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Five boron rates and seven water levels were applied 

to bush green beans (Phaseolus vulqaris cv Oregon 91G) and 

to cauliflower (Brassica olereacea var. botrytis, cultivar 

"Snowball Y") in 1989 and 1990 to evaluate their effects on 

total yield of both crops and on outer quality, head 

hollowness and internal discoloration of cauliflower curds. 

Of the five B rates (0,1,3,6 and 9kg/ha) three (0, 3 

and 9 kg/ha) were monitored to evaluate B concentrations at 

soil depths of 0-15, 15-30, 30-45 and 45-60 cm.  In each 

season, B concentrations were analyzed at a high (wet) 

level of applied water.  An overall evaluation comparing 

the starting and ending levels of B after two years was 

conducted at two levels of applied water (high and low). 

Soil applied B rates of 9 kg/ha significantly reduced 

bean yields in 1989 and 1990.  Boron concentrations in the 

trifoliate leaf tissue at the highest (wet) water level in 

1989 and 1990 ranged between 22 to 72 mg/kg for the five B 

rates.  Tissue concentrations at the lowest (dry) Water 

level in 1990 ranged from 23 to 32 mg/kg B. 



Soil B levels for both years had an overall range of 

0.22 to 1.81 mg/kg.  Injury to beans occurred at soil 

concentrations equal to or greater than  1.0 mg/kg B. 

An added experiment (0,9,18 and 36 kgB/ha) in 1990 

produced highly significant reductions in bean yields at B 

rates of 18 and 3 6 kg/ha.  Yields did not vary 

significantly, however, between 0 and 9 kgB/ha.  Boron 

concentrations in whole plant samples at the first 

trifoliate leaf stage ranged from 4 3 to 3 52 mg/kg.  Soil B 

levels ranged from 0.3 5 to 4.07 mg/kg. 

Applied water levels of 77% and 69 to 87% of a 

calculated reference evapotranspiration coefficient (ETo) 

produced highest yields of bean pods in 1989 and 1990 

respectively.  Optimum yields for both seasons occurred 

when soil moisture levels (% moisture/ volume) were 

depleted to no less than 50% of available soil moisture. 

Total yields, inner quality and outer quality of 

cauliflower were not significantly affected by soil applied 

B rates as high as 9 kg/ha (as compared to 0, 1, 3 and 6 

kgB/ha) during both the 1989 and 1990 seasons. 

Boron concentrations in leaf tissue at the highest 

(wet) water level ranged from 13.2 to 23.8 and 34.8 to 70.9 

mg/kg in 1989 and 1990 respectively.  Boron concentrations 

in leaf tissue were higher at the highest water level than 

at the lowest water level. 

Post harvest soil B concentrations ranged from 0.31 

to 0.82 mg/kg at the highest water level in 1989 and 1990 



respectively.  In general, soil B concentrations were 

higher at the lowest (dry) water levels than at the highest 

water level. 

Highest yields were achieved at applied amounts of 

water that equaled 104 and 80% of ETo in 1989 and 1990 

respectively.  Corresponding soil moisture data (% 

moisture/volume) showed optimum yields occurring when 

available moisture remained above 50%. 

The frequency of good outer quality curds increased 

as water amounts increased.  The frequency of good inner 

quality curds decreased as water amounts increased. 

Marketable yields at the lower moisture regimes, however, 

were marginal. 

Internal quality appeared to be a function of harvest 

date in this experiment.  The frequency of head-hollowness 

and internal discoloration both decreased as the harvest 

season progressed.  Percent good inner quality ranged from 

48.5 to 84.7 and 34.9 to 91.1 between first and last 

harvests in 1989 and 1990 respectively. 

Boron migration or loss through the soil profile was 

greatest out of the top 0-15 cm depth and at the 9 kgB/ha 

rate.  Losses as high as 39 and 49% in 1989/1990 and 

1990/1991 seasons respectively, were found as a result of 

differential dates of soil sampling. 

In an additional experiment in the mid-summer of 1990 

where rates of 9, 16 and 32 kgB/ha were applied, losses of 

B from the 0-15 cm depth ranged from 35 to 49%. 
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Effects of Boron Rates and Differential Irrigation 

on Bush Green Beans and Cauliflower 

Chapter 1 

Introduction 

The topic of boron nutrition in Western Oregon has been one 

of great concern.  Soil pH levels less than 7.0 and large 

amounts of applied water from rainfall and seasonal 

irrigation can reduce activity between B and soil 

aggregates causing the element to leach through the soil 

profile.  As a result, many soils are B deficient and 

require applications of B to insure proper plant growth and 

quality of various vegetable crops. 

Research has shown, for example, that Brassica crops 

such as cauliflower, require relatively large amounts of B 

for proper development and acceptable curd quality.  The 

literature suggests that B'deficiency attributes to a 

physiological disorder referred to as "black heart" or 

"head rot."  Consequently, farmers tend to apply large 

amounts of B fertilizer to the soil, prior to planting, in 

an attempt to prevent this disorder from occurring. 

High B residual levels in the soil, however, can be 

undesirable and have the potential of adversely effecting 

yields in crops with low tolerances to B.  Crops such as 

bush beans, which are sometimes grown in rotation with 

cauliflower, are classified as being very sensitive to B 



and usually do not require supplemental applications of the 

element for optimum growth.  On the contrary, high soil B 

concentrations can cause toxicity symptoms in beans, which 

can lead to yield reductions. 

Growers have expressed interest regarding the 

relationship of B and water to plant uptake and soil 

residual concentrations in order to improve fertility and 

irrigation management. 

Objectives of this study were: 

1) To study the effects of five rates of soil 

applied B on yield and development of cauliflower and 

bush beans, 

2) To evaluate the residual effects of B on growth 

and yield of cauliflower and bush beans the following 

season, 

3) To measure B levels in the soil and plant tissue 

of cauliflower and bush beans for two consecutive 

seasons, 

4) To determine the effects of differential water 

application amounts on uptake of B by plants, 

cauliflower and bush bean yields and B movement 

within the soil profile. 



Chapter 2 

Review of The Literature 

INTRODUCTION 

Boron is one of the 17 essential elements required 

for normal growth in plants.  Although the requirement is 

relatively small, there exists a problem of B deficiency in 

much of the United States.  In addition, B toxicity can 

prevail in soils of arid regions, or in situations where 

waters used for irrigation contain appreciable levels of 

the nutrient (Hatcher et. al. 1959). 

Boron occurs naturally in the soil as tourmaline; a 

complex aluminum boro silicate of iron, magnesium or other 

bases.  The amount of B present in any given soil is 

dependent on the B content in tourmaline and the intensity 

of weathering occurring during rock decomposition and soil 

formation.  Glacial drift, loess and alluvium type soils 

all tend to contain high amounts of B (Whetstone, et. al. 

1942; Berger, 1949). 

The availability of B for plant uptake is a function 

of such factors as clay mineral type, clay content, 

specific surface area, sesquioxides, organic matter, soil 

salinity, soil water and pH.  Of these soil factors, pH is 

the primary characteristic which determines B availability 

(Evans, 1983; Keren and Bingman 1985). 

THE ROLE OF BORON IN PLANTS 

The essentiality of B as a nutrient for plant growth 
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was established over sixty years ago. The specific role of 

B in plant development, however, has yet to be established. 

There is general agreement within the literature that B is 

necessary in maintaining the integrity of the cell wall and 

is essential for proper cell division to occur. 

Gauch and Dugger (19 54) reported that B is an 

important constituent of the cell membrane, causing 

hydroxyl-rich molecules to increase their binding capacity, 

thus resulting in a greater rigidity to substances like 

agar-gel.  Sommer and Lipman (192 6) found B to be essential 

for maintaining the cell wall structure of higher green 

plants throughout their entire life cycle.  Pilbeam and 

Kirkby (1983) state that B plays a role in stabilizing 

membranes in plants.  Cell membrane permeability was found 

to be severely affected in B deficient plants.  Reed (1947) 

reported that B deficiency in celery produced an 

unorganized mass of melanotic phloem cells and disrupted 

cell metabolism i.e. hypertrophy, vascular aggregates and 

lysis. 

Boron has been shown to be necessary for proper cell 

division to occur in plants.  Berger (1949) reported that B 

is essential in cell division in the meristematic tissues 

and in the cambium of alfalfa and beets.  Whittington 

(1957) showed that B deficiency resulted in a rapid 

cessation in root expansion and that B deficiency caused 

cell division to fail.  In later work, Whittington (1959) 
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demonstrated that B deficient bean roots experienced a 

decrease in the number of dividing cells and a greater 

volume of the cells at the root apex.  Smith and Anderson 

(1955) reported that normal plants have 55% of their B 

content in the cell wall.  Boron deficient plants were 

found to contain 70%, suggesting that B is associated with 

the cell wall or at least accumulates there.  Odhnoff 

(1957) in her work with common beans (Phaseolus vulgaris) 

found through discontinuous B additions that the primary 

influence of boric acid is exerted on the stretching phase 

of cells. 

Boron has been associated with other plant functions; 

however, these data are not as conclusive, or in some cases 

conflicting compared to the data associating B with roles 

in plant cells.  These additional functions include:  the 

translocation of sugars and carbohydrates and pollen tube 

development.  Gauch and Dugger (1954) postulated that B is 

involved in the translocation of sugars in plants.  The 

portions of the plant which exhibit B-deficiency symptoms 

are the portions of the plant which are characterized by 

rapid rates of growth and high rates of respiration.  Both 

of these processes require large and continuing amounts of 

substrate.  In addition, Gauch and Dugger (1954) reported 

that Stark and Matthews were able to increase the amount of 

soluble solids in muskmelon fruits by spraying the plants 

in the field with a dilute solution of borax; and Cook 
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found a positive correlation between increases in per cent 

sucrose in the roots of sugar beets with additions of borax 

to the soil.  Pilbeam and Kirkby (1983) are in disagreement 

with Guach and Dugger stating that the theory of B 

transporting sugar is questionable.  This is based on B 

concentrations in the phloem, the main pathway for sugar 

transport, being low.  Instead, they suggest that 

uridinephosphate glucose is inhibited in B deficiency 

states, which affects the biosynthesis of starches, sugars 

and monosaccharides.  Weiser, et. al. (1964) found that B 

may enhance sugar translocation due to its complexing 

ability, but that this function is not unique to B and is 

not its essential physiological function in plants . 

Both Gauch (1954) and Berger (1949) mentioned that B 

is essential in the germination of pollen and the pro- 

duction of the pollen tube.  When B is absent from 

artificial media, in which and attempt is made to germinate 

pollen grains, there is very low percentage germination and 

the pollen tubes are short and cork-screwed like, with a 

high proportion of burst tubes.  The exact role that B 

plays in the physiology of pollen grains, however, has not 

yet been clarified. 

As previously mentioned, the amount of B required for 

normal growth in plants is relatively small.  The ratio of 

toxic to deficient levels of B is smaller than that for any 

other element.  Deficiency and toxicity can be encountered 
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in a plant during a single season (Gupta, 1979).  Plants 

vary in their tolerance to B and are generally categorized 

into four groups:  very tolerant, tolerant, sensitive and 

very sensitive (Wear, 1957) ., 

SOIL PROPERTIES AFFECTING BORON AVAILABILITY AND UPTAKE 

Various soil properties play a vital role in 

determining the availability and potential uptake of B by 

plants.  Some of these soil factors include:  soil pH, 

organic matter and soil texture. 

Soil pH is a primary characteristic in determining 

the availability of B for plant uptake.  Below a pH of 7.0, 

B exists primarily as boric acid.  Since soil particles 

have a low affinity for boric acid, adsorption of this 

form is minimal.  As the pH increases above 7.0, the borate 

ion predominates in the soil.  This form of B has a high 

affinity for soil particles, thus adsorption increases 

markedly until the pKa value of B is reached ( approx- 

imately pH of 9).  Any increase of pH beyond this level 

results in desorption of the borate ion due to strong 

competition from the high concentra-tion of OH ions (Evans, 

1983; Keren, 1985). 

Wolf (1939) showed that B became less available at 

higher pH levels and high pH levels reduced B toxicity, 

hence plant uptake of B was greater at lower pH values. 

Gupta's (1979) research agreed with Wolf in that B became 

less available to plants as pH levels reached 6.3-6.5 and 
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greater.  It was found that no trend could be determined, 

however, at levels lower than 6.3.  Peterson and Newman 

(1976) reported that no significant differences in B tissue 

concentrations occurred on soils with pH levels between 

5.7-6.3.  At a pH of 7.4, however, a marked reduction was 

observed.  Kubota et. al. (1948) found that pH levels 

between 6.5 and 7.0 enabled the soil to retain B from 

leaching yet still left B in an available form for plant 

uptake. 

Soil organic matter has been shown to be a main 

source of B, especially in acid soils; this is due to 

relatively little B adsorption occurring on the mineral 

fraction of soils at low pH levels (Gupta, 1979).  Berger 

(1945) found that in acid soils availability of B is 

apparently correlated with the organic matter content in 

the soil.  Higher amounts of available B were found in 

soils of higher organic matter content.  In subsequent 

work, Berger and Pratt (1963) concluded that a large 

portion of total B content in soils was held in organic 

matter and hypothesized its becoming available through 

microbial release.  Gupta (1979) reported that Miljkovics 

et. al. found increases in hws (hot-water-soluble) B, 

associated with an increase in pH, to be greater in soils 

with a high rather than low organic matter content. 

Jordan, (1946) upon examining a number of Oregon soils, 

found peat to have the highest zones of B concentrations. 
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John's, et. al. (1977) work is in agreement with Jordan 

concluding that the amount of organic matter in the soil 

has a positive correlation with the amount of B adsorbed. 

Soil texture has also been reported to affect the 

availability and uptake of B by plants.  Citings from the 

literature; however, have not isolated texture from other 

soil characteristics such as pH and organic matter.  There- 

fore, only limited interpretations of the results can be 

made.  In general, heavier textured soils such as  clay 

and clay loams tend to be more B retentive than lighter 

soils like sand (Parker and Gardner 1982). 

Wear and Patterson (1962) reported that plant uptake 

of B was greater on light soils than on heavy textured 

soils.  At a soil concentration of 1 mg/kg, B content in 

plant tissues was 205, 67 and 37 mg/kg in sand, silt and 

clay textures respectively.  An experiment involving 

various application rates of B showed silt loam soils to 

retain the bulk of B in the 15-30 cm depth versus sandy 

textured soils.  In addition, subsoils were found to reduce 

B movement (Kubota, et. al., 1948).  Berger (1949) showed 

that in humid region, lighter soils contain less available 

B in the plow layer than do slightly acid, silt and clay 

loams.  Wilson et. al. (1951) found that B movement occur- 

red rapidly in sandy soils and accumulated in the 39-90cm 

zone.  Conversely, B movement was restricted in clay soils 

and was held in the upper 15cm depth. 
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RESIDUAL LEVELS OF BORON AS RELATED TO SOIL AND WATER 

Researchers and growers have expressed concern 

regarding the potential effects of soil residual B on 

sensitive plants.  This situation can develop when a 

sensitive crop such as beans, is rotated into a field where 

large amounts of B were applied during previous seasons. 

Factors influencing the amount of residual B are similar to 

those which determine its availability, such as:  soil 

texture, organic matter, pH and rainfall or moisture 

(Gupta, Cutcliffe, 1982). 

Fine textured soils appear to retain B longer than 

coarse textured soils.  Kubota et. al. (1948) found that B 

fertilizers applied on light or coarse soils moved 61 cm in 

six months.  Only insignificant amounts of B moved below 

the 30 cm layer in fine textured soils during that same 

time period.  In addition, Kubota reported that Askew et. 

al. found B in the form of borax to move 76 cm in the soil 

profile in 24 months.  Similar results were obtained by 

Woodbridge in British Columbia.  In an experiment involving 

various application rates of B fertilizer, 11-45 kg/ha 

pounds B per acre were lost in the top 20 cm of a sandy 

loam soil during a six month period.  In contrast to this, 

no significant amount was removed from the top 2 0 cm of a 

Cecil clay soil (Ouellette, 1958). 

Organic matter content in the soil was found to have 

a direct relationship to the amount of available B found in 
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soils; with higher amounts of B being found in soils with 

higher organic matter levels (Berger, 1949) .  Parker and 

Gardner (1982) found that organic matter was important in 

retaining B and assumed to control B mobility.  They did 

conclude, however, that the subject warranted further 

study.  Russel (1957) reported that the oxidation of 

organic matter in soils caused increases in the amount of B 

released in available form as well as decreases in the 

amount of B that could be fixed by the soil. 

Soils having pH levels which exceed 7.0 tend to fix B 

through adsorption.  Below a pH of 7.0, B assumes the form 

of an anion allowing it to be readily leached, thus 

reducing the amount of residual B in the soil (Evans, 

1983).  Parker and Gardner (1982) reported that no effect 

of soil pH on B mobility over a range of 5.4-7.5 was 

observed.  They summarized that B retention was related to 

pH, soil texture and organic matter, but that past research 

failed to isolate each characteristic individually, thus 

making it difficult to define which property is most 

responsible for soil retention of B. 

Moisture from rainfall and irrigation reduce the 

amount of residual B in soil through leaching.  Kubota et. 

al. (1948) found that in both field and laboratory experi- 

ments, the movement of the applied B was found to be fairly 

rapid, occurring in many cases by the movement of much of 

the B in mass rather than portions at a time.  In all 



12 

cases, the movement of B lagged behind that of the applied 

water indicating B reaction with soil particles. 

Baker and Mortensen (1966) found that losses of B 

from the soil were greater when applied in the fall versus 

the summer reflecting the effect of higher seasonal amounts 

of leaching rainfall.  In addition, the rate of B decline 

was proportional to the amount of B applied (higher rate of 

B, greater net loss from the soil) for all five soil types 

used in this experiment. 

An experiment involving B application rates of 8 and 

16 kg/ha was conducted on brussels sprouts.  Total rainfall 

was 300 mm between transplanting and leaf sampling.  One 

year after application, leaf tissue concentrations of B 

decreased from 123 to 40 mg/kg and 161 to 41 mg/kg in the 

plots that received 8 and 16 kg/ha respectively.  This 

indicates that the residual effects of B appear to be 

short-lived (Gupta, et. al., 1987).  Mack (1959) applied B 

at a rate of 36 kg/ha six months prior to the spring 

planting of various vegetable crops.  Rainfall was in 

excess of 76 cm during this period which resulted in only a 

20-25% recovery of B in the 0-30 cm depth of soil.  Gupta 

and Cutcliffe (1982) showed that residual B did not damage 

semi-tolerant cereal crops when levels as high as 8.96 

kg/ha were applied to rutabagas the previous season.  These 

results were obtained on a sandy loam soil, where the pH 

ranged between 5.7-6.9, organic matter levels were 1.8-3.9% 
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and rainfall was approximately 330 mm per year. 

Four annual 3.3 kg/ha applications of B on clover 

were not toxic to soybeans and cotton following the clover. 

Soybeans did exhibit toxicity from residual B after about 

13 and 15 kg/ha of B were applied the previous year on 

alfalfa.  Rates of 6.7, 8.4, 10.0 and 11.8 kg/ha; however, 

had no effect on the soybeans (Wear, 1956). 

Rieke and Davis (1964), on work with white pea beans, 

showed that residual effects of B were toxic to plants. 

However, borax applied at 2.2 kg/ha of B did not result in 

residual toxicity. 

RESPONSE OF CAULIFLOWER TO BORON AND IRRIGATION 

Boron 

Cruciferous crops such as cauliflower are classified 

as tolerant to B and appear to require B in relatively high 

amounts to prevent physiological disorders like brown heart 

(Shelp and Shatluck, 1987).  Gupta (1971) found that by 

adding 0.5 mg/kg of B to a clay loam soil containing 0.5 

mg/kg of available B that cauliflower yields doubled.  It 

should be noted, however, that additional applications did 

not produce any significant yield increases.  Data from 

Shelp and Shattuck (1987) support these findings in that 1 

mg/kg of hot-water-soluble (hws) B achieved maximum yields, 

in their work with cauliflower grown in the greenhouse. 

The optimum levels of B in plant tissue varied 

throughout the literature.  Gupta (1971) showed where 1 
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mg/kg hws B was the optimum soil concentration; 12.3 mg/kg 

was the corresponding tissue level.  In later work Gupta 

and Cutcliffe (1973) reported that Wallace found 36 mg/kg B 

to be a sufficient level in leaves of cauliflower.  In his 

own experiment, a range of 13-101 mg/kg proved to be suf- 

ficient.  Shelp and Shattuck (1987) found, in their green- 

house experiment, that optimum levels of B in the head, old 

and young leaves of cauliflower were 41, 543, 145 mg/kg 

respectively. 

With many soils being deficient in B, soil or foliar 

applications of the element are usually necessary to meet 

crop requirements.  Gupta and Cutcliffe (1973) reported 

that on a fine sandy loam soil in Canada, a recommended 

rate of 3.0 kg/ha per hectare was required for optimum 

growth in broccoli, brussels sprouts and cauliflower.  Wear 

(1957) recommended similar rates of 3.4 kg/ha for crucifer 

crops on Alabama soils.  He also stated that the tolerance 

level to B was subject to soil factors such as soil text- 

ure, pH and organic matter content. 

Crucifer species like cauliflower experience 

physiological disorders when grown under B deficient 

conditions.  Sharma and Sharma (1987) reported that B 

deficient cauliflower showed an abnormal thickness of 

leaves, the lamina of leaves was brittle and developed 

cracks leading to cork formation and abnormal stomata and 

distorted guard cells occurred. Purvis and Hanna (1940) in 
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their work with vegetable crops in Virginia, found that B 

deficient soils lead to yellow heads and hollow steins in 

cauliflower.  Hartman's (1937) findings support Purvis' 

work in that the chief symptoms of B deficiency in 

cauliflower are hollow stem and internal brown spotting 

with or without discoloration of the head.  Petracek and 

Sams (1987) experimented with six nutrient solutions, 

varying in B concentrations, to examine effects on 

broccoli.  The lower levels of 0.08, 0.41 and 0.61 mg/kg 

caused reduction of stomatal conductance, leaf thickening 

and chlorosis.  In addition, the B deficient levels 

produced a higher incidence of pith damage and reduced 

growth rates.  Dearborn (1942) experimented with different 

quantities of B to determine its effect on cauliflower.  In 

deficient plants, browning occurred on the head and in 

severe cases, the surface of the branches of the head 

appeared water-soaked.  The water soaked areas would become 

brown, hard and woody in dry weather.  This water-soaked 

appearance eventually occurred through the pith of the main 

stem and branches of the head.  Applications of 5.6 kg/ha 

of borax broadcasted or 1.4 and 2.8 kg/ha banded resolved 

the browning problem. 

Although internal discoloration and hollowness of 

curds are two symptoms commonly associated with B 

deficiency, some doubt exists if this is really the case. 

Gupta and Cutcliffe (1973) reported that after additions of 
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4.5 kg/ha of B to the soil, hollowness in cauliflower and 

broccoli still occurred at high frequencies.  They con- 

cluded that hollowness was not the result of B deficiency. 

Scaife and Wurr (1990) found that B concentrations in the 

curd and leaves did not significantly show a relationship 

with the occurrence of head hollowness. 

Establishing specific levels of B in plant tissue and 

soils which corresponded with deficiency symptoms in the 

plant is difficult due to limited data.  Shelp and 

Shattuck's (1987) work with cauliflower, showed severe B 

deficiency to be associated with concentrations of 21, 35, 

48, and 55 mg/kg in the head, and old, young and inter- 

mediate leaves respectively.  In addition, Shelp and 

Shattuck reported that Nicholas found deficiency values to 

equal 23 mg/kg in leaves.  Gupta (1971), in a greenhouse 

experiment, found that a level of 3 mg/kg in the entire 

ground tissue of cauliflower was in the B deficiency range. 

In this same experiment, B rates in excess of 12.3 mg/kg 

were optimum for cauliflower and no significant dif- 

ferences in yields were observed between soil B levels of 

0.5 to 4.0 mg/kg.  Russel's (1959) work support Gupta's 

findings in that crucifere crops required soil levels of B 

greater than 0.5 mg/kg in order to prevent deficiency 

symptoms. 

Boron toxicity in cruciferous crops usually does not 

occur since they are generally classified as very tolerant. 
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When toxicity does prevail, however, it is usually 

attributed to high B levels in irrigation waters or errors 

made in fertilizer applications (Gupta, 1983) . 

Since B toxicity in cruciferes is uncommon, little 

work has been published defining symptoms and toxic levels 

found in soils and plant tissue.  Lent and Scarchuk (1954) 

showed that toxicity symptoms in cauliflower and cabbage 

included mild burning and reduced yields.  Toxicity levels 

in cauliflower were characterized by marginal leaf scorch 

on mature leaves and decreases in plant and head yields 

according to Shelp and Shattuck (1987). 

Irrigation 

There appears to be general agreement within the 

literature that soil moisture stress has adverse effects on 

both the quantity and quality of cauliflower yields. 

Salter (1960) experimented with cauliflower by 

applying water, on a daily basis, to replace the amount 

lost to evapotranspiration (ET) versus growing it strictly 

from moisture received by rainfall.  Results showed that 

the irrigated cauliflower produced larger heads and higher 

mean weights than the cauliflower produced solely from 

rainfall. 

In later work, Salter (1961) found that cauliflower 

yields were adversely affected when more than 50% of 

available moisture was depleted from the soil between 

irrigations.  No significant differences occurred, however, 
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when available moisture was limited to 25% depletion or 

less.  Maurer (197 6) reported that Salter and Goode found 

maximum growth and yield in cauliflower when adequate 

moisture was available throughout the entire growing 

season.  Suboptimal conditions, during the seedling stage 

or when curds are growing rapidly could produce 

physiological disorders. 

Information concerning the effects of over-irrigation 

on cauliflower was limited.  Nilsson (1980) reported that 

intensive over-irrigation lowered marketable yields, both 

the amount of heads and total mean weight.  He also stated 

that external quality of curds was not significantly 

affected from various water treatments.  Scaife and Wurr 

(1990) stated that irrigation increased the severity of a 

disorder known as head hollowness.  Their irrigation 

frequency was based on 25% depletion of soil moisture, 

however, which is not considered to be in excess according 

to the literature. 

Abnormally small curds or "buttons" have been 

attributed to excessive dry conditions occurring within the 

growing season.  Salter (I960) concluded that when plants 

were subjected to dry conditions in frames and the again in 

the field, a third of the crop produced buttoned plants. 

In later work, Salter (1961) found dry conditions produced 

a higher percentage of plants with small curds.  He stated 

that both Jensma (1957) and Wiebosch et. al. (1950) found 
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that dry soil conditions after planting in the field were a 

contributory cause of buttoning. 

Frequent irrigations had various effects on maturity 

of cauliflower.  Salter (1960) observed curd initiation, 

during two seasons, occurring two and ten days later in the 

dry plots versus the wet.  In later work. Salter (1961) 

reported that frequent irrigations appeared to delay 

maturity by two or three days.  Nilsson (1980) was in 

agreement with Salter and found that intensive irrigation 

delayed harvest by two days during one season, but not at 

all during the second season. 

RESPONSE OF BEANS TO BORON AND IRRIGATION 

Boron 

Beans are classified as "very sensitive" to B.  This 

crop is normally produced without any B additions to the 

soil or plant foliage.  Gupta and Cutcliffe (1984) reported 

that when native soil B levels ranged from 0.3-0.5 mg/kg 

and no B was added, there was no deficiency in beans.  The 

corresponding leaf tissue concentration was 2 6 mg/kg.  How- 

ever, in earlier work, Gupta (1983) found that snap beans 

had highest yields at a soil application rate of 1 mg/kg. 

Leaf tissue concentrations varied between 42-88 mg/kg at 

this soil rate.  This was due to different times of leaf 

sampling (pre-bloom versus harvest). 

Little work has been published concerning fertilizer 

recommendations of B for beans.  This is attributed to the 
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fact that beans are considered very sensitive to B and 

usually do not require amounts greater than the levels 

found in the native soil. 

Despite the low B requirement for beans, cases of 

deficiency have occasionally occurred.  In addition, beans 

have been used in research to display visual symptoms of B 

deficiency and toxicity.  Warington (1927) found that in 

greenhouse experiments, plants deficient in B exhibited 

poor root systems, outgrowth of numerous secondary 

branches; dying off occurred after five weeks from planting 

and the apex of shoots became withered and blackened. 

Eaton (1944) reported that deficiency symptoms included 

death of plant tips and necrosis in the leaves.  Odhnoff 

(1957), in her work with young bean roots stated that 3-day 

old roots grown without B were shorter and had fewer and 

shorter laterals than those grown with B.  After a few 

days, the roots became thicker, brownish in color and 

brittle.  Whittington (1957) showed that flowering was 

delayed in B-deficient bean plants and that a rapid 

cessation of cell division in the root apex occurred.  In 

later work, Whittington (1959) found that deficiency 

symptoms occurred in the meristematic zone and the number 

of dividing cells were decreased.  Teare (1974) reported 

that B deficient bean plants displayed root and top dwarf- 

ing, darkening of all leaves and spot necrosis.  Trifoliate 

leaves were small and had thick short petioles and inter- 
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node plants were half the size of the control trials. 

Tissue levels corresponding with deficiency symptoms 

were in a range less than or equal to 12-25 mg/kg according 

to Gupta (1983).  Specific  soil levels indicating B 

deficiency were not found but Gupta (1983) implied that 

levels less than 0.3 mg/kg could produce deficiency. 

Boron toxicity in beans is a major concern since 

beans are classified as a "very sensitive" crop.  Toxicity 

symptoms of the plant include:  chlorosis and necrosis of 

the leaf margins, reduced growth and retardation of germ- 

ination (Rieke and Davis, 1964; Gupta, 1983; Warington, 

1923).  In addition, Teare (1974) states that B toxicity in 

beans resulted in shortened lateral roots, smaller leaves 

and reduced plant height. 

Leaf tissue levels in beans associated with B 

toxicity varied from 50 to more than 2 65 mg/kg.  Gupta 

(1983) found that B toxicity was related to more than 125 

mg/kg in tops of snapbeans at bloom and to 2 65 mg/kg in 

tops at harvest.  In later work, Gupta and Cutcliffe (1984) 

stated that leaf tissue levels as low as 60 mg/kg exper- 

ienced symptoms of B toxicity.  Mackay, et.al. (1962) in 

working with vegetable crops on sphagnum peat moss showed 

that minimum toxicity levels in beans were 160 mg/kg. 

Soil B levels coinciding with bean toxicity symptoms 

were obtained from Gupta (1983) and Mackay, et.al. (1962). 

Gupta found that a nutrient solution consisting of 2 mg/kg 
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was detrimental to snapbean yields.  In later work, he 

reported that a range from 0.6-1.2 mg/kg in the soil, 

produced toxic symptoms in field beans (Gupta and Cutcliffe 

1984).  Mackay, et.al. reported that 6.7 mg/kg was toxic to 

beans.  This result is significantly higher than Gupta's 

findings, however, the soil type of sphagnum peat moss used 

by Mackay may be the explanation for the large discrepancy. 

Irrigation 

Beans are considered to be a drought tolerant crop 

and have a relatively shallow effective rooting depth; 0-4 5 

cm (Stansell, and Smittle, 1980; Halterlein, 1983). 

Extensive research has been done with beans examining areas 

such as:  optimum moisture regimes for highest yields, 

critical water stress periods within the plants lifecycle 

and quality characteristics effected by water stress. 

There appears to be general agreement within the 

literature that water applied in excess of the evapo- 

transpiration rate (ET) for beans does not significantly 

increase pod yields.  In some cases, yields tended to be 

less. 

Kemp et. al. (1974) found that conventional watering 

procedures at 7-10 day intervals produced higher yields 

than did beans watered on a daily basis.  In addition, less 

water was used, 22.9 cm versus 32.1 cm for the conventional 

and daily irrigation schedules respectively.  Leaf weight 

and leaf area, however, exhibited a greater response to 
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irrigation than did total plant weight.  Singh's (1989) 

findings are in agreement with Kemp showing that pod yield 

per unit of irrigation was highest at 60% of pan evapo- 

ration (Epan).  Vegetative growth increased linearly from 

irrigation amounts of 0 to 100% of Epan. 

Miller and Burke (1983) experienced increasing yields 

as irrigation approached approximately 100% of the 

estimated ET rate and found no benefit by adding 

additional water past this level.  Smittle (1976) achieved 

highest bean yields where irrigation applications equaled 

approximately 87% of the ET rate. 

In later work, Smittle et. al. (1990) developed an 

irrigation model which allowed the soil to become depleted 

to 50% of its available soil moisture before it was 

recharged to field capacity.  The model was evaluated using 

a line source irrigation system.  This system consisted of 

a single lateral sprinkler set which applies water at 

decreasing rates as distance from the lateral increases. 

Seven gradients were measured within the plot.  Scheduling, 

using the model, was calculated at the third water level. 

This allowed two levels to be over-irrigated and subsequent 

levels to experience water stress.  Results showed that 

irrigation levels above gradient three changed very little 

and did not have significantly higher yields.  In some 

cases the model level had higher pod yield versus the two 

levels which had wetter regimes. 
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Research shows that bean plants tend to have critical 

times during the growing season where water stress signif- 

icantly affects quantity and quality of yields.  There does 

not appear to be complete agreement on the effects of a 

shortage of water on beans during the pre-blossom stage. 

General agreement exists, however, that water shortage 

during flowering and fruit development could lead to yield 

reduction (Maurer et. al., 1969). 

Kattan and Fleming (1956) found that drought injury 

was more pronounced at the advanced stages of plant 

development.  Neglecting soil moisture during pod 

development was detrimental even when preceded by excellent 

growing conditions.  Largest pods occurred when irrigation 

application took place during flowering and pod 

development.  Homer and Mojtehedi (1970) were in agreement 

with Kattan and Fleming and stated yield depressions, due 

to moisture stress, tended to be greater when stress 

occurred during bloom and early maturity than before bloom. 

Dubetz and Manhalle (1969) reported that differences 

in total yields were obtained between stress treatments. 

When subjected to a soil moisture stress of 8 bars at post 

flowering, preflowering and flowering stages, reductions of 

total bean yield were 35, 53, and 71% respectively. 

Halterlein (1983) found that three bean cultivars seem to 

suffer from water stress at all growth stages; however, 

stress just before flowering through pod filling caused the 
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most severe damage. 

Quality characteristics of beans can be adversely 

affected under moisture stress conditions.  Pod abortion, 

poor seed set, undesirable fiber formation and reduced 

yields have all been associated with insufficient moisture 

regimes (Kemp et. al., 1974). 

Gableman and Williams (1962) found fewer seeds per 

pod in their non-irrigated versus irrigated experiment.  In 

addition, pods of sieve sizes 4 and 5 were 24.9 and 24.5% 

heavier on heavy irrigated versus non-irrigated plots. 

Bonanno and Mack (1983) reported that percentages of set 

pods, pod length and number of seeds per pod were all 

reduced in areas that received low irrigation amounts. 

Also, fiber content of pods and weight per seed increased 

under these same low irrigation conditions. 

Kattan and Fleming (1956) experienced a high 

percentage of malformed pods when irrigation was held back 

during later stages of growth.  Maurer et. al. (1969) found 

that in order to insure low fiber content in pods, high 

soil-moisture-suctions must be avoided in the post bloom 

stage. 

DIFFERENTIAL IRRIGATION AND CROP WATER USE 

Determining the effects of various water application 

rates on crop development can be achieved by use of a 

differential irrigation system. 

Hanks et. al. (1976) developed a line source 
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sprinkler which consists of a single lateral placed in the 

center of the plot.  As distance from the lateral increases 

water applied decreases, allowing each row to receive 

variable amounts of moisture.  Water is applied 

nonrandomly, however, which prevents the irrigation main 

effect from being statistically evaluated (Cochran and Cox, 

1957; Hanks et. al., 1980). 

Crop water use can be estimated by various 

evapotranspiration equations or by measuring soil moisture 

depletion.  Doorenbos and Pruitt (1977) developed a model 

for predicting a reference evapotranspiration coefficient 

(ETo) from a grass surface.  The procedure requires 

measurements of pan evaporation, relative humidity and 

daily wind speed. 

Soil moisture measurements are also used to predict 

crop water use.  Tensiometers and gypsum blocks are two 

methods commonly employed to estimate soil water content. 

In addition, a neutron meter calculates soil moisture 

gravimetrically and volumetrically.  Operation and 

calibration procedures of this machine are described by 

Campbell Pacific Nuclear Corp. (1983). 
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Chapter 3 

Effects of Boron Rates and Differential Irrigation 
on Cauliflower 

Abstract 

Five boron rates and seven water levels were applied 

to cauliflower (Brassica olereacea var. botrytis, cv 

Snowball Y) to evaluate their effects on total yield, outer 

quality, head hollowness and internal discoloration of 

curds. 

Soil applied boron rates as high as 9 kg/ha (as 

compared to 0, 1, 3 and 6 kgB/ha) did not significantly 

affect total yields, outer quality or inner quality of 

cauliflower during both the 1989 and 1990 seasons. 

Boron concentrations in leaf tissue at the highest 

(wet) water level for 1989 ranged between 13.2 - 23.8 

mg/kg.  The 9 kgB/ha rate had lower concentrations at the 

lowest water level than the highest application of water. 

In 1990, leaf B concentrations ranged from 34.8 to 

70.9.  Boron concentrations in leaf tissue were higher at 

the highest water level than at the lowest water level. 

The range of soil B concentrations among the five B 

rates at the highest water level in 1989, post harvest, was 

between 0.31 to 1.48 mg/kg.  Boron concentrations at the 

lowest applied water level were higher than at the highest 

water level for the 9 kgB/ha rate. 

Post harvest soil samples in 1990 were taken at the 

highest and lowest water levels at 0, 3 and 9 kgB/ha rates 
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and ranged from 0.37 to 0.82 and 0.38 to 1.54 respectively. 

Applied water rates of 104 and 80% of a calculated 

reference evapotranspiration coefficient (ETo) in 1989 and 

1990 respectively produced highest yields.  Corresponding 

soil moisture data (% moisture/volume) showed optimum 

yields occurring when available moisture remained above 

50%.  The frequency of good outer quality curds occurring 

increased directly with increased amounts of applied water. 

This was not the case with internal quality; as water 

amounts decreased, inner quality increased.  Marketable 

yields, however, at the lower moisture regimes were 

marginal. 

Internal quality appeared to be a function of harvest 

date in this experiment.  The frequency of head-hollowness 

and internal discoloration both decreased as the harvest 

season progressed.  Percent good inner quality ranged from 

an average low of 48.5 to a high of 84.7 and a low of 34.9 

to a high of 91.1 between the first and last harvests in 

1989 and 1990 respectively. 
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Introduction 

Boron has been shown to be required by cauliflower in 

relatively large amounts. Research has suggested that the 

occurrence of internal discoloration within the curds and 

head hollowness are a result of B deficiency (Purvis, 1940; 

Hartman, 1937; and Dearborn, 1942). Consequently, farmers in 

the Willamette valley of Oregon are concerned about how much 

B should be applied to prevent these disorders. 

Suggested application rates and optimum soil and plant 

tissue concentrations of B have been difficult to determine 

for cauliflower. Rates as low as .56 kg/ha and .14-. 28 kg/ha 

have reduced internal discoloration in curds when broadcasted 

and banded respectively (Dearborn, 1942). Other work has 

shown that amounts of 2.28-3.37 kg/ha have been necessary for 

good curd quality (Gupta, 1973; Wear, 1957). In contrast, 

however, rates as high as 4.48 kg/ha have been found not to 

reduce the frequency of head hollowness within curds (Gupta, 

1973) . 

A second concern among farmers has been the possibility 

of over-irrigation producing poor curd quality. Research in 

this area is quite limited and somewhat inconclusive. Excess 

watering has led to lower marketable yields; both in the 

amount of heads and total mean weight (Nilsson, 1980). Over 

watering was reported to increase the incidence of head 

hollowness (Scaifi and Wurr, 1990). It should be noted, 

however,  that the soil moisture depletion level used to 
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schedule irrigation by Scaifi and Wurr was not considered to 

be in excess, according to the literature (Slater, 1961). 

Major objectives of this study were to: (1) Study the 

effects of five rates of soil applied B on growth and yield 

of cauliflower, (2) Measure B levels in the soil and plant 

tissue of cauliflower for two consecutive seasons, (3) 

Determine the effects of differential water applications on 

yields and uptake of B by cauliflower plants. 
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Materials and Methods 

Two experiments were conducted during the 1989 and 1990 

growing seasons on a Chehalis silty clay loam soil(Cumulic 

Ultic Haploxeroll, mixed mesic) at the Oregon State 

University Vegetable Research Farm. 

Prior to planting, boron in 20% solution form was 

applied to the soil on 5 June, 1989 at five rates: 0, 1, 3, 

6 and 9 kg/ha.  The procedure was repeated on 11 June, 1990 

so that the same 5 rates were reapplied over their exact 

1989 locations; therefore, the highest applied cumulative 

rate was 18 kg/ha over the two year period.  Boron rates 

were replicated four times in a randomized block design. 

' Snowball Y1 cauliflower was direct seeded 8 June, 

1989 and 25 June, 1990 in 91 cm rows.  Plots were over- 

seeded  and seedlings were later thinned to 46 cm between 

plants within the row.  Fertilizer, having a formulation of 

12-13-8 NPK, was banded simultaneously with planting at a 

rate of 500 kg/ha.  Twice during each season, an additional 

84 kg/N/ha (ammonium nitrate)  was banded along the rows. 

This occurred on 28 July and 22 August, 1989 and on 15 

August and 12 September, 1990.  Pesticides used throughout 

the season followed the recommended application practices 

for cauliflower in Western Oregon. 

The irrigation procedure began with uniform water 

applications by overhead sprinklers to insure good 

establishment.  After plant establishment, a line source 
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system was installed which consisted of a single lateral 

sprinkler set designed to apply decreasing amounts of water 

as distance from the lateral increased (Hanks, et. 

al.,1976) . 

The system was placed perpendicular to the B 

treatments producing various water gradients within each 

plot.  Seven water levels were evaluated along this 

gradient to determine total yield, B uptake by plants and B 

movement within the soil profile.  Water catch cans were 

placed at each level to measure actual water applied after 

irrigation and rainfall.  Irrigation plus rainfall from 

planting to first harvest for the seven water levels ranged 

from 117 to 442 mm in 1989 and from 99 to 507 mm in 1990. 

Irrigations occurred on a weekly basis in 1989 and 

averaged 2 5 mm of water per irrigation at the wettest 

moisture level.  The 1990 procedure entailed applying water 

when approximately 50% of available water was depleted at 

3 00 nun depth for the second level of applied water. 

A reference evapotranspiration coefficient (ETo) was 

calculated, using the procedure outlined by Doorenbos and 

Pruitt (1977) , to evaluate water applied versus yield. 

This procedure is a modification of the Blaney-Criddle 

method and requires measurements of pan evaporation, 

relative humidity and daily wind speed to compute ETo from 

a grass surface.  Calculated ETo values for the 1989 and 

1990 seasons (planting to first harvest) were 427 and 409 
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mm respectively. 

A neutron meter (model 503 DR Hydroprobe Moisture 

depth gauge, Campbell Pacific Nuclear Corp.) was used to 

determine available soil moisture for plant uptake and 

moisture content at each water level.  Data were collected 

from each level at three depths: 0-150, 150-300 and 300-450 

mm, to determine crop response to various soil moisture 

conditions.  Available soil moisture for the Chehalis silty 

clay loam soil ranged between 41 and 17% on a volumetric 

basis at field capacity and wilting point, respectively. 

Leaf samples were collected from each B treatment at 

the extreme wet and dry water levels on 26 July, 1989 and 

15 August, 1990.  Sampling entailed collecting the youngest 

fully expanded leaves from 10 plants in each plot.  Each 

sample was dried, ground, ashed and analyzed following the 

plant analysis procedure in the OSU Soil Testing Laboratory 

(Berger and Truog, 1939). 

Soil samples were taken at the 0 kg/ha B rate at 15, 

30, 45 and 60cm depths on 26 June, 1989 to determine 

initial B concentrations in the soil profile.  The 

procedure was then repeated at all B rates on 29 October, 

1989 and 11 April, 1990 to determine soil  B concentrations 

after harvest and after the winter rains respectively.  The 

same sampling method was used during the second season on 

12 January, 1991.  The samples were analyzed using the Hot 

Water Soluble B extract procedure (Horneck, et. al., 1989). 
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Only the results of B analyses from the 0-15 cm depth will 

be reported here. 

Yields were determined by harvesting 5.5 m sections 

from each B rate and water level.  Multiple harvests 

occurred over the period of 22 September to 19 October in 

1989 and from 12 October to  14 November in 1990.  Harvest 

began after maturity of the first curds and continued at 7- 

10 day intervals until completion.  Maturity was 

arbitrarily determined when approximately 50-75% of the 

curd was exposed to sunlight which was considered optimum 

harvest time for best quality.  Total weight of heads 

(leaves removed) by treatment was calculated at each 

harvest.  Heads within treatments were individually graded 

and weighed examining both inner and outer quality 

characteristics. 

The grading procedure for the first season (1989) 

entailed categorizing heads (curds) by weight and outer 

appearance.  Creamy white heads with a minimum weight of 

0.67 kg were considered marketable or acceptable yields. 

Discolored or misshapen curds were classified as 

unacceptable.  Each curd was then split in two to determine 

the degree of head discoloration and/or head hollowness. 

Depending on inner status, heads were given a rating of 

good, fair or poor. 

The same grading procedure was followed during the 

second harvest season (1990) with the exception of the 
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inner quality ratings.  A numbering system which isolated 

varying degrees of head hollowness and internal 

discoloration was used in lieu of the previous good, fair 

and poor system.  The grades were as follows:  (1) no 

internal/external discoloration or hollowness. (2) slight 

hollowness, no discoloration. (3) severe hollowness, no 

discoloration. (4) slight hollowness and slight 

discoloration. (5) severe hollowness and severe 

discoloration. (6) slight discoloration, no hollowness. 
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Results and Discussion 

Effects of boron rates and applied water on total yield 

Tables 3.1 and 3.2 display total yield of 

cauliflower, in metric tons per hectare (MT/ha), as related 

to the five boron rates and seven water levels for 1989 and 

1990, respectively. 

In 1989, total yields increased as applied water 

increased from 117 to 442 mm, with highest yields obtained 

at 442 mm (104% of ETo).  The main effect of water was 

significant at the one percent level (Table 3.1).  Effects 

of boron rates on yield were neither consistent nor 

statistically significant.  There was no significant B x 

water interaction. 

Results in 1990 (Table 3.2) were similar to 1989 in 

that yields were not significantly influenced by B rates 

and the interaction between B rates and water applied was 

not significant.  However, highest yields were produced 

from application of 327 mm (80% ETo) of water with yields 

increasing to that level of water application and then 

dropping off when higher amounts were applied.  The 

relationship between water applied and yields for the two 

years are also shown in figure 3.1.  Total yields at the 

lowest level of applied water as compared to those at the 

highest level were 73 percent less in 1989 and 59 percent 

less in 1990. 
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Data for 1989 are in agreement with Salter (1961) who 

reported that untrimmed and trimmed fresh  weight and size 

of curds were all largest at the wettest water treatment. 

Earlier work by  Salter (1960), showed that when water was 

applied on a daily basis to replace moisture loss due to 

ET, total weight of cauliflower heads were significantly 

higher than for plants grown under moisture stress. 

The data from 1990 differed from 1989 in that highest 

yield occurred at a water level less than the extreme wet 

regime.  Although these are in disagreement with Salter 

(1961), they  support findings by Nilsson (1980) and Scaife 

and Wurr (1990) where over-irrigation, in excess of 100% 

ETo, depressed marketable yields of cauliflower. 

Percentages of soil water by volume (measured by 

neutron probe) at 15, 30 and 45 cm depths during the 1989 

and 1990 seasons are shown in Figures 3.7 - 3.12 for the 

first (highest), fourth and seventh (lowest) levels of 

applied water. 

Highest yields in 1989 occurred at the first water 

regime (Figure 3.7).  Yields in 1990, however, were 

greatest at the fourth moisture level (Figure 3.11), 

despite a difference of 180 mm of water applied between the 

first and fourth regimes (Table 3.2).  In both years, 

yields were significantly reduced at the seventh (driest) 

moisture level where available soil moisture was depleted 

in excess of 50% through out the effective rooting zone 
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(0 - 450 mm). 

Optimum curd production occurred in both years when 

soil moisture conditions remained above 50%.  These 

findings support Salter (1961) where he found yields to be 

adversely affected when more than 50% of available 

moisture was depleted from the soil between irrigations. 

Effects of boron rates and applied water on outer quality 

of heads 

Percent of heads with good outer quality curds were 

not significantly affected by boron rates in 1989 and 1990 

(Tables 3.3 and 3.4).  Percentages ranged from 58.6 to 64.7 

in 1989 and from 51.1 to 56.6 in 1990 as they relate to 

boron and water for the years 1989 and 1990 respectively. 

Water application levels significantly determined the 

percentage of heads with good outer quality curds with the 

lowest levels producing the lowest percentages (poorest 

quality) for both years.  In general, there were no 

differences in outer curd quality between the six other 

levels of water application. 

It is difficult to draw conclusions concerning the 

significant boron x water interaction in 1989 since the 

data do not appear to be consistent and there was no 

significant B x water interaction in 1990. 

Production of curds with poor outer quality in both 

years at the lowest water levels is in  agreement with 
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Jensma (1957), Salter (1960) and Wiebosch et.al. (1950) who 

found that abnormally small curds or buttons occurred under 

very dry growing conditions. 

Effects of boron rates and applied water on inner quality 

of heads (curd) 

Data in Tables 3.5 and 3.6 show a trend for increased 

good inner quality curds occurring as boron rates were 

increased but these differences were not significantly 

different in 1989 and 1990. 

The main effect of water, however, was significant at 

the 5 percent level for both years.  There was a consistent 

increase in percent good internal curds as water level was 

decreased.  That is, there was less internal discoloration 

and hollowness as water application rates decreased. 

Results from both years regarding the main effect of 

boron were surprising and in general are in direct conflict 

to the literature.  Boron deficiency has usually been 

associated with physiological disorders which affect the 

inner quality of cauliflower.  Purvis (1940), Hartman 

(1937) and Dearborn (1942) all reported that primary 

symptoms of boron deficiency include hollow stem and 

internal brown discoloration of curds.  However, some 

research shows that boron may not be related to head 

hollowness.  Gupta and Cutcliffe (1973) found that soil 

applied boron rates of 4.48 kg/ha did not reduce the 
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occurrence of hollowness in cauliflower and broccoli. 

Scaife and Wurr (1990) found that there were no significant 

relationships between head hollowness and boron 

concentration in the leaf and curd tissue. 

In an attempt to isolate the effect of B on internal 

disorders of heads of curds, the 1990 data were examined 

evaluating hollowness and discoloration separately.  Tables 

3. 7 and 3.8 show the frequencies of head hollowness and 

internal discoloration respectively as they relate to boron 

and water. 

Percent head hollowness varied from an average low of 

16.4 to high of 22.9 among the five boron rates (not 

significant) and from a low of 4.8 to a high of 24.7 among 

seven water application levels.  Occurrence of head 

hollowness was significantly less at the two lowest water 

levels as compared to the five higher levels. 

The lack of a significant effect of B rates on head 

hollowness support results of Gupta and Cutcliffe (1973) 

and Scaife and Wurr (1990) suggesting that head hollowness 

in cauliflower may not be related to boron deficiency. 

Frequencies of internal discoloration (Table 2.8) 

parallel the results of head hollowness.  There were no 

significant differences within the boron main effect (p > 

0.05) and the boron x water interaction (p > 0.05).  The 

water main effect was significant at the 5 percent level (p 

<_ 0.05).  Percent of curds with internal discoloration 
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ranged from an average of 9.0 for the lowest water level to 

30.2 at the highest water level.  There were no significant 

differences in head hollowness between the three highest 

water levels. 

Data show that internal discoloration of curds was 

not significantly affected by B rates in this study, but B 

deficiency has been reported to cause internal 

discoloration in cauliflower (Gupta, 1973). 

Effects of boron rates and applied water on B 

concentrations in plants and soil 

Boron concentrations in leaf tissue for 1989 and 1990 

are shown in Figures 3.2 and 3.3 respectively.  In 1989, 

leaf samples taken from the highest water level for all 

five B rates ranged from 13.2 to 23.8 mg/kg in B 

concentration.  At the 9 kg/ha rate, B concentration in 

leaf tissue was lower at the lowest water level than at the 

highest application of water. 

Leaf B concentrations in 1990 (Figure 3.3) were 

considerably higher than in 1989 and ranged from 34.8 to 

70.9 mg/kg.  Effects of B rates were not as consistent as 

in 1989, however.  Boron concentrations in leaf tissue at 

the lowest water application were consistently lower than 

at the highest water application but tended to decrease at 

the higher rates of B.  Data suggest that the leaf 

concentrations in 1989 and 1990 were sufficient to produce 
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good internal quality cauliflower. 

Soil boron concentrations (0-15 cm depth) for post 

harvest 1989, preplanting 1990 and postharvest 1990 are 

displayed in figures 3.4, 3.5 and 3.6 respectively.  Boron 

concentrations ranged from 0.31 to 1.4 8 mg/kg in 1989 

samples, taken from the extreme wet moisture regime for all 

five boron rates and from the driest level at the 9 kg/ha 

rate.  Boron concentrations from the lowest applied water 

level (dry) were slightly higher than from the highest 

applied water level (wet) at the 9 kg/ha rate (Figure 3.4). 

Data for determining preplant boron levels for 1990 

were obtained from the same boron and water rates as in 

1989.  Preplant B concentrations in soil samples in 1990 

ranged from 0.37 to 1.13 mg/kg for the 0 and 9 kg/ha rates, 

respectively (Figure 3.5). 

Soil samples for post-harvest 1990  were taken from 

the extreme wet and dry moisture regimes for the 0, 3 and 9 

kgB/ha rates.  Concentrations ranged from 0.3 7 to 0.82 

mg/kg in the wet regime and from a low of 0.38 to a high of 

1.54 at the driest water level (Figure 3.6). 

Gupta (1971) stated that 1.0 mg/kg of hws B was 

sufficient to produce optimum yields in cauliflower.  Soil 

rates much less than this tend to produce boron deficiency. 

Russel (1959) found that cauliflower required soil levels 

in excess of 0.5 mg/kg in order to prevent deficiency 

symptoms.  Earlier, Gupta (1983) found that cauliflower 



43 

showed deficiency symptoms at a soil concentration of 0.5 

mgB/kg, which is an agreement with results of Russel.  In 

the present experiment where no B was added, soil 

concentrations of B at the 0-15 cm depth ranged from about 

0.2 5 to 0.3 5 mgB/kg.  At 9.0 kgB/ha concentrations ranged 

from 1.0 to 1.5 mgB/kg, yet head hollowness and internal 

discoloration were prevalent.  As stated earlier, these two 

disorders were more prevalent at the higher levels of 

applied water. 

Effects of harvest date on percent good inner quality of 

curds 

Harvest date had a marked effect on percentages of 

heads showing good inner curds in 1989 and 1990 (Tables 3.9 

and 3.10). 

Analysis of the data for 1989 showed that there were 

significant differences in percentages of good inner curds 

within harvest dates (p< 0.01), but there were no 

significant differences among the five boron rates. 

Percentages of curds with good inner quality ranged from 

48.5 to 84.7 between the first and last harvests (Table 

3.9). 

Data for 1990 followed the same trend as in 1989; 

there were significant differences within harvest dates (p< 

0.01) and no significant differences occurred among the 

boron rates (p> 0.05).  Percentages of heads (curds) with 
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good inner quality were significantly higher in harvests 4 

and 5 than in harvests 1 and 2. 

Improvement of internal quality  at later harvest 

dates throughout the 1989 and 1990 seasons was very 

apparent.  The trend occurred irrespective of the various 

boron rates applied to the soil.  No definite research 

supporting these conclusions was found in the literature. 



Table 3.1.  Total yield (in MT/ha) for cauliflower within 5 
boron rates and 7 water levels, 1989. 

Water 
Applied 

(miti)y 

%ETox 

0 

Boron rates 

1      3 

kg/ha 

6 9 ave. 

442 104 39.3 34.3 39.3 39.2 39.6 38.3az 

413 97 36.9 35.0 36.5 33.4 34.7 35.3ab 

361 84 35.4 32.0 33.1 33.1 34.6 3 3.7bc 

319 75 30.2 29.7 32.3 32.7 32.7 31.5c 

270 63 29.5 27.2 24.8 28.7 27.5 27. 6d 

201 47 23.1 19.9 17.2 21.4 20.1 20.4e 

117 27 11.0 12.9 7.8 9.0 10.6 10.3f 

ave. 29.3a 27.3a 27.3a 28.2a 28.6a 

z 

y 

X 

Means followed by the same letter were not significantly 
different at p= 0.05, as indicated by LSD. 

Includes irrigation plus rainfall, planting to first harvest 
( rainfall total= 51 mm). 

Percent of the reference evapotranspiration coefficient (ETo) 
in mm of water. 



Table 3.2.  Total yield (in MT/ha) for cauliflower within 5 
boron rates and 7 water levels, 1990. 

Water 
applied 
(inm)y 

%ETox 

0 1 

Boron rat- 

3 

es kg/ha 

6 9 ave. 

507 124 31.2 32.7 32.8 35.9 35.9 33.7az 

477 117 36.2 33.6 39.2 30.3 32.0 34.3a 

404 99 34.3 34.7 36.4 31.6 35.0 34.4a 

327 80 40.0 37.2 37.4 35.2 35.3 37.0a 

265 , 65 34.3 32.0 34.3 30.4 35.2 33.2a 

181 44 27.0 24.9 28.1 25.1 28.3 26.7b 

99 24 13.9 13.7 16.8 11.7 12.6 13.7c 

ave. 31.0a 29.8a 32.2a 28.6a 30.6a 

1    Means followed by the same letter were not significantly 
different at p= 0.05, as indicated by LSD. 

y Includes irrigation plus rainfall, planting to first harvest 
( rainfall total= 65 mm). 

X Percent of the reference evapotranspiration coefficient (ETo) 
in mm of water. 

o\ 



Table 3.3.  Percent of heads with good outer quality 
curds within 5 boron rates and 7 water 
levels, 1989. 

Water 
applied 
(mjn)y 0 1 

Boron rate kg/ha 

3      6 9 ave. 

442 56.1 58.7 75.9 68.6 65.2 64.9cz 

413 79.8 65.3 78.4 68.0 79.2 74.1b 

361 80.7 72.0 85.4 72.7 70.8 76.3b 

319 80.7 82.9 89.7 83.5 81.3 83.6a 

270 53.6 72.6 66.4 75.0 63.0 66.1c 

201 48.2 56.3 33.3 55.1 71.6 52. 9d 

117 11.3 11.9 23.9 17.5 11.0 15. le 

ave. 58.6a 60. 0a 64.7a 62.9a 63.2a 

z 

y 

Means followed by the same letter were not significantly 
different at p= 0.05, as indicated by LSD. 

Includes irrigation plus rainfall, planting to first harvest 
( rainfall total= 51 mm). 



Table 3.4.  Percent of heads with good outer quality curds 
within 5 boron rates and 7 water levels, 1990. 

Water 
applied 

(inin)y 0 1 

Boron 

3 

rate kg/ha 

6 9 ave. 

507 62.8 58.7 42.8 59.8 66.8 58.2dz 

477 51.0 56.5 45.8 71.3 57.9 56.5e 

404 64.9 72.7 54.7 60.0 48.2 60.1c 

327 60.0 62.6 69.7 45.6 68.0 61.2b 

265 ! 73.5 71.9 74.6 55.9 70.5 69.3a 

181 58.5 44.3 65.6 47.8 51.4 53.5f 

99 25.7 16.6 40.8 17.2 25.7 25.2g 

ave. 56.6a 54.8a 56.3a 51.la 55.5a 

z Means followed by the same letter were not significantly 
different at p= 0.05, as indicated by LSD. 

y Includes irrigation plus rainfall, planting to first harvest 
( rainfall total= 65 mm). 

oo 



Table 3.5.  Percent good internal curds within 5 boron rates 
and 7 water levels, 1989. 

Water 
applied 

(inni)y 0 1 

Boron 

3 

rate kg/ha 

6 9 ave. 

442 21.5 32.5 24.7 39.1 35.4 3 0.6gz 

413 31.1 34.7 36.9 34.1 29.2 33.2f 

361 43.8 34.2 47.9 44.1 39.6 41.9e 

319 42.6 42.9 43.1 55.0 33.3 43.4d 

270 > 43.0 63.3 54.5 58.3 59.1 55.6c 

201 65.5 67.4 83.3 68.5 67.0 70.3b 

117 87.7 86.1 88.6 100.0 95.6 91.6a 

ave. 47.9a 51.6a 54.1a 57.0a 51.3a 

z Means followed by the same letter were not significantly 
different at p= 0.05, as indicated by LSD. 

y Includes irrigation plus rainfall, planting to first harvest 
( rainfall total= 51 mm). 



Table 3.6.  Percent good internal curds within 5 boron rates 
and 7 water levels, 1990. 

Water 
applied 
(mm)v 0 1 

Boron 

3 

rate kg/ha 

6 9 ave. 

507 43.0 40.5 57.4 46.4 34.3 44.3gz 

477 37.4 41.0 48.2 38.9 72.8 47.7e 

404 55.9 43.0 48.3 55.0 41.9 48. 8e 

327 53.3 47.6 51.7 46.2 65.5 52. 9d 

265 61.6 62.4 42.2 54.5 54.9 55.1c 

181 55.8 64.4 62.2 75.1 62.8 64.1b 

99 62.9 73.3 63.8 82.5 93.3 75.2a 

ave. 52.8a 53.2a 53.4a 56.9a 60.8a 

z Means followed by the same letter were not significantly 
different at p= 0.05, as indicated by LSD. 

y Includes irrigation plus rainfall, planting to first harvest 
( rainfall total= 65 mm). 

o 



Table 3.7.  Percent of heads with hollowness in curds within 5 
boron rates and 7 water levels, 1990. 

Water 
applied 

(iMn)y 0 1 

Boron 

3 

rate kg/ha 

6 9 ave. 

507 22.7 27.3 29.6 12.3 26.7 24.7az 

477 22.1 23.6 20.4 28.7 14.3 21.8c 

404 14.9 20.2 26.6 22.5 22.9 21.4d 

327 19.5 23.7 25.8 32.7 15.6 23.5b 

265 20.5 20.4 37.3 21.0 17.3 23.3b 

181 15.6 18.4 13.8 8.6 10.8 13.4e 

99 7.5 2.5 6.7 0.0 7.3 4.8f 

ave. 18.2a 19.4a 22.9a 18.0a 16.4a 

z Means followed by the same letter were not significantly 
different at p= 0.05, as indicated by LSD. 

y Includes irrigation plus rainfall, planting to first harvest 
( rainfall total= 65 mm). 

Ul 



Table 3.8.  Percent of heads with internal discoloration in 
curds within 5 boron rates and 7 water levels, 
1990. 

Water 
applied 
(mm) y 0 1 

Boron 

3 

rate kg/ha 

6 9 ave. 

507 29.3 30.3 13.1 41.4 36.9 30.2az 

477 40.6 35.5 31.5 27.6 12.9 29.6b 

404 26.4 36.9 21.5 20.4 28.9 26.8c 

327 18.6 28.3 20.0 21.0 18.9 21.4e 

265 13.9 18.6 16.1 22.2 17.4 17.6f 

181 21.1 19.0 19.9 9.6 13.9 21.7d 

99 23.7 9.6 3.6 8.1 0.0 9.0g 

ave. 24.8a 25.4a 18.0a 21.5a 18.4a 

z 

y 

Means followed by the same letter were not significantly 
different at p= 0.05, as indicated by LSD. 

Includes irrigation plus rainfall, planting to first harvest 
( rainfall total= 65 mm). 

to 



Table 3.9.  Percent good internal curds within 5 boron rates 
and 4 harvest dates for 1989. 

Harvest Boron rate kg/ha 

0 1 3 6 9 ave. 

1 38.3 50.9 55.6 49.5 48.4 48.5cz 

2 41.8 48.3 30.8 52.6 48.9 44. 5d 

3 61.4 47.6 53.3 58.5 41.5 52.5b 

4 82.4 87.5 78.6 96.0 78.9 84.7a 

ave. 56.0a 58.6a 54.6a 64.1a 54.4a 

z Means followed by the same letter were not significantly 
different at p= 0.05, as indicated by LSD. 



Table 3.10.  Percent good internal curds within 5 boron rates 
and 5 harvest dates, 1990. 

Harvest Boron rate kg/ha 

0 1 3 6 9 ave. 

1 35.0 31.3 37.5 36.1 48.5 37.7dz 

2 39.2 38.2 36.0 37.0 23.9 34.9e 

3 61.5 47.2 41.3 52.1 57.4 51.9c 

4 46.3 72.0 62.3 62.7 81.3 64.9b 
1 

5 79.4 87.7 88.2 100 100 91.1a 

ave. 52.3a 55.3a 53.1a 57.6a 62.2a 

z Means followed by the same letter were not significantly 
different at p= 0.05, as indicated by LSD. 
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Figure 3.1.  Cauliflower yield (MT/ha) as a function of 
water applied (WA) for 1989 (Eq. 1: y= 45.3 + 
-4.3(WA); R2= 87), and 1990 (Eq. 2: l/y= 0.014 
+ 5.4(1/WA) + 5.2(E-3); R2= 92). 
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Figure 3.2.  Boron leaf tissue concentrations (mg/kg) as 
affected by five boron rates at the highest 
applied water level (at 9 kgB/ha, highest and 
lowest water levels compared). 1989. 
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Figure 3.3.  Boron leaf tissue concentrations (mg/kg) as 
affected by five boron rates at the lowest and 
highest applied water levels. 1990. 
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Figure 3.4.  Boron concentrations (mg/kg) in soil samples 
(0-15 cm depth) after harvest, as affected by 
boron rates at the highest applied water level 
(at 9 kgB/ha, highest and lowest water level 
compared). 1989. 
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Figure 3.5.  Boron concentrations (mg/kg) in soil samples 
(0-15 cm depth) prior to planting, as affected 
by five boron rates (from highest water level 
in 1989 except at 9 kgB/ha where highest and 
lowest water level compared). 1990. 
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Figure 3.6.  Boron concentrations (mg/kg) in soil samples 
(0-15 cm depth), as affected by three boron 
rates (at highest and lowest applied water 
levels). 1990. 
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Figure 3.7.  Soil moisture content (% moisture/volume) at 
three depths for cauliflower in 1989 at the 
first (highest) water regime. 
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Figure 3.8.  Soil moisture content (% moisture/volume) at 
three depths for cauliflower in 1989 at the 
fourth water regime. 
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Figure 3.9.  Soil moisture content (% moisture/volume) at 
three depths for cauliflower in 1989 at the 
seventh (lowest) water regime. 
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Figure 3.10.  Soil moisture content (% moisture/volume) at 
three depths for cauliflower in 1990 at the 
first (highest) water regime. 
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Figure 3.11.  Soil moisture content (% moisture/volume) at 
three depths for cauliflower in 1990 at the 
fourth water regime. 
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Figure 3.12.  Soil moisture content (% moisture/volume) at 
three depths for cauliflower in 1990 at the 
seventh (lowest) water regime. 
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Chapter 4 

Effects of Boron Rates and Differential Irrigation 
on Bush Green Beans 

Abstract 

Five boron rates and seven water levels were applied 

to bush green beans fPhaseolus vulgaris cv Oregon 91G) to 

evaluate their effects on yields of green snap beans and 

boron concentrations in soil and plant tissues. 

Soil applied boron rates of 9 kg/ha reduced yields 

significantly in both 1989 and 1990.  Boron concentrations 

in the trifoliate leaf tissue ranged between 22 to 48 mg/kg 

during the 1989 season.  Injury to bean yields did not 

occur until concentrations reached 48 mg/kg. 

Trifoliate leaf sampling in 1990 occurred at the 

extreme wet and dry moisture regimes.  Tissue 

concentrations varied between 3 0 to 72 mg/kg and 23 to 32 

mg/kg in the wet and dry moisture levels respectively. 

Yields were reduced when concentrations reached 37 mg/kg. 

In addition, whole plant samples were analyzed at each B 

rate and concentrations ranged between 28 to 137 mg/kg. 

Soil B levels for the 0, 3 and 9 kg/ha rates at the 

extreme wet and dry moisture regimes varied from 0.2 3 to 

1.51 mg/kg and 0.22 to 1.41 mg/kg respectively during 1989. 

Soil B levels in 1990 were measured at all five B 

rates and ranged from 0.40 to 1.81 mg/kg.  Injury to beans 

occurred at concentrations equal to or greater than 1.0- 

1.25 mg/kg. 
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An added experiment in the mid-summer of 1990 

produced highly significant reductions in yield at boron 

rates of 18 and 3 6 kg/ha.  Yields did not vary 

significantly, however, between 0 and 9 kg/ha in this 

experiment. 

Whole plant samples at the first trifoliate stage and 

at bloom time had a range of tissue concentrations from 4 3 

to 352 mg/kg and 37 to 287 mg/kg respectively.  In 

addition, total plant contents of B were 0.54 to 2.1 mg/kg 

at the first sampling and 2.2 to 5.0 mg/kg at the second 

sampling.  Soil B levels ranged from 0.35 to 4.07mg/kg. 

The main effect of water produced results which tend 

to support existing research.  Highest yields of pods were 

achieved at applied amounts of water that equaled 77% of 

the calculated reference evapotranspiration coefficient 

(ETo) for 1989 and from 69 to 87% of ETo in 1990.  Optimum 

yields usually occurred when available soil moisture was 

depleted to no less than 50 percent. 

The boron x water interaction proved not to 

significantly affect yields for both the 1989 and 1990 

growing seasons. 
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Introduction 

Snap beans are commonly grown in rotation with crops 

requiring large amounts of B.  Since beans are considered a 

very sensitive crop to B, concerns over residual amounts 

from previous seasons have caused farmers to raise the 

question:  How much B can be applied to the soil to meet 

the nutritional needs of tolerant crops without adversely 

affecting the yields of subsequent snap bean plantings? 

Information regarding optimum soil and plant tissue 

concentrations of B for proper snap bean production is 

limited.  Soil application rates of 1 mg/kg were found to 

produce highest yields in beans.  Corresponding leaf sample 

B concentrations, taken at pre-bloom and harvest, were 42 

and 88 mg/kg respectively at this soil rate (Gupta, 1983). 

Research has shown that toxicity symptoms in beans 

have occurred when B soil levels were as low as 0.6-1.2 

mg/kg and as high as 6.7 mg/kg (Gupta, 1984; Mackay, 1962); 

the higher value occurred on sphagnum peat moss which may 

explain the large discrepancy. 

Leaf tissue concentrations associated with B toxicity 

varied from 60 to more than 2 65 mg/kg.  The variation in 

concentrations were attributed to different sampling times 

within the season (Gupta, 1984).  Other work showed minimum 

toxicity levels in beans to be 160 mg/kg (Mackay, 1962). 

Bcron uptake by beans has also been of interest to 

the farming and research communities.  Various soil 
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moisture regimes may determine how much B is taken up by 

bean plants, but no literature on this topic was found. 

Major objectives of this study were to:  (1) Study 

the effects of five rates of soil applied B on growth and 

yield of snap beans, (2) Evaluate the residual effects of B 

on growth and yield the following season, (3) Measure B 

levels in the soil and plant tissue of beans for two 

consecutive seasons, (4) Determine the effects of 

differential water applications on yields and uptake of B 

by bean plants. 
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Materials and Methods 

Two experiments were conducted during the 1989 and 1990 

growing season on a Chehalis silty clay loam soil (Cumulic 

Ultic Haploxeroll, Mixed Mesic) at the Oregon State 

University Vegetable Research Farm, Corvallis. 

Prior to planting, boron in 20% solution form was 

applied to the soil on 5 June, 1989 at five rates: 0, 1, 3, 

6 and 9 kgB/ha.  The procedure was repeated on 11 June, 

1990 so that the same 5 rates were reapplied over their 

exact 1989 locations.  The plots receiving the highest 

rates had 18 kg/ha applied over the two year period.  Boron 

rates were replicated four times in a randomized block 

design. 

Snap beans, (Phaseolous vulaaris. cv Oregon, 91G) 

were planted on 8 June and 11 June in 1989 and 1990 

respectively.  The plots were direct-seeded at a rate of 

151 kg/ha in 91 cm row spacings.  At planting, fertilizer 

(12-13-8 NPK) was banded at a rate of 500 kg/ha.  The 

pesticide procedure used throughout the season followed the 

recommended application practices for snap beans in Western 

Oregon. 

The irrigation procedure began with uniform water 

applications to insure good establishment. After plant 

establishment, a line source system was installed which 

consisted of a single lateral sprinkler set designed to 
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apply decreasing amounts of water as distance from the 

lateral increased.  The system was placed perpendicular to 

the B treatments producing various water gradients within 

each plot.  Seven water levels were evaluated along this 

gradient to determine total yield, B uptake by plants and B 

movement within the soil profile.  Water catch cans were 

placed at each level to measure actual water applied after 

irrigation and rainfall.  The experiment followed a split- 

plot design. 

Irrigations occurred on a weekly basis in 1989 and 

averaged 25 mm of water per irrigation at the wettest 

moisture level.  The 1990 procedure entailed applying water 

when the 300 mm depth at the second moisture level fell to 

approximately 50% of available water. 

A reference evapotranspiration coefficient (ETo) was 

calculated, using the procedure outlined by Doorenbos and 

Pruitt (1977), to evaluate water applied versus yield. 

This procedure is a modification of the Blaney-Criddle 

method and requires measurements of pan evaporation, 

relative humidity and daily wind speed to compute ETo from 

a grass surface.  Calculated ETo values for the 1989 and 

1990 seasons (planting to harvest) were 265 and 306 mm 

respectively. 

A neutron meter (model 503 DR Hydroprobe Moisture 

depth gauge, Campbell Pacific Nuclear Corp.) was used to 

determine available soil moisture for plant uptake and 
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moisture content at each water level.  Data were collected 

from each level at three depths: 0-150, 150-300 and 300-450 

mm, to determine crop response to various soil moisture 

conditions .  Available soil moisture for the Chehalis silty 

clay loam :Joil ranged between 41 and 17% on a volumetric 

basis at field capacity and wilting point, respectively. 

Leaf and plant samples were collected from B and 

water treatments  on 7 and 14 August respectively in 1989. 

Plant and f.eaf samples were collected from each B treatment 

at the extreme wet and dry water levels on 3 July and 3 

August in 1990.  The sampling procedure entailed removing 

the whole plant at the soil base for plant samples and 

collecting the most recently developed trifoliates for leaf 

analysis.  Sach sample was dried, ashed/ground and analyzed 

following the S.O.P. plant analysis procedure (Berger and 

Truog, 1939). 

Soil samples were taken at the 0 kg/ha B rate at 15, 

30, 45 and 60 cm depths on 26 June, 1989 to determine 

initial B csncentrations in the soil profile.  The 

procedure ^as then repeated at the 0, 3 and 9 kg/ha levels 

on 21 August, 1989 and 11 April, 1990 to determine soil 

concentrations after harvest and after the winter rains 

respectively.  The same sampling method was used during the 

second season on 27 August, 1990.   The samples were 

analyzed using the Hot Water Soluble B extract method 

(Horneck et. al., 1989).  Soil B values will only be 
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reported for the 0-15 cm depth. 

Yields were determined by harvesting 3.0m sections 

from each B and water treatment. Harvesting of pods 

occurred on 11 August, 1989 and  14 August, 1990 when 

approximately 50% of total yield consisted of 1-4 graded 

sieve sizes.  A one time harvest each season was performed 

to imitate a machine harvest.  The pods were weighed and 

mechanically graded into seven categories or sieve sizes to 

evaluate the B and water effects on yield. 

An additional experiment was established in mid- 

summer of 1990 using B rates of 0, 9, 18 and 36 kg/ha. 

The beans were planted on 23 July and harvested on 2 6 

September.  Uniform irrigation rates were applied 

throughout the season.  Planting rates, spacings, soil and 

leaf sampling methods, harvesting and grading followed the 

same procedure as in the earlier experiment. 
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Results and Discussion 

Effects of boron and water on total yield of beans 

Tables 4.1 and 4.2 display total yield of beans in 

MT/ha as affected by boron rates and water applications for 

1989 and 1990, respectively. 

Analysis of the data for 1989 showed that there were 

no significant differences in yield within the boron and 

water interaction (p _> 0.05).  Significant differences did 

occur; however, within the main effects of boron and water 

(p <_ 0.05).  Total yield varied from an average low of 

12.8 to a high of 14.8 MT/ha within the five boron levels 

and from a low of 8.0 to a high of 17.5 MT/ha along a seven 

level moisture gradient. 

Data from the 1990 season produced similar results to 

that of 1989: there were no significant differences within 

the boron x water interaction, the water main effect was 

highly significant (p <_ 0.01) and the boron main effect 

was significant at the quadratic level (p <_ 0.05).  Total 

yield varied from an average low of 9.4 to a high of 11.4 

MT/ha within the five boron levels and from a low of 0.9 to 

a high of 15.4 MT/ha along a seven level moisture gradient. 

The effects of boron and water on pod quality were 

not evaluated in this experiment.  Graded sieve sizes were 

examined, however, in relation to the five B rates and 

seven water levels. 
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Boron did not appear to affect percent sieve size 

within the 0 to 9 kg/ha rates.  There were remarkable 

differences, however, among the seven water levels.  The 

percent 1-4 sizes increased from approximately 50% to 100% 

as water levels decreased from the highest to lowest. 

Extreme water stress produced small, poor quality pods. 

Boron toxicity symptoms on young plants were evident 

during both seasons at the 3, 6 and 9 kg/ha rates.  The 

symptoms included chlorosis and necrosis of the leaf 

margins and reduced growth as described by Rieke (1964), 

Gupta (198 3), and Warington (1923).  Although the plants 

experienced toxicity symptoms early at the 3 kg/ha rate, 

the plants seemed to recover and significant yield 

reductions did not occur except at the 9 kg/ha levels in 

the 1989 and 1990 season. 

Crop-water production functions, where yield is a 

function of water applied, are shown in figure 4.1 for 1989 

and 1990 respectively. The effect of water on total yield 

for 1989 showed that highest yields were achieved when an 

amount equal to 77% of a calculated reference evapo- 

transpiration coefficient (ETo) was applied (Table 4.1). 

However, yields in 1990 were similar from 69 to 87% of ETo. 

Significant reductions in yield did not occur until applied 

water levels dropped below 69% of ETo in the 1990 season 

(Table 4.2). 

These data are in general agreement with the 
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literature.  Smittle (1976) found that highest bean yields 

resulted when water applied equaled 87% of the ET rate. 

Singh (1989) reported pod yields to be greater at an 

applied water rate of 60% Epan.  Water amounts greater than 

or equal to 100% of the ET rate tend not to increase bean 

yields and in some cases actually reduced total bean pod 

tonnage (Kemp et.al., 1974; Miller and Burke, 1983). 

Data describing soil moisture conditions (and water 

by volume) at the first (highest), fourth and seventh 

(lowest) levels of applied water for 1989 and 1990 are 

presented in figures 4.2 through 4.7. 

Total bean yields in 1989 were greatest at the fourth 

water regime.  Yields in 1990 did not significantly vary 

between the first and fourth regimes.  These results 

occurred despite differences of 55 and 54 mm of water 

applied between the first and fourth levels during the 1989 

and 1990 seasons respectively.  Yields were severely 

reduced, however, at the seventh moisture regime (Tables 

4.1 and 4.2). 

These data suggest that beans can tolerate soil 

moisture depletion of up to 50% (approximately 29% 

moisture/volume for Chehalis silty clay loam soil) in the 

top 30 cm depth before yields significantly decline. 

Smittle et. al. (1990) support these conclusions where they 

found maximum yields occurring in beans when the soil 

became depleted to 50% of its available moisture.  Water 
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applied at higher rates, in some cases, reduced yields 

which is in agreement with our 1989 results. 

Plant tissue and soil samples were analyzed to 

determine concentration levels of B as a result of the five 

application rates used in this study.  Letters placed on 

top of the bars in each figure reflect significant 

differences within each B rate.  Bars followed by the same 

letter were not significantly different at p= 0.05, as 

indicated by LSD. 

Figures 4.8 and 4.9 display boron concentrations in 

leaf tissue and in various plant parts respectively for the 

year 1989.  The range of concentrations within the leaf 

samples varied from 22 to 48 mg/kg.  Concentrations within 

the plant parts varied between 44.8 to 150, 21.8 to 28.9 

and 20.3 to 2 6.5 in the leaf, pod and stem tissues 

respectively.  There were no significant differences in B 

concentrations between pods and stems within each B rate. 

There were differences, however, in leaf tissue 

concentrations among the five B rates. 

Whole plant and trifoliate samples were analyzed for 

B in 1990 and the results are displayed in figures 4.10 

through 4.12. Average dry weight boron contents of the 

whole plant samples varied from 0.7 to 3.2 mg/plant. 

Corresponding plant tissue B concentrations within these 

samples ranged from 28 to 137 mg/kg.  Trifoliate leaf 

samples were taken at the extreme wet and dry levels and 



93 

boron concentrations varied from 3 0 to 72 and 2 3 to 32 

mg/kg respectively.  Discrepancies between tissue 

concentrations were a result of different sampling times in 

the season. 

These results suggest toxicity levels within the leaf 

and plant tissue were marginal or in the lower end of the 

boron toxicity range for beans.  Gupta (1983) reported that 

B toxicity occurred when levels in trifoliates reached 125 

to 265 mg/kg at bloom and harvest time.  In later work 

Gupta and Cutcliffe (1984) showed that levels as low as 60 

mg/kg produced toxicity in beans.  Mackay (1962) found 

minimum toxicity levels occurring at 160 mg/kg. 

Soil boron levels for post harvest 1989, preplanting 

1990 and post harvest 1990 are displayed in figures 3.13, 

3.14 and 3.15 respectively. 

The 1989 soil samples were taken from the extreme wet 

and dry water levels at the 0, 3 and 9 kg/ha B rates. 

Boron concentrations ranged from 0.23 to 1.51 mg/kg at the 

wettest moisture regime and from 0.22 to 1.41 mg/kg in the 

driest level. 

Data from 1990 were taken from all five boron rates 

at the wettest moisture regime and from the 9 kg/ha rate at 

the driest moisture level.  Preplanting concentrations 

ranged from 0.35 to 1.05 mg/kg where as post harvest levels 

varied between 0.40 and 1.80 mg/kg. 

Gupta and Cutcliffe (1984) reported that boron 
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toxicity and reductions in bean yields occurred when soil 

boron levels were between the range of 0.9 to 1.9 mg/kg. 

These concentrations occurred at the 9 kg/ha rate in 1989 

and 1990 and at the 6 kg/ha rate post-harvest 1990.  The 

data suggest that there were sufficient concentrations of 

boron, at the higher levels, to cause toxicity to plants 

and reduce bean yields. 

Although yields in the 1989 and 1990 were 

significantly reduced at the higher levels of B, total 

weight in MT/ha was not reduced as much as anticipated. 

Therefore, an additional experiment was conducted during 

the mid-summer of 1990 using rates of 0, 9, 18 and 3 6 

kgB/ha. 

Table 4.3 displays total yield in MT/ha as it relates 

to boron for this experiment.  Analysis of the yield data 

showed that highly significant reductions occurred at 18 

and 36 kgB/ha (p <_ 0.01).  Yields were not significantly 

reduced, however, between the 0 and 9 kg/ha application 

rates. 

Both whole plants and soil samples were examined to 

determine respective boron concentrations.  Figures 4.16 

through 4.19 show dry weight and plant tissue concen- 

trations of B (mg/kg) and figure 4.20 displays soil boron 

levels (mg/kg).  Letters placed above the bars in each 

figure reflect significant differences within each B rate. 

Bars followed by the same letter were not significantly 
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different at p= 0.05, as indicated by LSD. 

The dry weight per plant at the 9 kg/ha B rate 

exceeded the 18 and 3 6 kg/ha rate and produced higher 

overall plant contents of B during both sampling times. 

The 18 and 36 kg/ha rates, however, produced substantially 

higher tissue concentrations of B. 

Soil boron concentrations increased as the 

application rate increased ranging from 0.35 to 4.07 mg/kg. 

The 9, 18 and 3 6 kg/ha rates all had sufficient 

concentrations of B to produce toxicity symptoms and reduce 

yields which is in agreement with literature cited by 

Gupta and Cutcliffe, 1984. 



Table 4.1.  Effects of 5 boron rates and 7 water levels on 
total yield of bush green beans (MT/ha) 1989. 

Water %ETox Boron rates kg/ha 

(min)y 

0 1 3 6 9 ave. 

258 97 16.6 16.8 17.0 16.6 15.2 16.4az 

248 94 15.2 16.4 16.8 15.2 13.4 15.4b 

225 85 18.4 17.0 17.5 16.8 14.8 16.9a 

203 7'7 17.2 17.5 18.1 17.9 16.6 17.5a 

178 67 15.7 15.4 16.4 14.3 12.5 14.9c 

139 52 12.1 12.1 9.6 9.8 10.3 10.8d 

88 33 7.6 8.7 8.5 8.3 6.9 8.0e 

ave. 14.7a 14.8a 14.8a 14.1a 12.8b 

z Means followed by the same letter were not significantly 
different at p= 0.05, as indicated by LSD. 

y 

x 

Includes irrigation plus rainfall, planting to harvest 
(rainfall total= 48 mm). 

Percent of the reference evapotranspiration coefficient (ETo) 
in mm of water. 



Table 4.2.  Effects of 5 boron rates and 7 water levels on 
total yield of bush green beans (MT/ha) 1990. 

Water %ETox Boron rates kg/h a 

(nun)y 

0 1 3 6 9 ave. 

265 87 17.0 17.5 14.8 13.7 13.0 15.4az 

255 83 14.3 14.1 14.8 12.1 13.0 14.1a 

232 76 16.1 15.4 15.0 12.8 12.5 15.0a 

211 ■ 69 14.6 14.1 14.3 14.1 12.8 14.8a 

186 61 10.3 9.8 9.8 9.4 9.0 10.7b 

147 48 6.3 4.2 4.2 3.6 4.5 5.8c 

96 31 0.8 0.8 0.9 0.9 1.1 0.9d 

ave. 11.4a 10.8a 10.5a 9.5a 9.4b 

z Means followed by the same letter were not significantly 
different at p= 0.05, as indicated by LSD. 

y Includes irrigation plus rainfall, planting to harvest 
(rainfall total= 21 mm). 

X Percent of the reference evapotranspiration coefficient (ETo) 
in mm of water. 

VO 



Table 4.3.  Effects of 4 boron rates on total yield of bush 
green beans (MT/ha) 1990. 

Boron rates kg/ha 

 0 9 18 36  

18.6 az 17.0 a 10.4 b 4.9 c  

z Means followed by the same letter were not significantly 
different at p= 0.05, as indicated by LSD. 

03 
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Figure 4.1.  Bush green bean yields (MT/ha) as a function 
of water applied (WA) for 1989 (Eq 1: y= 4.47 
+ 0.05(WA); R2= .79) , and 1990 (Eq 2: y= -6.56 
+ 0.09(WA) ; R2= .91) . 
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Figure 4.2.  Soil moisture content (% moisture/volume) at 
three depths for beans in 1989 at the first 
(highest) water regime. 
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Figure 4.3. Soil moisture content (% moisture/volume) at 
three depths for beans in 1989 at the fourth 
water regime. 
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Figure 4.4.  Soil moisture content (% moisture/volume) at 
three depths for beans in 1989 at the seventh 
(lowest) water regime. 
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Figure 4.5.  Soil moisture content (% moisture/volume) at 
three depths for beans in 1990 at the first 
(highest) water regime. 
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Figure 4.6. Soil moisture content (% moisture/volume) at 
three depths for beans in 199 0 at the fourth 
water regime. 
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Figure 4.7.  Soil moisture content (% moisture/volume) at 
three depths for beans in 1990 at the seventh 
(lowest) water regime. 
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Figure 4.8.  Boron concentrations (mg/kg) in recently 
expanded trifoliate leaves of beans at bloom 
grown at the highest level of water 
application 1989 (at 9 kg/ha B rate, B 
concentration at highest and lowest water 
applications are compared). 
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Figure 4.9.  Boron concentrations (mg/kg) in steins, leaves 
and pods of bean plants at hairvest, 1989. 
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Figure 4.10.  Dry weight B content (mg/plant) of bean plant 
samples taken during the first trifoliate 
leaf stage in 1990. 
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Figure 4.11.  Boron concentrations (mg/kg)  in plant tissue 
during the development of the first 
trifoliate in 1990. 
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Figure 4.12.  Boron concentrations (mg/kg) in trifoliate 
leaves of beans at bloom, at highest and 
lowest irrigation levels, 1990. 
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Figure 4.13.  Soil boron concentrations (mg/kg), at 0-15cin 
depth, after harvest during the 1989 season. 
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Figure 4.14.  Soil boron concentrations (mg/kg), at 0-15cm 
depth, prior to planting in 1990. 
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Figure 4.15.  Soil boron concentrations (mg/kg), at O-lScm 
depth, after harvest in 1990. 
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Figure 4.16.  Dry weight B content (mg/plant) in bean plant 
samples taken during the first trifoliate 
stage in 1990. 
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Figure 4.17.  Boron concentrations (mg/kg) in plant tissue 
during the development of the first 
trifoliate leaf in 1990. 
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Figure 4.18.  Dry weight B content (mg/plant) in bean plant 
samples taken during bloom in 1990. 
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Figure 4.19.  Boron concentrations (mg/kg) in plant tissue 
during bloom in 1990. 
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Figure 4.20.  Soil boron concentrations (mg/kg), at O-lScm 
depth, sampled during the first trifoliate 
leaf stage of beans in 1990. 
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Chapter 5 

The Migration of Three Boron Rates Through 
The Soil Profile 

Abstract 

Three boron rates (0, 3 and 9 kg/ha) were applied to 

the soil in 1989 and 1990 to evaluate B concentrations in 

soil depths of 0-15, 15-30, 30-45 and 45-60 cm.  Each of 

the two seasons were analyzed separately comparing B 

movement at a high (wet) level of applied water.  An 

overall evaluation comparing the starting and ending levels 

of B after two years was done at two levels of applied 

water (high and low). 

Boron migration or loss was greatest out of the top 

0- 15 cm depth of soil and at the 9 kg B/ha rate.  Losses 

as high as 39 and 49%   in 1989/1990 and 1990/1991 seasons 

respectively, were found as a result of differential dates 

of soil sampling. 

In an additional experiment in the mid-summer of 1990 

where rates of 9, 16 and 32 kg B/ha were applied, losses of 

B from the 0-15 cm depth ranged from 3 5 to 49% of the 

initial soil concentrations found shortly after B 

application, compared to soil sampling in the spring of 

1991. 

Significant differences of B concentrations within 

the soil profile between the high (wet) and low (dry) 

levels of applied water occurred in the 1990/1991 season. 
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but not in the 1989/1990 season. 
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Introduction 

Researchers and growers have expressed concern over 

the potential effects of soil residual B on sensitive 

crops.  This is common in the Willamette Valley of Oregon 

when rotation schedules cause various sensitive vegetables 

to be planted into fields that received large amounts of B 

from the previous season followed by a relatively dry 

winter and spring.  Also, growers are concerned when they 

have to take out poor stands of beets or brassicas and 

replant the fields with beans. 

The literature suggests that B is quite mobile and 

moves fairly  rapidly within the soil profile in mass, 

rather than portions at a time (Kubota et. al., 1948). 

Baker and Mortensen (1966) found that losses of B 

from the soil were greater when applied in the fall versus 

the summer, reflecting the effect of higher seasonal 

amounts of rainfall.  In addition, the rate of B decline 

was proportional to the amount of B applied (higher rate of 

B, greater loss from the soil) for all five soil types used 

in this experiment. 

Boron at a rate of 3 6 kg/ha was applied to the soil 

six months prior to planting various vegetable crops. 

Rainfall exceeded 7 6 cm during this period resulting in 

only a 20-25% recovery rate of B in the 0-30 cm depth of 

soil (Mack, 1959).  Residual B levels of 8.96 kg/ha did not 
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affect semi-tolerant cereal crops when the annual rainfall 

amount was approximately 33 0 mm per year (Gupta and 

Cutcliffe, 1982). 

In other work, four consecutive applications of B at 

3.3 kg/ha on clover did not reduce the yields of soybeans 

and cotton following the clover.  Residual rates as high as 

11.8 kg/ha showed no injury to soybeans, however, toxicity 

symptoms did occur when rates reached 13 and 15 kg/ha 

(Wear, 1956).  Residual B rates of 2.2 kg/ha did not show 

toxicity symptoms or reduce yields in white peas (Rieke and 

Davis, 1964). 

The objective of this experiment was to:  Determine 

the movement of three soil applied B rates under 

differential watering regimes for two consecutive seasons. 
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Materials and Methods 

Two experiments were conducted during the 1989 and 

1990 growing  seasons in the same location on a Chehalis 

silty clay loam soil (Cumulic Ultic Haploxeroll, Mixed 

Mesic) at the Oregon State University Vegetable Research 

Farm. 

Boron in 20% solution form was applied to the soil on 

5 June, 1989 at five rates: 0, 1, 3, 6 and 9 kg/ha, but 

only the three rates of 0, 3 and 9 kg/ha will be considered 

here.  The applications were repeated on 11 June, 1990. 

The same three rates were reapplied over their exact 1989 

locations with the highest applied cumulate rate being 18 

kg/ha over the two year period.  Boron rates were 

replicated four times in a randomized block design. 

Water received by the plots came from irrigation  and 

yearly rainfall.  The irrigation procedure began with 

uniform water application to insure good plant 

establishment  for the two  crops grown in the trial, 

cauliflower (Brassica olereace, var. botrytis) and bush 

green beans (Phaseolus vulqaris L). 

After plant establishment, a line source system was 

installed which consisted of a single lateral sprinkler set 

designed to apply decreasing amounts of water as distance 

from the lateral increased (Hanks, et. al., 1976).  The 

system was placed perpendicular to the B treatments 

producing various water gradients within each plot. 
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The 1989/1990 and  1990/1991 seasons were evaluated 

separately examining soil boron concentrations at the 

highest (wet) water level. Total  water applied (irrigation 

plus rainfall) was 999 and 1152 mm for both seasons 

respectively. 

Boron movement through the soil profile for both 

seasons combined  was examined at  the extreme wet and dry 

applied water levels along  the line  source system.  The 

two cumulative amounts of applied water (irrigation plus 

rainfall) were 2151 and 1588 mm for the two levels 

respectively. 

Soil samples were taken at 0-15, 15-30, 30-45 and 45- 

60 cm depths at three B rates on 29 October, 1989 and 11 

April, 1990 to determine soil B concentrations after 

harvest and after the winter rains respectively.  The same 

sampling method was used the second season on 12 January, 

1990 and 15 April, 1991.  The samples were then analyzed 

using the Hot Water Soluble B extract method (Horneck, et. 

al., 1989). 

An additional experiment was established in another 

location using B rates of 0, 9, 18 and 36 kg/ha in July 

1990.  Uniform irrigation applications were applied 

throughout the season.  Soil samples were taken at the 0-15 

cm depth for the four B rates on 19 July, 1990.  Samples 

were collected again at the  0-15, 15-30, 30-45 and 45-60 

cm depths at  all B rates on 15 April, 1991 and B 
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concentrations determined using the method listed above. 
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Results and Discussion 

Boron concentrations and movement within the soil profile 

at the highest level of applied water. 

Soil boron concentrations (mg/kg) for the four 

sampling dates during the two year study on applied boron 

rates of 0, 3 and 9 kg/ha are shown in Table 5.1.  There 

were highly significant differences of soil B 

concentrations within the boron x depth interaction, boron 

main effect and depth main effect (p <_ 0.01) in sample 

number 1 (October, 1989).  As applied boron rates increased 

from 0 to 9 kg/ha, soil B concentrations were significantly 

increased from 0.2 6 to 1.53 mg/kg at 0-15 cm depth while 

there were no differences in B concentrations between other 

sampling depths when no B was applied. 

For sampling date number 2 (April, 1990) results were 

highly significant within the boron x depth interaction, 

boron main effect and depth main effect (p <_ 0.01).  Soil 

B concentrations were highest in the 0-15 cm depth from 

addition of B compared to lower depths but concentrations 

were lower at 0-15 cm than in sample 1, and were higher at 

the three lower depths on this date than in sample 1, 

indicating B movement to the lower depths. 

Soil boron movement was greatest from the 0-15 depth 

at the 9 kg/ha rate where 39% of the initial applied boron 

was lost, compared to sample 1. 
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The results of soil sampling dates 3 (January, 1991) 

and 4 (April, 1991) for additional B applied in 1990 are in 

agreement with results  of samples 1 and 2, all shown in 

Table 5.1.  Soil boron movement followed the same pattern 

as the 1989 - 1990 season.  In the 0-15 soil depth, B 

concentration was 49% less in sample 4 than in sample 3 at 

the B rate of 9 kg/ha.  At that same B rate, B 

concentration at 45-60 cm was 15 percent higher in sample 4 

than in sample 3. 

In general, fluctuations in B concentrations among 

sampling dates were greatest at the 0-15 cm depth and least 

at 45-60 cm (Table 5.1).  It is interesting to note that 

residual B concentrations at 0-15 cm in the two spring 

(April) samplings (2 and 4) were essentially the same at 

the 3 kg/ha rate (0.63 and 0.62 mg/kg) and at the 9 kg B/ha 

rate (0.94 and 0.95 mg B/kg).  However, cumulative rates of 

applied B were 3 and 6 kg/ha respectively and 9 and 18 

kg/ha respectively.  For the same sampling dates, B 

concentrations were higher in sample 4 than in sample 2 at 

the lower three depths.  When no B was applied, there was a 

slight decrease in B concentration at the lower depths, and 

in addition, average B concentrations (all four depths) 

were slightly higher at sampling dates 2 and 3 than at 

sampling dates 1 and 4. 
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Boron movement within the soil profile at two applied water 

levels 

Soil B concentrations within four soil depths at 

three boron rates for two levels of applied water during 

1989 (sampled 29 October, 1989) and 1990 (sampled 15 April, 

1991) are displayed in table 5.2. 

In 1989, B concentrations were significantly 

different at the three B rates.  However, the water main 

effect and the boron x water, depth x water and boron x 

depth x water interactions were all nonsignificant (p _> 

0.05) in affecting soil concentrations of B.  The 1991 data 

varied from the first season  in that the water main effect 

and boron x water x depth interaction were both significant 

(p <_ 0.05). 

In the 1991 sampling, B concentrations were higher at 

the lowest applied water level (dry) than at the highest 

water level (wet) except at 45-60 cm depth at the 9 kg B/ha 

rate.  However, trends between the two sampling dates as 

influenced by applied water levels are difficult to 

interpret. 

The response of B movement to  the  two water levels 

used in this experiment did not  occur until the Spring of 

1991.  At  this time, two seasons of differential watering 

had accrued a 563 mm deficit between the high and low 

applied water levels.  This caused significantly higher B 

concentrations within the upper depths  of  the  soil 
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profile at the lower level of applied water (dry) than at 

the higher level (wet).  Crop response to the rates of 

boron and applied water are discussed in earlier chapters 

of this thesis. 

Data on soil B concentrations in the additional 1990 

experiment where higher rates of applied B were used are 

shown in Tables 5.3 and 5.4.  After B was applied, soil B 

concentrations in the 1990 sample (0-15 cm) varied 

significantly among the four rates; however, there was no 

significant difference between the  9 and  18 kg B/ha rates 

(Table 5.3). 

At the three applied rates of B, soil B 

concentrations were significantly lower in the 1991 

sampling than in the 1989 sampling.  The B concentration in 

the 0-15 cm depth at 9 kg B/ha in the 1990 sampling (Table 

5.3) was higher than at 9 kg/ha in the earlier experiments 

(sampling 1, Table 5.1) but was taken sooner after B 

application. 

There were significant differences in 1991 in soil B 

concentrations between both the soil applied B rates and 

soil sampling depths (Table 5.4).  Movement out of the top 

15 cm depth occurred at the  9, 18 and 3 6 kg/ha rate.  The 

highest net loss occurred at the 36 kg/ha rate where 49% of 

the original amount was leached  out  of  the profile or 

was not recovered by hot water extraction when comparing B 

concentrations of the 1990 and 1991 samplings. 
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It can be concluded that greatest losses of B within 

the soil profile occurred at the highest rates of applied 

B.  Boron migration or loss was most evident in the 0-15 cm 

depth.  The lower soil profiles did not experience as much 

of a net change indicating that the silty clay loam soil 

used in this  study restricted B movement. 

Similar conclusions were obtained by Kubota (1948) 

who reported that heavy losses of  B occurred  in light 

textured soils and only small amounts moved below the  30 

cm depth in fine textured  soils.  In all cases, B movement 

through the soil  was slower than water, suggesting B 

reaction with soil  particles. 

Results by Ouellette (1958) were in agreement with 

Kubota in that B loss through soil profiles were 

significant in a sandy loam soil, however, B movement 

through a  clay textured soil from the top 2 0 cm was 

negligible. 



Table 5.1.  Soil boron concentrations (mq/kq) within four 
depths as affected by boron rates and sampling 
dates. 

Boron rate 
(kg/ha) 

Samplinq 
date 0- 15 15- 

De 

30 

'pth 

30- 45 45-60 

1' . 26 . 27 . 24 . 23 

0 2Y . 34 . 29 . 27 . 28 

3' . 39 . 34 . 28 . 23 

4" . 34 . 28 . 25 . 21 

1 .93 . 42 . 33 . 25 

3 2 . 63 . 45 . 34 . 26 

3 .88 . 76 . 50 . 31 

4 . 62 . 57 . 42 . 32 

1 1 . 53 . 72 . 37 . 28 

9 2 .94 . 76 . 44 . 36 

3 1 . 85 1.32 . 81 . 48 

4 .95 1 . 02 . 72 . 55 

'  - (1) 29 October, 1989 - After 1989 application (5 June), 
approximate irriqation and rainfall 5 June - 29 October, 462 mm. 

- (2) 11 April, 1990 - Before B application; approximate 
irrigation and rainfall 29 October, 1989 - 11 April, 1990, 
613 mm. 

- (3) 12 January, 1991 - After 1990 B application (11 June), 
approximate irriqation and rainfall 11 April - 12 January, 
969 mm. 

- (4) 15 April, 1991 - No additional B application; approximate 
rainfall 12 January, 1991 - 15 April, 1991, 286 mm. 

ui 



Table 5.2.  Soil boron concentrations within four depths at 
three B rates and two levels of applied water. 
 1989 and 1991.  

B Rate (kg/ha) and Applied Water level 
Depth  Year of 
(cm)   sampling      0 3 9 Ave. 

wetz  dry  wet  dry   wet   dry   wet   dry 

0-15 

15-30 

30-45 

1989 .26 .25 .93 .60 1.53 1.47 .91 .77 

1991 .34 .38 .62 .76 .95 1.32 .64 .82 

1989 .27 .25 .42 .40 .72 .60 .47 .42 

1991 .28 .36 .57 . 68 1.02 1.19 .62 .74 

1989 .24 .24 .33 .33 . 37 .55 .31 .37 

1991 .25 .34 .42 .50 .72 .76 .46 .53 

1989 .23 .24 .25 .25 .27 .29 .25 .26 

1991 .21 .28 .32 .41 .55 .51 .36 .40 

45-60 

Ave. .26   .29   .48   .49   .76    .84   .50   .54 

Irrigation plus rainfall from time of boron application in 1989 
to soil sampling in 1991 equaled 2151 mm for the highest (wet) 
applied water level and 1588 mm for the lowest (dry) applied 
water level.  Total cumulative rates of applied B for the two 
years were 0, 6 and 18 kg/ha. 



Table 5.3.  Soil boron concentrations (mg/kg) at 0- 
15cm depth at 4 boron rates, sampled in 
 1990 and 1991.  

Year Boron rate kg/ha2 

sampled 
0 9 18 36 

1990 .35 1.79 2.55 4.05 

1991y .37 1.16 1.34 2.07 

z 

y 

B applied 17 July, 1990; soil sampled 19 July, 1990, and 15 
April, 1991. 

Approximate amount of applied water (irrigation plus rainfall) 
between soil sampling in summer, on 19 July, 1990, and soil 
sampling in spring, on 15 April, 1991, was 823 mm. 



Table 5.4. Soil boron concentrations (mg/kg) within 4 depths 
at 4 boron rates Spring, 1991 (B rates applied in 
summer, 1990). 

depth Boron rate kg/ha 
(cm) 

0 9 18 36 Ave. 

0-15 .37 1.16 1.34 2.07 1.24az 

15-30 .29 .78 1.12 1.93 1.03ab 

30-45 .24 .61 .90 1.52 .81b 

45-60 .20 .38 .54 1.19 . 57c 

Ave. .28d .73C .98b 1.68a 

z Means followed by the same letter were not significantly 
different at p= 0.05, as indicated by LSD. 
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Chapter 6 

General Summary and Conclusions 

Five boron rates (0,1,3,6 and 9 kg/ha) were applied to the 

soil prior to planting bush green beans (Phaseolus vulqaris 

cv Oregon 91G) and cauliflower (Brassica olereacea var. 

botrytis, cultivar "Snowball Y"). in 1989 and 1990. 

Seven water rates were also applied to each crop and 

ranged from 88-258 mm and 96-265 mm for beans, and 117-444 

mm and 99-507 mm for cauliflower in 1989 and 1990 

respectively. 

Boron rates did not significantly affect total 

weight, good outer and good inner quality characteristics 

in cauliflower curds in 1989 and 1990.  Also, there was no 

significant B x water interaction on the above parameters. 

The main effect of applied water levels on total yield 

was somewhat inconclusive.  The data suggest that a minimum 

of 80% ETo is required to achieve highest curd tonnage. 

Water application rates much in excess of 100% ETo tended 

to reduce yields. 

The frequencies of good outer quality increased as 

applied water levels increased.  Inner curd quality 

improved as applied water levels decreased, however, 

corresponding marketable yields were marginal. 

Harvest date significantly affected internal curd 

quality during both seasons of this experiment.  Internal 

quality was best at latest harvest dates.  Data suggest 
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that growth rate may determine the probability of head 

hollowness and/or internal discoloration occurring in 

cauliflower.  Growth rate would be influenced by 

temperature and amount of available water. 

Some of the internal discoloration and hollowness 

factors considered objectionable in this study may be more 

applicable to fresh market guality of cauliflower.  In 

preparation for processing (freezing), machines remove most 

of the internal tissue of heads so that hollowness and 

internal discoloration would not be apparent in segmented 

frozen curds.  Outer quality would be the most important 

consideration. 

The main effect of boron significantly reduced bean 

yields at the 9 kgB/ha rate in 1989 and 1990.  Yields were 

severely reduced during the 1990 mid-summer experiment at 

the 18 and 3 6 kg/ha rates, however, no significant 

differences occurred between the 0 and 9 kgB/ha rates. 

These data imply that bush green beans nay not be as 

sensitive to boron as previously thought.  Yield reductions 

of beans do not appear likely on silty clay loam soils when 

residual soil levels at 0-15 cm depth are about 1.0-1.25 

mg/kg. 

Optimum applied water levels appear to range between 

69 and 87% of ETo according to results from this study.  In 

addition, highest yields of beans were achieved when 

available soil moisture was not depleted in excess of 50%. 
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Soil moisture levels (% moisture/volume) higher than 50% 

suppressed yields in some cases. 

The boron x water interaction did not significantly 

affect total yields of bush green beans. 

Boron loss through the soil profile occurred at the 

highest rates of applied B.  Boron migration or loss was 

most evident in the 0-15 cm depth.  The lower soil profiles 

did not experience as much of a net change indicating that 

the silty clay loam soil used in this study restricted B 

movement.  Application of these results to other soil types 

would be influenced by soil texture, amount of 

rainfall/irrigation, and sensitivity of crops to boron. 
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Figure A.l.  Soil moisture content (% moisture/volume) at 
three depths cauliflower in 1989 at the 
second water regime. 
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Figure A.2.  Soil moisture content (% moisture/volume) at 
three depths for cauliflower in 1989 at the 
third water regime. 
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Figure A.3.  Soil moisture content (% moisture/volume) at 
three depths for cauliflower in 1989 at the 
fifth water regime. 



180 190 200        210        220 230 240 
Seasonal Moisture Change (Day No.) 

250        260 

Figure A.3 

15cm —^— 30cm -*- 45cm 



173 

Figure A.4.  Soil moisture content (% moisture/volume) at 
three depths for cauliflower in 1989 at the 
sixth water regime. 
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Figure A.5.  Soil moisture content (% moisture/volume) at 
three depths for cauliflower in 1990 at the 
second water regime. 
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Figure A.6.  Soil moisture content (% moisture/volume) at 
three depths for cauliflower in 1990 at the 
third water regime. 
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Figure A.7.  Soil moisture content (% moisture/volume) at 
three depths for cauliflower in 1990 at the 
fifth water regime. 
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Figure A.8.  Soil moisture content (% moisture/volume) at 
three depths for cauliflower in 1990 at the 
sixth water regime. 
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Figure A.9. Soil moisture content (% moisture/volume) at 
three depths for beans in 1989 at the second 
water regime. 
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Figure A.10.  Soil moisture content (% moisture/volume) at 
three depths for beans in 1989 at the third 
water regime. 
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Figure A.11.  Soil moisture content (% moisture/volume) at 
three depths for beans in 1989 at the fifth 
water regime. 



185       190 195       200       205       210       215       220 
Seasonal Moisture Change (Day No.) 

225  230 

15cm —i— 30cm -*— 45cm 

Figure A. 11 00 
00 



189 

Figure A.12.  Soil moisture content (% moisture/volume) at 
three depths for beans in 1989 at the sixth 
water regime. 
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Figure A.13. Soil moisture content (% moisture/volume) at 
three depths for beans in 1990 at the second 
water regime. 
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Figure A.14.  Soil moisture content (% moisture/volume) at 
three depths for beans in 1990 at the third 
water regime. 
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Figure A.15.  Soil moisture content (% moisture/volume) at 
three depths for beans in 1990 at the fifth 
water regime. 
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Figure A.16.  Soil moisture content (% moisture/volume) at 
three depths for beans in 1990 at the sixth 
water regime. 
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