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Abstract 

LIFE CYCLE AND RECOMMENDED CONTROL MEASURES 

FOR THE PINK B0LLH0RM IN ARIZONA 

T. F. Watson 

The pink bollworm, Pectinophora gossypiella (Saunders), was first found 
in Arizona (Graham and Cochise Counties) in 1926. Since that time it has 
spread to all cotton-producing counties. Until recently, damage caused by 
this insect had been localized and, in most cases, not too severe; however, 
in 1966, extensive, widespread damage occurred. 

The duration of the life cycle of this (or any) insect varies, depend
ing on the environmental conditions to which it is subjected. However, 
during the summer growing season, a complete life cycle requires approxi
mately one month. Eggs hatch in 4 to 5 days, followed by a larval feeding 
period of 12 to 18 days. The prepupal period lasts about 3 days and the time 
required to pass the pupal period is approximately 8 days. Adults generally 
require about a 3-day preoviposition period before egg-laying begins. A 
female, on the average, will continue to lay eggs for approximately 1 week. 
Several generations may be completed in one growing season. 

Successful chemical control of the pink bollworm ·is difficult to obtain 
and other methods of control are generally more feasible and effective. 
Since pink bollworms overwinter within cotton fields as fully developed 
larvae certain cultural practices, generally considered to be good farming 
practices, are effective -in destroying the overwintering population and pre
venting or minimizing moth emergence the following spring. Some of these 
recommended practices are: 1) harvest early, 2) shred stalks thoroughly, 
3) bury all plant debris as early in tpe fall as possible, 4) seal the sur
face to help suppress pink bollworm moth emergence, 5) provide high soil 
moisture over an extended period of time to aid in plant decomposition and 
to kill the overwintering larvae, and 6) use crop rotation to remove the 
subsequent cotton acreage from the immediate infested area and/or to provide 
for a more compatible cropping program in conjunction with the aforemen
tioned practices. 

Effective control of the pink bollworm is dependent upon area-wide 
participation and cooperation. The overall effectiveness is lessened each 
time a grower fails to comply with good pink bollworm-suppression practices. 
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Abstract 

THE CITRUS NEMATODE AND ITS CONTROL IN ARIZONA 

Harold W. Reynolds 

The chemical "DBCP" (Nemagon or Fumazone) effectively controls the 
citrus nematode when applied as an emulsifiable concentrate in irrigation 
water to living citrus trees. The chemical is applied with constant-head 
gravity-flow equipment or by mete.ring it through a centrifugal pump. 

After the nematodes are controlled, the trees make good recovery. They 
have larger leaves and denser · dark~green . foliage. · The size and quantity of 
fruit are significantly increased over fruit of untreated control trees. 
Recovery of treated trees is no~· permanent, since in practice there will 
always be a small residue of nematodes which are not controlled even with 
excessive rates of chemical application. The nematode population will again 
build up, depending on the dosage rate used. Indications are that continued 
health of the trees would require treatment with DBCP at intervals of 3 or 
more years. 

Abstract 

.l'ESTICIDE APPLICATION EQUIPMENT IN 

REIATION TO DRIFT OF PESTICIDE 

K. R. Frost, George Ware,- Paul Gerhardt, and E. J. Apple 

Two pesticide drift tests were run during 1966 (May and September) on 
alfalfa fields south of Coolidge, Arizona. The first test was using blower 
type sprayers vs. row crop Hiboy and the second with blower type vs. air
plane. 

The former was run in the aft~rnoon of -May 25, with a west wind at 2 
to 5 mph, and a temperature of 90 to 100°F. Lapse rate of -1.0 to 0.0°F. 
applying 1-1/2 lb./ A of methoxychlor at .. rate of 7 acres in 22 minutes. The 

· residue was measured in alfalfa and .taken . at intervals . downwind. The drift 
at 165 ft. was 0.25 p.p.m. and 0.02 p.p.m. at 1320 ft. for the Hiboy with 
1.57 p.p.m. aµd 0.28 p.p.m. respectively _for the blower type or about 10 
times more for the latter near the sprayei; and 1,5 times more for samples 
1/4-mile downwind. 

The test with airplane vs. blower type was run on the afternoon of 
September 28, 1966, with west wind at 4 mph, air temperature from 75° to 
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85°F. and a lapse rate of 0.0 to -5.0 applying 1-1/2 lb./A of methoxychlor. 
The airplane completed 14 acres in 15 minutes and ground applicator 14 acres 
in 50 minutes. 

The residue measured on alfalfa at 165 1 was 2.10 p.p.m. and at 1320 
was 0.27 p.p.m. for air application. For the blower type the residue down
wind was 7.04 p.p.m. and 0.65 p.p.m., respectively. 

Abstract 

RESEARCH RESULTS ON CONTROL OF 

VEGETABLE INSECTS 

Paul D. Gerhardt 

1. Potato Insect Control 

The potato psyllid and the green peach aphid continue to be the two 
most important pests of potatoes in Arizona. Several new numbered pesti
cide compounds were applied as granular formulations at planting time in 
comparison with Thimet, Di-Syston and Temik which have been used for several 
years. None of the newer materials were more effective than those now in 
use. A comparison was made with 16-48-0 fertilizer treated with Thimet and 
also with Di-Syston. These were tested with the regular 10% granular formu
lation of Thimet or Di-Syston application at planting time. Both fertilizer
insecticide formulations proved effective in psyllid and aphid control. 

Several numbered pesticide compounds were also applied as topical sprays 
to Kennebec and Red Pontiac potatoes. NIA-10242 and SD-9129 were two 
materials giving good results. 

2. Cole Crop Insect Control 

Lepidopterous larvae are still the most important insect pests of cole 
crops with the cabbage looper and beet army worm at the top of the list. 
Cabbage . aphids are also important and should not be neglected. 

A number of new materials have been tested for control of these p·ests 
with Bayer 25t41 and GS-13798 looking promising. 

Trials with a new nuclear polyhedrosis virus for cabbage loopers was 
applied as a spray and has given good results in preliminary tests. 
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3. Lettuce Insect Control 

As with the cole crops the most important .pests of lettuce are the 
lepidopterous larvae including the cabbage looper, beet army worm and boll
worm or corn earworm. Trials with the · nuclear --polyhedrosis virus of the 
·cabbage looper look promising. It is ilot effective -against the other two 
pests. Preliminary tests with Azodrin as a ·spray· indicate it will be effec
tive in control of - the -cabbage looper and -beet army worm. Other ;materials 
are being evaluated. 

4. Corn Billbug Control 

The corn billbug, Sphenophorus callosus has been causing increasing 
damage to field corn in southeastern Arizona ·for the past several years. 
Topical spray applications have proven ineffective. · Application of 14 
granular formulations of pesticides were made at planting time. Several of 
these pesticides including · Aldrex and 1'1iran gave good control of this pest 
in the 1966 ·season. 

Abstract-

IMPORTANT INSECT PESTS AND THEIR CONTROL 

D. M. Tuttle 

Pests of importance in Arizona at present include: citrus thrips, 
Scirtothrips· citri (Moulton); citrus flat mite, Brevipalpus lewisi 
(McGregor); Yuma spider mite, Eotetranychus yumensis (McGregor), and 
cottony-cushion scale, Icerya purchasi (Maskell). Others of rainor or po
tential concern are: soft brown scale, citrus rust mite, serpentine leaf 
miner, California red scale, omnivorus leaf roller, yellow scale, barnacle 
scale, and orange-dog. 

Abstract 

NEMATODES AFFECTING ARIZONA VEGETABLE CROPS AND 'THEIR CONTROL 

Edward L. Nigh, Jr. 

· -·Through the cooperation of industry, growers and county agents, we ,have 
been able to develop quite an insight- into ou'r nema.tode picture involving 
the Arizona vegetable industry ; · Within the past t ·en years we have learned 
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to recognize the importance of these minute worms as plant _pathogens and . 
certainly we have learned more specific problems in the past 'five years · 
through the concent~ated ;efforts of scientists throughout .the _State. 

Through extensive soil sampling we have been able -to detei;mtne the 

species of nematodes associated with certain crops, _ Thr(?ugh .g~.~enhouse and 

control studies · in the field_ we have advance9 our . knowledg~.-;~o~cerning the 
pathogenieity of the various species to specific crops. 

..·· _,• 

While it is perhaps premature to make such a statement, the· data thus 

far indicates that we can expect little direct dB.I\lag~. frol!} ne~atode species 
other than the rootknot nematode in most of our vegetable --crops .- -This is 

in spite _ of tbe _ fact that we frequently recover as many a_s three tp four 
sp.ecies attacking an individual host. - I would quic;kly like .to point out . 

that this does not give any of the plant parasit-ic __ species a "clean bill
of-health" for we are quite rapidly learning to recognize the importance of 

nematod·es in disease comple~es which involve other plant pathogen~. Until 
we have thoroughly investigated such possible complexes, we can not take the 

liberty of eliminating these ·nematodes as pathogens of vegetables. 

The study and control of plant diseases in Arizona is complexed by the 

nature of our growing seasons. Crops planted in the fall or winter are 
frequently subject to different diseases or certainly at least the severity 
of the attack differs in the same crop which is planted in the early spring 
and harvested during the summer. For example, carrots ·planted in late 
August are immediately subject to rootknot ,at~ack. if planted in infested 

soil but the same crop planted in the winter for spring harvest will escape 

early injury. However, in the latter cas~, the same carrot that so beauti

fully escaped early damage when the soil was too cool for nematode reproduc
tion, may be subject to infection at a vulnerable time prior to harvest. 

In this case we must look for a way to control the : nematode later in the 
growing season~ or perhaps by applying a material_with residual properties 

that will be effective, during the time the nematode pop~lation is i~creasing. 

Where the -crop is subject to early · attack., the feco~endations. are simpli

fied. Chemical controls should- be applied in the prescribed manner p~ior 

to planting • . As cool weather approaches, -- repr9duction is reduced and the 

problem takes care of itself. 

One of the greater problems involved in nematode diseases appears to 

be the difficulty in determining whether or not nematodes are present and 

if so, whether in sufficient numbers to warrant control measures. The best 

approach to this problem is to have a . knowledge of the cropping history and 
thereby know what the nematode population is before planting a susceptible 

crop. In cases where this is not possible, a thorough examination of the 

roots from the .previous ,crop should -be made, looking for the tell-tale 
knots which characterize the attack of rootknot nematodes. These observa

tions can be coupled with the ana~ysis of soil samples; and certainly where 
no residue remains from the previous crop, the latter method of determining 
rootknot populations should be carried out. Rootknot larvae are frequently 

diffi_cult to r .ecover from the soil especially after fallowing has occurred. 

It is po..:ss.ible .to Sample _extensively and not- re.cover o~e specimen;.c :yet when 
the field . is.·planted, ·_the crop may ,-be -sever_eLy damaged_. For th_i Js :reasqn, 
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analysis of soil samples should be used only when other methods are..:. no.t avail
able. Since cucumbers or okra are highly susceptible and -germi:,,nate ir:'e_a<;lily, 
several seeds planted in. a fruit jar containing _the soil in qu.estion ._. 
(temperature range of . 70-80°F.) will yield plants which show _ definite -_rQot 
galling within 7-10 days if rootknot nematodes are present. This bi9assay 
is simple and requires little space on a desk or window shelf. 

As previously indicated, our majo.r concern .is rootknot neµiatode attack
ing veGetables and we have purposely etiminated other species of nem~todes 
from the discussion. For the other species the soil sampling method is 
essential, _but the population f?hould be determined · by a competent individual 
for correct identiticat~on. · -

For continuity and simplicity, I have elected to discuss nematode prob
lems under .the heading of _specific crops. 

CARROTS: .To date .the needle nematode .(Lonp;idorus elongatus), root-lesion 
nEmatodes (Pratvlenchus spp.), stylet nematodes (Tylenchorhvnchus cylindri
~) and species of rootknot nematodes (Meloidogyne incognita and!:!• 
javanica) have been recovered from carrots. Ther:e appears to be .no direct 
problem with any of ·the species besides: the rootknot nematode. 

Carrots are extremely susceptible to rootknot attack in their early 
development, with forked carrots usually resulting from the attack. Hhere 
the roots have escaped the attack until later in the growing season, the 
typical symptoms are enlarged knots on the sides of the carrots which ar.e 
clearly visible to the packing house inspector and to the housewife when 
she peels the vegetable. 

Where fall grown carrots follow a susceptible crop, the grower should 
fumigate the soil. DD, Telone, or EDB can be effectively applied as row 
placement but for the best protection, a preplant, full-coverage, soil 
fumigation is recommended. Winter grown carrots usually escape the ravages 
of the pest but in late spring damage can be severe. Control is difficult 
in this case since the fumigant has dissipated by the time it is needed. 
Thorough summer fallolving or a rotation program is usually more effective 
than chemical control. 

CHILIES: Chilies are one of the most susceptible of vegetable crops to 
rootknot attack. Since it is a spring planted crop, chemical control is 
recommended in all cases where the crop follows one which may have served 
as a host to the nematode. 

The application of the more volatile nematocides such as DD, Telone, 
Methyl Bromide or EDB are recommended over the slower dissipating DBCP 
(Nemagon or Fumazone) since chilies can be injured by minute traces of the 
chemicals. Follow the recommendations on the labels for correct dosages 
and the time of planting after the application. In most soils, a minimum 
of 30 days is recommended between treatment and planting depending upon the 
percent of moisture in the soil at the time of nematocide application. 
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LETTUCE: Most fall lettuce is planted on land which ·has been summer fallowed 
. · thereby avoiding serious nematode problems. Lettuce grown · during · the winter 

escapes attack ' since ' rO'otknot nematode reproduction and movement both are 
at a ·standstill. Row placement .of a standard soil fumigant ·maybe recom
mended for early fall lettuce where land has not been f~llowed. 

ONIONS: Although stubby-root nematode (Trichodorus spp.) has been found on 
onions, ·crop ¥rotation appears ·to keep the populations low, thei::eby ·· avoiding 
~eiajuey. c 

SWEET -POTATOES AND IRISH POTATOES: These crops are much like the carrot in 
that we market the portion of the plant subject to attack and in this case 
a few nematodes are too many. Rootknot nematode can leave knots all over 
the surface of the tuber and when sliced · the · em'bedded females are · seen as 
yellow to brownish spots occurring from the cuticle through the first 1/4-
inch or so of the potato. When s-uch tubers are made into chips, the areas 
containing the .worms ·become blackened and fall out, leaving an ·unwholesome 
pro-duct. -

Where potatoes follow a susceptible crop or where summer rains ca.us~ 
excessive weed problems and thorough · fallowing has not been obtained, 
chemical control is recommended as a complete coverage treatment with no 
less than 20 gallons of DD or Telone per acre. 

Always remember to follow the directiorison the label and heed the 
toxic warnings. 
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Abstract 

EFFECT OF NITROGEN AND MANURE ON COTTO~ 

T. c. Tucker, J. L. Abbott and E.W. Carpenter 

During the years.1960 through 196§ , an experiment was conducted on 
Field D-1, CRC, in which rates of N were applied annually on continuous 
cotton with and without animal manure. Manure, when applied, was ·at the 
rate of 10 tons per year. The main N and manure effects are illustrated 
in the figure. The height of each bat ·is relative to the control treatment 
(no fertilizer) within each year. Control yields are given for each year • . 

In 1960 the yield was increased 28% by adding both N and manure and• 
some. 16% over N alone. In 1961, N an.d .manure increased yield 92% over the 
control and, 36% over N alone. Adding lT with manure added a 62% yield in
crease over ~anure alone. The following year N alone increased yield 53% 
while manure. alone increased yield ll4%. Adding Nin addition to manure 
resulted .in a further yield increase. In 1963, the manure effect was less 
pronounced with a 57% increase in yield over the control. Manure with ·N 
resulted in a lower yield than manure alone. 

During these first three years the incidence of Verticillium Wilt had 
increased to almost 100% infestation according to -studies by Dr. Lester 
Blank. In 1964 and 1965 the favorable effect of manure was reduced, 
probably due to the higher incidence of Verticillium Wilt. In general, 
the higher the rate of N applied the more severe was the wilt and most 
severely affected were the plots receiving both manure and high rates of 
N. 

In all years, yields were higher on plots receiving manure than control 
plots and only in 1965 did N alone equal manure in terms of final yield. 

A new experiment was' initiated in 1965 ·in field D-2, CRC. In the . 
first year yields were increased 34% by manure and adding N with manure did 
not cause any significant change. 

In 1966, N applied without manure increased yield 26% over the unferti
lized control.. Application of . lOT manure annually in 1965 and 1966 resulted 
in ·yie_lds 80% greater than the control. Yields were not increased further 
by N application in addition to manur.e. However, when manure was not ap
plied in 1966 following a 10T application in 1965, a response ·-to N was 
obtained. Yields were slightly higher with the annual manure application 
of lOT p.er acr.e . More in.formation is· needed in regard to duration of 
manure effects and management :practice~ necessary · to control the build up . 
of Verticillium :wilt. . 
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Abstract 

PERFORMANCE OF UPLAND ·COTTON VA-RIBTIES 

UNDER DIFFERENT IRRIGATION AND FERTILIZER TREATMENTS 

E. B. Jackson and P.A. Tilt 

Six varieties of upland cotton were compared during 1963, 1964 and 
1965 fo,r yield and :fiber pr6perties as affected by four irr.igation treat
ments al!d _ two lev~ls of p.itrogen fertili~y on a fine-t~xture~ _soil-_ _?t,. Juma, 
Arizona. 

Although the varieties differed in yielding ability by as much as 
1,000 ppunds of seed cotton, their re~ponses to irrigation treatment were 
essentially similar. Lowest yields were from the "dry" treatment which 
approached moisture stress before each irrigation, with 25-26 inches of 
water applied each year. Maximum yields were from t(?tals of 33-42 inches 
of applied water. In two years when 51 and 56 inches of water were applied 
yields of all varieties were reduced. 

Varieties interacted with irrigation two years and with nitrogen one 
year. But there was no irrigation x nitrogen interaction. 

There was no consistent treatment effect on lint percentage or fiber 
properties. 

Abstract 

SPRINKLER VS. FLOOD IRRIGATION OF COTTON 

K~ R. Frost 

Low-·rate· sprinkler irrigatfon was tested on grain sorghum and . cot:ton 
at the Campbell Ave. Farm. One-half the rows in each of the treatments were 
strip-mulched with asphalt for germination in the cotton plantings. Ten 
percen·t ·more -p_lants were obtained with .·the -pe'troleum 'treatment colilE~ared _with 
treatment wi,thout mulch. · trrigations were applied on ali treatments as in
dicated 'by the pla_nt;s. Th~ sprinkled pl~ts received 3.05 ac.-~t'. 1,·er acre 
on the ~otton arid 2.32 on the sorghum while the flooded received '3.23 ori 
the former and 2.40 on the la~ter. 

Seed ~otton yields are listed in the table and indicate about the same 
~esult from a~l t~e~tments, . The better stand

1

from the petroleum mulch
t:reated -_did ·not r~stilt in .. significant differences . in either· sprinkled or 

. ,.-. . . . ' ~ .. ... 
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flooded plots. Both treatments were planted to a stand and not thinned. 
Even though a very low-rate of application with the sprinklers (0.12 in./ 
hr.) was used, the cotton required less water than with the flooded plots. 
More seed cotton in pounds per acre-foot was obtained· with the sprinkled 
plots than with the flooded. 

Irrigation 
Method 

Flooded 

Sprinkled . 

Treatment 

Petroleum 
Mulch 

~on- P.M. 

Pe~ro.leum 
Mulch 

Non- P.M. 

SPRINKLER VS. SURFACE 

1966 Irrigation of CC?ttton 
Campbell Avenue Farm 

Water Applied Yield s . . c. 
Ac. ft./Ac. lb. per Acre 

3.23 2923 

3.23 3054 

3.05 3136 

3.05 · 2962 

Abstract 

PRELIMINARY OBSERVATIONS ON EFFECTS OF 

WATER-RUN GYPSUM 

A. D. Halderman 

· Seed Cot ton 
lb. per Ac. ft. 

920 

945 

1028 

971 

Slow rate of water penetration is a major reason for poor irrigation 
efficiency. Water runs off the field instead of moving into the soil. The 
tailwater may or may not be picked up and reused, but some losses occur. 
Many times, irrigations must be more frequent because the soil moisture re
servoir is ·not fully utilized. 

Land grading to flatter slopes permits water to be· held ·on the Surface 
to obtain_ the desired penetration. However, mechanical compaction or an 
unfavorable salt balance may damage the soil structure to such an extent 
that aeration becomes a limiting factor or the time required for ir'rigation 
becomes excessive. Where a permanent crop is already established or where 
soils are very shallow, land leveling may be impractical. 

Gypsum has been used extensively to _reduce the ratio of · sodium to 
calcium and magnesium on the soil particles artd thereby improve structure 
for better movement of air and water. However, reports from growers and 
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Industry representatives indicate beneficial effects from water-run gypsum 
and lime-sulfur where soil analyses. indicate no sodium problem exists. 

This paperc discusses methods of evaluating · wa.ter penetration rates, 
presents preliminary observations on eff~cts of water-run gypsum, and out
lines plans for future work of a field test~demonstration nature. Field 
tests were conducted by the Agricultural Extension Service with the active 
participation of Art Schneider, Vineyard Manager, Stuart Helffrich of 
Arizona Gypsum Corporation, and Dr. Davis, Arizona Agricultural Chemical 
Corporation. 

Cylinder infiltrome-ters and. inflow-outflow measurements are two · way-s 
of evaluating intake rates. Cylinder . infiltromete.rs · .are s.imply · steel .. . 
cylinders driven into the soil and partly filled with water • . Water level 
measurements. are .made periodically to .determine -the rate ,of infiltration. 
Inflow--outflow techniques involve measurement ,of :inflow and outflow rates 

· and calculation of intake.- rate. as the difference. Both these have · .disad
vantages. A third method,· developed at, Utah ,State and based ~on .. rate .;.of ·. 
advance of .water in a furrow apP,ears .to have ·merit ·artd will be evaluated 
in future tests. 

Field work has been conducted on an established vineyard where land 
leveling is not practical. The soil was a sandy loam overlying sand at 
about 2.5 feet. Irrigation evaluation indicated: that; in spite of consider
able -attention to irrigation, from 40 to -50°percent of the water -applied 
appeared as run-off. ·-This ;water was utiliz·ed on another- part ·of the :farm 
but represents a loss from · the vineyard. Depth -of ~penetration into tbe . soil 
was inadequate to barely .sufficient, depending . on the furrow type. Observa
tion of the soil profile and soil analyses indicated water penetration 
problems .were due to mechanical compaction rather than excessive sodium. 

Initial cylindet! infiltrometer .tests suggested intake -rate .of 
saturated gypsum s·olution -,was greater than- that of water alone • . Using the 
same cylinder installations, the tests were :repeated after a -month and 
again two- months . later. The app.arent effect of the gypsum cor..tinued. 

Inflow-outflow measurements on an entire-row basis were made in April 
of · 1966. Gypsum .was provfded by · the Arizona Gypsum Corp-oration. ·· .Stuart 
Helffrich participated .in the ·. test by metering- gypsum . into the water to 
secure an .application rate of- about 1000 pounds per acre.. Dr. -Davis., Arizona 
Agricultural ChemicaLCorpo.ration ·obtained ·soil ~nd ~'.Tater .sample:S. before and 
after the test for laboratory analysis. Again there appeared to be a bene
ficial effect from the gypsum. In a follow-up test two months later without 
gypsum, no residual effect was detected. 

Larger scale tests, on a field basis are planned in February 1967. 
Inflow-outflow and rate-of-advance methods will be used to measure intake 
rates on a field basis. It may also be possible to investigate several 
other interesting phenomena such as the change of dissolved salts down the 
irrigation run and the effect of gypsum concentration. 
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Abstract 

RANGE FERTILIZATION AND RANGE PIANT NUTRITION: 

Small Plot Results - 1966 

J. L. Stroehlein and P.R. Ogden 

Studies were continued on seven sites established in 1964 and 1965. 
Yield and quality of forage were measured. In general, satisfactory yields 
were obtained in all but one site which did not receive any summer rainfall. 
Fertilization increased yields on several sites which were drier than nor
mal. Small residual increases in yield remained from the fertilizer applica
tion in 1964 at one site--the only site in the study established that year. 
In sunnnary, fertilizer applications in 1965 produced satisfactory residual 
effects at most sites and ~pplication two consecutive years increased produc
tion over one year's application. It appears that one fertilizer applica
tion will produce benefits up to three years or possibly more on many sites 
in Arizona, if moisture is available. 

Date of application studies were established on two sites in 1966. 
Since earlier studies indicated that fertilization after the start of the 
summer rainy season is more beneficial than prior to the rainy season, it 
was desirable to try to narrow the limits of the best time. Lehmann love
grass at the Santa Rita Range responded as well to the early (June 15) ap
plication as the July 28 application but even the yields from plots 
fertilized August 18 were not significantly lower than the earlier dates. 
Later application dates resulted in greener forage and higher protein con
tent at harvest time than early applications. Estimates of utilization of 
the grass by livestock in early January, 1967, showed that about half of 
the grass on plots fertilized on Aug. 18 had been taken compared to much 
smaller amounts for all other treatments (See Table 1). Similar trends 
were found in a study at Coyote Canyon on native grasses with lower than 
normal sununer rainfall. The results of four studies on three sites in 1965 
and 1966 indicate that: (1) fertilization during the summer rainy season is 
as effective or even more effective in increasing production than fertiliza
tion prior to the rainy season, (2) the crass remains greener longer with 
higher protein content with later application dates. Fertilization after 
good summer rains will prevent fertilizer losses due to a dry season. 
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. 2 
Trea:-tment 

Date 

Table 1 ·.• .. 
·. :: :_ · .. 

EFFECT -OF TIME FERTILIZER APPLICATIONS ON ~LEHMANN 
LOVEGRASS, SANTA RITA RANGE, 19661 

Yield, Dry Matter3 · ~o-isture3 . 
-Content ' 

' 3 
Protein · 

-:1: . 

lb/A 

1060 

1870 

1700 , 

1820 

1610 

. ------------~-~--;_%----·•---..;.-- ... .:.- .. :.;.:l;:~;_ --

Check 

June 15 

July ) 

July 28 

Augus.t 18 

-4.9.5 

50.T 

49.7 

. 52.3 

57.5 

1 . All values are averages. of 5 replicates. 

2.96 

-3.49 

3.54 -

5.12 

6,.32 

2Fertilized with 30-10-0 at a rate of 50 lb.N/A. 
3 

On Oct9ber 5~ 1?66. 
4on -January 6, 1967". 

Abstract 

RANGE FERTILIZATION AND RANGE PLANT NUTRITION: 

Pasture Fertilization Results, 1966 

Phil R. Ogden and J. L. Stroehlein 

l6 
•· 

rd.' · o 

11 

23 

51 

Six, 60-acre pastures· of riative desert grassland' near Elgin, Arizona 
were fenced in late June and early July of 1966. Four pastures were 
fertilized with 50 pounds of N per acre and two· pastures were not ferti
lized. The ammonium nitrate fertilizer was applied by fixed-wing aircraft 
on July 21, 1966 after -the soil W'as moist from rains in July (1.75 inches 
prior to fertilization). 

Hereford heifers' were assigned to the pastures as follow~: -

a) Five, bred heifers and 5 open heifers to each of two unfertilized 
pastures1 as· ch~cks. 

· -b) :Five, bred heifers and 5 open· heifers; t o ·each of two fertilized 
'"pas fores ;:·:; 

c) Ten, bred heifers and ~10 dpe•n beifers "to each of -two fertilized 
pastures. 
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Heifers were weighed and placed on the pastures on July 20, 1966. They 
were reweighed October 20, 1966 and weight gain was used to evaluate animal 
response to fertilization of the pastures with nitrogen. 

Precipitation from July 1 to September 21, 1966 averaged 12.5 inches 
on the pastures with storms well distributed throughout the growine season. 
The average gain per heifer for 90 days on nonfertilized pasture was 173 
pounds. For the animals on fertilized pasture with 10 heifers per pasture, 
the average gain was 209 pounds - an increase of 36 pounds per heifer com-

-t. 

pared to . the check. This was statistically significant. Individually, 
heifers on fertilized pasture grazed with 20 heifers gained similar to the 
check animals--168 pounds, but the total pounds of beef produced by 20 
heifers on the fertilized pasture was 3345 pounds for 60 acres compared to 
1728 pounds total gain for the 10 head on 60 acres of nonfertilized range. 

Utilization checks of blue gram.a in pastures of the first ·replication 
on December 8, 1966 showed utilization on the nonfertilized pasture was 
43%, the blue grama in the fertilized pasture with 10 heifers grazing the 
pasture had been grazed to 22%, and the blue gram.a in pasture number 3 
which was fertilized and grazed with 20 heifers was utilized to 50%. The 
same number of heifers have been grazing these pastures since the 
_October 20th weighing date as grazed during the period July 20 - October 20. 
The weight changes in the late fall and early winter are also being studied. 

In summary, individual animal gains were increased on fertilized pas
ture if grazed at the same number of animals as the nonfertilized pasture. 
Total gains per pasture were nearly doubled when an increased number of 
animals were placed on the pasture to utilize the additional forage which 
resulted from fertilization. 

Abstract 

SALT RIVER VALLEY CITRUS FERTILIZER EXPERil-IENTS: 

Area Survey and Leaf Analyses 

R.H. Hilgeman, Horticulturist 

Beginning in 158, Valencia oranges (6 replications) were fertilized 
with O, 1, 2, 4 and 8 lbs. of N per year. Nonfertilization began to reduce 
yields by 160 but by 164-'65 yields were only reduced to 23% below the 
average of the 1, 2, 4 and 8 lb. treatments which were equal. In '65, the 
unfertilized trees had fruit with thinner peel, higher solids, and markedly 
higher grade. Leaves on unfertilized trees had 1.97% N, compared with 
2.17 to 2.32 on fertilized trees. No fertilization increased K to 1.2% 
compared with 1.0 td .88% in fertilized ones. K tended to decrease as the 
amount of N applied increased. Phosphorous was unaffected •. 
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Grapefruit has been fertilized (12 repli-ca:tio·ns) . with 341 am. nit., 104ft 
amo. phos·. u--48 and 2001ft manure per tree since '49 without si3nificant 
effects on yield or grade. 

The percent c,f the major elements in leaves in 1963 ranged as · follows: 
N-2.03 to 2.017; P-.095 to .108; K-.81 to 1.-25; Mg-.35 to .39; Ga~6.7: to 7.6; 
Na-.031 to .041 and Cl-.033 to .• 039. Microelements , in ppm ranged; as fol
lows: Mn·-11 to 13; zn·-14 to -18; Cu-11 to 14; Fe-202 to 222. and B-183 ·to·· 
209. All of these amounts appear to be ample with the possible exception 
of Mn. 

In comparison with nitroeen alone; manure has significantly increased 
uptake of N, P, Kand decreased uptake of Ca, Mg and Fe. Phosphorous in:
creased uptake of Ca; and tended to decrease_ uptake of IC, Zn and Cu. The 
small chanses indicate the difficulties in mod-ifying uptake of nutrients. 
Ileginning about 158, manure has gradually increased and P decreased acid in 
the fruit. Manure treated trees · developed, iron chlorosis by '54.- By '63 
chlorosis was confined to the lower 1/3 of the tree and a - reduction in late 
winter defoliation occurred in the upper 2/3 of the tree. The latter may 
be associated with increased Kand decreased Ca. 

A survey of 24 grapefruit groves, tested for maturity in 163, showed 
no correlation between N, P or Kin leaves with maturity or quality. Mean 
values and the ranges were as follows: Nave. "': 1.82 Range 1.64 to 2.1?%; 
Pave. - .095 Ran3e .080 to .166%; Kave. - 1.52 Range .080 to .166%; K 
ave. - 1.52 Range .82 to 2.19%. An inverse correlation existed between 
N and K. 

The above illustrate the problem of interpretation of leaf analyses. 
Wide differences are associated with satisfactory yields, tree condition and 
fruit quality. Minimum nitrogen levels in October for satisfactory produc~ 
tion appear to be about 1.0 to 1.9% for grapefruit and 2.2% for Valencia 
orange. ·Potassium levels appear to be regulated in part by N. Phosphorous 
between .09 and .11% was general. - Groves which received 1 lb. of nitrogen 
per tree-year had levels above these minimums. 

Abstract 

CITRUS FERTILIZATION IN YUMA COUNTY 

Ross Rodney 

Citrus fertilization in Yuma County includes mainly the application of 
nitrogen, phosphorous, iron, zinc, and manganese. 

The nitrogen level considered to be optimum for oranges is a range of 
2.4 to 2.9% nitrogen in the leaves of the current spring flush when sampled 
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in the period July to September. To maintain the optimum level of nitrogen 
in the trees requires the application of 3 to 4 pounds of actual N per tree 
per year on the Yuma Mesa where the soil is Superstition sand. 

The optimum levels are not so well established for lemons and _grape
fruit, but they appear to be somewhat lower than for _oranges. However, 
lemons require the application of approximately 4 pounds of N per tree on 
mature trees to have the leaf nitrogen above 2.2% in ~uly. 

,c 

Phosphorous deficiency has been observed in lemons and yield responses 
to phosphate applications have been obtained in both lemons and grapefruit 
on Superstition sand. One-half pound of actual P per tr~e per year is ap
parently sufficient. It may be supplied as commercial fertilizer or as _ 
steer manure, but steer manure is not recommended for bearing grapefruit 
and oranges· because of possible detrimental effects on fruit quality.. 

Deficiency symptoms of Fe, Zn, and Mn are frequently observed and can 
usually be corrected by soil applications of Fe chelate and foliage appli
cations of Zn and. Hn sulfates. 

Abstract 

SPRINKLER AND FLOOD IRRIGATIOH OF CITRUS 

K. R. Frost and Ross Rodney 

Lisbon lemon trees planted in 1958 in regular and hedgerow have since 
that time been irrigated with sprinklers and by flood application. Each 
are in quadruplicate and water is metered to all plots. 

Applications of water were made on both sprinkled and flooded plots as 
determined by tensiometers and increased this year over 1965 amounts to 
provide moisture for larger trees. The sprinkled plots required a total of 
5.37 ac. ft. per acre in 14 irrigations from January 1 to November 1 and 
the flooded received 9.15 in 15 irrigations for the same period. Tree trunk 
measurements indicate that sprinkled trees average 5% larger in trunk size 
than flooded trees. Yields were very irregular with flooded trees, pro
ducing 7394 lb. compared with 5086 lb. for the sprinkled. Most of the dif
ference came from 7 consecutive trees at the end of one flooded plot. 
owing to lack of tree size and yield it was decided to remove one-half the 
hedgerow trees during the year so that all trees are now spaced 22 ft. apart. 
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Abstract 

LETTUCE AND CANTALOUP FERTILIZATION IN YUHA COUNTY 

B. R. Gardner 

Data will be presented from the first two years of a four-year study 
of the N fertilization of_ lettuce and cantaloup in Yuma County. The primary 
objective of .this study is to develop soil and tissue analyses as a tool for 
estimat.ing the· N needs of these crops. · 

Data gathered to date indicate that the NOrN found in lettuce midribs 
and in cantaloup petioles can be used as a guide to the N ~ertilization of 
these crops. The efficient use of N fertilizers is influenc-ed by the 
initial nitrate level of th~ soil ano by water management. The management 
and timing of N applications must differ for fall and spring lettuce if 
efficient use of N fertilizer is to be obtained. 

The eftect of water management, initial soil nitrate levels, rate and 
timing of N fertilizer applications on the NOrN levels found in lettuc~ 
midribs and cantaloup petioles will be illustrated. Additional data must 
be gathered before critical and suggested levels of N03-N found in these 
tissues can be made. 

Abstract 

FERTILIZER TESTS ON CHILI PEPPERS IN 

COCHISE COUNTY - 1966 

J. L. Stroeh lein, N. F. Oeb~cer, and Carmy _Page 

The second 'of a planned three-year series of fertilizer tests on chili 
peppers was completed in 1966. The plots were located in a commercial field 
of Kenneth McDaniel near Elfrida. The soil was a light sandy -loam with 15 
ppm N03-N, 15 ppm P04, ·252 ppm soluble salts, and a pH value of 7.7. 

Nitrogen was applied at rates of O, 120, and 240 pounds per acre, with 
and ,without phosphorus (60 lb. P205 p~r A). All phosphorous was applied in 
the b.ed before planting and all n_it-rogen was sidedressed on July 5. 

Since ·tne field was being gr·~wn _ for the dry red market, one harvest 
was ·made on October 20. Fruit was· divided into those which were completely 
red and those which were not mature "enough · to be marketed as red. Numbers 
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of fruit were counted, and yields were calculated in pounds per acre fresh 
green, fresh red, and dry red~ The dry red yields were obtained by drying 
samples from each plot and calculating moisture content. Results are as 
follows: 

Yield Moisture Stand Fruit 
Treatment Fresh Green Fresh Red n-ri Red Content Count Count 

----------------lbs/A------------ Red Green Red 

,t_ 
% ----25 ft. Row-----

Check 4,050 8,460 2,700 60.0 51.0 78 197 
120N 8,890 11,990 3,220 73.1 46.0 157 267 
240N 9,900 14,240 3,520 74.4 52.0 169 301 
120NP 9,500 13,100 3,390 74.1 53.3 173 267 
240NP 7,880 12,660 3,150 75.1 46.0 140 301 

p 4 2 700 9 2 790 2 2 510 74.4 49.0 86 222 

Generally all nitrogen treatments produced satisfactory yields of red 
fruit. When nitrogen was lacking both red and green yields were reduced. A 
later harvest probably would have shown more differences in yield since the 
numbers of green fruit were reduced by the treatments without nitrogen. 
There was no significant difference in moisture content of the red fruit, 
stand counts_ per 25 feet of ~ow, and red fruit count. 

Abstract 

EFFECT OF NITROGEN AND PHOSPHORUS ON YIELD OF FORAGE SORGHUM 

Mesa Farm, 1966 

T. c. Tucker, J. L. Abbott and E.W. Carpenter 

Forage sorghum yields were increased by N, P and the interaction of N 
and Pin an experiment involving N, P and residue management at the U of A 
farm at Mesa. Green forage yields varied from less than 3 tons per acre on 
the unfertilized control to more than 22 tons per acre equivalent with 
200 lbs. N plus P application. Yields are summarized as follows: 

N Yield 
_L_b_s __ / A _______________ No P __ ___ -----,..-------=p_-1:~ 

Lbs./plot 
0 

50 . 
100 
200 
sx@ 

11.74a 
22.09b 
25.19c 
25.73c 

(.05) = 0.546 for each level of P 

* · Prate was 50 lbs. P20s per acre. 

Past residue management did not have a significant effect. 
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Abstract 

PRINCIPLES IN HATER HARVESTING 

G. R. Dutt 

Several methods for increasing runoff are available. These methods 
,t, 

can be subdivided into two major classes: (1) Those which .- seal the soil 
surface so that essentially all of the precipitation is collected, and 
(2) Those which simply reduce the amount of water entering the surface. 
The intent of the individual(s) must be considered before any of these 
methods are used. Also, and no less important, the value of the water must 
be considered. 

Methods for sealing the surface are petroleum additives, concrete sili
con additive and plastics. 

Methods used for partially removing water are grading, vegetation, 
manipulation and soil additives. 

Ordinary table salt, NaCl, appears to provide an economical way of in
creasing runoff. Problems encountered with its use are erosion and vege
tative. These problems are currently under investigation. 

Abstract 

TEMPERATURE AND HATURITY RELATIONSHIPS AMOHG SORGHUM HYBRIDS 

Robert L. Voigt 

Sorghums with a range in maturity and of both grain and forage -types 
were grown at near sea level at Yuma, Arizona, and at 5,600 feet elevation 
at Snowflake, Arizona. Plantings or first irrigations on dry plantings 
were made on . the same day at both locations to obtain the same photoperiod. 
There was around 140 miles difference in latitude. 

Dates of 50% bloom were recorded and days to 50% bloom calculated. 
Days to bloom were about double at Snowflake over Yuma. Assuming equal 
photoperiod and light, _the main environmental _difference was temperature. 

The high and low temperatures of each day were obtained from local 
weather stations. The mean daily temperature (F) was calculated and a base 
of 45°F. subtracted leaving a daily "heat unit" figure. An accumulation of 
total heat units from . germination to 50% bloom showed "heat unit require
ments" to be nearly identical under the two environments. 
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Smaller differences among entries indicate a differing genotypic re
sponse to temperature relative to maturity. 

Abstract 

MECHANISMS AFFECTING MICRONUTRIENT STATUS IN SOILS 

H. L. Bohn 

The micronutrients to be discussed here are those which are cations in 
the soil solution--manganese, iron, cobalt, copper, and zinc. The other 
micronutrients--boron, molybdenum, vanadium, and chlorine•-are ··equally im
portant as micronutrients, but because they are anions, their chemistry is 
quite different from the first group. In addition, we will be concerned 
here only with the concentrations of these elements in the soil solution 
and we assume that this is the only significant amount of these ions avail
able for plant growth. By "mechanisms" I mean the chemical reactions which 
govern the concentrations of manganese, iron, cobalt, copper, and zinc in 
the soil solution. 

Usually one also assumes that the total amount of an element in the 
soil is adequate for plant growth and that one or more soil properties les
sen that element's availability to the plant. This assumption is not 
always valid. Some Australian soils were converted from barren wasteland 
to productive pastures merely by the addition of several ounces of molybdenum 
and copper per acre. The soils were totally deficient in these elements. 
In humid sections of the U.S., sulfur is often insufficient for plant needs. 
Here also, total concentration of the element, rather than fixation by the 
soil, is responsible for the deficiency. 

Micronutrient problems in Arizona, however, are probably not due to in
adequate total amounts of the elements in agricultural soils. Arizona soils 
are relatively young and formed from well-mixed alluvium. The total amounts 
of manganese, iron, cobalt, copper, and zinc in the soils have therefore not 
been reduced by soil weathering nor would we expect the amounts of these 
elements in the soil to vary widely from one place to another. 

Micronutrient deficiencies therefore arise from several mechanisms 
which withhold these cations from the soil solution. One likely mechanism 
is the precipitation of these cations as hydroxyoxides and as carbonates. 
These compounds are the most stable inorganic form of these elements and 
dissolve according to the general equations: 
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where M is any cation. Pure. hydroxyoxides :and carbonates are .. probably rare 
in soils. The more common form is pr.obably . a poo·rly-defined_ •mixture of _ the 
cations coprecipitated together with other soil . c_at-io·ns· such as aluminum. 
In either case, however, the concentrati'On of the cations .decreases as the 
pH increases. 

The micronutrient cations may also be bound by soil organic .matter. 
The solubility of this form of the micronutrients is also pH-dependent be
cause , Ir+ competes with the -cations for-t the bonding positions in .the organic 
matter. The solubility of these organic matter-micronutrient complexes may 
be represented by 

[OM] - M + nH+ = .Mn+ + [OM] - (H) 
n (3) 

where [OM] represents the :poorly-understood chemical composition of the soil 
organic matter. 

A third mechanism restricting the supply of micronutrient~ to plants 
is uptake by microorganisms. The significance of microbial uptake of micro
nutrients upon deficiencies in plants is hard to assess because the micro
nutrients a~e released during de6ay before being .teabsorbed. It _is prob
ably '.s~fe to say, however, that microorganisms get the first pick of any 
nutrients in the soil and plants get !::he leftovers. · 

The equilib.rium constants of equations 1 and 2 are known, but the 
direct application of these constants to soil solutions has had little 
success. The few successful results have been in laboratory conditions 
which were far removed from conditions in the field. As a •first approxima
tion, however, reaction 1 appears to dominate the availability of iron and, 
probably, cobalt to plants. The availability of copper, on the other hand, 
seems to be related to soil organic matter, reaction 3. The availability 
of manganese and zinc is somewhere in between, but the chemistry of zinc 
more closely resembles that of copper than of iron and cobalt. Manganese 
is related chemically more closely to iron and cobalt. 

The quasi-equilibria shown in reactions 1-3 can be adjusted by chang
ing the pH of the soil. This procedure is normally impractical in agri
culture unless other benefits, such as disease control, are obtained. 
Reactions 1-3 can be modified, however, by the addition of strong complexing 
agents. ,- The complexing agents now used are mostly salts of ethylenediamine
tetraacetic acid (EDTA) and related compounds. - Complex formation increases 
the total concentration of the micronutrient in the soil solution as illus
trated by equation 4. · · 

M(OH) + nH+ 
n 

[OH]-M + nH+ = [OH]-(H) + Mn+ 
n 

M(EDTA)n+ (4) 

Complex formation increases the total c9ncentration of M .in solution and 
the micronutrient in the form of an EDTA complex is readily available for 
the plant's needs. 
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The complexing agents now in use, however, have several disadvantages 
besides their relatively high cost per unit of micronutri_ent. l) The com
plexing agents are bio-degradable, that is, microorganisms break them down 
so that they lose their ability to form complexes. The beneficial effects 
of the currently-available complexing agents probably do not last more than 
one growing season. The EDTA-type complexes contain nitrogen which is in 
great demand by soil microorganisms. Citrates and tartrates are even more 
rapidly decomposed than EDTA in the soils. Hopefully someone will soon 
develop a more stable complexing agent. 2} 'Ehe EDTA-type complexes may be 
too strong for some micronutrients, particularly manganese. Other soil 
cations--aluminum, iron, copper, calcium, etc.--which may not be in short 
supply could displace manganese from the complex and allow the manganese to 
be fixed by the soil. Inasmuch as strong bonding by these complexing agents 
is due to the nitrogen groups, converting to other complexing groups may 
serve the double purpose of a weaker and more resistant complex. 3) The 
complexing agents are nonspecific. A specific complex for manganese, for 
example, would minimize its rep1acement by some other cation in ;he soil. 
The EDTA-type, citrate, and tartr~te complexing agents are all nonspecific. 
The stability of these complexes with cations in acid solutions probably 
follows the order: iron(III) >aluminum> cobalt(III) >copper> zinc> 
cobalt (II) _> iron (II) > manganese (II) > . calcium > strontium = manganese. 
The difference in complex stability decreases wit4 increasing pH ~ecause of 
precipitation of hydroxides so that the differences bet.v,een cations are 
probably not very great at pH 7 and may even reverse at more alkaline pH. 
In th~ _soil, these complexing agents are useful in counteracting soil 
deficiencies of iron, cobalt, copper and zinc, but probably less useful for 
manganese deficiency. 

Abstract 

EVAPOTRANSPIRATION OF SUGAR BEETS 

K. R. Frost 

Sugar beet evapotranspiration tests were run from March until July 
using a 12-ft. diameter weighing tank (evapotranspirometer) and irrigated 
by sprinkler~. The total evapotranspiration during this period was ·24 -
inches of water. The beets were planted in October and transplanted to the 
tank in March. The water use before transplanting was 6 inches, giving a 
total crop consumptive use of 30 inches. The yield of beets harvested from 
the tank was 42 tons per acre or 660 pounds of water was required per pound 
of sugar beets. 

The peak weekly ·evapotranspiration occurred in May and was 2.5 inches 
of water. The peak daily E.T. was 0.43 and also occurred in May. 
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Abstract 

MACHINE SYSTEHS EFFECTS . AT 

SPECIFIC CROP PRODUCTION STAGES 

H. N. Stapleton 

As growers continue to attempt maximization of net return from cotton 

production, technology is providing an increasingly larger choice- of 
alternatives in developing cultural practice sys-terns. 

The effectiveness of an alternative cultural practice is judged by its 

economic effect. This is simply (+,O,-) in the increment effect on yield 
and quality in comparison to the cost of performing the practice. The lit

erature and current research data show that only the machine operations 
involved with planting, pest control, and harvesting show an identifiable 

increment at present yield and price levels which will justify performance. 

At most stages within the cotton production system there are machine 

practices which may be, or should be performed. In the cost reduction 
route to maximizing net return, efficiency in a?plying power and labor is 
improved when combined operations are possible. A new look at "tender 
loving care" with heavy and powerful machinery is -indicated, from the 
standpoint of economic return. 

Abstract 

A_SYSTEM APPROACH TO POWER, WATER, AND FOOD PRODUCTION 

A. Richard Kassander, Jr. 

A discussion is presented of :operational progress of a desalting sys

tem using solar ener[nt and diesel-electric generator waste-heat. This. is 
related to an- experimental .system of growing vegetables in an enclosed 

plastic environment. The productivities are compared to estimates of .re

quirements for water, power, and food for an expanded population. The 
conclusion is drawn that thermodynamically, operationally, and economically 
a combination system is -practical and feasible. 
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Abstract 

FATE OF NITRATE IN SOIL LEACHATES 

T. H. McIntosh, G. R. Dutt and B. Nimry 

Large amounts of fertilizer nitrogen are~used in irrigated agriculture; 
however, the efficiency of fertilizer-N utilization by crop plants is often 
low. Irrespective of the form of fertilizer applied, most of the nitrogen 
will eventually be transformed into nitrates. Thus, loss of nitrate by 
leaching or denitrification is an important economic factor in crop produc
tion. If the nitrates are leached to the ground water level they then may 
constitute a major source of contaminatiQn of water used for human and live
stock consumption. 

Considerable research has been . conducted to determine the fate of 
fertilizer-Nin soils with. respect to crop production. If one is _to predict 

. how much -nitrogen from nitrogen containing fertilizers will reach ground_ 
water supplies, one must determine the fate of the applied nitrogen. Little 
attention has been given the fate of applied nitrogen not taken up by crop 
plants. 

In the Southwest, under natural conditions, the soil surface dries 
rather· quickly after the addition of water. Microbial activity at the sur
face may · become restricted, which would allow soluble organic mat.erials and 
nitrates to accumulate. Plant residues may also accumulate at the surface 
either through natural leaf fall or artificial addition. Upon wetting by 
rain or irrigation, appreciable amounts of soluble organic materials may 
become available for percolation through the soil profile. The magnitude 
of soluble organic carbon and nitrate accumulation during drying periods 
under various plant culture systems has not yet been defined. 

If ni.trate and soluble organic energy sources occur together in an 
environment favorable for biological activity, and if the diffusion of 
oxygen into the profile were restricted, then appreciable amounts of the 
nitrate could undergo microbiological denitrification. A restriction in 
oxygen diffusion could occur in an aerobic soil when a wetting front moves 
through the profile following rain or irrigation. Stratification of texture 
within the p·rofile would permit buildup of temporary perched water tables 
with further restriction of water and oxygen movement. Denitrification 
leads to the production of· various nitrogenous gases. These gases .either 
are absorbed 0 or .transformed in the soil or escape to the. atmosphere. 
Additional nitrogen is known to be removed from soil water by soil micro
organisms. ·This nitrogen is incorporated into cell structure and its 
final fate depends on biological and physical factors. 

It is well established that in sandy soils the potential for leaching 
of nitrate nitrogen is great. Thus one would expect maximum nitrate con
tamination where a sandy soil, overlying ground water, is intensely ferti
lized. Such an area is the Yuma Mesa located southeast of Yuma, Arizona, 
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an irrigated area where -l~~ge quantiti~s o~ -i:>-itr9gen _fertilizers are uti
lized. Analysis of several drainage wells fn ·the ·ar·ea was made to determine 
the degree of ground water contamination. Unexpectedly it was found that 
if nitrate and ammonium were present they were below the detectable limits. 

To evaluate the possible influ~n~e .of denitrification on nitrate dis
appearance, a laboratory study was conducted us{ng an environment similar 
to that found at Yuma, Arizona. That environment consisted of a sandy 
soil, irrigation and residue addition comparable to that which occurs under 
citrus culture. Under the above con4~tions it was estimated that the 
yearly amount of nitrate-nitrogen derived from fertilizer addition would 
range between 100 and 375 lbs.IA. It was also estimated that the yearly 
amount of organic matter added through leaf fall and artificial additions 
would range between 1 and 2 ~ons/A and ,that up to -20% of the organic 
residues might be water soluble and readily available as a microbial 
energy source. 

Results 

The disappearance of appreciable amounts of nitrate from soil solution 
by microbial denitrification in the surface horizon of an apparently aerobic 
soil system was demonstrated in the laboratory • . Nitrate disappearance in 
soil water percolates was studied in a column of uniform textured pure sand 
and in a column of sand interbedded, at one loc~tion, with 15 centimeters of 
a finer-textured soil material. The different treatments employed included 
the addition of an energy source (glucose) alone, nitrate alone, and then 
the energy source and nitrate together. Amendments were applied in a 
manner simulating field practice and synthetic Colorado River water was 
used for irrigation. 

Under these experimental co~ditions, no nitrate disappeared without 
the presence of an energy source. When an energy source (glucose) was pre
sent, nitrate disappeared from the system. The nitrate loss was attributed 
to respiratory nitrate reduction, and immobilization by microorganisms. 
The amount of nitrate nitrogen that disappeared varied between 14 and 37 
per cent of that added and depended on the concentration of both nitrate 
and energy source. It was concluded from the gas analysis, redox poten
tials, and pH values, that the distribution of the energy source and 
nitrate, when added with water, caused denitrification to take place near 
the column surface where the overall environment was aerobic. Apparently 
the diffusion of oxygen through the moist sand was not sufficient to meet 
the ~otal oxygen demand of the microbes located in water filled small pores. 
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Abstra~t 

THE EFFECTS OF SO!1E HERBICIDES ON Pli\NT PATHOGENS . 

Arlen D. Davison . 

Agricultural chemicals are indispensible in modern agriculture and a 
mighty industry has developed around t ~is n~ed. Many _o~ these chemicals 
find their way into the soil either through direct application, accul]lula
tion of debris from treated plants or through root exudation. 

Of the -three groups of pesticides, fungicides, insecticides, and 
herbicides, the latter has become the subject of intense interest. Aside 
fro~ the problem of direct toxicity of a residual herbicide to succeeding 
crops there is also _the possibility that _herbicides may have some affect on 
the development and incidence of plant diseases. These effec;ts likely are 
.in the nature of complex interactions among the plant pathogens, the herbi
cide and the host. 

Among the possible interactions are several which seem the most prob
able. They are: 

1. The effect of herbicides on the general balance of microorganisms 
in the soil. 

2. -The effect of herbicides as a "predisposing agent" to disease 
development. This may be accomplished as the herbi~ide: 

a) alters the metabolism of the plant to make it a more 
_suitable. host, 

b) breaks down mechanical barriers of resistance, or 

c) alters the chemical barriers of resistance. 

3. On the other side ~f the coin herbicides may also enhance resist
ance by a) resulting -in an increased thickness of a .layer of 
cells at a normally susceptible site, b) increasing chemical 
barriers, or c) making the plant a less desirable host for the 

.pat}:logen. 

4. The herbicide may aid a potential pathogen by decreasing the 
activity of certain competitive microorganisms or may increase 
the activity of competitors which in . turn may produce antibiotics 
which -impede further development of the pathogen. . · 

To .be sure, each of these interactions is complex in nature and diffi
cult to determine. 

The area which ha~ -received .the most att~ntion concerns the balance of 
soil m_icroorganisms • . Unfortun~tely_, this natural _balance of soil 

-31~ 



microorganisms is affected by a long list of variable factors such as 

temperature, soil moisture, aeration, organic matter content, fertility 

levels, soil texture and pH. These same factors also affect the host and 

in many cases the herbicide. Evidence exists which indicates that CIPC, 

DNBP and PCP inhibit the growth of nitrifying bacteria. Other workers have 

shown that 2,4-D at concentrations of 2· ppm-' inhibits nodule formation on 

legumes. Amounts of residue in excess of this amount may be found jn soils 

that have been treated the previous year. 

The interactions of host-parasite-herbicide complexes is interesting. 

A review of a few recent examples is worthwhile. 

(a) Huber, Seely and Hatson (S) have reported that Diuron reduced 
the incidence and severity of foot rot of wheat caused by 

Cercosporella herpotrichoides and Rhizoctonia solani. Yield 
advantages of this herbicide compared with 2,4-D may be due in 

part to a reduction in the severity of foot rot. Little in
formation is available on the mode of action of diuron in 
reducing foot rot, however,~ its herbicidal activity is dependent 

on the inhibition of photosynthesis. · Many common soil fungi and 

bacteria can utilize diuron as a source of carbon for growth and 

are responsible for its decomposition in soil. Diuron could have 

a selectivity for specific soil organisms that affect pathogeni
city, or the mode of action may be by increasing the resistance 

of wheat to the foot-rot organisms. 

(b) Altman and Ross (3) reported on a study involving seedling 
diseases of sugar beets treated with the pre-~lant herbicides 
Tillam and Pyramin. In greenhouse tests Tillam and ·Pyramin 
caused slight stunting of sugar beets shortly after emergence 
but there was no stand reductions. Rhizoctonia solani caused re

ductions in sugar beet stand due to damping-off. Rhizoctonia 
solani in combination with Tillam and Pyramin caused much greater 

stand reductions, 71% and 57% more than Rhizoctonia solani alone. 

In field soil, stand reduction was not as great, but increased 
damage still occurred when the combination of Rhizoctonia and a 
herbicide were present. Altman and Ross feel that the herbi
cides predispose the host plant to more severe damage from 
Rhiz•octonia solani. 

(c) In some early greenhouse work done here at the University in 
1964 Agamalian (1) reported that under the conditions of the 
test there was no significant interaction in percent emergence 
or hypocotyl infection of cotton seedlings when trifluralin 
was applied to soil infested with Rhizoctonia solani. Further 
studies have shown that under conditions of soil moisture stress 

and low soil temperatures there is definitely an interaction 
among trifluralin, cotton seedlings and seedling disease 
organisms. The interaction is probably one in which trifluralin 

retards root development to some extent causing the plant 
ti~sues to remain in the juvenile state. Low soil temperature 
also contributes to ·a reduced rate of root growth. Rhizoctonia 
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solani is active at - low soil temperature and invades young tissue 
aggressively. High salt conditions may also contribute to the 
interaction. The same Situation may well exist with urea and 
toiaziue herbicides. Results have shown the value of seed 
treat~ent in reducing the losses in these situations. For cot
ton in Arizona, the double seed treatme-nt with a mercurial 
fungicide and PCNB has been very beneficial. Hopefully in the 
near future several other seed treatment compounds will be 
recommended. 

(d) Hamilton (4) has shown that the use of monuron in cotton brings 
about more rapid defoliation of plants infected with Verticillium 
albo-atrum. Monuron apparently does not predispose the plant · to 
invasion by Verticillium but does interact with the host in 
plants that are already infected. On the other hand, diuron 
which is closely related to monuron, does not appear at this 
time to have any influence on the rate of defoliation of 
Verticillium infected plants. 

(e) Results of another study conducted here by Al-Beldawi (2) that 
Dacthal has no affect on the development of Fusarium root rot of 
beans. Some reports had indicated that this compound might have 
some fungicidal properties. It was tested against Verticillium 
albo-atrum, Fusarium moniliforme and f• solani using several 
techniques. None of these organisms were inhibited in their 
development. Increased grouth of several crops has been re
ported following the use of Dacthal but under the conditions of 
our tests no growth response was observed. · Undoubtedly, environ
mental factors, as yet undetermined, may result in an interaction 
of Dacthal with a particular host and/or pathogen, thus resulting 
in a growth response. 

These few examples serve to illustrate that effects of herbicides on 
plant pathogens and the development of plant diseases is indeed complicated. 
Frequently, we are all confronted with situations where circumstantial evi
dence indicates that herbicides and plant -pathogens are reacting together 
to cause either greater or lesser disease incidence. Let us all remember 
.that plant diseases result from the interaction of three vital elements ••• 
(1) the pathogen, (2) the host and (3) the environment. We all are aware 
that temperature, moisture, nutrition, · soil condition, diseases, and in
sects and many other factors influence the growth and development of a crop. 
Many if not all of these same factors have effects on the pathogens. It 
is only reasonable to conclude that the use of fungicides, insecticides 
and particularly herbicides adds to the pool of chemical substances which 
will interact with one another and together. This is undoubtedly a very 
fertile area for investigation and there will be much in the future. 
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Abstract 

HERBICIDE RESIDUES IN THE SOIL 

K. c. Hamilton 

The activity of herbicides in the soil is reduced by microbial decom

position, chemicai breakdown, volatilization, leaching, adsorption on soil 

fractions, and plant uptake. If sufficient herbicide persists until the 

next crop is planted crop injury may- occur. Injury _to crops caused by 

herbicide applied in preceding crops is a problem in less than five percent 

of the treated fields in Arizona. Symptoms of herbicide residue injury are 

often confused by other factors such as insects, diseases, salt, frost, 

inadequate fe.rtilization, application of other agricultu~al pesticides, im

proper seedbed preparation, and high soil temperatures. 

Crop injury from herbicides ~esidues can be reduced by selecting the 

proper herbicide, rate and method of application, following normal grower 

practices, and, when necessary~ altering planting methods and crop rotations. 

Selection of weed control programs to avoid herbicide residues in the soil 

should be the responsibility of each grower • 
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Abstract · 

CONTROL OF ·WEEDS. IN COTTON 

H • . Fred Arte 

During the past several years a number ·of herbicides have beeri developed 
which ca.rt be used for the control of ·weeds in Arizona cotton. Some of these 
such as Telvar, Karmex or Caparol are especially effective for controlling 
annual broadleaved ·weeds, while others such as Dacthal, Treflan, Planavin 
and Prefar (the latter not yet registered for use in cotton) are primarily 
regarded as grass killers. 

With this growing list of effective herbicides, we have the possibility 
of getting better weed control with a minimum of cultivation and less soil 
competition due to tractor use. The grower is now able to select a herbi
cide or perhaps a comb~nation of herbicides to effectively handle his 
specific weed problem. He also has wide latitude in selecting application 
techniques which vary with different weed problems. Preplanting or post
emergence applications of single herbicides are possible as are split com
binations or tank mix combinations. Hhere the weed population consists of 
annual grasses and broadleaved weeds, herbicides used in combination can be 
applied at lower rates than if either were used··by itself. · Combinations 
give better total weed control and also reduce the hazard of residual · 
toxicity on followinG crops. 

Abstract 

HEED CONTROL IN MELONS AND LETTUCE · 

W. D. Pew 

With the release of Balan by the FDA, a relatively new and effective 
herbicide is nolJ available for use in commercial lettuce production in 
Arizo~~• Considerable research information and data are available with 
this and other materials. It is cautioned that like most newly released 
herbicides, Balan is not ·a panacea, but just another new material and there 
can be problems in its use, particularly during the first time or two. 
Most of these problems, though, arise out of a misunderstanding of the 
capabilities of the material and/or improper application. Data thus far 
col~ected indicate it is an excellent herbicide for lettuce when properly 
used. There are ·some unique and interesting herbicidal reactions and 
cµarac ·teristics associated ·with· this material, not only· with lettuce but 
with other crops. · Other herbicides ·are currently available and are being 
used that perform satisfactory under appropriate application and use methods. 
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Herbicide use in commercial cantaloupe production has experienced a 
less drastic change than for lettuce. Alanap and other materials are per
forming satisfactorily commensurate with their capabilities. Techniques 
for better application are being developed and a better understanding of 
the advantages and limitations of each is being achieved. Other materials 
under test that show promise are being studied to determine their capa
bilities. Likewise, those that should be avoided are being determined. 

The general program in vegetable herbtcide evaluation revolves around 
two considerations, namely, . those used to clarify current problems wi,.th the 
materials beins u~ed and to find new ones that show one or more advantages 
over the currently recommended _ones. 

Abstract 

. CHEMICAL CONTROL OF SHRUBS ON MNGELANDS 

Ervin M. Schmutz 

More than 50% of the State of Arizona and one-thi~d of the range and 
pasture lands of the u. s. are covered with noxious shrubs or trees. Shrub 
control contributes a major market for the herbicide industry ~nd presents 
a challenge to solve the problems economically. In Arizona alone, initial 
control of these shrubs will cost at least $360 million. Major species in 
Arizona being controlled with herbicides at varying degrees of success in
clude mesquite, juniper, turbinella oak, sagebrush, snakeweed, burroweed, 
cholla and pricklypear, creosotebush, whitethorn, and tarbush. 

Not all shrubs are undesirable and differential shrub control may be 
used to increase valuable shrubs such as mountain-mahogany, cliffrose, 
bitterbrush, and ceanothus. 

Abstract 

HERBICIDE INCORPORATION 

W. E. Larsen 

The equipment for the proper application and incorporation of herbi
cides must result in accurate application. Witl1 sollle chemicals we are 
trying to uniformly mix one pound . of chemical with 840,000 pounds of soil. 
This is a mixture of 1.2 p.p.m. This would almost seem to be a ~opeless 
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situation, but with good equipment properly used the job can be done. Pre
cautions are necessary to be certain that this material is distributed uni
formly over the entire area and mixed into the proper depth. Most errors 
in incorporation are probably caused by failure to obtain uniform mixing of 
the materials or failure to distribute the mixed material back over the 
entire soil surface. The type of equipment and the way it is used for in
corporation will depend on the soil type, the 3round profile that is 
desired for the particular crop and the type of chemical being used. A 
wide range of presently available equipment can be used for this job. 

The chemical must be applied in such a way as to give complete surface 
coverage for weed control and still the plant must be protected from the 
chemical. If the crop is very tolerant to the chemical, then little preci
sion is required to protect the crop and the only requirement is for complete 
coverage for weed control. If the range between weed control and killing of 
the crop is very narrow, then more precise application and incorporation is 
required. 

Abstract 

EXTENSION WEED PROGRAMS 

Stanley Heathman 

A report on some of the Extension activities in weed control during the 
past year. 

Repeat applications of organic arsenicals to johnsongrass in ditch
banks in Yuma, Graham and Pima Counties proved to be effective and economi
cal in controlling this perennial weed. The rate and timing of applications 
is critical if complete control is desired. The weeds on one mile of 
johnsongrass infested ditchbank eight feet wide can be erradicated for 
approximately $60.00 per mile for materials. 

Soil sterilants such as Simazine and Karmex at 10 lb/A gave economical 
control of annual weeds on ditchbanks for 12 months or more in Yuma and 
Pima Counties. 

Tordon, Banvel-D, and Tryben were tested for broadleaf perennial weed 
control in Coconino, Yavapai, Navajo and Graham Counties. These materials 
were effective in controlling field bindneed, camelthorn, Russian Knapweed 
and other perennial broadleaf weeds. They were more effective under irri
gated conditions than on dryland. Further testing is planned for the coming 
year. 

Herbicide carryover from one crop to the next was demonstrated in Pinal 
and Maricopa Counties. Beets and grain sorghum were injured by herbicide 
application levels below those used for weed control in other crops. 
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