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SUGAR BEET INSECT CONTROL IN ARIZONA 

Paul D. Gerhardt 
Department of Entomology 

One of the factors in high sugar beet yields is the control of the insect 
vectors of virus diseases. Two of the most important insect vectors in Arizona 
beet growing areas are: the beet leafhopper, Circulifer tenellus (Baker) and 
the green peach aphid, Myzus persicae (Sulzer). Two other aphid species are 
found on sugar beets at various times during the growing season. Leafhoppers, 
belonging to the genus Empoasca are also found in numbers at certain times. 

In addition to these insects, which transmit virus diseases there are 
chewing insects which can cause serious damage to beets if not controlled. 
Two of these are the beet armyworm, Spodoptera exigua (Hubner) and the garden 
webworm, Loxostege similalis (Guenee). Red spiders or spider mites parti
cularly Tetranychus telarius (L.) also can be a serious problem late in the 
growing season. 

As mentioned earlier, the vectors of virus diseases such as curly top 
and beet yellows are very important, particularly early in the growing 
season. Therefore, control of these insects is important. 

Insect control investigations have been directed toward these insects, 
particularly during the early growing stages of the beet plant. Beginning 
with the 1965 growing season two systemic type insecticides were introduced 
into the seed row at planting time, as well as being side-dressed after the 
beets were at the thinning stage. These materials were: 10% granular 
formulations of U.C.-21149 or Temik and NIA-10242. Also, the emulsifiable 
concentrate formulation of Meta-systox-R was applied as a topical spray to 
the foliage. 

In Table 1 are shown the counts of beet leafhoppers found in the different 
treatments from October through December. The October 11 counts show less 
beet leafhoppers per 80 feet of row in plots which received the application 
of systemic insecticides at planting. The same systemic insecticides were 
side-dressed on October 19 after the count of October 11. The next counts on 
October 26 indicate a marked reduction in beet leafhoppers when compared with 
plots receiving the same treatments at planting time. The single application 
of Meta-systox-R spray initially reduced the population, but did not hold the 
beet leafhoppers in check as did the side-dressed systemic insecticide. 

Yield data obtained from these experimental plots (Table 2) show no 
significant differences between treatments and the check. No direct evalua
tion of virus infected beets was obtained. In addition, samples of beets for 
sugar percent were taken, but the resulting sugar analyses were not returned 
from the laboratory. 

These early tests indicate that a shallow application of granular formu
lated insecticide at planting time is not as effective as a side-dress applica
tion of the same materials at thinning time. 



In early 1967 applications of the systemic insecticide Thimet (phorate) 
were made to commercial fields of beets which had an established infestation 
of green peach aphids. 

In field No. 1, Thimet 600 was used, being applied as a spray with ground 
equipment at 1 pound actual Thimet {phorate) per acre. Fifty gallons of spray 
mixture per acre was applied to four replicated plots leaving four similar 
plots as untreated check. Counts were taken at approximately weekly intervals 
by counting all aphids found on a small center leaf. A total of 25 leaves 
were examined from each plot and the number of aphids per plot recorded. Thus 
100 leaves were sampled from each treatment. 

Results shown in Table 3 indicate that the single application of spray 
containing Thimet 600 reduced the aphid count to 92 per 100 leaves on 
February 13. Aphids continued to increase in the untreated plots, reaching 
15', 242 per 100 leaves on February 13. The last count on March 6 showed a 
decrease in aphid population which was attributed to the build up of lady 
bird beetles, Hippodamia convergence, in the untreated plots. Aphids were 
gradually building up each week in the treated plots, but never reached the 
pretreatment counts. There was very little predator activity in the plots 
that were treated which would account in part for the gradual build up. 

Yields from field 1 are shown in Table 4. The average was 27.3 tons per 
acre for the treated and 25.8 tons per acre for the untreated check. The 
sugar percent in the treated was 12.2% and 12.5% in the untreated. No signi
ficant differences in yield or sugar percent was found between the treated and 
untreated plots. 

In field number 2 the pretreatment aphid population was not heavy when 
compared to that found in field number 1. A 10% granular formulation of 
Thimet was flown on at the rate of 15 pounds per acre or 1.5 pounds actual 
Thimet. Counts were taken in the same manner as in field number 1 for a 
total of 100 leaves. Results of these counts are shown in Table 5. Al~ 
though the build up of aphids was held to a low population in the treated 
plots, they continued to increase in the untreated check and reached a count 
of 19,684 aphids per 100 leaves on March 6, 1967. 

The yields per acre for Thimet treated and untreated plots in field 
number 2 were almost the same (Table 6). The treated plots averaged 21.5 
tons per acre and 20.2 tons per acre in the untreated check. The sugar per
cent was 4% higher in beets from this field than from field number 1 and 
averaged 16.1% for treated and untreated plots. 

This single season's data would indicate that the spray application of 
Thimet 600 was better than the 10% granular formulation in control of the 
green peach aphids. Yields were higher from the Thimet 600 treated plots, 
but the sugar percent was greater in those receiving a granular Thimet treat
ment. It also appeared that the treatments should have been applied earlier, 
before the populations had reached the proportions indicated. Of course, it 
must be remembered that these fields were a number of miles apart with differ
ent soil conditions. This factor alone could influence the yields as well as 
the sugar percent. 
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The insect control study th~t is underway at the present time is again 
involved with the soil applications of a systemic insecticide. A 10% granu
lar formulation of Thimet (phorate) was selected since it has already been 
cleared for use on sugar beets by the F. D. A. 

Granular formulated Thimet was applied 5 inches below the seed at 
planting time just ahead of the planter and was spread in a band as wide as 
possible, approximately 1-1/2 inches. A second treatment was Thimet beneath 
the seed row at planting plus a side-dress treatment at thinning. A third 
treatment was Thimet below the seed row at planting time plus 1 to 2 sprays 
of Meta-systox. The fourth treatment was Thimet at 10 pounds of 10% granu
lar at thinning, and the last treatment a Parathion spray at 1/2 pound 
actual per acre beginning about thinning time. Insect counts are being 
taken at weekly intervals using a vacuum insect net to obtain the samples. 
Good growth of the beets was obtained in the early part of the season with 
very little indicated virus diseases. 

In addition to the above-mentioned test, the material Temik, NIA-
10242, was applied beneath the seed at planting. Thimet, combined with a 
16-20-0 fertilizer formulation and Thimet granules alone was side-dressed 
at thinning time. 

These tests are still underway at the present time with further insect 
counts to be made. At harvest time, approximately the first of June, yields 
including sugar percent will be taken from the various plots. 

It is hoped that information obtained from.these tests as well as 
others will enable us to make better insect control recommendations for the 
sugar beet growers in Arizona. 
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Table 1. Results of granular insecticide application to sugar be'ets for 
beet leafhopper control~ Nesa Branch Station. ' 1965-66. 

Number of Beet Leafhoppers per 80 Feet of Row 
1/ Treatments- 10/11 10/26 11/2 11/9 11/16 11/30 12/9 12/20 

u.c. 21149 at plantingl/ 21 

U.C. 21149 side-dressed~./ 41 

NIA-10242 at plantingl/ 10 

NIA-10242 side-dressedr/ 38 
- 2/ 
Meta-systox-R- 31 

Untreated check 33 

41 

5 

22 

7 

21 

51 

57 

8 

22 

8 

26 

54 

50 

7 

16 

6 

47 

40 

l/ All applied at 20 pounds per acre of 10% granular. 

~/ Applications made October 19 at thinning time. 

1/ Applied September 21 at planting. 

2 

0 

3 

0 

2 

2 

0 

0 

0 

0 

10 

7 

Table 2. Yield data from sugar beet plots receiving applications of 
insecticides. Mesa Branch Station. 1965-66. 

Treatments 
Number of Beets Average Wt. 

Per Harvest Plot Per Beet 

U .c. -21149 at planting 26.3 2.25 lbs 

U .c. -21149 side-dress 24.5 2.49 lbs 

NIA-10242 at planting 27.5 2.28 lbs 

NIA-10242 side-dress 26.0 2.23 lbs 

Meta-systox-R spray 27.0 2.10 lbs 

Untreated check 27.3 2.24 lbs 
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0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

Tons Per 
Acre 

32.2 

33.3 

34.3 

31.7 

31.0 

33.3 
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Table 3. Results of a Thimet spray application to sugar beets for green 
peach aphid control. 

Field No. 1 

1/ Number of Aphids per 100 Leaves 
Treatments-

Feb 1'!:../ Feb 13 Feb 21 Feb 27 Mar 6 

Thimet-600 E.C. 
1 lb act./acre 15,899 92 1,888 1,760 2,748 

Untreated check 12,722 15,242 16,717 17,171 8,872 

1/ Ground rig application - 50 gals/acre, treated February 10, 1967, four 
replicates. 

'!:._/ Pretreatment count. 

Table 4. Results of granular Thimet application to sugar beets for green 
peach aphid control. 

Field No. 2 

1/ 
Number of AEhids per 100 Leaves 

Treatments-

Feb 9'!:..I Feb 20 Feb 27 Mar 6 

Thimet, 10% Granular 
15 lbs/acre 3,193 1,232 2,255 4,560 

Untreated check 3,176 7,013 11,796 19,684 

1/ Treatments applied by aircraft - 50 ft swaths, 30 to 40 feet off ground. 
1.5 lbs actual Thimet per acre. Treated February 10, 1967. 

rJ Pretreatment counts. 
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Table 5. Yields from plots receiving a spray application of Thimet 600 
compared with the untreated check. 

Treatment 
Replicate 

A 

B 

C 

D 

Total 

Average 

Field No. 1, Phoenix, Arizona, 1967 

Yield Per 

Thimet 600 Treatedl/ Untreated Check 

8 1 of Bed 

32.7 lbs 

32.4 lbs 

32.4 lbs 

33.4 lbs 

130.9 lbs 

32.7 lbs 

Acre 

27.3 tons 

27.0 tons 

27.0 tons 

27.8 tons 

109.1 tons 

27.3 tons 

% Sugar 

12.0 

11.3 

12.4 

13.1 

48.8 

12.2 

8 1 of Bed Acre 

26.8 lbs 

33.3 lbs 

30.4 lbs 

33.6 lbs 

124.1 lbs 

31.0 lbs 

22.3 tons 

27.8 tons 

25.3 tons 

28.0 tons 

103.4 tons 

25.8 tons 

1/ Thimet 600 applied as a spray by ground equipment. 

% Sugar 

12.9 

12.0 

12.5 

12.4 

49.8 

12.5 

Table 6. Yields from plots receiving granular Thimet application compared 
with the untreated check. 

Field No. 2, Goodyear, Arizona, 1967 

Yield per 

Granular Thimet Treatedl/ Untreated Check 
Treatment 
Replicate 8 1 of Bed 

A 28.5 lbs 

B 23. 9 lbs 

C 24.0 lbs 

D 28.6 lbs 

Total 105.0 lbs 

Average 26.3 lbs 

Acre 

23.3 tons 

19.6 tons 

19.7 tons 

23.4 tons 

86.0 tons 

21. 5 tons 

% Sugar 

16. 7 

15 .4 

16.4 

15. 9 

64.4 

16.1 

1/ - 10% granular Thimet applied by aircraft. 
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8 1 of Bed 

23.9 lbs 

27.8 lbs 

25. 6 lbs 

21.0 lbs 

98. 3 lbs 

24. 6 lbs 

Acre 

19.6 tons 

22.8 tons 

21.0 tons 

17.2 tons 

80.6 tons 

20.2 tons 

% Sugar 

16.1 

15.4 

16.2 

16.5 

64.2 

16 .1 
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SUGAR BEET WEED CONTROL 

Stanley Heathman 
Extension Weed Specialist 

Sugar beets must compete with weeds to survive in Arizona. Mechanical 
cultivation and the hoe have been the principal means of controlling weeds in 
sugar beets. While these methods of weed control are effective the growers, 
Spreckels Sugar Company Agronomists, and The University of Arizona Experiment 
Station and Extension Service personnel are interested in developing more 
efficient and less costly methods of weed control. 

Sugar beets are irrigated up during late August and September in the 
Salt River Valley. Along with the germinating beet seed a great number of 
vigorous summer weeds emerge. These weeds have to be removed at thinning 
time and they can add from $5.00 to $20.00 or more per acre in added thinning 
costs. A pre-emergence or early postemergence herbicide that will control 
these weed problems without economic injury to the sugar beets would be 
desirable. 

Research in sugar beet weed control has been conducted for the past 
several years by Dr. K. C. Hamilton, Agronomist, University of Arizona, and 
Fred Arle, Agricultural Research Service, Phoenix. Many herbicides had been 
screened by them over these years. The most promising of these herbicides 
were taken to the growers field this year by the Cooperative Extension Ser
vice for testing under grower conditions. The following herbicides were 
tested: Pyramin, Tillam, Ro-Neet, Dalapon, Tok, IPC, and Diuron. 

These herbicides were observed under varied conditions in both Maricopa 
and Pinal Counties. Over 1000 plots were established by the Extension Service 
in these counties in cooperation with Spreckels Sugar Company and the growers. 

The results of this testing program are not complete. However, Ro-Neet, 
Pyramin, IPC and some of the other herbicides have performed well in the 
field. When next year's planting season comes around growers should have 
some new herbicide recommendations to help control their weed problems. 
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CITRUS RED MITE 

Donald M. Tutt le 
Entomology Department 

The citrus red mite, Panonychus citri (McGregor) was discovered in 
Arizona for the first time on May 4, 1967 by Ted Townsend and verified by 
D. M. Tuttle. It has been known in California since 1890. Before that it 
occurred on citrus in Florida. This mite appears to be a native of the 
Orient and was believed at one time to be limited to coastal areas. In 
1937 and 1938 it appeared inland at Riverside, California and since that 
time has moved into desert areas. Now it occurs in all of the citrus
growing areas of California. 

McGregor (1916) described Panonychus citri in 1916. Until then it 
had been associated together with Panonychus ulmi (Koch), the European 
red mite. Originally it was placed in the genus Tetranychus. In 1919 
McGregor put it in Paratetranychus and Reck placed it in Metatetranvchus in 
1941. Ehara (1956) showed that the citrus red mite and European red mite 
belong to the genus Panonychus (Yokoyama, 1929). 

After the discovery of the citrus red mite east of the air base in 
Yuma, Arizona, surveys during the next few months showed the mite distri
buted over approximately 12 square miles. In addition to. this area it was 
found in two other groves on the Yuma Mesa. ~ithin the 12 square miles there 
appears to be or was a center of infestation. This center of infestation is 
located within approximately one square mile with "hot spots" occurring 
particularly on lemons. 

In addition to lemon, the citrus red mite was found on orange, grape
fruit, tangerine, and citron. The activity of · the mites appeared to be 
confined mostly to newer leaves and on the upper surface. When mites be
came prevalent, they were also found on the undersurface and on older (darker 
green) leaves. _ Noticeable damage occurred on the leaves of lemon trees in
volving only 30 to 40 acres. The number of mites averaged 50 to 60 per leaf 
including both old and new foliage. On some newer leaves counts ran as high 
as 100 to 150 mites per leaf. In these cases mites were also abundant on the 
underside of the leaves. A similar high count was found on some grapefruit 
leaves adjacent to a localized "hot spot'·' of the citrus red mite on lemons. 
Tangerines, grapefruit, oranges, and citron trees adjacent to these heavy 
infestations usually had some mites. The number of mites per leaf diminished 
rather rapidly from the "center of infestation." The other infested spots 
within the 12 square miles were quite localized and suggest the distribution 
of mites from the infested area by machinery, other equipment, and possibly 
workers. 

The center of infestation was treated in May shortly after the discovery 
of the citrus red mite. Various treatments were applied including ground and 
air applications. Periodic counts were made in the treated areas during the 
remainder of the year 1967. Two acaricides, Kelthane and Chlorobenzilate, 
gave outstanding control of the citrus red mite when applied either by ground 
or air. Two newer compounds Morestan and Omite tested on a few trees by ground 
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equipment (power sprayer and orchard gun) were very promising. Delnav, like
wise, appeared to give satisfactory control and observations indicated good 
control of citrus thrips as well. More efficient control was obtained with 
ground application compared to applications by air and sprays appeared more 
efficient than dust. The most efficient control was obtained with a speed 
sprayer covering all sides of trees by traveling both ways between trees 
(down and across rows). The amount of spray per acre was 750 gallons per 
acre or 375 gallonp each way which was maximum for the particular sprayer. 
Other treatments used and providing effective control included ethion WP 
and diazinan + Kelthane dust. 

Following the single application mites were reduced in all treated 
areas to a low level. After three and four weeks there was a slight in
crease of mites per leaf in all areas regardless of the initial level of 
infestation. With the advent of higher daily maximum temperatures around 
June 15, the mite population dropped abruptly and apparently completely. 
However, during July and August an occasional mite could be found as well 
as a few eggs by diligent searching. Mites began appearing on leaves again 
in September in most of the treated areas. The build-up appears to be a 
gradual steady increase through December despite the lower temperatures 
beginning in late November. The increase was earlier and at a more rapid 
rate wherever air applications had been made. 

In areas which had low populations during May and June and were not 
treated the citrus red mite occurred earlier in the fall and increased more 
rapidly compared to the areas which were treated, Approximately sixty acres 
(mostly lemons) were treated during September. These fall treatments by 
air appeared to be effective f~r approximately two weeks. After this the 
increase in the number of mites per leaf was similar to other areas infested 
with the citrus red mite on the Yuma Mesa. 

The high summer temperatures appear to be the most effective factor in 
the control of the citrus red mite. Due to this suppression in Desert areas 
of California the citrus red mite has certainly never become as serious a 
pest as it does in the coastal and subcoastal regions. It is possible that 
the citrus thrips may remain as the number one pest in Arizona. Since most 
of the citrus acreage is treated in the spring or at petal fall for the 
citrus thrips, it is possible to include an acaricide or use a material or 
materials to control both the citrus thrips and the citrus red mite at this 
time. Many growers also protect new growth during the fall with insecticide 
applications for control of the citrus thrips. A similar type of tre~tment 
made at petal fall for citrus thrips and citrus red mite could be used during 
September or October. 
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VALENCIA ORANGE YIELDS IN RELATION TO HARVEST PROGRAMS 
AND CARBOHYDRATES IN LEAVES 

R.H. Hilgeman 
Superintendent, Salt River Valley Citrus Research Farm 

Fertilizer experiments with Valencia oranges in the Salt River Valley 
have shown that if the nitrogen in leaves is maintained between 2.2% and 
2.3% additional fertilization with nitrogen or other elements have not 
increased yields. In such tests, yields have varied widely between years. 
When yields were high, trunk growth and shoot growth was reduced and vice
versa. This competition between vegetative growth and fruiting suggests 
that carbohydrate synthesis is a major factor limiting fruiting. 

With Valencia oranges, mature fruit is normally present on the tree 
during the spring leaf growth, blossoming and fruit setting period, so the 
effect of a carbohydrate limitation should be emphasized. An experiment 
was started in 1958 to evaluate 4 harvest programs. Fruit was picked for 
8 years as follows: 1) late February or early March each year; 2) late 
May or early June each year; 3) alternate, February then May; 4) alternate, 
May then February. 

This test showed February harvest produced significantly more fruit 
the following year than May harvest in 6 of the 8 years (Table 1). Ex
tremely high heat during fruit set in May in 1958 drastically reduced the 
crop and initiated an alternate bearing cycle. All treatments had similar 
high yields in 1959. In January, 1963, a severe freeze damaged fruit. The 
frozen fruit left on the tree until May did not influence 1963 yields and a 
moderate size crop was set. This was followed by larger yields in '64 which 
broke the alternate bearing cycle. 

Technical papers covering these experiments in detail have been 
published and can be obtained from the author. 

By alternately harvesting light crops early and heavy crops late in 
harmony with the alternate bearing cycle, alternate bearing was augmented 
until 1963. By reversing this harvest program, the alternate bearing cycle 
was broken in '61 and '62. Beginning in 164, early harvest of small yields 
and late harvest of large ones initiated alternate bearing. 

Table 1. Effect of Time of Harvest on Valencia Yield 

Yield in Fruit/Tree in Year of Bloom 

I 58 '59 '60 1 61 '62 '63 '64 '65 

Feb. 205 893 742 991 535 825 1143 1159 
May 133 822 395 887 368 690 903 877 

Feb.-May!!/ F 215 F 897 M 392 F 1035 M 269 F 636 M 886 F 1179 
May-Feb.~/ M 124 M 871 F 720 M 694 F 603 M 845 F 1173 M 827 

Sig. diff. 63 ns 55 98 161 ns 111 110 
~/ F or M refers to Feb. or May harvest of previous year crop. 
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In 1964, the carbohydrate content of leaves and the soluble solids 
content of fruit was followed between March and July on trees harvested at 
about monthly intervals (Table 2). This test showed harvesting in March · 
produced similar yields the following year and May and June harvest reduced 
yields. It is evident the critical interval begins in April and extends 
through June. 

Mature fruit increased 27% in size, Juice content increased slightly, 
total soluble solids increased irregularly and net soluble solids per 
tree increased from 17 to 26 lbs./tree. It is evident that the mature 
fruit places an extra carbohydrate requirement on the tree, which takes 
precedence over the young fruit. 

Carbohydrate loss from the leaves was extremely rapid between February 
25 and April 22; thereafter, the rate was reduced. The presence of mature 
fruit was reflected in leaf carbohydrates. One month after harvest in early 
March, April, May and June, carbohydrates were significantly higher on 
harvested trees than on unharvested ones. 

The larger set of young fruit on the trees harvested in March and 
April was associated with significantly higher leaf carbohydrate in May. 
The young fruit apparently utilized this excess because carbohydrates were 
lowest in these trees in June and July. 

Table 2. Effect of Monthly Harvest of 1963 Crop on 1964 Yield; 
Increase in Solids/Per Tree Durirtg 1964; Changes in 
Total Carbohydrates in Leaves. 

Date Fruit Harvested and Tested in 1964 

March March April May June ~}8· 6 25 24 22 17 
Fruit Yield 

Yield 1 63 No. Fruit 1160 1240 1440 1300 1170 ns 
II '64 II II 1050x 1020x 930x 740y 700y *';'( 

Solids in Fruit 

Soluble Solids% 13.4xy 14. lz 13.6yz 12.9x 13. lxy 
Net Solids/Tree lbs. 17w 22x 28y 24x 26y ✓•~-;•, 

Leaf Carbohydrates 

Total Sugars Feb. 25 245 
and Starch Mar. 26 120x 90y ')'(* 

Mg/glucose Apr. 22 47 46 44 .ns 
/gram May 22 46x 39y 39y 33z *-.'c 

Dry weight June 18 29x 34x 35x 49y 29x ·*'/( 

July 15 32x 27x 26x 55y 54y *-.'c 

~/ Numbers with different subscript letters differ significantly. 
** - differences significant at odds of 99:1; ns - not significant.· 
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The data indicate that the carbohydrate supply limited .the set of young 
fruit, however, it should be emphasized ,that. this · simple relationship 11,1ay be 
coincidental with changes. in auxins or other regul.1:1.ting subs~a~ces involved 
in fruit setting or the production of a fruit .setting inhibitor ·by mature : .' 
fruit. 

BARLEY CULTURE ON THE MOVE 

Rex K. Thompson 
Department of Agronomy 

Profitable production should be the ,goal .in all the many avenues of 
barley culture. Traditionally and Q~s~orically barley has been planted in 
solid thick stands for ease of plant~ng and control of w~eds. In modern day 
agriculture, it is time we stopped thinking of barley as a weed control agent 
and started learning how to grow it. • 

To _get maximum returns from barley as an economical t1nit . barley shou1d 
be treated as the first crop in the rotation. Barley is adapted to_ most. 
crop rotations used in Arizona and its water use comes primarily in the 
winter and spring months at a time when the requirements of most other crops 
are at a minimum.It ~soften used as a fill-in crop with iittle effort being 
made to capitalize on its potential. 

Barley is often planted after cotton or sorghum in the rotation with 
discing as the only seedbed preparation. Reasonably good and sometimes 
economical yields may be produced provided: (1) any diuron or other herbicide 
concentrations in the bed have been dispersed by preplant irrigations; 
(2) soil is sufficiently fertile, including phosphorus previously plowed down, 
or available at a depth suitable for barley root feeding; (3) planting is · 
early enough to avoid aphid infestation at the seedling stage and high 
incidence of barley yellow dwarf virus; (4) the spring is ·1ong and cool for 
normal barley seed maturity as it was in 1967. 

Lodging is a perennial problem. Ask the farmer and he will probably 
tell you that lodging is his main concern in barley production. More speci
fically, whether he realizes it or not, lodging prior to seed formation and · 
development is his big problem. Lodging of filled heavy grain is primarily 
a harvest problem. 

There is no cure-all for lodging. However, it can be kept at a minimum 
or at least delayed until near maturity when the· profit is already in the 
head. An often observed fact is, "high tillering incidence results in 
less lodging." Factors which contribute to a greater tiller'ing capacity 
are: (1) early fall and winter planted grains tiller more than late or 
spring planted grains (our cool mild winfers are excelleh~ for the initiation 
of tiller buds)~ . (2) low rates : of seeding, particularly . on beds, · (3) suffi- -
cient, but not .excessive, moisture at tillering .stag~ of growth, (4) adequate 
soil fertility, and (5) variety selection. 
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The culture of barley is subject to many variables and for maximum 
returns must be adjusted to the specific conditions under which the crop 
is grown. As the date of planting is delayed the rate of seeding will 
normally ne~d to be increased because late-planted grain has a shorter 
vegetative period in which to tiller. Minimum rates of seeding are suited 
to early dates of planting because cooler temperatures are conducive . to a 
prolonged vegetative period and maximum tiller bud initiation. 

Arizona soils are low in organic matter and reserve nitrogen. Nitrogen 
fertilization is required to insure high barley yields. This has to be 
applied discreetly, with amount and timing governed by the past cropping 
history and amount of residual nitrogen in the soil. Excessive nitrogen 
availability in the early stages of barley growth usually results in ex
cessive lodging, even before seed formation. 

Most fertilizer recommendations have been for barley as a second crop, 
for nitrogen, and for phosphorus only when there are known soil deficiencies. 
Perhaps the time has come for us to think of phosphorus as an important 
adjunct to barley production. 

1 
Tucker, T. C. and Abbott, J. L. at the 1964 meeting of this group 

discussed the effect of crop residue, nitrogen and phosphorus on the yield 
of barley and grain sorghum. Their report covered a five-year period of 
double cropping with four crops of barley and five crops of grain sorghum 
from 1959 through 1963 at the Mesa Experiment Station. 

Consistent responses to phosphorus with adequate nitrogen were shown in 
the barley grain throughout the study. In three of the four years the high
est yields resulted from the application of 200 pounds of nitrogen per acre 
with phosphorus even though lodging occurred. 

Phosphorus was applied at the rate of 100 pounds of P205 per acre versus 
no phosphorus. After the initial 100 pound application of P205 to the 
sorghum the first year, one-half the annual application was made prior to 
the seeding of each crop. The top yield was 5,550 pounds per acre in 1961 
with added phosphorus as compared with 2,650 pounds with the same rate of 
nitrogen and no phosphorus. They commented that most of the barley plantings 
were made too late in the year for maximum yields. 

Should we be satisfied with marginal, 
thing less than maximum economical yields? 
for the five-year period 1957-61 was 3,100 
year period 1962- 66 was 3,331 pounds per 
small amount of progress. 

reasonably good yields or any
Average barley yields in Arizona 

pounds per acre and for the five
acre.2 These figures indicate a 

Preliminary data on nonreplicated, commercial field plantings indicate 
that barley yields may be increased by one-third, with one-third less water 
by modification of conventional methods of planting. These yields were 
secured by planting in November and early December on vegetable beds with 
25 pounds of seed per acre as 9pposed to flat solid plantings of 100 pounds 
or more of seed per acre. Yields of 6,800 pounds per acre and up were 
secured from these plantings. 
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Raising the goals on barley yields opens the way for more extensive arid 
intensive use of increasing amounts .of plant nutrients. For instance, a 
barley crop of 3,331 pounds per acre removes 85 pounds of nitrogen and 35 
pounds of P205 in the grain and straw3 (this is exclusive of plant nutrients 
leached out, remaining in root residues, etc.). Thus for a barley crop of 
6,800 pounds con·s iderab ~y over 200 pounds of nitrogen and 82 pounds of Pz05 
would be required as available and usable nutrients. 

Such large nitrogen applications at one time can be detrimental to 
normal root development and cause excessive stem and leaf growth and early 
lodging. Split applications of nitrogen then become a necessity. It is 
important to utilize the right kind of fertilizer at the right time, with 
enough at planting time for maximum initiation of tiller buds and additional 
quick acting nitrogen fertilizer in early spring for the maximum number of 
seeds and their development into high quality grain. 

The future of barley in Arizona is bright. A. D. Day has indicated the 
pro·gress being made in the development of new small grain varieties. R. T. 
Ramage and R. K. Thompson have recently released the female parent for the 
commercial production of hybrid seed barley. In two years hybrid barley 
will be a reality for the Arizona farmer. 

With the advent of hybrid barley modification of today's conventional 
methods of barley production becomes doubly important because of the pre
dicted high cost of hybrid seed and the necessity for high efficient pro
duction. 

Presently underway are cultural studies tailored to the production of 
more economical and lower cost hybrid seed and methods of barley production 
designed to produce maximum yields. 

Tomorrow we can have doubled grain yields, with more efficient use of 
more fertilizer and more money in the bank for the seed producer, the grain 
producer, the seed and grain processors, and the agricultural chemical 
business. This is agri-business at its best. 

Evidence indicates that more efficient fertilizer utilization may be 
secured by modification of present planting methods, with lower seeding 
rates .at earlier planting dates, with split applications of nitrogen and 
the development of irrigation practices and varieties for this specific 
purpose. 

To this end more rese-arch is needed on high fertilizer regimes of 
balanced nutrients and their application to lower seeding rates and earlier 
seeding dates to explore the economic potential of barley gratn production. 
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SMALL GRAINS WILL FEED THE WORLD 

A. D. Day, R. K. Thompson, and F. M. Carasso 
Department of Agronomy 

The basic patterns of scientific thought, search, discovery and 
utilization belong to Agronomy (1). Agronomy can be defined in laymen's 
terms as, "The Study of Crops and Soils." Food for tomorrow is today's 
challenge for the Agronomist. 

In 1965, there were 3.3 billion people in the world. It is estimated 
that the world population will double by the year 2,000. The United States 
Department of Agriculture has reported that of the 33.3 billion acres of land 
in the world only 3.5 billion acres (about 10%) are suitable for cultivated 
agriculture. These figures indicate that today there is one acre of. arable 
land per person and that by the year 2,000 there will be only five-tenths 
of an acre per person for food production (2). Since the amount of agri
cultural land is limited more efficient production must be developed. 

One way that the Agronomist and/or plant breeder can increase produc
tion is by the breeding of improved varieties. New small grain varieties 
are being developed throughout the world and in our own State of Arizona. 

In 1966, the oat variety 'Mesa' (Avena sativa L.), C.I. 8277, was re
leased jointly by the Arizona Agricultural Experiment Station and the United 
States Department of Agriculture. Mesa is an F7 selection from a ':Kanota' 
(!. byzantina) x 'Wild Oat' (!. fatua) cross. Mesa is an all-purpose oat. 
In yield tests, Mesa has averaged 10% more grain than the grain variety 
'Palestine' and 8% more simulated pasture forage than the forage variety 
'Markton.' Hay yields, when harvested at the early heading stage of growth, 
have been higher than Palestine and competitive with Markton. Mesa is 
intermediate in height and maturity and it has tolerance to lo4ging and Barley 
Yellow Draw£ Virus. 

'Maricopa' wheat (Triticum aestivum L. em Thell.), C.I. 14129, became 
a reality in 1966. It also was a joint release by the Arizona Agricultural 
Experiment Station and the United States Department of Agriculture. The 
breeding of Maricopa wheat involved three different crosses. The first 
cross (Norin 10 x Brevor) was made at Pullman, Washington in 1949. Norin 10 
is a semidwarf wheat from Japan, and Brevor is a white, winter wheat from 
the Pacific Northwest. Selection 14 was obtained from O. A. Vogel, Pullman, 
Washington in 1954. The female parent in the second cross was Ramona 44, a 
white spring wheat adapted to the Southwest. Although a number of selections 
from the second cross had short straw and were high-yielding in Arizona, they 
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all lacked acceptable milling and baking qualities. In the third cross, the 

female parent was Ramona 50, the variety most commonly grown • in Arizona and. 
preferred by flour mills. Ramona 50 was crossed with a ~election from 
Ramona 44 2x Norin 10 x Brevor-14. Maricopa came from this third cross, and 
is adapted to the irrigated areas of Arizona and to other areas of the South
west where Ramona 50 is grown. Maricopa produced an average of 35% more 
grain than Ramona 50 in 8 replicated yield tests at Mesa and Yuma, Arizona 
from 1963 through 1966. The bushel weights of the two varieties were simi
lar. The new variety is essentially the same as Ramona 50 in milling and 
baking qualities. Maricopa has a number of morphological characteristics 
that distinguish it from Ramona 50. For example, it has a shorter straw, 
more tillers per plant, and it is more resistant to lodging when grown under 
irrigation. It also has awns, which make it more resistant to bird damage 
at maturity. We recommend that Arizona farmers grow Maricopa, because it 
will put a good loaf of bread on their table and more money in their 
pockets. 

In 1967, 'Arimar 1 barley (Hordeum vulgare L. emend. Lam.), C.I. 13626, 
was approved for commercial production by the Arizona Agricultural Experi
ment Station and the United States Department of Agriculture. Arimar is a 
pure line selection from the cross 'California Mariout' x 'Arivat 1 made at 
Tucson, Arizona by A. D. Day in 1954. Arimar is adapted to the irrigated 
areas of Arizona and to other areas of the Southwest where California Mariout 
and Arivat are grown. In 17 replicated yield tests grown at Marana, Mesa, 
Tucson, and Yuma, Arizona from 1961 through 1967 it produced an average of 
7% more grain than Arivat. It produces grain that weighs 1 to 2 pounds per 
bushel more than grain from Arivat. Arimar is earlier, shorter, and more 
resistant to lodging than Arivat. It has rough awns, white seeds, and 
resistance to shattering. New barleys, such as Arimar, will be used to 
produce more and better beef for our dinner tables. 

Although we have mentioned only three new varieties of small grains, 
there are a number of others in our breeding program, that will become 
realities in the years ahead. Remember, today's small grains variety 
breeding programs will provide the food for tomorrow's standard of 
living. 

Literature Cited 

1. American Society of Agronomy. 1966. Careers in agronomy, crop science, 
and soil science. American Society of Agronomy, 677 South Segoe Road, 
Madison, Wisconsin; Special Report, 12 p. 

2. Merrill Lynch, Pierce, Fenner and Smith, Inc. November, 1966. Food 
and the World's Needs. Merrill Lynch, Pierce, Fenner and Smith; 
Special Securities Research Report, 32 p. 

-16-



B !RD TOLERANCE IN GRAIN SORGHUM 

Robert L. Voigt 
Department of Plant Breeding 

The problem of bird-damage losses to our Agricultural crops is becoming 
more important as the world food shortage becomes more acute. Crop losses 
due to birds are geographically spotty in severity due to the prerequisite 
of certain local environmental conditions such as small agricultural areas 
relative to nearby large bird populations. Many areas in Arizona are 
particularly susceptible under these conditions for any crop that can 
potentially be damaged by birds. 

Bird depredation is not unique to our times. A second quarter 1967 
issue of the Ohio Agricultural Science Review gives a few highlights of 
the history of this problem in the United States. 

Captain John Smith wrote about the abundance of red-winged blackbirds 
at Jamestown in 1607, and the early Delaware colonists were so awed by the 
hordes of black birds that they named a town "Blackbird." Alexander Wilson, 
father of American ornithology, wrote in 1808: "The birds are seen like 
vast clouds, wheeling and diving over meadows and cornfields, darkening the 
air with their numbers. Then commences the work of destruction on the corn.II 

Some historical evidence also suggest that blackbird depredations on 
corn have existed for a long time in the upper Mississippi Valley. Hope
well Indians raised corn in Ohio in A.D. 400, as did the Coles, Eries, and 
Delawares in later times. Southern Wisconsin Indians picked and cured their 
corn while it was still in the ~ilk stage because of blackbird numbers. 
Meriwether Lewis, the American explorer, reported that blackbirds were 
numerous in the Missouri Valley and that Indian children were given the task 
of shooting them with bows and arrows. And during colonial days in some 
towns in Cape Cod, a young man was forbidden by law to marry until he had 
given the town clerk a certain quota of blackbird heads. Among the various 
extermination measures were the curious scalp-tax acts, which were inter
mittently in force in Virginia for more than 70 years subsequent to 1734, 
and which required a certain number of bird scalps each year in lieu of 
taxes. 

As agriculture developed, conditions became favorable for the expansion 
of some bird species. Except in extreme cases, bird damage to crops was 
accepted somewhat philosophically. At planting time, some farmers made 
allowances for the expected loss by dropping an extra seed kernel in the hill. 
"One for the birds" was a common justification for the practice. Scarecrows 
and similar scaring devices were common sights in the family sweet corn 
patch. 

Only in relatively recent times, however, has bird depredation in
creased to the point where it is considered a serious agricultural problem. 
Although periodic census-taking shows dramatic increases in population of 
certain species, some observers disagree as to whether increased depredation 
is due to overall population increases or to greater concentrations of birds 
in certain areas. 
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So how bad is the bird damage currently in the United States - or in 
Arizona? 

In 1966, 58 counties in the State of Ohio alone reported bird damage 
in losses in excess of $15,000,000. This would indicate a tremendous loss 
on a national scale even in comparison with those losses for disease, 
insects, and weeds. 

Grain sorghum yield testing had to be suspended on University of Arizona 
Experiment Stat ions near Tucson, Mesa and Yuma some- 6 or 7 years ago. Bird 
damage reached proportions such that the yield results were useless. Various 
noise devices, periodic shots at the birds, etc., did not deter them 
sufficiently. 

What about various control methods? The first instinct of the farmer 
has been to scare the birds away with amplified distress calls, firecrackers, 
rifles, shotguns, carbide exploders, electrical shocking devices, a low
flying airplane, or even a cruising car without a muffler. These are all 
expensive in time and money and many times not too effective. Some birds 
learn to ignore noise, or like the blackbirds, can learn the sequence of 
timed devices and return to the field during the quiet periods. 

Other control methods involve chemicals producing unpalatability or 
even death to the birds. Many of these methods involving unpalatability 
are not too sure. The results are rather temporary in that more birds flock 
in. I have read information on a chemical that s'upposedly doesn't kill the 
bird but when the bird recovers it supposedly will never return to the same 
place again. Controls of this nature sound promising. A publication on 
"Control of Nuisance Wildlife" states that when developing methods for bird 
control it should be kept in mind that 'usually the sight of birds is acute 
and that the sense of smell is poor. 

The 1966 yearbook of agriculture makes a statement to the effect that 
"avoiding bird problems is often easier than repelling birds." This may be 
true in some parts of the United States and in relation to some types of 
crop rotations. One of the methods they propose is changing planting and 
harvesting dates. I don't think this will work very well for Arizona Agri
culture. Another suggestion was selecting bird resistant varieties and 
growing a "feeding" area of some bird-sensitive crop. Growing a feeding 
area appears to me to be rather expensive in our situation. 

About 1960 an open-headed type of grain hybrid from Georgia (Georgia 
609) was observed in Arizona experimental plots to be avoided to considerable 
degree by the birds. The yield of this hybrid was only some 70 or 80% of 
th~ better adapted hybrids - without any bird damage. 

This hybrid was originally developed for southeastern United States· 
with an open head and brown seed for better head drying and less grain 
damage under high moisture conditions-. Resistance to birds was not one of 
the original objectives. This bird tolerance did make research on sorghum 
irrigation, fertilizers, weed control, etc., possible at our Arizona 
experiment stations. 
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Very shortly there were numerous other grain sorghum hybrids on the 
market from both public breeders and private companies with these bird re
sistant features. What are these features? I haven't been able to visit with 
the birds directly on this - and if I could I doubt if the information would 
be accepted in scientific circles, but apparently the following physical 
characteristics may be responsible for the bird resistance in varying degrees: 

1. Open heads - make it difficult for the bird to sit and eat. 
2. Longer glumes over seed - the food is not as accessible. 
3. Tannin content - associated with brown seed coat and supposedly 
gives a bitter flavor to the developing seed in the milk and soft 
dough stages. 

In 1965 yield tests of 4 nonbird-tolerant and 5 bird-tolerant hybrid 
grain sorghums were grown on the University Experiment Farms at Yuma, Mesa 
and Safford. No measures were taken against the birds. Only 1/4 and 1/2 
of the expected crop was harvested from the nontolerant hybrids. Little 
or no damage or loss was noted on the bird-tolerant entries. Marana, with 
no bird problem at all, was used as a check for yield comparisons without 
losses. 

Since then I have purposely put both bird~tolerance and nonbird-tolerant 
entries under very severe bird conditions here in Tucson during 1966 and 1967 
and have had everything eaten before maturity. The bird-tolerant entries 
lasted a week or t,vo longer is all. So - if conditions are bad enough - if 
you have enough birds, they will eat everything you have -- relative to 
sorghum grain in the field. 

We put some harvested seed of various popular tolerant and nontolerant 
hybrid grain sorghums out for birds to eat in 1967. Weighed amounts were 
put out each morning and weighed back at night to determine amounts eaten. 
Pans were rerandomized every day, too. The results show a definite choice 
by the birds - even after maturity and harvest. 

Weekly grain samples were taken of a number of tolerant and nontolerant 
entries beginning at one week after bloom and continuing through to maturity -
about 5 weeks after bloom in 1966 and 1967. A sample taken from the har
vested seed 5 months after bloom was also checked for tannin content. There 
was not the expected continued drop in tannin content of the tolerant lines 
with maturity. 

Supposedly these levels of tannin content are not high enough to hurt 
an animal to which they are fed. According to Chang and Fuller poultry had to 
have feed with a tannic acid content of .5% and higher to begin being 
detrimental. They used grain sorghums testing from .1% up to 2% tannic 
acid content. Detrimental effects were expressed by a slower growth of 
rate or weight gain. 

Correspondence with sorghum breeders in southeastern states indicate 
absolutely no complaints by any feeders on these so-called bird-tolerant 
hybrids when sold artd used there as hybrid grain sorghums grown for re
sistance to head drying problems. As yet 1 have no real proof of any unpal
atability to large livestock of so-called bird-tolerant or bird-resistant 
grain sorghums. As yet any complaints are more like - "If the birds don't 
like it, livestock must not like it either." 
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Average Dollar Losses per Year to Agricultural Field Crops in the 
United States for the Period of 1951 - 1960.l/ 

Cause Loss to Loss to 
All Field Crops Grain Sorghums 

Diseases $1,890,836,000 $ 34,072,000 

Insects $1,482,325,000 $ 34,072,000 

Weeds $3,419,415,000 $ 49,216,000 

1/ Losses In Agriculture 
ARS, USDA Handbook No. 291 (1965) 
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Physical Characteristics Probably Responsible in Varying Degrees for Bird 
Resistance in Grain Sorghums 

1. OPEN HEADS - makes it difficult for the bird to sit and eat 

2. LONGER GLUMES OVER SEED - the food is not as accessible 

3. TANNIN CONTENT - associated with brown seed coat and supposedly give 
a bitter flavor to the developing seed in the milk 
and soft dough stages. 
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PERCENT OF BIRD TOLERANT AND NON BIRD TOLERANT SEED 
REt-U1INING IN A PALATABILITY TEST 
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GROWTH, YIELDS, AND YIELD COMPONENTS OF SAFFLOWER AS AFFECTED BY 
SOURCE, RATE, AND TIME OF APPLICATION OF NITROGEN 

Norris W. Gilbert and T. C. Tucker 

Abstract 

The effect of source rate, and time of application of Non the yield 
and yield components of irrigated safflower was studied at Mesa, Arizona. 
Yield increased with each 50-lb. increment of N up to 150 lbs., applied as 
ammonium nitrate at planting in December. Further increases occurred when 
half was applied at planting and half in the spring. Urea at 50 lbs. N pre
plant inhibited early seedling development, but yield was not lower than with 
ammonium nitrate at the same rate. Urea at 150 lb. N preplant resulted in 
failure to 00t~in stands in three replications and severe injury to seedlings 
in the remaining five. Ammonium nitrate at the same rate also resulted in 
some seedling injury but without significant stand reduction. Ammonium 
sulfate at the 50-lb. N preplant rate gave higher yields than urea at the 
same rate, but not significantly higher than ammonium nitrate. Yield was 
correlated most strongly with numbers of heads per plant. Seeds per head 
was affected to a minor degree, but significant differences in seed weight 
did not occur. 

WATER: THE KEY TO GOOD MANAGEMENT 

Carl Eugene Franzoy 
Supervisor, Agriculture Division, Salt River Project 

When planning a crop management program we are confronted with many 
variables, any one or a combination of which can affect the degree of 
success we attain. 

Five major factors should be considered both separately and collectively 
for a sound management program. 

The first consideration is the crop species to be planted and the variety 
to be use~. This decision necessitates a knowledge of the rooting habits of 
the plants and the type of soil on which the crop is to be grown. With the 
crop species and variety selected, the farmer must face the other four major 
considerations--insect infestations, plant diseases, fertility levels, and 
soil moisture levels. Maximum yields are obtained by maintaining the proper 
balance between these production factors. 

A good management program then, would necessarily involve the collective 
consideration of the ecological factors affecting the growth and development 
of any given crop species. 
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Much research has been and is being done on the relative importance of 
each of these factors. One of these variables, however, by itself, can and 
should be used to great advantage. The proper use of water, with consideration 
for the other variables, can be a very powerful tool. Without water there is 
no growth at all; too rauch of it can cause excessive growth or chlorosis to 
the point of being a growth inhibitor. The correct amount of water at the 
right time can be extremely useful in attaining the maximum production poten
tial of any crop. 

How, then, does one determine the moisture requirements of a given crop 
at any given time? The key in this instance is the relationship between the 
soil and the plant. The moisture level to be maintained is determined by 
the use to be made of the crop. A crop such as alfalfa, grown for its 
vegetation, should be carried at a higher moisture level than cotton, grown 
for its fruit. 

The frequency of irrigation is dependent on the water-holding capacity 
of the soil and rooting habit of the plant. A shallow, fibrous-rooted plant 
has to be irrigated more frequently than a deep tap-rooted plant and a 
shallow coarse-textured soil must be refilled more often than a deep fine
textured soil. When we have this basic information the frequency and quantity 
of irrigation applications can be determined. 

Field determination of irrigation scheduling should be based on the use 
of key manageraent sites. The number and location of these key sites vary with 
the complexity of the soils. Accurate knowledge of the soil in each field is 
important to attain maximum benefit from each irrigation. The depth of soil, 
the rate at which it takes water and the amount of water it holds influence 
the irrigation requirements of the crop. The ability of a soil to take and 
hold water is determined by the texture, structure and condition of the soil. 
These properties can be ascertained onlyby collecting and evaluating samples. 

The soil profile at each management site should be examined in one-foot 
increments throughout the effective plant root zone. Soil profile charac
teristics and soil moisture levels are obtained from this examination. Soil 
type, compaction layers, and profile inclusions should be noted and recorded 
for each increment. Before and after each irrigation analysis of the profile 
in terms of available soil moisture should be made. The preirrigation check 
is used to determine the timing of the next irrigationJ Post-irrigation 
samples are taken to determine the uniformity, adequacy, and effectiveness of 
the irrigation. 

Precise timing is essential and at the same time, difficult, on highly 
variable soils. Many fields have several different soil types which influence 
water use and irrigation scheduling. Management of these units becomes 
increasingly complex when more than two or three different soils exist in a 
field. In these situations maximum yields are obtained by balancing the 
growth and production of the weaker areas with the output of the stronger areas. 

The growth and development of the plant's root system is affected by the 
texture, condition and extent of the potential root zone area. Many soils have 
limited root zone area resulting from either compaction or underlying stratas 
of sand, gravel, or lime caliche. In all cases where the effective root zone 
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is limited, the crop must be irrigated more frequently. Irrigation intervals 
will vary with the depth and water-holding capacity of the soil above the 
restricting zone. In each case management should be tailored to the existing 
field conditions. 

All of the above discussed principles and procedures apply for most 
crops. Consider their application on one crop--cotton. The exact manner 
in which cotton should be managed for maximum yield is, for the present, 
under considerable debate. Cotton is grown for its fruit and therefore, must 
be managed accordingly. Certainly it must be managed according to the 
dictates of each individual circumstance or set of circumstances. As guide
lines, generalizations are possible but should be altered as the situation 
demands. 

The preplant irrigation for cotton is generally applied in late February. 
The cotton is planted when the soil moisture and air and soil temperatures 
are optimum for maximum germination. This usually occurs some time around 
the first of April in the Salt River Valley area. 

On medium to fine textured soils the first post-plant irrigation is 
usually applied just after the first of June. Experience has shown that the 
timing of this first irrigation is extremely important. It is perhaps the 
most critical of any irrigation. It is this first irrigation that determines 
to a large degree the growth pattern for the entire growing season. If the 
first irrigation is applied too soon, the plants will maintain a vegetative 
growth state which will delay fruiting. It is this early set of bolls which 
often makes the difference between profit or loss. With the current pink 
bollworm situation so pressing it becomes increasingly important to set and 
mature an early crop for maximum yields and best cultural control. Too long 
a delay in application of the first post-plant irrigation can result in a 
growth stoppage which delays the "heavy" set of bolls until hot weather. It 
is during the hotter periods that shedding of squares is most evident. 

Proper timing promotes 
desirable boll set. With a 
of the crop is made easier. 
tain a favorable growth and 

good root development, vegetative growth and 
favorable growth habit established, management 

Subsequent irrigations are then timed to main
fruiting condition. 

Recognizing that irrigation patterns will change with varying ecological 
conditions, consider the following actual crop management examples. Infer
ences drawn from these can serve as guides for establishing good management 
programs. 

EXAMPLE I 

The first example concerns a deep silt loam soil in excellent condition 
with a high water-holding capacity. Management of the farm is very good. 
All applications of water and nutrients are based on the needs of the plants • 

. The preplant irrigation of 2.0 acre feet per acre was applied February 15 
combined with 23.4 pounds of nitrogen. The cotton was planted March 20 followed 
by a side dress application of 250 pounds per acre of 15-45-0 with 3% sulphur 
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on June 1. This amounts to 37.5 pounds of nitrogen and 101.25 pounds of 
phosphorus per acre. 

The first post-plant irrigation was applied June 10. An application of 
1.8 acre feet per acre was required to refill the profile. At that time the 
plants were growing vigorously and were fruiting well. There was some early 
damage by loopers but this was only for a short period of time. 

A second and last irrigation of 1.3 acre feet per acre was applied 
August 6. An irrigation was not really necessary at this time strictly for 
moisture replenishment. It was felt, however, that if the irrigation was 
delayed the soil would have excessive moisture remaining when the crop 
matured. Too high a moisture level would result in poor defoliation and 
possible tillage problems later. 

A gross total of 5.1 acre feet per acre was applied in three irriga
tions. Nutrient additions amounted to 60. 9 pounds of nitrogen and 101. 2 
pounds of phosphorus. The resulting yield of 2.7 bales per acre was more 
than satisfactory, in view of the insect damage experienced throughout the 
valley. 

EXAMPLE II 

The second example relates management of a moderately deep fine sandy 
loam. The soils in the field were quite variable with large areas of 
shallow sandy loam over lime caliche. Because of the variability, management 
sites were chosen in the deep fine sandy loam and at the edge of the 
shallow areas. 

On February 25, the preplant irrigation was applied. A gross total of 
1.6 acre feet per acre was applied. 

The cotton was planted March 30. On June 1, 22.5 pounds of nitrogen 
and 75 pounds of phosphorus were applied. This was followed by an applica
tion of 40 pounds of nitrogen in the first post-plant irrigation June 7. 
At that time 9.6 acre inches per acre (gross) was required to replace the 
moisture deficit. 

The plants were growing and fruiting moderately when the second irrigation 
of 10.4 \ acre inches per acre was applied July 10. Moderate fruiting continued 
throughout July. August 20 a final irrigation of 7.6 acre inches per acre was 
applied. Alternate row irrigations were used exclusively, except for the pre
plant irrigation. 

The first pick yield was 2.1 bales per acre. The total yield of 2.5 
bales per acre marked the third consecutive year in which, under strict 
management, the yield had been 2.4 bales per acre or more. This production 
was on a farm which previously had consistently yielded 2 bales per acre or 
less. 
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EXAMPLE III 

Management of the field chosen for example three was made more difficult 
by the variable nature of the soil. The primary textures were loam and sandy 
loam, with large areas of gravelly loam and shallow sandy loam over caliche. 
Management sites were chosen in the loam, sandy loam, and shallow sandy loam. 

A preplant irrigation of 9.5 acre inches per acre was applied on 
February 18. The post-plant irrigation schedule was as follows: 

DATE AMOUNT DATE AMOUNT 

May 9 6.5 inches July 29 6.5 inches 
June 9 6.1 inches August 12 5.9 inches 
June 27 6.1 inches August 27 6.1 inches 
July 12 6.5 inches September 12 5.9 inches 

The fertilizer program for the field consisted of 40 pounds of nitrogen 
and 50 pounds of phosphorus applied before planting. A side dress application 
of 102 pounds of nitrogen was made May 1. This was followed by a furrow 
injection of 82 pounds of nitrogen June 27 and 41 pounds of nitrogen in the 
July 29 irrigation. 

Because of relatively low water-holding capacity of the soil, frequent 
light irrigations (L~. 9 acre feet per acre in 9 irrigations) were applied. 
The result w.as uniform growth and fruiting in the weaker areas. 

Comparison of Crop Management Examples 

Soil 

T.otal water applied 
(acre ft. per acre) 

Number of Irrigations 

Fertilizer (pounds per 
acre) 

N 

p 

K 

Yield (bales per acre) 

EXAMPLE I 

Silt loam 

5.1 

3 

60.9 

101.2 

2.7 

E~W-1PLE II 

Fine sandy loam 

3.9 

4 

62.5 

75.0 

2.5 

In spite of moderate insect damage the first pick yield 
acre. The total of 2.5 bales per acre was above the average 

EXAMPLE III 

Variable 

4.9 

9 

224.0 

50.0 

2.5 

was 2.2 
for the 

bales 
area. 

per 

The above examples indicate what can be accomplished through strict water 
management. Comparisons show that no definite pattern can be established for 
good water management. Example I had three irrigations compared to four in 
Example II and nine in Example III. Yet the results in all three cases justi
fied the management approach. 
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Good water management practices are also effective in the control of some 

soil-borne diseases. Experiences have shown that damage from verticillium wilt 

and root rot can be effectively reduced by irrigating less frequently than 

plant signs would indicate. Consider the following comparison which is typical 

of many observations made during the past three years in the Salt River 

Valley area: 

Both fields of cotton had clay loam soils severely infected with verti

cillium wilt. Field I had no fertilizer and was irrigated frequently (seven 

post-plant irrigations in every row). Field II had 100 pounds of nitrogen in 

three applications and received five post-plant irrigations in alternate rows. 

By mid-July Field I had quit growing and very little fruiting occurred from 

that time. In early September the plants had shed most of their leaves. 

Field II, however, had some growth and moderate fruiting until late August. 

At that time the verticillium wilt began to show although not as much as in 

Field I. 

The first pick yield of Field I was 1.0 bales per acre compared to 2.0 

bales per acre in Field II. The total yields were 1.1 and 2.3 respectively. 

In summary, water should be treated as an input which, when properly 

mixed with other inputs, greatly influences the performance of any crop. 

The efficiency with which it is used determines the number of input units 

required to gain a given return. Maximum returns are realized when the 

returns per unit input is at its peak. Three years of work have led to 

the following guides for attaining this peak ratio for cotton: 

1. Early planting in good seed bed has maximum yield potential. 
a. prepare a good seed bed 
b. plant as early as practical 

2. Time first post-plant irrigation according to soil type and 
plant condition. 
a. promote soil temperature favorable for control of 

seedling disease 
b. avoid reduction of soil aeration that inhibits root 

development 
c. encourage early fruiting 

3. Time each succeeding irrigation to encourage moderate growth 
and high fruiting conditions. Use methods consistent with 
soils on individual farms. 

4. Always practice minimum tillage. 
a. avoid destruction of soil structure 
b. minimize soil compaction 

5. Time the last irrigation to mature cotton before frost 
since late bolls are of little value. 

6. Capitalize on early harvest for good weights and yields. 

7. Plow as soon as possible. 
a. utilize favorable soil moisture levels 
b. avoid plowing wet ground 
c. take advantage of high fall soil temperatures for 

residue breakdown and humus formation 
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8. Preirrigate as soon as practical. 
a. destroy over-wintering insects 
b. promote organic matter breakdown 
c. insure proper soil moisture level for good seed bed 

preparation 
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Abstract 

BEEF PRODUCTION STUDIES ON FERTILIZED RANGEIAND 

J. L. Stroehlein, P.R. Ogden, and E. M. Schmutz 
Department of Agricultural Chemistry and Soils 

and Watershed Management 

Results of previous studies on small plots have shown that fertiliza
tion will boost grass production on some sites in Arizona. Residual res
ponse to nitrogen and nitrogen and phosphorus combinations has also been 
found. Residual response is necessary for range fertilization to become an 
economical practice, since the income from one year cannot be expected to 
pay for fertilization. 

In studies with fertilized range on the Elgin-Hereford Ranch reported 
in 1966, fertilization with 50 pounds of nitrogen per acre significantly 
increased the rate of gain of 10 head per 60 acres on fertilized range 
compared to equal stocking rates on unfertilized pasture during the summer 
rainy season (3 months). With 20 head on 60 acres of fertilized range, the 
rate of gain was equal to those on unfertilized range, but by doubling the 
number of cattle the total beef production per acre was doubled. This 
increase in beef production of 27 lbs/A almost paid for the fertilizer 
materials and application, assuming beef at 25 cents per pound, ammonium 
nitrate at 13 cents per pound of nitrogen, plus three cents per pound of 
nitrogen applied by aircraft. At these prices, no profit could be made 
from fertilization the first year. 

Studies were continued on the same pastures without additional 
fertilizer in 1967. The total rainfall for the summer was less than the 
previous year so the grazing period was reduced to two months. After this 
time utilization was approximately 50% for the stocking rate of 10 head on 
fertilized pastures and 56% on check pastures. At the 20 head rate of 
stocking, the fertilized pastures were utilized 62%. This indicates some 
carry-over response to fertilizer from the previous year. 

With 10 head on fertilized pastures, the rate of gain was not increased 
compared to the check as in the previous year. The rate of gain for 20 head 
was satisfactory but significantly lower than with the 10 head rate. Lack 
of volume of feed apparently was not the reason for lower gain of animals 
at the heavier stocking rate as shown by the utilization data. 

From the results of these and other studies, it appears that fertilizer 
application to native rangeland in some areas of Arizona may be economically 
feasible. Before fertilizing careful plans should be made. First it is 
necessary to have a good stand of desirable grasses and adequate precipitation. 
Secondly, the fertilizer should be applied after the first effective rain. In 
several studies in southern Arizona, the latter part of July has not been too 
late. Third, be prepared to increase cattle numbers on the fertilized pasture 
to utilize the extra production. Fourth, do not overgraze because the grass 
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must respond to fertilization with increased vigor to stand moderate grazing 
in the future so that complete benefits of fertilization can be obtained. 

Abstract 

SUGAR BEET FERTILIZATION 

Jack Brickey 
Spreckels Sugar Company 

Nitrogen is generally the most deficient element in sugar beet growing 
in Arizona. The degree of deficiency may be from almost none to an amount of 
about 200 pounds of nitrogen per acre. This is dependent on the previous 
crop, soil type, and other lesser conditions. Nitrogen should be applied in 
a band whenever possible and nitrate sources should be used when fertilizing 
during the colder months. Depletion of the nitrogen supply several weeks 
prior to harvest is necessary as there is an inverse correlation between sugar 
and nitrogen content at harvest. 

Phosphate is generally applied preplant and also is in a better position 
for plant response if placed in a band either berieath or within several 
inches of the seed row. As of yet, response to phosphate has only been 
observed in the Coolidge area. 

No potash information has been obtained yet in Arizona but there have 
been some small strip applications made this year. To date there have been 
no indications of any benefit from potash in California. Potash is generally 
thought to be instrumental in sugar storage but usually there is adequate 
native potash to supply the necessary amount. 

Abstract 

CONTROL OF OVERWINTERING PINK BOLLWORM LARVAE 

Theo F. Watson and W. E. Larsen 
Department of Entomology and Agricultural Extension Service 

Several field experiments were conducted during the winter of 1966-67 
for control of overwintering pink bollworm larvae. In the irrigation experi
ment, significantly more moth emergence occurred in the preplant irrigation 
treatment. Another experiment compared eight cultural practices for burying 
plant deb.ris. No irrigation water was applied to this experiment. Under the 
conditions of this test, more moths emerged - after squaring began in the 
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area - from the treatment comprised of plowing to a depth of 12 inches with a 
moldboard plow equipped with covering attachments. A replicated field experi
ment comparing four plant-shredding practices with a nonshredded (hand
harvested) treatment indicated that none effectively reduced the pink bollworm 
population. Four granular insecticides were compared with an untreated check 
in two experiments. In one test the insecticides were incorporated in the 
soil with a Howard Rotovator and in the other with a moldboard plow. None 
of the insecticides reduced the soil population of pink bollworm larvae. 

Abstract 

CHEMICAL CONTROL OF PINK BOLLWORM 

Dale Fullerton 
Department of Entomology 

Twelve insecticides and insecticide combinations were compared with un
treated check plots to evaluate their effectiveness in control of pink boll
worm. Results of this replicated field experiment showed the effectiveness of 
several insecticides in greatly reducing populations from.an initial high 
infestation and from subsequent intense population pressures. 

Three insecticide timing schedules were compared on long-staple cotton 
for pink bollworm suppression. Insecticide applications were applied at three 
stages of plant maturity: early squaring, early boll set and heavy boll set. 
Boll infestation counts were taken at weekly intervals to determine the 
effectiveness ·of the chemicals applied and to obtain information on the 
optimum time of application. 

Abstract 

DDT IN ALFALFA -- WHERE, WHAT, AND HOW? 

G. w. Ware 
Department of Entomology 

Green alfalfa, roots and soil were collected from the same fields in 
early spring to late summer and analyzed for DDT and related compounds. 
Higher levels were found in leaves than in stems, and more in roots than in 
the above-ground parts. The outer layer of roots contained the highest 
residues of all plant parts. Residues in leaves are not merely dissolved in 
the waxes, but are incorporated in the leaf tissue. Residues in alfalfa were 
higher in early spring than in early summer, and as expected, much higher in 

-34-

> 



late summer during the insecticide use period. In a study using c14 tagged 
DDT in the soil, no c14 was found in the above-ground portions through 5 
cuttings. For all practical purposes it can be said that there was no DDT 
trans location. 

Abstract 

THE EFFECT OF ORGANIC ARSENICALS ON COTTON 

H. Fred Arle 
USDA, ARS, Cotton Research Center 

Experiments were conducted during 1967 at the Cotton Research Center to 
determine the effect on cotton of MSMA and DSHA at v.arious rates, dates and 
methods ·of application. 

Three topical applications of DSMA at 2 lb/A at 2- week intervals 
(1st application May 24 when cotton was 8" tall) did not reduce yields of 
seed cotton. However, a fourth application on July 12 when cotton was 
blooming reduced yields. Seed cotton yields were not reduced by the first 
two applications at the rate of 6 lb/A but each· of two additional treatments 
resulted in greater injury. 

Single directed applications of DSMA and MSMA at 6 and 24 lbs/A were 
made on June 7 or June 28. No treatment caused differences in the yield 
of seed cotton although there was a trend toward reductions at the high rate 
of each material on the second date. 

An experiment was designed to compare the effectiveness of bensulide 
at 2 lb/A as a prelist treatment followed by various directed applications 
of DSMA as compared to DSMA by itself. 

One or two applications of DSMA (without bensulide) made well in ad
vance of normal layby were not completely effective in controlling annual 
grasses. When DS11A applications were continued until normal layby control 
was equal to that obtained by same DSMA treatment preceded by bensulide. 
No treatment caused differences in seed cotton yields. 

Single topical applications of DSMA and HSMA were made at rates of 2, 
4, 6 and 8 lb/ A at 2, L~, 6 and 8 weeks after seedling emergence. Consider
ab le plant injury (foliage toxicity and growth retardation) was caused by 
the higher rates of MSMA when applications were made at 2 or 4 weeks after 
emergence. Highest rates of DSHA caused a darkening of foliage color but 
little or no growth retardation. There was no significant yield difference 
due to any DSMA treatment. Several of the high-rate MSMA treatments reduced 
seed cotton yields. 
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Abstract 

JOHNSONGRASS CONTROL WITH ORGANIC ARSENICALS 

K. C. Hamilton 
Department of Agronomy 

Several experiments with DSMA and HSHA for controlling established 
Johnsongrass were conducted at Tucson in 1967. Spaced plants of three 
strains of Johnsongrass were established from rhizomes in 1966 and allowed 
to grow vegetatively until treatments started when plants averaged 80 to 
100 stems. Treatments giving 100% kill were 3 to 10 pounds Df DSMA or MSMA 
and 1/2% surfactant per hundred gallons of water applied 4 to 7 times at 
4-week intervals at a per acre herbicide cost of $42. to $73. Treatments 
started in the fall were more effective than treatments started in the 
spring. MSMA was more effective than DSMA. Applications of DSNA in 100 
gallons of water per acre were more effective than applications in 25 and 
400 gallons per acre. Applications at 4- week intervals were more effective 
than applications at 6- and 8-week intervals. Removing Johnsongrass top
growth 4 and 24 hours after treatment did not reduce the effectiveness of 
DSMA. Combining or rotating dalapon with organic arsenicals increased 
costs and decreased Johnsongrass kill. 
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Summary of 1967 cotton fertility ·studies. 

Use of annnonium polyphosphates on calcareous soils 
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yield of barley 

Fertilization of chili peppers 

Evaluation of municipal waste compost for greenhouse 
potting purposes 

The chelation and movement of radiostrontium in a calcareous 
soil 

Greenhouse infection of cotton by Phymatotrichum omnivorum 



SUMMARY OF 1967 COTTON FERTILITY STUDIES 

J. L. Abbott and T. C. Tucker 
Department of Agricultural Chemistry and Soils 

The five cotton experiments conducted in the Salt River Valley by the Department of Agricultural Chemistry and Soils in 1967 yielded information on nitrogen response as well as on phosphorus availability. Yield of data compared with analyses of tissue and soil indicate that soil phosphorus availability can affect the yield of cotton on some soils in the desert valleys of Arizona. One of the factors that affect whether a season is more productive than another may be the soil temprrature early in the season. Phosphorus and other nutrients may combine with organic matter in the soil, and become available when microorganisms are activated by warming of the surface soil in the spring and early summer. If the soil remains cold, as it did in 1967, not only is root development retarded, but microbiological activity is affected. Soil which normally supplies adequate amounts of phosphorus in midsummer may be quite deficient in P through the early squaring stage with the detriment~! effects continuing throughout the seascn. 

An experiment conducted on the Mesa Experimental Farm was a repetition of the 1965 study that measured the effects of plowing under or removing the crop of forage sorghum grown the previous year, with half of the plots without phosphate fertilizer, and half receiving 50 poun4s of P205 per acre annually since 1959. Four levels of nitrogen were imposed upon each phosphorus subplot. 

Figure 1 presents the yield data for the seasons of 1965 and 1967, in terms of the percentage of control yield--pounds of picked cotton in 1965, and number of bolls counted on a unit length of rows in 1967, because of a 100% infestation of pink bollworms. 

The first increment of 50 pounds N per acre resulted in the greatest yield increase in both seasons. There was no significant difference for phosphate on the residue plots, but phosphate increased yield with added nitrogen where residue had been removed. 

Analyses of leaves showed that residue increased phosphorus uptake up to mid-July, and soil phosphate extraction with 2.2 mmho conductivity NaCl solution showed total and inorganic soluble phosphorus to be higher on samples from residue plots through the season. More inorganic soluble phosphorus was combined organically in the late summer on the residue plots than where residue had been removed. 

At the Cotton Research Farm, Hopicala cotton was grown on five sections of a field which had received treble superphosphate at rates of O, 115, 230, 460 and 920 pounds of P205 per acre in the winter of 1965-66. A crop of oats to which a uniform nitrogen application was made was harvested in the summer of 1966 and the straw was removed before plowing for the 1967 crop. Nitrogen at O, 50, 100 and 200 pounds per acre did not affect cotton yield except on the 460 and 920 pounds of P2o5 per acre sections. Leaves were collected on June 2, July 5, and August 2. A deficient level, below 0.3% total P, was 
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found at the June sampling. By July 5 the soil had warmed sufficiently to re
lease available phosphorus to the three high P level sections, so that leaf P 
content was above 0.3% through July and August; however, the 0 and 115 pound 
P2o5 level cotton did not reach 0.3% Pin leaves sampled in July and August. 

In the south part of the same field of the above experiment, a manure 
experiment in its third of four years' duration compared the effects of appli
cation of manure in four programs with an unmanured control. Treatments are 
described in relation to yields, phosphorus content of leaves sampled in 
June and August, and soluble inorganic soil phosphorus extracted by 2.2 mmho 
conductivity NaCl solution. Without manure, phosphorus uptake was low, and 
the largest significant response to nitrogen was at 75 pounds per acre. The 
highest yield, at 150 pounds of N/A, was exceeded by most of the treatments 
receiving manure, however. Annual manure application of 10 tons/A yielded 
two-thirds more cotton than the control, and yields for the alternate year 
application of 10 tons/A were more than 50% above the control. Nitrogen in 
addition to manure did not further increase yield on these treatments. The 
fourth major treatment, receiving 10 tons manure/A in 1965, was well supplied 
with phosphorus, but 75 pounds of N/A produced a yield equal to the 10 ton 
annual treatment. In 150 pounds of N/A plots of this treatment, soil 
soluble P was only slightly above the control, and leaf P dropped below 
0.3% in August. Yields for the fifth treatment (10 tons manure in 1965, 
5 ton applications in 1966 and 1967) are not representative for the treat
ment, because half of the plots lay on a variable strip of the field with 
an unfavorable physical condition. Considering the half of the field where 
conditions are more uniform, this treatment appears to be about equal to the 
third or fourth treatment. 

Examination of the data for the third and fourth treatments illustrates 
the earlier remarks on soil temperature effects upon phosphorus availability. 
Leaves sampled June 5 were lower in P content for the third treatment (alter
nate year application of 10 tons/A manure) than for the fourth treatment 
(10 tons manure in 1965); yet the soluble inorganic soil Pin the third treat

ment was more than twice that of the fourth in samples collected June 26. As 
the soil warmed in mid-summer, mineralization of the 1967-applied manure in 
the third treatment released available phosphorus, resulting the leaf P 
percentage above 0.3. The available soil Pin the fourth treatment decreased 
through the season, as it did in the other treatments, and the 150 pounds of 
N/A sub-treatment yield was slightly below that for the third treatment, as 
was the leaf Pin August. 

The effectiveness of manure in supplying available phosphorus early in 
the season and its importance to the crop was shown by the higher phosphorus 
content of leaves in June for manure-treated plots, whereas in the experiment 
to the north, the effect of very high rates of phosphate fertilizer did not 
show in June-sampled leaves but became evident in July and August. 

A resumption of an experiment interrupted for a year because of Verticil-
~ wilt compared manure applied annually at 10 tons per acre with commerical 
nitrogen alone. As in the experiment just described, yield increased slightly 
with each increment of nitrogen on the unmanured plots, while nitrogen had no 
effect on those manured. Yields for manured plots were above those for N 
alone, and the early-season phosphorus content of leaves was much lower. The 
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year out of cotton, during which a crop of oats was grown and fallowed the 
remainder of 1966, did not reduce the incidence of Verticillium infection on 
manured plots; however, the wilt-tolerant Hopicala did not appear to be 
affected appreciably. 

The fifth experiment is a long-range study on the effects of different 
sequences of barley and cotton on yield and Verticillium infection and was 
all planted to cotton in 1967. Nitrogen alone was the variable, and yield 
increases above the control were 10% and 24% for 50 and 100 pounds of N/A, 
respectively; the increase for 200 pounds of N/A was 17%. 

USE OF AMMONIUM POLYPHOSPHATES 
ON CALCAREOUS SOILS 

J. L. Stroehlein, S. A. Sabet, and D. M. Clementz 
Department of Agricultural Chemistry and Soils 

Polyphosphates have become more important to the fertilizer industry 
during the last few years. Polyphosphates have advantages which may make 
them highly competitive to commonly used orthophosphates. They are more . 
concentrated which results in savings in transportation and handling and 
cheaper wet process acid may be used in manufacturing. Io fertilizer solu
tions they have complexing properties which permits micronutrients to remain 
soluble and not precipitate as with orthophosphates. 

Polyphosphate is a term used to describe molecules with two or more 
phosphate groups linked together. When two phosphate groups are linked to
gether, a molecule of water is eliminated, resulting in higher phosphorus 
concentration in the material. An example of polyphosphate and orthophosphate 
are illustrated· as follows; 

0 0 0 
II II II 

HO - p p - OH HO - p - OH 

0 0 0 
H H H 

dipolyphosphoric acid orthophosphoric acid 
or pyrophosphoric acid 

Present evidence indicates that plants cannot absorb polyphosphate. When 
added to the soil, polyphosphate reacts with water which forms ortho
phosphate, the form absorbed by plants. The rate of this reaction varies but 
generally takes place faster in acid soils than neutral or aklaline soils. 
The biological activity of the soil is also important since the reaction is 
catalyzed by enzymes produced by microorganisms present in the soil. Also 
the reaction proceeds slower when the soil is cold. As a result of the manu
facturing process so-called polyphosphate fertilizers contain about 50% 
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orthophosphates. Thus, half of the phosphate is immediately available to 
plants without the need of conversion. 

The purpose of these studies was to determine the availability of granu
lar ammonium polyphosphates on calcareous soils of Arizona. Also the avail
ability of iron and zinc added to the fertilizer was studied since complexing 
properties of polyphosphate have been reported. The soil used was Hathaway 
sandy clay loam which tested 1.0 ppm of available P04 and was slightly cal
careous. The soil was treated as follows; control, AOP (ammonium ortho
phosphate), APP (ammonium polyphosphate), AOP plus iron, APP plus iron, 
AOP plus zinc, and APP plus zinc. The phosphorus rate was 67 ppm P. 
Nitrogen was added to all plots so ,that all received an equal and adequate 
quantity. Tomatoes were grown for 48 days and harvested. 

In a second study, barley was grown after treating different soils as 
follows: control, AOP, APP, AOP plus Fe, and APP plus Zn. After six weeks 
the barley was harvested and tomatoes were planted without additional phos
phate fertilizer. The tomatoes were grown for eight weeks and harvested. 
Four soil types were used including Hathaway. Only the results with the 
Hathaway are shown since these data are typical of the response found. 
Yields of dry matter for both studies are shown in Table 1. 

Results. In the first study with tomato plants on the Hathaway soil, all 
phosphorus materials significantly increased growth and phosphorus content 
of the plants over the control. There was no significant different in 
materials (phosphate source, iron, or zinc addition). 

In the second study, barley responded to both AOP and APP on three of 
the four soil types. On these three soils, including Hathaway, AOP pro
duced better results than APP. No significant response was found to addi
tions of iron with either phosphorus source. 

After cropping with barley, the tomatoes on all four soils responded 
to all four of the materials. However, the response was significantly 
greater for APP than AOP. Again there was no benefit from the iron addi
tions to AOP or APP. 

In these studies, tomatoes as the first crop responded equally well to 
AOP or APP fertilizers with and without additions of iron and zinc on the 
Hathaway soil. With barley as the first crop, however, AOP gave best 
results on three of the four soils which responded to phosphorus additions. 
With tomatoes following barley significant response to phosphorus was 
found on all four soils with better response to APP than AOP. 

Tomatoes, when grown for a short time as the first crop, were able to 
meet their phosphorus requirements from orthophosphate in APP. The fact 
that barley was not able to meet its requirement means that the hydrolysis 
of APP was rather slow. This may be expected since materials were in the 
granular form and the soils were fairly cool in the greenhouse. Evidence 
of a slow rate of hydrolysis is also shown by the response of tomatoes to 
APP. Also AOP could have reverted to calcium phosphate of lower availability 
during the growth of the barley crop. 
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These greenhouse results indicate that APP is a suitable phosphorus 
source for calcareous soils. The rate of hydrolysis may be slow enough to 
reduce availability to the first crop. Thus higher rates may have to be used 
for the first crop, although carry-over to following crops could be better 
than with AOP. 

Table 1. Oven dry yields of tomatoes and barley as affected by fertilization 
and cropping on Hathaway sandy clay loam. 

Tomatoes, Barley, Tomatoes, 
first crop first crop second crop 
--------------------gm/pot--------------------

Control O.lOa 8.0a 1.03a 
AOP 1.95b 16.7e 2.37b 
APP 2.07b 14. Oc 2.89c 
AOP -:- Fe 2.06b 15. 7d 2.30b 
APP -:- Fe 2.16b 13.0b 3.00c 
AOP -:- Zn 2.10b 
APP+ Zn 2.13b 

Average of three replicates. 

Values followed by the same letter are not significantly different at the 
O. 05 level. 

Kurtz, L. T. 
ference, 

Polyphosphates. 
1967. 
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THE EFFECT OF SEEDING RATE, NITROGEN, 
AND PHOSPHORUS ON YIELD OF BARLEY 

Roy S. Rauschkolb 
Extension Soils Specialist 

The recommended practice with regard to seeding rate of barley is to 
plant 60 to 80 pounds of seed per acre. At the 80-pound rate, assuming 12,000 
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seeds per pound, there would be approximately 1 seed per 16 square inches. 
Under ideal conditions of temperature, soil salinity, and seed bed prepara
tion that would be sufficient seed to. establish an adequate stand. However, 
grower practice in Graham County has been to plant approximately 150 pounds 
of seed per acre to insure an adequate stand. 

Two factors which may contribute to the need for a higher seeding rate 
in the Gila Valley area in Graham County are the low temperatures and the 
high salt content of most of the soils in that area. In which case, the 
interaction of these factors controls the germination of the seed, the sub
sequent establishment of a stand, and tillering of the plants. 

To realize the yield potential of a given stand adequate nutrients 
must be available. The purpose of this study was to determine the nutrient 
requirement of nitrogen and phosphorus with regard to seeding rate and to 
determine the interaction of these factors, if any exist. 

Methods and Results 

The previous crop on the field selected for this study at the Safford 
Experiment Station was long staple cotton. The stalks were shredded, the 
field disked, and the crop residue plowed under. Phosphorus as treble 
superphosphate and nitrogen as ammonium nitrate was applied with a Gandy 
fertilizer spreader. After the fertilizer had been applied in the appropriate 
amounts the field was disked to thoroughly incorporate the fertilizer into 
the soil. 

Arivat barley (treated-certified seed) was planted by means of a drill 
at predetermined rates. The experiment contained 3 replications and was a 
split-split plot design. Seeding rates (25 lbs/A, 50 lbs/A, 75 lbs/A, 
and 150 lbs/A) were whole plots, phosphorus rates (zero lbs/A, and 65 lbs 
P/A) were the sub-plots, and nitrogen rates (zero lbs/A, 50 lbs/A, 100 lbs/A, 
and 200 lbs/A) were the sub-sub plots. 

The seed was planted on December 17, 1966 and watered up on December 19, 
1966. Adequate water was furnished throughout the season with the last irri
gation occurring May 5, 1967. The barley was harvested and weighed on June 10, 
1967 from plots 27.5 feet long and 7 feet wide. The data were · recorded in 
pounds of barley per plot and analyzed statistically. 

Statistically significant differences occurred in seeding rate, nitrogen 
rate, and phosphorus rate. In addition, a significant phosphorus by seeding 
rate interaction was detected. 

These data are presented graphically in Fig. 1 The points are means of 
three replications. The yield in pounds per plot multiplied by 226 closely 
approximates the yield of barley in pounds per acre. 

It may be seen from Fig. 1 that the first 50 pounds of nitrogen per acre 
increased yield. Additional amounts of nitrogen added did not significantly 
increase yield of barley except where phosphorus has been applied in conjunc
tion with the high seeding rate.· In which case, 150 pounds of seed per acre, 
200 pounds nitrogen per acre, and 65 pounds of phosphorus per acre produced 
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the highest yield. When the pounds per plot of this treatment was converted 
to pounds per acre the yield was approximately 5800 pounds of barley. 

The significant increase in yield with regard only to seeding rate occur
red at 150 pounds of seed per acre. There was no difference between the 
yields obtained from the other rates. Also, without regard to the other 
variables, when phosphorus was applied a significant increase in yield 
occurred. The significant phosphorus by seeding rate implies that as the 
seeding rate increases the yield of barley was increased by addition of 
phosphorus to the soil. 

Conclusion 

It is necessary to insure an adequate stand by adjusting the seeding 
rate to compensate for climatic and other environmental factors which de
crease germination of the seed, and tillering of the plants. 

With an adequate stand, increases in yield were obtained when the 
limiting nutrients, nitrogen and phosphorus, were furnished by additions 
of fertilizers containing these elements. 

FERTILIZATION OF CHILI PEPPERS 

J. L. Stroehlein, N. F. Oebker, and Carmy Page 
Department of Agricultural Chemistry and Soils 

and Agricultural Extension Service 

A fertilizer experiment was established with chili peppers on the 
Kenneth McDaniel Farm near Elfrida in 1967. The objects were (1) to obtain 
additional information on ' the nutrient requir€ments of peppers, (2) to learn 
if certain parts of the plant can be used for analysis to predict a nitrogen 
deficiency, (3) to compare different sources of phosphorus for peppers, 
(4) to determine if high rates of phosphorus application induce micro-
nutrient deficiencies, and (5) to determine if iron or zinc applied with 
starter phosphate fertilizer would be of value. During the growing season 
the field became infested with Verticillium wilt. Another objective then, 
was to determine if the various kinds and rates of fertilization had any 
influence on the incidence of wilt. 

Plot size was four rows by 50 feet and treatments were replicated four 
times. All phosphate fertilizer was banded in the bed prior to seeding on 
April 19. A high rate of phosphate was selected because of the similarity 
of nitrogen and micronutrient deficiency symptoms in past experiments. It 
is known that high rates :of phosphorus applied to certain calcareous soils 
can induce micronutrient deficiencies, especially zinc. Iron and zinc were 
added to certain treatments to determine if they would produce beneficial 
effects. Additional nitrogen was sidP-dressed on June 5 and July 12 to cer
tain plots. The usual cultural and management practices used for peppers 
in the area were carried out. 
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Tissue samples were taken from the upper stems and petioles of pepper 
plants on August 5, August 24, and September 19 for nitrate analysis. Pre
vious experience has shown that leaf samples did not reflect the nitrogen 
status of the plants until visual deficiency symptoms appeared. A count of 
Verticillium wilt infected plants was made on September 15 by Mr. Gene 
Anderson of the Chevron Chemical Company. 

Marketable green peppers were harvested on September 19. Stand counts 
were made for the harvested areas and number of fruit per plant was estimated 
by counting red and green fruit from 4 plants ·per plot. All data are shown 
in Tables 1 and 2. 

Stem nitrate and deficiency symptoms. All nitrate-nitrogen contents on 
August 5 were high, above 13,000 ppm and all plants were dark green in color 
and uniform in height. Within 20 days deficiency symptoms had developed on 
the plots without added nitrogen and the stem nitrogen had dropped to about 
1,000 ppm. The nitrate-nitrogen in the heavily fertilized plots decreased 
to about 11,000 ppm. 

The treatments without nitrogen and the 45-pound nitrogen rate showed 
deficient symptoms at harvest time and the stem nitrate had dropped to about 
500 ppm compared to 2,000-4,000 ppm for the high nitrogen treatments. The 
medium nitrogen treatment, which appeared normal in the field, had a stem 
nitrate-nitrogen content of 900 ppm. The plants heavily fertilized with 
phosphate with and without iron and zinc appeared normal at harvest time. 
Tissue samples were not taken from these treatments. 

From the above data and observations, as well as the rapid appearance 
of nitrogen deficiency symptoms in past studies, it appears that samples must 
be taken at least every two weeks during August and September to predict a 
nitrogen deficiency by plant analysis before visual symptoms appear. 

Verticillium wilt. The incidence of wilt was severe enough to decrease 
pepper yields in some plots. The number of infected plants on September 15 
varied from 3 to 78 plants per plot and showed no definite relationship to 
fertilizer treatment. 

Observations. At harvest time, essentially all peppers were harvested 
from the plots which did not receive nitrogen. As the N level increased 
more imraature peppers were left on the plants. At the high rates of nitro
gen it seemed that larger but fewer numbers of mature fruit were produced 
and these were hard to pick because of the abundant plant production. The 
larger plants also suffered more breakage resulting in total loss of some 
fruit and sunburn of others. 

Pepper yields and fruit per plants. Differences in yields were statis
tically significant, however the variation among treatments made it difficult 
to separate true differences among the means. Therefore the differences be
tween treatments will be discussed in general terms. 

Each additional increment of nitrogen generally increased yields while 
phosphorus alone had no effect. Nitrogen without phosphorus produced lower 
yields than nitrogen and phosphorus combined. The different phosphorus 
materials with and without micronutrients were equally effective. 
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Table 1. Yield of green chili peppers, number of fruits per plant, and incidence of Verticillium wilt 
as influenced by fertilizer treatment, McDaniel Farm, Elfrida, 1967.1 

Starter 
Side-dress N4 

Treatment fertilizer2 
. 13 

Wilt infected Fruits/plant 
No. N-P2o5 

Maten.a 1st 2nd Yield plants/plot Mature Green Red 

lb/A ----lb/A----- T/A 

1 0-0 - 0 - 7.9 22 6.5 0.4 

2 0-180 CSP 0 - 7.8 31 7.9 1.1 

3 l}5-180 AOP 0 - 10.3 23 7.0 1.2 

l~ 45-180 AOP 45 - 11.8 19 13.5 1.0 

5 45-180 AOP 45 45 10.9 17 11.4 1.6 

6 45--180 AOP 90 90 12.1 17 9.2 2.1 

7 45-180 AOP -:- Fe 45 - 11.9 31 

8 45-180 APP+ Zn 45 - 9.4 44 

9 l~S-180 APP -:- Fe 45 - 10.5 33 

10 45-180 AOP + Zn 45 ';"' 11.2 24 

11 45-180 APP 45 - 11.2 25 

12 45-0 AN 45 - 9.8 31 

1 of four replicates average 

2 applied on April 19 prior to planting starter 

3
csP = concentrated superphosphate, AOP = ammonium orthophosphate, APP= ammonium 
polyphosphate, AN= ammonium nitrate 

4 as ammonium nitrate on June 5 and July 12 



Table 2. Nitrate-nitrogen content of upper chili pepper stems as influenced 
by fertilization.* 

Aug. 5 Aµg. 24 Sept. 19 
Treatment N-P

2
o

5 lbs/A 
--------------ppm NO -N-·----------------

3 

1 0-0 13,070 1,000 490 
2 0-180 13,410 1,220 500 
3 45-180 14,870 4,370 450 
4 90-180 17,400 7,510 900 
5 135-180 19,670 11,900 2,330 
6 225-130 17,290 11, 700 4,710 

* average of four replicates 

The number of green fruit per plant increased with nitrogen rates up to 
90 pounds per acre and tended to decrease with higher rates. The number of 
red fruit was low but tended to increase with increasing nitrogen rates. 
The fruit count and yield data do not agree entirely. 

The obse~vations made at harvest time bear out the fruit per plant data. 

EVALUATION OF MUNICIPAL WASTE COMPOST 
FOR GREENHOUSE POTTING PURPOSES 

Wallace H. Fuller, E.W. Carpenter, and M. F. L'Annunziata 
Department of Agricultural Chemistry and Soils 

Some interesting problems concerning solid-waste disposal, using a biolog
ical disintegration process in a continuous composting system, were brought to 
me several years ago by a firm vitally interested in disposing of municipal 
refuse. Solid-waste disposal rapidly was becoming a major unsolved problem 
and the refuse generated by the population expansion was over-burdening 
antiquated disposal systems (1). While working on the problems, my studies 
revealed that there was a tremendous lack of desire, by the municipalities 
and the refuse industry, to overcome technological difficulties and to 
establish improved systems for solid-waste disposal. 

At times the implications lead one to believe that the problems associated 
with municipal refuse disposal cannot be solved by good technology because 
they are political problems and, in part, the result of an uninformed public 
that, historically, has carelessly dis~arded its wastes at little or no cost. 
Society now is confronted with a low degree of willingness of the people to 
help themselves correct their disposal problems. 



In the course of my studies many solid-waste dispo_sa1 methods were investi
gated in search of a feasible method c~pable 0£ operating in a nuisance-free 
manner, and after many years as a researcher, technical advisor, and consultant 
serving a corporation that operated one of the largest continuous-composting 
systems in the world, I can safely convey that continuous composting of muni
cipal refuse is technically feasible and will prove essential to the health and 
welfare of our society. 

Further, I believe that the ~tilization of good composting systems for 
disposing municipal r~fuse in a nuisance-free manner is limited only by the 
rate at which markets for composted refuse can be developed and expanded; 
and the potential to grow appears unlimited (5). 

However, it is also true that very little work has been undertaken · on 
the marketing phase of composted solid wastes, and practically no considera
tion given to standardizing the physical appearance and moisture content of 
the compost which seems to play a vital role in finding a profitable market. 

With the results of my long studies before me, I contacted an old 
associate, Ben G. Petrucci, and passed on my thoughts and suggestions conc~rn
ing market acceptance of compost, and that it was most essential that we change 
the image and physical appearance of compost as known throughout the centuries. 
The result was the development of something new and quite revolutionary, 
composted refuse in the form of pellets (4). The new process makes commer
cially feasible pellets in a relatively dry condition and in various sizes 
with enough density for the pellet to retain its shape and still readily 
absorb water. Composted refuse in pellet form is cleaner and easier to 
handle, an application of pellets are cleaner around the private home, parks, 
golf courses and nurseries, and they are practically odorless and will not 
blow away. Different size pellets may be selected for specific purposes 
to suit the fancy of the gardener. The fine granular size moves down through 
the grass until it contacts the soil, whereas the larger pellets are ideal 
for flower beds and mulching. 

Another interesting phase of this process is that nitrogen, phosphorus, 
potash, trace minerals, and other soil nutrients can be added at the time 
the composted refuse is entering the pelletizing chambers without adding to 
labor and processing costs (3). Pellets as a soil conditioner mixed with 
various fertilizer blends should be especially favored by home gardeners and 
for parks, lawns, golf courses, and truck farms. Today more than ever before 
there is a growing recognition of the need for conservation of our greatest 
national resource, the soil; and by returning the major portion of plant and 
animal substances to the soil we can supply this vital requirement for soil 
conservation and at the same time help solve the problems of solid-waste 
disposal (5). 

Unfortunately, there is only a limited amount of research on the use · of 
municipal compost for greenhouse production. Preliminary research by Fuller, 
et al. (2), though, showed that compost stimulated growth of both cotton and 
tomatoes over and above the N and P nutrient value of the compost. A favorable 
residual effect of the compost on successive tests plants also was indicated. 
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The purpose of this research was to evaluate the practical use of municipal 
compost with and without nitrogen and/or soil as a medium for use in growing 
potted plants under greenhouse conditions. 

Materials and Methods 

Composts from Phoenix and Sacramento municipal solid wastes were used. 
Some of the chemical characteristics are shown in Table 1, others in a 
previous paper (3). Two sources of nitrogen, ammonium sulfate and urea, were 
compared. 

The compost material was mixed with a calcareous soil, Mohave sandy clay 
loam, at compost:soil ratios of, 1:0, 1:1, 1:2, 1:4, and 0.:1. Mohave scl, 
formerly classified as Tucson scl (2), is a calcareous desert soil of pH value 
7.8, exchange capacity of 8.2, organic carbon content of about 0.64% and low 
nitrogen. Plants were potted in one-gallon cans for growing various green
house plants of camellia, chrysanthemum, snapdragon, gerbera, and tomatoes. 

Nitrogen fertilizers were incorporated into the compost in aqueous 
solution at four different rates; namely, 0, 0.05, 0.1, and 0.5 percent N 
on an air-dry weight basis of the compost. The treatments were set up in 
triplicate. 

Both dry weight of above-ground parts and observation of foliage were 
recorded. Nitrogen and phosphorus were determined on the ~hove-ground parts 
of the tomato plants. Nitrogen, HC0

3
-soluble phosphorus, pH and total dis

solved solids were determined on the compost-soil mixtures after growing the 
different plants. 

Results 

Camellia 

The camellia plants~- Rosedale Beauty, from a commercial greenhouse 
stock, in gallon-size cans, were freed from loose soil and transferred to 
three-gallon-size plastic buckets with the various compost (Sacramento) and 
Mohave soil mixes. After growing for three months in the greenhouse, foliage 
color and growth evaluations were made. There was no statistically signifi
cant difference among the soil:compost ratios and level of nitrogen added, up 
to 0.1% N as urea. Those plants receiving 0.05% N with compost were 2 to 4 
inches shorter than where 0.1% was used. Those plants grown in calcareous 
soil alone, regardless of level of N, were significantly smaller than where 
compost was used. 

Chrysanthemum 

Chrysanthemum plants in 1-1/2-inch pots were transplanted into 1-gallon 
tin cans after the loose soil was removed from the roots. The Phoenix compost 
was varied in a ratio with soil from 0:1, 1:1, 1:2, 1:4 and 1:0, and nitrogen 
from 0, 0.1 and 0.5% in the compost as ammonium sulfate. The plants after 
6 weeks of growth show that the 0.5% (NH

4
)

2
so

4 
in compost was too high for 

maximum growth. In fact, where compost alone was supplied with ammonium 
sulfate, the plants died. The best growth was obtained where the compost-to
soil ratio was 1:1. There is a significant interaction between ratio of 
compost-to-soil and level of (NH4) 2S04 added to the compost. After 3 months 
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of growing in the greenhouse the plants having the highest level of N appeared 
to recover and grow quite well where urea was supplied. 

Gerbera 

Gerbera is sensitive to high levels of organic matter in soils and did 
not grow well on the compost-soil mixtures. These studies suggest not using 
certain composts for growing gerbera, and illustrates the serious need for 
evaluating individual greenhouse plants and the danger of generalizations in 
the use of organic materials. 

Snapdragon 

Snapdragons from 1-1/2-inch pots were transplanted into Sacramento com
post and soil mixtures having two sources of nitrogen, (NH

4
)
2
so

4 
and urea at 

three levels 0, 0.05 and 0.1% N added to the compost. 

Applications of 0.05 and 0.10% nitrogen to the compost, whether mixed with 
soil or not, supported better growth of snapdragons than where nitrogen was 
not used. Additions of 0.5% N as ammonium sulfate to the compost inhibited 
growth of snapdragon at all levels of compost-soil mixtures except the 1:4 
ratio. Plants did not survive in the pure compost where 0.5% N was added, 
yet where no N was applied to the compost, they grew well. Dry weights for 
the 0.5% N study are not shown in Table 2 because of the poor growth. In 
fact, this level of N was not included in further studies except where toma
toes were grown because it depressed growth. Urea depressed plant growth 
less, at the 0.5% N level, than ammonium sulfate~ There was a statistically 
significant difference between compost receiving nitrogen, and those not, 
favoring the use of N up to 0.1% in the mixes. Except for the 1:1 compost: 
soil mixture, there was no significant difference between the 0.05 and 0.10% 
level of N applied. 

It can be seen from an .. analysis of the soil from the pot-grown snapdragons 
that the pH value of the mixtures decreased as the level of nitrogen added was 
increased, Table 3. This was more pronounced with ammonium sulfate than with 
urea. There was more residual nitrogen in the mixes containing the most compost. 
This is to be expected since the nitrogen was applied to the compost only and 
thus was proportional to the amount used. The phosphorus available to plants 
was highest in the pots containing compost only. The difference between com
post alone and the compost-soil mixtures was highly significant whenever 
ammonium sulfate ·was used, but was only significantly different in the 1 :2 
and 1:4 mixtures where urea was used, Table 3. Total dissolved solids de
creased in the mixtures as the rate of soil to compost increased. 

Tomatoes 

Tomato was seeded to pots having compost:soil ratios of 1:0, 1:1, 1:4 and 
0:1 and nitrogen added to the compost at levels of 0, 0.05, 0.1 and 0.5% in 
the form of ammonium sulfate or urea. Plant growth was best where the compost: 
soil mixture was 1:1, 1:2, and 1:4 and poorest in mixtures having ratios of 
1:0 and 0:1. There was a definite interaction in plant growth between nitrogen 
and ratio of compost to soil, Table 4. For example, at the O level of nitro
gen there was no significant difference between growth in the 1:1, 1:2 and 1:4 
mixtures; at the 0.1% level the 1:1 mixture supported better growth than the 
others, but at the 0.5% N best growth was in the 1:4 mixture. The phosphorus 
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content was highest in plants grown in the highest concentration of compost to 
soil and lowest in soil alone. Compost supplied all of the phosphorus re
quired by the tomato plants. The tomato plant is an excellent indicator plant 
for phosphorus availability. The nitrogen concentration in the tomato tops 
was positively correlated with the amount added to the compost, Table 4. 

It may be inferred from an analysis of the compost:soil mixtures that 
the addition of nitrogen fertilizer to the compost mixtures caused the amount 
of total dissolved solids (salts), the level of total N, and the HC0

3
-soluble 

(available P) phosphorus to increase, Table 5. These changes were more 
pronounced the higher the level of added urea or ammonium sulfate. 

After the removal of snapdragons from the pots receiving O, 0.1 and 
0.5% N as ammonium sulfate, bare-rooted tomato seedlings were planted. The 
purpose was to evaluate the potting mixes for reuse. Tomato plants grew 
well in all of the mixes, although nitrogen was deficient except where the 
compost received the highest level of N, 0.5%. Although this was the most 
favorable level of compost:soil mixes, tomato plants in pots containing 
compost alone did not survive where 0.5% N had been added. 

Discussion 

Success of greenhouse culture depends on a thorough knowledge of the use 
of nitrogen and blending of potting soil. A host of organic residues and 
materials are being employed, as the greenhouse industry expands in size. 
Questions about the use of new materials continually arise. The demand for 
suitable cellulosic materials, such as peat moss, sawdust, wood chips, bark, 
and composts is great. Nurserymen have had considerable experience with these 
materials, except for municipal compost. The research reported here indicates 
that municipal composts can be effectively used for potting greenhouse plants 
and that they provide an advantage over soil alone. Just as with all other 
organic materials, nitrogen is a critical variable in potting of plants. The 
kind and amount used can either increase growth or kill plants, as was found 
in the research reported here. This nitrogen effect is common to all organic 
materials as well as compost. Compost appears to have more buffering capacity 
to protect plants from excessive nitrogen than most organic materials now in 
use. 

The greenhouse plants tested responded to use of compost in soil up to 
compost:soil ratios of 1:4. Nitrogen provided additional response to growth. 
Except for tomatoes, the addition of 0.5% N to compost was too high where the 
compost was used in proportions of 1:0, 1:1, 1:2. Ammonium sulfate was a 
poorer source of nitrogen than urea since it resulted in a higher residual 
salt content of the soil at the same levels of N. In fact, the poor growth of 
chrysanthemum, snapdragon, and gerbera could be attributed more to a serious 
inhibition by salts than to toxic effects of the soluble nitrogen. 

There was evidence, also, that plants grow better when the nitrogen 
sources are placed into the compost and the compost -:soil mixes. are allowed 
to stand and incubate for a week to ten days before planting. · Incubation 
of acid soils presumably isn't as nece~sary as arid soils where ammonium 
accumulation is encouraged by free lime and higher pH levels. Under field 
conditions a waiting period is not as necessary unless high levels of both 
compost and nitrogen fertilizers are applied. 
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There is a critical interaction between nitrogen and compost in a potting 
mix. In general, where more compost is used, less nitrogen is necessary for 
fortification of the compost. To illustrate this, chrysanthemum could not 
survive in pure compost supplied with 0.5% Neither as urea or ammonium 
sulfate. Yet they grew where the 0.5% N-compost was mixed with soil at a 
1 :4 ratio. 

Another interaction concerns nitrogen, compost, and kind of plant in a 
nitrogen-compost-plant interrelationship. Certain plants, such as tomatoes, 
grew quite well in compost:soil mixes supplied with compost of 0.5% fortifica
tion; whereas, chrysanthemum, snapdragon, camellia and gerbera did not survive 
in mixes having such a high level of nitrogen. 

The use of compost in greenhouse potting mixes is markedly different from 
its use for home gardening and agricultural crop production. It would, there
fore, be entirely out of order to apply the finds of the research reported 
here, directly to nongreenhouse conditions. For example, municipal compost, 
fortified with nitrogen chemicals up to 5%, have been used successfully for 
lawns, gardens and field crops. In general, the amount used is only a fraction 
of that used in the greenhouse compost :soil mixes where ratios of compost to 
soil are necessarily high. 
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Table 1 
Some chemical characteristics of municipal garbage compost processed by the Sacramento and 
Phoenix Plants. 

1 
C/N 

Compost Moisture Ash Carbon Ratio N p K 

% % % % % % 

Phoenix, "Soil-Mate" 33 54 21.6 24 o. 91 0.47 0.5 7 

Sacramento 34 52 26.6 17 1.55 0.55 0.41 

All figures calculated on an oven-dry basis. 

Total 
Dissolved 
Solids 

3 EC x 10 e 
mmhos 

7.5 

4.5 

1Phoenix "Soil-Mate" was supplied by John N. Valianos of Arizona Biochemical Corporation and 
Sacramento compost was supplied by Ben G. Petrucci of Sacramento, California. 
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Table 2 

The oven-dry weight of the aerial portion of snapdragons grown in combinations 
of soil and Sacramento municipal compost with various levels of nitrogen added 
to the compost in the form of urea or ammonium sulfate 

Ratio Nitrogen (N) Total Nitrogen 
Oven Dry Wt. of Tops -;'( 

Added (N) Content of 
Corapost to Soil To Compost Mixture Urea (NH4 ) 2sol} 

Vol./vol. % % g/can g/can 

1:0 0 1.03 1.17 0.65 

1:0 0.05 1.07 1.30 1.3G 

1:0 0.10 1.04 1.88 1.31 

1:1 0 0.25 1.31 1.31 

1:1 0.05 0.28 4.30 2.22 

1:1 0.10 0.30 3.80 3.23 

1:2 0 0.16 1.50 1.50 

1:2 0.05 0.14 3.30 2.35 

1:2 0.10 0.15 3.41 3.22 

1 :l~ 0 0.09 2.52 2.35 

1:4 0.05 0.10 3.35 2.16 

1:4 0.10 0.10 2.80 2. 72 

0:1 0 0.06 1.50 0.90 

0:1 0.05 0.07 2.00 2.00 

0:1 0.10 0.08 2.20 2.15 

-;•~Each figure represents an average of three pots. there is a statistically 
significant difference between pots r~ceiving nitrogen and those not. Except 
for the 1:1 compost:soil mixture, there is no significant difference between 
the 0.05 and 0.1% N applied to the compost. 
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Table 3 

Some chemical characteristics of the compost:soil mixtures having grown snap
dragons for 14 weeks and treated with various levels of nitrogen as ammonium 
sulfate or urea. 

'i~ 
Total HC0

3
-Soluble Total 

N applied pH Soil Paste (N) Nitrogen PhosEhorus (P) Dissolved Solids 
to compost (NH4 )2so4 

Urea (NH4 ) 2so4 
Urea (NH4 ) 2so4 

Urea (NH4 ) 2so
4 

Urea 

% % % ppm ppm ppm ppm 

ComEost:Soil Ratio 1:0 

0 7.7 7.7 1.04 1.03 22 29 4300 3100 

0.05 7.6 7.7 1.10 1.04 25 23 4500 4300 

0.10 7.5 7.7 1.24 1.10 28 26 6000 4400 

Compost:Soil Ratio 1:1 

0 7.7 7.7 0.27 0.25 10 23 4000 3300 

0.05 7.3 7.7 0.23 0.27 9 · 23 5100 3500 

0.10 7.5 7.6 0.30 0.24 8 22 7800 4400 

Compost:Soil Ratio 1:2 

0 7.7 7.8 0.16 0.16 8 7 3200 3300 

0.05 7.4 7.6 0 .14 0.18 8 6 5000 3400 

0.10 7.5 7.6 0.17 0.19 8 6 5600 4500 

Compost:Soil Ratio 1:4 

0 7.7 7.8 0.11 0.07 7 6 2600 2200 

0.05 7.3 7.7 0.08 0.07 7 6 3000 3900 

0.10 7.6 7.6 0.11 0.07 8 7 4500 3700 
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Table 4 

The nitrogen, phosphorus and oven-dry weight of the aerial portion of tomato 

plants grown in combinations of soil and Phoenix municipal compost with 

various levels of nitrogen added to ' the compost in the form of urea. 

Ratio Nitrogen Nitrogen Oven-dry Phosphorus Nitrogen 

Compost (N) added (N) Content Wt. of (P) Content (N) Content 

to Soil to Compost of Soil-Compost Tops of Tops of Tops 

vol/vol % % gm/pot % % 

1:0 0 1.35 0.84 0.25 1.23 

1:0 0.1 1.45 3.87 0.14 2.90 

1:0 0.5 1.39 dead 

1:1 0 0.20 2.45 0.19 1.27 

1:1 0.1 0.23 6.54 0.13 2.70 

1:1 0.5 0.30 2.58 0.16 3.40 

1:2 0 0.14 2.38 0.13 1.51 

1:2 0.1 0.15 7.60 0.18 2.22 

1:2 0.5 0.15 2 .41 0.20 3.00 

1 :4 0 0.10 2.86 0.17 1.32 

1:4 0.1 0.08 6. 73 0.08 2.27 

1 :4 0.5 0.12 3.76 0.08 3.00 

0:1 0 0.08 0.91 0.08 1.30 

0:1 0.1 0.08 2.55 0.08 2.10 

0:1 0.5 0.09 2.50 0.07 3.21 

All figures represent averages of 3 replicated pots. 
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Table 5 

Some chemical characteristics of the Phoenix compost:soil mixtures after 
growing tomatoes for 14 weeks. 

* N 
to 

* 

Applied 
Compost 

% 

0 

0.1 

0.5 

0 

0.1 

0.5 

0 

0.1 

0.5 

0 

0.1 

0.5 

pH 
Soil 
Paste 

7.4 

7.7 

6.6 

7.4 

7.2 

6.8 

7.4 

7.4 

7.0 

7.4 

7 .4 

7.2 

Total 
CO

2
-Soluble 

Phosphorus-
Nitrogen-N p 

% 

Compost:Soil Ratio 1:0 

1.35 

1.45 

1.90 

Compost:Soil Ratio 1:1 

0.20 

0.23 

0.26 

Compost:Soil 

0.14 

0.16 

0.15 

Compost:Soil 

0.10 

0.10 

0.12 

Ratio 1:2 

Ratio 1 :4 

ppm 

11 

15 

33 

7 

7 

8 

7 

4 

5 

6 

3 

4 

Total 
Dissolved 
Solids EDTA 

ppm ml 

2370 2.1 

4130 2. 7 

7200 9.4 

3080 

3680 

9110 

2870 

3200 

7800 

1900 

2140 

6200 

3.5 

3.0 

12.8 

2.5 

3.3 

10.2 

2.0 

2.1 

8.0 

Urea was the source of nitrogen. All figures represent the averages of three 
replications • 
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THE CHEIATION AND MOVEMENT OF 
RADIOSTRONTIUM IN A CALCAREOUS SOIL 

Michael F. L'Annunziata and W. H. Fuller 
Department of Agricultural Chemistry and Soils 

Radiostrontium is one of the most biologically hazardous fission products. 
It has a long biological half-life and accumulates in the structural parts of 
the human body such as the bone and teeth doing damage therein. 

The Atomic Energy Commission is very anxious to learn of all possible 
methods of soil decontamination of radiostrontium because radiostrontium 
moves very slowly in soils, is easily taken up by plants from the soil, and 
consequently enters the human food chain. 

The influence of synthetic chelating agents on the movement of radio
strontium through soil with leaching was studied. Experimental evidence was 
sought for the presence of sr89 - complexes in the soil solution as formed by 
certain synthetic chelating agents of the form given below: 

--- co 

0 "" o2CH~ CH
2
co2 CH 

/ 
/ co --c~27 

N -R -N 0 
/ ' I 

-- -N 

-OzCHzC CHzCOz I / \ 
I M I/ R 
0- N 

I 7 I / -,-
\ 

M(H20)y+ 
X CO-CH

2 CH2 / 
o, co 

Movement and displacement of radiostrontium as influenced by EDTA, EGTA, 
DCyTA, HEEDTA, and DTPA was evaluated in soil columns containing Mohave sandy 
loam. Displacements of sr89 from the soil columns were 19, 38, 44, 47, and 
81 per cent for the five chelating agent treatments in the following respective 
order: 

HEEDTA <- DCyTA < EDTA ~ EGTA < DTPA 

Only 5 per cent of the radiostrontium was leached in columns where no synthetic 
chelating agent was added. 

Radionuclides occurring naturally and possibly from fallout were leached 
from the Mohave soil with DTPA and constituted less than 0.2 per cent of the 
radioactivity added to the soil. 
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The profile distribution of sodium acetate-extractab.le radiostron~•ium 

remaining in the soil columns after leaching was rrost strikingly contrast~d 

between the DTPA and the untreated columns. Trace amounts of radioactivity 

were detected in the upper few inches of the DTPA-treated soil whereas much 

greater amounts remained in the upper few inches of the control columns. 

Phosphomolybdotungstic acid (Folin-Ciocalteau Reagent) was found to 

serve as an excellent indicator for chelons producing a blue color with the 

addition of Na2CO3. This color reaction was used in -combination with paper 

electrophoresis to obtain experimental evidence indicating the presence of 

radionuclide-complexes in the soil solution as formed by the synthetic 

chelating agents. 

Based on the observed movement on paper of positively charged radio

nuclides, obtained from soil eachates, towards the positive pole corres

ponding with the blue color of the chelate when placed under an electrical 

potential, it is concluded that radionuclides in the soil leachates exist 

in the form of negative complexes. The little movement and no noticeable 

chelation of radionuclides in the control columns indicate that natural 

organic chelating agents did not influence radiostrontium movement nor did 

they influence chelation to any appreciable extent under these experimental 

conditions. The electrophoresis and the color reactions provide evidence 

that synthetically chelated radionuclides exist in the soil as formed by 

the chelating agents applied. 
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GREENHOUSE INFECTION OF COTTON BY PHYMATOTRICHUM OMNIVORUM 

H.B. Chavez, T. H. McIntosh, and Alice M. Boyle 
Departments of Plant Pathology and Agricultural Chemistry and Soils 

Introduction 

Phyrnatotrichurn ornnivorurn (Shear) Dug. has been one of the most studied 
plant pathogens in the Southwest, yet critical data obtained in greenhouse 
studies on spread, pathogenesis, and control are conflicting or inconclusive. 
One of the main reasons for this lack of understanding is that it has been 
difficult to establish and maintain the disease in greenhouse culture studies. 

Recent (1) and past laboratory culture studies (3,4) on the effect of 
temperature on Phyrnatotrichum growth suggested that the high temperatures which 
commonly occur in greenhouses located in the Southwest might be the cause of the 
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varied results obtained in previous greenhouse investigations. The records 
of the Department of Plant Pathology greenhouse indicate that during 4 months 
of the year temperatures frequently exceed 45°C. 

Taubenhaus and Dana (4) established that f.. omnivorum is found only in 
places where soil temperatures never go below 20°C. Rogers (3) studied the 
temperature requirements of_f.. omnivorum in liquid culture and determined 
the temperature range of vegetative growth to be 23-33°. The purpose of 
this study was to compare temperature effects on growth off.. omnivorum on 
solid media in the laboratory and pathogenesis off.. omnivorum to cotton in 
greenhouse culture. 

Materials and Methods 

Phymatotrichum isolate No. 1 (1) was grown on Ezekiel (2) No. 70 medium 
in Petri plates maintained at the following temperatures: 5, 16, 20, 24, 28, 
32, 37, 40, L:-4 and 50°C. The diameter of vegetative growth was determined 
72 hours after inoculation of the plate. Detailed description of the 
technique may be found elsewhere (1). 

Cotton (Delta pine smooth leaf) was grown in quart mason jars containing 
either quartz sand or a clay loam soil obtained from the Marana Experimental 
Farm, University of Arizona. Both heat-sterilized and unsterilized sand and 
soil were used. When the cotton plants were at the 4-leaf stage of develop
ment, two sorghum seeds overgrown with mycelium of E· omnivorum isolate No. 1 
were placed 3 inches deep in each jar. Sterile sorghum seeds without the 
fungus were added to an equal number of jars. These jars were in water baths 
maintained at 20, 24, 28, 32 and 37°C. Another set of jars containing cotton 
plants with and without E· omnivorum were maintained on a bench in the green
house near the water bath. The ambient temperature of the greenhouse varied 
between 25 and 45°. Observations of plant death and root invasion by P. 
omnivorum were made after 10, 14, and 20 days. -

Results 

The best vegetative growth of P. omnivorum isolate No. 1, in laboratory 
culture, occurred at 28°C (Table 1)~ There was no growth of the mycelium 
above 40° or below 16°. Further experimentation showed that no growth occurred 
at 39° and very poor growth at 38°. There was slight growth of P. ornnivorum 
at 17° and about 10 to 15 mm of growth at 18 and 19°. 

Table 1. Growth of Phymatotrichum ornnivorum isolate No. 1 at several temperatures. 

Temperature (°C) 
Re:e licat ion 5 16 20 24 28 32 37 40 44 50 

1 oa 0 25 35 55 35 25 0 0 0 
2 0 1 20 38 50 34 26 0 0 0 
3 0 0 21 36 57 37 28 0 0 0 
4 0 0 22 37 54 38 27 0 0 0 

Average 0 0 22 36.5 54 36 26.5 0 0 0 

a 
No growth. All measurements are diameter of colony growth in millimeters. 
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Table 2. Effect of controlled temperature on the phytogenicity of Phymato
trichum omnivorum to cotton plants grown in soil and sand in green
house culture. 

Average percentage of dead cottona 
Temperature Soil Sand 

(OC) sterilized unsterilized sterilized unsterilized 

20 0.0 0.0 0.0 o.o 
24 10.0 9.4 14. 7 5'~2 
28 98.2 77. 2 100.0 88.3 
32 47 .3 44.8 39.2 26.7 
37 6.1 3.5 o.o 2.8 

aMean of four replicates. None of the uninoculated control plants was 
infected or died. 

Table 3. Effect of ambient temperatures (25-40°C) on infection by Phy
matotrichum omnivorum and death of cotton plants grown in the 
greenhouse. 

a 

Culture medium 

Sterilized sand 
Unsterilized sand 
Sterilized soil 
Unsterilized soil 

Average percentage of cotton plantsa 
infected died 

8 
21 
12 
16 

0 
0 
0 
0 

Mean of four replicates. None of the uninoculated control plants was 
infected or died. 

A very high percentage of the cotton plants grown both in sterilized and 
unsterilized sand and soil were infected and died of Phymatotrichum root rot 
when the soil or sand was maintained at 28°. Approximately 100% of the cotton 
plants died of Phymatotrichum root rot in the sterilized sand and soil main
tained at 28°. In the unsterilized sand and soil kept at 28°, 88.3% and 
77.2% of the cotton plants died of root rot, respectively (Table 2). No 
infection of cotton plants occurred at 20° and only a small percentage was 
infected at 37°. None of the cotton plants in soils containing sterile sorghum 
seeds was infected by Phymatotrichum. None of the cotton plants maintained on 
the greenhouse bench died of Phymatotrichum root rot, although in some cases 
there was evidence of fungus invasion of the roots (Table 3). 

Discussion and Conclusion 

These results would suggest that temperature is one of the limiting 
factors in infection and pathogenesis by f. omnivorum. One of the reasons 
inoculation experiments with f. omnivorum have not produced Phymatotrichum 
rcot rot consistently in the greenhouse has been the failure to control soil 
temperatures. It is also noteworthy that field infection of plants in nature 
in Arizona seldom occurs before July, the month when mean soil temperatures 
between the 6- and 12-inch depths reach 26.7 to 28.9°C. 
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