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EFFECT OF TIME OF APPLICATION OF NITROGEN ON 

SUGAR BEET PRODUCTION IN CENTRAL ARIZONA 

John M. Nelson 

Mesa Branch Experiment Station 

Payme nts made to Arizona sugar beet growers are based on both the 

tonnage o f beets delive r ed to the processor and concentration of sugar 

in the roots. Consequently high root yields and high sugar content are 

nec essa ry for growers to realize the grea test returns. 

To produce ma x imum root yields in central Arizona, sufficient 

amounts of nitrogen must be available in the soil during the periods of 

most rapid growth, the fall and early spring . Late in the spring and 

prior to harvest, the plant should become deficient in nitrogen to 

promote accumulation of sugar in the root. Research information is 

not availabl e on the timing of nitrogen applications for optimum yields 

under Arizona conditions. The experiment reported here was designed 

to determine the effect of different dates of application of nitrogen 

on root yield, sugar content, gross sugar production and petiole 

nitrate of sugar beets. 

Materials and Me thods 

Six nitrogen treatments and three harvest plots were arranged in 

a 6 x 3 factorial design replicated six times. Beets in each treatment 

received the same total amount of actual nitrogen (180 pounds per acre) 

but on differ en t dates as follows: 



Pounds of nitrogen applied per acre on the corresponding dates 

Nitrogen (Preplant) (Thinning) 
Treatment Sept. 15 Oct. 6 Nov. 16 Jan. 23 Mar. 14 

1 180 0 0 0 0 

2 20 160 0 0 0 

3 20 0 0 160 0 

4 20 80 80 0 0 

5 20 80 0 80 0 

6 20 80 0 0 80 

Seed of the variety S301-H was planted on 40-inch, double-row beds on 

September 16, 1957 at the Hesa Branch Experiment Station. Safflower was the 

preceding crop. A uniform application of 11-48-0 fertilizer was disked into 

the soil before planting. Plots of treatment 1 received an additional pre

plant application of 160 pounds per acre of amn10:i.ium nitrate. All other 

nitrogen was applied by side-dressing with ammonium nitrate. 

Petiole samples for nitrate analysis were collected periodically from 

October through June. Root harvests were made on May 9, June 13 and July 17, 

1968. On each date beets from 28 feet of row were harvested per plot. One 

sample of 10 to 14 roots was taken from each plot for sugar analysis. 

Results: Root Yield, Sugar Content and Gross Sugar 

Root yields, sugar content and gross sugar production are shown in 

Table 1. Nitrogen treatments resulted in significant yield differences even 

though mean differences were less than 2.5 tons per acre. Beets that received 

only a preplant application of 20 pounds of nitrogen per acre before January 

23 (treatment 3) produced significantly lower yields than all but two treat

ments. Applying all nitrogen preplant or at thinning time resulted in the 
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same yields as split applications. Yield was not affected when the final 

application was delayed until March. 

There were no significant differences between treatments in sugar content 

or gross sugar - production. Applying nitrogen to beets in March did not de

press sugar content. 

Petiole Analysis , 

In this experiment a visual nitrogen deficiency in the fall did not 

result in a substantial yield reduction. It has been shown elsewhere that 

the rate of root growth of sugar beets is not decreased until the nitrate

nitrogen content of newly matured petioles drops below approximately 1000 

ppm (1). Although beet tops in treatment 3 were visually stunted in November, 

December and January, at no time during this period did the nitrate-nitrogen 

content fall below 1000 ppm (Table 2). 

A comparison of the nitrate content of beets in treatment 3 with that 

of beets receiving all nitrogen by thinning time (treatment 2) is shown in 

Figure 1. These treatments resulted in the same root yields even though 

they contained contrasting high and low nitrate levels in the fall and 

winter. However, a petiole nitrate - nitrogen content of 5000 ppm or higher 

should be maintained during the fall months to insure the nitrate content 

against dropping below 1000 ppm. 

The effect of the March application of nitrogen on petiole nitrate 

lasted only about one month. After April 9, beets in all treatments were 

deficient in petiole nitrate. This was reflected in the high sugar percent

ages obtained at harvest. Root yields continued to increase during the 

harvest season indicating root growth can occur under a limited soil 

nitrogen supply. 
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Summary 

In a sugar beet experiment conducted at Mesa, Arizona in 1967-68, 

the date of application of nitrogen had little effect on root yield, 

sugar content and gross sugar production. The nitrate-nitrogen content 

of recently matured leaf petioles wa s an effective indicator of the 

nitrogen status of the beet. 

Literature Cited 

1. ULRICH, A., F. J. HILLS, D. RIRIE, A. G. GEORGE and M. D. MORSE. 1959. 

Plant analysis - a guide for suga r beet fertilization. Calif. Agr. 

Expt. Sta. Bull. 766(1): 3-24. 
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Table 1. Effec t of time of nitrogen fer tili zer a ppl ication on suga r beet root yiel ds, sugar content and gross 

sugar pr o duction. (S ee text for an explan2 t ion of various treatments). 

Yield of Roots Sucros e Content Gross Sugar 

Nitrogen Ha rvest Date Ha r ve st Date Harvest Date 

Treatment May 9 J un. 13 Jul. 17 Ave . May 9 Jun. 13 Jul. 17 Ave . May 9 Jun. 13 Jul. 17 Ave. 

Tons Per Ac r e Percent Pounds Per Acre 

1 27 . 6 32.9 35.6 32.0bc.U 16. 6 16 .7 16.7 16.7 9,160 10,960 11,880 10,670 

2 26.7 30.9 36.3 31.3abc 16.0 16.5 17.1 16.5 8,520 10,200 12,420 10,380 

3 26.1 28 . 5 36.5 30.4a 16.2 16.6 17.0 16.6 8,460 9,480 12,400 10,110 

4 26.4 31. 7 38 . 9 32 . 3bc 16.3 17.0 16.9 16.7 8,580 10,780 13,120 10, 830 

V1 31.lab I 5 26.2 30.5 36.6 16.5 17.1 16.9 16.8 8,640 10,400 12,380 10,470 

6 28.6 31. 3 38.4 32.8c 16.2 16.8 16.5 16.5 9 , 240 10,500 12,640 10,790 

Ave. 26.9 31.0 37.1 16.3 16.8 16.9 8, 770 10,390 12,470 

ll 
Means followed by the same letter are not significantly different at the 5 percent level. 



Table 2. Sunnnary of nitrate-nitrogen content of sugar beet petioles (ppm N03-N). 

Reported values are based on dry weight of newly matured petioles. 

N Date Sampled 

Treatment 10/23/67 10/30 11/14 11/20 11/27 12/3 12/11 12/21 1/2/68 

1 

2 
1/ 

11,380- 11,010 7,970 8,610 10,400 9,460 8,520 6,410 5,080 

3 4,030 1,210 1,150 3,070 1,810 3,280 3,230 3,420 2,330 

4 

5 10,740 9,120 4,470 7,910 7,230 7,060 4,580 4,500 3,480 

6 

N Date Sampled 

Treatment 1/9 1/16 1/23 1/30 2/6 2/13 2/20 2/27 3/5 

1 2,940 

2 4,260 3,090 3,280 3,070 2,890 3,260 3,160 2,700 1,620 

3 1,670 1,150 1,060 4,060 5,730 8,370 7,430 6,380 3,450 

4 2,810 

5 2,590 1,980 1,800 3,510 4,720 5,790 6,250 4,090 1,810 

6 1,810 1,540 1,950 1,610 1,510 1,120 

N Date Sampled 

Treatment 3/12 3/19 3/27 4/9 4/23 5/7 5/20 5/30 6/18 

1 1,860 1,190 750 580 500 480 480 450 

2 1,580 1,520 1,050 730 560 510 520 490 510 

3 3,200 3,280 1,810 840 650 550 550 500 490 

4 1,710 1,260 690 560 560 530 510 470 

5 1,840 1,510 980 720 620 520 470 510 460 

6 890 2,980 3,240 1,500 740 700 640 490 480 

l/Each value represents the mean of four replications. 
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Figure 1. Seasonal variation of petiole nitrate-nitrogen content of beets which received 
nitrogen fertilizer on different dates. 



OCCURRENCE AND INCIDENCE OF SUGARBEET DISEASES IN ARIZONA1 

E. G. Ruppel 
Research Plant Pathologist, U.S. Department 

of Agriculture, Agricultural Research Service, 
Crops Research Division, Mesa, Arizona 

Rosette, yellow vein, cucumber mosaic, beet mosaic, curly top, beet 

yellows, and beet western yellows virus diseases have been observed in 

sugarbeets in Arizona . Presently, only the last three named diseases are 

of economic importance in the State. Virus diseases predominate in the 

arid regions of central Arizona. 

Pythium, Rhizoctonia, and Sclerotium root rots, Cercospora leaf spot, 

and root-knot nematodes are serious threats to beet production in the cooler 

higher elevations of the State. Ramularia and Phoma leaf spots also were 

observed but are of minor importance . 

Rust (Uromyces), a wilt that may be associated with nematodes, and 

sprangling (physiological) occasionally were observed in central Arizona. 

These diseases do not appear to be economically important at this time. 

1 Paper presented at the 12th Annual University of Arizona Agricultural 

Chemicals Conference, Tucson, January 28, 1969. Most information contained 

herein has been submitted for publication in Plant Disease Reporter. 
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INTRODUC TION 

Sugarbeets have been grown for seed in Arizona since 1935; root pro

duction for sugar began in September, 1966. Seed beet acreage averages 

a bout 1 ,300 acres per year, whereas the root crop will comprise 20,000 to 

25,000 acres in full pr oduction. 

TI1e initial root crop acrea ge was concentrated in Maricopa and Pinal 

Counties. In 1967, growe r contracts were obtained in the higher elevations 

of c:;raham, Cochise, and Pima Counties. In central Arizona the beet campaign 

extends from SeptemJ er to Jul y , whereas in the higher elevations the campaign 

exte nds from Fe bruary to December. 

Thus, Arizona's beets are grown at elevations from about 700 to 4,200 

f eet under a wide variety of climatic a nd environmental conditions. Conse

que nt l y , the disease situation is quite diverse throughout the State. Since 

ve r y l i tt le information was available on the epidemiology of sugarbeet 

diseas es i n Ar i zona, studies were begun in 1965 to determine the occurrence, 

inc i de nc e , and relative importance of diseases affecting this crop. Diseases 

r epor ted he r ein were observed in experimental plots in 1965 - 66, and in 

commercial f i e ld s in 1966 - 67 and 1967-68. 

VIRUS DISEASES 

Suga rbee t r os et t e (2) , yellow vein (1), cucumber mosaic (3) , and beet 

mos a ic v i rus diseases were observed yearly in trace amounts only in central 

Arizona. Prese ntl y , these diseases are of little economic importance to 

sugarbeet production in Arizona. 

Disea s e s ur veys conduc ted between 1965 and 1968 in the Salt River Valley 

indica ted t ha t yel l ows, t r ansmitted primarily by green peach aphids (Myzus 

pers i cae (S ul z . )) , was the most prevalent disease, followed by curly top, 
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which is transmitted by the beet leafhopper (Circulifer tenellus (Baker)) (6). 

Monthly mean incidences of these diseases are presented in Figure lA & B. 

In the higher elevations a r eas, curl y top was the predominating virus disease • 

for the first 5 to 6 months of the campa i gn; yellows became widespread, 

especiall y in Cochise Count y , d ur ing the last 2 to 3 months of the season. 

Since yellows can be incited b y at least two distinct viruses, trans

mission tests with g reen peach aphids were conducted from yellowed beet leaf 

samples to differential hosts of the viruses. Results (Fig. 2) indicated 

that beet western yellows v ir us was the most prevalent yellows-inciting virus 

in central Arizona (5). In 3 years, beet yellows virus was not detected 

until April or Ma y . Howe ver, although the overall recovery of beet yellows 

virus was low as a perc e ntag e of total s amples, in 1966, 1967, and 1968, the 

virus was recovered from 42, 58 , and 27% of the June samples, respectively. 

Thus, once the virus wa s introduced into the beet fields, secondary spread 

occ urred quite rapidl y . A limit e d n umber of yellowed beet samples from the 

hi gher elevation areas also were indexed to differential hosts. Only western 

yellows was recovered; howe ver, it cannot be concluded that beet yellows was 

not present in these areas. 

FUNGUS DISEASES 

Root rots of relativel y large beets (ca. 5 months old) incited by 

Pythium aphanidermatum (Edson) Fitzp. (4) and Rhizoctonia solani Kuehn were 

o b s e r ved in high incidence in beets g rown at higher elevations. Another rot, 

incited by Sclerotium rolfsii Sacc., was observed at 1 field in Cochise 

County . Only Pythium rot appeared to be causing considerable losses; up to 

50% of the beets were destroyed in some fields. This disease was most severe 

and widespread in Graham County . The root rots were first evident in early 
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summer when rainfall was maximum and soil temperatures were high. 

Leaf spots incited by Cercospora beticola Sacc., Ramularia beticola 

Fautr. & Lambotte, a nd Phoma betae Frank were observed in high-elevation 

beets where cool nights and summer rains favored disease development. 

Occasionally, Cercospora leaf spot appeared in central Arizona during periods 

of protracted high humidity or r a infall, but the disease was not persistent 

or widespread and, thus, has remained unimportant in this area. 

Of the leaf diseases, only Cercospora leaf spot appeared to be of 

economic importance in the higher eleva tions. The disease appeared shortly 

after the onset of s ummer rains. By late sunnner the leaves of most beets 

were covered with t ypical lesions a nd many plants were severely defoliated. 

Ramularia and Phoma leaf spots were observed in low incidence late in the 

growing season. 

Rust , incited by Uromyces betae (Pers.) Lev., was relatively rare in 

Arizona. Occasiona ll y , 1vhen cooler tempera tures prevailed in spring, some 

infected plants we r e found in centra l Ari zo na . However, the onset of high 

summer temperatures su ppressed widespread development of this disease. 

NEMATODES 

Root knot nematodes (Heloidogyne incognita (Kofoid & White) Chitwood) 

are a serious threat to sugarbeet production in Graham and Cochise Counties. 

Root knot was observed in occasional fields in central Arizona, but the 

disease appears to be of little importance at this time. 

:MI SCELLANEOUS 

Rubbery Root 

A wilt disease has been observed in beets in central Arizona since 

1965. Disease incidence increased each year to a high of about 5% in 1967, 
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but in 1968 only a few diseased plants could be found. 

The disease first was evident as a foliage wilt during warm sunny days 

in spring . Later, os day and night temperatures increased, the oldest leaves 

of the c r own became necrotic and died. Eventually, all but a few heart 

leaves died. Carefully d ug tap roots did not exhibit necrosis or vascular 

di s coloration; however, the y were flaccid and rubbery. Also, secondary 

roots and hair - li ke lateral roots were either absent or dry and necrotic . 

Hea l thy plants or plants with little foliar necrosis had turgid roots. 

No pathogenic fungi or bacteria could be isolated from diseased p l ants; 

howeve r , diseased roots a lwa y s were assoc i ated with large populations of 

r oot les i on nema todes (Pratylenchus brachyurus (Godfrey) Filipjev & Stekhover) 

and s tunt nematodes (Tylenchorhynchus cylindricus Cobb) . Further work is 

needed to determine the r ole of nema todes in this disease. 

Spr a ng ling 

In 1967- 68, beets in a few fields in central Arizona exhibited sprangled 

r oots (i.e. branched roots 1vithout a dominant or singular tap root). Univer 

sity of Ar izona Ag r onomist John Ne lson obtained good evidence that high rates 

of manur e could induce s pr angling in suz a rbeets in the greenhouse (unpublished 

data). I n a c ooper ative study, we have evidence that the "sprangling factor" 

i n ma nur e was not r elated to phytopathogenic microorga nisms (unpublished 

d a t a ). 
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Figure 1. Mean monthly incidence of sugar beet yellows (beet 

and western) and curly top in central Arizona from November through 

June in 1965-66 , 1966-67, and 1967-68; A, yellows incidence, and 

B, curly top incidence. 
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Fi gur e 2 . Per centa ge recovery of beet yellows vir us (BYV ) and 

bee t western ye llows virus (BWYV) from field sugar beet s showing 

folia ge yellow i ng i n central Ari zona f r om November thr ough June 

1965-66, 1966-67, and 196 7- 68; A, indexes made f r om ,November through 

February, B, i ndexes made from March through June, and T, t otal 

results . 
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NITROGEN DETERMINATION IN LETTUCE BY PETIOLE ANALYSIS 

W. D. Pew 
Superintendent, Mesa Experiment Station 

Effective production of head lettuce is the result of proper manage

ment covering many cultural practices. Nitrogen fertilization is one of 

these practices that has a striking effect on the growth of the lettuce 

plant and is one over which the grower has a great deal of control. From 

a five year study, considerable information and data have been accumulated 

rel a tive to nitrogen fertili zer sources, rates, and timing of application 

as it influences such factors as yield, field quality , and shipping and 

post harvest quality of head lettuce. These will be presented and discussed. 

It was found that temperatures dramatically influence nitrogen utili

za tion . Cold temperatures below so° F control uptake of this element and 

must be considered a dominant factor in a nitrogen fertilization program 

for this crop during the cool part of the two lettuce seasons but particu

larly of the spring planting. To insure quality lettuce, adequate amounts 

of nitrogen must be available a t the appropriate time. 

The amount of nitrate nitrogen found in the midribs of the wrapper 

leaves by chemical analysis has been found to be an excellent and dependable 

way to determine the nitrogen levels in the plant. With predetermined ade

quate levels this becomes a good tool to guide the grower in developing an 

efficient nitrogen fertilization program. If these plant analyses are used 

properly, nitrogen deficiencies can be averted and unnecessary fertilizer 

applications avoided. 

Nitrogen deficiency adversey affects the quality factors of size, color, 

ribbiness, and solidity. On the other hand, adequate levels of nitrogen 
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improve them. Other conditions affecting quality such as pink rib, rib 

discoloration, russet spotting , slime mold, and pithiness were not affected 

by nitrogen supply or source. 

For highest qua lity lettuc e pe rhaps the most important period for 

lettuce to have an adequate nitrate nitrogen supply is just prior to and 

during heading . It is during this period that 80% of the tot a l fresh 

weight is produced and 80% of the nutrients absorbed. 
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WHAT'S NEW IN NEMATODE CONTROL 

Edward L. Nigh, Jr. and Michael A. McClure 
Department of Plant Pathology 

Although chemical control is often listed as a stop-gap approach by 

some growers, it is still our major method of controlling nematodes. 

Recent estimates indicate tha t approximately one million acres of soil are 

fumigated annually with sales from the pesticides approaching 25 millions 

of dollars. 

Since soil fumigation bec ame a recog nized practice we have learned a 

great deal about its potentials as well as its limitations. We know that 

under optimum conditions for appl ication we can obtain economic control of 

many nematode species attacking various hosts. While some agriculturists 

desire a multi-purpose material and method to control all soil-borne pests, 

others continue to be interested in specific organisms. Our observations 

dictate the support of the l a tter theory. Soil fumigants are nematocidal 

only when used at the recommended rates. We can expect essentially nothing 

more from the materials unless of course we apply large rates of such 

chemicals as chloropicrin or methyl bromide which require sealing or tarping. 

For that reason, maximum effort must be made to direct the correct application 

of nematocides and to inform the user of the chemicals' limitations. Also 

of importance is the correct diagnosis of the nematode pest by competent 

authorities who can recognize the economic potential of the particular 

nematode species. Too frequently, fields are fumigated when treatment is 

not necessary which results in grower disappointment and reluctance to 

treat when an economic problem does exist. 

In recent years the increased knowledge of nematode damage has been 
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an incentive for chemical companies to develop pesticides effective against 

nematodes as well as insects and fungi. This has resulted in the appearance 

of numerous organic phosphates, carbamates and isothiocyanates designed for 

nematode control. Such materials as Temik, Dasanit, Lannate, Disyston, and 

Thimet that are basically designed for insecticidal use have been approved 

by the FDA for release as nematocides on certain crops. 

Many of these materials are systemic, being translocated from the root 

system upward into the stems and leaves of the plant. For this reason most 

of these newer chemicals have proven effective for the control of the alfalfa 

stem nematode. Unfortunately, residues may be a serious problem and only a 

few of the materials have been released for use in alfalfa. By incorporating 

these insecticides into the soil, they are taken into the root system where 

they are effective for the control of nematodes that feed externally or in

ternally on the roots. Investigations to date indicate that several of these 

materials have extended residual activity which is much longer than that of 

present soil fumigants. One possible problem as a result of this may be 

high residues in edible portions of particular crops. 

Preliminary tests have been made where systemic materials are mixed 

with halogenated hydrocarbons such as DD, Telone or some formulation of 

dibromochloropropane (Nemagon or Fumazone). The idea is for soil fumigants 

to cause an immediate reduction in the nematode population and for the 

systemic pesticides to keep the nematode numbers suppressed. These combi

nations appear to have a great deal of promise. 

A new era of nematode control is just around the corner. It is pre

dicted that in the next few years more and more multi-purpose systemic 

pesticides will appear on the market for agricultural use. Through their 

proper use, agricultural pests such as nematodes will be better controlled 

and yields will undoubtedly increase meaning greater profits for the grower. 
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"ARIZONA HOUSE BILL 311 AFTER THE FIRST YEAR" 

L. D. Mccorkindale 
Director and State Entomologist 

Arizona Commission of Agriculture and Horticulture 

This title of "House Bill 311 After the First Year" really means 

House Bill 311 since July 23, 1968, for the Commission of Agriculture and 

Horticulture. That was the date on which the Inter-Agency Agreement between 

the Arizona Boa rd of Pesticide Control and the Ar i zona Commission of Agri-

culture became effective. However, this interim period has covered the 

major portion of the 1968 pesticide appl ic ation season. 

This agreement I have just mentioned came as a direct request from the 

Board of Pestic ide Control to the Commission and assigned all field inspection 

activities of the Board to the Commission for pest control work falling under 

H. B. 311. The Board has continued to issue all permits and licenses as in 

the past. 

Since we were already well into the season for pesticide applications, 

we were somewhat in the same situation as the draftee who was rudely awakened 

by his platoon sergeant after the rookie's first night in the army barracks. 

"It's four ,-thirty", the sergeant roared. 

"Four-thirty!", the new recruit gasped. ''Man, you'd 

better ge t to bed. We 've go t a big day tomorrow!" 

And so it was with us, \·Je had a big day coming up -- in fact, many of 

them. We fully reali zed the magnitude of the job before us, especially 

concerning the application of DDT under the new Rule 20. 

In trying to assess wha t has occurred since House Bill 311 actually 

became law on April 1, 1968 , there were a good many factors to consider. 
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In the next several minutes I will endeavor to give you as concise a report 

as possible, and then answer questions, if any, following the report. 

So we can categorize who has rea lly been affected by this law, it 

probably will be in order for me to g ive a few definitions for purposes of 

clarification. In the first place, only custom applications are involved 

under the law, which me a ns any applications of pesticide for hire, or any 

applications of pe sticide by a ircraft whether or not for hire. Under the 

Bill a grower means any person who commercially grows or produces any 

agricultural commodity. A grower's responsibility primarily covers only 

the necessity of obtaining an Insecticide Use Permit, and in following Rule 

20 covering DDT. 

The term pest control means the use or application of any pesticides or 

any substance wh ich does a lmost a nything to a pe st or to a plant where a 

disorder or a ma l ady is concerned. A pesticide is defined as any substance 

or mixture of substances that can be used against almost any pest which 

affects plants, a nd even includes defoliants. In other words, both of the 

terms~ control and pesticide are very broad and quite inclusive in their 

meanings. Out of the 22 definitions given , the foregoing are probably the 

most perinent except, possibly, the definition of a seller of pesticides 

which means any person who offers for sale, sells, orders, solicits business 

or otherwise deals in pesticides. 

As you undoubtedly know, the old Board of Pesticide Control Applicators 

was abolished a long with the Advisory Committee, and a new Board and Committee 

were appointed by the Governor. Very briefly, the Board consists of 9 

members with the Chairman of the Commission of Agriculture & Horticulture 

automatically under the law being the Chairman of the Pesticide Control Board. 
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In addition to the Chairman, there is 1 entomologist; 1 cotton grower; 1 

produce grower; 1 dairyman; 1 alfalfa and feed grain producer; 1 citrus 

grower; 1 person engaged in the growing or feeding of cattle; and a 9th 

member who is a representative of the genera l public and not connected with 

agriculture. The law clearly states that the Board shall make and enforce 

all rules, regulations, and orders necessary to carry out the purposes of 

the Statutes in order to regulate the sale and use of pesticides. 

One of the major changes in House Bill 311 over the old law was made in 

the inspection powers of the Board or its duly authorized agents. Under the 

old law, permission had to be gr an ted by the owner of the land before in

spection procedures could be accomp lished. This used to put the inspection 

authorities in a r a ther awkward position similar to the Texas bank in a 

story I heard. 

A wea lthy Texas oilman cashed a huge personal check which came back 

from the bank with "Insufficient Funds" stamped across its face in large 

letters. Beneath the stamped words we re smaller hand-written letters stating: 

"Not you -- us." 

Now under the present l aw , the Board, or its duly authorized agent, may 

enter upon any pub lic or private premises a t reasonable times in order to 

inspect aircraft or ground equipment subject to the Article, or crops and 

animals, or other property actually or possibly exposed to substances 

applied by such e qu ipment. 

One of the responsibilities placed on the new Board includes its making 

a report in writing to the Legislature and the Governor not less than once 

every June and once every December describing in detail the operation of the 

program and particularly its enforcement. In addition the Board has to file 
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with them a copy of all recommendations. 

Under the new law, as in the old, both the seller and user of any 

pesticide are required to obtain permits on a calendar year basis. Further

more, it is illegal for a seller to sell pesticides to any purchaser unless 

that person has a valid permit for the use of such pesticides. And finally, 

in the principal law are described procedures for licensing custom applicators; 

the financial responsibility of the applicant; the setting forth of the 

requirements for the monthly reports which the operator must submit to the 

Board; and other similar f actors. 

In addition to the Board of Pesticide Control, the Governor appointed 

an Advisory Committee under the law for the purpose of advising and assisting 

the Board. This 13 member Board is composed of 3 cotton growers; 1 cattle 

grower or feeder; 1 a lfa lfa or gr a in grower; 3 produce growers; 3 dairymen; 

1 applicator who resides in the State; and 1 member from the agricultural 

chemical industry. 

Under Section 3- 384 the Board was given the authority to adopt a rule, 

regulation, or order to regul a te or limit the use of any pesticides, but 

only after a public hearing. That rule or regulation must be based upon 

evidence presented a t such hea ring , a nd indicating the need for such a rule 

or regulation. These rules or regulations can have far reaching effects 

and in many instances are just a s important a s the Statute sections them

selves. The Board may hold these public hearings at any time it deems 

necessary, but it is mandatory that such hearings be held if they are 

requested by the Advisory Committee. This point has not been well under

stood by various persons. 

Probably most of you are now fully cognizant of the results of the 

hearing held on January 10th in .Phoenix . Since this paper was prepared 
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before the date of the hearing, I of course cannot give the results herein. 

However, I h ave available a few summarizing notes which may be of interest. 

Although I do wisq to discuss pesticide rules and r egulations to an 

extent, I cannot leave the Sections in the Arizona Revised Statutes until 

I discuss the storage and disposal of pesticide containers. During the 

past se a son we have found in our field a ctivities that this has been a 

controversial area. It says very plainly in the Statutes that it shall be 

unlawful for any person to store, dump, or leave unattended any pesticide, 

or empty pesticide containers or pa rts thereof, in any place or under any 

condition where they may present a hazard to persons, animals, or crops. 

It would seem on first reading that this is a rather clear statement which 

could not readily be misunderstood. 

However, one point covering most of the controversy has to do with 

"who shall take the responsibility". The seller claims that after he has 

sold the containers, his responsibility ceases. The grower could say that 

in most inst a nces he has neve r e ven seen the containers, because they are 

delivered to an airstrip and then are under the control of the pest control 

operator. The operator in turn normally has more regulatory controls on him 

than any other person under the law in the pesticide picture, so he may feel 

that he should not have to assume another burden. 

Especially is there a problem after the containers have been emptied or 

left only partially emptied on the airstrip for many days at a time. They 

really become hazards in these instances. I am happy to say that we have 

not had too much difficulty in most instances in having these dangerous 

containers removed when the responsible person is asked to do so. We have 

felt that the responsible person would be that person who last had contact or 

control of the containers in question. 
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Following the enactment of House Bill 311, the new Board of Pesticide 

Control, after being selected by the Governor, knew its first task was to 

hold a public hearing and establish or re-establish rules and regulations. 

Following the 1968 Legislative Session the emotions of the agricultural 

public were strong, principally concerning DDT. In total 20 rules were 

proposed for the hea ring . Several of these covered physical aspects of 

licensing of applicators, a nd other pertinent related subjects. Most of the 

rules drew little attention or opposition, except for Rule No. 20. 

Rule No. 20, on "Applica tion of DDT, and Pesticide mix tures containing 

DDT" was by far the most discussed rule of all. After working with DDT for 

25 years I personally feel, and have believed for some time, that DDT is not 

a health problem when used properly, but it certainly is a real legal problem 

for many people in the agribusiness industry. This legal problem was not 

created in Arizona. However, there is little choice left except to try to 

live a nd cope with it under existing Federal regulations. 

Although during the past season under Rule 20 the use of DDT has 

definitely been reduced in the State of Arizona, there yet was considerable 

residue found on feed for dairy cattle which caused many dairymen to continue 

going outside of the State to purchase alfalfa hay. There is not much doubt 

concerning the source of the DDT because of the quantities still left in the 

soil from prior years, a nd still being added to some extent each year. 

Information I have obtained indicates that only l/30th as much DDT was used 

in 1968 in Arizona compared to the 2½ million pounds applied in 1967. 

Rule No. 6 which states in part that "each sale of pesticide must carry 

the permit number of the seller and the grower on each delivery ticket and 

on the containers" has caused as much, or more, comment than any other rule, 

excluding Rule No. 20. Although I do not know who orig inated this portion of 
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Rule No. 6 , I would surmise the reason involved was for identification of 

the containers so it would simplify the matter of determining who had left 

pesticide containers at a location where they may present a hazard. 

In conclusion I would like to briefly give ac tual results of inspection 

procedures as conducted by the Commission of Agriculture and Horticulture 

under the Inter-Agency Agreement with the Board of Pesticide Control. 

Generally speaking , since we came into the scene on July 23, our inspectors 

have found that most of the laws have been complied with in a satisfactory 

manner. As usual, there are a few violators who have the most trouble. In 

looking over our pest control inspection reports made in the field, we have 

found some of these interesting points. 

In checking agricu ltura l ai rcraft , we found that out of 173 inspected, 

22 did not have naviga tion lights as required. In 203 inspections we found 

that in 9 instances the pesticide was not being confined to the designated 

property . Out of 202 inspections 11e observed tha t in 19 instances drift of 

pesticide from the desi~nated property was apparent. In 9 cases out of 103 

times, a n operator was making false claims about his operations. There were 

fla gme n in the field 100% of the time in 190 inspections made. Out of 160 

checks we have found only 4 violations 1vhere an "Insecticide Use Permit" was 

not obtained before applying the pesticide. In 9 instances out of 119 

inspections, incompetent personnel were found. 

Only 1 time out of 135 did we find where the applicator did not know 

the pest involved. Also we found only 1 time out of 194 inspections where 

the applicator was not familiar with the pesticide being used. On 207 

occasions, which represented all of the inspections made on this point, we 

found the operator in each instance had sufficient knowledge about the 
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property being treated. In 2 instances out of 129 times we found operators 

operating carelessly. In t he matter of proper care of containers, there 

were 20 times out of 134 inspections made where they were not being cared 

for in a proper manner. During 70 inspections, we found no instance when 

a protected crop was too close to the field being treated. We did find 26 

violations in 131 inspections where protective clothing against toxic 

pesticides was not being used. Only 1 time out of 52 did we have an operator 

refuse to comply with instructions. 

Where we checked for Sta te Operator Licenses, we found 14 infractions 

out of 263 inspections made. In checking to see if DDT was being applied 

too close to a dairy , we found that in 96 instances representing 100% of the 

inspections made tha t the opera tor had kept the required distance away. In 

considering what we call "dirty airstrips " we found 13 times where pesticide 

containers were in violation. As far as Rule No . 6 is concerned, which had 

to do with the re quirement to have numbers on the pesticide containers, we 

found that there was no grower number in 170 instances, and no seller number 

in 168 inspections. In checl: ing e ~uipment to see if there were any leaks, 

there were 7 times we found lea !:s on the ag itator, 8 times on the booms, and 

22 times there were nozzle leaks. This 22 times for nozzle leaks was out of 

163 inspections made . 

The present Inter-Agency Agreement between the Commission of Agriculture 

and the Board of Pesticide Control terminates a t midnight on June 30, 1969. 

We have found working with House Bill 311 since July 23 to be of great 

interest. We know the remainder of the fiscal year will prove the same, and 

we in the Commission, sincerely wish to work with all segments of the pesticide 

industry in any constructive manner possible for the general good of Arizona's 

agribusiness complex. We will welcome your comments. 
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PUBLIC RELATIONS IN AGRICULTURE 

Bob Halvorson 
Cooperative Extension Servic e 

Millions of people in this country today, including many who 

should know better and many in positions of influence and authority, 

have an extremely unfavorable opinion of agriculture in general and 

t h e ag- chemical industry in particular. 

If they think of farming at all, they tend to view it with 

suspicion and little or no sympathy. The agricultural producer often 

is seen as an uncouth but shrewd individual who spends part of his time 

wheedling money from the government and the rest of his time tampering 

with nature and doing questionable things so as to put even more money 

in his pocket and even more surplus stores in government warehouses. 

Those associated with the ag-chemical industry often are regarded 

as unscrupulous and somewhat mad scientists who for a price are willing 

to wantonly exterminate wildlife, poison the consumer and ruin the world 

for future generations, including their own grandchildren. 

There a r e several reasons for this so-called poor public image . 

F i rs t and perhaps foremost, our society today is urban or city oriented. 

Most peo p le have little or no contact with agriculture . . They do not 

und ers t and and appreciate the important role that agriculture plays in 

their lives and in the nation's economy. Neither do they understand 

or a ppreciate farm problems, the technological advances that have taken 

p lace in agriculture or the changes that have occurred in the way things 

a r e d one d own on the farm. It is human nature to suspect, fear and 

d i sl i k e those things which we do not understand. 
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Modern day mythology and legend hasn't helped this situation. 

Page through almost any science-fiction magazine or comic book, turn 

on your 'IV to almost any station and you'll encounter mad scientists 

scheming to destroy mankind or a kindly world in which old mother nature 

is good and it is a crime to do anything that upsets her. 

Ag-chemical firms in their efforts to sell their products to the 

farmer have plastered the nation with billboards and full-page adver

tisements bragg ing about the killing power of these products and how 

they'll help the farmer upset the balance of nature in his favor, all 

for the sake of profit and increased agricultural production. 

Th e r e are those who like to blame newspaper editors and reporters 

for the bad publicity we have received in recent years and the poor 

public image that has followed. However, newspapers reflect public 

opinion just as often as they mold it, and the bad press, as it is 

called, for the most part is a symptom rather than a cause of the prob

lem. 

Newspaper editors in general are optimists. They look upon bad 

news as the exception rather than the rule. That is why it makes news 

in their opinion and why it appears in print. The fact that no one 

committed an ax-murder in Kentucky yesterday or the fact that no one 

complained about the presence of pesticide residue in milk does not 

make news to them. S o far as they're concerned, that is the way it 

should be and normally is. 

Attempts to suppress bad news or bad publicity is not the answe r, 

for in the long run it cannot be done and it only alienates the press 

still further and makes the situation worse. 
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Denying rumors and refuting false or damaging allegations are at 

best a weak approach to the problem, for people tend to believe that 

where there's smoke there's fire and in the minds of many the lack of 

proof doesn't necessarily mean that it isn't true. 

Some sort of more positive action must be taken to regain for 

agriculture and the ag-chemical industry a favorable image in the minds 

of people. 

We have to get there first with good news so as to soften or off

set the bad news. We ha ve to describe the value of what we have to sell 

and what we produce in terms other than dollars in the pocket of the 

farmer. 

It might help to divert a portion of our advertising dollar into 

activities that benefit society, or if we already are doing that it 

might help if we shouted a little louder about it. 

In short, we have a massive public relations job to do, a job 

no one is going to do for us, and we had better stop fighting among our

selves and get on with the task before it's too late, if it isn't 

already. 
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Abstract 

VERTICILLIUM WILT 

Stanley M. Alcorn 
Department of Plant Pathology 

Verticillium albo-atrum is essentially restricted to the upper 18 

inc he s of soil. It is carried over from one year to the next by alter-

nate hosts and/or by resting structures (microsclerotia). These pro

pag ules can survive in t h e soil for several years. Verticillium attacks 

a wide ran ge of dicoty ledon plants; it is not known to naturally infect 

monocot y ledon plants ( g rasses, palms, bamboo, etc.). Verticillium 

infection is aided by wounds in roots; the possibility that other microbes 

can facilitate infection is currentl y be ing investigated. With very high 

income crops (stra wberries, ornamentals) chloropicrin has been success-

fully used to control t h is pat hoge n. Otherwise, the use of tolerant 

varieties of plan ts in rotation with monocots and/or fallow cultural 

practices are c urrentl y the best procedures to reduce disease losses. 

Abstract 

CURRENT RESEARCH ON PHYMATOTRICHUM ROOT ROT 

John F. Baniecki and H. E. Bloss 

Department of Plant Pathology 

Phymatotrichum omnivorum, the soil-borne fungus that attacks 2,000 

species of plants including cotton, alfalfa and numerous trees and shrubs 

is indigenous to southern Arizona, New Mexico, California and Texas. The 

fun g us survives in the soil as strands, sclerotia and spores. Present 
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research is concerned with the complete life cycle of the fungus and at 

determining some means of controlling the disease by breaking a link in 

its overwintering process. Chemicals released in the breakdown of winter 

green manure crops show some toxic effects against the sclerotia and 

strands of the f ungus. Recentl y , the discovery of the requirements for 

prod uction and germination of spores and sclerotia along with a new phase 

in t h e life c ycle of the fun g us has offered new hope of breaking the over

holding c yc le of the fungus and renewed prospects for controlling this 

de vastating disease. 

Abstract 

MAIZE D\-JARF MOSAIC IN SORGHUM 

R. B. Hine 

Department of Plant Pathology a nd Agricultural Extension Service 

A serious and widespread disease of sorghum has been identified and 

shown to be caused by Maize Dwarf Mosaic Vi rus. 

Th e virus caused extensive damage in hi gher elevation plantings of 

susceptible sorghum hybrids. 

Symptoms of the disease, hosts of the virus, insect transmission, 

virus occurrence and methods of disease control will be discussed. 
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Abstra ct 

MANAGING COTTON TO SHORTEN THE GROWING SEASON 

E. B. Jackson 
Departme nt of Agronomy 

Managing cotton to make the best use of the land for the shortest 

possible time involves three cultural practices: (1) planting as early 

as practical, (2) maintaining adequate fertility and moisture, and (3) 

terminating the crop without waiting for a "top crop". At Yuma this 

involves planting in the mulch between March 15th and April 1st, de

lav ing the first irri gation 45 to 55 days, irrigating every two-to-

three weeks, with the last irriga tion at "cut-out" (about August 5). 

This supplies enough water t.o mature the first crop and hasten boll 

opening by stressing the plants for moisture. 

Abstract 

WHO BENEFITS FROM A RETAIL PRICE INCREASE 
OF AGRICULTURAL PRODUCTS? 

J. S. Hillman 

Department of Agricultural Economics 

The question posed is a highly complex one. Mythologies and cliches 

inherited from the past continue to becloud the issue. Marketing research 

is still expected by some rural-oriented congressmen to wring a miracle out 

of the pricing system in order to preserve a farming complex which, at best 

never flourished with the individual successes accorded American agricul

ture in the aggregate. 
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One factor which confuses the issue is that all agricultural 

corrnnodities tend to be thought of as one problem area. Take, for example, 

the title of this paper "Who Benefits from Retail Price Increases of 

Agricultural Products?'' How meaningful is it to think of cotton--a fiber 

and a durable, joint-product (cottonseed) type of commodity--in the same 

con t ext as, sa y , lettuce--a highl y specialized commodity on the other end 

of the agricultural spectrum? Not very. 

Perhaps more confusing is the failure on the part of many people 

associa t ed with a griculture to distinguish between causal factors in the 

price - making process. Producer prices for most agricultural products 

tend t o be a residual of (]) the retail price, and (2) the prices of 

ser v i c es of the marketin g a gencies. Failure to distinguish between these 

two sets of prices has led to much misunderstanding. Certainly, cost of 

c rop pro d uc tion i s onl \' one pa rt o f an equation of the overall economic 

process in agric ultural pricing . 

Finall y , in t h is short presentation it is necessary to clarify the 

demand-determining factors associated with marketing. Prices of the 

marketing services are determined by conditions only partly associated 

with conditions affecting the price level for the commodity. 

Very little time here can be given such important factors as marketing 

structure, antitrust legislation and agricultural policy. 

Abstract 

PESTICIDES IN MAN 

D. P. Morgan, M. D. 
Department of Entomology 

Nearly all samples of human blood and other tissues from residents 
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of Arizona show small amounts of four pesticidal chemicals. Other 

pesticides turn up with less regularity. According to the best available 

evidence, tissue pesticide levels have not changed materially in Arizona 

over the past five years. Nor are Arizona tissue levels substantially 

different from those found in Florida or Hawaii . 

New analytical methods are making possible the detection of organo

phosphate compounds in the blood of individuals heavily exposed to these 

compounds by reason of occupation. 

Extensive clinical testing of kidne y function in persons long exposed 

to pesticidal chemicals has thus far not identified any specific health 

hazard peculiar to this occupation. 

Abstract 

1968 - THE UNUSUAL PEST YEAR 

T. F. Watson 
Department of Entomology 

From the standpoint of cotton insects, 1968 was an unusual year. Seed

ling cotton in many areas was attacked by darkling ground beetles, cabbage 

loopers and the beet armyworm. In most cases, these pests were a problem 

only in this stage of the cotton growth cycle. 

Pests which are generally a problem during the major fruiting stage of 

cotton growth either occurred in low numbers or were practically non-exist

ent in most areas. Lygus appeared and disappeared in rather short order. 

The bollworm was present in most a reas in low numbers but in practically 

all cases never increased to damaging levels. Only in an occasional 

isolated case was there a report of economic levels of the bollworm. 
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Even the pink bollworm presented an unusual growth pattern during the 

1968 season. Based on overwinter survival and spring moth emergence excep

tionally high population levels were anticipated relatively early in the 

growing season. This did not occur as anticipated and the real population 

build-up did not occur until l a te, in many cases too late to cause serious 

damage. 

Another unusual occurrence during 1968 was the widespread problem with 

the cotton leaf perfora tor. This pest developed to extremely high popula

tion levels in late summer and was very difficult to control. 

Abstract 

TIIE UNUSUAL PEST YEAR 

D. M. Tuttle 
Department of Entomology 

Five relativel y new pests of economic importance occurred in Yuma 

County during 1968. 

Two of these were associa ted with bermudagrass seed fields, namely, 

a whitefly (Aleurocybotus occiduus Russell) and an undescribed species of 

mealybug (Heterococcus n. sp.). Both of these became abundant during the 

summer and fall months and were difficult to control with chemicals. 

Attention was also focused on two species of spider mites. The citrus 

red mite (Panonychus citri McGregor) which was discovered for the first 

time in Arizona in May of 1967, required treatment in all lemon groves in 

the Yuma area. The occurrence of the Texas citrus mite (Eutetranychus 

banksi (McGregor)) in Bard, California in noticeable numbers on various 
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citrus varieties during April 1968 was the first record for this species 

in the California-Arizona area. 

Apparentl y the black scale (Saissetia oleae (Bernard)) has been 

reported previously from Arizona on ornamentals. During November and 

December of 1968, it was found in several locations at Somerton, Arizona, 

on various plants and lemon trees. 

COTTON 

Abstract 

WHY THE YEAR OF COTTON, VEGETABLE AND CITRUS INSECTS? 

J. N. Roney 
Extension Entomologist 

It is rather difficult to say why we had the pink bollworm situation 

of 1968. However, research done by Dr. Wene and Mr. Sheets showed that 

heavy rains in December, January and February usually means a reduction 

in pink bollworms the next year. This is all dependent on a good cleanup 

the year before. This does not always hold true and frankly I do not 

think anyone can tell you why we did not have a pink bollworm infestation 

in 1968. Lygus counts, although low in many areas did enough injury to 

cause reduction in yields, particularly early yields. Why the cotton 

bollworm was not a problem in 1968 I would hesitate to say. The reason 

for the outburst of the cotton leaf perforator could be due to a mild 

winter to the south of us and possibly the use of certain insecticids may 

have influenced its increase. Many of the insecticides used in 1968 i~ 

some areas were used at a reduced recommended dosage. Why were the salt 
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marsh caterpillar and cabbage looper lower in 1968? I cannot say. The 

beet armyworm infestation in 1968 on cotton was possibly due to the lack 

of natural enemies in the spring . This has been the case in many years 

in the past. 

VEGETABLES 

Why was the cabbage looper so prevalent in the fall of 1968? 

Especially on the fall plantings of lettuce, cabbage and related plants. 

Why was the corn earworm not bad on lettuce in 1968? The beet armyworm 

infestations on lettuce and related crops was due to heavy infestations 

on cotton and fall planted sugar beets. Possibly there are questions that 

some would like to ask in the discussion about some other insects on 

vegetables. 

CITRUS 

The red mite on citrus flaired up again in the spring of 1968. Dropped 

off during the summer but is back on the increase this fall. Orchards that 

received a full coverage of 750 gallons per acre on all four sides showed 

practically no infestation in the fall of 1968. Why were the flat mites 

bad in both Yuma and Maricopa Counties during the year? What has caused 

the increase of the katydid? Is the use of certain insecticides on 

vegetables near citrus going to cause serious infestations of brown soft, 

citrocola, and cottony cushion scale? There are other problems in citrus 

that may be discussed later. 
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Abstract 

LYGUS BUG POPULATION FLUCTUATIONS IN ALFALFA 

George D. Butler, Jr. 
Cotton Insects Research Laboratory, U.S.D.A., Tucson 

Following the first frost in the fall, lygus bug populations in 

alfalfa are predominantly made up of adults. These become active during 

warm winter days and eggs are laid. The egg has a developmental threshold 

temperature of approximately 46 . 5° F, so the stage is greatly prolonged at 

low temperatures. During warm winters, nymphs may appear during January. 

Low temperatures and rainfall during January and February affect the popu

lation level of lygus bugs on March 1 but, from this date on, the rate of 

increase of the population appears to be the same for a number of areas 

and for different years, until the end of May. During this period, the 

overwintering adults die and the first and second generation adults are 

added to the population. With high temperatures in late May or June, 

adult survival and egg laying is reduced and survival of nymphs affected. 

During late July and August, conditions may become more favorable, per-

mitting an increase. There is always a decline in numbers during September 

and early October, probably associated with reproductive diapause. Generally, 

populations build up in late October and through November until there is 

a killing frost, after which the numbers of adults are gradually reduced 

through the winter. 

Abstract 
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CONTROLLING VEGETABLE INSECTS 
UNDER PRESENT FEDERAL REGULATIONS 

Panel Disc ussion 

C. R. Ash, B. R. Foerma n, P. D. Gerhardt and L. Moore 

The chemicals recommended for controlling vegetable pests are registered 

for use by the USDA. Most of these chemical s have tolerances but some are 

currently registered on an extended basis until a finite tolerance can be 

established. Chemicals previousl y registered with zero tolerance or no

residue status must now have a finite tolerance established through the 

Food and Dru g Administration. Companies have requested and received exten-

sions to January 1, 1970 in some cases, during which time they hope to 

obtain the finite tolerance. 

Arizona law places restrictions on the use of DDT and its relatives. 

These restrictions, among other things, state that the insecticides can be 

applied onl y as sprays and ca nnot be applied within 1 mile of an operating 

dairy or within \ mile of a forage crop. These restrictions have had a 

definite effect upon vegetable insect control. Perthane, one of the DDT 

relatives, is apparentl y much less likely than DDT to cause a residue prob

lem but is subject to the same restrictions. Consideration of the residue 

potential may result in some changes in the established restrictions. 

Present federal regulations have placed stringent restrictions on the 

development of new pesticides to replace those that have been dropped from 

the list of chemicals registered for use on vegetables. At the present 

time there are two new pesticides that show good insect control on vegetables, 

but as yet have not been granted federal re gistration for their use. Of the 

registered chemicals, the use of Bacillus thuringiensis alone and in combi

nation with insecticides is gaining acceptance especially for cabbage looper 

control. 
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Registrations and regulations of insecticides used in vegetable 

insect control, the development of new materials, and industry programs 

(including methods of inspection, pests involved, use of chemicals, and 

frequency of such use) will be discussed in the panel presentation. 

Abstract 

TRAINING AND RETAINING THE AG CHEMICAL FIELDMAN 

Bailey J. Santistevan 
Owner 

Crown Chemical Company 

Holtville, Calif. 

Agriculture fieldmen who are hired in the Agriculture Chemical 

Industry, can be from many types of backgrounds. However, the most 

important asset he must possess is practibility. 

The formal schooling he has received may be of the highest quality, 

but he will not be able to perform for his emp l oyer and customers with

out practical methods of thinking. This practibility may be an inherit 

quality, because not all trained fieldmen are able to succeed. 

In this particular day and age, two to three years are required 

to train an agriculture chemical fieldman to perform his duties. This 

is due to the vast knowled ge that is now require d, not only with the uses 

of insecticides, but in the uses of herbicides, soil fumigants and ferti

lizers. He should also b e familiar with farming costs, farm equipment 

and farming in general. 

The prospective employer understands that he will spend approxi

mently $10,000 a year to train a new fieldman. He hopes, therefore, 

that after the two to three year training period, that his new fieldman 
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will gain confidence in himself, cut down costly errors and be retained 

in the field, as a well schooled, agriculture chemical advisor. 

Abs tract 

TWENTY-FIRST CENTURY FARM TECHNIQUES 

B. L. Harriott 
Mesa Experiment Station 

The turn of the century is only thirty years ahead of us. We can 

predict with certainty that changes in agriculture during these next 

three decades will occur faster, will be more interesting, and will re-

quire more technical knowledge than the changes in farm techniques dur

ing the past 30 years. Ther e will be changes in management techniques, 

cultural practices, marketing methods, mechanization, and financing 

systems. 

We can expect more intensive farm and crop management systems 

that utiliz e computors to help make decisions that select crop acreages, 

determine varieties, schedule planting and harvest, draft cultural prac-

tices, and choose markets. Precise cultural practices will be varied 

throu ghout the growing season to manipulate the crop for the most profit

able yields possible. New techniques in processing, packaging, transpor-

tation, and marketing will provide the consumer with a fantastic array of 

food and fiber products. Farm machines will be more complex and sophis

ticated but also more reliable than those we know today. One man will 

control several of these machines simultaneously. New credit systems 

will be developed to finance farms that will require investments in 

millions of dollars rather than thousands. 
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Farming operations will be l a rger and more specialized during the 

next century. Space technology will be used to precisely predict 

weather conditions weeks in advance and perhaps modify those conditions 

to some extent. Orbiting satellites will be used to continuously moni

tor crop acreage and forecast world output of food and fiber products . 

In order to provide at least part of the food necessary for crews of 

large space stations, there will be a new agriculture in space with a 

new set or parameters for farming techniques and crop production. 

Abstract 

DEVELOPMENT OF AGRICULTURAL CHEMICALS 

D. MacDougall 
Chemagro Corp. 

During the past several years the regulations covering the 

registration of chemicals for use in agriculture have become increas-

ingly more restrictive. In this paper the estimates of the cost and 

time involved in bringing agricultural chemicals from the test tube to 

the marketplace will be reviewed. In addition to this, the particular 

problems and difficulties which are encountered with certain types of 

materials will be discussed. 

-43-



Abstract 

CHLORONATED HYDROCARBON CONTAMINATION IN MILK 

J. W. Stull 
Department of Dairy Science 

The University of Arizona, Tucson 

It has been known for about twenty-five years that DDT can enter milk 

by various means. One of the most obvious ways is from the feed consumed 

by the dairy cow. Considerable research has been conducted in an attempt 

to establish the relationship between the amount of DDT found in milk with 

that present in feed consumed by the dairy cow. The results of these 

early experiments led to the general conclusion that there appears to be a 

"l to 1 feed-through ratio." This means that a unit of DDT in feed would 

give rise to the same unit of concentration in the fat of milk. Much of 

this early research, however, was involved with feed levels of 1.0 part per 

million (ppm) to as high as 100 ppm. 

Current regulations of the Food and Drug Administration limit the DDT 

(including its breakdowq products DDE and DDD) contained in the fat of milk 

or milk products sold for human consumption •to 1.25 ppm. On the basis of 

this tolerance, maximum levels which can be fed in feed have been recom-

mended to dairymen. The research mentioned above led to a general conclu-

sion that 0.5 ppm could be tolerated. It should be pointed out, however, 

that a number of variables enter into the design and interpretation of re-

search such as this. These include: (a) the way in which the pesticide is 

fed to the cow, (b) the previous exposure leve l of the experimental animals, 

(c) the exhaustiveness of the feed analysis method, (d) the length of time 

the animals are on experiment, (e) the number of animals used as related to 

individual cow variation, (f) the accuracy of feed sampling and (g) the 
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possible variation in production level of the a nimals used. 

Very recent work in the Department of Dairy Science involves the 

controlled feeding of groups of animals relatively low levels of DDT over 

a long period of time. The animals were placed on the experiment at an 

age just prior to puberty. The feeding has continued through their first 

lactation with the pesticide output in their milk being continuously moni

tored. The results to da te are shown in the t able: 

DDT in feed DDT in milk fat Feed-through ratio 

(ppm) (ppm) 

0.25 0.89 1 : 3.6 

0.50 1. 34 1:2.8 

1.00 2.45 1:2.5 

It can be seen from this data that at lower levels of DDT intake 

involving prolonged periods of exposure the feed-through ratio is consider

abl y higher than 1 to 1. In order to introduce a slight "safety factor" 

to take care of possible unmonitored exposure or intake, a maximum level 

of 0.1 ppm in feed is felt to be a rea listic value under Arizona conditions. 
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EFFECT OF TIME OF HARVEST OF VALENCIA ORANGES ON LEAF 
CARBOHYDRATE CONTENT AND SUBSEQUENT SET OF FRUIT!/ 

R. H. Hilgeman, J. A. Dunlap and G. C. Sharples 
Department of Horticulture 

INTRO:)U CT ION 

'Valencia' oranges hloom i;:1 April in Arizona and fruit is harvested 

the following year between la te febr uary and June. Tests in Arizona have 

shown that late May or early June harvest bas reduced the following year's 

yield by an average of 28 ';~ when compared with late February harvest (3). 

The mature fruit grew throughou t the interval and soluble solids/tree 

increased, which imposed an extra requirement for carbohydrates on the 

tree. When extremely high temperatures or prolonged heat periods occurred, 

the effects of late harvest were emphasized, which suggested that respira

tion also imposes a heavy drain. It has been shown that the heavy spring 

i;r 01,th flush and blossoms cause rapid depl e tion of sugars and starches in 

citrus leaves (8, 10, 11). It appeared probable that the additional de

mands for carbohydrate by the mature fruit induced a carbohydrate deficit 

which limited set of young fruit. This report follows changes in carbohy-

drates during the fruit set interval to test this hypothesis. 

DI SCUSS ION 

The rapid decrease in carbohydrates during the harvest interval was 

similar to previously observed changes in grapefruit leaves in Arizona 

(8, 10). Initial values were higher and the decrease more rapid than 

l/ Extracted from Proceedings of the American Society for Horticultural 

Science, 90:110-116. 1967. 
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III. ADDITIONAL RESEARCH REPORTS 

Effect of time of harvest of Valencia oranges on leaf carbohydrate 

content and subsequent set of fruit 

Effect of nap~thaleneacetic acid spray and hand thinning on size 

of Kinnow mandarin fr11it in Arizona 

The control of root knot nematode attacking chilies 

Chetdcal control of cotton boll rots 

Reclamation of a saline soil 

Use of micronutrients on grain sorghum 

The use of phosphoru ~ on common bermudagrass 

Studies with two systemic fun gicides, Benlate and Thiabendazole 

Reducing water use of ponderosa pine and Douglas fir by means of an 

antitranspirAnt chemical 



occurred in the coastal regions of California. (1, 4). The marked decrease 

in carbohydrates during spring growth followed patterns in Florida (11). 

Prolonged cold winters in Arizona apparently induce very high carbohydrate 

accumulations in leaves. High spring and early suunner temperatures appar

ently cause high respiration rates which induce more rapid losses than in 

California. 

The high level of sugars and low starch content on February 25 may be 

attributed to temperature conditions. There were 61 nights below 32° F and 

19 nights at 26° or lower between December 11 and March 9 in 1963-64 but no 

fruit or leaves were frozen. Five nights with 27° or 28° preceded sampling 

on February 250 Under low temperature conditions, high sugar and low starch 

levels have been previously observed in Arizona (10). Moderately warm 

weather in March just before the start of spring growth apparently converted 

some sugars to starch. 

The rapid decrease in car bohydrates in old leaves in March and April is 

associated with the development of the extremely large numbers of spring 

leaves, blossom formation and initial setting of fruit. During May, June 

and July, the increase in dry matter in young leaves and the requirements 

of the young fruit on March- and April-harvested trees apparently utilized 

carbohydrates slightly more rapidly than they were formed and further re

duced carbohydrate levels in the leaves. 

The carbohydrate requirements of the mature fruit are reflected by the 

rate of carbohydrate utilization after harvest in early March, the rapid 

increase in carhohydrates after May harvest and the reduced total carbohy

drates/leaf on trees harvested in July. Competition for carbohydrate be

tween young leaves and fruit and mature fruit is indicated by the reduced 
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rate of increase in solids in the fruit in April and May. 

The larger set of young fruit on trees harvested in March and April 

was associated with a small but highly significant increase in leaf carbo

hydrate content in May. This small reserve apparently was sufficient to 

provide for the requirements of the larger set of young fruit. 

The accumulation of carbohydrates in July in leaves from low yield 

trees harvested in May and June is similar to ;:- esults with 'Wilking' 

mandarin (7). Reduction in total carbohydrates/leaf in July harvest trees 

was found in 'Valencia' orange s harvested about the sat!le time in California 

(5). 

The data indicate that the carbohydrate supply limited the set of 

young fruit. However, it should be emphasized that this simple relation

ship rnAy be coincidental with changes in auxins or other regulating sub

stances involved in fruit setting (6) or the prod11ction of a fruit set 

inhibitor by mature fruit (14). 
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EFFECT OF NAPHTHALENEACETIC ACID SPRAY AND HAND 

THINNING ON SIZE OF KINNOW MANDARIN 
FRUIT IN ARTZONA!.f 

~. H. HiJ geman , L. True , and J. A. Dun lap 
Department of Horticulture 

The Kinnow mandarin, a hybrid seedy variety developed by Frost (1), 

was fir~t tested as a scion for topworking on Mars h 3rapefruit in Arizona 

in 1949 . Crowth was extremely rapid followed by early fruitin g . The very 

large hi gh quality fruit attracted immediate attention and a t present (1964) 

approximately 150 acres of grapefruit have been topworked and 100 acres of 

youn g trees planted . By 1959, it became evident that after s everal years 

of relatively 11niform production severe alternate bearing could be expected 

with this variety. An ext,emely heavy set of small fruit was followed by 

a season with no blossom formation. 

SUMMARY 

Kinnow mandarin trees in a severe bi ennial bearing cycle were thinned 

by spraying with naphthaleneac e tic acid and prunin g , pruning alone, and by 

hand thin n in g at three rates . Fruit size was increased approximately in 

direct ratio to the amount o f t h innin g up to removal of 48 per cent of the 

crop. NAA applie d at th e rate of 500 ppm in late May during the "June 

drop" period re<luced fruit set from 2411 fruit per tree to 1568 and in

creased the averaee fruit diameter from 2.16 to 2.53 inches. A significant 

decrease in yield in pounds per tree did not occur. The effect of NAA 

l/ Extracted from Proceedings of the Florida State Horticultural Society, 

77: 84-87. 1964. 
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thinnin g on yield and size were similar to effects produced by hand thinning. 

The data indicates that more than 50 per cent of the fruit on the tree 

in late ~1ne must be removed to break the bienni81 bearing cycle. 
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THE CONTROL OF ROOT KNOT NEMATODE ATTACKING CHILIES 

Edward L. Nigh, Jr. 
Department of Plant Pathology 

Red Mexican chili peppers grown for the fresh market and cannery are 

severely damaged by the southern root knot nematode in Arizona. Cool soil 

temperatures, lack of moisture and fine soil types make chemical control of 

the nematode difficulto To evaluate nematocides and rates of application 

materials were injected 12" deep into listed beds with a single shank 10 

days prior to planting. Each treatment was replicated three times and 

each replication of three rows each consisted of .30 acres. The effective

ness of the nematocides was evaluated by yield and root knot index. 

No phytotoxicity was observed in spite of low soil temperatures (52° F 

at 12") and only 10 days interval between treatment and planting. Yields 

from the 1st harvest were higher in controls than treated plots due to 

early maturation of the fruit caused by reduced growth. Total yields were 

obtained by removing all fruit from the plots which indicated a significant 

correlation between treatments and root knot index. Penphene was as effect-

ive as 15 gals of DD or Telone with 10 gals of DD less effective than the 

15 gals rates or Penphene at 4 lbs/A. By controlling southern root knot 

nematode in chilies yields can be significantly increased. 
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Total 
Harvest (lbs) Harvest (lbs) Yield Root kn?t 

Nematocide Rate/Acre 1st 2nd (ton) Index.! 

1 Penphene 4 lbs 8,640 2,130 14.4 a 1.3 

2 DD 10 gals 8,832 2,340 12.4 b 1 2. 5 

3 DD 15 gals 6,864 2,400 14.0 a 1.1 

4 Telone 15 gals 6,912 2,370 14.59a .9 

5 Check 0 10,128 2,250 13.0 b 3.1 

1/ Rating• 0 • no infection; 4 ~ 100% infection 
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CHEMICAL CONTROL OF COTTON BOLL ROTS 

H. E. Bloss 
Department of Plant Pathology 

The fungi primarily responsible for boll rot of cotton in Arizona are 

Rhizopus nigricans, Aspergillus flavus, Aspergillus niger, Fusarium sp., 

Nigrospora oryzae and Tricothecium sp. The incidence of boll rots varies 

each year throughout the cotton growing region of Arizona from trace to 

2% depending upon the rainfall d11ring the months of July and August. Boll 

rots were particularly severe in the Picacho and Yuma areas in 1967 following 

early rainfall and wind in June which resulted in lodging of the cotton 

plants. This test was conducted at Yuma, Arizona in 1968 on Deltapine 

cotton at the Yuma Valley Experimental Farm. Botran and Captan fungicides 

were applied both as 6% dust, and as water-dispersed wettable powders, at 

30 lbs/acre. The dusts were applied by means of a Hardie duster at a 

running speed of 5 mph. Botran, 75W, and Captan, SOW wettable powders were 

applied under 40 lb. pressure at a moving speed of 3 mph using 50 gallons 

per acre. Applications were made on 4 rows of cotton of 60-feet in length 

replicated 4 times in a randomized block. Sprays and dusts were applied on 

July 12 and August 15. 

There was no significant difference in yield of cotton lint per acre 

between treated and untreated plants. The frequency of isolation of boll 

rot fungi was markedly reduced with applications of the fungicides. The 

lowest frequency of isolation of boll rot fungi was obtained from plants 

treated with two applications of Botran or Captan dust. 
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Percent Frequency of Average 
Date of Boll Rot Fungi Yield Cotton 

Treatment Application 100/Rolls Isolated/100 Bolls lb./Acre 

Botran, 6% Dust 7/12/68 6 Rhizopus 2 1815 

Botran, 6% Dust 7 /12/68 + 8/15/68 4 Rhizopus 2 1876 

Captan, 6% Dust 7/12/68 6 Rhizopus 4 1708 

Captan, 6% Dust 7/12/68 + 8/15/68 3 Rhizopus 3 1885 

13otran 75W 7/12/68 6 Rhizopus 4 1794 

A. flavus 2 

Rotran 75W 7/12/68 + 8/15/68 7 Rhizopus 6 1783 

!• niger 1 

Captan, sow 7/12/68 7 Rhizopus 6 1870 

Capt an, sow 7/12/68 + 8/15/68 7 Rhizopus 6 1839 

A. flavus 1 

Untreated Check 15 Rhizopus 9 1869 

A. niger 23 

A. flavus 12 

Fusarium 12 
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RECLAMATION OF A SALINE SOIL 

Roys. Rauschkolb, Allan Halderman and Donald Howell 
Agricultural Extension Service 

In March of 1968 tne Soils Specialist was contacted by Jim Hazlitt and 

Don Howell, County Agents - Yuma, County, concerning the possibility of 

aiding a local grower, George Ogram, in correcting a soil condition which 

prevented crop growth. It was felt two interrelated factors caused the 

problem. First, the soil was a dispersed clay to a depth of 18 to 24 

inches. Beneath the clay is sand which continues to the water table , a 

depth of 8.5 feet, and beyond. Second, the water used for irrigation had 

an electrical conductivity of 3.75 nnnhos. The slow infiltration rate of 

the clay, along with saline irrigation water and a high water table, com-

bined to cause a saline-sodic soil on which agronomic plants could not grow. 

With the aid of the Irrigation Specialist a test was proposed which 

would evaluate the ability of three different soil amendments to increase 

the infiltration rate. As an addendum to the study a computer program 

developed by Dr. Gordon A. Dutt, Department of Agricultural Chemistry and 

Soils, was used to calculate the amount of gypsum and water, of a given 

quality, required to reclaim the surface foot of soil to a suitable exchange

able sodium percentage. The results obtained from the computer program cal

culation indicated there was no need to apply gypsum to the soil to effect 

the reclamation. In fact, gypsum could have been removed from the soil in 

the amount of approximately 2 tons per acre and reclamation would have been 

achieved, according to the prediction of the computer program. However, 

gypsum was included as a treatment in the test; the amount of gypsum used 
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was 1000 pounds per acre which was comparable in cost to the other amend-

ments. 

The test was established on the Ogram Farm in May of 1968. The test 

consisted of four treatments; the control (no amendment added), 1000 pounds 

of gypsum per acre, 20 gallons of lime sulfur* per acre, and 1.0 gallons of 

a wetting agent* per acre. The treatments were applied to 25 by 75 foot 

leaching plots and replicated three times. The area in which the test was 

conducted was devoid of plant growth. 

Soil samples from each plot were taken prior to treatment. In the 

plots that were to receive gypsum, samples were taken from 0-6 inches, 6-12 

inches, and then in one foot increments to a depth of 5 ft. In all other 

plots, samples were taken in one foot increments to a depth of 5 ft. The 

samples were analyzed by the Soil Testing Laboratory for calcium, magnesium, 

sodium, pH, and electrical conductivity. The values obtained for calcium, 

magnesium and sodium were used to calculate the sodium absorption ratio from 

which the exchangeable sodium percentage was obtained. After the experiment 

was conducted soil samples were again taken in the same manner and the same 

determinations made as before. 

The amendments were added differently, depending on whether the material 

was a solid or liquid. The gypsum was applied using a fertilizer spreader 

and then disced in to a depth of approximately 3 inches. The two remaining 

amendments are liquids and were metered into the irrigation water. The 

total amount of liquid amendment was applied with the first filling of the 

leaching plots. 

* The lime sulfur was furnished by PureGro. The wetting agent, Soilzone-
85, was furnished by Lehman Distributors. 
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The computer program had indicated that the soil contained enough 

gypsum to reclaim the surface foot to an exchangeable sodium percentage 

of 15'% with only 9 inches of water applied. Therefore, 9 inches of water 

were applied to each plot regardless of amendment. The plots were filled 

with water through a 6 inch tile inlet from an adjacent reservoir; the first 

filling took approximately 20-25 minutes and subsequent fillings approxi

mately 10 minutes. After filling, the inlet was covered with a piece of 

black plastic film and secured in such a manner as to prevent leakage into 

the plots. A stake and scale were used to make infiltration measurements. 

Total input and infiltration rate were the parameters measured. All the 

data were analyzed as a randomized complete block. The exchangeable sodium 

percentage and electrical conductivity were also analyzed as split-plots in 

time to evaluate before and after treatment effects. 

The means of total water applied and water intake for a 24 hour period 

can be seen in Table I. There was no significant difference among treatments 

for either of the parameters used were not effective in increasing the infil

tration rate over the control treatment during the time the study was con

ducted. This does not preclude the possibility of any long term effects. 

It should be pointed out, however, that there was no gypsum requirement for 

the soil due to the quantity of gypsum already present in the soil. There

fore, one would not expect any increased infiltration due to the addition of 

calcium in the form of lime-sulfur or gypsum. 

In orrler for a wetting agent to increase the infiltration rate of a 

soil, the soil must exhibit hydrophobic properties. One such property is 

an increased infiltration rate with time. The characteristic of the infil

tration rate curve from the experiment conducted on the Ogram Farm disclosed 
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the soil was not hydrophobic. Therefore, one would not expect the wetting 

agent to increase the infiltration rate over the control. 

The effect of an application of approximately 9 inches of irrigation 

water on the salinity of the soil and exchangeable sodium percentage may be 

seen in Figures 1 and 2; values represented by the bars which are followed 

by the same letter are not significantly different. The salinity in the top 

two feet, Figure 1, was significantly (95 percent confidence level) reduced 

from what it had been prior to application of the water. In the top foot 

the salinity level was reduced one half. The salinity level, although still 

high, is suitable for the more salt-tolerant crops, whereas before treatment 

the soil salinity was at a toxic level for agronomic crops. 

The exchangeable sodium percentage (ESP) in the top two feet, Figure 2, 

was also significantly (95 percent confidence level) reduced as a result of 

the water application. An ESP of 16.7 lo for the one foot depth approaches 

the 15 percent value calculated by the computer program. Prior to irriga

tion, Figure 2, the ES?'s were significantly higher in the zero to two foot 

increment of soil than in the three to five foot increment. After the irri

gation there was a shift in the distribution of sodium in the profile with 

a tendency for the concentration of sodium to increase \<1 i th depth. More 

field testing would be necessary before adoption of the computer program 

for use in calculating gypsum requirement on a field scale. CONCLUSIONS: 

The amendments used were not effective in increasing the infiltration rate 

at the time of application under the conditions of the study. 

Without regard to treatment the salinity level and exchangeable sodium 

percentage were significantly reduced in the top two feet of soil. The 
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soil contained enough native gypsum to accomplish the reduction in the 

exchangeable sodium percentage. 

The final exchangeable sodium percentage was close to the value pre

dicted by the computer program. 
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TABLE I. Total Water Input and Intake Rate for Ogram Farm Study 

Total Water* Water Intake* 

Treatment Applied Rate 

- inches - -inches/24 hrs.-

Control 9.4 5.9 

Gypsum 9.5 5.8 

Lime-Sulfur 9.7 6.3 

Soilzone-85 9.2 6.1 

* Values are means of 3 replications; no significant differences 

among treatments for either parameter. 

-60-



. 

Figure I. Ef feet of a nine inch irrigation 
on electrical conductivity of a 
soil paste extract. 
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Figure 2. Ef feet of a nine inch irrigation 
on the exchangeable sodium 
percentage. 
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U:-,E OF MICRONUTRIENTS ON GRAIN SORGHUM 

J. L. St roehlein, L. R. Amburgey and R. S. Rauschkolb 
Agricultural. Chemistry and Soils and 

A~ricultu r al Ex tension 3ervice 

Studies were carried out at the Safford Experiment Farm in 1965 and 

1967 in order to find a mor~ e ffective method of supplying micronutrients 

to chlorotic sorghum. While an iron sulfate spray has been known for many 

years to be an economical means of correcting iron chlorosis in sorghum 

certain new materials containing iron, zinc, and manganese were used in 

these studies. 

1965: Spray treatments us in g a 1% so lution of iron, zinc, or manganese 

chelates (a hout 2.3 pounds of the element per acre) were applied when the 

plants were 12-18 inches tall and extremely chlorotic. Also applied was a 

granular mix con t aining th e t hree elements in sulfate form. The latter was 

broadcast at a rat e of 20 pounds iron per acre and cultivated into the soil, 

All treatments we r e replicated three times. In addition one extra plot was 

spraye d with 3% i ron che lat e . 

Only the iron c he late tr e atmen ts increas ed the green color of the plants 

as expect e d. TI1e man ganes e concentration was too high and caused minor burn-

ing of the leaves. 

No response was found to an y of the treatments according to the amount 

of grain harvested. 

1967: Various ammonium ortho and armnonium polyphosphates were applied 

prior to bedding in June. Micronutrients were added to certain treatments 

and all were replicated four times. Rates we re 21 and 40 pounds per acre of 

N and P, respectively. The field became extremely chlorotic and no effects 
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of any of the treatments were found. Samples were collected at random from 

the treated field and an adjacent normal field under similar management. 

The samples were analyzed for iron, manganese, copper and zinc. Results 

are as follows: 

He althy 

Chlorotic 

Fe 

76 

40 

Mn 

37 

17 

ppm 

Cu 

7 

7 

1/ zn-

12 

33 

Iron, manganese, and zinc concentrations appear to influence ch l orosis 

although this ne e ds more study before the proper conclusions can be made. 

Table 1 sho~s the yield data. Due to the heavy snow storm which fell 

prior to harvest, only head weights were obtained. 

There was very little difference in yields. Since the well water from 

the Safford Farm contains s ignificant quantities of nitrate no response to 

nitrogen was found or expected. Most of the phosphate treatments yielded 

higher than the check and nitrogen t reatments although this was not a 

significant increase. No differ ence in yield was attributed to the micronu-

trient treatment. 

1/ Sampled and analyzed by Mr. Wi lliam Quirk . 
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Table 1. Head yields* of grain sorghum from 10 feet 
of row as affected by fertilizer treatment. 

Treatment gm/10 ft. row Treatment gm/10 ft. 

Check 1640 AOP + Zn 1740 

AN 1590 APP + Zn 1750 

AOP 1750 APP + Fe 1420 

APP 1960 APP liquid 1900 

AN ,,. arranonium nitrate (33. 5-0-0) 

AOP = ammonium orthophosphate (15-56-0) 

APP = ammonium polyphosphate (15-60-0) 

* yields are means of 4 replicat i ons 
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THE USE OF PHOSPHORUS ON COMMON BERMUDAGRASS 

J. L. Stroehlein 
Department of Agricultural Chemistry and Soils 

The question concerning the necessity of using phosphorus fertilizers 

on couunon bermudagrass lawns has been asked many times in Arizona. Al-

though fertilizers containing phosphorus are commonly used on turf, few 

studies have been conducted on the phosphorus requirement of bermudagrass. 

For example studies at Randolph Park in 1966 showed no advantage in broad

casting treble superphosphate with ammonium nitrate fert i lizer over nitrogen 

alone on established turf (3). Studies in Yuma County have shown that appli

cation of 90 pounds per acre of P2o5 significantly decreased seed production 

of common bermudagrass (2). 

Another factor to consider is that in many areas of calcareous soils 

excessive applications of phosphorus may reduce the availability of zinc and 

iron to deficient levels. This problem of zinc and phosphorus relationships 

has been discussed by Berger (1) and other author s. 

The purposes of this study are to determine if phosphorus applications 

are beneficial to common bermudagrass and if high rates of phosphorus will 

cause zinc or iron deficiencies. 

Methods 

Six N-P2o5 treatments were selected (Table 1) and the plots were estab

lished on a border of mature common bermudagrass. In addition a check treat-

ment (no fertilizer) and anunonium polyphosphate (15-60-0) plus iron was used. 

The latter was included since it gave excellent results in the 1966 study (3). 

Material for all other plots was ammonium nitrate and treble superphosphate. 
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The nitrogen rate was 2 pounds per 1,000 square feet, the commonly recom

mended rate. Plot size was 100 square feet and each treatment was repli

cated five times. Soil tests of a composite sample taken before application 

were 1.2 ppm N03-N (very low), 5 ppm P04 (medium), and a paste pH value of 

7.8. 

Fertilizer was broadcast on each plot on June 8, July 13, August 12, 

and September 7, 1968. The plots were sprinkled immediately following 

fertilizer application; at other times the plots were flood irrigated. 

Plots were harvested, clipping weights taken, and sampled on July 13, July 27, 

August 10, August 24, September 7, and September 21. Each sample was oven 

dried and yields of dry matter were calculated. After drying samples were 

ground and analyzed for total phosphorus content. 

Resu 1 ts 

Typical results are shown in Table 1. Response to nitrogen was equal 

on all plots which received treatment. This was expected since the nitrogen 

rate was the same and except for the arrnnonium polyphosphate treatments the 

source for all plots was ammonium nitrate. The unfertilized plots were 

yellow indicating a severe nitrogen deficiency throughout the season. 

No beneficial or detrimental effects resulting from phosphorus appli

cations were found. Some chlorosis was noted in Au gust on all fertilized 

plots. There was no consistent differ ence in clipping weights of any of 

the fertilized plots, although the unfertilized produced very little compared 

to those which were fertilized. The phosphorus content of the grass tended 

tQ increase with increasing rates of phosphorus fertilizer, however, the 

ammonium polyphosphate produced consistently higher phosphorus content than 

equal rates of annnonium nitrate and treble superphosphate. 
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This study wi 11 be carried out at least one more season before any 

definite conclusions can be reached. 
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Table 1. Nitrogen-phosphate ratios applied to common berrnudagrass and 
resulting clipping weights and phosphorus content, 1968. 

First Harvest Sixth Harvest 

1/ 
N-P O -

2 5 
Dry Matter p Content Dry Matter p Content 

ratio 
2 grn/13 ft • % grn/13ft 

2 
% 

0-0 7 0.21 17 0.34 

1-0 37 0.25 56 0.30 

3-1 49 0.26 67 0.31 

1-1 28 0.26 59 0.31 

1-2 31 0.26 55 0.32 

1-3 28 0.28 60 0.34 

1-4 23 0.27 58 0.33 

1-4 (APP) 28 0.32 52 0.36 

1/ Nitrogen applied at a rate of 2 lb/1,000 ft. 
2 
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STUDIES HITH TWO SYSTEMIC FUNGICIDES, BENLATE AND THIABENDAZOLE 

R. B. Hine, D. L. Johnson, and C. J. Wenger 
Department of Plant Pathology and 
Agricultural Extension Service 

Fungicides with systemic properties in plants are relatively new 

(1,2,3). Two of the most interesting of these new chemicals are Benlate 

(1-(butylcarbamoyl)- 2-benzimidazole carbamic acid, methyl ester) and 

Thiabendazole (2-(4-thjazoyl) benzimidazole), two chemicals with broad 

spectrum activity, low mammalian toxicity, and systemic activity in 

plants. Recent studies have been concerned with persistency and movement 

of the chemicals in plants and soil (4) and activity against a number of 

important plant pathogens. Because of the unusual characteristics of 

these fungicides, it was thought of value to briefly summarize the results 

of some of these studies. 

Soil persistency, movement, and activity against the Texas Root Rot 

fungus (Phymatotrichum omnivorum).--Both Benlate and Thiabendazole were 

shown to be highly fungistatic against the soil fung•Js, ~- omnivorum in 

agar and soil studies. Fungus isolates differed slightly in sensitivity 

to both chemicals with minimum concentrations necessary to prevent mycelial 

growth in agar ranging from 0.5 to 3 .0 ppm (active). Growth from planted 

sclerotia and fungal strands was prevented in non-sterile field soil con-

taining as low as 5 ppm (active) dry-weight soil basis of Benlate. Original 

incorporations of 10 or 100 ppm of Benlate persisted for 16 weeks in 

sufficient concentration to prevent growth of P. omnivorum in non-sterile 

field soil held at field capacity at temperatures ranging from 16 to 40 C. 

In replicated field plots at Marana, Renlate when applied at 10 lbs/A 
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(active) or higher persisted through a cycle of irrigated cotton in 

sufficient concentration to prevent growth off• ornnivorurn. In greenhouse 

studies Benlate drenches applied 3 times at O, 4, and 6 weeks at 50 ppm 

active-soil weight basis were detectable 22 weeks after the last application 

when the tests were terminated. Benlate and Thiabendazole were detectable 

in soil at concentrations of 2 - 5 ppm and 5 - 10 ppm respectively with a 

developed bioassay technique. No soil movement was demonstrated for either 

chemical. 

Chemical uptake in cotton from seed, soil, and foliage treatrnents.-

DPSL acid de l i nt ed cot t on seed was treated with 20, 10, and 5 oz (active) 

Benlate/100 lbs seed. Chemical assays of roots, stems, and leaves made in 

greenhouse tests at 1, 5, and 9 weeks after planting indicated that the 

chemical was systemic from seed treatment. At 9 weeks the chemical was 

detected in roots and stems of t he 10 and 20 but no t the 5 oz rate. 

When cotton was grown i n non-sterile field soil (Gila silt loam) con

taining varying concentrations of Benlate, the chemical was detected 5 days 

after planting in roots and stems of plants growing in concentrations as 

low as 1 ppm (active) dry weight soil basis. The chemical was detectable 

in large quantities in stems and leaves 22 weeks after 3 soil applications 

of 50 ppm each (active) soil wei ght basis in other greenhouse tests, indi

cating long persistency in plants. In replicated field t rials at Marana 

little succ ess was had with in-furrow treatments and rototilling at lay-by 

as methods for obtaining systemic activity in cotton. When 0.23 gms/active 

of Benlate/linear row foot formulated as 5% active in silicaceous sand was 

applied in furrows 6-8" deep alon g both sides of emerging cotton seedlings 

the chemical was not detectable in roots or stems at varying time periods 
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after application. In the rototilling trial Benlate was detectable in 

cotton roots and stems at high rates (2 gms active/linear row foot), but 

not at 1.0 gms active/linear row foot. 

A number of replicated field trials were established at Marana at 

approximate 1 month intervals to determine systemic activity in cotton 

~ 

from foliage applications. Varying rates and methods of application were 

studied. Benlate was translocated into non-sprayed developing new foliage. 

Downward movement was shown to be related to age of plant a t time of 

foliage spray and fungicide concentration. Studies are continuing with 

these 2 chemicals. Information learned this last year will be helpful in 

designing further studies in the use of these benzimidazole fungicides for 

plant disease control. 
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ilEDUCING \./ATER USE OF PONDEROSA PINE AND DOUGLAS FIR 
BY MEANS OF AN ANTITRANSPIRANT CHEMICAL 

Introduct i on 

Kenneth N. nrooks and David B. Thorud 
Department of Watershed Management 

A shortage of usable water, plus the increasing demand for water in 

the SouthHest are becoming serious problems. Water transpired from plants 

on our vegetated watersheds can be considered luxurious and therefore waste

ful. Consequently, watershed scientists are attempting to determine suitable 

methods for decreasing such losses. 

Considerable amounts of water are transpired from forested areas that 

occupy high mountainous watersheds in the Southwest. ~ decreasing the 

transpiration of dominant species occupying such watersheds, soil moisture 

savings and a subsequent increase in streamflow runoff and ground water re-

charge may be realized. 

Such practices as clear-cutting and other forms of vegetation manipu

lation have been used to decrease consumptive use. But these methods are 

costly. In addition, wildlife habitats may oe damaged and recreational 

values of the land are diminished. Such treatments have met considerable 

and increasing opposition from i nfluential and respected groups. 

The use of chemical sprays t h a t decrease transpiration without harming 

the ecosystem may provide t he t ype of treatment 'desired. The same benefits 

from treatments such as clear-cutting may be realized without destroying t he 

vegetation. 

Previous Work 

Several studies have been concerned with antitranspirant chemicals. 
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Much of the earlier work involved the use of various compounds on crop 

plants such as tobacco, tomato, cotton, maize, and potato as discussed by 

Zelitch (10) and Shimshi (2). From these predominantly laboratory studies, 

Zelitch (10) reported that chemicals such as sodium azide, ~-hydroxysulfonates, 

phenylmercuric acetate (PMA), alkenylsuccinic acids, and many others, were 

effective in regulating stomatal apertures. 

Yne compound PMA at very low concentrations was particularly effective 

in closing stomates. Zelitch (9) and Waggoner and Bravdo (6) reported that 

PMA was desirable because prolonged effects were observed and the chemical 

was not translocated throughout the plant. Shimshi (2) used PMA to decrease 

the stomatal openings of tobacco leaves and detected notable reductions in 

transpiration. The chemical's effect on growth was negligible. 

The possibility of using antitranspirant compounds on natural water

sheds to conserve water was discussed by Waggoner and Zelitch (8), and by 

Waggoner and Bravdo (6). They suggested that increased streamflow may 

result from treatments of entire watersheds with effect i ve antitranspirants. 

Waggoner and Hewlett (7) aerially sprayed a watershed at the Cowee ta 

Hydrologic Laboratory in western North Carolina with a glyceryl half-ester 

of decenylsuccinic acid (GIOSA). The chemical was demonstrated to beef

fective in closing the stomates of the various hardwood species present; 

however, no increase in streamflow was noted following treatment. It was 

believed that the aerial spray did not reach the primary concentrations of 

stomates on the undersides of the leaves, therefore the treatment was in

effective. 

PMA has been used in several recent studies on coniferous species, both 

in the greenhouse and under field conditions. Waggoner (5) conducted a 
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greennouse experiment, in which jack pine (Pinus banksiana Lamb.) white 

pine (Pinus strobus L.), and red pine (Pinus resinosa Ait.) were sprayed 

with PMA. The decreases in transpiration at concentrations of 0.33 mM and 

lmM were respectively, 15% and 26% for white pine, 24% and 42% for red pine, 

and 10% and 20% for jack pine. Numerous dead needles were observed after 

treatment, although the plants quickly responded when transplanted back into 

the field. 

Waggoner and Bravdo (6) treated a stand of 25-year old red pine trees 

with lmM of PMA. Stomata! shrinking was reported, and a significant re

duction in soi l moisture depletion in the root zone of treated trees was 

observed. A continuation of this study by Turner and Waggoner (4) revealed 

that by spraying new growth, water use was reduced by about 10%. No differ 

ences in the lengths or dry weights of the needles between treated and un

t reated trees were detected. Radial growth was reduced by about 32% following 

treatment. Thus, the effect of treatment on overall growth was not clear. 

Although some possible adverse effects of antitranspirants on growth 

have been considered, the possibility of physiological damage from increases 

in leaf temperature due to reduced transpiration has not been thoroughly in

vestigated. 

Sinc e the r e was no reported use of antitranspirants on importan t water

shed species in the Southwest, the authors decided to test two species from 

this region using PMA. Ponderosa pine (Pinus ponderosa Laws.) and Douglas 

fir (Pseudotsuea menziesii (Mir.b.) Franco.) were selected because of their 

dominance and exten t in the high water yielding zones. 

Materials and Methods 

The study was conducted during the sum.mer of 1963 in a greenhouse, 
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us i ng small potted trees (about 4 feet in height) which were adjusted to 

greenhouse conditions for one year preceeding treatment. 

Sixteen trees were involved, using a split plot experimental design 

as described by Snedecor (3). Four ponderosa pine and four Douglas fir 

trees were randomly selected for treatment. The remaining eight trees 

were used as a control. 

A pretreatment evaluation of daily transpiration losses was made for 

six days prior to treatment. Transpiration was measured quantitatively 

using the gravimetric method described by Franco and Magalhaes (1). Soil 

moisture conditions were maintained close to field capacity throughout the 

study. 

On July 24, the previously selected trees were sprayed with 10-3M PMA 

(Matheson Coleman and Bell P5027) in a 0.1% Triton X-100 (Copper State Chem

ical Co.) wetting agent solution. The daily transpiration losses for the 

following 6 days were measured. Four weeks after the treatment application, 

transpirat ion was measured again over a 3-day period. 

One day during each evaluation period leaf temperature measurements 

were made between 12:30 and 1:30 p.m. with a Barnes infrared thermometer. 

Th € ~ondit ion of the plants was observed throughout the treatment period, 

and periodic checks were made through December, 1968. 

Results and Discuss ion 

A significant decrease in water use was found for both species treated 

with PMA during the six-day period following treatment. The transpiration 

losses of treated trees were reduced by about 48% for ponderosa pine and 

about 24% for Douglas fir . However, since the Douglas fir trees selected 

for treatment inherently transpired more water than the control plants, the 
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savings for Douglas fir were probably greater than 24%. During the last 

measurement period there were no significant differences in water use be

tween treated and untreated trees for both species. The treatment effect 

had apparently terminated during the 3 weeks following treatment. 

The leaf temperature data obtained during the first measurement period 

indicated about a 1°F difference between treated and untreated trees for 

both species. Furthermore, no significant differences in leaf temperatures 

were measured durin g the second evaluation period. Apparently decreased 

tran3piration did not cause an adverse temperature increase at these par

ticular times. 

Within four weeks after treatment, one tree of each species began to 

show needle drying. By the middle of December the ponderosa pine tree had 

about 80 % dead needles, and the Doug las fir tree about 50% dead needles. 

We do not know if PMA caused tl1is reaction. All other trees appeared to be 

healthy throughout the 5-month period followin g treatment. 

Since PMA was effective in reducing the transpiration of both ponderosa 

pine and Douglas fir., it may be possible to conserve significant quantities 

of s oil moisture on many watersheds in the Southwest without removing the 

trees. PMA would ?robably not be the best to use in field situations since 

it contains mercury; Zelitch (10) pointed out that it is quite toxic to 

several species. Although PMA has serious drawbacks, the concept of reg

ulating stomata to conserve soil moisture and perhaps increase runoff appears 

to be sound, Treatment of water3heds with dense canopies and deep soils, 

during periods of favorable soil moisture conditions may cause a rechanneling 

of water that would otherwise be vaporized into streamflow or groundwater 

reserves. 
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More research that will precisely evaluate long-term effects of anti

transpirants on leaf temperature and on the over-all physiology of the 

plants is needed. Future studies should be centered around species that 

are either large water users, or those that occupy watersheds where high 

water yields are possible. 

Better and less costly chemicals should be developed and tested. The 

requirement that antitranspirants not be toxic to either the plant or its 

surrounding ecosystem is imperative. If effective, non-toxic antitran-

spirants can be developed, this would provide another alternative in the 

management of our wat e r resources. 
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