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ABSTRACT 

An experiment was conducted with lettuce under trickle and 

furrow irrigations, to study and compare the effects of temperature 

and irrigation on germination and yield and the soil moisture dis

tribution. Four water regimes were applied including three trickle 

and one furrow treatment. Evaporation, soil and air temperatures 

were measured or estimated. Fresh and dry weights of plant samples 

were determined. Soil moisture contents at different locations 

were measured. 

Air temperatures were higher than the normal temperatures 

for the period 1941-1970. The maximum soil temperatures were lower 

near the plant in the trickle than in the furrow treatments. A 

better stand and less "blanks" were observed in the trickle than in 

the furrow plots. 

The yield obtained from the trickle and furrow treatments,at 

the mature stage were statistically the same. The soil moisture con

tents determined by the gravimetric method were greater than those 

obtained by the neutron probe method in both the trickle and furrow 

treatments. 



INTRODUCTION 

In the last decade, trickle (drip) irrigation has been exten

sively used in many countries around the world. Gustafson (1976) 

reported that the total trickle irrigated area in the world was approx

imately 110,000 ha in 1975 and estimated to be 350,000 ha in 1980 

(Bucks, Nakayama and Warrick, 1982). 

Relative merits of the trickle over other irrigation methods 

have been claimed. The trickle irrigation method permits a better con

trol of irrigation with respect to the magnitude of applications, the 

frequency of irrigation intervals, the duration of irrigations, the in

tensity of application rate and the delineation of the irrigated area to 

the close proximity of the plant. A better water use efficiency results 

and, consequently, a considerable amount of water may be saved. In ad

dition, other benefits have been attributed to trickle irrigation such 

as better management of the saline water and fertilizers, a decrease of 

the soil temperature and evaporation, and an increase of yield. All 

these advantages have aroused an interest to compare effects of trickle 

and furrow irrigations for vegetable crops. For this purpose, an experi

ment was conducted in Fall 1981 with lettuce under trickle and furrow 

irrigations at the University of Arizona Experiment Station at- Marana 

located in the Avra Valley 29 kilometers northwest of Tucson. The 

objectives are to compare: 

1 



1. The thermal regime of trickle and furrow irrigated lettuce during 

the full crop growth cycle. 

2. The effects of the irrigation methods and amounts of water applied 

on yield. 

3. The soil moisture distribution as determined by both the neutron 

probe and the gravimetric methods. 



CHAPTER 1 

LITERATURE REVIEW 

Environmental Parameters Influencing 
Germination and Growth 

Temperature 

Lettuce is a crop which is sensitive to high temperatures, es

pecially during emergence and early stage of growth. Johnson and 

Marsh (1972) reported that a constant temperature of 30°C may lead to 

a dormancy for a wet lettuce seed. However, they mentioned, a higher 

temperature may be tolerated if lettuce seed was exposed to lower 

temperatures for a minimal time interval. Under laboratory conditions, 

lettuce seed was found to tolerate temperatures as high as 35°C if in

cubated approximately 10 hours before at 25°C. Likewise, under field 

conditions, a similar result was obtained by an appropriate management 

of irrigation. An improvement in seed emergence was registered for a 

night irrigation starting at 7:30 p.m. as opposed to a day irrigation 

starting at 7:30 a.m. They related this to the lower soil temperatures 

following the 7:30 p.m. irrigation as compared to the higher tempera

tures following the 7:30 a.m. irrigation. A better seedling stand was 

also observed for a 24 hour initial irrigation rather than for a 12-

hour initial irrigation. They attributed this effect of longer initial 

irrigation to a more complete leaching of salts from the seed zone. 

Pew et al. (1977) said that for early fall crops, heavier soils are 

more appropriate as compared to lighter sandy soils. They mentioned 

3 



4 

that finer textured soils have higher water holding capacities and are 

usually cooler. However, they noted coarse textured soils located in 

warmer areas are more amenable for late fall and early spring crops. 

Freuberg, Cotler and Urquhart (1974) conducted an irrigation experiment 

with sweet corn. For the period 1972-1973, they studied the thermal 

environments produced by both the trickle and furrow irrigations. They 

reported marked temperature variations in the upper layer of the soil 

surface (5 cm). In addition, soil temperatures in the furrow treatments 

were above the optimum temperature (27°C). They mentioned too that emer

gence was faster in the trickle irrigated plots. They noted also in the 

furrow treatments that the plant growth was 80 percent and 85 percent of 

that obtained in the trickle plots at the end of the 1972 and 1973, 

respectively. Singh, Grewal and Josan (1974) studied the effect of 

temperatures on potato culture under trickle and furrow irrigations. 

For the period 1970-1973, higher yield was found in the trickle irri

gated treatments during spring season when the soil moisture level was 

0.25 atm (considered as optimum).at a 10cm depth. They related this to 

a lowering of soil temperature maxima. Also, an increase in yield resul

ting from an application of straw mulch was obtained. They associated 

this effect with a decrease in soil temperature. However, they regis

tered a decrease in yield of the spring crop resulting from a polyethy

lene mulch due to unfavorable high temperature effects. 

Evaporation 

Hansen, Israelsen and Stringham (1980) defined evaporation as 

"Water evaporating from adjacent soil, water surfaces, or from the surfaces 

of leaves of the plant". Schwab et al. (1981) said evaporation occurs 
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when more water molecules, which are continuously in rapid motion, pass 

from the water surface into the atmosphere as a vapor than the number 

of water molecules reentering the water surface from the atmosphere 

and becoming a part of it. Evaporation rates from a saturated soil 

were found as high as those from an open free water surface and insig

nificant at soil moisture levels below field capacity. They reported 

that evaporation from a free water surface is usually measured by tanks 

or pans. The Class A pan which is recognized as the standard pan by 

the .U.S. Weather Bureau has a diameter of 1.22 m, a depth of 254 mm and 

contains about 190 mm of water. The pan is set up at a level of 150 mm 

above the soil surface to permit a circulation of air under it. The 

color and the materials of the pan are specified. They added that 

there are many other styles of pans which are related to each other by 

appropriate correction factors. The evaporation rates obtained from 

these pans were found higher than those from larger water free surfaces 

They mentioned that a correction factor of 0.7 is recommended to con

vert the observed evaporation rates to those resulting from large areas 

Reference Crop Evapotranspiration 

Evapotranspiration is the sum of two terms, soil-water evapora

tion and transpiration, which is "water entering plant roots and used 

to build plant tissue or being passed through leaves of the plant into 

the atmosphere" (Hansen, Israelsen and Stringham, 1980). The reference 

crop evapotranspiration (ETQ) is defined by Doorenbos and Pruitt (1977) 

as "the rate of evapotranspiration from an extensive surface of 8 to 
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15 cm tall, green grass cover of uniform height, actively growing, com

pletely shading the ground and not short of water." The reference crop 

evapotranspiration (ET ) as they reported reflects the climatic effect 
o 

on crop water requirements. Four methods, the Penman, Pan Evaporation, 

Radiation and Blaney and Criddle methods are commonly used to compute 

reference crop evapotranspiration (ET ). Blaney and Criddle (1950) pro-
o 

posed a simplified empirical formula which has been widely used espec

ially in arid conditions (Hansen, Israelsen and Stringham, 1980). The 

formula which is based on temperature as the only climatological 

variable should not be used for time periods less than 1 month. 

Doorenbos and Pruitt (1977) modified the Blaney and Criddle formula in 

order to compute ET^ based on the mean daily climatic data for 30 or 

10-day periods. 

Crop Evapotranspiration (Consumptive Use) 

The crop evapotranspiration (ET^ ) *-s related to the reference 

crop evapotranspiration (ET^) as reported by Doorenbos and Pruitt (1977) 

by the relationship. 

ET = K ET 
crop c o 

K is the crop coefficient and depends on the crop, its stage of growth, 
c 

growing season and the climatical conditions. They mentioned that the 

crop evapotranspiration varies with the climate, the soil water avail

ability, the agricultural and the irrigation practices and the level of 

crop production. They noted too that the crop evapotranspiration is the 

factor on which crop water requirements are based. 



Irrigation Parameters Affecting Yield 
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Irrigation Methods 

Many effects are attributable to irrigation methods but the 

three major effects are water use efficiency, salt accumulation and 

fertilizer use efficiencies. 

A major benefit of trickle irrigation is its capability 

of saving an appreciable amount of water compared to furrow irri

gation. Freeman, Blackwell and Garzoli (1976) reported that trickle 

irrigation permits the application of water with a very high degree of 

accuracy with respect to the location, time and rate of application. 

They added that this particular attribute allows a marked decrease in 

deep percolation, runoff and evaporation. In a normal furrow irrigation, 

waste of water is considerable. As a result of such effects, they 

noted, a lower yield may occur under furrow irrigation. Bucks, Erie 

and French (1974) said that the same yield may be obtained with trickle, 

standard and modified furrow irrigations (small furrow constructed in 

the center of a bed). However, the amount of water used with standard 

furrow irrigation was 22 percent greater. They noted that this addi

tional amount of water was applied during the early stage of growth. 

Bernstein and Francois (1973) stated that trickle irrigation allows a 

saving of one third of the amount of water as compared with furrow irriga

tion for maximum yield of annual bell peppers. They added that 

this amount of water was saved during the early stage of growth. 

Hall (1974) reported that less water is required to produce the 

same or better yield with trickle irrigation as opposed to furrow 



irrigation. Willardson, Bohn and Hieber (1974) conducted an experiment 

with cantaloupe. During the period 1972-1973, they compared the ef

fect of trickle and furrow irrigations. They found that trickle irri

gation allows higher yield per unit of water even though the total 

yield was reduced. Hanson and Patterson (1974) compared during three 

seasons the effect of sprinkler, trickle, subsurface and furrow irri

gations on the growth of sweet corn in rotation with onions. In 

general, higher water use efficiency was obtained with trickle irriga

tion as opposed to all other irrigation methods. In addition, they 

mentioned that trickle and sprinkler irrigations contribute to higher 

yield for onion especially for the first cropping season. 

A particular attribute of trickle irrigation is the increase of 

yield with saline irrigation water as opposed to other irrigation 

methods. Bernstein and Francois (1973) reported that in case of 

trickle irrigation, the accumulation of salts occurs between trickle 

emitters and the edge of the wetted perimeter. They added^that the use 

of saline water (450 mg/L total salts) gave an increase in yeild of 50 

percent in the trickle irrigated plots over the furrow or sprinkler 

irrigated plots whereas the use of brackish water (2450 mg/L total 

salts) leads to a decrease in yield of 14 percent, 54 percent and 94 

percent in the trickle, furrow and sprinkler irrigated plots, respectiv

ely. Shmueli and Goldberg (1971) compared the processes of salt 

accumulation or leaching with the trickle, furrow and sprinkler 

irrigations. During the course of the growing season, the same con

centration of chloride was found under sprinkler irrigation whereas a 
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certain leaching occurred within the row and at 15-45 cm soil layer 

under furrow and trickle irrigations. They attributed this to the 

fact that under sprinkler irrigation, the amount of water applied was 

sufficient to prevent the accumulation of soluble salts but not enough 

to permit further leaching while under furrow and trickle irrigations 

the same amount of water as applied by sprinkler system penetrates 

smaller volume of soil allowing a progressive leaching of chloride. 

They added that for trickle irrigation salts accumulated in thin layers 

on the soil surface in the area of the wetted strip. The yield obtained 

with the same amount of water and irrigation frequencies was higher and 

earlier under trickle irrigation and was the same under sprin

kler and furrow irrigations. Oebker, Kuykendall and Bach (1971) con

ducted an irrigation experiment with lettuce and pecans. Conventional 

beds were planted with two rows of lettuce each and irrigated by 

trickle (trickle line in the center of a bed) and furrows. They 

studied the accumulation of salts resulting from the use of saline 

water (420 ppm soluble salts) outside and between rows at different 

depths (0-7.5 cm; 10-15 cm; 17.5-22.5 cm). The results showed greater 

accumulation of salts at all depths under furrow irrigation. In addi

tion, they found that salt accumulation decreases with the depth for 

both the trickle and furrow irrigations and the highest salt accumula

tion between the rows. They concluded that trickle irrigation will be 

advantageous where poor water is used. Hall (1974) reported that during 

the growth period, the movement of water should be in the same direction 

for both the trickle and furrow irrigations in order to avoid n 
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buildup and, consequently, a reduction in yield. In such favorable 

case, he added, a higher yield was registered with trickle irrigation 

as opposed to furrow irrigation. 

Jaworski, Kays and Smllle (1978) studied the effects of dif

ferent rates of nitrogen (N) and potassium (K) on yield of pepper and 

polebean. For peppers, N and K were injected through the trickle sys

tem with every irrigation. The applications of water were made when the 

soil moisture tension approached 20 centibars at a depth of 15 cm. 

Nitrogen rates were 0.56, 1.12, 2.24, and 4.48 kg per ha per day and K 

rates were 0.83 times the N rates. For the polebean crop, N and K were 

applied through the trickle tube, twice a week. Nitrogen rates were 

0.56, 1.12, 2.24 and 3.36 kg per ha per day (doubled six weeks after 

seeding), and K rates were 0.83 times the N rates. They found that 

marketable pepper yield increased from 60 to 96 T per ha when fertilizer 

rates passed from the low to high level. They added that a similar 

trend was observed with the polebeans. Locascio, Myers and Martin 

(1977) conducted an experiment to study the effects of fertilizer rates 

on yield of strawberry under trickle, overhead and no irrigations. 

The fertilizer rates applied ranged from 94, 55, 104 to 202, 118, 223 

kg per ha for N, P, and K, respectively. The amounts of N and K injec

ted through the trickle irrigation were 0, 50 and 100 percent. The 

additional fertilizer for the trickle treatments and all fertilizer for 

the overhead and non-irrigated treatments were applied preplant. They 

obtained with 0 and 50 percent of N and K injected on daily or weekly  

increments through the trickle irrigation, yield increases of 2 and 20 
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percent in the overhead irrigated treatments and of 30 and 58 percent 

in the nonirrigated treatments, respectively. Hall (1974) studied ef

fects of fertilizers on plastic covered early spring cucumbers under 

trickle and furrow applications for the period 1972-1973. In the 1972 

trial, trickle irrigation was applied by "spaghetti" tubes attached to 

1.25 cm polyethylene pipe. The latter was installed outside plastic 

covers whereas "spaghetii" tubes were set up inside covers and on the 

opposite side of the plants. Liquid fertilizer was applied through 

trickle lines whereas dry and liquid fertilizers were applied in the 

furrow treatment. The irrigation intervals were weekly for the furrow 

treatments contrasted to 1 to 3 days for the trickle treatments. In 

the 1973 trial, the trickle irrigation was applied by the twin-wall hose 

which was covered by a plastic clear mulch in one treatment and uncov

ered in the other one. The hose was placed in a small furrow which was 

used to germinate the seeds. Two applications of N, P and K (applied 

in the planting furrow) were provided to both treatments. Three hun

dred fifty kg of nitrogen per ha (slow release 31-0-0) was applied in 

the furrow for trickle irrigation and covered with 7 to 10 cm of soil. 

The twin-wall hose was set up in the small furrow above the fertilizer 

band and 7.5 cm distance from plants. Both the trickle and furrow 

treatments were irrigated once a week. The duration of irrigation was 

4 hours for the furrow treatments and from 8 to 10 hours for the trickle. 

No fertilizer was injected through the trickle hose whereas a liquid 

fertilizer was used in most furrow applications. They concluded that 

good yield may be obtained by the slow release fertilizer, even though 

the plants showed some deficiencies for the last 2 or 3 weeks. 



12 

Irrigation Frequencies 

Earl and Jury (1977) conducted an experiment with summer squash. 

Two rings of plants were transplanted in each plot 50 and 100 cm from 

the emitter. Plots which received the same total amount of water were 

trickle irrigated three times a day and once a week. They found 30 

percent less yield in the daily Irrigated plots as opposed to the weekly 

irrigated plots. They attributed this reduction in yield with increasing 

frequency to the fact that lateral water movement did not reach the 

outer ring in the daily irrigated plots. They also conducted another 

experiment on Buren sandy loam having a low saturated hydraulic conduc

tivity of 0.5 cm per hour and irrigated from a single isolated trickle 

source. A total volume of 84 liters per week was applied at uniform 

application rates of A liters per hour and at frequencies of three times 

a day and once a week. They observed for the same application rate and 

for the same total volume of water per week, more water moved laterally 

from the emitter with periodic irrigations than with daily irrigations. 

In additipn, more water ponded with the weekly irrigations. They con

cluded that with growing crops, periodic irrigations rather than frequent 

irrigations are recommended for wide spaced emitters and for soils of low 

hydraulic conductivity (providing surface ponding). Freeman, Blackwell 

and Garzoli (1976) compared frequencies of trickle and furrow irriga

tions on tomato yield. The trickle irrigated plots were irrigated after 

intervals of 0.08, 1.6 and A cm of Class A pan evaporation whereas the 

furrow irrigated plots were irrigated after intervals of 1.6, A and 8 cm 

of Class A pan evaporation. In most treatments receiving the same amount 
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of water, a reduction in yeild was obtained with an increase in irriga

tion intervals. They mentioned that similar results were obtained by 

other workers (Till, 1969; Goldberg and Shmueli, 1970; Jobling, 1974). 

They related the decrease in yield to a reduction in growth rate resulting 

from reduced evapotranspiration below the potential rate. This, they 

concluded, explains the necessity of increasing the irrigation frequen

cies for better yield especially under arid conditions. 

Amounts of Water 

Bucks, Erie and French (1974), compared the effect of various 

amounts of water on cabbage yield under trickle,modified furrow (small 

furrow in the center of a bed) and standard furrow irrigations. At the 6 

day and 12 day frequencies, no significant difference in yield was 

registered for the amounts of water 1.3 and 1.05 times the consumptive 

use rate (determined for cabbage in 1960-1962 at Mesa, Arizona) between 

trickle and modified furrow treatments. But an average increase in yield 

of 13 percent was obtained for the amounts of water 0.8 and 0.5 times 

the consumptive use rate from the trickle treatments relative 

to the modified furrow treatments. The same yield as that attained v*ith 

modified furrow and trickle irrigations at the 12 days frequency and 

for the 1.05 quantity of water was obtained under standard furrow irriga

tion but at a different frequency and with 22 percent increase in water 

requirements. They concluded that for high cabbage yield, the consump

tive use requirement was almost the same for the 3 irrigation methods, 

whereas an amount of water lower than the consumptive use reduced the 
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yield for trickle and modified furrow irrigations. They also studied 

.the effect of the three amounts of water 1.05, 0.9 and 0.72 times the 

consumptive use rate applied by trickle system at irrigation frequen

cies of 3, 6 and 12 days on cotton production. Lint yield was found 

the same for the amounts of water 1.06 and 0.9 quantities but 18 percent 

lower for the 0.72 treatment. In addition, equal lint yield was obtained 

with furrow irrigation for the same amount of water applied. Freeman, 

Blackwell and Garzoli (1976) compared the effect of different amounts of 

water on tomato yield under trickle and furrow irrigations. Results 

averaging marketable and total yields obtained from both irrigation meth

ods at irrigation intervals of 1.6 cm and 4 cm of Class A pan evapora

tion show reduction of 16.3 percent and 18.3 percent in market

able and total yields, respectively with amounts of .water 50 percent of 

the optimum amount of water (80 percent of a class A pan evaporation). 

Similarly, a decrease of 17.4 percent and 31.1 percent in marketable and 

total yields, respectively, were obtained with an amount of water 50 per

cent greater than the optimum amount of water. In addition, results 

obtained under trickle at irrigation intervals of 0.8 to 4 cm of a 

class A pan evaporation show an average decrease of 21.1 percent and 

20.1 percent in marketable and total yields, respectively, for an amount 

of water 50 percent less than the optimum amount of water. They con

cluded that the same amounts of overwatering or underwatering lead to 

similar decrease in yieldo 
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Methods of Soil Moisture Measurement 

There are many methods to measure the soil moisture content. 

However, the neutron probe and the gravimetric methods are the most 

frequently used. 

Neutron Probe Method 

The neutron probe method has been extensively used to determine 

the soil moisture content. Benefits lie in the ability to take fast 

measurements and to repeat soil moisture measurements for nondisturbed 

sample at the same location (Hansen, Israelsen and Stringham, 1980). 

In this method, fast neutrons which are emitted from a radioactive 

source are slowed down by hydrogen atoms. The slow neutrons which 

reach the counter are the only neutrons registered. A good correlation 

was found between the slow neutrons reaching the counter and the 

amount of soil water (principal source of hydrogen atoms). 

However, they mentioned that some minerals, boron and chlorine absorb 

fast neutrons as hydrogen and, therefore, may affect the result. Other 

limitations were attributed to this method. Ben Asher (1979) noted 

that the neutron probe measures the average moisture content in a sphere 

within which the moisture content is uneven and varies from a trickle 

emitter. He added that the neutron probe should not be used to measure 

the soil moisture at the soil surface layer 10-20 cm. Also, Vinson and 

Mahar (1981) reported that results obtained from a laboratory test show 

measurements should not be taken at the soil surface and for depth in

crements less than 0.3 m. They mentioned that the access tube should 

be straight and circular to permit the introduction of the probe, fit 
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intimately with the surrounding soil and prevent water from entering. 

They added that the time at which readings are taken should be con

sidered . 

Gravimetric Method 

The gravimetric method is based on weighing samples before and 

after drying in an oven. This method gives reasonable values of the 

soil moisture content on a weight and volume basis. However, it presents 

some limitations. Ben Asher (1979) said sources of errors might be the 

water content by weight and the bulk density. In addition, Hansen, 

Israelsen and Stringham (1980) reported that samples which are usually 

of about 200 g are not representative of large areas. Also, the 

time needed to collect samples and to oven dry them for 24 hours can be 

a disadvantage. To minimize this effect, they recommended the use of 

an infrared oven to dry more rapidly but at a temperature of 105-110°C 

to prevent the organic matter from burning out. 



CHAPTER 2 

AREA OF STUDY AND EXPERIMENTAL PROCEDURES 

Description of the Area 

The University of Arizona Experiment Station at Marana is situ

ated in the Avra Valley 39 kilometers northwest of Tucson on the west 

side of Interstate Highway 10. Its elevation is 600 meters above sea 

level. The climate is characterized by a low annual rainfall of 250 mm 

partitioned equally between summer and winter, a high temperature to A4°C 

in summer and a low temperature to -14°C in winter as recorded by the 

U.S. Weather Station at the University of Arizona in Tucson. The area 

of the Marana Experiment Station is divided into 20 fields of about 4 

hectares each (Figure 1). The dominant soil type is Pima clay loam, how

ever, the soil type in A-l where the site of the experiment is Grabe 

loam (Pereira, 1971). The salt content of the irrigation water at the 

period of the crop growth was 190 ppm. The crop grown was crisphead 

lettuce (Lactuca sativa L. cv. 'Empire'). 

Experimental Procedures 

Step by Step Procedure 

1. Twenty cm of water was applied to leach out excess salts. 

2. Two cultivations were performed in both east-west and north-

south directions. Tillage was to approximately 20 cm. 

17 



Site of the experiment 
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Figure 1. The University of Arizona Branch Experiment Station at Marana, 
(Redrawn from Coelho,•1974). 
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3. One treatment of benefln (Balan) herbicide at a rate of 1.1 kg of 

active material per hectare, was made before seeding. Two other 

treatments, using malathion insecticide at a rate of 2.5 liters of 

active material were applied during the period of growth. 

A. An amount of 500 kg per hectare of the 11-48-0 fertilizer was in

corporated into the soil before seeding. Two other applications 

of nitrogen amounting to 100 kg per hectare each were made during 

the growth period. 

5. Seed beds were prepared in the north-south direction. Beds were 

1 m from center to center, 20 cm high, 60 cm wide and 45 m long. 

6. A division of the area was performed according to a randomized 

complete block (Figure 2). Six beds were designated to be trickle 

irrigated and two beds were furrow irrigated. Both areas were 

separated by two deadbeds. Then, three replications having 16 < 

plots each were identified in the whole area, and one plot was 

taken as a single bed, 7.5 n long. . 

7. The seeding was made on September 13, on both sides of each bed. 

Three weeks later, all plots were thinned to 30 cm between plants 

along the row. 

8. The irrigation started on September 14. The trickle irrigated plots 

were irrigated by Chapin's Twin Wall tubing placed in the middle 

of each bed and buried 5 cm below the soil surface. Orifices were 

30 cm apart and discharged 0.067 liter per min per m at 0.4 atm. 

For four weeks no difference in treatment was made between the 

trickle or furrow irrigated plots. Then, plots 
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Figure 2. The experiment design: 
Randomized complete block. 
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2, 3, and 4 of the trickle irrigated area were given high, medium, 

and low amounts of water, respectively, with a frequency of twice 

a week. Plots 1 of the furrow irrigated area received a different 

amount of water and were irrigated once a week. The different 

amounts of water to be applied during the period of growth to 

plots 1, 2, 3 and 4 were arbitrarily set at 90 cm, 45 cm, 30 cm 

and 22.5 cm, respectively. Those amounts of water correspond ap

proximately to 4, 2, 1.3 and 1 times the mean consumptive use 

determined for lettuce at Mesa, Arizona (Figure 3). An irrigation 

schedule based on these values was established for the period of 

growth. 

9. The A, B, C and D plots were harvested approximately at the 12 

leaf, folding, heading and mature stages, respectively. 

Measurements 

At each stage of growth, the group of plots 1, 2, 3 and 4 were 

harvested and 30 top plant samples were collected from the three repli

cations. The samples were put into plastic bags and transferred to a 

laboratory where their fresh and dry weights were determined. The 

latter was obtained after oven drying for 48 hours at 55°C. 

Seventy-two copper-constantan thermocouples were fabricated 

and calibrated in ice water. Readings were within 1°C for all thermo

couples. Twenty-four sets of three were wired together in parallel and 

connected to 24 channels of a Honeywell recorder. The thermocouples 

were installed on September 24, in plots D4, D2 and C3 of the trickle 

irrigated area and in plot CI of the furrow irrigated area of 
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replication 1 (Figures 4 and 5). Two of the three thermocouples of each 

set were set up in both ends of one plot and one thermocouple was 

placed in the middle of the same plot in such a way that the tempera

tures recorded were an average temperature of three points. 

In each D plot, three aluminum tubes were set up: One in the 

middle of a plot, one between two successive plants and one near a 

plant. Readings were taken weekly by a neutron probe before and after 

each irrigation at depths of 15 cm, 30 cm, 60 cm, 90 cm and 120 cm. 

These readings were recorded approximately from the 12 leaf until the 

mature stage. Then, the soil moisture contents were computed on a 

volume basis. For this purpose, a neutron probe calibration curve 

determined at the Marana Experiment Station was used (Figure 6). At 

the same time, soil samples were taken near a plant 15 cm and 30 cm deep 

from the three trickle treatments and the furrow treatment. Bulk den

sities determined by the core method were used to convert to a volumet

ric basis. 
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CHAPTER 3 

ENVIRONMENTAL FACTORS INFLUENCING 

GERMINATION AND GROWTH 

Temperature 

Above normal air temperatures were recorded during 

the whole growth cycle. Table 1 shows the actual and the normal (1941-

1970) air temperatures (Sellers and Hill, 1974), recorded at the 

University of Arizona Weather Station (assumed to be representative of 

those at Marana, 39 kilometers away). This abnormally hot period oc

curred during critical periods of germination, emergence and the early 

stage periods. For a normal emergence period (5 days) the seedling 

stand was 70 percent and 55 percent in the trickle and furrow irri

gated areas, respectively. A lower number and smaller "blanks" (portions 

of a row without germinating seedlings) were observed in the trickle 

irrigated area. During germination and early growth period (following 

just after emergence and extending approximately three weeks later) the 

soil temperature was recorded parallel to the air temperature. For this 

purpose, a Honeywell recorder was used to record continuously 24 hours a 

day the soil temperatures at different locations of the seed zone (Tables 

1 and 2). Two particular locations were selected at depths of 5 cm and 

15 cm near the plant in the trickle irrigated area as well as in the 

furrow irrigated area. A comparison of the maximum temperatures shows 
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Table 1. Weekly values of average temperature Tav, pan evaporration E and 

reference crop evapotranspiration ETq for the growth period. 

Dal*/ 
fttrjartir 

01.11/ 
0*.I7 

Ot.ll/ 
01.14 

at.m 
10.01 

10.0?/ 
10.01 

in.m/ 
II). IS 

10.16/ 
in.71 

•0.11/ 
10. I* 

10.10/ 
ii.as 

11.0*/ 
11.11 

11.11/ 
11.1* 

11.10/ 
II.» 

11.17/ 
11.01 

11.04/ 
11.10 

11.11/ 
11.17 

T "C av M.l 17.* if.t 14.• 21. S l*.i 10.1 ii.l 1*.* lf.0 It.* 17.1 IVO 

(wrul) II.I H.I i*.? 11.1 11.* 10.* l*.l it.» l*.l 1S.1 11.* 11.1 II .S 

K mm S7.1 S*.l st.t si.a H.I 4S.S 4S.» ».I 1*.* 17.1 11.1 11.4 10.0 

(ixiraal) 
Sl.l S4.0 ii.v so.» Sl.l 47.1 4S.0 11.4 ». r 11.7 ».» 17.1 it.a 

ET « B 44 ».( Sf.S **.7 4*. 7 1*.* it).* 17.1 17. S 17.1 12.* • ' • J 11.1 la.o 

KT •» 
('tarsal) 

*1.5 ST.* 4S.S 41.1 ».» 11.0 11.* 11. J K.7 If *1 Jl.» 11. S 

T °C — Average actual temperatures in degrees centigrade (U.S. 
aV Environmental Data Service, 1981). 
T °C (normal) = Average normal temperatures in degree centigrade 
av (Sellers and Hill, 1974). 
E mm = Actual U.S. Weather Bureau Class A pan evaporation in millimeters 

(U.S. Environmental Data Service, 1981). 
E mm (normal) = Normal U.S. Weather Bureau Class A pan evaporation in 

millimeters (Sellers and Hill, 1974). 
ET mm = Reference crop evapotranspirtation in millimeters (Computed by 

the Blaney and Criddle modified formula). 
ET mm (normal) = Normal reference crop evapotranspiration in milli

meters (Computed by the Blaney and Criddle formula). 



Table 2. Minimum and maxiraum soil temperatures (°C) in the trickle and furrow 
treatments. 

location/ 
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Nln. (tax. 

Nrar the 
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5 a ha* 
Hln. Mr. 

Hrar thr In thr In tlir Dry In thr PMdlr In the Hlrfdla Hear tha Mar tha Abort the 
Plant Furrow Soil of the Brd of tha 8ed Plant Plant Soli SurEtea 
li f» bi« 5 c» baa i ci baa > a baa IS ca baa 5 ta baa 15 t» baa i ca baa 
Hln. CA M. Hln. Max. Mln. Mix. fin. Hai. Kin. fax. Hln. Haa. Hln. Max. Kin. Hax. 

09-25 

09-26 

09-27 

09-2* 

09-29 

09-10 

10-01 

in-02 

10-03 

in-ru 

10-05 

lo-o* 

10-07 

lo-oa 

10-09 

23.3 

20.6 

20.6 

22.5 

22.7 

25.6 

20.6 

21.1 

10.9 

19.4 

20.0 

19.4 

21.7 

21.7 

20.0 

31.9 

35.0 
37.2 

35.0 

32.2 

31.1 

32.2 

)1.9 

36,1 

36.7 

16.7 

13.3 

16 . 1  

15.6 

11.66 

22.2 

2n.n 

20.0 

2 2 . 2  

27.2 

20.6 

20.0 

2 1 , 1  

Ift.l 

19.4 

t9.4 

19.4 

21.1 
21.1 

19.4 

16.1 

15.0 
36.7 

36.1 

13.1 

31.7 

11.7 
31.9 

36.1 

17.2 

34.4 

11.9 

15.6 

35.6 

12.7 

21.9. 

70.6 
70.6 

21.1 

22.* 

21.1 

20.6 

21.7 

20.0 

70.0 

70.6 

20.0 

21.7 

22.2 

70.6 

15.0 

31.1 
16.1 

35.0 

32.8 

30,6 

31.1 

31.1 

14.4 

15.0 

11.9 

12.2 

34.4 

14.4 

10.6 

75.6 

21.1 

23.1 

25.0 

25.0 

22.2 

21.7 

22.2 

72.8 

22.B 

22. 8 

22.B 

21.1 
21.a 

21.1 

32.2 

10.6 

31.7 

12.2 

30.6 

7a.J 

79.4 

10.6 

30.6 

11.7 

31.1 

29.4 

31.1 

11.1 

2II.9 

24.4 

21.7 
21.7 

23.9 

21.1 

21.1 

20.6 

21.7 

20.0 

21 .1  

21 .1  

21.7 

21.7 

77.* 

21.7 

37.8 

34.4 
16.7 

18.9 

11.1 

12.8 

17.2 

11.9 

15.6 

16.7 

36.7 

17.7 

17.7 

16.1 

12.8 

21.1 

21,7 
21.7 

71.1 

21.1 

21 .1  

70.6 

72.2 

19.4 

10.0 

17.8 

17.8 

21.1 

20,0 

17.8 

36.7 

18.1 

18.1 
18.9 

16.7 

12.2 

13.9 

15.0 

17.2 

40.6 

41.1 

16.7 

41.7 

40.0 

40.0 

21.) 

21.1 

21.1 

22.8 

21.1 

11.7 
21.7 
22.2 

18.9 

20.0 

20.0 

21.1 

21.1 

22.2 

21 .1  

17.8 

18.3 

18.1 

19.4 

18.* 

35.0 

31.9 

15.6 

17.8 

38.1 

39,4 

40.K 

39.4 

38.9 

18.1 

25.6 

23.9 

23.9 

25.6 

25.6 

21.9 

22.8 

23.9 

23.3 

23.9 

23.9 

24.4 

25.6 

25.6 

24.4 

32.8 

32.1 

32.B 

31.3 

33.9 

31.1 

31.1 

32.2 

32.2 

32.8 

31.3 

31.9 

31.9 

32.8 

32.2 

23.3 

21.1 

21.1 

22.8 

21.3 

21.1 

21.1  

22.2 

19.4 

10.0 

20.0 

21.1 

23.3 

22.2 

20.6 

36.7 

17.8 

38.3 

18.9 

37.8 

3*.* 

33.9 

32.4 

36.7 

37.2 

17.8 

18.9 

18.3 

36.7 

16.1 

25.0 32.2 

22.8 31.7 

23.3 32.8 

25.0 33.3 

25.6 33.9 

23.9 31.1 

22.8 31.1 

23.9 31.7 

22.8 32.2 

22.8 32.8 

22.8 33.3 

23.9 33.3 

25.0 33.3 

24.4 32.B 

23.9 32.8 

19.4 

18.3 

18.3 

21.1 

19.4 

18.9 

20.0 

20.0 

14.4 

15.0 

15.6 

16.7 

20.0 

18.3 

15.0 

18.3 

40.0 

41.7 

43.9 

40,6 

40.6 

37.8 

36.1 

35.8 

37.8 

37.8 

38.9 

40.0 

38.3 

.7.8 

*b.s.s. = below soil surface. 
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lower values of 3.4°C and 1.9°C at depths of 5 cm and 15 cm, respec

tively, in the trickle irrigated area (Table 3). These differences may 

have contributed to a certain reduction of the germination in the furrow 

irrigated area. However, the effects of high temperatures should not be 

considered absolute or bound to fixed temperature levels because they 

might be limited by a good irrigation management. 

Johnson and Marsh (1972) found that in laboratory conditions, 

germinating seeds would tolerate a temperature of 35°C if they were pre-

incubated approximately 10 hours at 25°C. Similarly, in field condi

tions a cooling effect due to an adequate period of low temperatures 

preceding a period of high temperatures may result from an effect of a 

good irrigation management. Thus, the times and frequencies chosen were 

as follows. 

Irrigations started usually at 9:00 a.m. for both the trickle 

and furrow areas. The period of high temperature which followed the 

irrigation period might have affected germination and seedling emergence. 

Johnson and Marsh (1972) reported that an irrigation for few hours under 

a low temperature leads to a better germination response. In other 

words, an irrigation which begins at night may improve the seedling 

germination. 

During the emergence and the early stage of seedling growth, the 

frequencies were maintained at four and twice a week in the trickle and 

furrow irrigated areas, respectively. The higher irrigation frequency 

devoted to the trickle irrigated area permits more opportunities of 

cooling compared to that designated to the furrow irrigated area. So, 



Table 3. Maximum soil temperatures (°C) measured near the plant at 5 cm and 15 cm depths in the 

tricHe and Furrow treatments. 

Location/ Near the Plant Wear the Plant Near the plant Near the plant 
Date 5 cm b.s.s. 5 cm b.s.s. Difference 15 cm b.s.s. 15 cm b.s.s. Difference 

*(F.I.A.) *(D.I.A.) (P.I.A.) (D.I.A.) 

09-25 36.7 35.0 1.7 32.2 32.2 0 
09-26 37.8 33.3 4.5 31.7 30.6 1.1 
09-27 38.3 36.1 2.2 32.8 31.7 1.1 
09-28 38.9 35.0 3.9 33.3 32.2 1.1 
09-29 37.8 32.8 5.0 33.9 30.6 3.3 
09-30 34.4 30.6 3.8 31.1 28.3 2.8 
10-01 33.9 31.1 2.8 31.1 29.4 1.7 
10-02 34.4 33.3 1.1 31.7 30.6 1.1 
10-03 36.7 34.4 2.3 32.2 30.6 1.6 
10-04 37.2 35.0 2.2 32.8 31.7 1.1 
10-05 37.8 33.9 3.9 33.3 31.1 2.2 
10-06 38.9 32.2 6.7 33.3 29.4 3.9 
10-07 38.3 34.4 3.9 33.3 31.1 2.2 
10-08 36.7 34.4 2.3 32.8 31.1 1.7 
10-09 36.1 30.6 5.5 32.8 28.9 3.9 

*F.I.A. = Furrow irrigated area 
*P.I.A. = Drip irrigated area 
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these frequent lowering of the temperature during the hot period of the 

day and night have led to a better germination in the trickle Irrigated 

area. 

Evaporation 

The evaporation values which were obtained from a U.S. Class A 

pan are shown in Table 1. These values which were recorded at the 

University of Arizona Weather Station (assumed to be representative of 

those at Marana, 39 kilometers away). The cumulative evaporation ob

tained was 586 mm. This value was 7.0 percent higher than the normal 

value registered for the period 1941-1970 at the same station (Table 1). 

The increase in evaporation may be attributed to above normal tempera

tures. Values of the normal temperatures recorded for the period 1941-

1970 were significantly lower than the actual temperatures (Figure 7, 

Table 1). 

Reference Crop Evapotranspiration 

The weekly values of the reference crop evapotranspiration (ETq) 

were computed for the period of growth (Table 1). These values were 

obtained by the use of the Blaney and Criddle formula as reported by 

Doorenbos and Pruitt (1977). 

ET » C p(0.46T + 8) mm/day • C.f. mm/dav 
o 

where: 

ET B reference crop ET for the month 

T • mean daily temperature for the month (°C) 

p • mean daily X of total annual day time hours for the month 

and latitude (Table 4) 



o—OAc tual air temperatures (Redrawn from U.S. Environmental Data Service, 
1981). 

^•""•""^PMormal air temperatures (Redrawn from Sellers and HLll, 1974). 

Oct Nov Dec 

months 

Figure 7. Actual and normal air temperatures (1941-1970) for the 
growth period. 



Tahle 4. Mean daily percentage (p) of annual daytime hours for different latitudes. 

f *1* j North , 
LatUude Soutli' 

Jan 
July 

Feb 
Aug 

Mar 
Sept 

Apr 
Oct 

May 
Nov 

June 
Dec 

July 
Jan 

Aug 
Feb 

Sept 
Mar 

Oct 
Apr 

Nov 
May 

Dec 
June 

60° .15 .20 .26 .32 .38 .41 .40 .34 .28 .22 .17 .13 
58 .ie .21 .26 .32 .37 .40 .39 .34 .28 .23 .18 .15 
56 .17 .21 .26 .32 .36 .39 .38 .33 .28 .23 .18 .16 
54 .18 .22 .26 .31 .36 .38 .37 .33 .28 .23 .19 .17 
52 .19 .22 .27 .31 .35 .37 .36 .33 .28 .24 .20 .17 

50 .19 .23 .27 .31 .34 .36 .35 .32 .28 .24 .20 .18 
48 .20 .23 .27 .31 .34 .36 .35 .32 .28 .24 .21 .19 
46 .20 .23 .27 .30 .34 .35 .34 .32 .28 .24 .21 .20 
44 .21 .24 .27 .30 .33 .35 .34 .31 .28 .25 .22 .20 
42 .21 .24 .27 .30 .33 .34 .33 .31 .28 .25 .22 .21 

40 .22 .24 .27 .30 .32 .34 .33 .31 .28 .25 .22 .21 
35 .23 .25 .27 .29 .31 .32 .32 .30 .28 -.25 -.23 -.22 
30 .24 .25 .27 .29 .31 .32 .31* .30 .28 -.26 -.24 -.23 
25 .24 .26 .27 .29 .30 .31 .31 .29 .28 .26 .25 .24 
20 .25 .26 .27 .28 .29 .30 .30 .29 .28 .26 .25 .25 
15 .26 .26 .27 .28 .29 .29 .29 .28 .28 .27 .26 .25 
10 .26 .27 .27 .28 .28 .29 .29 .28 .28 .27 .26 .26 
5 .27 .27 .27 .28 .28 .28 .28 .28 .28 .27 .27 .27 
0 . 2 7  .27 .27 .27 .27 .27 .27 .27 .27 .27 .27 .27 

l_/Southern latitudes: apply 6 month difference as shown. 
(Source:  tJoorcnbos and Prul t t ,  '1977) .  
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C = adjustment factor, which depends upon minimum relative 

humidity, sunshine hours and daytime wind estimates 

f = Blaney-Criddle "f" factor 

Similarly, the weekly values of the normal reference crop evapotran-

spiration (ET^) were obtained by the use of the Blaney and Criddle 

equation (Figure 8G2, Table 5). The total reference crop evapotrans-

piration (571 mm) compared to the total normal reference crop evapo-

transpiration for the whole growth period was 7.8 percent higher. This 

difference may be attributed to higher actual temperatures (Table 1). 

However, the accuracy of these different values obtained by the Blaney 

and Criddle formula is debatable. 

Crop Evapotranspiration (Consumptive Use) 

The crop evapotranspiration (ET crop) is related to the refer

ence crop evapotranspiration-(ETq) as reported by Doorenbos and Pruitt 

(1977) by the relationship 

ET = K ET 
crop c o • 

where KC = The crop coefficient depending on the crop, its stage 

of growth, growing season and the climatic conditions. 

The values of the crop coefficient for the growth period are given in 

Figure 9 and Table 5 (Erie et al., 1981). The weekly values of the 

crop evapotranspiration and the normal crop evapotranspiration for the 

growth period were computed by the above formula (Table 5). 

The crop evapotranspiration (247 mm) compared to the normal crop 

evapotranspiration for the whole growth period was 11 percent higher. 
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Figure 8. Prediction of ETQ from Blaney-Criddle f 
factor for different conditions of min
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tion and day time wind. (Redrawn from 
Doorenbos and Pruitt, 1977). 



Table 5. Crop coefficient, consumptive uses and amounts of water applied to the 
trickle and furrow treatments. 

aitri/ o*.ii/ 01.i#/ ot.ii/ m.oi/ io.oi/ io.u/ 10.11/ io.w/ n.o*/ ii.u/ n.»/ 11.17/ u.<w/ ij.ii/ t.n.ii 
Piuailcr • «.»/ 0*.14 to.ot IP.M in. it 10.} }  10.11 11.0% 11.11 11.1* 11.14 ll.ni tl.ln I.Ml 

"c 
0.07 0.0/ 0.0*1 0.1? 0.1/ 0.41 0.41 0.J4 0.5» 0.6* 0.71 D.U O.M 0.** 

ET m J.I 4.1 1.1 ii.) ir.t 17.1 10.0 11.1 1J.1 «.» 11.1 ll.t 1*.* 147.1 
ET • (rami) 1.1 4.0 J.4 «.» u.i u.i 11.1 11,* l*.l ll.t 11.) 13.) 11.1 11.* 111.1 
C.V. m 1.4 5.7 ».4 u.i n.o 11.0 u.i 17.« u.o 11.1 ll.t 11.1 «.* lll.n 

laioita of Mtir 
•rfllrt io 
lrlchl« UHtMnC to.s 40.* 40.i to.* 10.1 11.0 11.4 ll.« 3 VI U.I 10.7 U.I JO.J If.S 415.0 

Aioimif of M.ttr 
•rpllrd to (urrov 
ttulxnt • 13.0 )).o 11.0 11.0 61.1 ».i 70.1 71.) 7J.4 11.* *1.7 »).0 *0.4 *4.) *13.0 

Kc = crop coefficient (Erie et al.f 1981). 

ET mm = crop evapotranspiration in millimeters (Computed by the Blaney and 
Criddle formula). 

GT ran (normal) 3 Normal crop evapotranspiration in millimeters. (Computed by 
the Blaney and Criddle formula). 

C.U. mm = Mean consumptive use in millimeters determined for lettuce in 1960-1962 
at Mesa, Arizona (Erie et al., 1981), 



This might be also due to higher actual temperatures. Also, the crop 

evapotranspiration (247 mm) was 8 percent greater than mean consumptive 

use for lettuce at Mesa, Arizona for the period 1960-1962 (Figure 10, 

Table 5). Furthermore, a comparison of the values of the crop evapo

transpiration with the amounts of water applied to the trickle and 

furrow treatments (Figure 10, Table 5) demonstrates the magnitude of 

supplemental water lost per evaporation, deep percolation or runoff. 
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Figure 9. Crop coefficient (Kc) for the growth period 
(Redrawn from Eric, French, Bucks and Harris, 1981). 
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CHAPTER 4 

EFFECTS OF THE IRRIGATION METHODS 

AMOUNTS OF WATER AND DISEASES ON YIELD 

The fresh and dry weights obtained from the four treatments at 

the folding stage are shown in Table 6. The three trickle irrigated 

treatments B2, B3 and B4 showed no significant effects for fresh or dry 

weights. But the furrow irrigated treatment B1 showed a significant 

difference from those of B2 and B3. The fresh weight resulting from 

B1 was 74 percent of that from B2 or B3. Similarly, at the heading 

stage, the same weights and the same dry weights were obtained from 

C2, C3 and C4 whereas a significant difference in fresh weights was 

found between CI and C2 (Table 7). The fresh weight obtained from CI 

was 80 percent of that obtained from C2; however, at the mature stage 

all significant differences between the four treatments disappeared. 

The fresh or dry weights obtained from Dl, D2, D3 and D4 might be con

sidered statistically the same (Table 8, calculation samples 1 and 2). 

The results which were obtained from the different stages of 

growth by the use of two typical irrigations specific to trickle 

and furrow systems in certain environmental conditions reflected 

many factors acting together. According to the situation, the major 

factors which might have influenced the fresh and dry weights were 

irrigation methods, irrigation frequencies, amounts of water supplied, 

and diseases. 
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Table 6. Irrigation frequencies, amounts of water and fresh and dry weights of tops for the 
trickle and furrow treatments, at the Folding stage. 

Treatment Irrigation 
Method 

Irrigation 
Frequency 
(per week) 

Rainfall and 
Total Water 
Supplied (cm) 

Fresh Weight 
of Tops 
(t/ha) 

Dry Weight 
of Tops 
(t/ha) 

B1 Furrow 1 4 7.6 0.432 0.049 

B 2 Trickle 2 29.0 0.583 0.057 

B 3 Trickle 2 27.7 0.579 0.054 

B4 Trickle 2 24.3 0.534 0.055 

LSD (5%) 0.111 0.009 



Table 7. Irrigation frequencies, amounts of water and fresh and dry weights of tops for the 
trickle and furrow treatments, at the heading stage. 

Treatment Irrigation 
Method 

Irrigation 
Frequency 
(per week) 

Rainfall and 
Total Water 
Supplied (cm) 

Fresh Weight 
of Tops 
(t/ha) 

Dry Weight 
of Tops 
(t/ha) 

Cl Furrow 1 65.0 1.305 0.137 

C2 Trickle 2 35.3 1.628 0.169 

C3 Trickle 2 33.4 1.616 0.162 

C4 Trickle 2 30.0 1.346 0.140 

LSD (5%) 0.315 0.055 



Table 8. Irrigation Frequencies, amounts of water and fresh and dry weights of tops for the trickle 
and furrow treatments, at the mature stage. 

Irrigation Rainfall and Fresh Weight Dry Weight 
Treatment Irrigation Frequency Total Water of Tops of Tops 

Method (per week) Supplied (cm) (t/ha) (t/ha) 

D 1 Furrow 1 92.0 1.737 0.168 

D2 Trickle 2 47.5 1.892 0.171 

D 3 Trickle 2 42.5 1.897 0.160 

D 4 Trickle 2 38.5 1.877 0.157 

* LSD (5%) 0.382 0.0529 
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Calculation sample 1: Statistical analysis of the top fresh weights 
obtained at the mature stage (tons/hectare). 

Table 9. Top fresh weights obtained from the trickle and the furrow 
treatments, at the mature stage (t/ha). 

Treatment I 
Replications 

II III 
Treatment 
Total (T) 

Mean 
X 

D1 1. 6991 1.7611 1.7528 5.2130 1.7377 

D2 1. 7309 2.0861 1.8593 5.6763 1.8921 

D3 2. 0030 1.5797 2.1088 5.6915 1.8972 

D4 1. 9576 1.7754 1.8971 5.6301 1.8767 

Rep Totals 7. 3906 7.2023 7.6180 22.2109 1.8509 
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Table 10. Analysis of variance related to the top fresh weights. 

Source of Degrees of Sum of Squares Mean Square 
Variation Freedom (df) (SS) (MS) 

Total 11 0.2929 0.0266 

Replications 2 0.0217 0.0109 

Treatments 3 0.052 0.0173 

Error 6 0.2192 0.0365 

" t.osfHF- (2-447f 
(2)(0.0365)y _ 

*LSD 

2 s = error mean square 

LSD: Least significant difference 

n = number of replications 

t = distribution from probability table 

) = 0.382 
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Calculation Sample 2. Statistical analysis of the top dry weights 
obtained at the mature stage (tons/hectare). 

Table 11. Top dry weights obtained from the trickle and furrow 
treatments, at the mature stage (t/ha). 

Replications Treatment Mean 
Treatment I II III Total (T) X 

Dl 0.1376 0.2056 0.1602 0.5034 0.1678 

D2 . 0.1481 0.1512 0.2131 0.5124 0.1708 

D3 0.1587 0.1421 0.1799 0.4807 0.1602 

D4 0.1542 0.1466 0.1708 0.4716 0.1572 

Rep Totals 0.5986 0.6455 0.724 1.9681 0.164 
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Table 12. Analysis of variance related to the top dry weights * 

Source of Degrees of Sum of Squares Mean Square 
Variation Freedom df (SS) (MS) 

Total 11 0.0065 0. 0006 

Replications 2 0.002 0. 001 

Treatments 3 0.0003 0. 0001 

Error 6 0.0042 0. 0007 

,LSD . tt05̂  * <2'M74 ̂ f22zT7 , 0.0529 

2 
s = error mean square 

LSD = Least significant difference 

n = number of replications 

t = distribution from probability table. 
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Irrigation Methods 

The effect of the irrigation method may be attributed to their 

specific properties. A major advantage of trickle irrigation consists 

of saving a considerable amount of water by limiting evaporation, 

deep percolation and runoff. In contrast, with a normal furrow irri

gation, loss of water is not only inevitable but also important 

(Freeman, Blackwell and Gerzoli, 1976). 

Although salt effects were probably minimal at this site, a 

leaching was performed with 20 cm of water before seeding. The irri

gation water used contained 190 ppra. At the midgrowth period, soil 

samples were taken at different locations and depths and analyzed 

for salt content. The average of salt contents obtained from both 

the furrow and trickle treatments are shown in Table 13. The results 

show that for both types of irrigation, salt accumulation was higher 

at 5 cm depth than at 15 cm depth. Also, salt accumulation decreased 

from the inside to the outside of the bed with respect to the width 

in the trickle treatments whereas the reverse was occurred in the 

furrow treatment. Furthermore, in a row of the trickle treatments, 

salt accumulation was significantly lower at 5 cm depth. So, a certain 

increase in yield may have resulted from less salt accumulation at the 

soil surface in case of the trickle treatments. 

Two applications of nitrogen of 100 kg per hectare each were 

made for both the trickle and furrow treatments. A liquid ferti

lizer was injected through trickle irrigation whereas a dry ferti

lizer was applied to furrow irrigation. The possibility of constant 

supply of nutrients with trickle irrigation permits an increase in 



Table 13, Salt accumulation (p.p.m.) at different locations and depths across the bed for the trickle 
and furrow treatments. 

Furrow Treatment- Trickle Treatments 

Location/ In the Center In the slope In the Center In the Slope 
Depth of Bed In the Row Side of Furrow of Bed In the Row Side of Furrow 

5 cm 2562 1330 679 721 1078 1090 

15 cm 651 672 560 742 758 868 
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fertilizer efficiency and may contribute to improved yield whereas 

under furrow irrigation a lower fertilizer efficiency may occur 

due to an uneven water distribution. Also, the fertilizer may be leached 

beyond the roots due to an overwatering. 

Amounts of Water 

Ninety, 45, 30 and 22.5 cm of water were planned for the furrow 

treatment D1 and the trickle treatment, D2, D3 and DA, respectively. 

These amounts of water correspond successively to 4, 2, 1.3 and 1 times 

the mean consumptive use for lettuce at Mesa, Arizona for the period 

1960-1962. However, it was impractical to use such amounts of water, 

especially for D3 and DA (Table 8). From the beginning until approxi-
Hi 

mately the 12 leaf stage the soil temperature was high and extra amounts 

of water were needed to cool the soil and enhance germination. Also, 

relatively small amounts of rainfall occurred later in the season. 

As a result, the amounts of water which were initially designated to 

D3 and D4 were increased by 40 percent and 66 percent, respectively. 

The similarity of water supplied explain the nearly identical fresh and 

dry weights obtained from D2, D3 and D4. However, twice as much water 

was devoted to D1 compared to those devoted to D2, D3 or D4. Thus, a 

higher production per unit of water occurred in the trickle irrigated 

treatments. 

Diseases 

Although two treatments using malathion insecticide at a rate 

of 2.5 liters of active material were applied to control white fly, the 

crop was attacked by a disease. The disease was identified as lettuce 
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yellows and caused by a virus transmitted by white fly, Bermisia tabaci. 

The effect of this disease is illustrated in part by Figures 11 and 12 

which show a comparison of fresh and dry weights obtained in 1972 and 

1981 for fall lettuce. Although, a part of this difference in fresh 

and dry weights may be attributed to a difference in growth conditions, 

the effect of such disease appeared important. 
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Figure 11. Average plant fresh weight accumulation for the 
growth period of 1972 and 1981. 
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CHAPTER 5 

SOIL MOISTURE MEASUREMENTS 

The soil moisture distribution in the furrow and trickle irri

gated areas was determined for a period of five weeks. The values of 

the soil moisture content recorded at different levels and at spec

ific locations are shown in Tables 14 and 15. The two sets of values 

registered near the plant and at a depth of 30 cm were obtained by the 

use of the neutron probe and the gravimetric methods (Figures 13, 14, 

and 15). 

Neutron Probe Measurements 

The values determined by the use of the neutron meter at the 

start and the end of irrigations, were higher in the furrow irrigated 

area (Figure 15). The higher values obtained at the start of irriga

tions might be attributed to the fact that every week twice as much 

water was applied to the furrow irrigated area compared with a similar 

trickle irrigated area. 

The higher values determined at the end of irrigations may be 

due to the fact that the double amount of water applied to the furrow 

irrigated area may have led to a relatively more saturated soil at the 

end of irrigations. Also, almost all the values obtained by the 

neutron probe method were lower than those determined by the gravimetric 

method (Figures 13 and 14). The latter may be considered relatively 

more reliable than the neutron probe method especially for small depths. 
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Table 14. Soil moisture (on volume basis) determined at different depths before 
and after irrigation in the trickle and furrow treatments. 

T»lqq.E TMAfflMTS niMttV tkmthekt 
Oeptha 

(c») 
Kcar the Plant Center pf Bed Near th* Pint Center of led Oeptha 

(c») QMBJNP) Q*(6ICN) 9*(tAGMJ fl(BIHP) Q(AtNP) 9(8im) Q(Atnr) O(AICrt) B(BIHP) 0(A1IVP> 

1 (10-27) . 30 24.0 28.4 25.6 35.0 24.Z 25.8 26.7 27.0 27.4 30.5 24.3 25.7 
60 10.6 18.8 14.6 16.0 22.8 22.2 28.0 28.4 
90 38,) 39.2 35.7 35.5 35.0 36.) 38.6 38.9 

120 34.5 36.0 35.7 37.4 37.5 37.8 38.0 39.3 

2 (11-03) 30 25.0 26.5 26.0 29.6 25.0 25.9 25.2 29.9 28.0 34.6 20.8 22.8 
60 13.B 14.6 17.5 20.0 20.6 21.2 . 26.9 28.0 
90 35.2 37.5 36.0 38.3 34.3 37.5 38.S 40.8 

120 34.5 35.8 33.3 34.5 37.5 37.4 37.9 38.3 

3 (11-10) 30 24.0 31.3 25.4 35.5 26.3 28.2 27.3 28.9 27.5 35.6 22.8 25.0 
60 14.6 13.4 20.0 19.5 22.7 22.8 22.8 24.3 
90 37.0 36.0 38.3 38.4 36.8 35.8 40.0 39.0 

120 35.7 35.2 35.7 34,« 36.7 35.7 38.3 37.5 

4 (11-17) 30 25.2 28.5 26.7 34.0 27.3 28.0 26.8 26,3 28.5 31.3 25.0 22.8 
60 14.6 13.8 20.4 23.6 - 28.5 25.2 24.3 
90 38.3 36.0 38.4 38.3 - 36.5 42.0 38.7 

120 37.5 35.8 35.8 35'.2 - 37.0 40.0 38.0 

5 (11-24) 30 26.7 31.4 28.2 33.1 35.7 28.0 28.0 34,6 29.5 37.6 24.2 _ 

60 14.1 13.8 20.0 20.0 23.6 - 29.1 -

90 35.0 38.5 38.3 40.1 37.9 * 40.1 -

120 35.8 35.8 25.2 35.7 37.9 - 38.4 -

3 3 *9 = soil moisture content (cm / cm ) x 100. 
*BINP = moisture content determined before irrigation with the neutron probe. 
*AINP = " VI II after ii ti ll ll M 

*BIGM = " ii VI before ii ii " gravimetric method 
*AIGM = " IV II after tt rv II II II 



Table 15. Soil moisture (on volume basis) determined at the 30 cm depth before and 
after irrigation in the trickle and furrow treatments. 

Miaa-g TKATHPrre romni thatkph 
H*tk» t(IIR) 

Dltt-
•(•1CH) erne* •(Aim) •(MOO 

Dl ti
trate* •w(nr) ««(oq •linir) •(•ICH) 

Bllf-
•tntl KiW) • (MCH) 

01ft-
itnn M(R?) 6«(CH) 

1 <10-27) 14.0 20.4 4.4 ».( 35.0 *.4 l.t (.« 26.7 27.0 0.3 ' 17.4 jo.i 3.1 0.7 3.S 

1 (11-03) 15.0 26.3 1.3 It.O 29.4 3.4 1.0 3.1 23.2 2f.« 4.7 21.0 34.t «.t 2.* 4.7 

J (11-10) 24.0 31.1 7.J 23.4 33.) 10.1 1.4 4.2 27.3 2«.f l.t 27.J 33.t 1.1 0.2 t.7 

4 (1MI| 23.2 18.S J.J It. 7 34.0 7.) 1.3 J.J 2C.0 2t.I -O.J H.S 31,3 2.« 1.7 4.9 

I (Il-H) It. 7 11.4 4.7 It. 2 33.1 4.* 1.3 1.7 21.0 !».« l.t 21.J 37.6 1.1 l.S 1.0 

*A0 = amount of water stored in percent. 
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Figure 13. Soli moisture before and after trickle irrigation at the 30 cm depth. 
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The neutron probe measures the average moisture content in a sphere on 

the order of AO cm diameter. For this experiment the moisture content 

is uneven and varies with the distance from a trickle orifice. In 

addition, the calibration curve used to compute the water content was 

not determined at the site of the experiment. A significant difference 

was found between the calibration curve used for computation and the 

calibration curve determined for the site of the experiment (Figure 

16). 

Gravimetric Measurements 

This method may be considered more appropriate than the 

neutron probe method especially for small depths. The values obtained 

were more reasonable values than those determined by the neutron probe 

(Tables 14 and 15). However, the gravimetric method still has errors 

depending on the carefulness of the procedure. 
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Figure 16. Netron probe calibration curves determined at Marana Experiment Station. 



SUMMARY AND CONCLUSIONS 

An experiment was conducted with crisphead lettuce under trick

le and furrow irrigation methods. Objectives were to study and compare 

certain environmental factors during the different stages of germina

tion and growth. These include effects of irrigation method and the 

amounts of water on yield as well as soil temperature and moisture dis

tribution. The following results were found: 

1. Maximum soil temperatures near the plant and at depths of 5 cm and 

15 cm were an average 3.4°C and 1.9°C lower, respectively, in the 

trickle treatments than in the furrow treatment. 

2. The crop evapotranspiration computed by the Blaney and Criddle 

formula (247 mm) was 11 percent higher than the normal consumptive used 

for the period 1941-1970 and 8 percent higher than the mean consumptive 

use for the period 1960-1962 at Mesa, Arizona. 

3. The seedling emergence at five days was 70 percent and 55 percent 

in the trickle and the furrow treatments, respectively, and more "blanks" 

were observed in the furrow treatments. 

4. The yield obtained from the trickle irrigated treatments at the matur 

stage were statistically the same as that obtained from the furrow irri

gated treatment even though both yields were less than the normal due to 

infection. The trickle treatments received approximately twice as much 

water as the mean consumptive use for the period 1960-1962 at Mesa, 

Arizona at frequencies of four times a week (during the emergence and 
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the early stage of germination periods) and twice a week (for the rest 

of the growth period) whereas the furrow treatment received approxi

mately four times as much water as the mean consumptive use for the 

period 1960-1962 at Mesa, Arizona at frequencies of twice a week 

(during the emergence and the early stage periods) and once a week 

(during the remaining of the growth period). 

5. Salt concentration of 1078 ppm found at 5 cm depth in a row 

of the trickle treatment was 23 percent lower than that at a similar 

location of the furrow treatment. Also, salt accumulation was higher 

at 5 cm depth than at 15 cm depth in both the trickle and furrow 

treatments. In addition,an increased salt gradient from the inside to 

the outside of the bed with respect to the width was found in the 

trickle treatment whereas the reverse was occurred in the furrow treat

ment . 

6. The soil moisture contents determined for five weeks by the gravi

metric method were found higher than those determined by the neutron 

probe method in both the trickle and furrow treatments. 

In evaluating the experiment, several complication factors 

must be recognized. In the first case, the exceedingly high tempera

tures during the germination period upset the planned moisture regimes 

and was a factor in using several times the amount of water originally 

planned. Secondly, the disease greatly decreased lettuce yield and 

tended to overcome other factors. Lastly, the neutron probe was not 

well suited because of the interest in only the top 20-40 cm of the 

profile and areal effect of the wetting pattern. 
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