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ABSTRACT 

Drip irrigation lines placed 15 cm deep or 5 cm shallow below 

soil surface and furrow irrigation were compared on calcareous soils of 

southern Arizona. Crops grown were zucchini squash (Cucurbita pepo L.) 

1982 and 1983 summers, and cabbage (Brassica oleracea var. capitata L~), 

1982 fall. Furrows received a prep1ant application of phosphorus (p) at 

a rate of 100 kg P205/ha. Urea phosphate (UP) (17-44-0) solution was 

injected twice in drip lines during the growing season to give a total 

rate of 100 kg P20s/ha on cabbage and so kg P20S/ha on squash. 

Deep drip lines produced 52 and 34% higher yield than shallow 

drip in squash 1982 and 1983 experiments respectively. Deep drip yields 

were comparable to fertilized furrow yields with half the water and half 

the fertilizer rate of the furrow used by the deep drip. Unfertilized 

furrow yielded least. 

Application of UP in deep drip raised P04-P and N0 3-N concentra

tion in squash leaves to comparable values to fertilized furrow plants. 

Shallow drip and unfertilized furrow plants had low nutrient concen

trations. 

Soil analysis for NaHC0 3 extractable P and N0 3-N showed higher 

levels under drip than furrow treatments. Available P increased to 

20 cm from emitters. EC was lower under drip than furrow. Soil pH was 

reduced by 0.5 units around emitters. 

xi 



xii 

Soil moisture in root zone was highest under furrows. Deep drip 

had more moisture than shallow drip. Injection of UP reduced water pH 

to 1.8 which prevented P precipitation. 

Cabbage yields were comparable under all fertilized treatments. 

Deep drip yielded 19% higher than shallow drip. Tissue analysis showed 

higher nutrient concentration under drip than furrow treatments. Soil 

analysis showed higher available P and N0 3-N and lower EC and pH under 

drip than furrow treatments. 

Mobility of P04 from UP vias about 20 cm in soil columns. Rate 

of P fixation was high. Reduction in pH followed same pattern of P 

mobil ity. 

Root growth and distribution was more extensive under deep than 

shallow drip. Roots concentrated around deep UP zone in transparent 

cyl inders. 



CHAPTER 1 

INTRODUCTION 

Water supply for irrigated agriculture in the southwestern 

United States and several other regions of the world is getting scarce 

and expensive. Competition for this water continues to increase between 

agri culture, industry, and urban interests, so water conservati on becomes 

a necessity from the economical as well as the legal standpoint. In 

Arizona, the "Groundwater Management Act of 1980" allows the state to 

enforce mandatory conservation measures and levy a pump tax. After the 

year 2006, the state can buyout farmland to stop irrigation. Arizona 

consumes 4.8 million acre-feet annually in contrast to the current 

supply of 2.6 million acre-feet, for an annual overdraft of about 2.2 

million acre-feet. (Arizona Land & People, 1982). 

The future of agriculture in such situations depends on the 

intelligent use of water in irrigating crops. New methods for applying 

water have been developed. Trickle or drip irrigation (both names are 

synonymous) has been gaining acceptance as the most efficient way to use 

water. It increases yields while using less water than traditional 

flooding or furrow irrigation. Drip irrigation benefits include: 

(1) a uniform, continuous supply of moisture; (2) wetting the root 

zone only; (3) allowing the use of saline water; and (4) permitting a 

continuous supply of nutrients to reach the crop. 



2 

Subsurface drip irrigation, i.e., placing the drip lines several 

centimeters below the soil surface, further increases the efficiency of 

water use in arid regions. This is mainly due to reduction of the por

tion of water that evaporates from the soil surface. The soil above the 

drip line acts as a mulch, preventing free water from being exposed 

directly to the dry atmosphere. In contrast, this situation does not 

occur with surface drip, where a substantial portion of water could be 

lost by evaporation. 

Subsurface drip irrigation offers several added benefits. These 

include: (1) the ability to apply soil immobile nutrients, such as phos

phorous, closer to the plant roots thus reducing the immobility barrier; 

(2) allowing multiple cropping and 5hallow cultivation without the need 

to remove the drip lines, thus reducing labor costs; and (3) applying 

volatile fertilizers such as anhydrous ammonia with minimum losses due 

to volatilization. 

Phosphorus (P) is the second most applied fertilizer, but it 

has not been applied by drip irrigation in significant quantities for 

two important reasons. First, P precipitates as an insoluble salt that 

clogs the emitters when the irrigation water has a basic pH or a high 

Ca content. Second, because of the immobility of Pin soil, it does not 

reach the root zone when placed on the soil surface. Thus it becomes 

important to find a P fertilizer that can be applied in drip irrigation 

lines which does not have the previously mentioned undesirable charac

teristics. Such a fertilizer, when used in subsurface drip systems, 



would give an even better plant response because it would be placed 

closer to the roots. 

These challenges have prompted this research which is aimed at 

(1) finding solutions for continuously decreasing water supplies, 

while maintaining high crop yields, and (2) finding a P source that 

can be used with success in drip irrigation. The objectives of this 

study are: 

3 

1. Determining crop response to subsurface drip irrigation in com

parison to conventional surface drip and furrow irrigation. 

2. Evaluating yield and water use efficiency by these three irri

gation methods. 

3. Studying the feasibility of multiple cropping with cultivation 

while keeping the same subsurface lines in the field. 

4. Testing the use of urea phosphate (UP) in drip lines as to 

(a) its effect on the proper functioning of the lines; and (b) the 

effect of its depth of placement on increasing P use efficiency. 



CHAPTER 2 

REVIEW OF LITERATURE 

As water costs increase and as a greater portion of it is 

diverted to urban use in arid regions of the world, farmers are pressed 

to improve their methods and practices of irrigation (Arizona Land & 

People,· 1982). They also need to maintain high yields while trying to 

maximize water use efficiency. 

Water in Arizona: Economical and Legal Aspects 

An entire issue of Arizona Land & People (1982) was devoted to 

the water status in Arizona. Arizona can count on roughly 300,000 acre

feet of replenished groundwater supply per year, as long as the water 

does not get too contaminated to be used. Also, the state currently 

receives about 2.3 million acre-feet per year of usable surface water 

and plans on 1.0 to 1.5 million more from the Colorado River via the 

Central Arizona Project (CAP). 

In contrast to the current supply rate of 2.6 million acre-feet, 

the state consumes about 4.8 million acre-feet for an annual overdraft 

of about 2.2 million acre-feet. The overdraft lowered groundwater levels 

by more than 100 feet in several areas. The CAP would barely halve the 

annual deficit at current rates of water consumption and long range 

estimates of CAP flow. 

4 
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Although the number of people living in Arizona tripled between 

1950 and 1980, no new sources of water became available. This has 

prompted the legislature to pass the Arizona Groundwater Management Act 

of 1980 which gives the state its first real ability to stop the deple

tion of groundwater. The state can enforce mandatory conservation 

measures and levy a pump tax. After 2006, it can buyout farmland to 

prevent irrigation. 

While most industries can adjust the price of their product when 

production costs increase, farmers have little say in the price of their 

crops. Many of the costs of irrigation water in Arizona have been ris

ing rapidly. About two-thirds of the energy used by irrigated agricul

ture in Arizona in 1978 was electricity and natural gas used for pumping 

water. The price of electricity increased by about 300% between 1975 

and 1981, but the prices of most crops in 1981 were about the same as in 

1975. The cost of pumping deep groundwater in some parts of Cochise 

County is driving some farmers tHere out out of business. 

Drip Irrigation in Comparison to Sprinklers and Furrows 

Drip irrigation differs from conventional bulk water application 

methods, in that smaller volumes of water are applied to plants at more 

frequent intervals, and only to a part of the soil. This is accomplished 

by pumping water under pressure into plastic tubes that run alongside 

the crop, with water being released only at selected points by means of 

some form of emitter system (Elfving, 1983). The first extensive com

parisons of drip irrigation with conventional forms of irrigation under 
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arid conditions were conducted by Goldberg and Schmueli in 1971. In a 

series of experiments several vegetable crops were grown on a sandy soil 

located in an arid environment, and irrigated with drip, sprinkler or 

furrow methods. Yields of muskmelons (Cucumis melo L.) under drip in

creased about 45% over those irrigated with sprinklers and furrows. With 

green peppers (Capsicum annuum L.) drip irrigation gave greater yield, 

leaf growth and root development than sprinkler irrigation. 

Goldberg and Schmueli (1970) grew tomatoes (Lycopersicum escu

lentum Mill.) and cucumbers (Cucumis sativus L.) with saline water. Drip 

irrigated tomatoes yielded 2/3 more than sprinkler irrigated. Cucumbers 

yielded 16 TIA under drip but failed to produce any fruit under sprink

lers. Bernstein and Francois (197~) irrigated green peppers with saline 

sater containing 2450 mg/l total salts and with non-saline water contain

ing 450 mgll total salts using drip, sprinklers or furrows. The reduction 

of yield due to the use of saline water was only 14% under drip, but 54% 

for furrows and 94% for sprinklers. Drip irrigated plots also required 

about one-third less water than furrows to produce maximum yield. 

Bucks et ale (1974) compared drfp and furrow irrigation for 

cabbage production. Consumptive use requirements of water did not change 

with the irrigation method or the frequency of irrigation, but water 

requirements under furrow was 22% higher than under drfp; this increased 

the water use efficiency of drfp by 22% over furrow. Schweers and 

Grimes (1976) studied the use of drip frrigation as a means to reduce 

soil compaction and sealing in furrows when growing fresh market toma

toes. A wide soil surface that is wet while the daily harvest crew ;s 
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picking tomatoes results in soil compaction, low water infiltration and 

thus reduced yields. Production was best when the drip lines were used 

and placed at the base of plants in the row, or by less frequent furrow 

irrigation. Drip irrigation not only maintained a desirable soil mois

ture distribution, but also the cultural advantages of a dry surface 

area for foot traffic of harvesters (Grimes et al., 1976). Furrow and 

drip irrigation were evaluated under desert conditions by Oebker et al. 

(1971). They were able to grow lettuce (Lactuca sativa L.) under drip 

using 25% of the water used by furrows. Salt accumulation in the lettuce 

row was less under drip. Three-year-old pecan trees (Carya illinoensis 

Koch.) grew with 20% of the water used by furrows. Doss et al. (1980) 

compared drip, furrow and sprinkler irrigation on tomato production in a 

humid region. Although all three irrigation methods gave comparable 

high yields, drip used about 50% less water than furrows or sprinklers. 

Subsurface Drip Irrigation Benefits 

Subsurface placement of drip irrigation lines is a fairly recent 

concept and very little literature has been published about it. Williams 

and Hanson (1973) placed perforated plastic tubing 25 to 30 cm below 

soil surface on cotton (Gossypium hirsutum L.). Treatment with subsur

face tubing increased yield by 10% when compared to flood irrigation 

over a three-year period. Sammis (1980) compared subsurface drip to 

surface drip, furrow and sprinkler irrigated potatoes (Solanum tuberosum 

l.) and lettuce at a location where rainfall did not supplya significant 
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portion of their water requirements. The highest yield was attained 

with subsurface irrigation when soil water potential at 15 cm reached 

-20kPa; this also gave the highest water use efficiency. In addition, 

since potatoes require uniform soil moisture to provide continuous well 

shaped tuber growth, subsurface drip provided the most uniform supply 

of soil moisture, resulting in highest tuber quality. With lettuce, 

comparable yields were achieved with sprinkler, surface and subsurface 

drip because water was applied frequently in small amounts since lettuce 

has a shallow root system. 

Mitchell (1981) studied the placement of subsurface drip lines 

to permit tillage operations and application of volatile fertilizers 

such as anhydrous ammonia, which are not practiced with surface drip 

lines. Seven crops of field corn (Zea mays L.) were grown over the same 

subsurface drip lines placed 36 cm below soil surface. The drip lines 

remained in good operating condition during the seven-year experiment. 

Anhydrous ammonia applied in subsurface drip increased N use efficiency 

when compared to broadcast NH 4N0 3; it also increased P and K availabil

ity as measured by analysis of the ear leaf. 

Subsurface drip irrigation was further investigated for its 

potential use with multiple successive row crops (Bucks et al., 1981). 

Canta~upes (Cucumis melo L.), dry onions (Allium cepa L.) and carrots 

(~aucus carota L.) were successively planted in that order. After each 

crop was harvested, crop residue was removed and a new seed bed prepared 

with a Lilliston rotary cultivator. Duri~g this minimal land 
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preparation, about 2 cm of top soil was scraped into the furrows. The 

subsurface drip system with minimum cultivation produced yields that 

were comparable or higher than furrow irrigation. The various consecu

tive crops produced high yields with subsurface drip irrigation without 

major conventional cultural practices or replacement of the drip system. 

Subsurface drip irrigation was tested on a sandy loam soil with 

low water intake rates (Phene et al., 1981). Processing tomatoes were 

irrigated by furrows or subsurface drip irrigation lines placed 45 cm 

below soil surface. Tomato plots irrigated and partially fertilized 

with subsurface drip out yielded plots irrigated by the optimized furrow 

irrigation method. Low yields under furrow irrigation was attributed to 

frequent water stresses to the crop since irrigation was scheduled every 

six days. No water stress was detected in the crop irrigated by fre

quent subsurface drip with the same volume of water applied as in 

furrows. Rose (1982) grew processing tomatoes using permanently 

installed subsurface drip lines. The yield was 59 TIA which is more 

than twice the 24 T average yield for California. The subsurface lines 

were placed 45 cm below the soil surface and their projected life span 

was 5 to 10 years. Plowing, seeding and other cultural practices should 

offer no problem at that depth of lines. The 59 T yield was achieved 

with 25.5 in. of applied irrigation water compared to 24 in., the state 

average consumptive use of water needed to produce 24 T of tomatoes. 
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Crop Response to Fertilizer Application Through Drip Irrigation 

Fertilizer injection in drip irrigation came just after drip 

irrigation started to be used. One of the earliest studies involving a 

three-dimensional soil profile has shown that root exploration was 

shallow and concentrated around the emitters. Concentration of soluble 

salts was highest in the top 3 cm and between emitters. When P and N 

fertilizers were added, P accumulated around the emitter, while N moved 

with soluble salts (Goldberg et al., 1971). Bar-Yosef and Sheikhol

salami (1976) studied the distribution of water, Nand P from drip 

emitters in containers filled with either sand or clay. They found that 

when adding identical amounts of water but with increasing discharge 

rate, the rate of downward movement of the wetting front increased and 

lateral movement decreased. Nitrate moved with the wetting front, but 

with clay soil some N losses occurred, possibly due to denitrification. 

Phosphorus mobility was very limited, only 4 to 6 cm away from the 

emitter on the clay soil. Slightly more mobility was observed in sand. 

The uptake of Nand P by tomatoes grown in sand dunes and the distribu

tion of Nand P in the soil from drip irrigation were studied by Bar

Yosef (1977). The Nand P content of plants were within optimum ranges 

reported in the literature. Soil P increased only in the top 10 cm and 

was related to the rate of P applied in the drip. Soil N increased with 

increasing N rates, but decreased with time due to plant uptake. 

Smith et al. (1979) studied the response of apples (Malus 

domestica Bork.) and peaches (Prunus persica Batsch.) to N fertilization 
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through drip irrigation at rates equivalent to 25, 50 or 100% of the 

recommended soil rate. Equal yields were produced by the 50 and 100% 

drip applied treatments and the soil treatment. Nitrogen distribution 

in the tree was uniform and no effect on fruit size or quality was 

observed due to drip fertilization. Kafkafi and Bar-Yosef (1980) 

studied irrigation and fertilization of tomatoes grown on a highly 

calcareous and saline soil. Yields of 80 tons/ha were obtained with 

. only 40% of the water evaporated from a U. S. Class A pan applied to 

irrigate the crop. Plant tissue analysis for N, ~ and K were within 

the no deficiency values. In a follow-up study, Bar-Yosef and Sagiv 

(1982a, 1992b) studied the response of tomatoes grown at several sandy 

locations to irrigation and fertili"zation through drip irrigation. 

Fruit yield responded linearly to increasing total irrigation rates 

(Qw) up to 80% of the accumulated evaporation from a U. S. Class A pan 

(Ep); the slope of the response being 15 tons/ha for each 10% change in 

Qw/Ep. The optimum average N concentration in irrigation water was 

130 ppm. 

Bacon and Davey (1982a, 1982b) studied the availability of Bray 

No.1 phosphate and mineral nitrogen for apples, peaches, grapes (Vitis 

vinifera L.) and oranges (Citrus sinensis L.) irrigated with drip lines. 

Single superphosphate and NH 4N0 3 were broadcast evenly over the area, 

and an additional single super phosphate treatment was banded 50 to 80 

cm from the tree rows. The increase in Bray No. 1 phos phate was con

fined to between 30 and 60 cm horizontally away from the emitter and 
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6 to 9 cm below the soil surface. An 8 to 12 hour irrigation period 

usually increased concentration of Bray No.1 phosphate by an average of 

63% in the surface 30 cm around the emitter and 12 cm below it. Leaf 

analysis showed that drip irrigation appears to have much lower require

ments for P fertilizers when tree crops are grown. Irrigation of more 

than eight hours resulted in up to 109 of N per tree being mineralized. 

Maximum mineralization occurred when NH 4N0 3 was broadcast rather than 

banded 50 to 80 cm from the emitters. 

Characteristics and Supply of Soil Nand p. in Calcareous Soils 

Fuller and Ray (1967) reviewed the main properties of soil Nand 

P and their supply to plants in calcareous soils. Calcareous soils of 

arid regions are characteristically low in organic matter and therefore 

in reserve N. Additional N is required for most crops to insure high 

yields. Ammonical forms of N fertilizers are rapidly nitrified by 

soil bacteria in warm soils to N02 and N0 3 which are subjected to leach

ing out of the root zone by excess water. On the other hand, N may be 

lost by volatilization when ammonical N fertilizers are wetted on the 

surface of calcareous soils (Fenn and Kissel, 1973). As for soil P, 

although calcareous soils can contain high amounts of total P, the water 

soluble portion is very low and the rate at which it becomes soluble is 

extremely slow. Thus, many of these soils will require P fertilizers to 

prevent P deficiency in certain crops or to produce high yields. Soil P 

is combined primarily with Ca, Fe, Al, kaolin clay and organic matter. 
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In Arizona, native soil P is dominated by Ca-P compounds and may contain 

10 to 30% organic P in the surface soil. Added P fertilizers will react 

with soil Ca to become fixed in a slowly soluble form. Since inorganic 

P does not move to any significant extent, it becomes important to place 

the fertilizer within the active root zone. 

Nitrogen fertilizer requirements for cantaloupes grown on cal

careous soils in Arizona were studied by Pew and Gardner (1972). Rates 

of 100 to 150 lb N/A wer~ needed to produce the highest yields. Visible 

N deficiency symptoms were associated \'lith N0 3-N levels in the petiole 

of 4000 ppm or less at any stage of growth. Adequate N levels varied 

from 12,000 ppm N03-N or higher at the 3 to 4 leaf stage to 4,000 ppm 

N04-N just before first harvest. 

The response of fall grown head lettuce to N fertilizers on cal

careous soils of Arizona was studied by Gardner and Pew (1972). They 

reported highest yields when 200 lb N/A were applied, although this was 

not significantly different from yields obtained with 100 lb N/A. 

Visible N deficiency symptoms were associated with midrib. N0 3-N levels 

of 5,000 ppm or less. Nitrate levels of 8,000 ppm or more in midrib 

before the onset of cold weather is necessary to insure adequate N sup

ply during head formation. In a follow-up study to evaluate the response 

of spring grown head lettuce to N fertilizers, a rate of 100 lb N/A was 

sufficient to produce highest yields. Raising the N rate to 200 lb/A 

did not increase the yield any further. This shows that lettuce grown 
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during warmer weather responds more rapidly to N fertilizers than when 

grown during cooler weather. The critical and adequate levels of N0 3-N 

in the midrib of spring lettuce did not vary from those of fall lettuce. 

Similarly, P uptake by lettuce is more efficient during warm spring than 

during cold fall. McGeorge et a1. (1940) found that spring lettuce 

absorbed 9.7% of the added P from a (0-48-0) application, while the fall 

crop recovery was 8.1%. When fertilized with an (11-48-0) the recovery 

was 28.1% for the spring crop and 15.1% for the fall crop. 

Phosphorus fixation, movement and availability in calcareous 

Arizona soils were studied extensively by Fuller and his co-workers. In 

one study Fuller and McGeorge (1950) reported that small but considerable 

quantities of added P continues to be released after many continuous 

extractions in the laboratory. This supports the field observation that 

P fertilizers added to irrigated Arizona soils may influence crop produc

tion for several seasons after application. They also reported that 

organic P makes between 20 to 50% of the extractable P (Fuller and 

McGeorge, 1951a). The high amount of organic P in the surface of such 

soils is an important source of available P for plants (Fuller and 

McGeorge, 1951b). 

In a study to observe P movement in calcareous soils of Arizona, 

Hannapel et al. (1964) observed the predominance of P movement in the 

organic form. They related the ease of P movement to the microbial 

population of the soil which sequesters the P, thus protecting it from 

reacting with Ca. Adding a microbial energy source increased P movement 
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by about 38 fold, with more than 95% of the P movement being organic. 

Treatment with a microbicide reduced P movement (Hannapel et al., 1964b). 

The infiltration of four different kinds of organic P compounds was stu

died by Rolston et al. (l975). Available P as extracted by NaHC0 3 
increased above initial levels from 0 to 12 cm depth for all organic P 

compounds. Thus, this would be the minimum movement that would be expec

ted from application of organic P with irrigation water. 

Phosphorus Fertilization Problems in Drip Irrigation 

The most serious problem in drip irrigation is clogging of 

emitters. Physical, chemical and biological factors contribute to this 

clogging. Physical clogging due to suspended inorganic sand, silt and 

clay size particles and organic debris from plants or animals, can be 

solved by installing a good filtration system. Biological clogging due 

to algae and bacteria can be solved by adding hypochlorous acid, chlo

rine gas or copper salts (Bucks et al., 1979). Chemical clogging occurs 

with precipitation of certain solutes such as CaC03 and MgC0 3. Also in 

the presence of phosphorus, calcium phosphate can precipitate if the 

irrigation water has a pH above 7.0 or when high in Ca content (Bucks 

and Nakayama, 1980). 

Most P fertilizers available commercially today are not suitable 

for injection into drip irrigation lines because of the tendency for P 

to precipitate. Thus, application of these fertilizers is not recommen

ded in drip irrigation lines (Rauschkolb et al., 1976, Rolston et al., 

1979, OINeill et al., 1979). Another important factor is related to the 
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relatively immobile nature of P soil; thus, P will become concentrated 

near the emitter on the soil surface where it is not available for plant 

use (Rolston et al., 1979). 

The necessity to find a suitable P fertilizer for drip irriga

tion has prompted a few researchers to test several new P formulations. 

In theory, these formulations would not create the problems previously 

mentioned. Rauschko1b et al. (1976) applied orthophosphoric acid and 

glycerophosphate (GP) in drip irrigation. At a rate of ~9 Kg P/ha, or

thophosphate (OP) moved 30 cm vertically and 25 cm horizontally in a 

soil profile. This movement resulted from the saturation of soil reac

tion sites around the emitter with P and subsequent mass flow with soil 

water. On the other hand, P from GP moved 5 to 10 cm farther than the 

OP. This is because GP must undergo enzymatic hudro1ysis before its P is 

released into the soil solution where it gets bound and immobilized. 

0lNei11 et al. (1979) evaluated orthophosphoric acid in drip irrigation 

lines on Superstitious sand. The OP movement was directly related to 

increasing rates of P application. Irrigation water pH was lowered 

enough by the OP to eliminate clogging of emitters. 

A major factor that has hindered use of the previously mentioned 

P fertilizers has been thei"r cost. They are far more expensive than cur

rently available inorganic P fertilizers (Rauschko1b et al., 1976, Bucks 

and Nakayama, 1980). No major chemical manufacturer has tried to pro

duce anyone of these promising compounds at a mass scale. In the early 

1970s the Tennessee Valley Authority (TVA) began i'ts work on reacting 

merchant grade wet process phosphoric acid (0-54-0) with solid urea to 
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produce solid urea phosphate (UP) (Achorn, 1984). This UP is a cyrstal

line product of high purity that can be used to produce a clear liquid 

fertilizer. The chemical reaction for production of UP is the follow

ing: 

urea phosphoric acid 

= CO ( N H 2) 2 • H 3PO 4 

urea phosphate 

Note that the urea did not break down, but simply attached itself to a 

molecule of phosphoric acid. 

Plant Root Characteristics as Related to Drip Irrigation and P Uptake 

Duncan and Ohlrogge (1958) studied the effect of soil applied N 

and P on root growth of corn. Both Nand P stimulate~ root growth. 

Uptake of P was directly correlated to root development and volume of 

fertilized soil. The fertilizer band caused rapid root growth which 

brought root tips in contact with fresh soil. Rapid growth produced 

longer roots which had more branches and hence more root tips. Nye 

(1966) observed that nutrient absorption per unit surface area of roots 

increased as root radius decreased. Root hairs increase absorption by 

roots because they can rapidly exploit the soil volume between hairs. 

Also, they extend the effective root surface all the way to their tips. 

However, a root hair was shown to interfere quickly with nutrient up

take of adjacent hairs. 
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Itoh and Barber (1983) compared P uptake by several plant spe

cies as related to root hairs. Their results indicated that root hairs 

clearly contribute to P uptake in tomatoes and lettuce, but not for 

wheat (Triticum aestivum L.). This was in accordance with Bole (1973) 

who found no relation between number of root hairs on wheat roots and P 

uptake when several lines of wheat were evaluated. Wheat grown in low P 

soil had less number of root hairs per unit length than when P supply 

was adequate. 

Olsen and Watanabe (1966) determined effective soil volume 

around roots from 32p diffusion. Roots decreased P concentration to a 

distance of 0.04 cm from the root surface in 24 hours. The first 0.01 

cm supplied 54 to 58% of the total P uptake. In three days the 0.04 cm 

distance increased about twofold. They concluded that the presence of 

root hairs can greatly increase the ~oil volume supplying P to roots. 

Bhat and Nye (1973) observed that the P gradient around the roots sug

gest intense root hair activity and that the zone of depletion extends 

well beyond the tips of root hairs. 



CHAPTER 3 

MATERIALS AND METHODS 

Irrigation Systems Layout 

Drip irrigation lines, drip hose by Chapin, were placed 15 cm 

deep below soil surface. These were compared to drip lines placed 5cm 

below soil surface, i.e., shallow, and to furrow irrigation (Figure 1). 

The amount of water applied by the drip was determined from consumptive 

use graphs for each crop grown (Erie et a1., 1981). Equal volumes of 

water were applied in both drip treatments and measured by flow meters. 

Neutron probe access tubes were installed in the crop row and 30 cm to 

the side of the row. Urea phosphate (UP)(17-44-0) made by the Tennessee 

Valley Authority was injected into the drip lines at times specified 

later on with each crop. Each treatment consisted of a row of plants 

22.7m long with the center 15.2m used for data collection. Rows were 

2m apart. The experimental design was a randomized complete block repli

cated six times. 

The field was on the University of Arizona Marana Agricultural 

Center located 39 kilometers northwest of Tucson. Annual rainfall is 

low, average 250 mm falling mostly during the summer and winter months. 

Temperature extremes recorded were 45°C in summer and -14°C in winter. 

Soil type at the site of the experiment is Grabe loam. The plow layer 

chemical properties before planting are shown in Table 1. 
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Table 1. Soil chemical analysis before planting. 

Saturated Paste 

pH EC 

dS/m 

7.8 1.1 

*C02 extraction 

Na 

meq/1 

4.0 

ESP N* p* 

ppm ppm 

2.1 20.8 3.0 

Analysis done by the Soils, Water and Plant 
Testing Lab, University of Arizona 

Crop Selection and Treatments 

Squash: Summer 1982 
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Zucchini squash (Cucurbita ~ L. cv. Ambassador) was directly 

seeded on June 14 and 15, 1982. The field was irrigated daily until 

seedling emergence, then water was applied three times a week. No fer

tilizer was applied in this experiment. Fruits were harvested three 

times weekly and fresh weight was recorded for a 21-day harvest period. 

At the last harvest, leaf petioles were collected and analyzed for N0 3 
and P content as described by Greweling (1976). Glyphosphate herbicide 

was sprayed on the vines and crop residue was removed by hand. 

Cabbage: Fall 1982 - Winter 1983 

The drip lines of the previous crop were not disturbed. A rotar 

tiller was used to till the top 10 cm of soil above the deep drip lines. 
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Ammonium polyphosphate (15-60-0) was applied in a band to one-half the 

length of each furrow at a rate of 100 kg P205/ha. Benefin herbicide 

was sprayed on the soil surface at a rate of l~ kg/ha. Cabbage (Bras

sica oleracea var. capitata L. cv. Headstart) seedlings were trans

planted to the field on October 29, 1982. Urea phosphate was injected 

into the drip lines on February 2nd and 14th, 1983 in equal amounts 

totalling a rate of 100 kg P205/ha. Wrapper leaves were collected for 

analysis before UP application and on February 14th and 24th, 1983, 

Nitrate-N was determined in leaf midrib, whereas P, Fe, and Zn were 

determined in leaf blade, as described by Greweling (1976). Plant tis

sue was dry ashed then evaporated with conc. HCl before atomic absorp

tion analysis for Fe and Zn. Total number of heads and the number of 

marketable heads were counted on February 24, 1983. The marketable 

heads were harvested and after removing loose and damaged leaves, were 

weighed. A cross section of the soil was dug after the harvest and 

soil samples were collected from 5, 10, and 15 cm zones below soil sur

face. Available P, extracted by NaHC03, was determined as described by 

Olsen and Dean (1965) and N0 3 as described by Bremmer (1965). Soil pH 

and EC were determined on a saturated paste. 

Squash: Summer 1983 

The field was deep plowed and new drip lines and furrows were 

layed out. Bensulide herbicide was incorporated in the soil at a rate 

of 6 Kg/ha during field preparation. Half the length of each furrow 
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received a band application of UP at a rate of 100 kg P2o5;ha. Squash 

cv. Ambassador was directly seeded on May 9 and 10, 1983. Urea phos

phate was injected into the drip irrigation on June 16 and July 1, 1983 

in equal amounts totalling a rate of 50 kg P2o5;ha. Leaf samples were 

collected before UP injection and on July 1 and 15, 1983. Leaf petiole 

was used for N0 3-N determination and leaf blade for P determination. 

Fruits were harvested and weighed during a 21-day harvest period. After 

the last harvest a cross section of the soil was dug and soil samples 

were collected from 5, 10, 15 and 20 em zones below soil surface. The 

samples were analyzed for available P, N0 3, pH and EC as described 

previously. 

Soil Columns Experiment 

Black plastic columns, lOcm diameter x 50cm length, were filled 

with soil from the field site either to the top or to 15cm below the top. 

Four g UP were dissolved in lOOml water and poured in each co1umn. The 

less filled soil columns were then filled with soil to the top. Total 

weight of soil in each column was 6.5 kg. Eight hundred ml water were 

slowly added to fully saturate each column. The columns were placed in 

a campus greenhouse. Each column was watered weekly with 100 ml of 

water. 

One column from each treatment was removed every week and ana

lyzed for available P and pH as described previously. The column was 

sectioned in Scm segments for top 30cm and 7.5cm segments for bottom 

15cm. The experiment lasted for four weeks. 



Root Growth Studies 

Cabbage: Fall 1982 - Winter 1983 

A cross section of soil was dug after harvest and plant roots 

were pictured under each treatment. 

Squash: Summer 1983 
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Pictures of roots were taken as described with the cabbage 

experiment. Also, two 30 1 plastic drums were placed at the end of one 

shallow and one deep drip line during the experiment. One squash plant 

was grown in each drum. Thirty days after germination, the drums were 

removed from the field. The roots were separated from soil and 

pictured. 

Greenhouse Experiment. 

Six transparent plastic cylinders, 12cm diam. x 45cm length were 

filled with soil as described previously. Three 9 UP were uniformly 

applied to top soil or 15cm below soil surface. Each column was wrapped 

with Al foil and irrigated with 1 1 of water. Lettuce cv. Black Seeded 

Simpson was seeded and then thinned to one plant per column. Water was 

applied as needed. One month after seedling emergence, the Al foil was 

removed and pictures were taken for plants and roots. Roots were sepa

rated from soil and from the leaves. Fresh and dry weight of roots was 

recorded. 



CHAPTER 4 

RESULTS 

These studies were conducted in order to explain the scientific 

bases for crop response to subsurface drip irrigation and urea phosphate 

application in drip irrigation on calcareous soils. The results of each 

experiment will be presented as a whole part. 

Crop Response to Field Treatments 

Squash: Summer 1~82 

Yields for 1982 summer squash are presented in Table 2. Furrow 

and deep drip irrigation gave highest yields; shallow drip yielded the 

least. Deep drip yielded 52% higher than shallow drip using equal 

amounts of water. No statistical difference between treatments existed, 

but the superiority of the deep drip is obvious and confirmed by the 
i? 

experiments that followed. Soil moisture measurements (Figure 2) showed 

higher water content (%) under the furrow at all sampling locations. 

Shallow drip had higher water content than deep drip in the top 30 cm 

under the crop row; however, deep drip had higher water content than 

shallow drip in the second 30 cm. Also, 30cm away from the crop row, 

deep drip had higher ''later content than shallow drip. 
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Table 2. Fruit yield during 21 days of squash~ 1982 as affected by 
i rri gation methods. 

Treatment Yield kg/lS.2 m Row* 

Furrow 10.7a 
Shallow Drip 6.9a 
Deep Drip 10.Sa 

*Values followed by the same letter are not signi-
ficantly different (0.05) by Duncan's Multiple 
Range Test. 

Table 3. Total P in petioles at last harvest of squash, 1982 as 
affected by irrigation methods. 

Treatment %P 

Furrow 0.23 
Shallow Dri p 0.18 
Deep Dri p 0.19 

Table 4. N03-N in petioles at last harvest of squash, 1982 as 
affected by irrigation methods. 

Treatment 

Furrow 
Shallow Drip 
Deep Dri p 

6811 
6411 
6222 
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Analysis of tissue samples for P taken at the last harvest 

(Table 3) showed that furrow irrigated plants had the highest P content 

followed by deep drip and shallow drip irrigated plants. Petiol N03-N 

was highest under furrow irrigation followed by shallow drip and deep 

drip (Table 4). 

Cabbage: Fall 1982 - Winter 1983 

Yields of fall cabbage are shown in Table 5. Deep drip produced 

the highest yield followed by shallow drip and fertilized furrow. The 

unfertilized furrow yielded least. The deep drip yielded 19% higher 

than the shallow drip using equal amounts of water and fertilizer. 

A typical water analysis before and during UP application is 

shown in Table 6. The main change was lowering the pH from 8.0 to 1.8 

during UP application. The rise in EC, P04-P and NH4-N and complete 

neutralization of HC03 is indicative of UP presence in water.Ca, Mg, 

Na and SAR stayed almost constant. 

Total P in leaf blades before and after UP ap~lication is shown 

in Figure 3. Initially, plants under fertilized furrow had higher P 

content than plants under the other treatments. After the first UP 

application, both drip treatments raised P level in their plants to 

values comparable with fertilized furrow plants. The second UP applica

tion further raised P levels of both drip treatments above that of the 

fertilized furrow. 



Table 5. Yield of cabbage, fall 1982, as affected by irrigation and 
fertilizer treatments. 

Treatment Yield kg/15.2m Row* % Marketable Heads 
in Row 

Unfertilized 
Furrow 3.9a 26.8 

Fertilized Furrow l3.9b 75.6 
Shallow Drip l5.0b 64.9 
Deep Drip l7.9b 81.5 

* Values followed by same letter are not significantly 
different (0.05) by Duncan's Multiple Range Test. 

Table 6. Analysis of irrigation water before and during treatment 
with urea phosphate. 

Treatment EC pH Ca Mg Na HC03 P04-P NH 4-N SAR 
(dS/m) --------------- ppm ---------------

Untreated 0.53 8.0 19 4 79 90 0.2 0 4.3 
UP 9.1 1.8 24 9 74 0 3400 12 3.2 
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Table 7. Soil P04-P(ppm), extracted by NaHC03, at harvest of cabbage, 
fall 1982. 

Soil Depth Unfertilized Fertilized Shallow Deep 
( em) Furrow Furrow Drip Drip 

0-5 15 13 214 60 
5 - 10 13 15 96 155 

10 - 15 10 10 84 
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Nitrate-N in leaf midrib was initially about the same in all 

treatments. The first UP application raised N03-N levels in both drip 

treatments slightly higher than both furrow treatments. The second UP 

application raised N03-N levels 6,000 and 8,000 ppm in deep and shallow 

drip treatments, respectively, above the fertilized furrow. (Figure 4). 

Analysis for Fe (Figure 5) and Zn (Figure 6) showed no effect of 

fertilizer application on their concentration in the leaf blade. Hig.her 

concentration in unfertilized plants than fertilized plants indicates 

adequate soil supply for Fe and Zn and a dilution effect in the plant 

after fertilizer application. 

Available soil P (Table 7) showed high concentration around 

emitters of both drip treatments. Phosphorus levels 15cm away from 

emitters were four to five times higher than native P values. In the 

fertilized furrow, no increase in P levels occurred. 

Soil N03 (Table 8) was higher under both drip treatments than 

furrow treatments. However, N03 moved upward with other soluble soil 

salts and became concentrated in the top 5cm of soil under all treat

ments. 

Soluble salts (Table 9) as determined by EC measurements were 

least concentrated around deep drip emitters. In all treatments, salts 

became concentrated in the top 5cm of soil, with drip treatments having 

less salts than furrow treatments. 
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Table 8. Soil N03-N (ppm) at harvest of cabbage, fall 1982. 

Soi 1 Depth Unfertilized Ferti 1 i zed Shallow Deep 
( cm) Furrow Furrow Drip Drip 

0-5 10 10 30 68 
5 - 10 10 5 16 16 

10 - 15 5 5 16 

Table 9. Soil EC (dS/m), saturated paste, at harvest of cabbage, 
fall 1982. 

Soil Depth Unfertilized Ferti 1 i zed Shallow Deep 
( cm) Furrow Furrow Dri p Dri p 

0-5 2.0 2.0 1.45 1.65 
5 - 10 1.2 1.45 1.20 1.38 

10 - 15 1. 25 1.15 1.0 

Table 10. Soil pH, saturated paste, at harvest of cabbage, fall 1982. 

Soi 1 Depth Unferti 1 i zed Fertilized Shallow Deep 
( on) Furrow Furrow Drip Drip 

0-5 7.90 8.0 7.45 7.7 
5 - 10 7.90 7.9 7.7 7.55' 

10 - 15 7.85 7.9 7.6 
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Soil pH was affected by UP application (Table 10). A drop of 

0.5 pH units was measured around emitters of both drip treatments. Re

duction in pH became less evident further away from emitters. Furrow 

treatments had comparable pH values. 

Squash: Summer 1983 

Yields for 1983 summer squash are shown in Table 11. Deep drip 

and fertilized furrow out yielded shallow drip and unfertilized furrow. Deep 

drip yield was not signifantly different from fertili zed furrow yield; how

ever, this yield was produced with half the amount of fertilizer and 

about half the \'Jater used by the fertilized furrow. Also, deep drip yielded 

34% higher than shallow drip using equal amounts of water and fertilizer. 

Leaf blade P content as affected by the treatments is shown in 

Figure 7. Initially, fertilized furrow plants had higher P content than 

the other treatments. The first UP application raised P levels of both 

drip treatments, but were still lower than the fertilized furrow. The 

second UP application raised P content of the deep drip plants to make 

it comparable to the fertilized furrow plants. 

Nitrate-N levels in leaf petioles are shown in Figure 8. Ini

tially, fertilized furrow plants had higher N03-N than the other treat

ments. The first UP application raised N0 3-N of deep drip plants to 

levels comparable to that of fertilized furrow. The second UP application 

kept N03 levels under deep drip comparable to fertilized furrow. Shallow 

drip remained lower than deep drip and the unfertilized furrow had the 

least N03 levels. 



Table 11. Fruit yield during 21 days of squash 1983, as affected by 
irrigation and fertilizer treatments. 

Treatment Yield kg/15.2m Row* 

Unfertilized Furrow 8.0a 
Fertilized Furrow 12.4b 
Shallow Drip 9.0a 
Deep Drip 12.1 b 

*Values followed by same letter are not significantly different 
(0.05) by Duncan's Multiple Range Test. 

Table 12. Soil P04-P (ppm), extracted by NaHC03, at last harvest of 
squash, 1983. 

Treatment Unferti 1 i zed Ferti 1 i zed Sha llovl Deep 
Depth (cm) Furrow Furrow Drip Drip 

0-5 16 15 131 36 
5 - 10 15 13 84 84 

10 - 15 18 15 48 120 
15 - 20 10 13 20 108 

Table 13. Soil N03-N (ppm) at last harvest of squash,' 1983. 

Treatment Unferti 1; zed Fertil i zed Shallow Deep 
Depth (em) Furrow Furrow Drip Drip 

0-5 15 100 174 100 

5 - 10 15 106 55 67 

10 - 15 22 90 50 45 
15 - 20 35 50 50 55 
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Analysis for Fe (Figure 9) and Zn (Figure 10) showed no effect 

of treatments on their uptake by plants. The sharp increase in Fe and 

Zn content during the growing season indicates an adequate soil supply. 

Available soil P (Table 12) was very high around drip line 

emitters. A two-fold increase of P levels over native levels was detec

ted at 200m away from each emitter. Under the fertilized furrow, P 

levels stayed comparable to native levels. 

Soil N03 showed high levels under all fertilized treatments 

(Table 13). Nitrates moved up in the soil and became concentrated pri

marily in the top 5cm under both drip treatments, and in the top 10cm 

under the fertilized furrow. 

Soluble salts were about 50% higher in the top 5cm of both drip 

treatments than under both furrow treatments (Table 14). However, at 

deeper depths, there was less salt build-up under both drip treatments 

than under the furrows. 

Soil pH was lowered by 0.5 units around emitters of both drip 

treatments (Table 15) as a result of UP application. Lesser reduction 

in pH was measurable up to 200m from emitters. The pH of fertilized 

and unfertilized furrows was similar. 

Soil Columns Experiment 

Available soil P showed gradual decrease after each week of 

incubation. The maximum decrease was after the first week with the 

following weeks showing lesser but continuous decreases. Phosphate 
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Table 14. Soil EC (dS/m), saturated paste, at last harvest of squash, 
1983. 

Treatment Unfertilized Fertili zed Shallow Deep 
Depth (em) Furrow Furrow Drip Drip 

0-5 1.80 2.00 3.00 3.50 
5 - 10 1.80 1.80 1.65 l.60 

10 - 15 1. 75 1. 75 1.30 l.30 
15 - 20 1.50 1.60 1. 10 l.20 

Table 15. Soil pH, saturated paste, at last harvest of squash, 1983. 

Treatment Unferti 1; zed Fertil i zed Shallow Deep 
Depth (em) Furrow Furrow Dri p Drip 

0-5 7.9 7.8 7.4 7.8 
5 - 10 7.9 7.9 7.5 7.5 

10 - 15 7.9 7.9 7.8 7.6 
15 - 20 7.9 7.9 7.8 7.4 
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mobility was both upward and downward. When UP was placed in the top 

5cm of a soil column, the P04 moved about 20 cm downward (Figure 11). 

When UP was placed 15 cm below soil surface, P04 levels increased all 

the way to the soil surface as well as to 20cm below zone of placement. 

(Figure 12). 

Soil pH was lowered considerably in the zone of placement of UP. 

The reduction in pH was lesser the further away from the zone of UP 

placement. The UP held the soil pH at constant levels for three weeks, 

then the soil pH started to rise. Reduction in pH followed the same 

pattern as P availability when UP was placed in top 5cm of soil 

(Figure 13) or 15cm below soil surface (Figure 14). 

Root Growth Studies 

Cabbage: Fall 1982 - Winter 1983 

Observing root growth and distribution at the end of the experi

ment showed more extensive growth in size and number when plants were 

grown under a fertilized furrow than an unfertilized furrow (Figure 15). 

Deep drip showed more extensive and spreading root system than shallow 

drip (Figure 16). Under the shallow drip, a hard pan in the soil 

restricted the downward growth of roots. 

Squash: Summer 1983 

Similar observations were seen with the squash experiment as 

with the cabbage experiment. Plants grown in plastic drums irrigated 

by the two drip treatments showed a more extensive and thicker root 

system with deep drip (Figure 17) than with shallow drip (Figure 18). 
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Figure 15. Effect of P fertilization on cabbage root 

growth under furrow irrigation, fall 1982. 

Figure 16. Effect of depth of placement of drip irriga
tion lines on cabbage root growth, fall 1982 . 
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Figure 17. Effect of deep placement of drip irrigation 
lines on squash root growth, 1983. 

Figure 18. Effect of shallow placement of drip ' irrigation 
lines on squash root growth, 1983. 
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Figure 19 . Effect of depth of placement of UP on 
lettuce root growth. 

51 



Greenhouse Experiment 

Lettuce roots concentrated around the 15cm deep band of UP, 

whereas there was no evidence of change in root distribution pattern 

when UP was placed on the soil surface (Figure 19). Deep placed UP 

caused the lettuce to have an extensive root system compared to the 

shallow placed UP. Fresh and dry weight of lettuce roots and leaves 

were higher under deep placed UP than under surface placed UP 

(Table 16). 

Table 16. Weight of lettuce roots and leaves as affected by depth of 
placement of UP. 

Treatment Fresh Weight Dry Wei ght 
(g) (g) 

Roots Shallow 42 5 
Deep 52 6 

Leaves Shallow 57 6 
Deep 82 8 
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CHAPTER 5 

GENERAL DISCUSSION AND CONCLUSION 

In general, subsurface drip irrigation produced higher yields 

than surface drip. This is more evident in summer than in winter 

grown crops, mainly due to high evaporation of water from soil surface 

during summer. Thus, deep placement of drip lines will allow a con

siderable portion of the water applied to stay available for plant use. 

The reasons for no significant difference between yields of deep and 

shallow drip of squash, 1982 in spite of the deep drip producing 50% 

higher yield than shallow drip were: (1) the degrees of freedom of the 

experiment were only two, since we had three treatments, thus it requires 

greater differences to show statistical significance, and (2) the high 

heterogeneity of that field. 

Subsurface drip gave comparable yields to fertilized furrow 

treatments while using about half as much water. During winter, sub

surface drip required equal amount of fertilizer as the furrow but dur

ing summer it required half as much. This is mainly due to higher 

mineralization of soil nutrients during warm than cold temperature. 

This was reflected in the analysis of variance for plant P concentration; 

the fall-winter grown cabbage showed significant difference between 
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fertilized and unfertilized treatments, whereas the summer grown squash, 

1983 showed no significant difference between fertilized and unfertili

zed treatments. 

As for N0 3-N in the plants, generally there was no significant 

difference between fertilized and unfertilized treatments. Two factors 

lead to this condition: first, the high level of N03 in the irrigation 

water; second, the practice at the farm to add nitrogen fertilizers at 

regular intervals to all the irrigation water. 

It should be noted that these are nutrient concentration measure

ments and not content. So, even though the various irrigation methods 

did not significantly change N concentration, the total content of N in 

the plant would be highest under the deep drip and the fertilized furrow 

since these treatments produced larger plants and higher yields. 

The limited but obvious mobility of P in the soil was a very 

important factor in supplying the P needs of the crop. Deep drip fur

ther enhanced P use efficiency due to closer placement of UP to plant 

roots. The ability to apply UP during the growing season gave good crop 

response, due to maintaining high soil P levels. Preplanting applica

tion of P did not maintain high soil P levels to harvest. The soil 

column experiment further showed how fast P fixation can occur with this 

soil. 

Soil soluble salts were less under drip than under furrow irri

gation. In the squash, 1983 the top 5 cm of soil had higher salt build

up under drip than under furrow due to high water evaporation, no 
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rainfall during the experiment, and less leaching with drip than with 

furrow. This would not affect the crop because there are very few 

roots active in the top 5 cm of soil and the ability of plants to com

pensate by more root growth in the less saline zones (Papadopoulos 

and Rendig, 1983). 

Reduction in soil pH around the emitters is of important value 

in calcareous soils. Although the reduction in pH was confined to a 

small portion of the soil, this is enough to prevent Fe chlorosis in 

crops susceptible to Fe chlorosis (Wallace and Mueller, 1978). Also, 

the acidic property of UP makes it an excellent agent for drip irriga

tion water treatment (Gregory, 1984). Injection of UP prevented emitter 

clogging and algae growth in the drip system. 

Root growth was more extensive under deep drip than under 

shallow drip. This is due to a more favorable growth environment under 

deep drip. Favorable growth factors included: more water available, 

fertilizer placement closer to roots, less salts and lowering of pH in 

zones where most of the roots are. The more extensive root system fur

ther enhances the nutrient supply to the plant because of the larger 

soil volume that is explored by the roots. 

Other researchers have reported the good response of zucchini 

squash to drip irrigation (Bhella and Kwolek, 1984). Bellinder et ale 

(1984) reported that cabbage can be grown successfully under a no-till 

system. Chesness et ale (1976) reported successful application of a 

nematicide in subsurface irrigation lines. 
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In conclusion, subsurface drip irrigation can produce higher 

yields than surface drip will. The superior crop response to the deep 

placed drip irrigation lines and urea phosphate is attributed to the 

following factors: (1) high water use efficiency; (2) high fertilizer 

use efficiency; (3) urea phosphate prevents clogging of drip lines; 

(4) allowing multiple cropping with shallow or no tillage while the 

drip lines are still in the field; (5) less salt build-up in the soil; 

and (6) effective soil fumigation since the fumigant will be released 

where most of the roots grow. 

A few disadvantages of this system are: (1) removing the lines 

from the ground if deep plowing becomes necessary, and (2) the cost of 

UP. At this time, no cost figures for UP were available. However, 

since UP is used at half the rate of the current commercial P fertili

zers, this should compensate for its higher cost. 

Further experimenting is required to test the performance of 

subsurface drip under different soil types, crops and climatic condi

tions. More attention should be given to study the longevity of the 

drip lines when left in the field. The type of drip lines is important 

since lines must not be easily punctured while being layed. Last, but 

not least, how much deeper can the drip lines be placed and still be 

able to successfully grow shallow and deep rooted crops in a rotation. 



SUMMARY 

This research was aimed at evaluating and understanding crop 

response to subsurface drip irrigation and urea phosphate (UP) applica

tion in drip irrigation on calcareous soils. Furrow and drip lines 

placed at 15 or 5 cm below soil surface were compared. Crops grown were 

zucchini squash and cabbage. Fertilizer application was preplanting to 

furrows and during the growing season in the drip. Leaf and soil samples 

were collected and analyzed for mineral and chemical changes. Crop yield 

was recorded. Greenhouse soil column experiments were conducted to 

measure P mobility and fixation, and its effect on plant root growth. 

The following results were obtained: 

Squash Field Experiments 

1. Deep drip yields were much higher than shallow drip and were 

comparable to fertilized furrow yields. Unfertilized furrow yielded 

least. 

2. Concentration of P04-P and N03-N in plants under deep drip were 

very close to the fertilized furrow plants and much higher than shallow 

drip and unfertilized furrow plants-. Treatments did not affect Fe and 

In concentrations. 

3. Available soil P and N03-N were higher under drip than furrow 

treatments. Soil EC was lower under drip than furrow treatments. Soil 
, 

pH was lowered by 0.5 units around drip emitters. 
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Cabbage Field Experiment 

1. Deep drip yielded slightly higher than shallow drip and ferti

lized furrow, but there was no statistical difference among these 

treatments. Unfertilized furrow yielded lowest. 

2. Concentration of P04-P and N0 3-N in drip irrigated plants were 

much higher than in furrow irrigated plants. Treatments did not affect 

Fe and Zn concentrations. 

3. Available soil P and N03-N were much higher under drip than 

under furrow irrigation. Soil EC was lower under drip than under furrow. 

Soil pH was lowered by 0.5 units around drip emitters. 

Soil Column and Root Growth Experiments 

1. Mobility of P was measurable to 20 cm from point of application. 

2. Fixing of P was high as indicated by considerable reduction in 

available P each week. 

3. Soil pH was lowered by 0.8 - 1.0 unit in the zone of UP place

ment. Lesser lowering of pH was measurable to 20 cm from point of UP 

application. 

4. More extensive root systems were developed under deep than 

shallow drip. 

5. Roots concentrated in the deep placed UP zone but not in the 

surface placed UP. 



59 

This study showed that subsurface drip irrigation is superior 

to surface drip irrigation in arid climates. Urea phosphate is an 

excellent fertilizer to be used in drip irrigation on calcareous soils. 

Combining subsurface drip irrigation and UP further favors crop response 

and increases yield. 
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Table Al: Yield variance of squash, 1982 as 
affected by irrigation methods. 

Source of Sum of Mean 
Variation Squares DF Square F 

Treatment 261.7 2 130.8 1.3 
Replication 1021 .7 5 204.3 2.0 
Total 2286.2 17 134.5 

Error 1002.8 10 100.3 

Table A2: Yield variance of cabbage, fall 1982, 

Source of 
Variation 

Treatment 
Replication 
Total 
Error 

as affected by irrigation and fertilizer 
treatments. 

Sum of Mean 
Squares DF Square F 

3234.7 3 1078.2 9.8 
790.5 5 158.1 1.4 

5669.8 23 246.5 
1644.6 i5 109.6 
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Table A3: Yield variance of squash, 1983 as affected 
by irrigation and fertilizer treatments. 

Source of Sum of Mean 
Variation Squares OF Square F 

Treatment 428.7 3 142.9 5.3 
Replication 460.8 5 92.2 3.4 
Total 1294.7 23 56.3 
Error 405.2 15 27.0 

Table A4: Analysis of variance of p(%) in cabbage 

leaves, fall 1982, before UP application 
in drip. 

Source of Sum of Mean 
Variation Squares OF Squares F 

Treatment 0.026 3 0.009 17.3 
Replication 0.008 2 0.004 8.0 

Total 0.037 11 0.003 

Error 0.003 6 0.001 
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Table AS: Analysis of variance of p(%) in cabbage 
leaves, fall 1982, 2 weeks after first 
UP application in drip. 

Source of Sum of t1ean 
Variation Squares OF Square F 

Treatment 0.006 3 0.0020 5 
Replication 0.006 2 0.0030 7 
Total 0.014 11 0.001 3 
Error 0.002 6 0.0004 

Table A6: Analysis of variance of p(%) in cabbage 
leaves, fall 1982, 2 weeks after second 
UP application in drip. 

Source of Sum of Mean 
Variation Squares OF Square F 

Treatment 0.097 3 0.0320 14 
Repl i ca ti on 0.019 2 0.0095 4 
Total 0.'30 11 0.0118 
Error 0.014 6 0.0023 
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Table A7: Analysis of variance of N0 3-N (ppm) in 
cabbage leaves, fall 1982, before UP 

application in drip. 

Source of Sum of Mean 
Variation Squares OF Square F 

Treatment 3082500 3 1027500 0.6 

Replication 8315000 2 4157500 2-.4 

Total 21702500 11 1972954 

Error 10305000 6 1717500 

Table A8: Analysis of variance of N0 3-N (ppM) in 
cabbage leaves, fall 1982,2 weeks after 
first UP appl i cati on in drip. 

Source of Sum of Mean 
Variation Squares OF Square F 

Treatment 1530000 3 510000 0.0012 

Replication 320000 2 160000 0.0004 

Total 2474450000 11 224950000 

Error 2472600000 6 410433333 



Table A9: Analysis of variance of N0 3-N (ppm) in 
cabbage leaves, fall 1982, 2 weeks after 
second UP application in drip. 

Source of Sum of Mean 
Variation Squares OF Square F 

Treatment 175121666 3 58373888 0.12 
Replication 11300833 2 5650416 0.01 
Total 3070338333 11 279121700 

Error 480652639 6 480652639 

Table A10: Analysis of variance of p(%) in squash 
1 eaves, 1983 before UP appl i cat i on in drip. 

Source of Sum of Mean 
Variation Squares OF Square F 

Treatment 0.003 3 0.0009 2.8 
Repl i cati on 0.002 2 0.0008 2.3 

Total 0.006 11 0.0006 

Error 0.002 6 0.0003 
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Table All: Analysis of variance of p(%) in squash 
leaves, 1983 2 weeks after first UP 
application in drip. 

Source of Sum of Mean 
Variation Squares OF Square F 

Treatment 0.002 3 0.0006 0.2 
Repl i cat ion 1).001 2 0.0003 0.1 
Total 0.020 11 0.0019 
Error 0.018 6 0.0030 

Table A12: Analysis of variance of p(%) in squash 
leaves, 1983 2 weeks after second UP 
appl i cation in dri p. 

Source of Sum of Mean 
Variation Squares OF Square F 

Treatment 0.009 3 0.0029 2.9 
Repl ication 0.006 2 0.0031 3.1 

Total 0.021 11 0.0019 

Error 0.006 6 0.001 0 
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Table A13: Analysis of variance of N0 3-N (ppm) in 
squash leaves, 1983 before UP application 
in drip. 

Source of Sum of Mean 
Variation Squares DF Square F 

Treatment 1970625 3 656875 0.43 
Replication 71250 2 35625 0.02 
Total 11255625 11 1023238 
Error 9213750 6 1535625 

Table A14: Analysis of variance of N0 3-N (ppm) in 
squash leaves, 1983, 2 weeks after first 
UP application in drip. 

Source of Sum of Mean 
Vari ation Squares DF Square F 

Treatment 10135833 3 3378611 2.3 
Repl i cation 6961666 2 3480833 2.4 

Total 25969166 11 2360833 
Error 8871666 6 1478611 
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Table A15: Analysis of variance of N0 3-N (ppm) in 
squash leaves, 1983, 2 weeks after second 
UP application in dr~p. 

Source of Sum of Mean 
Variation Squares OF Square F 

Treatment 22180000 3 7393333 13.4 
Replication 2060000 2 1030000 l.9 
Total 27560000 11 2505454 
Error 3230000 6 553333 
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