to recognize the scale and tu 
know exactly what steps to take when he finds it in his 
orchard. 

The control of the scale is really quite simple. To be 
sure, it is a very resistant insect, but, with the improved 
methods of spraying and with the best scale ·washes which 
we have today, it is an extremely easy matter to control it. 
In the control of thi s pest, first be sure that youi: trees are in7 
fested, then provide yourself with the proper wash and ap
paratus .and spray thoroughly. You can hardly "spray" an 
infested tree too thoroughly. The scale washes kill by con
tact largely, so each individual insect must be hit. 

61 
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The deplorable conditions of the orchards in the infested 
districts, the constant stream of inquiries from new and widely 
separated regions, where the scale is appearing, and the seem·· 
ing lack of information as to the nature of the pest and ito 
control, have called forth this report at this time. This de 
partment is especially anxious to ·see this scourge of the or
chard taken in hand before it spreads further, and is ever 
ready to do all in its power to assist in the control of thi~ 

and all other insect pests. 

HISTORY AND INTRODUCTION INTO MISSOURI. 

The San Jose scale was first introduced into this country 
at San Jose, California, in the early 70's and by 1873 had be
come so well established in that vicinity that it began to at
tract the attention of the fruit growers, though very little ef
fort was made to control it until about 1880. During this 
time it multiplied and spread widely throughout California. 

Prof. J. H. Comstock, then chief of the Division of En
tomology of the U. S. Department of Agriculture, investi
gated the new pest and described it in his Annual Report for 
1880 as the most pernicious scale insect known to work upon 
deciduous fruit trees. Despite the fact that active measures 
were taken by the horticultural societies and communities for 
the control of the scale, it continued to spread rapidly so that 
by 1890 it had reached Washington on the north and Mexico 
on the south, and about this time was carried· to the Atlantic 
States on nursery stock from California. 

Unfortunately, the way in which the scale .was intro
duced into the East was most favorable for its immediate 
widespread dispersal over the entire country. It was intro
duced almost simultaneously into a couple of the large and 
well-known nurseries of New Jersey, which were doing busi
ness throughout the . eastern, southern, central and middle 
western states. It was ·present in these nurseries several 
years before it was discovered, so that during this time thou
sands of infested trees were sold and . numerous infestations 
established in the various States. In 1893 the attention of 
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the entomologist of the United States Department of Agricul 
ture was called to the prcse11 ce of the scale in eas tel·1-i or
chards, and upon investigation the source of the in fes tation 
was traced to the New J ersey nurseri es . Measures ,~ierc at 
once taken to prevent further spread from these nurseries 
and to stamp it out where it was found, but th e pest was al
ready widely distr ibuted, as in fe8ted orchards were soon lo
cated in Pennsylvania, Maryland , Virginia, New J ersey, 
Georgia, Florid a, New York, ] claware, and Ohio. 

I t was during this general widesp read distribution of th e 
scale that the fi rst in fes tations were brought into Missouri. 
Between 1891 and 1894 some twenty or thir ty private or
chards became infested and in each case investigated, the 
source was traced to the New J ersey nurseries. ·while the 
New J ersey nurseries were responsible fo r the origin al and 
un fo rtun ately widespread distribution of the scale in Mis
souri , it i. evident that some in troductions arc to be traced to 
other sources. O ne in particular was traced. to a Pennsyl
vani a nursery from which stock had been purchased in 1896, 
and in 1898 two . of the Missour i nurseries received consider-

abl e infested stock from an Illinois ·nursery, bu t it was dis
covered in time to prevent its widespread distribution. T he 
original in fes ted orchard s, according to P rofessor Stedman's 
report of 1898, were confi ned to St. Loui s, Cape Girardeau, 
\~Tebste r , Cole, Randolph, Carroll and Jackson ounti es, 
though some thirty suspected orchards had not been inspected 
at that time. 

W ith the original infes tations confined to a comparatively 
few private orchards and 'with the nurseries of the Sta te ap
parently. free from the scale, its control and the p revention o± 
its further spread would have been a simple matter, had th e 
State but taken immediate action. in this direction. Many of 
th e States whose horticultu ral in terests were very small a~ 

compared with Missouri, rose to the occasion and gave their 
fruit growers the best protection that could be conceived, 
whil e Missouri, whose horticultmal interests ranked third . 
left her fruit growers to th e mercy of the scale, and nursery-
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men of other States turned to Missouri as a dumping ground 
for their scale-infested nursery stock. 

PROVISIONS FOR THE CONTROL OF THE PEST IN 
MISSOURI. 

It was not until 1899* th at the legislature took steps to
ward the control of the pest. in this State. In connection with 
the statutes of 1899 the act establishing the State Fruit Ex
periment Station at Mountain Grove, placed the control of in
sect pests and plant diseases dangerous to' fruit gro-vving in 
the hands of the Director and Inspector of that Station. This 
ac.t was extremely co:i1plicated . It gave the Director and In-

Fig. 2.- San Jose sen.le. Apple morlel'ntely infested show in g nil stnges n1 the 
pest. Nntural s ize. (Orlglnnl) 

spector power to inspect but they must report their findings 
to the County Court which authorized the cleaning up of in-

' fested or infected premises. It would have been absolutely 
impossible to have carried out the ·portion of this act covering 

*Article III, Chapter 67, Revised Statutes of 1809. 
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inspection work with any degree of success, even if the nec
essary funds had been provided, but as they were not it be
came a dead letter. 

In 1901* the legislature passed an act which was meant 
to prevent the f.urther introduction into Missouri of danger·· 
ous insect pests and plant diseases, aiming primarily at the 
San Jose scale, as was also the aim of the statutes cited above. 
This act requires that all stock shipped into the state must 
bear the name of the cousignor and consignee, the contents of 
the package and a certificate of inspection showing that the 
enclosed s tock has been duly inspected and found fr ee from 
dangerous insect pests and diseases. 

Here again no funds were provided for enforcing this 
act and no particular officer was .given the power to enforce 
it, so that it in turn became a dead letter. These two acts, 
both of which proved to be of absolutely no value whatso
ever in controlling the pest, meant to provide for controllin g 
it where it was found in orchards or 0 1-i other premises ancl 
to prevent further introduction into the State, but the matter 
of nursery inspection; which is often the most important fac
tor connected with the control of the scale, was apparently 
overlooked. What Missouri has been in need of since 1895 
is a simple and comprehensive bill providing the necessary 
funds and men, first, for preventing further introduction of 
this and other insect pests and plant diseases into Missouri; 
second, for ' the annual inspection of all premises where plants 
are grown for sale so as to prevent further distribution or 
pests within the State, and third, for the control of the pes t 
in the orchards already infested. Until such provisions are 
provided the scale can never be controlled successfully in 
Missouri. Practically all of the other States, whether thei r 

. orchard interests are worth mentioning or not, have provided 
such measures and it behooves Missouri, for the sake of her 
reputation as a progressive State, if for naught else, to pro
vide her citizens with the same protection. This act shoulC! 
be as simple and straightforward as possible, avoiding all un-

•Session Acts of 1001, pngo 184. 
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necessary complications of county courts and sub-official s. 
The work should have a purely educational purpose with just 
as little of the strictly quarantine or police work as is ab
solutely necessary. 

PRESENT DISTRIBUTION IN MISSOURI. 

In almost every locality into which the scale was origin
ally introduced, it has not only succeeded in maintaining it~ 

self, but also in extending its bounds, so that to-day it is 
astonishing to what extent the scale has spread over the State. 
While by far the greater percentage of the scale is still to be 
found in St. Louis , Cape Girardeau, Scott and Mississippi 
Counties, it is by no means confined to these and every few 
clays new infestations are reported from localities and counties 
which but a few years ago were apparently perfectly free. 
It is not at all improbable that when all the orchards of the 
State have been thoroughly inspected, few will be the coun 
ties that are found entirely fr ee from infestation . It would 
seem that the past four or five years have been exceptionally 
favorable for the multiplication and spread of the scale, not 
only in Missouri, but also in a number of other States, but 
this great addition of territory known to be it1festecl is clue 
rather to the general awakening of the truit growers to the 
seriousness of the scale question, which has resulted in the 
careful examination and discovery of the scale for the first 
time in numerous localities, where it had been. present for a 
mm1ber of years. 

The fir st introduction of the scale into Missouri, as stated 
above, was made by the almost simultaneous planting of in
fested trees in a number of private orchards. None of these 
infested orchards, so far as known, were near any of the 
nurseries, so the possibility of its immedi'ate and secondary · 
dissemination over the State by home nurseries was greatly 
reduced. Until 1898 the nurseries of the State, so far as ex
amined, had remained apparently free of the scale with the 
exception of an occasional lining out of trees from nurseries 
outside of Missouri, but these were always discovered and 
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des troyed befo re the scale had had a chance to establish it. el: 
upon the home grown stock. T he scale, being a' non-respecter 
of persons or p roperty, the fo rtunate condition of the appar
ent exemption of the M issouri nu rseries from its attacks was 
not to be continued indefinitely. \i\fhile making the annu al 
inspection of the la rger nurseries of th e Sta te in the summer 

V ig-. :1.- S1n .To:c scn le. Arlul t fema l e rem ov!'cl f ro 111 scn le l1cfor c cl c1·r. l np mcu t 
of cg i.: ~ . (n ) vcn tl'n l v il•w Rli ow l11 g VC l'Y Ion;:: suek l 11 ;:: ael ne. (lJ) 
nn ul pla te show ing chnrncte rJ st lc orn11m e11 tn tl11n . <h'cat ly cnl nr gecl. 

Cl"rnm H ur cu11 uC liJutomo logy, U. S. Dep t , o·r A g t• le11il:11 rc) 

of 1906 the writer found three nurseri es which, while ap
parently unin fes ted at the time, seemed almost certain of be
coming infested soon, as the seal~ was in great abundance in 
neighboring orchards and no action was being taken to control 
its ravages in these grounds. Acco rding to my expectations, 
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in the early summer of 1907 the proprietors of one of these 
nurse ries discovered the scale in their own orchards adjoining 
their nursery blocks and also some of the nursery stock it
self. They decided to burn the infested trees and to place no 
stock upon the market until the nursery was cleared of the 
scale. The trees of a couple of blocks of another one of these 
nurseries were found to have a considerable sprinkling of scales 
when inspected in 1907. These trees were burned and the 
others 'fumigated before . they were sold. The third nursery 
was yet apparently free. 

In 1908 Mr. E. P. Taylor, then Entomologist of the Mi s
souri F ruit Experiment Station, while inves tigating the scale 
conditions of the orchards of the State, located scale in three 
or four small local nurseYies which were furni shing stock to 
the farmers in their immediate vicinity, and the same summer 
the writer located a slight infestation in one of the larger 
nurseries, which was stamped out at once. In those nurser
ies. fourid infested, measures have been taken to stamp out th e 
pest and to properly treat the stock before being sold, so that 
there is little danger of the scale spreading farther from these 
particular nurseries. 

· The Department of Ent9111ology of the Missouri Agri
cultural Experiment Station has been making annual inspec
tions of most of the larger nurseries in this state and has, it · 
is hoped, succeeded in assisting the nurserymen to keep their 
stock clea:i. There are a number of small local nurserymen 
and fruit tree agents buying and selling stock, who have never 
had their stock inspected . If they live near infested orchards, 
their nurseries are sure to be .sources of continued distribu
tion of the' scale. 

A great many of the present infestations, especially in 
new localities, are to he traced to agents, to infested nurseries 
in this State which are not inspected and, perhaps, to .some of 
the larger nurseries which are careless about where they pur
chase stock. In most cases the nurserymen are perhaps una-· 
ware of the fact that they are offering for sale infested stock, 
but some cases that have come under the writer's observation 
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cause him to doubt the absolute innocence on lhc part of somo 
of the nurserymen. \iVith the scale as with mos t other pests, 
preventive measures are both more effective and economical 
than are remedial measures, so w hat we need, to remedy thi s 
matter, is an act autho ri zi ng and prol'iding for the annual in
spec tion of all premises 0 11 which nursery s tock is grown, 
either for sale or fo r home use. So long as we do not have 
adeq uate means for k\!cping our ow n nurse ri es clean, we 
cannot hope to make much headway again st the scale, no mat
te r how watchful we may be to p revent infcslcd stock .fr 111 

being shipped into the state o r ho w much cncry may be ex 
erted toward the contro l of it in the o rchard s. 

Lil'E HTSTORY AN I APJ.'EJ\HANC I ~ . 

T he San Jose scale :i s one of th e Coccidae or t rue scale 
insects. T hese in sects compr ise one fam ily of th at sub-d iv i
sion of the Hemipterous in sects, t he l lomoptera, in which lhe 

Fig. 1.·- Rnn .Tose 8Pnle. A1l111t ninl<'. n 1 ·0111'J~r rn l:11·g-ctl. (l •,n1111 l 11L'N1n of 
E ntomo loi.:y, U. S. Dept. of Agl'I C11 l t 111·c) 

winged forms usually have fou f· membranous wings and the 
beak or sucking month parts are a ttached near the posterior 
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edge of the head, which distinguishes them from the " true 
bugs" or Heteroptera, in which the wings are leathery at the 
base and the sucking beak attached at the tip of the head. 
Most of ·the scale in sects are very small and often one mu st 
use a magnifying glass in order to see them. 

Among the scale insects are to be found some of tht 
most interesting as well as most important insect pests from 
.an economical point of view. In this family we find the 
greatest diversions from the true type of Fiemipterous insects. 
The difference in general appearance between closely related 
.species of Coccidae, or between the sexes of the same species, 
.is often as great as between species of insects of entirely dif
ferent orders. The females do not develop wings on ma tu r
ing. (Fig. 3) They remain concealed beneath the powdery 
.or frothy secretion or scaly armor which helps to protect 
them. ln some groups, however, these sec1'etions are not pro
duced, but in such cases the body wall is more or less thi ck
ened pr hardened, which serves as a sort of protection. The 
only case of complete metamorphosis among the hemipterou s 
insects is fomicl in the development of the male Coccidae. On 
maturing they emerge -as winged· in sects, possess i'ng one pair 
.of delicate wings, the posterior pair being replaced by halters, 
:as in the flies. (Fig. 4) The adult males usually have the 
mouth parts replaced with a third eye. 

The San Jose scale is included in the group of scale bugs 
.· .comri1only called the armored scales, in which the protecting 
.secretion takes on a close 'fitting shield-shaped appearance. 
Among the common armored scales may be mentioned the 
·oyster-shell scale, scurfy scale, rose scale, pine scale, and many 
.others, a1! of which have a short, active larval e;:::istence, af 

which they settle clown , begin feeding and secreting their 
·protecting armor. 

In the latitude of M]ssouri, the winter is passed in the 
· half-grown larval state, securely protected beneath the sma11 

shield. (Fig. 5) As soon as spring opens and the sap be
g ins to rise, they begin drawing sap again, increasing in size 
rnpidly untll about the first of June, when the males emerge 
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FJg. 5.- Sn n Jose scale-Jn wln 
tcl' condition on 11c1tcl1 twig. 
Rll g l1tly cnlnl'gcd. (Ul' l µ; l1111I. ) 

' from beneath their shields and 
seek out the mature females. 
In a shor t time the females 
begin giving birth lo living 
you ng, which escape from be
neath the mother-armor and 
afte r moving about for a time, 
se ttl e ·dow n, inser t their long, 
needle-like, modified mouth
parts, begin drawing sap and 
secreting a shield over thei r 
bodi cs~ ( Jlig-. 6.) In a little 
over a 111011 th these young are 
malnre ancl beg-in r ;.u:ing 
young. This is continued 
throughout th e summ er, . a 
nnmher of broods being pro
duced. The females continue 
rearing young for several 
weeks, so that the broods a re 
not well defined. A ny time 
during the summ er all stag s 
of the in sect can be found side 

by side upon an infested tree. Late in the fall when winter 
begins to set in, the adults and nearly full grown insects as 
well as the very young, all seem to die, leaving only the half 
grown ones to pass the winter and begin the infestation the 
following spring .. 

From microscopical measurements the writer finds a re-. 
markable uniformity in the size of the "winter over" insects. 
The diameter of the armor varies from .35 mm. to .5 mm., 
with an average of about .42 111111. It, therefore, seems evi
dent that the insects which live tl{rough the winter mu st all be 
born about the same time, or at least cforing a certain re
stricted period in late fall. This fact may help to simp.lify 
the methods of controll ing the scale. Further experiments 
and observations along this line will be made. 



72 MISSOURI AGRICULTURAL EXPERIMENT STATION, J3uL. 98. 

T he development of the armors protecting the " winter 
over" insects is advanced to what is called the "black stage,.· 
before they hibernate. Younger insects, whose armor has not 
yet reached the black stage, and older insects, whose armor 
has taken on the characteristic dirty g ray color, all seem to 
succumb to the winter. T his blackening of the armor is of 
great advantage to the scale, especially during the winters oi 
extremely low temperature, as the black covers absorb much 
more heat from the '!Un and thereby keep the insects, as well 
as the limb or t ree on which they are attached, much warmer 
than would lighter colored armors. The effect of whitening 
accompanying the use of lime-sulphur wash in the late fall 
should in its elf therefore g reatly increase ·the mortality of 
the scale during severe winter. 

DEVEL OPMENT OF I NSECT. 

Afte r birth th e young in sects usually r emain motionl es~ 

fo r a short time underneath the parent armor, after which 
they escape and t ravel about from one to fo rty-eight hours be
fo re settling clown . D uring this active period, they are al
most microscopic creatures, pale yellow in color, with six legs, 
two fil amentous hairs at the posterior encl of the body, t wo 

' antennae, and a long, slender, thread-like proboscis similar to 
other insects of this ord er. (Fig. 7.) Soon after settling 
clown the appendages are lost anc! the insects take on a bag
shape, with the beak inserted in the bark. 

After th e insertion of th e proboscis the body is drawn 
full of sap and a white fluffy secretion begins to appear upon 
the back of the insect (Figs. 6, 8, 9). This fluffy, fiber-like 
secretion is quite delicate and usually completely covers the 
body of th e insect within twe1'!ty-four hours from the tirne 
the beak is inserted, giving the insect the appearance of an 
oval mass of loosely grown, cottony Ii.bet's . This stage in 
the development of the scale or armor is called the white, 
fluffy stage and is of short duration, soon being replaced by 
the second stage, or the tufted stage. A denser layer of 
waxy threads begin to proj ect from beneath the loose threads 
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along the edge of the body. T his is the beginning of the 
true scale or armor and increases in size as the insect grows. 
Th e tuft of loose white filam ents becomes centrally located 
and gradually disappears, apparently weathering away, leav
ing a crater-like depress ion a t the apex of the scale. (Fig. 
8, 9). T he true scale soon begin s to take on a darker color, 
passing through shades of gray and finally becoming nearl}'i 
black when 'it has reached what is called the "black stage" in 
its development. As stated above, it is in this stage that the 
in sect hibern ates in the latitude of Central M:issouri . As the 
in sect increases in size the armor is enlarged to accommodate 
it by the production 'of new filaments along its margin. These 

, ' 

F ig. 0.- Snn J'osc sl·a lc. Yo u11 g l11 1·v11 1lcvclopl11g 8cnl ; (n) vc utm l v iew or 
lnrvn show l11 g loug sucking bcnk; (b) cl or snl v iew oC sn 111 e some
what contrnctccl, with llrs t w1txy Jllnmcnt nppert rln g; (c) dorsnl 
tlllll ln ternl view of sn.1110 f ur t ll c t· cl cvelopecl; (d) Inter s tu ge of 
sn.me s how in g 1111tttlug oC wnxy secretion s to fo rm yo nu g senle. 
(Fr om Burenu of. Jllntomology, U. S. Dept. of Agricultu re) 

fil aments, which at once enter into the formation of the· scale, 
no l ~nger take on the black color, so that the mature scale has 
a dirty gray appearance, with a lighter yellowish central por- . 
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tion and a lighter outer portion. 
The time required for the insect to mature seems to vary 

considerably, especially when the temperature varies. The 
time required by the females to mature seems to range from 
forty to fifty cl ays, while the males mature sooner. During 

the development of the female in sect two molts are thrown 
off, the first aft er about twenty days , which shows through 
the scale, producing the light yellowish central portion, and 

the second after about thirty days, which shows through the 
scale as a light marginal band. A third molt is cast by the 
males, for on maturing they escape from their pupal case 
and back out from underneath their armor and appear as 
winged insects. 

During the earlier stages there is no marked difference 
between the male and femal e scale, but as they increase in 

size and approach maturity, the male scale assumes an oval 
shape, while the female scale, when not crowded, remains 
circular. (Pigs. 1, 8, 9) . The female scale becomes mucl1 
larger than the male scale and is characterized by the distinct 
light central area, including the prominent nipple followed 
by a band of darker and bordered oy a second light area. 

By lifting up the edge of one of the large female scales 
with the point of a pin, the mature yellow female is seen to 

fit snugly into the cavity oetween the slightly arched true 
scale and the delicate white, film-like ventral scale. The ma 

ture female scale when viewed under the microscope, is 
found to be a small yellow, plump-bodied creature, containing 

a number of mature eggs or young embryos. (Fig. 10.) 

The long thread-like setae forming the sucking mouth-parts 
are attached to the ventral surface some distance back from · 

the broadly rounded anterior edge, while at the posterior encl 

is the somewhat triangular-shaped, much scalloped anal plate. 
The mature male is a small, gnat-like creature, expanding 

about four millimeters, with two delicate wings, a single long 

anal style and a pair of long antennae. 
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REPRODUCTION. 

The San Jose scale is not so prolific as some of th e plant 
lice and numerous other insects, but under favorable concli
tions the percentage of mortality is very low, so that at the 
close of the season the number of offspring from a single 
female is really very large. Soon after ·impregnation the fe
male begins giving birth to living- young. T he breeding 
period varies considerably with d ifferent females a{1 l is con
siderably influenced by variations in temperature, but has 
been 'found to extend over a period of about six weeks on an 
average. The average number of young produced each clay 
is from eight to ten, though it is not uncommon to find a 
larger number produced in one clay. It has been fotrnd that 

Flg. 7.-Sttn .rose scn lo-yo ung 11.ctlve lflt·vu befo re set tling clown: (11> ven
trttl vlew of ll1rv11 sho\\·Jng long ncculc-Jllce setue, grettt ly enlri1·ged; 
(IJ) untennu. s till more enlarged. (l•'rom Bt11·euu of E ntomology, 
U. S. Dept. of .A.g1·Jculture. ) 

there are more females than males, so that for every three to 
fotlr hundred young produced by each female at least two hun
dred are femal es. With the four generations that are produced 
each year in the latitude of Missouri and . with two hundred 
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femal es and about an equal number of males as the progeny 

of each female, it \Nill be found that the product of each 

winter-over female is to be numbered by the billions at the 

close of the season provided each female insect lives and pro

duces young. This accounts for the rapidity with which this 

pest overruns and destroys an orchard. 

PERIOD OF LARVAL ACTIVITY. 

For a short time after birth the young larvre remain in

active beneath the armor of the parent, after ·which most of 

them come out fron,1 under the armor and seek out a favorable 

place to settle down. By far the greater pe rcentage of the 

young larvae become fixed within less than twenty-four hours, 

though they have been found to survive without food and 

crawl about for forty-eight hours. It is not uncommon to 

find a number of the young larvae settling down around the 

margin of the parent armor, which would go to show that 

th ey had probably establi shed themselves as soon as they 

emerged from the armor. (Fig. 11). The most of th l: 

larvae, however, travel about upon the limbs, twigs, leaves 

and fruit in search of · favorable shelter and a place to insert 

thei r beak. The fir st scales found upon recently infested 

trees are usually present at the base of buds in the fork of 

twigs, healed-over scars, or other favorably protected places, 

which makes it quite difficult at first for the casual observer 

to detect them. 
The young larva is an active little creature and when 

placed upon a smooth surface, such as paper, is able to crawl 

a considerable distance in a few hours, but when placed upon 

a rough or an uneven surface, such as the ground or rough 

bark of trees, progress is made with much difficulty. 
The migrating habits of the young active larvre were 

studied with a view of determining how far they could travel. 

(Fig. 12.) Specimens placed upon smooth paper moved off 

in a fairly straight line travelling at the rate of 54 inches an 

hour, and being 40~ inches from the starting point. Should 

they travel at this rate for the 48 hours of their active larval 
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li fe, they would cover 216 feet and migrate 162 feet. But 

fo rtunately the ground over which they must travel in getting 

from tree to tree is not smooth like the sur face of paper. 

Specimens placed up011 paper over which sand was strewn 

made little progress . T hey seemed to wander about a imlessly, 

crawling up over sand grain s and often retracing their steps. 

T hey traveled at the rate of 11X inches per hour and ad

vanced but 4 ?1{ inches. At thi s rate they would travel only 

.Ji'l g. S.-Sn n :1osc sc11 lc- tlp o'f JnCcs l ell u11p lc with n il fit11gcs nf. til e pcs l ; 
sli g·htJy en ln.rgcrl. (Or iglnn 1. ) 

45 feet and advance 19,Y:; fee t during their life time. These 

are more nearly the conditions prevailing in the orchard 

where the insects are found crawlii1g about. In the orchar.d 

the dis'tance actually traveled by the larvre on foot is measured 

in inches or feet. If the larvre had no other way of getting 

from one tree to another than by descending to the ground 
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and crawling along ttntil a tree was reached, it would be a 

long time before an orchard would be completely overrun. 

METHODS OF SPREAD. 

U nder the subject of the spread of the scale, we shall 

consider the means of spreading from one country or locality 

to another and from one orchard to another in the same local

ity, or from tree to tree in the same orchard. 

The introduction of the scale into a country or locality 

from a widely separated one is made principally upon nursery 

s tock, scions, cuttings, etc. The infested trees, cuttings, 

scions, etc., are planted out in orchards or placed in nurseries 

where they continue to grow and produce an abundant crop. 

of scales, which are soon transferred to other · trees in the 

orchard and nursery and thus ' a center of infesta tion for the 

whole community is established. 
Under extremely favorable conditions it can be seen very 

readi ly that new infestations could be es tablished through the 

agency of infested fruit. It is not at all uncommon to find 

pears and apples on the market that a re li terally alive with 

the scales. The in sect breeds readily on fruit and can be 

shipped long distances in this way. Then when the fruit is 

consumed the parings and damaged fruit might be thrown out 

in the backyard near trees and shrubs and in case there were 

any mature impregnated females upon them, the newly born 

·1arvre might succeed in establishing themselves upon the trees 

or shrubs, though the chances are against them and no authen

ticated cas·e is on record where an infestation was ever estab

lished in this way. Flies and other in sects visiting infested 

c rated or barreled fruit on the market might also carry the 

young scales to fruit trees or shrubs. The possibility of in

festations being established in this way is much greater in 

town s and cities than in the country. 
The scale is spread from one orchard to another within 

the same neighborhood, or from tree to tree in the same 

orchard, largely through the agency of birds, insects, man and 

other animals, wind and running water. There are a great 
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many birds that are regular inhabitants of the orchard during 
their breeding season, others are regular visitors, coming to 
feed upon the fruit, while still others are seen from tfo1e to 
time in the orchards, feeding upon caterpillars and other in
sects. Throughout the summer and fall the trees of badly in
fested orchards are continuall y more or less completely over
run with the small, young, active larva of the scale, so when
ever a bird or inse t alights upon a limb, a number of these 

. larva a re sure to crawl upon its feet and in case thi s bird or 
insects fli es to a neighbor ing orchard or tree, some of the 

Fig. 0.- Sun Jo se scnlc-(n) to (g) sllowlu g llcve lopment or the fcm1tle scal e 
f rom the time the 1tctlve nymph se tt les down and begins f eed i ng 
nntll the Insec t I s mn.ture ; (h) smn.11 elongn.tecl scu le of the mn
turc mnle inae~t befo l'e emel'g lng na the wlnge(l lirncc t. (01'lglnnn 
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larvre are taken along and thus a new infestation 1s es

tablished. 
Among the birds that are responsible fo r much of the 

local spread of the scale may be mentioned the Engli sh spar

row, catbird, robi n, oriole, woodpecker, sapsucke1:, brow n 

thrush, and cuckoo. Among the insec ts, the fl ies, beetl es, 

aphis-lions, grasshoppers, and butterfli es a re often fou nd 

carrying the young larvre of the scale. Man himself in many 

cases is responsible for- the local spread of the scale. T he 

m ischievous chap or foot-so re tramp who slips through the 

0 

Fig. 10.-Snn .Tose scale : (c) mature female removed from scale w ith yo un g 
Jn sects sh owing t luougiJ tJJe body wn II of tiJe p1tren t; g rcn t ly 
en la rged; (cl) nna l p lnte 's ti ll mor e en lnrgecl. (F rom Bure:tu of 
Entomo logy, U. S. Dept. of .Agriculture) 

-'fence and fill s his pockets with ripe apples from an infested 

tree, is sure to carry along with him a number of the young 

scale larvre, and doing the same thing at the next orchard a 

mile or two fa rther along the road, some of the larvre may 

escape and get upon the trees and start a new infestation. 

The gathering of fruit, especially in the case of summer and 
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early fall varieties, is sure to spread the · scale from tree to 

tree. 
The local spread of scale by wind and rain is very notice

abl e. The small larvre are so light that they can be carried a 
considerable distance by the wind, just the same as dust or 
pollen grains from fl owers and trees, which arc often carried 
for mi les before a heavy gale. The direction of most rap id 

Fig. l.1.- Sru1 Jose scalo- showl11 g clu ste l' of young scales which se ttlorl 
cl ow n llenentb tile p11rcnt nrmor 1t11d litte r Cl'owc'l cd lt on'; 011 
pencil, sli ghtl y c11ln l'ged. (Orlo;lnnl ) 

spread of the scale over an orchard is controlled by the pre
vailing summer winds. This fact was brought out very 
forcibly in one of the orchards in ~.hich the experimental 
work, reported later, was carried on. It was a block of eight 
year old peach trees, consisting of fifteen i·ows each way. 
The scale had been introduced from neighboring orchards 
upon the trees along the west side about three years before 
the writer visited the place and the prevailing west and south
west winds carried it eastward like a flame over a dry prairie .. 
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The en ti re west half of the orchard had been killed, while the 
degree of infes tation decreased rapidly toward the east, the 
first row 01' two on the eas t side being only slightly infested . 

The writer's attention has been call ee! to a number of 
cases where the scale had evidently been carried considerable 
distances by running water and 11ew infes tations thus estab
lished. By a l1eavy, clashing summ er rai n the young larvre are 
washed from infested trees by the thousands and carried away 
by the water, which may flow through a neighboring orchard 
where some of the larvre find lodgment. 

Of the numerous possible methods of local spread of the 
scale, the wind is responsibl e for by far the greater percentage 
of the spread from t ree to tree in the same orchard or from 
one orchard to a closely adjoining one. Birds and insects are 
evidently responsible for the larger percentage of spread be
tween widely separated orchards in the same locality, but their 
relative impor tance, as compared with that of the wind, 
rapidly decreases with the spread at shorter range. 

The spread of the scale by the wind, insects, and rain, is 
accompli shed entirely during the season of multiplication, by 
the actual transportation of the young active larvre . By the 
time· the larvre are t wo days old they have either settled down 
or have starved to death, so that the only time during which 
the insect can be transplanted from one tree to a.nother, and 
an infestation established, is during the first two clays of its 
active larval .life. Once they have inserted their beaks and 
begun to secrete their armor, th e females never leave the spot 

,, 
.a 

·~·h .-....; •• 

... 
" 

Flg, 12.-Snu Jose sC"nle: (11) course tnl,en by youn g ' n •tlve Inrvn when 
plnced upon surface of sm oo th p!Lper; (b) course tnkeu by young 
n.ctlve larva when p lace!l upon paper ovc l' which snucl hucl heen 
•ll'ewu. Flgnl'e• repre"ent ll burs nncl mln ntes requl recl to cover 
tills di sta nce, (xl/t). (Origin a l. ) 
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and the males only after maturing. It is impossible for birds 

or insects to collect the half-grown or mature scales upon their 

feet and then transfer them to other trees, for once the pro

boscis is withdrawn from the bark the insect is without power 

to inser t it again and it soon dies. 

The spreading of the scale to distant localities or coun

tries, unlike the local spread, is accomplished almost entirely 

during the dormant season. The partially developed males 

and females are borne upon the trees and when these are 

transplanted and growth begin s in the spring, they continue 

feed ing and mature just the same as if their food plant had 

never been disturbed. 

Fig. 13.--Slln ,Jose s ·nle- scn le on Ben Duvis ap11lc showing blotches en used 
by the feeding of the Ju sec t upon the fl'uit; natuml size. (Ot•Jginlll) 
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FOOD PLANTS. 

The San J ose scale, as is too often the case with imported 

pests, is not only so nearly free from natural enemies and so 

perfectly ad justed to climatic conditions that it has become one 

of our most prolific breeders, but the ease with which it adapts 

itself to nevv food plants has made it one of our most onm iver

ous of scale insects. 

It is known to us principally as a pest upon fruit trees and 

it is here that the bulk of injury is done, though it has been 

found to feed upon upwards of a hundred other trees, shrubs, 

vin es and other plants*. From the writer' s observations he 

finds that it shows a preference for apple, peach, pear, and, 

some varieti es of cherries, and plums of the Damson, Japanese 

and Chickasaw varieties. Among shrubs and bushes in Mis

souri it is found most abundantly upon the currant and fir e

bush. In a few cases it has also been found upon oak and 

soft maple trees though such cases are rare except where t he 

trees are in or adj oining badly infes ted orchards. So far as 

the writer's observations go, the scale seems to show little 

preference for any one variety of apple or pear over that of 

another. There is a marked difference, however, in the r eadi

ness with which old and young trees become infested. In 

many instances apples under ten years will be completely en

crusted, while nearby trees from twenty to forty years old will 

be only slightly infested. This apparent preference of the 

scale for young trees · is so marked in many instances that the 

fruit grower is inclined to maintain that it will not attack old 

trees. The bark on old trees is much heavier than on young 

trees and there is much more surface to cover, so that multi

plication is accomplished under greater difficulties and a longer 

time is required for the scale to compl etely cover an old tree, 

but they will eventually do so. 

This same fact appears in the case of young and old 

peach trees but to a much less degree. On the peach tree the 

scale is largely confined to the wood under four or five years 

*F crrrn ld Cocclcln e of the W orld , p. 275. 
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of age. New wood remains comparatively free from scale 
the first season, except upon very bad ly infested trees, where 

the young scales advance upon the new wood. W herever 

they settle clown the growth of the wood is checked, causing 

a depression and a marked distortion of the tw ig. The dry 
corky surface layer of peach bark, af ter three or four years, 

becomes so thi ck that the scale is apparently un able to insert 

its deli cate proboscis. For this reason the living scales are 
confined largely to the smaller limbs and terminal branches of 

F i g. 11.- SH 11 Jose fi l"lll e- mn t u1·c J'emale ln ~uct u1Jo 11 lion .Un v lH :ipp i(', 
g r entl y enl nl'gc<l, sltowlng the llJst ln ct bl otch cr111 scil ll.v t he ln scc:t. 
(0l'lglnal) 

the peach, which causes the characteristic "dying away of these 

and the subsequent sending out of new growth from down 

11earer the trunk of the tree. It is. this same corky surface 
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layer of bark which .Probably helps to protect most of th e 

sour cherries and some varieties of plums from the attack of 

the scale. 

INJURY DONE. 

The scale inju res a tree in two ways. First, by drawing 

large quantities of sap from it, and second, by the incidental 

introduction of poison along ·with the drawing of sap. It is 

difficult to estimate which of the two is. r esponsibl e for the 

greater amount of injury. Evidently there must be a g reat 

amount of sap annually withdrawn from the tree which is 

com·pletely encrusted with the scale, but it hardly seems likely 

that this can be .sufficient to account for the wholesale destruc

tion of orchards . 
Soon after one of the young insects settl es clown, inserts 

its beak and begins secreting the armor, the surrounding bark 

and wood begin s to take on a "blood-shot" appearance. This 

is especially noticeable on apple, peach and pear trees and 

upon fruit. (Figs . 13, 14. ) In many cases this c.li scolora

tion extends almost completely through small apple twigs. It 

is unnatural for the wood and bark of these trees to be colored 

up in this way and it must evidently offer considerable in ter

ference to the normal flow of the sap, besides greatly reducing 

or completely destroying the vitality of the affected cells. It 

is not unlikely that this incidental introduction of poisonom 

secretions, along with the drawing of sap, is responsible for 

more of the 1njury than th e actual drain of sap. 
The most of the scale injury is done between early sum

mer and late fall, when the insects are actively feeding and 

introducing poison. Some main tain , however, that during 

warm periods in the winter the scale draws considerable sap 

and that the winter injury is therefore quite considerable, and 

as proof of this they s.how that in the winter the scales upon 

a limb soon die if it is cut off and allowed to dry. This dying 

of the hibernating insects upon dried wood by no means proves 

that they have been starved. We must take into account the 

fact that the wood, on drying and shrivell~ng, must do con-
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·s iderable mechanical injury to the small, helpless insects by 

·crushing them against their protecting armor, and that but 

few of our insects, especially the soft bodied ones, are able to 

-pass the winter except in places where there is a greater or 

l ess amount of moisture. Without the proper amount of 

moisture surrounding a hibernating insect, its body will dry 

·out, the same as a potato or apple unc!'er like conditions. 

I'--~~.<=.=.::~::.===~~--' 

As proof that the scale can 
live without food during the 
winter, the writer would cite 
an obse r~ation made in con
nection with the experimental 
work, cl iscL1ssed later, where 
one row of peach trees was 
treated with the lime sulphur 
soda wash, which killed the 
terminal branches, but failed 
to destroy all the scales on 
them. Early in the spring 
these trees ·were examined and 
the terminal branches found 
to be dead and devoid of the 
normal plant sap, though the 
bark and wood was yet moist 
and some living sca,les were 
present upon them. 

The ideal conditions for the 
scale was found in the minute 

Fig. 15.-Snn .lose scn le-peacll twlg apartment between its dense 
lrndly Jnfosted with Sun .lose 

scnle showing the insec t ns lt dorsal armor and the delicate 
. woulcl nppenr to tlte unalc1ecl eye; . . . 

unturnl s1ie. (Orlglnn l) wh1t1sh scale covermg the 

moist bark of the limb or twig which it infes ts. 

The injury supposed to be done by the scale during the 

winter is often used to emphasize the great importance of fall 

·spraying. The writer heartily joins in encouraging fall rather 

tlian spring spraying, not to obviate any winter injury done by 

the pest, but for the · si'rnple reason that most farmers have 
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more time for such work in the fall, more favorable weather 

can be found, the scale can be r eached befo re it has provided 

its extra winter protection, and the wo rk can be repeated in 

the spring in case the fall work is not entirely effective. 

U nfor tunately the injury done by the scale is not confined 

to the tree. During the active breeding season the young 

active scales crawl all over the foliage and fruit where many 

settle down. Wherever the scale attacks fruit a di stinct 

h!otch develops. These blotches are always conspicuous upon 

green and pale colored apples, and even upon Ben Davis and 

other similarly colored varieties these blotches are more or less 

conspicuous. (Fig. 14. ) Many countries will not receive in

iested fruit and fruit men are, therefore, beginning to refuse 

. to accept such fruit. 

The annual loss du~ to the presence of the scale upon fruit 

is increas ing each year and it is an item ·which must be taken 

into account when considering scale injury. 

L I FE OF INFESTED ORCHARD. 

For the first year or two afte r the scale has been intro

duced into an orchard of bearing trees, it is quite difficult fo1-

the casual observer to detect it. For this reason it is usually 

present in an orchard a year or more before the owner dis

covers it, or, as very of ten happens, the trees may begin dying 

before his attention is called to the presence of the pest. A 

bearing tree of moderate size .as a rule becomes completely en

crusted, if not ac tually killed, within five years from the time· 

the first scales are introduced and, according to the observa

tions of many fruit gro~fers, trees may be killed in three years .. 

In spite of the fact that the scale selects protected places to· 

settle clown, a close observer will readily detect them as soon 

as a tree becomes infested. At first they will be found around 

the buds, in healed-over scars, at the forks of the twigs, and 

similarly protected spots. The casual observer may not notice 

these but as soon as they begin to encrust the limbs any fruit 

grower should detect them and as soon as they are discovered 
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there is no excuse for permitting them to continue their rav

ages unmolested until the orchard is destroyed. The char

acteri stic gray, scaly appearance of the bark of badly infested· 

trees, due to the millions of minute armors, at once reveals the· 

presence of the insect. (Fig. 15.) The sickly appearance of 

a badly infested . orchard ·which develops a weak, unhealthy 

fo liage that begins to drop early in the fa ll , and in the case of 

peach trees, the presence of a great deal of dead wood in theit· 

tops and much young growth near the ground and the pres

ence of red blotches on the bark and fr uit all help to revea1 

the presence of the dreaded pest. 

Fig. 10.- .'o n .Jose RCa l e - ll lOAR01l1 Pllll. or . [)COi' Sll OW ln g Ran .To Re SClllP, with• 

l nrvne nncl aclu l t lndy-hcctlcs f ecllng on t hem; (:1) 11dult IH•r; t l t•; 
(h) ln t·vn; (c) nu111t, nll cnl nrr;ccl. (l!'rom Il urca u of ]ln tomo l ogy,. 

U. S. D ept. of Agr lcn llut·c.) 

THE SCALE IN THE NURSERY. 

It is in the nurseries that the greatest precaution must be· 

taken against the scale, if we are to successfully combat it. 

From ·a si ngle infested nursery, through ignorance or carele:5s-
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ness, hundreds of new localities can easily be stocked with the 
scale in a single year. In former years, when the importance 

of the scale was not yet known, the possibility of such whole

.sale spread was quite great, but the increased watchfuln ess on 

.the part of nurserymen, fruit growers, and state and govern

ment officials, since the real danger of the pest is known, is 
anticipating much of this inexcusable spread of the pest. 

Each and every nurseryman owes it to himself, to his pro

lfession and to his patrons, to grow only absolutely clean stock. 
He cannot be too careful in his sel ~ction of seedlings, scions, 
buds and other stock, and in case the scale is accidentally in

.traduced into his nursery, he should spare no time or pains in 

immediately clearing it out. Such stock as is found visibly 

infested during the growing season should be r'emoved and 
destroyed and all other stock likely to be infested should be 

:properly treated-fumigated or dipped- before offering it for 
sale. A careful nurseryman is not likely to get the scale gen

erally distributed over his entire nursery and when it ha1'lpens 

to break out in one part of the nursery it can easi ly be stamped 

out at once by prompt action. 
A nurseryman should also' be careful in the selection of 

his grounds. He should try to get a locality where the scale 

is not yet p~esent, if possible, and should select grounds as 
far from orchards as possible. He should also strive to 

grow strong healthy stock which can be placed upon the mar

ket as young as possible. From an entomological as well as 

horticultural point of view, old, overgrown stock should not 

be allowed to remain 111 the nm:sery, nor should it be placed 

:upon the market. 

THE SCALE IN THE YOUNG ORCHARD. 

It should be the duty of each fruit grower to take every 
possible precaution in the selection of stock. Order trees 

only £°rom such nurseries as have been properly inspected and 

-certified by a duly authorized official. Then, on receipt of 

the stock, subject each tree to a careful exa;11ination and in 

case the scale is found, report the same to the State Nursery 
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In spector, and see to it that none of the trees are planted untill 
properly treated. 

·vvhere the pest is fo und in young orchards, every pos

sible effo rt should be put forth immedi ately to ex terminate it.. 
In case it is di scovered while ye t restri cted to a fe w trees, and' 

the o rchard is in an uninfes ted di stri ct, th e safes t plan is to· 

destroy the infested trees and replace the:n wilh others. But 
if neighboring o rcha rds are in fes ted, one should simply pro

vid e h imself wi th the necessary outfi t and materi als fo r wag

ing a systematic wa rfa re aga in st the pest . Fo r small trees. 

the box furn igato r has been used considerably \Jut the average· 
fruit grower wilJ have best results with fall o r spring spraying. 

A badly in fested orcha rd should be severely prnned back so· 

as to remove as much of lh e dead and in fes ted wood as pos
sibl e and leave the tree open so that it can be much more 

thoroughly covered with the wash. By all means do not leave· 
the young orchard a t th e mercy of the scale in hopes .that it 

will outlive the injury or that something will appear to destroy 

the pest, fo r every moment los t is tha t much gain ed by the 
pes t. Keep the young orchard clean and heal thy and th ere· 

will be less trouble with the mature bearing orchar I. 

THE SCALE I N T HE OLD OR CHARD. 

The control of the scale in the young orcha rd is a simple· 

matter indeed as compared with its control in an orchard of 
la rge bearing trees . As stated elsewhere, the scale multipli es. 

with g reater diffi culty upon an old , rough-barked tree, which• 

is the only I oint in favo r of the owner of an in fes ted orchard 
of o ld trees. On trees from twenty to fo rty feet tall the scale· 

can be properly controlled only by means of a power spraye r, 

provided with an elevated tower for reaching the topmos t 
bran ches. In order to fully appreciate the enormity of such· 

work in an old orchard , one should read the report of some

experiments conducted by the New York Station* in old or
chai:d s wh ere in some cases it requ.ired .as much as twenty gal 
lons of the wash to cover a single tree. · · 

•New Yo rk Ex periment Sta tion, Bui. 200. 
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In an orcha rd of old trees, more so than in a young or

·chat:d, the severest pruning possible, from a horticultural point 

·of view, should be resorted to. If the trees have been neg• 

lected, they should be thoroughly worked over and cut back 

·so as to g ive the tree a low, open head. Th is is co·11ing more and · 

more into practice among progressive fruit growers, as it not 

only g1:eatly obviates many of the unpleasant fac tors of th e 

·oft disagreeable though absolutely essential practice of sp ray

ing, but also greatly reduces the expense of late r pruning and 

gathering of the fruit. Pruning should be followed up by the 

same thorough application of washes as advised for the young 

o rchard, sparing neither material nor time in covering every 

:spot. 

THE SCALE ON CITY PREMISES. 

One of the most important factors the landscape gardener 

has to deal with in many localiti es is the selection of orna

mental shrubs and hardy plants, which are n.ot attacked by the 

scale, for landscaping parks, estates and city prcm i ·es. Since 

many of the standard ornamental shrubs and hardy pla nts are 

attacked by the scale, it is advisable to carefolly consult a 

list* of th em and so far as practical select only those that 

are not attacked. This is especially advisable if the landscap-

1.ng is to be clone in a region where the scale is already 

.abundant. 
W hen the scale is discovered on city premises or in parks, 

while yet confined to a few trees and shrubs, these should be 

destroyed at once and replaced by immune stock. But where 

the pest is so generally distributed that its extermination by 

the destruction of infested stock does not seem practical, the 

best plan is to spray thoroughly \vith one of the scale washes. 

NATURAL ENEMIES. 

The San J ose scale has comparatively few natural en

-.ern1es, and throughout the g reater part of its range in this 

*Conn. lllxperime 11 t Stntio11 Hepo l't 1002, p. 132. 
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country, they help bu t little in controll ing it. These may be 

divided into two groups, paras ites and predacious en~mies and 

include both plant and anim al fo rms. Attempts have been 

made to introduce from J apan and .China some of its natural 

enemi es which a re more or less effective in cont rolling it. 

T he mo:t important of t he paras itic fo rms are fungi and 

va rious tiny hyrnenopterous itJ,sects. Jn the warm, humid 

climate of Florid a there is a species of fu ngus* ( S fJ hacrostil'Jr. 
Coccoph£la) that has been found to be quite effective in on

trolling the scale. T he warm, rainy summer months offe r t he 

best possible conditions fo r the development of the fun gu.>. 

A ttempts to di stribu te the fu ngus to more northern locali ties 

have so far proven a fa ilu re . In 1907 the writer attem pted t(1 

introduce thi s fu ngus upon th e common cactus scale in the 

g reenhouse here, but the attempt was un successfu l. Various 

observe rs have foun d scattered samples of fun gus-in fested 

scales, bu t throughout the g reater par t of our coun try the 

destruction of the scale by fungus diseases is slight. I n some 

cases the t iny parasitic wasps arc quite effective .in controll ing 

some of our native species of scales bu t are fo un d to be much 

less effective against the San Jose scale. 
T he most impo rtant prcdaceous fo rms a re the lady beetles 

( C occincllcdac), syrphus fli es, lace-winged insects, true bugs, 

mites and bird s. Some species of lady-beetles are quite fo nd 

of the scale. T he larvre as well as the adults prey upon it, 

and, where sufficiently abund ant, help a great · deal in controll

ing it. (Fig. 14.) T he larvre or maggo ts of the sy rplrn s 

fli es prey upon the larvre of th e scale to some extent, as do 

also the aphis lions, the larva~ of the lace-winged fli es. A 

num ber of different species of true bL~gs, mites and bird s have 

also been found to feed to some extent upon the scale. 

SPECIAL WEATHER CONDITIONS DESTROY SCAJ. E. 

R ain, sleet, and sudden freezing and tliaw ing are far more 

effective in checking the scale than are the parasitic and 

predaceous enemies . Heavy clashing: rains in the summer 

*l!' lo l'ld u Ag l'. Exp. Stu. 11ult. 41. 
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wash miJlions of the newly hatched young from infested trees, 

where they perish. In the winter sleets remove the protecting 

armors from millions leaving them expos.ed to the cold. Tlie 

sudden changes in temperature during the dorm ant season are 

often very effective in destroying the San Jose scale. In some 

cases it would seem that the scale had been almost completely 

exterminated over closely restricted a reas in Missouri by tm

usual weather conditions during the dormant season. 

REMEDIES. 

\Ale shall here consider only such r emed ies as have bee11 

found to be both effective and practical. These may be 

divided into two groups: first, fumigating with a poisonous 

. gas, and, second, spraying or clipping with some insecticide. 

The destruction of th e scale by thorough fumigation is 

more certain than either dipping or spraying, since a gas is 

more penetrating than a liquid, but unfortunately the scope of 

its applicability is much limited. \i\There infested stock can be 

enclosed in a tight box, or rooms in which the deadly gas is 

generated, it can be completely freed of the scale. The prac

tice of fumigating find s its greatest usefulness in the nursery, 

where infested stock can, with little extra labor and at slight 

expense, be carefully fumigated, which, if properly clone, wi ll 

not in jure the stock and yet destroys every scale present. 

Fumigation is also used with success in young orchards where 

the trees can be covered with a tent or box made of heavy 

cloth, well saturated with oil, · which makes it practically air 

tight. Orchards of large bearing trees have been successfully 

fumigated, but the expynse of treating rapidly increases with 

the size of the trees, and it should' not be undertaken by the 

average fruit grower in the orchard. He · will get better re

sulis fro:11 fall or spring spraying and run less risk of injuring 

his trees. 

To prove effective, infested trees should be treated with 

gas while . they are dormant, for at this period much larger 

quantities of the gas can be used without injuring the trees. 



S AN J OSE SCALE IN M ISSOURI 95 

Hydrocyanic acid gas should be used since it is one of the 
most deadly gases and can be produced very simply. It is 
made by combining water, sulphuric acid and potassium 
cyanide. 

If trees are kept as dry as practicable during fumigation 
there is quite a margin between the point where the gas is 
quickly fatal to the scale and where it becomes injurious to 
the trees. For this reason there are a great number of dif
ferent formulae recommended. The following formula, which 
is sufficient for 100 cubic feet of space, has been used by the 
Bureau of Entomology of the United States Department of 
Agriculture : 

Commercial sulphuric ac id . .... .. ... . . . . 1 oz. 
Refin ed potassium cyanide (98 per cent) . . 1 oz. 
\ iV ater . .. .. . .. . . ... . . .. . . .. .... .. . . .. .. . 3 fluid oz. 

To furn igate nmsery stock the trees should be carefully 
packed in the fumigating room so as to permit of the free cir
.:L1lation of the gas among them. Then after the room has 
been made as nearly air tight as possible, mix water a1~d sul
phuric acid in a glazed, earthenware vessel and when all · is 
ready drop the potassium cyanide into the vessel and leave 
the room at once. One cannot be too careful with this gas, 
as a single breath of it is sufficient to prove fatal. 

After the gas has acted for fo rty- five minutes, open the 
room and thoroughly ventilate it before entering it to remove 
the stock. As soon as the trees are removed from the room 
their roots should be moistened to prevent further drying out. 
Much of the injury supposed to be done by the gas is caused 
by the stock drying out too much before and after fumigation. 

To fumigate orchard trees they are covered with a tent or 
enclosed in a canvas box in which the gas is generated. Grow
ing trees in the orchard can be fumigated with good success 
but the difficulty and expense of the gas treatment, except for 
nursery stock and very young orchard trees, makes it pro
hibitive in case of deciduous fruits. 

Spraying as a means of controlling the scale may be con
sidered under two headings-summer spraying and winter 
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spraying. Summer spraying may be passed ove r without 
much consideration. \ i\Tith our present knowledge of the pest 
and contact in secticid es summer spraying is not at all practical 
excep t where trees are so badly infested that it seems likely 
they will be destroyed before fall spraying can be done. In 
such cases a couple of applications of one of the contact in
secticides, commonly used for plant. lice and other soft-bodied 
insects, will will go a long way toward checking the undue 
multiplication of the scale. Such an application will destroy 
many of the young, active scales before they settle down but 
has little effect upon the protected insects. 

The most effective and economical method we have at 
present fo r the control of the San Jose scale in the orchard 
is to spray with one of the best scale-destroying washes in the 
fall or early spring. There are a number of washes which are 
entirely effective when properly applied. These may be 
grouped in two main divisions-oil and lime-sulphur washes. 

In some respects the oil washes have advantages over the 
lime-sulphur, while in other respects the latter has marked ad
vantages. The o il washes are applied more easily, sp read 
more evenly and creep down into cracks and crevices, where it 
is difficult to force the lime-sulphur wash. It takes less of an 
oil wash to cover the same surface and the average fruit 
grower is likely to spray more thoroughly with the oil washes, 
especially if he does not "retouch" trees sprayed with lime 
sulphur. An oil wash, if used at proper strength, is more 
quickly fatal, which often enables it to destroy the sca'le be
fore dashing rains come and wash it off. Among tlle disad
vantages attending the use of oil washes may be mentioned 
the price of material, in case prepared commercial brands are 
used, and the greater danger of injuring the· trees by successive 
applications. 

The i'ime-sulphur wash is the old standard scale wash. It 
has been in use since the early introduction of the scale into 
California and when properly prepared and carefully applied 
is extremely effective in controlling the scale. Points in favor 
ot the lim e-sulphur wash are the cheapness with which it can 
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be prepared, its second ary value as a fungicide, its uninjurious. 

effects upon trees, and the thoroughness with which it can be· 

applied if one goes to the trouble of "touching up" patches. 

that are missed by the first application. The principal factors 

which make this wash out of favor with many fruit grower::.. 

are the trouble accompanying its preparation by exte rnal heat 

and its caustic properties, which make it disagreeable to u::.e .. 

But with a little experience and care, one can prepare anct 

apply it without sufferi ng the least in convenience. 

PREPARATION QF WASI-IES. 

Among the oil washes arc a number of proprietary prep

arations such as Scaleciclc, Target Brand cale Destroyer, Kill

oscale, and Soluble Oil 95 per cent. These were thoroughly 

tested by the writer at different strengths in the fall of 1907 

and spri ng of 1908 and found to be entirely effect ive when 

applied at sufficient st rength. T hey come prepared ready to· 

dilute with the proper amount of water, in which they are· 

readily soluble. Thi s makes them in great favor where only 

a small amount of mixture is needed and where one does not 

care to go to the trouble of preparing home-made washes, but 

the cost prevents their more general use in large commercial' 

orchards. 
Kerosene emulsion at a strength of 16 to 20 per cent was. 

also carefully tested in the same experiments and gave equally 

good results. It is prepared as follows: 

Soap (laundry or homemade) ... 4 pounds. 

Kerosene (coal oil) . . .......... 8 or 10 gallons. 

Water (sof t) .. . ............. 5 gallons. 

A suds is made by boi ling the water and soap. The boil

ing suds is then poured into the spray barrel containing the· 

oil and the mixture vigorously agitated by pumping it back 

into itself for several minutes, when a milk-like solution is 

formed, which will not separate out into laye rs of oil and wate1-

for several hours. To this add enough wate r to make fifty 

gallons of wash. Thi s is prepared with very little· trouble, at 
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about half the cost of the prepared miscible oils, and is just 

as satisfactory as a scale destroyer . 
As a cheap substitute for the commercial brands of mi s

·cible oils, Mr. C. L. Penny* has prepared a number of form

ulae for mixing ho111emade oil emulsions similar to the co111-

rnercial brands. The cost of materials fo r preparing these 

washes varies from ten to fifteen cents per gallon, depending 

upon the pa rticular kind of oils used. 

To prepare the best lime-sulphur wash possible, the proper 

amounts of lime and sulphur shot~ld be mixed and boiled ·with 

external heat until a deep orange color appears. The time re

·quired for producing this color varies from 30 to 60 minutes . 

. depending upon the vigor with which the boi ling is continued. 

When the so-called black lime is used in place of the white a 

much darker wash is p roduced. The wash must be boiled 

:sufficiently to thoroughly combine the ·lime and sulphur and 

t hereby produce the co111pounds which destroy the scale. 

The simplest outfit for p reparing lime-sulphur wash is a 

-couple of 25 or 50 gallon iron kettles mounted over an open 

fire. A slightly more convenient outfit is a large feed-cooker, 

which will save· much heat and time in preparing the wash. 

But where a sufficient amount of the wash is needed to warrant 

it, a sm~ll boiler should be provided and the wash cooked with 

1ive steam. 
T o obviate the difficulty of boiling with external heat, 

.caustic soda may be added, which will prolong the boiling for 

a considerable time. Some very good results have been gotten 

from the use of the self boiled wash, but it is more expensive 

than the boiled wash and far inferior as a scale wash. It 

should never be used where boiling with external heat is 

possible. 
There are quite a number of different formulae for pre

·paring the lime-sulphur wash, but the essential thing is to use 

·enough lime and sulphur to thoroughly combine with each 

·other and produce a sufficiently concentrated wash to destroy 

the scale . The formula 15-15-50 seems to give just as good 

•ro. Stntlon Bulletin No. 86. 
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results as where the lime and sulphur are increased to 30 

pounds for SO gallons of wash. By adding extra lime, all the 

sulphur readily combines and the wash on drying shows up 

much better on the trees, which helps greatly in "touching up" 

skipped patches. The effect of whitening in itself helps to in

crease the mortality of the scale during severe winter and also 

keeps the buds back considerably which are further points in 

favo r of the ex tra lime. The writer pre:fe rs th e following 

formula: 
Lime . .. . . . . .... .... ... .. ... 25 lbs. 
Sulphur . .. . .. ... . .. .. . . .. . . l S lbs. 
W ater ..... . ..... · . .......... . SO gal. 

E ither flowers of sulphur or sulphi.tr flour may be used. 

Only fresh white stone-lime should be used. Badly air-slaked 

lime is apt to give poorer results, as is also the case with the 

so-called black lime. Make a thi ck paste of the sulphur; slake 

the lime in the cooking receptacle and when vigorous boiling 

has begun, add the sulphur paste. Keep the mix ture boiling 

for from 30 to 60 minutes, adding a sniall quantity of hot 

water from time to tim e in case it gets too thick. After the 

boiling is completed, strain the mixture into the spray barrel 

or tank, add enough water to make SO gallons and apply at 

once. If the wash is allowed to cool, it will give ve ~·y much 

poorer results. 
This wash is quite caustic and one should carefully protect 

his hands and face from it. Cheap leather gloves well satu

rated with oil is an excellent protection for the hands. It is 

quite injurious to a harness if allowed to remain upon it . 

and will corrode the spray ·pump if not carefully rinsed out 

.after the work is completed. 
As a substitute for the home-made lime sulphur, 

there are various commercial brands of concentrated lime sul

phur. These washes are prepar~d by boiling large quantities 

of lime and sulphur in a small quantity of water thereby pro

ducing a concentrated solution which must be diluted before 

applying. The various commercial brands vary as to the 

amount of lime and sulphur they contaih. The comparative 
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value of any particul ar brand can be tes ted by the use of ~ 

J1yd rq111eter. These brands should test from 30 to 35 on the 

Beaume' scale. T hese commercial brands of lime sulphur are 

much cheaper than the commercial brands of miscible oils but 

·even they are more expensive than a commercial fruit- grower 

can ·well afford to use. If a great quantity of spray is to be 

used, it will pay a fruit grower to prepare his own concen

·.i:rated lime sulphur. T he following formula produces a con

centrated solu tion with a density of from 30 to 33 on the 

Beaume' scale, which is almost identical with the commercial 

"brands and which costs only about half as much. 

Lime .. .. ... .... . .. .... . .. 60 pounds 
Sulphur .. ............... 120 pounds 
vV ater . . . . . . . . . . . . . . . . . . 50 gallons 

Slake the lim e in a small quantity of water, make a pas te 

-of the sulphur and add it to the slaking lime in ~he barrel. 

Boil with live steam for about one hour. After the boiling 

1s completed the wash can be diluted and used at once or stored 

·in tight barrels fo r future use. The concentrated lime sulphur 

wash should be diluted with from eight to ten parts of water 

when used as a scale wash. 

EXPERIMENTS FOR CONTROL OF SCALE. 

In the fall of° 1907 and spring of 1908 the wr iter under

took a series of experiments for the control of the scale. 

These were planned primarily for the purpose of testing a 

immber of commercial brands of scale-destroyers and for 

·comparing their efficiency and cost of applying with that of 

·standard home-made washes. The washes were used at dif

ferent strengths, to ascertain what strength is needed for th e 

destruction of the scale and at what strength they can be used 

without injury to the tree. Incidentally, the experiments were 

·planned with a view of comparing the results of fall and 

spring spraying and they also served as demonstration. work 

1n scale c0n trol. 
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PLANS OF EXPERIMENTS. 

The experiments included blocks of apple, peach, plum 
and cherry trees in the orchards of Mr. Henry Taake, and 
blocks of apple, IJeach, plum. and pear trees in the orchards of 
Mr. C. H. Trampe, both of St. Louis County. The blocks of 
peaches in the Taake orchards included 15 rows of eight-year
old trees. Each of the rows except the check was sprayed 
in the fall with a different wash, or a different strength of 
\Nash, and in the spring the work was repeated. The block 
of apples included ten rows of trees, most of which were of 
bearing age. These were sprayed in the fall and repeated in 
the spring with some of the same washes used on the peaches. 
The Damson plums were all sprayed with the same wash in 
the fall and repeated in the spring, while. the other plums and 
cherries were given a single application in the spring. 

In the Trampe orchard s only three different washes were 
used, with a view of testing these particular washes on a 
larger scale than was possible in the Taake orchards, where 
so many different washes were used. In all, about '8 acres of 
young and old bearing trees were sprayed. The results of the 
fall work were so gratifying that it seemed unnecessary to 
repeat the work in the spring, except in case of the block of 
bearing pears, but on returning for final inspection in June the 
writer found that the owner had sprayed the entire orchard a 
second time. 

Early in the spring before the second application of the 
washes was made, each row of trees was carefully gone over 
and from accurate counts of numerous samples, an estimate 
was made of the living and dead scales. In the latter part of 
June this was repeated to determine the final effectiveness of 
each wash and now after a lapse of three years the following 
extract from a letter recently received from Mr. T aake is of 
interest since it shows how permanent were the results of the 
spraying, even though neighboring orchards were overrun 
with the scale. 

"I have sprayed but once since you were here and the11 
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did not spray the plum trees of which you make mention. 
These plum trees have remained clean since your spraying. 
The apple trees seem to be again getting the San Jose scale on 
the smaller trees. Peach trees are all cut out and gone. Your 
spraying cleaned them of the scale but the trees seemed not to 
do well at all since, and on not getting any peaches, always 
freeze, out they went." 

COOPERATIVE EXPERIMENTS. 

The ·writer also had access to a number of large orchards 
sprayed by their owners under his direction, as well as a num
ber of orchards sprayed on contract by Mr. C. F. Mason, of 
Jefferson Barracks. This offered an opportunity of compar
ing the results of the test experiments ·with those of many 
others and the final conclusions are therefore drawn from a 
very large acreage of sprayed orchard s rather than from a few 
test rows. 

'NASHES USED. 

The following is a list of the washes, with the various 
st rengths at which they were used in the experiments: 
1. Sca lec ide 1 gallon of oi l to 10 gallons of wate r 
2. Scalecide 1 gal lon of oil to 15 gallons of water-
3. Scalecide 1 gall on of oi l to 20 ga ll ons of water 
4. Target Brand Sca le 

Destroyer 1 gall on of oi l to 10 gallons of water 
5. Target Brand Scale 

Destroyer 1 gall on 
6. K ill oscale 1 gall on 
7. Ki ll oscale 1 gall on 
8. Soluble Oi l (95 %) 1 gal lon 
9. Solubl e Oil (95%) 1 gall on 

10. Ker osene emulsion 20% of oil 

of oi l to 15 
of oi l to 10 
of oi l to 15 
of oi l to 10 
of oi l to 15 

11. Kerosene emuls ion 16 2-3'fo of oi l 

gallons "of water 
gall ons of water 
gall ons of water 
ga ll ons of water 
gallons· of water 

12. Lime 25 lb s.; sulphur 16 2-3 lb s.; salt 15 lb s,; water 50 gal-: 
Ions boiled one hour 
13 . Lime 25 lbs., sulphur 22 lbs., water 50 ga ll ons; boiled 1 hour 
14. Lime 15 ·lbs ., sulp hur 15 lbs., water 50 gallons; boiled 1 hour 
15. Lime 25 lbs.; sulphur 15 lb s., water 50 gall ons; boiled 1 hour 
16. Lime 170 lbs.; sulphur 19 lbs.; caustic soda 10 lb s., water 50' 
galJon s ; self boiled : 

Hereafter in this report the washes will be referr~d to by 
number. · 
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FALL SPRAYING AND RESULTS. 

In the discussion of the sp raying work the writer will 
take up the two orchards separately and in case of the Taake 
orchards, · the work on the blocks of peach, apple, plum and 
cherry will be considered separately . 
TaaJ~e Orchard. 

The degree of infestation in thi s orchard varied from 
slight to very bad. Over half of the peach trees had been 
kill ed and those used for the experiment varied from moderate 
to very bad. Some of the apple trees were dead and all the 
others, with the exception of a few of the larger ones, were 
badly infested. The Damsons were very badly encrusted, 
while the othe r plums and cherr ies were in most cases only 
slightly infested. 

In order to save space and to faci litate comparisons, the 
data on the spraying work and results will be given in tabular 
form. 
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APPLES. 
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O il di ssolved poo rly; coo l, 
bri sk win e!. 
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l_O_, ___ ,, ___ l_(i '--··-· l. __ '1 '-· 08.4 Co unts made fr o m samp les take n from top of lar ge 
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DAMSONS. 

The Damsons were all sprayed with wash (6) on the 
afternoon of Nov. 26 and the followi'ng morning, and was fol
lowed in a few hours with quite a shower of rain. An in
speGtion of these trees on March 14 showed that the wash hact 
given equally as good results as on the apples and peaches. 
Trampe Orcharcl. · 

In this orchard the degree of infestation varied from very 
bad, where whose trees were encrusted, to very slight, where 
it was difficult to find scales. The most of the trees were of 
bearing age, though many were small. The lime-sulphur wash 
was used upon bearing pears, the kerosene _emulsion upon 
apples and peaches, ' and the Scalecide upon apples, peaches 
and plums. The 1_-eport of .the application and the results of 
the three washes are given in one table_: 
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REM 1\ RKS 

2 ID ec. 2-7 c 1. 13 IM 1 2 !J!J.(j c 00' c ea r weat 1er. 

1.1. I " I " I 2 I !HJ.6 Coo l, clear weather. 

13 I " I " I 125 I 75 Same lime as u e el in the 

I Taake O rcha rd. 

I . . . . . . 
I 

" 
I 

480 
I 

5 F rom pear tr ee used as chec k. .... 
Dug up in sprin g. 

\i\fhile one cannot draw definite conclusions fro:n a care

ful count of a fe'w hundred scales, he can in a way es tim ate 

the value of the different washes. The fitial resul ts of the 

·different washes can be best ascertained af ter the scales es

·cap ing the treatm ent have had an opportunity of multiplying. 

But here again, for comparison, it is necessary to know th e 

Telative degree of infestation before the washes were applied. 

To prevent any irregularity in this respect, these experiments 

were planned so as to have as nearly unifo rm degree of infes ta

tion for all the washes as possible. The writer also selected 

·orchards that were as badly infested as was thought worth 

.while attempting to save, since he app reciates the fact that 

while most of the wide awake fruit growers discover the scale . 

in their orchards before it has made much headway, the aver

age fruit grower does nof detect it t.mtil the trees have become 

e ncrusted and are beginning to die . So it is therefore not 

sufficient that the washes prove effective in controlling slight 

infestations, but they n~u st be equally effective for severe cases. 

The results of the fall work show very decidedly in favor 

·of the oil washes. The lime used for the lime-sulphur washes, 

as stated elsewhere, ·was of a very poor grade of dark lime. 

The washes tailed to color up properly, an d would not adhere 

to the trees as they should have done, so the results were as 

,good as was expected. The so-called black lime should not 

be used for preparing this wash when it is possible to get the 

white lime. 
For the two months following the fall applicatiqns of the 

~v a shes there was comparatively little precipitation to interfere 
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with the work of the washes. T he dates and amounts of pre
cipitation fo r the two months following the spraying are as. 
follows : 

Nov. 
Dec. 

" 
" 
" 
" 
" 
" 

J an. 

" 
" 

27-Light shower. 
8-Slight sprinkle. 

13- Light rain and snow. 
14--Three inches of snow. 
17-Light rain and snow. 
22-Showers. 
23-Three inches of snow. 
27-Light rain . 
3-Light rain. 

10-Light rain . 
11-Light rain followed by snow. 
12-Snow. 

SPRING SPRAYING AND RESULTS. 

Jn the Taake orchard the same washes in each case, with 
lmt few exceptions, were repeated in the spring. The T rampe 
orchard was sp rayed by the owner with wash (2) in the spring_ 
Taal~c Orchard. 
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\
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The kerosene emulsion and lime-sulphur washes were ap
·p!ied when the wind became very strong which, together with 
a small amount of precipi ta ti on greatly interfered with the 
spraying. It appeared as though the excess of caustic soda in 
the wash with which row four was sprayed in the fall had 
·completely destroyed the trees, so that they were left un
sprayed in the spring. From the inspection in Jun e, however, 
-it was found that only the terminal branches had been killed 
and the· trees were put~ing out a strong growth, while only a 
few live scales were found. 
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APPLES. 
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The applications of the lime-sulphur washes were much 
interfered with by very strong wind and a slight drizzle of rain 
1n the afternoon of March 17. A much better grade of lime 
was used for preparing the spring washes and the increase of 
effectiveness is quite marked. The Killoscale dissolved much 
·better in the spring than it did in the fall, probably due to the 
warmer weather. 
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Trampe Orchard . 

..... 
(fJ ... ::: ' 0) 0) 0) 

..c E 2 c: 
... ::: 

(/) ..... '+-< 0 

"'"' •.c; ._g o ·;: 
~ Q) ..... "' REM. 1-\lUCS ... '+-< '-' .......... 0 0) t:~ o_ ('.>. :::> 0) 

. c;; 0) (/) Q'+-< ..... c: ,... c: 
04-< r;j•r' t:: · -z ~ <r. 

2 

I 
June lG 

I 
A n occas ional Re-sprayed by owne r th e lat-

live scale ter part of March with 
was h (2) 

11 I " I No ne percep- " 
tibl e 

13 I " I Very sli g ht .,, 

vVeather conditions were very favorable during the sp ring 
application and for the month following. Slight precipi ta
tion and high winci slightly interfered with the spraying for 
a couple of clays, but for the month following warm weathe1· 
prevailed with very slight precipitation. This gave the washes 
an excellent opportunity for reaching the scale before they 
were washed off. 

COST OF WASHES. 

The following table gives the cost of the different washes 
used in experiments, when prepared ready to apply. 

No. of ~-~·sh I 
1 
2 
3 
4 
5 
6 
7 
8 

Cost per gallon 

$0·05 
.033 
.025 
.05 
.033 
.085 
.05!) 
.05 

I No. of vVash I Cost per ga llon 

!J $0.033 
lO .025 
11 .020 
12 .0151 
13 .01'13 
14 .0004 
15 .0104 
16 .022 

This is figuring the miscible oils at the price per gallon in 
barrel lots; kerosene at 10 cents per gallon, in barrel lots; lime 
at 35 cents per bushel; sulphur at 2 3-4 cents per pound, and 
caustic soda at 5 cents per pound. In the preparation of the 
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boiled vVashes no estimate has been made of the cost of boil
ing. If it were necessary to buy the fuel and pay an extra 
man to prepare the washes, it vvou lcl increase the cos t of the 
boiled washes about three mills per gallon ; but in most cases 
where there is plenty of refuse material going to waste that 
can be used for fuel, and some member of the family can 
look after the boiling of the wash without greatly interfering 
with other ·work he may be doing, so the average fruit grower 
needs hardly consider the boiling of the washes as an addi
tional expense. 

The lime sulphur washes, as is ~een from the figures, can 
be prepare.ci much more cheaply than any of the oi l washes 
tes ted, but in spite of this the writer is rather in favor of the 
oil washes when it comes to the control of the sing-le pest, the 
scale. The average fruit grower will have better success with 
one of the oil washes, especially if he is yet an arnatenr in the 
spraying business . The kerosene emulsion at 16 2-3 per cent 
is prepared more easily than is the lim e-sulphur wash and at 
only slight increase in cost. As a scale destroyer, the emulsion 
has proved as effective as any of the washes tested, and from 
every appearance the two appli<.:ations have not clone the slight
est injury to the trees trea ted. With a little care any one can 
prepare this wash and it ~hould be more generally used for 
the control of the scale. 

The writer's experience with the prepared miscible oils 
convinces him that they are excellent remedies for the scale 
when used at a strength of one gallon of the oil to twelve or 
fifteen gallons of water. Where two applications are made a 
greater strength of wash is unnecessary and is more liable to 
cause injury to the trees. At a greater dilution perfect results 
can hardly be expected un less fall spraying is clone shortly 
after the leaves fall and this repeated in the spring just as the 
buds are opening. Were it not for the price of these oils, 
there would be a far greater demand for them. The average 
fruit grower will not pay from three to four cents a gallon 
for spraying material wh.en with little trouble he can prepare a 
similar wash for a little over half the cost, or with slight aclcli-
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tional trouble of preparing and applying he is able to make a 
wash for about one-third of the cost. 

From the results of the above experiments it would seem 
that there is practically no difference in the effectiveness of the 
four miscible oils used. The essential thing is to have a suf
fic ient percentage of oil to ·destroy the scale and this seems 
to be present in each case when the oils are diluted 1 to 12 or 
15. Killoscale contains a quantity of sulphur and perhaps 
other ingredients which add to the cost and makes . it slightly 
caustic, but which does not seem to add to its value as a scale 
destroyer. Two thorough applications of ei ther of the four 
oils tested at a proportion of 1 to 15 will give as .perfect re
sults in controlling the scale as can b~ expected. 

TIME TO SPRAY. 

From the results of the experimental work the writer is 
convinced that late fall is the time to spray to secure best re
sults. · This is especially the case if the oil washes are used. 
Some have found that injury is done by applying the washes 
before the trees have had an opportunity of hardening up for 
the winter, but for the latitude of Missouri spraying should be 
done before the last of November, if possible. It should be 
done as soon after the leaves are shed as is safe, for in this 
way the scales are reached before they have thoroughly pro
tected themselves for the winter. Early November is the best 
time to spray in this latitude. 

If it is impossible to spray in the fall before winter sets 
in it should then be postponed until late spring just before the 
buds open. At that time the lime-sulphur wash should ·be 
used, if possible, for when carefully applied it is not only ef
fective in destroying the scale, numerou.s other insects and 
their eggs, but also has marked fungicidal properties and takes 
the place of a protective wash. When the scale is abundant, 
an application of the oil washes should be made in early No
vember, and this supplemented with an application of the lime 
sulphur in the spring. 
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APPARATUS. 

Thoroughness of application is of greater importance in 
the control of the scale than proper selection and preparation 
of the wash, and since thoroughness depends primarily upon 
the efficiency of the apparatus, it is all important that the selec
tion qf a spraying outfit be made with the greatest care. 
There are a number of things to be considered in the selection 
of a spraying outfit, foremost among which may be mentioned 
efficiency, durabili ty, and ease of operating. With a first class 
sprayer one can cover a tree twice as thoroughly in one-half 
the time and with one-half the material needed fo r doing the 
same work with a cheap outfit. A cheap outfit may stand the 
wear for a short time but is sure to prove an expe11sive in
vestment. 

For the control of the San Jose scale, high pressure, which 
can be produced by a barrel sprayer, a large hand-power 
sprayer, a power sprayer, or a compressed air outfit, is all im
portant. A small bucket sprayer will serve the purpose where 
there are only a few plants or shrubs, but where the shrubs 
are tall, or where fruit trees are to be treated, one should not 
undertake the work without a barrel sprayer or larger outfit. 
A barrel sprayer will serve the purpose where there are only 
a few hundred trees to be treated, but when one has ten or 
twenty acres of orchards, he should secure a good sprayer. 
The saving of time and labor · and the greater uniformity of 
the work will soon pay for the extra cost of the power outfit, 
while the extra cost of operating it is very slight. 

A barrel-sprayer outfit should be equipped with a couple 
of 25 foot leads of hose, a couple of 10 foot extension rods, and 
a couple of double Vermorel, Mistry, or other good nozzles. 
The hose should be four or six ply, preferably the latter, as it 
is much more durable and will carry the pressure much better 
than the four ply. A cheap and convenient extension rod can 
be made of one-half inch gas pipe, or a copper lined bamboo 
rod can be gotten along with the spray pump. The extension 
rods should be provided with a stop-cock at their lower end. 
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A power sprayer should be' equipped with leads of hose, ex.., 
tension rods, and nozzles as above, together with a large tank 
provided with an agitator, and where large trees are to be 
treated, a tower should also be provided. 

Each fruit grower should first decide upon the size and 
type of sprayer that will best suit his needs, taking into con
sideration not only the orchards but also vineyard, truck and 
field crops, ornamentals and shade trees. These are all at
tacked by insect pests and fungus di seases and should be 
treated with fungicides and insecticides. Then secure the 
catalogs of reliable manufacturers of spraying outfits and order 
the outfit that best suits your needs. 

SUMMARY. 

The scale was first introduced into Missouri between 1891 
and 1894 .. 

At present infestations have been located in one-third 
of the counti es of the State, though the bulk of the scale is 
confined to some six counties. 

' ' 

The nurseries of the state so far as examined had r e-
mained apparently free of the scale until 1906, but since . then 
slight infestations have been found in three or four small local 
nurseries and in three of the larger ones, but in each case it 
has been stamped out. 

Fruit growers should buy trees only from properly certi
ficated nurseries. 

Nurserymen are responsible for most of the spread of the 
scale to new localities widely separated from infested regions, 
while the local spread of the pest is due principally to wind, 
birds, insects and rain. 

Each fruit grower should examine his orchards for the 
scale and if it is discovered, he should check it at once, for i£ 
permitted to continue its ravages unmolested, it will destroy the 
orchard in from three to five years. 

The most effective and economical method of controlling 
the scale in the orchard is by ·carefully applying one of the 
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best scale washes during the dormant season, preferably in 
the fall , soon after the leaves are shed or in the spring just 
befo re the buds open. 

Badly infested orchards should be sprayed both in the fall 
and in the spring. 'Where only one application can be made, 
the bes t results vvi ll be gotten from the fall work . . 

Thoroughness of application is the most important facto r 
in spraying, for a poor wash properl y app lied will give better 
results than an effective one poorly applied . 

The lime sulphur wash is by far the cheapest on the mar
ket, and when properly prepared and applied is jt1 st as effective 
for the control of the scale as any of the other washes, besides 
being an excellent remedy for plant lice and having fungicidal 
properti es. , 

The fruit grower who is yet an amateur in the sprayi ng 
business is likely to secure bes t results from the use of an oil 
wash. 

A 16 2-3 per cent emulsion is thoroughly effective. 

Of the four miscible oils tested it is impossible to detect 
any difference 'in their effect upon the scale. A fall and spring 
application of either of them at a strength of 1 to 15 is 
thoroughly effective. They should not be used at a greater 
strength except wh en only one application can be given, when 
one gallon of oil to ten or twelve gallons of water will prove 
effective. T hey should never be used at a greater dilution 
than one to fifteen. 

Summer spraying for the control of the scale with any 
of the washes so far tes ted is impracticable. 

A thorough fall and spring application of either the boiled 
lime-sulphur, 16 2-3 emulsion of kerosene, or one of the mis~ 
cible oils at a strength of 1-15 will control the pest in any 
orchard . 

Severe pruning should precede spraying. 
An efficient spraying outfit is all-important, for it is only 

with . such that the most thorough work can be clone.· 
It is only through the most thorough work and combined 

action of all the fruit growers in the infested localities that we 
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can hope to effect a complete. control of the pest. So let each 
and every one unite with that determination which makes fail
ure irnpossible, and the desired results are assured. 
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