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STUDIES IN LETTUCE SEEDBED IRRIGATION
UNDER HIGH TEMPERATURE CONDITIONS
By
M. F. WaarTton, Department of Horticulture,

and
Crarrgs Honare, Department of Agronomy

INTRODUCTION

The production of head lettuce during the fall season in the Salt
River Valley of Arizona is accomplished under climatic conditions that
are abnormally severe at planting time. The seed must be sowed in
September, usually between the tenth and fifteenth, in order to mature
the crop at a time when market conditions are normally satisfactory,

Borthwick and Robbins * have shown in their recent work that let-
tice does not germinate well at temperatures above 77° ¥. The daily
air temperatures during the month of September in this region are suffi-
ciently high to keep the soit surface temperature above this critical point
except for a few hours during the night. The average for the past 10
years (Fig. 1.) shows a maximum temperature range above 90° F. for
this period and a minimum range between 60° F. and 70° F. The mean
daily temperature is found to be near 80° F. for the first half of the month
and diminishes gradually during the latter half. This temperature pic-
ture presents a climatic condition that is dangerously near the crigical
point for lettuce seed germination. The ¢climatic situation is particularly
menacing when the method of planting the seed is considered. Lettuce
seed is planted commercially with drills only one-quarter of an inch deep
and mudh of it is even nearer the surface.

Commercial lettuce growers have recognized high temperature as a
serions handicap and have aitempted to modify it by irrigation. The cus-
tomary practice has been to maintain a continual irrigation for a period
varying from 72 hpurs to as much as 10 days following seeding, in the
hope that the cool irrigation water in the furrows would in a measure
reduce the soil temperatures to the range of germination. Frequent fol-
low-up irrigations have been given at short intervals after the initial irri-
gation, with the thought that a continuously wet.seil above the seed would

* Lettuce seed and its germmatlon H. A Borthwick and W. W, Robbins, Hilgar-
dia, Vol. 3, No. 11, May 1928
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Fig. 1.—Ten year (1920-1929) averages of temperature, wind movement and evapor-
ation at University Experiment Farm, Mesa, Arizona.

assist the plant in breaking through the soil surface. It was alsa helieved
that these frequent irrigations would tend to maintain a cool soil tempera-
ture.

The soils adapted to lettuce culture in this valley are of a clay loam
type and this irrigation practice has resulted in a great deal of puddling
with its deteriorating effect on soil texture. It is thought that this has
been a factor of major inportance in rendering land unsuited to further
production of lettuce after a 2-vear period of cropping.
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Considerable difficulty has been experienced in obtaining and main-
taining commercial stands of plants during the fall. Many growers have
not been able to obtain favorable stands consistently and others have
reported that the lettuce started well but a high percentage of the plants
died within a few days after emerging from the soil. The sickly condi-
tion of lettuce on soil subjected to this irrigation program, and the loss
of early plantings, have been directly attributed by Drown * to impaired
®ration from puddling and over irrigation.

The prevailing fall lettuce irrigation schedule has developed an eco-
nomic problem in water usage as well as a problem in the efficient distri-
bution of irrigation water over a large acreage at the same time. The
greater part of fall lettuce acreage is seeded within a 10-day period and
requires irrigation water over this entire acreage for several days. This
has severely taxed the capacity of the distribution system. The
waste in run-off water from continnal irrigation during this time has
greatly increased the cost of production. The 3 acre-feet allotment of
irrigation water for the entire year is often completely used up on lettuce
and additional water must be purchased for the cantaloupe crop that nor-
mally follows.

These conditions suggested the need of investigation, and the follow-
ing experiment was initiated in Septemiber, 1928, to study the effects of
various irrigation treatments on soil temperature and on the root growth
of lettuce seedlings.

THE EXPERIMENT
PROCEDURE

The field studies were made during the first 10 days of September 1928
and 1929 on the Salt River Valley Experiment Farm, one mile west of
Mesa, Arizona. The soil here has heen classitied as Laveen clay-loam by
the United States Bureau of Soils ¥ and is representative of a consid-
erable acreage devoted to fall lettuce production.

IRRIGATION TREATMENTS

1. Plots i nnd fa. Tirst irrigation for 72 hours, water was then off
for 12 hours, on for 24 hours, off for 24 hours, on 24 hours, off 48 hours,

* What makes young lettuce die, J. G, Brown., Arizona Producer, Vol. 9, No. 18,
December 1, 1930,

+ Soil Survey of the Salt River Valley Area, Arizona, by W. G. Harper, in charge,
F. Q. Youngs and A. T. Strahorn, U. & Department of Agriculture and 5. W.
Armstrong and H. C. Schwalen, University of Arizona. U. 8. D. A, Bur, Chem.
& Soils, No. 32, Series 1926.
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and on 24 hours. This treatment was modified during the 1929 season
as follows: An initial irrigation of 72 hours and following irrigations
were applied at intervals short enough to insure a thoroughly wet soil
surface to the end of the experiment.

1. Plots 2 and 2a. Tirst irrigation for 72 hours and then allowed
to go without further irrigation until the soil surface over the seed had
dried enough to start crusting. A 48-hour irrigation was then applied.
No farther irrigation was given.

III. Plots 3 anc 20. First irrigation for 24 hours, the soil surface
over the seed was allowed to dry until it started to crust and then 24 hours
of irrigation was given. This treatment was repeated to the end of the
experiment,

V. Plots 4 and 4a¢. ‘The first irrigation was applied until the beds
were thoroughly soaked. The soil surface of the heds was kept wet with
frequent irrigations until the end of the fourth day. . No further irriga-
tion was applied for the rest of the experiment,

V. Plots 5 and 5a. First irrigation for 12 hours, the soil surface
over the seed was allowed to dry until it started to crust and then was
irrigated until the bed was soaked through, This treatment was repeated
until the end of the experiment.

VI. Plots 6 and 6a. TFirst irrigation was applied until the beds were
soaked through. The soil surface of the beds was kept wet by frequent
short irrigations until the end of the experiment,

Each experimental plot consisted of two beds, one high and one low,
48 inches in width from furrow fo furrow, and 20 f{eet long. The soil
surface of the high bed was approximately 2 inches above the water level
in the furrows, when they were filled for irrigation, and the surface of
the low bed was just high enough ahove this level to prevent flooding.
Borders, 4 feet in width, separated the plots to prevent lateral irrigation
effect and served as walks when recording data. (Fig. 2.)

The irrigation water was distributed to the individual furrows by lath
spiles from the head ditch. Similar spiles were set in the ends of the
furrows to maintain a uniform water level and also to provide run-off for
excess water. ‘The plots were small, as it was impossible alwavs to obtain
ditch water when needed, and several times it was necessary to use the
domestic supply.

The seedbeds were planted with 2-year- old seed of the New York Mar-
ket variety, commercial strain, of head lettuce. The seed was drilled
into the soil in the regulation commercial manner to a depth not exceed-

ing one-quarter of an inch. Two rows, 24 inches apart, were planted on
each bed. :
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Fig. 2—Field investigation plots showing low and high bed. Temperature records
taken at stakes.

TEMPERATURE STUDIES

The soil temperature readings were taken in the seed row in the cen-
ter of the plots (Fig. 2.) by inserting calibrated thermometers into thi
soil to the designated depths. The readings were all taken in approxi-
mately the same location, but care was taken to place the thermometers
in undisturbed soil for each reading. Three sets of thermometers were
used in rotation during the recording of the readings and each set was
left in place until the absolute reading was assured. Soil temperatures
were recorded every four hours from six o'clock in the moning on Sep-
tember 1, during the first four days and nights, after which the night
recordings were discontinued.

The surface soil temperature was obtained by inserting a standard
laboratory mercury thermometer into the soil until the mercury bulb was
covered. In reality this temperature reading is a record of the one-half
inch surface temperature. The 3-inch temperature was obtained in a
like manner by inserting a copper-jacket soil thermometer into the soil
to this depth. Temperature readings were made in the high and low beds
of all plots and their duplicates and the respective duplicate readings
were averaged., Irrigation-water and air-temperature readings were
recorded at the same time.
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A continuous air-temperature record was obtained from a thermograph
installed in the center of the plots. umidity and wind readings were
taken from the records of a United States Weather Bureau station located
50 feet from the plots.

The temperature records of treatments I, V, and VI * have been
selected as representative of the mean and extremes of irrigation practices
employed. The temperature records taken at 6 am., 2 p.m., and 6 p.m.
are used in the charts as these present the relative maximum, minimum,
and approximate mean of the readings during the day. The readings at
10 a.m. follow those at 6 p.m. very closely and the night temperatures are
near those of the air. It is practically impossible to include all tempera-
ture readings on one chart, for comparison, as it becomes too involved
for accurate analysis and ease of reading. The charts as presented are
by days, beginning and ending at 6 a.m., and the temperture points are in
their respective locations of time. Air temperatures are shown by tem-
perature readings of 2-hour intervals from the thermograph records. The
initial irrigation started on the day previous to the chart, and only the
irrigations applied after 6 a.m. on September 1 are shown.

Air temperatures and evaporation records for September 1928 (Fig.
3} show that this season was abnormally warm and dry when compared
with the 10-year average for this month {Fig. 1. Records for the fol-
lowing September (1929} indicate that thi month was considerably below
the average in temperature and evaporation, [t is believed that the
experimental data here presented for these 2 vears are typical of the
relative extremes of climatic conditions in the Salt River Valley during
September. These data should then he applicable to all conditions within
thiese limits, varying proportionately with climatic changes.

Surface-soil temperatures of the low beds (Fig. 3} during 1928 main-
tained a maximum above 90° ¥, until the last day of the experiment.
It is interesting to note that there is little consistent difference between
the maxima of the irrigation treatments. Treatment I, the very wet or
long irrigation treatment, shows a slightly higher maximum during the
first half of the experiment. The irrigation water during this périod
ranged in temperature from 70° F. to 80° F. and evidently had little
effect on the surface-soil temperature in the seed row of this plot. The
temperature of the soil surface in treatment V, increased rapidly as the
surface started to dry. This is particularly noticeable on September 7
and 10, but quickly returns in line with other treatments when the soil
is again wetted by irrigation. During this vear the temperatures of the
soil surface were depressed well below maximum air temperatures. The
evaporation was uniformly high, being well over one-quarter of an inch

* Jrrigation treatments are shown in the charts as plots T, ¥V and VL.



LETTUCE SEEDBED IRRIGATION 289

1928
TEMPERATURE
J{R . -
7y I . . H it
s0 7%; g“ﬂ : s ;E
[T ™ R
g T TR
use L ; t
<«
b N
H Foda
o A 3 "k‘ﬂ_‘:_ﬂ._
olPter 4
‘lPLor 5 —x—
PLOT 6-~—-~
g
IRRIGATION
S —x—x - i e -
P WIND-EVAPORATION o
b [y
x - e 7y ] L
b = —
> S R PR . 'M-—- ‘,Z
[y B N Y
- . - ~ L =
Y - . - 4
LT - d Ly
] L. 2]
1929 _
TEMPERATURE
oo
g0 2 -
g
waol F :
w T Tt H
x o ;
" : 2 :
oy . S N
“ro o -
[ b VLI I
AR . T N I Bt
solPLOT / LS :
PLOT &5 —x—
PLOT 6----
50
IRRIGATION L
‘ WIND —EVAPORAT/ON J’:
." -
¥ 3
x —— -3
: ’_,_-" \\/\h““"':':':‘:‘:““"‘%--""-'__" T ap
i o P RN & << DR BT
= .l
L] et
2 3 3 5 6 7 8 g 5

SEPTEMBER

Fig., 3.—Surface soil temperatures of low heds under irrigation treatments I, V,
and
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per day. The maximum soil temperatures varied inverscly with the
evaporation rate in a consistent manner throughout, being most noticeable
during the period of September 2 and 3 and again from September 8 to
10 inclusive, This correlation holds true between temperature and wind
movement, but not to such a marked degree.

The climatic situation during September of the following year (1929)
presents a somewhat different set of conditions. There was considerable
rainfall and much cloudy weather during the first 4 days and the evap-
oration rate during this time was exceptionally low. The weather cleared
after the fourth day and the temperature and evaporation hoth increased
rapidly and were quite high to the end of the experiment.

Surface-soil temperatures during the 1929 season were uniformly quite
close together as in 1928 for all treatments. During the first 4 days, when
the evaporation rate was low, the surface-soil temperatures were con-
sistently higher than those of the air. This was no doubt due to a build-
ing up of heat without the cooling effect of normal evaporation. During
this period there was evidenced a slight coaling effect from the irrigation
water in treatment I, as this was the only treatment with water running
in the furrows, and the maximum temperatures were consistently lower
than the other irrigation treatments. TDuring the latter half of the experi-
ment, the evaporation and air temperature rose steadily and the soil
temperatures were considerably depressed below those of the first half,
and were somewhat below that of the air. The cooling effeet from evap-
oration was not as much in evidence during this season, but the relation
between evaporation and seil surface temperatures was again in evidence
for the periods of September 2 and 3, and Septetnber 5 and 7. The in-
crease in soil temperature coincident with surface drying was again noted
on September 7 and 10 in treatment V. Thesc temperatures quickly
returned to normal with the other treatments as soon as the soil was
wetted.

The soil surface temperaturces at & p.m. showed little differences that
might be related to irrigation treatment, excepting in those instances
where the soil in treatment V showed evidence of drying. All threc irri-
gation treatments were in such close agreement that they may be con-
sidered uniform for both seasons at this time of day.

The minimum temperatures recorded at 6 a.m. for the surface soil
are in consistently close agreement for all treatments and are considered
to be without significant difference during either season. The minitmum
temperature closcly follows the air temperature regardless of irrigation
treatment or evaporation except for a period of 3 days, September 4, 3,
and 6 in 1928, This discrepancy can be accounted for only in the possi-
bility of a dry, warm desert night wind that may have materially in-
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creased the evaporation for a short time. The possibility of error in
reading temperatures is minimized as the thermograph readings check
accurately with the U. 5. Weather Station records, 50 feet away. It is
evident from the consistency of these curves and their close agreement
that irrigation has no significant effect in altering the soil minimum tem-
perature from that of the air. The’close agreement between the driest
treatment (V) and the wettest {I) serves as a basis for this conclusion.

Temperature differences between the respective irrigation treatments
on the high beds were found to be directly comparable to those for the low
beds.  Inasmuch as there is no consistent significant difference between
the irrigation treatments they were averaged for each type of bed and are
shown in figure 4.

There was little diffcrence in the maximum soil surface temperatures
between the respective beds in the 1928 scason. However, in 1929 it was



292 TECHNICAL BULLETIN No. 33

fgzé8 i2z2g
ArR
;oaf f@ +
i Ara
NI T N A
S N 72 FOE N T 8 R faw
> . F— ! Sl P FE e ) : g
‘i”_: i ;ka.._h HE : o B R I /
i B “_”'_._._.—__-—‘R'Qé:‘ ' 64::; -': ':rop‘iw
AP S § Y _E._E//hhﬁh; : .
a 1 — v A
[ ¥R k
&0
sl
7 2 3 4 5 7 2 3 4 5

SEPTEMEELR
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noted that the low bed was consistently cooler during the first five days
when the evaporation rate was low. During the latter half of the experi-
ment when the evaporation rate had materially increased, the reverse was
true. The differences are so slight as to be considercd of minor import-
ance in cultural practice.

Phe minimum temperatures are in close agreement and significant dif-
ferences arc not in evidence,

There is a consistent ditference in favor of the high beds in that they
cool off more rapidly toward evening as shiown in the temperature records
at 6 p.m. {Fig. 4). This cooling effcct in favor of the high beds is
coincident with a high evaporation rate as the low beds were somewhat
cooler during the first 3 days of the 1929 season when the humidity was
quite high and the evaporation rate was exceptionally low.

The temmerature differences hetween low and high beds are not suffi-
ciently great to warrant the use of high beds as a cultural practice. The
additional cost of the extra irrigation water nccessary to wet the high
beds and to keep the surface of them wet is not compensated for by a
sufficiently favorable difference in temperature.

The soil surface temperatures are ¢xtremely important for the night
hours as during this time the temperature of the seed must be low enough
to allow moisture and oxygen absorption for germination. Borthwick
and Robbins (1) have stated that 8 hours below the critical temperature
of 77° T is sufficient for this action provided there is a normal supply
of oxygen and moisture about the secd. Figure 5 shows that this inter-
val of time below the critical temperature was present even in the abnor-
mally warm season of 1928, The evaporation rate during the night is so
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Jow that no significant difference coukl be expected or was noted between
any of the irrigation treatments or hetween the different types of beds and
they are averaged and so presented in the chart.

A study was made of the temperatures at 3 inches as it is known that
extremely high temperatures are inhibitorv to favorable root growth in
the scedling lettuce plant. These temperatures for the low heds are shown
in figure 6. Only maximum and minimum temperatures are given, as
the range is so narrow that the other readings would tmake analysis difh-
cult. Here again it is noted that there were no consistent differences
between treatments excepting in those instances where the soil of treat-
ment V began to dry out with its accompanying rapid rise in temperature
due to the reduced evaporation from the surface. A slight difference is
noted in favor of treatment I, the heaviest irrigation treatment, early in
the season of 1929 when the evaporation rate was low. With these minor
exceptions the maximum temperatures are in close agreement.

Minimum soil temperatures at the 3-inch depth are uniformly so close
together for both seasons that no significant difference could be ascer-
tained. Here again, the minimum readmgs fluctnate with, and are very
close to, the minimum air temperatures.

The temperatures at 3 inches were averaged for the low bed and for
the high bed, and these averages are shown in figure 7. No consistently
significant difference is in evidence.

The 3-inch temperatures were in the root zone of the young seedling
lettuce plants. Although the favarable temperature range {or germi-
nation is below 77° ., Borthwick and Robbins (1) report that lettuce
seedlings will grow favorably at temperatures up to 100° T, and that the
first indication of root growth retardation is noted at 104° F. The soil
temperatures in this experiment have all been welt below this point under
all types of irrigation.

ROOT STUDIES

Root measurements were used to study the response of lettuce seedling
growth to different soil moisture conditions. An attempt was made to
remove a representative number of typical plants from each plot by
carefully washing out the root systems. The heavy texture of the soil
and the fragile nature of the lettuce roots soon demonstrated that this
procedure could not be relied upon for accurate data. It was impossible
to obtain even a single complete root system as many of the small roots
were broken and lost. This phase of the experiment was postponed for
later study where more effective meaus of root removal could be employed.

OQutstanding differences could be noted in the effect of the irrigation
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treatments on the soil texture and plant growth. Observational notes
were taken af the end of the experiments and a composite report for both
seasons is here presented,

Treatment I. The germination was seriously affected under this
treatment and the estimated commercial stand was only 10 percent on the
low bed and 50 percent on the high hed.  The soil was badly melted down
and waterlogged with the low bed in the poorer condition. The plants
were small, yellow, and of a general sickly appearance.

Treatment If. The stand of plants on the low hed was only slightly
better than that of the previus treatment but the high bed was much bet-
ter with a fair commercial stand. The soil condition of both beds was
slightly better than that of treatment 1. Little difference could be noted
in the general vigor of the plants,
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Treatment 111, Tigh and low beds had a favorable commercial stand
of plants that were much sturdier, particularly along the soil cracks, and
of better color than those of the above treatments. The soil condition was
also improved materially although there was a considerable amount of
surface cracking. '

Treatment IV, An excellent commercial stand was produced on both
beds. ‘The soil condition was good hut badly eracked. The plants were
of good color and vigorous growth,

Treatment I7. 'I'he plants under this treatment were decidedly retarded
in growth but of good color and numerous enough to be estimated as a
perfect commercial stand. Soil conditions were excellent with a mini-
mum amount of surface cracking.

Treatment I'1. A perfect commercial stand of thrifty vigorous plants
was present on both beds. The soil condition was good with a moderate
amount of surface cracking along the plant rows.

The effect of the frequent and continued irrigations was to puddle the
soil badly with resultant cracking. The surface texture was in very poor
condition at the end of the experiment. !’lants produced from these
treatments did not have a vigorous or healthy appearance and the stand
was too scattered to be considered favorable for a commercial crap.

The driest trcatment {\') was the least harmful to the surface soil
texture as there was a minimum amount of puddling and cracking. The
plants were somewhat retarded in growth from the wide range in socil
moisture, but were healthly in appearance. The seil meisture condition
was evidently favorable to germination as a perfect commercial stand of
plants was secured,

Treatments IV and VI arc considered to be the most desirable from a
commercial standpoint.  Although the soil texture was slightly impaired
by these irrigation treatments, a commercial stand of vigorous, healthy
plants was sccured. The water required was reasonable in amount and in
number of applications and it was felt that the excellent condition of
plants and soil texture warranted the selection of one of these as the
preferable treatment.

A series of pot studies was conducted at Tucson immediately following
the field experiments. The air and soil temperatures were somewhat
lower and more favorable for germination and growth of lettuce than
those of the field trials. Twenty clay pots of the 12-inch size were seeded
to lettuce for each of the irrigation treatments. These pots were buried
in the soil until the soil surface within them was approximately an inch
above the normal water level when they were irrigated. Treatments I,
V, and VI were used in this root study. Two representative pots were
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selected daily from each treatment and the plants were carefully washed
from the soil. The root systems were measured by floating them out on
a glass plate over centimeter cross-section paper.

Root measuréments of the pot studies are shown in the chart of figure
8. The slowest root development is found under treatment I with its
excess of soil moisture during the first several days. The plants from
treatment V, which alternates from wet to dry, are somewhat further
advanced in root development. The root development from plants under
irrigation treatment VI is consistently greater than those of the other
treatments. 1t is interesting to note that the differential between treat-
ments I and VI is consistent thronghout. From this it may be assumed
that the retarding effect of excess soil moisture occurs early in the life
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of the lettuce plant. This is further confirmed by the root development
under treatment V where it is noticed that the retardation is considerably
overcome as the soil dries out. The optimuin condition is found in the
irrigation practice of treatment VI where only enough water is applied
to wet the soil and free drainage assures favorable sration.

WEAX AND STRONG SEED

A lahoratory test of the vigor and viability of several lots of lettuce
seed suggested a study of their response to these different irrigation
treatments. The vigor of the seed had been ascertained by germina-
tion and growth rate tests under controlled conditions.

Four samples of seed were selected from each class with the following
germination records:

Weak seed — 55.2%, 59.5%, 84.0%, 88.0%

Strong seed — 95.7%, 98.0%, 99.5%, 99.5%

One hundred seeds were planted, one-quarter of an inch deep, in each
12-inch clay pot and each seed sample was replicated in quadruplicate for
each irrigation treattnent. The pots were buried in coarse sand that filled a
three compartment zinc lined table. Each compartment was equipped
with drainage control and water supply and during the irrigation periods
the water level was maintained at a constant as the water ran into and out
of the compartment.

The irrigation treattents were modified somewhat from those used in
the field as the humidity and temperature were such as to prevent rapid
drying of the surface soil. The modified irrigation treatments were:

Treatment I.  Free water was kept in the soil constantly for 6 days by
maintaining continuous irrigation throughout this period. The water level
in the compartment was maintained one-half inch below the soil surface
within the pots.

Treatment I1.  Theirrigation treatment here was identical with I. The
water level was maintained 2 inches below the soil surface within the
pots.

Treatment 111, Irrigation water was applied until the soil was thor-
oughly wetted within the pots. Free drainage was established immedi-
atcly following the irrigation and was maintained to the end of the experi-
ment. .

Two representative pots were selected from each seed sample and irri-
gation treatment and the plants were completely removed from the soil
by careful washing. Twenty tvpical plants were saved from each two
pots for root measurement.
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A composite weighed average of the root measurements from two dif-
ferent series was made and is shown in Table 1.

TABLE L—AVERAGE ROOT GROWTH IN CENTIMETERS OF 2-WEEKS-
OLD LETTUCE PLANTS FROM WEAK AND STRONG SEED UNDER
IRRIGATION TREATMENTS I, II, AND IIL

Irrigation treatment
I II | ITI
Weak seed 23 em. 29 em. 33 cm.
Strong seed 49 cm. 5.8 cm. 5.8 om.

The root development of the plants from the weak seed shows a con-
sistent increase from the saturated soil, treatment I, through to treatnient
III which has a sufficient amount of seil moisture as well as proper =ra-
tion. The wet treatment has a decided effect of retarding root growth in
plants from the strong seed. Treatment IT which is at field carrying soil
meoisture capacity from capillary action does not exhibit any detrimental
effect on the root growth of the seedlings from strong seed as compared
with the more favorable soil, air, and moistitre conditions found in treat-
ment III. The increased vigor of the plants from strong seed was evi-
dently able to overcome the unfavorable conditions found in treatment I1
but not fully able to combat the severe condition of treatment I. These
plants from strong seed were able to grow to much better advantage even
in the severe conditions than were the plants from the weak seed as
shown by their greater root development.

The distribution of the plants by root measurement is shown in Table
I1, as composite totals of weak and strong seed hy irrigation treatments.

This distribution further confirms the average root measurement data
as there is a concentration of plants, from the weak seed, within a very
narrow range as compared to the range of distribution found in the plants
from the strong seed. The same relative effect of the irrigation treat-
ments is found to be somewhat more striking in this table when the regions
of concentration are considered. The detrimental effect of the irrigation
treatments on germination may be more fully realized from this table as
it was impaossible to obtain the required number of plants from two pots
of the wealk seed. There is marked evidence in favor of irrigation treat-
ment IIT as it was possible to obtain a greater number of plants for study
from the two nots of weak seed.
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TABLE IL.— DISTRIBUTION OF PLANTS, FROM WEAK AND STRONG
SEED, ACCORDING TO TOTAL ROOT GROWTH IN CENTIMETERS.

THIS 1S A COMPOSITE TABLE OF TWO SERIES OF GROWTH
STUDIES UNDER IRRIGATION TREATMENTS I, II, AND I11L.
Irrigation tredtment : ] 11 Il
Length of roots II
in centimeters | Weal Strong | Weak Strong | Weak Strong
je2 12| 2 | 3
2-3 22 1 24 2 24
3-4 12 13 11 3 23 3
4 5 | 20 4 20 13 14
5- 6 1 36 1 17 1 28
6- 7 | 9 18 3 | 27
7- 8 ‘ I 8 3
78 g | !
9-10 | 1
1011 ‘ 1
| | 1 | |
Number of | | |
plants  washed I 47 | &0 42 s 67 [ 80

Fig, &.—Plants grown under irrigation treatment 1. Teft to richt the first two
are from weak seed, the next two from strong seed and the last is a standard for
comparison.
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The effect of these irrigation treatments is further illustrated in figures
Y, 10, and 11. Reading from left to right the first two pots and plants
in each picture are from weak seed, the next two are from strong seed, and
the last is from a standard strain of seed used as a basis of comparison.
These pictures were obtained several days after the root measurements
were taken which acounts for the greater root growth.

The poor germination from the weak seed is much in evidence in the
pots from treatments | and Il and the germination in treatment 11T is
considerably below that of the strong seed. The germination rate of the
strong seed does not seem to be greatly affected by the irrigation treat-
ments.

The root and top growths of the weak seed, under the first two treat-
ments were decidedly weak compared to the plants from the same seed
under treatment IT1. The roots were spindly with very few laterals. The
tops were vellow, the leaf margins had started to curl inward and turn
brown and the entire appearance was that of a plant just barely alive.
The plants from the same seed, under treatment 111, had developed much
better root and top systems and gave every evidence of continuing growth

—

Fig. 10—Plants grown under irrigation treatment 1. Left to right the first two
are from weak seed, the next two from strong seed and the last is a standard for
comparison,
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Fig, 11.—Plants grown under irrigation treatment 111, Left to right the first two
are from weak seed, the next two from strong seed and the last is a standard for
comparison.

although they did not compare favorably with plants from the strong
seed. There was a distinet effect of root and top retardation in the plants
from the strong seed under irrigation treatment [.  Little difference could
be noted in the root systems of the plants from the other two treatments
except that the laterals were somewhat suppressed, below the water level
of 2 inches from the surface in treatment 1. The plants from treatment
ITT were vigorous and had an extensive, well-developed root system with
a uniform distribution of laterals the entire length of the tap root.

SUMMARY

1. The evaporation of moisture irom a wet soil surface is the major
factor infuencing the temperature of the surface 3 inches of soil during
the hot weather of early fall in the Sdalt River Valley.

2. Continual irrigation with cool water has an insignificant influence
on soil temperature, under hot weather conditions, as the cooling effect is
lost by the time the irrigation water reaches the plant row through lateral
penetration.

3. The cooling effect of moisture evaporation from a wet soil is pro-
portional to the evaporation rate and wind movement,
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4. Night soil temperatures, during September in the Salt River Valley,
are within the range favorahle for lettuce seed germination for a sufficient
period to insure commercial stands of plants in the warmest weather,

3. The irrigation program that insures a continuous moist soil sur-
face with a minimnm amount of water has been found to be most desir-
able in producing favorable temperatures and soil conditions for germina-
tion of lettuce seed and for subsequent growth of the young seedlings.

6, Continuous or heavy irrigations are detrimental to soil texture as
they are conducive to puddling, cracking, and poor zration.

7. The presence of excess moistutre, above the field-carrying capacity
of the soil, retards root development and growth af the lettuce plant due
to its impaired eration.

8. Lettuce plants from strong, vigorous seed are able to overcome
unfaverable soil-moisture conditions although their growth is greatly
retarded. .

9. Lettuce plants from weak seed are unable to develop and grow
except under the most favorable conditions of soil moisture and ®ration.

10. 'The germination aof strong lettuce seed is not adversely affected by
poor ration to the extent of commercial loss. Germination of weak seed
is suppressed to the point of almost complete failure except under the
mast favorable conditions,

11. It is believed that only the strongest and most vigorous lettuce
seed should be used in commercial plantings to insure a stand of vigorous
plants able to overcome minar unfavorable soil conditions,






