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INTRODUCTION

The irrigated areas of Southern and Central Arizona
with their mild winter climates and controllable water ap-
plication are ideal for the production of vegetable crops.
Lettuce is the major crop grown at the present time, with
25,000 carloads being shipped in 1951 (1). This constitutes
about half the total number of carloads of vegetables
shipped from the State during that year. The Salt River
Valley, located in the south-central part of the State pro-
duced a little more than half of the vegetables shipped
from the State in 1951. The growing season favorable for
the production of lettuce extends from early September to
the middle of April, during which two crops are grown. The
fall crop is planted in late August or early September and
is harvested from the middle of November to early in January.
This planting date is earlier than 1t was at one time, due to

the development of new varietlies such as Great Lakes, which

are more heat resistant and can be planted earlier. These
varieties also extend the winter growing season later into
the spring because of thelr heat and disease resistance.
The other most important variety grown as the fall crop is
Imgerial Ll. The winter crop is planted about November 1lst

to 15th, and is harvested from March 15th to April 15th,



depending upon growing conditions. The important variety

grown other than Great Lakes is Imperial 615.

Fertilization is restricted mainly to the addition of
nitrogen and phosphorus, as most of the soils in the irri-
gated areas are well supplied with available potassium.

The application of certain minor elements has also gained
popularity in recent years. Fertilizers are usually banded
at planting time, and often planting and fertilization are
carried out in one operation. Later applications are made
by banding or in the irrigation water.

Keen competition, high prices, and lack of land for
lease in recent years have been discouraging to rotation
plans and many growers depend on cover crops and the addi-
tion of manure as well as commercial fertilizers in large
quantities to maintain the fertility level of their soil.
The year-long growing season is favorable to double cropping
and cantaloupes usually follow the lettuce crop in the sum-
mer time.

The ultimate goal of the grower is to produce solid
- heads of good size and marketable quality. In past years,
especially 1950-51, considerable loss was incurred when many
plants formed seedstalks prematurely and never produced mar-
Ketable heads. Little is known as to the cause of this
phenomenon. Some growers attribute it to temperatures

higher than normal during the early part of the growing



season, and it remains an unsolved problem of considerable
importance.

The cost of growing lettuce 1s extremely high, requiring
mﬁch hand labor, large applications of fertilizers, frequent
use of insecticides, and intensive tillage practices as well
as high harvesting, packing, and shipping costs. Moreover
the value of the crop is dependent upon market conditions,
whieh fluctuate from year to year. ’As a result growers de-
pend upon diversification, or upon profits from seasons of

favorable market conditions balancing losses from poor ones,



LITERATURE REVIEW

Davidson et al. (7) after examining several vegetable
crops including lettuce for total ash and mineral con-
stituents concluded that there was considerable variation
in the mineral content in all vegetables, but that each had
its own range of variation in mineral content. The work of
Bear et al. (2) showed that lettuce plants grown in dif-
ferent localities have different composition. Samples col-
lected in the eastern coastal states were higher in sodium,
while plants grown on calcareous soils of the north central
states and Colorado were higher in ash, Ca, Mg, and XK.
Phosphorus seemed to remain fairly constant in all locations.

Considerable variations have also been noted in content
of certain minerals throughout the growing period. Lettuce
plants grown in Arizona as shown by McGeorge, Wharton, and
Frazier (17) remained fairly constant in percentage of cal-
cium and phosphorus on the dry matter during the growing
period. There was considerable fluctuation in nitrogen and
potassium; however. Beginning at the early stage, these
elements reached one or two peaks, with a final decline at
maturity. Lettuce plants grown in the Salinas Valley in
California did act in this same manner. Lorenz and Minges

(1) have shown that such plants decrease in calcium



markedly with maturity, while nitrogen decreases slightly.
The phorphorus and pbtassium contents in plants in this
Study remained practically constant at all sampling dates.
Thelr study also showed that the addition of P or XK to the
soils of that locality did not increase the content of.
either in the plant.

A study by Woodman (23) where lettuce plants were grown
in nutrient solutions with varied amounts of K over a wide
range, pointed out that the yield was not affected by an in-
creased concentration of potassium, but that a high concen-
tration of potassium decreased root growth. Other work by
the same author (2l.) emphasizes the importance of an adequate
supply of nitrogen. Lettuce plants grown in sand cultures
were treated with varying amounts of NaNOB. A progressive
reduction of N applied resulted in a progressive reduction
of size and weight of heads. OQwen (19) found that as com-
pared with lettuce plants receiving a complete fertilizer,
the dry matter of those plants receiving only P and K or
N and K was significantly higher in ash and X, whereas the
plants receiving only N and P were lower in ash and very
mueh lower in K. The omission of N, P, or K did not great-
ly affect the percentage of N and P in the dry matter.
However the omission of one nutrient caused the planflto
take up smaller amounts of all other nutrients.

There seems to be a definite interrelation of Ca and
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N in the soil which controls the availability and uptake of
elther. Wittwer et al. (22) have shown by lettuce plant and
soll studies that high calcium lévels must be accompanied by
adequate amounts of nitrogen, and high nitrogen levels must
have sufficient amounts of calcium-for best growth responses.
They also found that when plants were grown at low phosphorus
levels and calcium was increased, phosphorus deficiency was
accentuated. It was concluded that a lack of balance was
more detrimental to plant growth than a deficiency of any of
the variable nutrients which were studied. A study by
Walker (21) also indicates a definite Ca:N interrelationship
in the soil. Soil solutions and lettuce plants were ana-
lyzed at different dates and the results showed that fluc-
tuations in the N03 content of the soil solution, whether
cropped or fallow, were paralleled by fluctuations.in the Ca
content.

Griffiths (12) has shown with lettuce experimental
plots that in general inorganic sources of plant nutrients
gave best results on manured plots, while fertilizers in
which part of the nitrogen was contributed from organic
sources gave best results on non-manured plots. Experimen-
tal plots‘and soil culture experiments conducted by Woodman
(25) showed that fertilizer mixtures high in N gave the best
growth response in lettuce.

Phosphorus fertilization on Arizona soils was deemed



necessary by Crider (6), where the application of acid phos-
phate hastened maturity and increased the size and compact~
ness of the head.

Experimental plots on lettuce fertilization in Arizona
conducted by Griffiths and Finch (11) produced the following
results: Band placement of fertilizers gave higher yields
than plots where the fertilizer was broadcast. Simple
chemical fertilizers gave good results on fertile land with
sufficient organic matter content. On such land best yields
resulted when phosphates were applied at planting time and
nitrogen a@plied later as a side dressing. Not over twenty
pounds of actual N could be applied when temperatures were
high nor over thirty pounds at any time without toxic
results. On a heavy soil depleted of organic matter, ten
tons of manure gave improved results. This increase in
yield exceeded that of any chemical fertilizer during the
same period.

Experiments by McGeorge and Wharton (16) on salt move-
ment in lettuce beds have shown that there is considerable
movement and accumulation of soluble salts in the beds
during growth. Salt movement was shown fto be a function of
the type of bed used and the amount of irrigation water used.
The most mobille compounds were the nitrates, chlorides, and
sulfates of the alkali and alkaline earth bases. The least

mobile was phosphate which is held by fixation. The most
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satisfactory type bed as shown by the study was the one
inch crown bed, because there was less salt concentration
at the shoulder of the bed where the plants are located.
Brown (5) found that in Ohio soils good heads of let-
tuce were usually obtalned when the content of nitrate N in
the soil at heading time was reduced to less than 5 ppm by
copious irrigation. Loose heads were obtained when the N
level was 10-15 ppm. However, plant analyses of Arizona
‘grown lettuce by McGeorge, Wharton and Frazier (17) showed
no significant difference in the nitrogen content of loose

and compact heads.



PURPOSE OF THE INVESTIGATION

The purpose of this study was to determiné the rate of
nutrient uptake of lettuce during the entire period of
growth to harvest by making chemical analyses of plants
grown under actual field conditions. Along with these
plant studies, soll analyses were made to note possible
changes in certain soil constituents throughout the period
of growth. Six growers who were willing to cooperate were
contacted, and permission was granted to sample from their
fields. Locations were chosen which were well separated
and represented different soil types. Four fall crops and
two winter crops were sampled, three varieties being repre-
sented. The fertilization practices followed by these
growers were quite different. Sampling was carried on
through harvest time and chemical analyses made on both
plant and soil samples., Fertilization and irrigation data

were obtained where possible for correlation purposes.



EXPERIMENTAL PROCEDURE

Sampling was begun in each field at or soon after
thinning time and carried on until plants were mature enough
for'harvest. A random sampling plan was followed, with soil
samples being taken from the first foot between plants on
the shoulder of the beds. Whole plant samples were taken
including the roots.' Soil samples were taken close to the
place where each plant sample was taken. Many plants were
required early in the season, and at least ten plants were
taken later on to give a representative sample.

Upon returning to the laboratory the soil samples were
~spread out and allowed to air-dry. Then they were passed
through a 2 mm sieve, thoroughly mixed and stored in sealed
quart bottles until analyzed. Plant samples were separated
into roots and tops and rinsed thoroughly in tap water to
remove soil particles. Then they were cut up and dried at
65° C. in a ventilated drying oven. Fresh weights and dry
weights were recorded for both roots and tops. After drying,
the plant samples were ground to lj0 mesh in a Wiley mill,

thoroughly mixed and stored in sealed bottles.

Plant Analysis

Nitrogen was determined by the Kjeldahl method, using
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a micro-digestion and distillation apparatus. A 50 mgm.
sample was weighed onto a piece of nitrogen-free cigarette
paper which was then folded, enclosing the sample and
placed in a 50 ml. micro-digestion flask. One to one and a
half ml. of digestion mix of the following composition was
used: 300 ml. conc. Hp50), , 50 ml. 85% H3PO),, 25 gms. an-
hydrous Nazsoh, 5 gms. NapySe03, and 3 gms. CuSOh°H20.

Digestion required about 30 minuteé, after which the
samples were allowed to cool and transferred to the distil-
lation flask with three or more rinsings of distilled
water. The ammonia distillate was received in a 50 ml.
Erlemmeyer flask in 5-7‘ml. of saturated boric acid to
which 2-3 drops of mixed methyl indicator had been added.
Distillation was carried four minutes beyond the time of
color change of the indicator. The ammonia was titrated
with approximately .03 N HCl which had been standardigzed
with a known solution of NHACI following the same proce-
dure.

Phosphorus was determined colorimetrically following

the molybdivanadophosphoric acid method as described by
Kitson and Mellon (13). An Evelyn photoelectric colorim-
eter fitted with a ;20 u filter was used to measure trans-

mittancy.

Sodium and potassium were determined spectrophoto-_

metrically using an aliquot from the same sample solutions
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as prepared for the phosphorus determination. These aliquots
were placed in 100 ml. volumetric flasks and made to volume
adding lithium so that the final solution contained 50 ppm
Li to serve as an internal standard. Determinations were
made with a Perkin Elmer Model 52C flame photometer which had

been calibrated to sodlum and potassium in the nitrate form.

Soil Analysis

Mechanical analysis was carried out followlng the

hydrometer method of Bouyoucos (L). 50-gram samples were
used for heavy soils and 100-gram samples for sandy soils.
Sodium hexametaphosphate: was used as a dispersing agent in-
stead of sodium oxalate.

pH value was determined with a Beckman pH meter on the
soil paste using air dry soil and a suitable amount of water.

Total soluble salts were determined on a 1:5 soil-water

extract by measuring conductivity with an Industrial Instru-
‘ments Co. Bridge. Temperature corrections were made and
conductivity converted to ppm using tables and graphs from
the Regional Salinity Laboratory Manual (8).

Total nitrogen was measured in soils as directed in the

A.0.A.C. manual (20), with two exceptions. Selenium (Hengar
granules) was used as an additional catalyst during digestion
and the ammonia distillate was received in 100 ml. of satu-

fated boric acid containing 5-6 drops of mixed methyl-red
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indicator and titrated with .02 N hydrochloric acid.

Nitrate nitrogen was determined colorimetrically on a

135 soil water extract which had had 002 gas bubbled through
it for 15 minutes and was then filtered. A 25 ml. aliquot
was taken and evaporated to dryness in a porcelain casserole
and color was developed according to the phenoldisulphonic
acid method as described in the A.0.A.C. manual (18). Trans-
mittancj was measured on é Cenco Photelometer, fitted with a
1,120 u filter after appropriate dilutions had been made.

Phosphorus was determined colorimetrically on a 1:5

soil~water extract which was made as described in the soil
nitrate procedure. The CO, soluble extract has been found
to be a good measure of available phosphorus in alkaline
calcareous soils as it is thought to simulate the action of
plant roots (15). Acid extracts are not suitable for use
on alkaline soils because they put more phosphorus into
solution than is actually available to plants. Organic
matter often goes into solution during extraction, and it
is necessary to decolorize the COp extracts with a small
amount of aéid—washed, phosphorus~free carbon black. Color
was developed according to the ammonium molybdate-stannous
chloride method as described by Dickman and Bray (9).

Transmitténcy was measured with an Evelyn photoelectric

colorimeter fitted with a 660 u filter.
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‘Exchangeable-plus-water-soluble sodium and potassium

Were'determined following a modification of the method set
forth by Fieldes, King, Richardson and Swindle (10). The
modified method used was as follows: 10 grams of air-dry
soil was weighed into a 00O ml. beaker and allowed to stand
for 16 hours after adding 100 ml. of neutral 1 ¥ ammonium
acetate., The sample was then extracted under suction
through a medium-porosity fritted glass filter fitted with

a paper filter disc. The soil was transferred to the

funnel and washed with four 25 ml. portions of neutral Nor-
mal ammonium acetate, allowing the filter to suck dry be-
tween washings. The extracts were transferred to L OO ml.
beakers and eﬁaporated to dryness on a steam bath. The resi-
due was ignited in a muffle furnace at 150° ¢. for about

2 hours to remove organic matter. After cooling, the resi-
due was taken up in 5 ml. of 1l:1 HC1l and allowed %o stand
30 minutes to insure solution. The sample was then filtered
into a 100 ml. volumetric flask, using Whatman LO filter
paper and rinsing the beaker aﬁd filter paper several times.
The solution was made to volume to include 50 ppm of lithium
as required by the internal standard method. Sodium and
potassium were determined with the same flame photometer
which in this case had been calibréted with standards in the
-chloride form.

During the course of the laboratory work calibration
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curves were made for the flame photometer for sodium and
potassium in both the chloride and nitrate form. It was
néted that the curves very closely approximated each other.
The differences between them were so slight that either
curve could have been used in converting scale readings to

parts per million for both elements, with negligible error

in the results.



EXPERIMENTAI RESULTS
Field A

This field was located in Deer Valley, about twelve
miles northwest of Phoenix on State Highway 69. The soil
was well suited to vegetable production, for 1ts mechanical
analysis showed it to be a loam. The source of irrigation
water for this area 1is entirely from pumpage. The effec-
tive date of growth starts in all vegetable crops upon the
date of "wafering up"¥ that is, the first irrigation after
planting. Very often for the convenience of the grower's
tillage and planting schedule, seed is planted a week or so
in advance of thé first irrigation with no apparent un-
favorable effect on germination.

This field of 0 acres had been previously cropped as
follows: Fall of 19)8-carrots, Spring of 19l9-potatoes,
Spring of 1950-carrots, Fall of 1950-carrots, Summer of
1951-melons. Liquid phosphoric acid was applied in March
of 1950 at the rate of 100 pounds/acre. An identical ap-
plication of phosphorié acid was again made in October of
1950. Manure was applied in August of 1951 at the rate of
6 tons/acre in preparation for planting the lettuce crop

which was included in the study presented in this thesis.

#post-planting irrigation
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Imperial lj); variety was planted and watered up on September
6th. The field was irrigated again October 2nd; other ir-
rigation dates were unavailable. Considerable rainfall oc-
curred September 29th, October 26-30-31, and November 23-2l.
Ca(N03)2 was applied in November as a side dressing at the
rate of 185 pounds/acre. The lettuce plants reached
maturity quite rapidly and harvest was begun about the 25th
of November. The growing period was 82 days. The crop was
of high quality and yielded 251 crates of lettuce of l and
5 dozen size, per acre.

| Plant analyses are shown in Table 1 and graphically in
Figure 1. The amounts of different constituents present as
per cent on the basis of dry matter followed the same order
in both roots and tops, potassium being present in the
highest concentration, followed by nitrogen, phosphate and
sodium in that order. The percentage of potassium was con-
siderably higher than that of the other constituents and
fluctuated dufing the period of sampling, being higher in
the tops than in the roots. Nitrogen concentrations ex-
perienced a declinevin both tops and roots as maturity was
approached. However, the decline was greater in the roots.
The percentage of phosphate remained fairly constent with a
small drop undergone by the roots. Sodium concentrations
ﬁere‘fairly constant in the tops, with a slight decrease

approaching maturity. In general, young plants are more
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highly vegetative and contain higher concentrations of
mineral constituents.

The soil analyses are shown in Table 1 and Figure 2.
The amounts of exchangeable-plus-water-soluble sodium and
potassium were almost equal and remained fairly constant
during the period of sampling. The quantitities present
for these two constituents were not high due to the coarse
texture of the soil and low amount of clay which holds such
cations in exchange. The total nitrogen values were fairly
high, but it should be remembered that they are measures of
potentiality and not availability. Most of the nitrogen
represented in such a determination is tied up in complex
organic compounds and is not available to the plant. The
nitrate nitrogen level experienced a sharp rise as of the
second sampling, otherwise it remained fairly constant. The
amount of COp-soluble phosphate started off fairly high and
decreased toward the end of the sampling period. The varia-
tions were not very great considering that phosphate is held
in part as slightly soluble calcium salts and partly by
anion fixation and is very immobile in comparison with ni-
trates which are water-soluble and extremely mobile;

Soluble salts as shown in Table 1 were very low in
general, and decreased somewhat toward the latter part of the
growth period. Salts are brought to the surface by capillary

action and by evaporation of moisture. Rains when not too
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heavy tend to leach and remove salts from the surface. The
pH values remained very constant, within only slight varia-
tions through the growing period.

All the nutrients analyzed for were present in suf-
ficient amounts to be considered adequate for rapid and

vigorous growth of the crop.
Field B

Field B was located at Lateral 22 and Maricopa Road,
about nine miles west of Phoenix. The soil in this area is
definitely heavy textured. Mechanical analysis showed the
textural classification of a composite sample of this field
to be clay loam. This field had been cropped to lettuce in
the spring of 1951. Great Lakes variety was planted and it
was watered up on the 29th of August, which is considered an
early date. Other irrigation dates were September 10th,
September 28, October 16th, and Octobér 29. Two hundred
pounds of 10-20-0 fertilizer per acre was applied by banding
on September 25, and 30 pounds per acre of nltrogen applied
october 28, as ammonia gas in the irrigation water. Har-
vesting was begun on the 15th of November, making a growing
period of 8l days. Heads were of large size as shown by the
dry weight data, and the yield of 272 dry packed crates per
acre was very good.'

The results of the plant analyses are shown in Table ‘2

and Figure 3. Examination of these>reéults shows that the



682 2€q g*TT  6°9T ozl Glet gl'l T1S/ST/11

g4 qlg 2°9 g*2z  fel 09TT T19°L T14/S/1T

9.L¢ qof 2°9 6 69  oz€T Tl°L 19/42/0T

g2¢ Teh €°9 L*gT ML ofi€T g9°L T15/4T/01

ge¢ got 20T o°olt ozl ogET 6L*L T1S/M/0T

'y i Toa  €on N sel mHd  pordues

9TANTOS (QCH~~-9TgBeTUBYOXH OTANTOS-COD TB10T v 2980

(TI0S X¥a *W*d°d) 9 CIIT4 HOYS SASXIVNY TIOS

20°T @6°fT <Go°*T o1'2c Llg°2 T9* QTI°*L 22°T 22°¢ L9*of 19 15/5T/1T
96° TE* 06° 60°2 OT°T 29* 69*L ¢h*T T€°f  00°6€ up T9/ST/11
I99T09d
g9 Gl°g Me6* Loz  LT°T gle gl 62°T T9°C L6°LT up TS8/S/1t
2l €9°f1 gL+ otz z2o0°T €g* ME*g LT°T o0L°€ STI°TT €9 TS/42/0T
L9* 6S°h 9l* sSrz 2l 6g° 2T°6 €T°T S§°€ 2T1°2 €S 15/ST/0T
09° Til-s g8 Llstz  60° Tg* TT°9 90°T 98°¢ 00°T 2N 18/M/01
BN M Mod N suetd/-swd __eN M _od N aueTd/-suwd dn Suraeqem peTduss
STSBQ hﬁw QUS89 JI9d Joq98mw Aag sTseq LIp quseo aod - a9198W Laq ao3J8 shed 838(

‘§300Y4 sdog,
SV LVHYD XIHIYVA ‘d QQMH@‘Eomm;maz¢qm HOOALLHEI A0 NOILISOdWOD
1T FIdVil



© O

®

PER GENT DRY BASIS
& O o N

N (¢}

(@]

™ ] D 3] o ~

CONSTITUENTS OF LETTUCE PLANTS,

FIELD B

I[— T
-0 ' TOPS
a A./ \A

| T
B O W,; —— N
- \o
B POa
B pp——— e N .
- Na
I

ROOTS
B A A

42 53 63 74 84
DAYS AFTER WATERING UP

10/4/51  10/15/51 1/25/51 11/5/51  11/15/5]
'DATES SAMPLED

Figure 3.-Changesin N,PO4,K and Na in Lettuce plants during

growth, Field B.




20

levels of constituents follow the same general order as in
those from Field A. However, the per cent of sodium in this
case 1s almost as high as that of phosphate. The per cent
of nitrogen shows a decline again, in both tops and roots:
‘while the phosphate level experiences a gentle rise. The
sodium percentages remain practically constant in the tops
and increase slightly, but steadily in the roots.

Soil analyses are shown in Table 2 and Figure li. The
total nitrogen level was fairly high and remained relatively
constant during the sampling period. Bbth the potassium and
sodium levels were higher than in Field A, and both experi-
enced greater fluctuation. The nitrate nitrogen values
varied widely during the sampling period. A marked deple-
tion is shown in the first three samplings, after which am-
monia was applied and there was an increase followed by a
drop. The available phosphate supply was feirly low and
fluctuated between 6 and 11 ppm. Hence its adequacy was
questionable, in the light of the criteria of McGeorge (16a).
All other constituents were present over and above the
amounts thought to be necessary for good plant growth. The
total soluble salt concentration was quite high and fluc-
tuated very little. pH values remained constant throughout

the growing period.
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Field C

Field C was located at Lateral 2l and Christy Road,
about eleven miles west of Phoenix. The soil was shown by
mechanical analysis to be a clay loam, but it was not as
high in clay as the soil of Field B. The variety planted
was Imperial l)i and was watered up September 5th. Two hun-
dred and sixty pounds of 10-20-0 super per acre was banded
under the seed before planting. In addition 250 pounds of
NHMNO3 per acre was appliéd as a side dressing October 10th,
and 2,0 gallons of 1liquid 16-1L-0 was applied to the entire
LO acres in the irrigation water of November 8th. Other ir-
rigation dates were unavailable for this field. Harvest was
begun the 6th of December, terminating a growing period of
92 days. This was about ten days longer than the growth
period of field A. Differences in soil texture and locality
would probably account for these differences in growth
periods.

The results of plant analyses from field C are presented
by Table 3 and Figure 5, and indicate about the same general
trends as occurred in the two fields previously discussed.
The potassium percentage in the tops started high and then
dropped sharply after the second sampling. The nitrogen
levels gradually decreased approaching maturity, but the
percentage in the tops was higher at the start than in sam-

ples,from the two fields previously discussed. The phosphate
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level in the tops increased very slightly, while remaining
remarkably constant in the roots. Sodium concentrations
dropped slightly in the toﬁs, and rose slightly in the
roots. |

Soil analyses for this field are shown in Table 3 and
Figure 6. The total nitrogen values start quite high and go
considerably higher with a sharp increase between the fourth
and fifth sampling dates. The levels for nitrate nitrogen
follow the same pattern rather closely, both being in good
correlation with the addition of 16-14~0 fertilizer on
November 9th. The supply of nitrate or available nitrogen
i3 several times the amount considered essential for plant
growth. Potassium levels are high in this soil and sodium
much lower. Available phoéphate increases somewhat and then
gradually decreases. The amount of phosphate is on the
borderline,vfirst below and then above the amount deemed
sufficient. Total soluble salts were quite high showing an
increase and rising to a maximum at the 5th sampling, and
then dropping off. The total difference of concentrations
high and low is significant. pH values changed very little

throughout the entire growth period.
Field D

This field was located in the Chandler-Higley area,

about 2 miles south and 8 miles east of Chandler. This area
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has not been under cultivation very long and all the irri-
gation water is pumped. The soil appeared to be well suited
to vegetab}e production, and mechanical analysis showed it
to be a loam. In 1950 this field was planted to cotton.
Liquid fertilizers were used, consisting of 50 pounds of
NH),NO 3, and 50 pounds of H3P0) per acre applied in the irri-
gation water. In the swmer of 1951 honeydew melons were
grown and manure was applied at the rate of I tons per acre,
preceding the crop. Imperial Ll was planted and watered up
on September 10th. Four hundred pounds of single super
phosphate was applied before planting, with 300 pounds broad-
cast and 100 pounds banded. The field was irrigated again
on the 29th of September prior to thinning. Thirty pounds
of nitrogen as ammonia gas was applied per acre in the water
during this irrigation. The later irrigation dates were
October 20, November 8, November 21 and December 1ll. The
irrigation of December 11 included application of 4O pounds
per acre of nitrogen as NH3 gas in the water. Two hundred
pounds of Ca(N03)2 were side dressed in bands between Octo-
ber 10th and November T7th. Harvest was begun December 1l7th,
thus the entire growing period was 98 days. Differences in
planting date of 1 or 2 days in the early fall may make a
difference of a week or more in the time of harvest.

| Plant analyses are shown in Table l and Figure 7. An
examihation of results shows a marked reduction of potas-

sium in both tops and roots during the growth period, the
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- differences varying over a range of two per cent. Nitrogen
also shows a decline on the percentage dry basis, but the
drop in the roots 1s more significant than in the tops.
The phoéphate level in the tops remained almost constant,
but dropped slightly in the roots. Sodium decreased
slightly in the tops and increased slightly in the roots.
Soil analyses in Table L and Figure 8 show a very high
amount of exchangeable-plus-water-soluble potassiuﬁ was
present. This was the only case where potassium exceeded
total nitrogen. The sodium values were also fairly high.
Both the sodium and potassium levels as determined in-
creased, reaching a peak at the fifth sampling. Total
nitrogen values remained reasonably constant with the ex-
ception of a rather sharp decline at the fourth sampling.
The nitrate nitrogen level fluctuated considerably, but was
in all cases above the amount thought to be necessary for
plant growth. Phosphate values dropped slightly and even
at the highest point only meet the minimum requilrement
‘needed for plant growth. Total soluble salts were fairly
high with the values reaching peak concentrations at the
£ifth and seventh samplings. pH values were fairly con-

stant throughout the growing period.

 Field E

Field E was located approximately one mile west of the

point where Baseline road intersects State Highway 87. This
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soil was very heavy in texture, mechanical analysis indi-
catihg it to be a clay loam. The field had been planted to
Sesbania as a green manure crop the preceding summer and a
high amount of organic matter was in evidence. The crop to
be discussed was a winter lettuce crop, variety Imperial
615. It was planted and watered up on October the 29th.
Three hundred and fifty pounds of 10-20—0 per acre was
banded at planting time. Other irrigation dates were
Novemberu29th, prior to thinning, February 18-20th and
March 7th. There was sufficient rainfall to provide water
during December, January and half of February. One hun-
dred and twenty=-five pounds of NHMNO3 per acre was applied
in the irrigation water on February 18-20th, 350 pounds per
acre of calcium nitrate was applied in bands January 1l9th,
and 200 pounds more calcium nitrate per acre was applied in
the water of the March 7th irrigation. Harvesting was begun
March 18th, thus extending the growing period to 141 days.
This growing period was longer than usual, due probably to
low temperatures and unsuitable growth conditions during
December and January. Winter lettuce crops are usually
pianted on light textured soils which drain quickly and warm
up sooner.

The results of plant analyses shown in Table 5 and
Figure 9 show & marked increase in percentage of potassium

in both tops and roots, reaching a peak at the 5th sampling.
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Nitrogen contents varied only slightly, with a slight de-
crease as maturity was reached. Phosphate values remained
fairly constant in both roots and tops throughout the
growing period. Sodium concentrations in the tops were high
in relation to samples from other fields and fluctuated only
slightly from thinning time to harvest. The sodium values
of the roots, however, underwent a gradual increase of fair
significance.

The soil analyses are shown in Table 6 and Figure 10.
There were high emounts of both potassium and total nitrogen,
and fluctuations were observed in the levels of each.
‘Exchangeable-plus-water-soluble sodium was high and variable
also. Nitrate nitrogen started high and increased toward a
maximum at the 5th and 8th samplings. Phosphate levels were
high and showed considerable fluctuation, varying between
JO and 60 ppm. The maximum was reached at the 6th sampling.
The fertility level of this field according to soil analyses
was higher than any other field included in this study. The
amount of nutrients found were over and above the minimum

amount required at every sampling period.
Field I

Field F was located in the Tolleson area at Lateral 2l
and 1/2 and Yuma Road. This soil was very light and sandy.
Mechanical analyses showed it to be a sandy loam. Winter

lettuce was grown with Imperial 615 variety being planted
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and watered up on November 10-11th. Four hundred pounds
pér acre of 10-20-0 was broadcast prior to planting. The
crop was irrigated again December 20th and sufficient rain
feil so that no irrigation was required during January and
February. Other irrigation dates were March 1lst, 10th,

and 22nd. During these three irrigations a total of 500
pounds of calcium nitrate per acre was applied in the irri-
gation water. During the winter months extended periods of
- low temperature caused the growing period to be slightly
longer than usual. Harvest was begun March 28th with a
139-day period having elapsed from watering up.

Plant analyses for Field F are shown in Table 7 and
Figure 11. The amounts of potassium shown in the tops were
fairly constant at different samplings excluding the rise
between the first two samplings. Potassium concentrations
in the roots increased rather markedly as maturity was ap-
proached. The nitrogen level showed a decline in the tops,
but in general remained rather constant in the roots.
Phosphate valﬁes with the exception of minor fluctuations
remained constant throughout the growing period. Sodium
values were constant in the tops, but increased slightly in
the roots.

Soil analyses are shown for Field F in Table 7 and
Figure 12. The amounts of total nitrogen are fairly high
and remain pfactically constant. Exchangeable-plus-water-

soluble potassium and sodium were quite low in relation to
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amounts found in other fields in this study, and remained
fairly constant throughout the sampling period. Nitra£e
nitrogen values were extremely variable, fluctuating from
the minimum amount required for plant growth to almost

50 ppm. The effect of the application of 500 pounds per
acre of calcium nitrate during the month of March upon ni-
trate values is quite evident in the graph. Phosphate was
present in sufficient amounts and remained fairly constant
throughout the growing season. This soil contained ample
amounts of all the nutrients tested for. Soluble salt con-~
tent was not very high and remained fairly constant, ex-~
cluding a rise followed by a decrease between the 5th and

6th samplings. pH values showed no significant change.



DISCUSSION

The investigation which forms the basis of this thesis
has broﬁght out a number of intereéting facts concerning
the field practices in use in Arizona at the present time
which have to do with the production of lettuce, especially
in regard to the manner in which the plant responds to
various treatments. It was found that there is 1little uni-
formity among the growers regarding the kind, amount, place-
ment or time of application of fertilizers. Lettuce pro-
duction involves very intensive farming practices and re-
quires the maintenance of optimum fertility and conditions
at all times, in order to insure good yield, quality and
maturity.

Considerable information on lettuce production in Ari-
zona has been contributed by McGeorge, Wharton and Frazier
(17), Griffiths and Finch (11), Griffiths (12), McGeorge
and Wharton (16) and Crider (6). McGeorge, Wharton and
Fragzier (17) made a somewhat similar study to that reported
in this thesis, doing their work in cooperation with com-
mercial growers, and following the growth of lettuce by
plant and soil analyses. However, they applied the ferti-
lizer themselves, determining the kinds, amounts, method of
plecement, etc. In addition yleld data were determined and

reported. The present study differed in that the tests were
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made on soils and lettuce crops under the grower!s own
system of fertilization and management, and samples were
taken at shorterrintervals of time from thinning through
harvest. This study is not a fertilizer study based upon
replicated plot tests. It was planned with the idéa of de-
termining, if possible, the response of the lettuce plant

to the treatments applied during thg course of production,
as not being followed, and in that sense constitutes a

test of various production procedures now in use in the Salt
River Valley.

The nutrient requirements of lettuce, like those of any
other crop, vary with climatic and soil conditions of each
region. In Arizona the nutrient requirement of lettuce per
acre of the average crop is 75 1lbs. of nitrogen, 2L 1bs. of
phosphoric acid and 120 1lbs. of potash. The results of the
present study show that these primary nutrients are taken
up by the crop in this same order. Differences in composi-
tion at maturity are in general influenced by variety,
location, soil type and other factors, hence limits of up-
take should be considered rather than mean values. The up-
take of nutrients found in this study varied in magnitude
in each case, but the order of uptake was the same in all
cases, with potassium taken up in greatest amount, followed
by nitrogen and 1astly; phosphorus. This relationship is

brought out in Figure 1, in which the nutrient uptake of
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N, P and X in the whole plant is plotted against time, for
two fields. The order is shown to be that mentioned above,
Wiﬁh phosphate taken up in comparatively small amounts.

The nutrient uptake by the plant as a whole increases
gradually with time and tends toward a maximum as maturity
is approached.

Growth in the lettuce plant can be measured best in
terms of dry matter produced. When the results for dry
weight per plant are plotted against time, as shown in
Figure 13, the curve turns out to be a typical sigmoid
growth curve. An interesting observation was that different
varieties of lettuce apparently have their own characteris-
tic growth curves. Three curves for Imperial ll. were so
- closely identical that they almost coincided, even though
the crops were grown on widely separated fields of d4dif-
ferent soil types, and under different systems of fertiliza-
tion and cultivation. In addition, the two curves for Im-

- perial 615 were practically identical. The curves have
slopes which correlate closely with the maturation and gen-
eral growth éharacteristics of these varieties. Imperial
615 is better adapted to low temperature conditions and is
usually ﬁianted in the winter. For this reason the growing
season is longer. On the other hand, the Great Lakes vari-
éty, of which.one curve is shown on the graph in Figure 13,
is more heat resistant and can be planted in late August or

very early September. The curve extends much higher than
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those of Imperial ll. variety, indicating that it forms
larger heads, but otherwise has much the same growth char-
acteristics as Imperial i, and a growing season of similar
length.

On the basis of the present study, the limits of con-
stituents as taken up by mature lettuce grown in the Salt
River Valley, expressed asvper cent on the dry plant basis,
was found to be as follows:

Nitrogen Phosphate Potassium Sodium

Tops 3.28~4.31 1.32-1.67 5.34-7.68 0.30-1.17

Roots 1.61-2.146 0.64-1.27 3.15-L.73 0.35-0.96
Analysis of lettuce grown in the Salinas Valley of Cali-
fornia (1l.) showed that it contained 6.51% potassium which
compares favorably with the results found in this study.
They also found a phosphorus content of 1.12% and nitrogen
2.65% which were less than those reported above. Data by
Beeson (3) on lettuce grown in the East showed maximum and
minimum vélues as follows: For potassium, between 3.69
ahd 7.91%; for phosphate, 1.73 to 3.22. These results com-
pare favorably with those found in this study with the ex-
ception that phosphate was slightly higher. Lettuce grown
in Colorado showed potassium l.85%, sodium 0.04%, and phos-
phate, 0.97% (2). Lettuce grown in the eastern coastal
states contained 3.55% potassium, 0.17% sodium, and 1.08%

phosphate (2).
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The results of McGeorge, Wharton and Frazier (17)
showed that lettuce plants contained about the same phos-
phate content as those here found, but were higher in
potassium and nitrogen. These differences may be due in
part, however, to differences in analytical methods used,
and not actually related to either cultural practices or
weather conditions, which may have prevailed at the dif-
ferent periods when the studies were carried out.

In connection with this study the question of bolting
of lettuce was also given slight consideration. Bolting is
often attributed to an unusually warm period prevailing
during the fall of the year which causes the plant to put
out a seed stalk without first forming a head. Others at-
tribute the condition to excessive phosphate fertilization.
Some attention was given to this phase of the problem by
being constantly on the watch for bolting plants. In gen-
eral there was very little bolting during the period covered
by this study. Raré instances were noticed, and samples of
bolting plants were taken and analyzed along with normal
heads from the same field. The results are shown in Tables
1l and 3. No appreciable difference was found in the N, P
and K contents of the bolting and normal plants, except that
the nitrogen and phosphate contents were slightly higher in
the bolting plants analyzed.

In Table 8 are shown some data relating to a computation



‘o8euwep TIBY 07 onp ©TYeTTBA® B3BP PTOTL ON

*oqBp JurTdures 4SJITJ 1037V
*92Ts usezop § pue T

OFS

spoxoed LaQ

R
wle
o~

At wda

119. b
suoN M 6T d WeoT Apuss
suoN 4  1if (CON)It ST9 uB TTOTON
# €6*T €°lz 0g N tigez (I)N  6€T TeTaedul J
. 02Te A
ouoN A Nm d ueoT
ouoN 4 gce (ton)n ST9 £eTo oABUOH
- o€z §g*62 0€T N 0/9¢ (L)N ThT T8TIodmT q ,
‘ 06t b
suoN I 2T .m d
ouoN 4 19 (“ON)N 1 urgoT uofe)
- g 6°z2¢ 99 N LA %A (1)x 86 TeTaodw] a
_ 9822 Pl
suou Y 6 d weOT
L€ d 19 Amozvz th  £LeTo usTTeIoN
--- IR RS 9*6 N 0092 (1)N 26 TeTaeduI D
o 0L8T !
ouoN I €T . d S ureoT
; ouoN d 09T (CoN)N so¥Bsl LeTo uol®w)
® zl2 LSz Leof STAR! 0992 (L)N g 180dD g
809 !
ouoN I YA - - d
ouoN d 6§ (CoN)IN M WO SABUON
= 162 Ll*T €22 0€ N 026T (T)N 29 TetaodwT v
O S SR ;uﬂ\.mnﬁ ) . —
.¢\mopm&o gpo0y sdo] » Depp® .ph.ﬁ\.mnﬁ - ¢skep - LaoTavp reddoad
PTOTX CqueTd SqUeTJIINU 3J83E 38 [T0s ur poTaed PIOTA
Jod +qm Lag TBny oY YLMOIYH .

£QUOTI4NU TBNLOY

ALTUALVA 4V d0¥D HEDALLET ANV SNOILVOITddY HEZITIIMEA NHEAMLIY NOIIVIEY

8 HIdVL



3l

of nutrients in the soils of the six fields, and the ferti-
lizers added by the grower. It can be seen from these re-
sults that the soils contained unusually high amounts of
total nitrogen and potassium, and in two cases extremely
high amounts of nitrate nitrogen. Phosphate was ample in
most cases for good plant growth. The high amounts of
available potassium (water-soluble and exchangeable) make

it unnecéssary to fertilize lettuce with potash, in spite of
the high.potassium requirement of this crop. Phosphate ferti-
lizer, 1t was noted, 1s frequently applied by broadcasting,
often prior to planting, and the analyses of the soils
showed that much of the phosphate applied in such a manner
must have become unavailable by reversion or fixation.

Much of the nitrogen is applied as ammonia gas in the irri-
gation water, and many growers apply other nutrients in
liquid form by the'same means.

In general 1t was observed that the fertility level of
the soils was maintained high, far above the recognized de-
ficiency limits. It is evident that the present practice in
growing lettuce is'to maintain a high nutrient level and an
ample supply of water, to help provide optimum growing con-
ditions for the crop throughout the season. By doing so
the crop is never put under stress of any kind and high

yleld and guality of crop can be achieved.



- SUMMARY

l. A study has been made of the uptake of nutrients
by lettuce under field conditions and under various systems
of fertilization.

2. ‘Arrangements were made with six successful lettuce
growers of the Salt River Valley to sample certain fields.
These growers also supplied data concerning the kinds and
emounts of fertilizer applied, dates of irrigation, yields,
and other information.

3. Three varieties of lettuce were included in this
study. Six commercial fields, representing three different
soil series of vafious surface textures, were the source of
the soil and plant samples. Sampling was randomized as far
as possible to provide representative samples.

li. Samples of both crop and soil were taken for anal-
ysis from watering up until harvest, at approximately ten-
day intervals. Analyses were made for the primary nutrients
and sodium on the plant and soil samples,.and in the case
of the latter, pH, soluble salts, and texture were deter-
mined. Results of the analyses were calculated as per cent
éﬁ the dry plant baéis, as well as dry weight per plant.
Thus the results could be interpreted quantitatively.

5. The soil analyses showed that high nutrient levels

are being maintained for the optimum growth of lettuce,
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considerably above the‘deficiency limits.

6. The plant analyses indicate that potassium is ab-
sorbed by lettuce in greatest proportion, then nitrogen,
phosphate, and sodium, in that order.. No deficlency symp-
tqms were observed at any time during the growth period of
the crops studied.

7. The growth cruves obtained by plotting dry weight
of the whole plant against time after watering up, were
found to be sigmoid, and proved to be almost identical for
the individual varieties growing under widely different
conditions.

8. It was evident from the analyses that the lettuce
plant takes up the major nutrients within certain limits
regardless of the amounts available in the soil. Undoubted-
ly the plant indulges in luxury consumption to some extent,
but excessive applications of fertilizer over and above the
amount reguired by the crop does not result in a corres-
‘ponding increase.in yield.

9. Sodium was determined in addition to the primary
nutrients in thé plant material and soils, although it is
not generally regarded as a nutrient. It was found on the
pér cent dry basis in the dry plant, that sodium appears té
increase in the roots while all other elements decrease with
time~éfter watering up. It is taken up by lettuce approxi-
mately in proportion to the amount of soluble or exchange-

able sodium in the soil. .
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1O.A This study bears out theffact that commerclally
grown lettuce is’being produced under.conditions'of un-
usually high fertilization and irrigation. Such favorable
conditions are maintained that the plant is never put under
stress of any kind, hence as far as soil fertility is con-~
cerned, providing conditions are favorable, the maximﬁm
yield and quality of crop should be attained under the

existing fertilization practices.
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