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ABSTRACT

Sugarbeets (Beta vulgaris L.) were grown on six different soils 

collected from paired high- and low-yield fields near Sacaton, Coolidge 

and Buckeye in Arizona 1979. The principal objective was identification 

of possible nutritional or related factors associated with low yield.

Variables in the first experiment were nitrogen, phosphorus and 

water source. In the second experiment eight fertilizer treatments were 

used and plants in all pots were irrigated with distilled water.

Nitrogen as applied in this study was the major element affect

ing yield of leaves and roots of sugarbeets. It also affected the con

centration of several elements in above-ground plant parts.

In this study xsoils that produced low commercial yields of beets 

at Sacaton and Buckeye performed similarly in the greenhouse. Sugarbeet 

plants grown with soil from the low-yield field near Coolidge produced a 

slightly greater leaf and root yield than did plants produced with soil 

from the high-yield field. It is likely that the low commercial yield 

at Coolidge may be attributed to the high level of nitrate in this soil 

and in the irrigation water.

Application of nitrogen resulted in a lower concentration of 

potassium, manganese, zinc and boron in above-ground plant parts. High 

concentration of calcium and low concentration of iron and aluminum in 

above-ground plant parts of sugarbeets grown in soils from low-yield 

fields may provide an explanation of the poor performance of sugar- 

beets in these soils.

viii



INTRODUCTION

Sugarbeets, Beta vulgaris L., were developed in Europe at the 

end of the eighteenth century from white fodderbeet. The crop is 

cultivated under a wide range of climates and on many different soils.

Sugarbeets are now grown in about 25 states in the United 

States, and they are adapted to the irrigated valleys of Arizona at 

both high and low elevations.

The crop grows best in deep, well-drained loams or clay loams 

that do not contain excessive salts. Planting is done during September 

and October at the lower elevations, and March or April at the higher 

elevations. Harvest is made nine to ten months from planting date at 

the lower elevations and in the fall at the higher elevations.

Application of fertilizers to sugarbeets for optimum yield and 

profitability has received considerable attention. Soil and tissue 

analyses are useful tools in the determination of proper fertilizer 

practice. However, results of such tests are inadequate at times to 

identify causes of low yield, even when plant nutrition is suspected as 

a cause.

It has been observed that yields of sugarbeets differ from one 

field to another in central Arizona, even with full stands, and no in

sect or disease problems. Similarly-treated adjacent fields vary in 

yield. Fertility or related problems in these situations are sometimes 

suspected as the cause of low yield.
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In this study, soil from paired fields from three Arizona 

production areas, three with high and three with low yields, was col

lected and sugarbeets were grown with these soils under greenhouse 

conditions. This study was conducted with the following objectives:

1. Determine response of sugarbeets to applications of nitrogen, 

phosphorus and potassium singly and in combinations.

2. Determine levels of 12 different elements in leaf tissue so 

as to identify possible association of minor and other ele

ments with growth of plants.

3. Determine effect of water quality on seedling growth and de

velopment .

4. Formulate possible explanations for low yield as occurred under 

field conditions.



REVIEW OF LITERATURE

The technique used in this study originated from a similar one 

conducted by Dennis (1977) in a greenhouse to evaluate soil nutrient 

deficiencies associated with corn. The method has been found useful 

in diagnosis of nutrient deficiencies and in formulation of corrective 

measures.

According to Voss (1978) correlation of chemical analysis with 

nutrient uptake can be best determined by greenhouse experiments in 

which the only variables are the nutrient under investigation and the 

soils to which the laboratory test is to be applied. Greenhouse ex

periments minimize the effect of uncontrolled factors which confound 

the study of controlled variables.

The consumptive use of water by sugarbeets in Arizona has been 

studied by Erie, French and Harris (1965). They found that the seasonal 

water use by the crop was about 42.8 inches. They also determined that 

47% of this amount was depleted from the top foot of soil and only 2% 

was depleted from the 5-6 foot depth. The amount of water used by the 

beets gradually increased during the growing season and reached a maxi

mum about two weeks before harvest.

The quality of irrigation water can influence the yield of 

crops and determine the suitability of the water for irrigation. Ayers 

and Branson (1978) reported guidelines for interpretation of quality of 

water for irrigation. They indicated that problems associated with



irrigation water salinity can be severe when Ec is more than 3.0 mmhos/ 

cm. They also determined that water having an Ec of 0.75 or less 

mmhos/cm was ideal for sugarbeet irrigation.

Sugarbeets in Arizona

The first successful sugarbeet factory in the United States was 

constructed in 1870 and it continued operation for about a century.

Dennis (1976) reported that results of sugarbeet experiments conducted 

in Arizona during the 1890-1900 period, showed that sugarbeets seemed 

well adapted to the climate and soils of the Yuma and Salt River Valleys. 

As a result of these Arizona sugarbeet studies a processing facility was 

built near Glendale in 1905. Problems associated with curly top and other 

diseases and low sugar content challenged production and finally caused 

the factory operation to be discontinued. Following World War II in

terest in sugarbeet production was rekindled. Beets were grown in Yuma 

County and sent to California for processing. This continued until 19.50 

when shipments were stopped by imposition of a root-rot quarantine.

Efforts to increase the domestic production of sugar followed 

the 1961 Cuban crisis. This reduced imports of sugar to the United 

States. Studies in Arizona at that time demonstrated that Arizona could 

produce beets for summer and fall harvest, thereby providing for a long 

beet factory operation. The practical implication of this was the con

struction of a sugarbeet processing facility by Amstar-Spreckels Sugar 

Division in 1967 at Chandler, Arizona. This facility has processed beets 

each year since.



Stand establishment of sugarbeets in Arizona is often one of 

the most important problems, particularly at the lower elevations 

where soil temperatures are high at planting time. A well leveled soil 

which is free from large clods and weeds that compete with the beets 

for light, nutrients and moisture is desirable for the crop to maintain 

an optimum stand. Dennis and Nelson (1978) found that stand establish

ment at the lower elevations is usually more difficult in early 

September plantings because of high temperature. They also reported 

that germination of sugarbeet seeds may be inhibited by high salt con

centration in the soil, particularly when this is coupled with high 

temperature. Sugarbeet plants are quite tolerant to salts after the 

seedling stage.

The” average temperature at seed planting depth in central 

Arizona ranges from 30 to 35C during September and 5 to 10C less than 

this in October. In a study of the interactive effects of temperature 

and salinity on sugarbeet germination, Francl and Dennis (1978) found 

that at higher temperature salinity had a marked depressive effect on - 

germination. Temperatures of 15 to 20C were found to slow the speed 

of germination. They concluded that problems associated with high 

temperature and salinity could be reduced by leaching salts or by de

laying planting until temperature had moderated. The application of 

frequent post-planting irrigations also helps to cool the soil and di

lute and leach salts from the root zone.

The application of commercial fertilizer for sugarbeets should 

be based upon the soil, previous cropping history, the stage of devel

opment of the plants and other factors. Petiole analysis has been used
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as a useful tool in determining the nitrogen status of the sugarbeet 

plants during the growing season. Nitrogen and phosphorus are the most 

important mineral elements affecting sugarbeet production in Arizona.'

A four years study of growth, nitrogen and phosphorus uptake of sugar- 

beets in central Arizona, showed that sugar and root yields were sig

nificantly increased by the application of nitrogen fertilizer (Nelson, 

Abbott and Tucker, 1979). The same study indicated that excessive 

nitrogen, especially late in the season may result in vegetative growth, 

low sugar percentage and purity and consequently low sugar yield.

Summary of hectares, tons/ha and production of sugarbeets in Arizona, 

1971-7 9 is shown in Table 1.

Table 1. Summary of hectares, tons/ha and production of sugarbeets in 
Arizona: 1971-79*. (Mayes, Britton and Riggs, 1980)

Hectares Pr od uc t ion
Year Harvested Metric Tons/Hectare Total Metric

1971 4333.5 47.5 205934.4
1972 4414.5 51.7 228614.4
1973 5265.0 48.8 256737.6
1974 4212.0 53.3 224078.4
1975 6885.0 48.2 332035.2
1976 . 6885.0 51.5 354715.2
1977 5184.0 50.0 258552.0
1978 6075.0 45.9 279416.6
1979 4617.0 43.0 198567.9



Role of Nitrogen, Phosphorus and 
Potassium in Sugarbeet Nutrition

Sugarbeet seedlings emerge 3 to 5 days after planting when soil 

temperature, moisture and other factors are most favorable. Doney 

(1979) studied the growth and growth processes of the sugarbeet. He 

reported that roots started to thicken 10 to 12 days after planting and 

this was about the time when the first true leaves were formed. The 

first cambial layers were formed around the fascular tissue which 

divided and differentiated into xylem, phloem and storage parenchyma. 

Doney (197 9) also found that after 40 days growth occurred in most rings, 

and determined that the genetic potential could be determined at this 

early stage provided environmental variations were controlled. He also 

investigated hypocotyl diameter of 3-week-old seedlings. Seedling 

performance at this early stage was found to be an effective selection 

tool. When he evaluated two populations, one with small and the other 

with large hypocotyl diameters, a 30% increase in yield of the large over 

the small-diameter population was obtained. While sucrose production 

differences of the two groups were less pronounced, plants with the 

larger hypocotyl did produce significantly more sugar.

Hills and Ulrich (1971) stated that nitrogen has a greater ef

fect on root quality and sucrose production than any other mineral ele- , 

ment. Large amounts of nitrogen are required to insure adequate top and 

root growth, but if storage roots are to be high in sucrose concentra

tion, the plants must be deficient in nitrogen at harvest. Deficiency 

of nitrogen at harvest retards the use of sucrose for growth and allows 

sucrose to accumulate in the roots.



Sugarbeet plants use nitrogen primarily in the nitrate form 

(NOg) and translocate it to leaf blades where it is reduced. The re

duced form (NO2) is used in the fabrication of amino acids. Nitrogen 

is also used in the synthesis of sucrose and in reactions leading to 

the use of sucrose as a source essential for plant growth and develop

ment (Hills and Ulrich, 1971). The effect of nitrogen fertilizer on 

the growth of sugarbeets in pot experiments was studied by Milford and 

Watson (1971)„ They found that nitrogen increased dry matter produc

tion and this was attributed to increases in leaf area as the net as

similation rate did not change. Partitioning of the total dry matter 

between the roots and tops was not affected by nitrogen. This was in 

contrast to the situation in the field where the ratio of leaves and 

stems to roots usually increases under high nitrogen fertilization.

Photosynthetic efficiency measurements by Goodman (1963) revealed a 

slight reduction in net assimilation rate with the application of nitro

gen. He demonstrated that leaf area duration, a useful physiological 

parameter, generally increased with nitrogen fertilization.

Dryacott (1972) studied the effect of applying 0, 124 and 248 Kg/ 

ha N on the dry matter production by sugarbeets. He reported that lamina 

and petiole dry matter increased early in the season with increasing ni

trogen rate, where as root weight was affected very little. Similar re

sults were obtained by Nelson, Abbott and Tucker (197 9). They conducted 

an experiment to study sugarbeet growth as related to nitrogen and phos

phorus uptake. They observed a rapid top growth early in the growing

season, then in February it slowed. In their experiments root growth in

creased rapidly late in the growing season. They found that the optimum



amount of nitrogen was about 2 95 Kg/ha. In their experiments, Dennis 

and Nelson (1978) reported a range from 0 to 224 Kg N/ha or more were 

required by the sugarbeets depending on the amount of nitrogen in irriga

tion water, soil, crop rotation and other factors.

The effect of nitrogen level on sugarbeet yield and quality was 

investigated by Carter, Westermann and Jensen (1976) under different 

soil and climatic conditions. They determined that proper nitrogen 

fertilization increased sugarbeet root yield when nitrogen was limiting, 

but that root yield could be reduced with excessive nitrogen. Secondly, 

the total nitrogen uptake and sucrose percentage showed a respective 

positive and negative linear relationship with the total net nitrogen 

available to the plants. Thirdly, according to this relationship and 

projection for the highest sucrose production, the amount of nitrogen 

fertilizer should Be slightly less than that amount required for maximum 

root yield. Finally, the results supported the hypothesis that the maxi

mum rate of nitrogen uptake by beets early in the growing season may af

fect the sucrose concentration more than the nitrogen available late in 

the season. )

Hills and Ulrich (1971) reported that sugarbeets under nitrogen 

deficiency conditions produced roots with higher sucrose percentage.

This may be related to the reduction of vegetative growth, consequently, 

a smaller proportion was used for growth processes with the subsequent 

translocations of the larger proportion to the roots. The extent and 

period of nitrogen deficiency, root size, amount of photosynthesis and 

environment are some of the factors which determine the level of sucrose 

percentage in the roots.
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The sugarbeet requires a continuous supply of nitrate to prevent 

nitrogen deficiency in young leaves which may result from slow mobility 

of nitrate from older leaves (Hills and Ulrich, 1971; Draycott, 1972). 

Nitrogen-deficient sugarbeets show a general yellowing and higher death 

rate of older leaves. The plant appears stunted in growth and the newly 

formed leaves are generally smaller and tend to form a rosette. The rate 

of growth of both tops and roots is reduced under severe nitrogen de

ficiency.

Phosphorus is an essential plant nutrient. It has several impor

tant roles in physiological processes of the sugarbeet. Both forms, 

organic and inorganic, are found in the sugarbeet plant; A major source 

of phosphorus contained in seeds is phytin which is used during germina

tion. Phosphorus is also a constituent of many vital organic compounds 

such as nucleic acids, phospholipids and certain enzymes and coenzymes 

essential for energy transfer. In general9 many plant processes such as 

the synthesis of sucrose, respiration and photosynthesis are influenced 

by phosphorus containing compounds (Schmehl and James, 1971).

Sugarbeets require higher amounts of phosphate fertilizer than 

many field crops to attain maximum yield (Schmehl and James, 1971). Soils 

are considered deficient in available phosphorus when the organic and in

organic phosphate fail to provide the soil solution with phosphorus needed 

by the sugarbeet to maintain growth processes at maximum rates. Phosphorus 

deficiency occurs at times and the capability of the nutrient to move and 

redistribute in the plant tissue often makes it difficult to detect. How

ever phosphorus deficient plants appear stunted with reduced leaf area and 

may die in advance stages. Draycott (1972) reported that
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phosphorus-deficient sugarbeet seedling leaves are normally dark green 

and purple tinted and that growth is stunted.

Ulrich and Hills (1969) described the symptoms of mature plants 

under severe nutrient deficiency situations. With phosphorus defi

ciency, veins of fully expanded leaves show a brown color in a net form 

which ultimately dry up and die. They also noted that absorption of 

phosphorus increases with the increases of soil temperature, and de

ficiency symptoms usually disappear at 20 C or higher due to rapid up

take of the element.

Dennis, Gebert and Stanger (1971) conducted a sugarbeet produc- ' 

tion practices survey of 62 fields in Arizona. The survey disclosed a 

possible correlation between phosphate fertilizer application rate and 

sugar yield. Higher phosphate rates were significantly correlated with 

sugar percentage and yield. Fields treated witlVhigh rates of phos-J 

phorus were compared with those receiving lower rates and data suggested 

a relationship of phosphorus application to maturity of beets.

Westermann, Leggett and Carter (1977) conducted a two-year ex

periment on a soil with a weakly cemented hard pan at a depth of 

45 cm which restricted downward root growth but not water movement. 

Nitrogen and phosphorus were incorporated in the seedbed before planting 

sugarbeets. They found that the sucrose concentration and impurity in

dex were not significantly affected by soil or applied phosphorus, but 

the sucrose yield increased linearly with root yield. In the same 

study they found a relationship between the total dry weights of beets 

at thinning and final yield. This suggests that the root yield
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potential by phosphorus fertilization may be determined early in the 
growing season.

Application of small amounts of phosphorus fertilizer near the 

seed have been found beneficial to newly developing, sugarbeet tap roots, 

but most of the phosphorus is required later in the season during the 

period .of peak uptake. According to Schmehl and James (1971) an in

crease in the sucrose content of beet roots may be obtained when a 

phosphate-deficient soil is supplied with phosphate fertilizer under 

moderate soil nitrogen. Contrary to the effect of top growth increase 

usually associated with nitrogen application on sucrose and purity, 

phosphorus fertilization does not reduce sucrose yield or sugarbeet 

juice purity.

Stunting of the sugarbeet plant is the most important feature 

of potassium deficiency. Signs of chlorosis and necrosis appear first 

on the older leaves as the highly mobile potassium moves to young tissue 

under deficiency conditions. In cell sap, potassium is completely solu

ble and is involved in many enzymatic reactions which influence several 

biochemical processes including protein synthesis, photosynthesis and 

respiration in the sugarbeet (Schmehl and James, 1971). They further 

indicated that a number of anatomical abnormalities may occur due to the 

lack of potassium.

The role of potassium in growth, development and yield of sugar- 

beets is often studied in connection with the sodium as these elements 

are partially interchangeable. Farley and Draycott (1975) investigated 

the comparative effects of potassium and sodium on the growth and yield 

of sugarbeets. Application of sodium and potassium increased their
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respective concentration in the-' sugar beets, but each had a negative ef

fect on the concentration of the other. Potassium used singly increased 

dry matter production of tops during the first four months of the grow

ing season, but root yields increased throughout the season. The leaf 

area index, which is often associated with sugar yield, was increased 

when both elements were applied compared to their individual response. 

Higher rates of potassium (250 Kg K/ha) and sodium (250 Kg Na/ha) in com

bination increased the sugar percentage to 17% and 73% on fresh and dry 

weight of roots respectively. They indicated that both elements reduced 

root quality because they are important impurities and were contained in 

high concentrations in the roots.

The response of sugarbeet to potassium and sodium fertilizers in 

soils containing little exchangeable potassium in the top soil was studied 

by Draycott and Durrant (1976a)., Five amounts of potassium (0, 42, 83, 167 

and 333 Kg K/ha) and two amounts of sodium (0 and 150 Kg Na/ha) were ap

plied before planting sugarbeets. Increments of potassium alone gave 

larger roots and sugar percentage, subsequently higher sugar yields. Sugar 

yield response to the higher rate of either element in absence of the 

other was equal. Single application of potassium and sodium and sodium 

with a small amount of potassium improved plant density and produced a 

larger number of roots at harvest.

Use of Soil Tests as a Guide in 
Sugarbeet Fertilization

Techniques of soil analysis have been used for a more accurate 

estimate of the amount of fertilizer required by the sugarbeets to ac

hieve maximum sugar yields. Soil tests have a major advantage in that
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they furnish information needed before planting, According to Schmehl 

and James (1971) and Carter et al. (1976) soil analysis is most useful 

and reliable when the soil samples are representative and within the ex

pected root zone of the plant. Sampling may be the most limiting 

factor to a successful soil tests (Voss, 1978). He stated the basic 

objectives of soil testing as diagnosis to correct nutrient deficiencies, 

and diagnosis to avoid nutrient over abundance. The basic general as

sumption that apply to soil analysis is that the method of analysis of 

the soil sample will accurately reflect the nutrient status of the 

field from which the sample was obtained.

Carter et al. (1976) conducted experiments to study the effect 

of soil nitrogen level on sugarbeet yield and quality. In their tech

nique for soil test they considered mineralizable nitrogen in addition 

to NO^-N as it has been shown to be an important source of nitrogen for 

plant growth. The results of the study indicated the effectiveness of 

the use of a soil test to determine both the residual NO^-N and mineral- 

izable nitrogen for estimating the amount of nitrogen fertilizer needed 

for maximum sucrose production. They concluded that the use of measured 

NO^-N and mineralizable nitrogen levels increased the precision of pre

dicting the optimum amount of nitrogen fertilizer a grower should apply.

In long-term field experiments. Holmes and Devine (1976) studied 

the nitrogen requirement of sugarbeet on six soil types. They observed 

the existence of differences in efficiency of utilization of fertilizer 

nitrogen for sugar production which may be attributed to environmental 

and cultural practices which affect the ability of the crop to take up 

nitrogen and factors affecting the availability of soil nitrogen. They
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pointed out that the nitrogen requirement of sugarbeets depends, in ad

dition to estimation of available soil nitrogen; on the ability of the 

crop to utilize it. The reaction of some nutrients with the soil, their 

leaching, interaction with each other and microbial activity may some

times limit the usefulness of soil tests.

Only a small part of applied phosphorus remains in the soil 

solution, the rest adsorbs or reacts chemically with the soil. The ad

sorbed phosphorus together with the phosphorus resulting from microbial 

activity on organic phosphorus determine the level of soluble phos

phorus available to the plant in the soil solution (Schmehl and James,

1971).

In a study of the effect of planting and harvest date and ni

trogen rate on yield and sucrose production by sugarbeets in central 

Arizona, Nelson, Abbott and Tucker (1978) collected soil samples prior 

to planting. They determined that the top six feet contained about 67 

Kg/ha of residual nitrogen and 18 Kg/ha of residual phosphorus. The 

plants in their plots receiving highest nitrogen treatments used the 

greatest amount of nitrogen, where as plants that did not receive supple

mental nitrogen fertilizer obtained most of their nitrogen through 

mineralization of soil organic nitrogen.

Westermann, Leggett and Carter (1977) reported that phosphorus 

fertilization did not significantly increase sugarbeet root yields when 

the soil test phosphate level in the top 22.5 cm was greater than 10 ppm; 

however, when the level increased from 10.8 to 30.6 ppm in the next year, 

root yields were increased significantly without application of phos

phorus fertilizer. The maximum root yield was obtained by supplying the
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soil with 67.2 Kg P/ha when the soil test phosphate level was 3.8 ppm. '

They indicated that application of phosphorus fertilizer to the soil

with levels of 3.8 to 106.3 ppm appeared to have no detrimental effects

on roots and sucrose yield, sucrose concentration or impurity index.

Response by sugarbeets to potassium and sodium fertilizers on 

soils containing little exchangeable potassium, most having less than 

100 mg K/L in the top soil, was investigated by Draycott and Durrant 

(1976a). They found that the recovery of applied sodium and potassium 

and the beneficial effect of both elements on plant density at harvest 

were especially large on fields with least soil potassium. A linear 

increase of potassium concentration in dried tops and roots was found 

when the soils contained about 40 to 120 mg K/L, but excess potassium 

in the soil did not result in any further increase. They found that 

sugar yield declined from 1.45 to 0.22 t sugar/ha when the soil con

tained less than 60 and more than 120 mg K/L respectively. Draycott and 
Durrant (197 6b) tested the response by sugarbeets to five amounts of super

phosphate (0-110 Kg P/ha) on soils containing little available phos

phorus. They found that the highest increase in yield (0.77 t sugar/ha) 

was obtained on fields with 0-9 mg/L soil phosphorus and the fertilizer 

had little response on soils containing more than 15 mg/L.

According to Reisenauer et.al. (1978) sugarbeets may show a 

response to phosphorus, potassium and zinc fertilization if their con

centrations in the soil were between 5-12, 40-70 and 0.1-0.2 ppm re

spectively.

Giles, Reuss and Ludwick (1975) evaluated the usefulness of 

nitrogen soil tests to estimate nitrogen fertilizer requirement for
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sugarbeet. They found that: soil NO^-N had a greater effect on both 

total plant nitrogen and nitrogen content of the tops than fertilizer 

nitrogen which indicates the importance of residual effect of nitrogen 

fertilizer on the coming beets. This response was associated with the 

high levels of readily mineralizable soil organic nitrogen reported by 

Carter et al. (1976) and Nelson et al. (1978). They indicated that 

sugarbeet yield response to nitrogen application may be very little if 

the soil NOg-N level in the top 60 cm is greater than 130 Kg N/ha.

They concluded that measurements of soil NO^-N preplanting were useful 

in estimating the nitrogen requirement of the sugarbeet.

Tissue Tests as a Guide to 
Sugarbeet Nutrition

Sugarbeet tissue analyses are used to monitor the current status 

of nutrients available to the plant. These data are especially useful 

in scheduling nitrogen fertilizer application and harvest.

One of the main objectives of sugarbeet tissue analysis is to 

prevent nutrient deficiencies thereby improving root quality and sucrose 

production (Hills and Ulrich, 1978). Hills and Ulrich also reported 

that petioles are more suitable for evaluating nutritional status for N, 

P, and Cl, while blades are most satisfactory for other elements.

Nitrogen is the fertilizer element most often required in the Southwest. 

Hills and Ulrich also stated that for high sucrose concentration in the 

roots, plants must be deficient for 4 to 6 weeks prior to harvest.

The critical concentration for nitrogen and other elements was 

defined by Sumner (1979) as the concentration of nutrient in a particular
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plant part sampled at a particular growth stage at which a 5 to 10% re

duction in yield is observed.

The critical concentration for any nutrient is relatively con

stant and once it has been determined it applies almost universally 

irrespective of climate or soil type provided that sampling techniques 

and analytical methods are comparable throughout. Deficiency exists 

whenever the tissue results are below a pre-determined critical value 

(Ulrich, 1978; Hills and Ulrich, 1978).

The relationship between yield parameters and sugarbeet tissue 

levels of nitrogen during the season was evaluated by Johnson,

Stroehlein and Abbott (1978) in Arizona. Petioles of sugarbeet planted 

in September and supplied with 268.8 Kg/ha contained about 5000 ppm 

NOg-N when sampled in mid-December. They indicated that petiole NO^-N 

levels above 10,000 ppm in November are indicative of adequate soil ni

trogen for the growing season; however, the level should be below 1000 

ppm prior to harvest to maximize sugar percentage and yield.

The rate of change in NO^-N concentration of sugarbeet petioles 

depends on the stage of plant growth, temperature and many other factors. 

Because of this interpretation of plant analysis results is difficult, 

and this is especially true for nitrogen (Giles, Ludwick, and Reuss,

1977). These researchers also observed an exponential reduction in the 

NO^-N concentration in sugarbeet petioles throughout the growing season. 

The reduction was rapid during the early growth stages and the rate of 

change of petiole NO^-N concentration was closely related to amount of 

nitrogen applied and the pre-season soil NO^-N level.
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Ulrich (1950) and Ulrich and Hills (1969) reported that sugar 

was most concentrated in the sugarbeet roots when the dry petiole 

tissue contained less than 1000 ppm NO^-N for 11 weeks before harvest.

They also found that dried petioles of nitrogen deficient plants con

tained 70-200 ppm NOg-N whereas petioles from plants without nitrogen 

deficiency’symptoms contained 350-3500 ppm.

Very little information is available that relates the total P 

concentration of sugarbeet blades to the root yields. Westermann,

Leggett and Carter (1977) reported that petiole PO4-P concentration 

should be greater than 1200 ppm after three months from planting, and 

700 ppm five months from planting to insure maximum yields. Sugarbeet 

petioles containing less than 750 ppm soluble phosphorus during the 

period between thinning and harvest are deficient. Seedling plants 

should have 1500 ppm phosphorus (Schmehl and James, 1971) .

The potassium concentration in sugarbeet is usually determined 

in the blades rather than in the petioles because potassium concentra

tion is not much affected by sodium in the blades. Draycott and Durrant 

(1976a).studied the effect of potassium fertilizer on sugarbeets grown 

on soils with little exchangeable potassium. They found that increasing 

the potassium rate from Q to 333 Kg/ha resulted in increasing the percent 

potassium in the top from 3.04 to 3.85%. They indicated that potassium 

fertilizer usually increased yield when plants contained between 1.55 and 

3.5% potassium in the tops.

Draycott (1972) reported that the average concentration of 

magnesium in the dry matter of sugarbeet leaves with and without magnesium
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deficiency symptoms was 0.130% and. 0.498% respectively. He also re

ported a range —  which accounts for the different sampling techniques 

—  of 0.010-0.333% Mg for leaves with symptoms and 0.100-0.700% Mg'for 

those without symptoms.

Of all the micronutrientsp sugarbeets are most susceptible to 

boron and manganese deficiency, although some copper and zinc de

ficiencies have been reported (Viets and Robertson, 1971; Draycott,

1972). The solubility of iron, aluminum and manganese increases 

greatly at pH 5.5 to the extent that they may be available in toxic 

concentrations to the sugarbeet plants (Viets and Robertson, 1971).

They reported that about 64% of the total leaf copper (27 ppm) on dry 

weight basis was found in the chloroplasts, hence it appears that 

copper has a functional role in photosynthesis. Draycott (1972) re

ported that manganese concentration in sugarbeets was most variable and 

plants showing manganese deficiency contained only 10-20 ppm and those 

without symptoms 50-200 ppm in their leaves. Boron deficiency usually 

results in death of the growing point. Generally signs of deficiency 

do not appear when the leaf concentration is greater than 30 ppm, but 

they can be observed when the concentration becomes less than 20 ppm 

(Draycott, 1972). Hamence and Oram (1964) reported that boron may be 

needed when the concentration is below 25 ppm, even if the symptoms did 

not persist throughout the season.



MATERIALS AND METHODS

Three pairs of fields, one of which produced a low and the other 

a high yield of sugar, were selected from Sacaton, Coolidge and Buckeye 

areas in central Arizona. Information concerning cultural practices 

used was obtained and data are reported in Table 2. Representative soil 

samples were obtained from each field, for the experiment conducted in 

a greenhouse at the University of Arizona Campbell Avenue Farm - in 1979.

It was determined that no defoliants or herbicides were used on 

the crop that preceded beets, except at Buckeye where the previous crop 

was treated with phenmedipham (methyl m-hydroxycarbanilate m- 

methylcarbanilate) and desmedipham (ethyl m-hydroxycarbanilate carbani- 

late (ester)) herbicides. Double rows, 30 cm apart on 95 cm centers, 

were used in both sugarbeet fields at Sacaton and Coolidge, but beets 

were grown in single rows 75 cm apart at Buckeye. Both fields at Buckeye 

received 22.4 ton/ha of manure. Beets grown at all locations were 

thinned to stand.

The soil samples collected following sugarbeet harvest in 1979 

were obtained from the top 20 cm of soil using a shovel. Samples from 

each field were composited, sifted through a U.S. standard testing sieve 

number 5 and kept in plastic containers. Sub-samples of each soil type 

were analyzed for NO^ and PO^ by the Soils, Water and Plant Tissue Test

ing Laboratory, University of Arizona (Table 2).
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Table 2. Summary of data concerning soil and water analyses and of production practices used
to produce the sugarbeet crop harvested., from high- and low-yield Arizona fields (1979).

Farmer1s Water
Fertilizer Soil Analysis

Field Application Analysis Soluble
Identi- Descrip Hectares Beets Sucrose Previous (Kg/ha) (ppm) EC Salts N03
f icat ion Location tion Harvested tons/ha (%) Crop Variety N ■ P PO^ xlO3 (ppm) (ppm)

si
Sacaton

High
yield

28.88 44.22 16.60 Fallow S-445 239.79 80.64 136.4 17.05 0.98 67 6 1.7

S2 Low
yield

29.32 33.69 16.70 Fallow S-445 239.79 80.64 30.8 10.85 0.98 676 1.7

S3
Coolidge

High
yield

7.86 53.56 14.80 Safflower S-445 171.02 130.91 69.3 16.28 1.53 900 2.3

S4 Low
yield

25.52 34.94 15.20 Safflower S-445 171.02 130.91 88.0 17.05 3.55 2277 10.2

S5
Buckeye

High
yield

11.34 50.09 14.22 h Fallow 
h Sugar- 

beet
USH9 77.06 74.8 19.38 2.14 1271 9.8

S6 Low
yield

18.23 40.59 15.02 Sugar-
beet

USH9 35.84 - 39.6 12.40 2.14 1271 9.8

K>ro
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Water from the sources^used to irrigate the fields was collected 

and analyzed for salinity, soluble salts and NO^ (Table 2). This water 

was used to irrigate half of the treatments of the first experiment in 

the greenhouse for a month, thereafter distilled water was used for all 

treatments.

Plastic pots 15 cm in diameter and 17.5 cm deep (2500 cc) were 

used in this study. Two holes were drilled.2.5 cm from the bottom of 

each pot for drainage. Air-dried soil was then placed in each pot so 

as to fill it to about 2.5 cm from the top.

Nitrogen (ammonium nitrate) (N), phosphorus (calcium phosphate) 

(P) and potassium (potassium chloride) (K) fertilizers were each ap

plied at a rate of 224 Kg/ha. Calcium sulfate (CaSO^) was applied so 

as to achieve a rate of 138.5 Kg/ha. In the first experiment three 

treatments, N, P, and check (ck) were used. The effects of eight treat

ments, Ck, NP, NK, 2P, PK, K, NPK and NPK + CaSO^ were evaluated in the 

second experiment. In each instance fertilizers were mixed thoroughly 

with the top 3 cm soil when applied.

Sugarbeet seed used in this study was hybrid USH9, lot 7122 and 

was supplied by Amstar-Spreckels Sugar Division. The germination per

centage of the seeds was 80%.

Seeds were planted on September 14, 1979 at a depth of about 

1 cm and were thinned to four seedlings per pot seven days after plant

ing. In a few instances four strong seedlings were not available in 

the pot. To compensate, seeds were soa,ked in distilled water overnight, 

incubated in a glass jar for two days and then those with emerged radi

cles were planted in pots where _a seedling was missing.
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Pots were irrigated after planting and irrigations were applied 

three times each week for the first five weeks and two times per week 

thereafter,

A few seedlings became infected with rhizoctonia and fusarium 

root rots about four weeks after the experiments were initiated. The 

fungicide Topsin (Thiophanate methyl 70% W.P.) was mixed with irrigation 

water at a rate of 70 ppm (0.38 gm/3800 gm) and applied on October 30 

and November 13 and 27, 1979.

In the first experiment, 72 pots were arranged in a split-plot 

design. Water source (distilled and farmer’s) was used as main plots, 

soil source as subplots and treatments as sub-subplots. A total of 96 

pots was us'ed in the second experiment in a randomized complete block 

design. All pots were irrigated with distilled water in the second ex

periment. Each experiment had two replications.

Thirty days after initiation of each experiment, the total number 

of leaves per plant was determined at two week intervals until the 

termination of the studies. Dry leaves were harvested before each ir

rigation and these were added to the harvested leaves and stems obtained 

at the close of the experiment, December 22, 1979. At harvest, plants 

were washed thoroughly and separated into tops (blades, petioles and 

crowns) and roots. The total number of leaves was also determined at 

harvest. Fresh weights of tops and of roots were recorded, and tops and 

roots were placed in individual paper bags, air dried to 0% moisture and 

weighed.

Tops of the four largest plants from each combination of treat

ment and soil source were composited and ground in a Wiley mill until



they passed through a 1 mm diameter sieve. A 1.5 gm sample was taken 

from the harvest of each composited sample and used for tissue analyses. 

Emission spectroscopy was used to determine the concentration of 12 dif

ferent elements in each sample.

Maximum and minimum temperatures were monitored throughout the 

study by means of a hygrothermograph installed between pots in the ex

perimental area.



RESULTS AND DISCUSSION

This study was conducted under greenhouse conditions for 100 

days. Daily maximum and minimum temperature throughout the study are 

shown in Figure 1. The maximum temperature declined towards November, 

had two peaks in late November and early December and averaged 27.5 C. 

The minimum temperature remained relatively constant and averaged 15.8 

In the statistical analyses of the results it was assumed that:

1. The position of the. pot in the experimental area had no effect

2. For tissue analyses data, the third order interaction (soil x 

water x treatment) for the first experiment, and the second 

order interaction (soil x treatment) for the second experiment 

were negligible.

First Experiment 

Yields of sugarbeet leaves and roots were significantly in

creased by nitrogen, but were not changed by phosphate fertilizer (Tabl
i

3). All pots that received* phosphate fertilizer also had about 35.6 kg 

calcium/ha. In the first experiment, yields from pots receiving ni

trogen were about triple those obtained from plants in pots receiving 

phosphate or no fertilizer. It was also of interest that root and leaf 

weight were approximately equal.

Soils obtained from high yield fields near Sacaton and Buckeye 

(S^ and S^) produced significantly higher yields of leaves and roots 

than did their low-yield (S^ and Sg) counterparts (Table 4). This
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Table 3. Effect of nitrogen and phosphorus on yield of sugarbeet leaves 
and roots (first experiment)

Yield of leaves or 
roots (gms.)

Nitrogen 
75.0 Kg N/ha

Phosphorus 
55.4 Kg P/ha Check

Leaves (fresh weight) 69.36a* 23.77b 25.62b

Leaves (dry weight) 17.34a 5.52b 5.33b

Roots (fresh weight) 60.42a 22.42b 24.58b

Roots (dry weight) 17.26a 6.20b 6.70b

Average yield of leaves or roots of four plants produced with six dif
ferent soils and with two different water sources.

*Means followed by the same letter are not significantly different at 
the 0.05 level according to Duncan’s Multiple Range Test.



Table 4. Effect of soil on production of sugarbeet leaves and roots 
(first experiment) o*̂

Soil
Yield of leaves or Sacaton Coolidge Buckeye

roots (gms.) S1 S2 S3 S4 S5 S6

Leaves (fresh weight) 32.39b* 14.36d 33.7 6b 37.93a 36.26ab 23.43c

Leaves (dry weight) 7.60bc 4.18e 7.52bc 9. 65a 7.87b 5.46d

Roots (fresh weight) 34.47a 17.46e 25.86c 29.I8bc 32.Slab 21.64d

Roots (dry weight) 9.87a 4.72f 7.10cd 8.18 c 9.33ab 6.03de

Average yield of leaves or roots of three plants as affected by source 
of soilo

*Means followed by the same letter are not significantly different at 
the 0,05 level according to Duncan’s Multip1e-Range Test.
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relationship, however, was not observed for yields obtained from soil 

in the Coolidge vicinity. For the Coolidge soils, previous sugarbeet 

history appeared not to be related to leaf and root production in the 

greenhouse. Fertilizer treatments as used in the first experiment do 

not appear to explain the poor performance of sugarbeets grown under 

field conditions with the soil designated S^. It is likely that two 

factors explain the extra production of leaf weight by plants grown in 

the low-yield field soil (S^) from the Coolidge area. The NO^ content 

of the soil was found to be about 19 ppm more than for the soil 

(Table 2). Also, and probably of even greater importance, the irriga

tion water used for the S, soil contained about five times as much N0o4 3
(10.2 ppm) as did the water used to irrigate plants grown on the soil. 

The water used to irrigate plants grown in the soil also contained 

2277 ppm soluble salts while that used to irrigate plants in the soil 

contained only 900 ppm total soluble salts.

Data concerning analysis of variance of yield of leaves and 

roots as affected by soil source, water source, fertilizer treatments 

and their interactions are reported in Tables A1-A4 in the appendix.

Of the above variables tested, the effects of treatments and soil source 

were highly significant. It was of special interest that the source of 

water did not significantly affect the yield of leaves or roots in the 

first experiment.

The effect of source of soil on the number of leaves per plant 

is shown in Figure 2. The number of leaves per plant increased during 

the course of the first experiment and averaged higher for plants grown 

in soil that had produced higher commercial yield of beets.
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Results of Tissue Analyses

A summary of the analysis of variance for tissue analysis data 

as affected by water source, soil source, fertilizer treatments and in

teractions of these variables in the first experiment is given in Table

5. These data show that the effect of fertilizer treatment on the con-\
centration of phosphorus, potassium, calcium, magnesium and manganese 

was highly significant. Soil source also had a highly significant ef

fect on the concentration of calcium, magnesium, manganese, copper and 

zinc. Water source significantly affected the concentration of potassium, 

calcium, sodium, iron and aluminum. For copper the effect of water source 

was highly significant.

The interaction of water source and.fertilizer treatment had a 

highly significant effect on sodium concentration of top tissue. It was 

also significant for copper. The interaction of soil and treatment had a 

highly significant effect on phosphorus, calcium and manganese. It also 

had a significant effect on potassium.

Detailed explanation of these analyses are presented in the 

appendix (Tables A5-A16).

Highly Significant Interactions

Data concerning interactions that were significant at the 0.01 

level are presented in Figures 3-10.

Application of phosphate fertilizer increased the percentage of 

phosphorus in the above-ground tissue (Figure 3). When nitrogen was 

applied as fertilizer, the percent of phosphorus in the top tissue was 

decreased below that of plants grown in pots receiving no fertilizer.
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Table 5. Summary of analysis of variance of the effect of water source 
(W) ? soil source (S) and fertilizer treatment (T) on concen
tration of 12 soil elements in tops of sugarbeets (first 
experiment) .

% ppm
Source P K Ca Mg Na Mn Fe Cu Zn B Al Ba

Total

W ■ * * * * ** *

S ** zC zrC ** zvz'c

T ** ** ** zCzV z'c zV *

WS

WT *

S,T , * 5̂* zV zfC

X 0.05 level of significance 

XX 0.01 level of significance
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Figure 3. Mean phosphorus (P) concentration (%) in the tops of
sugarbeets as affected by soil source (S) and treat
ments (N, P and ck) (Range of 2SD shown).
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Figure 4. Effect of N, P and ck treatments and soil source (S) on
the phosphorus (P) concentration (%) in the tops of sugar-
beets (Range of 2SD shown).
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Figure 5. Mean calcium (Ca) concentration (%) in the tops of
sugarbeets as affected by soil source (S) and treat
ments (N, P and ck) (Range of 2SD shown).
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the calcium (Ca) concentration (%) in the tops of sugar-
beets (Range of 2SD shown).
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Figure 7. Mean sodium (Na) concentration (%) in the tops of sugar-
beets as affected by water source and treatments (N, P
and ck) (Range of 2SD shown).
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(Range of 2SD shown).
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of sugarbeets (Range of 2SD shown).
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These data are also presented in Figure 4 „ Note the dramatic effect „ 

of phosphorus fertilization upon the phosphorus concentration in the 

top tissue of plants, and that phosphorus concentration did differ as 

a result of soil source.

In all but one instance, calcium concentration in tissue of 

plants grown in soil from high-yield fields was lower than that of 

plants grown in soil from low-yield fields. The exception was in the 

check treatment where calcium percentage in the tissue of plants grown 

in soil from low-yield field in the Coolidge area (S^) was slightly 

lower (Figure 5). This relationship is especially easy to observe in 

Figure 6.

Half of the pots in the first experiment were irrigated with 

water from the farmer's well for one month after planting and the other 

half with distilled water. The sodium concentration in top tissue from 

plants that received the farmer's well water was especially high in the 

check (ck) pots (Figure 7). At the same time, use of distilled water 

had the effect of reducing sodium concentration in top tissue of plants 

grown in these pots. The effect of water source on sodium concentration 

was less pronounced in plants grown in the nitrogen and phosphorus 

fertilizer treatments (Figure 8).

Data pertaining to the effect of soil source and fertilizer 

treatments on the concentration of manganese of tissue are presented 

in Figure 9. The manganese concentration of plants receiving nitrogen 

fertilizer tended to be less than that of plants fertilized with phos

phorus or plants that received no fertilizer. Also, it was found that 

plants grown in soil from the Buckeye area (S^ and S^) had a lower
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manganese concentration than did plants in other soils (Figure 10).

Tissue of plants grown in soil from the low-yield field of the Buckeye

area also tended to contain more manganese than tissue of plants from

the high-yield field of that area.
'

Second Experiment 

Data concerning the effect of eight different fertilizer treat

ments on the yield of leaves and roots produced by plants in the second 

experiment are reported in Table 6. When data for yields obtained with 

all six soils were averaged, production of leaves and roots by plants 

receiving nitrogen (N), phosphorus (P) and potassium (K) was signific

antly higher than that of other treatments. The addition of calcium 

sulfate (CaSO^) to N, P and K reduced the yield significantly than that 

of N, P, and K alone, a result that was unexpected and difficult to ex

plain. It is clear that nitrogen was the dominant element responsible 

for increased yield. Its effect was enhanced by the addition of P and 

K (Table 6). Plants in the P only treatment pots produced significantly 

lower yields of leaves and roots than did those receiving no fertilizer 

(ck). When N and possibly K were needed in addition to P, as appeared 

to be true for these soils, the use of P alone actually decreased yield.

A major objective in this research was to identify fertilizer 

treatments that might be used to improve yield of sugarbeets grown with 

soil that in 1979 produced low yields. Data giving average yield of 

leaves and roots for all treatments on each of the six soils are pre

sented in Table 7. Soils that produced low yields under on-farm con

ditions were $2 , and S^. When plants were grown under greenhouse



Table 6, Effect of fertilizer treatments on yield of sugarbeet leaves and roots (second experiment),

Yield of leaves 
or roots (gins.)

2Treatments
'

CK K 2P NK NR PK NPK NPK + CaSO, 4

Leaves (fresh weight) 21.14d* 20.84d 18.46e 54.07b 52.09c 19.61de 58.25a 54.57b

Leaves (dry weight) 4.74e 4.62ef 4.11h 15.83bc 15.73bcd 4.58efg 17.40a 16.01b

Roots (fresh weight) 20.51e 18.99ef 17.22fgh 43.35d 55.75b 18.35fg 63.74a 51.12c

Roots (dry weight) 5.7 2e 5„19ef 4.67f 12.65d 16.54b 5.10ef 18.80a 15.50c

Average yield of leaves or roots of four plants produced with six different soils»
2Treatment rates were:

Treatment Kg/ha
Nitrogen (N) 75.0
Phosphorus (P) 55.4
Potassium (K) 117.9
Calcium sulfate (CaSO^) 138.5

Check (ck) plots received no fertilizer.
A single letter indicates an application of the incremental amount shown in Kg/ha. 
The 2P treatment plots received 110.8 Kg/ha.

*Means followed by the same letter are not significantly different at the 0.05 level according to 
Duncan’s Multip1e-Range Test. »
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Table 7« Effect of soil on production of sugarbeet leaves and roots 
(second experiment).

Soil
Yield of leaves Sacaton Coolidge Buckeye
or roots (gms.) S1 =2 S3 S4 S5 S6

Leaves (fresh weight) 80.55c* 48.65f 80.19cd 86.45a 83.77b 68.96e

Leaves (dry weight) 22.20b 15.91f 21.37c 23.74a 21.22cd 20.lie

Roots (fresh weight) 79.52a 60.94f 66.50e 72„34d 78.88ab 75.37c

Roots (dry weight) 22.62b 16.88f 20.10e 21.32cd 23.39a 21.96b<

1Average yield of leaves or roots of eight plants as affected by source 
of soil.

*Means followed by the same letter are not significantly different at 
the 0.05 level according to Duncan’s Multiple-Range Test.
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conditions, yields obtained from the and soils were significantly 

higher than those obtained using their low-yield counterparts. This 

relationship did not prevail for the soils from the Coolidge area (S^ 

and S^)- In fact, plants grown in the low-yield soil (S^) produced a 

higher yield of leaves and roots than did the plants grown in the high- 

yield soil (S3). There appear to be no ready explanation for this re

sult. It may well be that the soil has as good or better a potential 

for producing sugarbeets than the soil.

It is also noted that leaf production of plants grown with the 

soil was significantly higher than that of other soils. Soil and 

farmer’s water analyses data (Table 2) suggest that excess nitrogen in 

the -soil and irrigation water may be a major factor in the explana

tion of low root yields obtained in the 1979 commercial crop. The ex

cess nitrogen could have resulted in unusual leaf production at the 

expense of root production. Plants grown with the low-yield soil from 

Sacaton (S^) produced significantly lower yields of leaves and roots 

than did those on all other soils. Commercial yields of sugarbeets 

with this soil were the lowest of any obtained from the six fields 

studied in this experiment.

A summary of analysis of variance for yield of leaves and roots 

in the second experiment is given in Tables A17-A20 in the appendix. It

was found that the effect of treatments on the production of leaves and
/

roots was highly significant. Soil source was highly significant for 

leaf production. For root production, soil source was significant at 

the 0.05 level. Soil and treatment interaction was significant only for 

dry weight of roots.
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The number of leaves produced per plant was monitored throughout 

the second experiment (Figure 11). Plants grown in soils that produced 

low commercial yields had the same number of leaves as did those grown 

in soil from high-yield fields until late October; thereafter plants 

grown in soil from low-yield fields averaged fewer leaves until the 

final count made December 22, 1979. All plants averaged the same number 

of leaves at the close of the experiment.

A summary of analyses of variance evaluating the effect of soil 

source and treatments on the concentration of 12 different elements 

found in above-ground parts of plants is given in Table 8. Analyses of 

variance data used for the preparation of Table 8 are included in the 

appendix (Tables A21-A32). The effect of soil source on the concentra

tion of all elements, except P, K and boron (B) was highly significant. 

Treatments had a highly significant effect on the concentration of all 

elements in sugarbeet tops, except sodium (Na) and iron (Fe) and a sig

nificant effect upon the concentration of copper (Cu).

Data concerning the mean concentration of elements in sugarbeet 

tops for which the effect of treatments was highly significant are re

ported in Table 9. Those similarly affected by soil source are included 

in Table 10.

All treatments that included nitrogen had the effect of signif

icantly reducing the mean concentration of K, manganese (Mn), zinc (Zn) 

and barium (Ba) in sugarbeet tops. Also the concentration of B and 

aluminum (Al) in sugarbeet tops harvested from pots that received N was 

significantly increased (Table 9).
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Table 8 , Summary.of analysis of variance showing the significance of the 

effect of soil source (S) and fertilizer treatment (T) on con
centration of 12 elements in tops of sugarbeets (second 
experiment).

% ppm
Source P K Ca Mg Na Mn Fe Cu Zn B Al Ba

Total

S ** ** ** ** 'k'i't ** ** **

T A* ** ** ** * ** ** **

*~Q.Q5 level of significance 
'**0.01 level of significance



Table 9. Effect of fertilizer treatments on concentration of nine elements in tops of
sugar beet s, . - ■ ~ •

Fertilizer (%) (ppm)
Treatment P K Ca Mg Mn Zn B A1 Ba

ck 0.2000c* 6.5050a 1.7800b 0.6650d 202.5000a 17.8333a 49.8333b 230.6667ab 75.6667a
K 0.2233c 6.7333a 1.8567b 0.7l50bcd 208.0000a 20.3333a 49.5000b 187.6667b 77.0000a
2P 0.5617a 6.7250a 1.8533b 0.6917cd 215.3333a 19.3333a 49.6667b 194.8333b 69.1667a
NK 0.1050d 5.1917b 2.1750a 0.9483a 126.5000b 13.8333b 58.3333a 2 96.3333a 53.1667b
NP * 0.2317c 4.4917c 1.4333d 0.8150b 93.6667b 10.0000c 61.8333a 305.1667a 4l.000bc
PK 0.4550b 7.0667a 1.8917b 0.7500bcd 240.6667a 19.5000a 51.0000b 162.1667b 83.0000a
NPK 0.2350c 4.7133bc . 1.6033c 0.7 917bc 99.0000b 10.3333bc 60.6667a 320.5000a 46.0000bc

NPK+CaS04 0.2017c 4.9917bc 1.6017cd 0.7867bc 99.3333b 9.8333c 58.3333a 296.6667a 34.5000c

*Means followed by the same letter are not significantly different at the 0.05 level according to Duncan's Multiple- 
, Range Test.



Table 10. Effect of soil source on concentration of nine elements in tops of sugarbeets.

% ppm
Soil Ca Mg Na Mn Fe Cu Zn A1 Ba

si 1.6738bc* 0.6913b 0.4975b 169.1250b 132.8750a 7.000a 17.1250ab 368.1250a 66.8750ab

S2 2.0463a 0.6863b 0.4400bc 204.OOOOab 108.7500b 6.5000a 14 .OOOObc 238.6250bc 78.3750a

S> 1.8188b 0.7662b 0.4175c 229.7500a 102.2500bc 6.2500ab 17.6250a 208.25Q0bc 40.8750c

S4 1.7975b 0.7225b 0.3788c 204.8750ab 115.OOOOab 4.2500c 17.5000a 274.8750b 38.8750c

S5 1.5113c 0.8825a 0.4875b . 70.5000c lOO.OOOObc 4.1250c 11.7500c 229.8750bc 60.7500b

S6 1.7987b 0.8738a 0.5787a 85.5000c 82.1250c 5.1250bc 12.7500c 175.7500c 73.8750a

*Means followed by the same letter are not significantly different at the 0.05 level according to 
Duncan's Multiple-Range Test.
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There appeared to be no clear trends in the concentration of 
most elements as affected by soil source (Table 10); however, some dif

ferences did occur. Sugarbeet tops produced using soils from the 

Sacaton area (S^ and S^) contained significantly more Cu than did those 

grown on other soils. Sugarbeet tops harvested from soils obtained in 

the Coolidge area (S^ and S^) contained significantly more Zn and sig

nificantly less Ba than did those grown using the other soils (Table 

10) . Sugarbeet tops produced using the soil from the Buckeye area (St

and Sg) contained significantly higher concentrations of magnesium (Mg) 

and significantly lower concentrations of Mn than did those produced 

using the soils from Sacaton or Coolidge.

The concentration of calcium (Ca) and Ba in sugarbeet tops grown 

in the low-yield soils (S^ and Sg) was significantly higher than for 

tops grown in their high-yield counterparts (Table 10). This relation

ship was the opposite for Fe and A1, being higher in the tops produced 

with soil from the high-yield fields (S^ and S^). There was little or 

no difference in the concentration of elements in sugarbeet tops be

tween those grown in the low- and high-yield soils from the Coolidge 

area (S3 and S4).



SUMMARY AND CONCLUSIONS

Soil from paired high- and low-yield fields from three Arizona 

production areas was used to produce sugarbeet plants under greenhouse 

conditions in two experiments in this study. Treatment variables in

cluded soil source, fertilizer and water.

Data concerning leaf number, yield of above-soil plant parts 

(tops) and of roots, and analyses of plant top tissue were obtained.

The objective was to identify fertility or related problems in the low- 

yield soils that might be corrected so as to improve root yields under 

on-farm conditions.

Sugarbeet leaf yield in the greenhouse was higher for plants 

grown with the low-yield soil (S^) from the Coolidge area than from its 

higher-yielding counterpart (S^) . Inspection of soil ,and water test 

data (Table 2) provides a clue that helps to explain this extra leaf 

yield and probably the low yield of roots for the 197 9 on-farm,harvest.

The soil from both fields (Sg and S^) contained very high levels of NOg, 

with the highest (88 ppm) in the soil. Water used to irrigate the 

soil contained 10.2 ppm NOg as compared to 2.3 ppm NOg in water used to 

irrigate the high-yield field. Application of 30 cm of the high NOg 

water would provide 20.72 Kg N/ha. Probably the low-yield of sugarbeet 

roots obtained in 197 9 resulted from excess nitrogen fertilizer applica

tion. Application of nitrogen alone or in combination with other elements 

always had the effect of increasing leaf yield in these experiments. This 

result was probably to be expected.

53
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The effect of nitrogen application on the concentration of 

several elements in sugarbeet tops was significantly affected, and this 

response was of special interest. The reduced concentration of potas

sium, manganese, zinc and barium in sugarbeet tops produced by plants 

receiving nitrogen suggests the possibility of their being inadequate. 

There is the possibility that one or more of these elements applied to 

the soil or by foliar methods might further increase yield of roots or 

have a beneficial effect on sucrose production and its storage. The 

concentration of calcium in sugarbeet tops grown in low-yield soils 

from Sacaton and Buckeye was higher than for tops produced on high-yield 

soils. This interesting observation should possibly also be pursued.

Sugarbeet tops produced by plants grown with the high-yield soil 

from Sacaton and Buckeye contained significantly more iron and aluminum 

than did the tops grown on low-yield soil from these areas. While this 

was not true for the Coolidge soils (aluminum concentration was higher 

in tops from low-yield soil) it seems reasonable to assume that excess 

nitrogen was the culprit there and that iron and aluminum concentrations 

in tops from beets produced with this soil would not necessarily be re

lated to yield response in the on-farm situation. It is possible that 

applications of iron and possibly aluminum could help to increase sugar 

yield from sugarbeets in some Arizona situation.



APPENDIX A

ANOVA TABLES FOR ALL 

VARIABLES STUDIED
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Table Al. Effect of water source (W)9 fertilizer treatment (T) and soil 
source (S) on the fresh weight of sugarbeet leaves.

Source df SS MS F

Total 71 3349.06
R 1 18.25 18.25 1.69
W 1 17.31 17.31 1.61
T 2 1997.53 998.77 92.74**
S 5 545.45 109.09 10.13**

WT 2 2.86 1.43 0.13
WS 5 85.32 17.06 1.58
TS 10 188.93 18.89 1.75
WTS • 10 134.85 13.49 1.25
Error 35 376.81 10.77

**0.01 level of significance

Table A2. Effect of water source (W), fertilizer treatment (T) and soil 
source (5). on the dry weight of sugarbeet leaves.

Source df SS MS F

Total 71 194.84
R 1 0.50 0.50 1.22
W 1 0.30 0.30 0.73
T 2 142.07 71.04 173.27**
S 5 24.97 4.99 12.17**

WT 2 0.05 0.03 0.07
WS 5 4.65 0.93 2.27
TS 10 3.10 0.31 0.76
WTS 10 5.52 0.55 1.34
Error 35 14.18 0.41

**0.01 level of significance
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Table A3. Effect of water 

soil source (S)
source (W), fertilizer treatment 
on the fresh weight of sugarbeet

(T) and 
roots.

Source df SS MS F

Total 71 2270.39
R 1 19.06 19.06 1.91
W 1 18.55 18.55 1.86
T 2 1366.82 683.41 68.41**
S 5 282.40 56.48 5.65**

WT 2 54.61 27.31 2.73
WS 5 17.90 3.58 0.36
TS 10 151.22 15.12 1.51
WTS 10 29.12 2.91 0.29
Error 35 349.77 9.99

**0.01 level of significance
'

Table A4. Effect of water 
soil source (S)

source (W), fertilizer treatment (T) and 
on the dry weight of sugarbeet roots.

Source df SS MS F

Total 71 198.60
R 1 1.79 1.79 1.92
W 1 1.04 1.04 1.12
T 2 117.03 58.52 62.92**
S 5 26.03 5.21 5.60**

WT 2 4.61 2.31 2.48
WS 5 1.51 0.30 0.32
TS 10 12.70 1.27 1.37
WTS 10 3.17 0.32 0.34
Error 35 32.51 0.93

**0.01 level of significance
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Table A5„ Analysis of variance of phosphorus concentration (.%) 
sugarbeet tops as affected by water source (W) , soil 
(S) and fertilizer treatment (T).

in
source

Source df SS MS F

Total 35 1.098 0.031
W 1 0.000 0.000 0.298
s 5 0.004 0.001 1.093
T 2 1.030 0.515 682.152**

WS 5 0.008 0.002 2.205
WT 2 0.001 0.001 0.828
ST 10 0.046 0.005 6.113**

Error 10 0.008 0.001

**0.01 level of significance

Table A6. Analysis of variance of potassium concentration (%) in
sugarbeet tops as affected by water source (W), soil source 
(S) and fertilizer treatment (T).

Source df SS MS F

Total 35 51.615 1.475
W 1 2.470 2.470 8.838*
S 5 2.479 0.496 1.774
T 2 31.688 15.844 56.686**

WS . 5 0.651 0.130 0.465
WT 2 0.154 0.077 0.276
ST 10 11.379 1.138 4.071*

Error 10 2.795 0.280

* 0.05 level of significance
**0.01 level of significance
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Table A7. Analysis of variance of calcium 
tops as affected by water source 
fertilizer treatment (T).

concentration (%) 
(W), soil source

in sugarbeet 
(S) and

Source df SS MS F

Total 35 7.626 0.218 9.688*
W 1 0.290 0.290 17.604**
s 5 2.633 0.527 42.032**
T 2 2.515 1.257 1.972

WS 5 0.295 0.059 2.399
WT 2 0.144 0.072 4.850**
ST 10 1.451 0.145

Error 10 0.299 0.030

* 0.05 level of significance 
**0.01 level of significance

Table A8 . Analysis of variance of magnesium concentration (%) in sugar- 
beet tops as affected by water source (W), soil source (S) 
and fertilizer treatment (T).

Source df SS MS F

Total 35 1.285 0.037
W. 1 0.003 0.003 0.471
s 5 0.324 0.065 10.711**
T 2 0.741 0.371 61.303**

WS 5 0.006 0.001 0.198
WT 2 0.001 0.000 0.051
ST 10 0.150 0.015 2.483

Error 10 0.060 0.006

**0.01 level of significance
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Table A9» Analysis of variance of sodium concentration (%) in sugar-
beet tops as affected by water source (W), soil source (S)
and fertilizer treatment (T).

Source df SS MS F

Total 35 0.130 0.004
W 1 0.024 0.024 9.027*
s 5 0.005 0.001 0.401
T 2 0.006 0.003 1.246

WS 5 0.009 0.002 0.716
WT 2 0.040 0.020 7.607**
ST 10 0.020 0.002 0.765

Error 10 0.026 0.003

* 0,05 level of significance 
**0.01 level of significance

Table A10. Analysis of variance of manganese concentration 
Sugarbeet tops as affected by water source CW), 
(S) and fertilizer treatment (T).

(ppm)
soil

in
source

Source df SS MS F

Total 35 231291.889 6608.340
W 1 802.778 ' 802.778 2.058
S 5 136104.556 27220.911 69.768*
T 2 57685.056 28842.528 73.925*

WS 5 3921.889 784.378 2.010
WT 2 611.722 305.8 61 0.784
ST 10 28264.278 2826.428 7.244*

Error 10 3901.611 290.161
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Table All. Analysis of variance of iron concentration (ppm) in sugar-
beet tops' as affected by water source (W) , soil source (S)
and fertilizer treatment (T),

Source df SS MS F

Total 35 80946.000 2312.743
W 1 19413.778 19413.778 9.006
S 5 13512.667 2702.533 1.254
T 2 9037.500 4518.750 2.096

WS 5 2816.222 563.244 0.261
WT 2 1265.722 632.861 0.294
ST 10 13343.833 1334.383 0.619

Error 10 21556.278 2155.628

*0.05 level of significance

Table A12. Analysis of variance of copper concentration (ppm) in sugar- 
beet tops as affected by water source (W) 9 soil source (S) 
and fertilizer treatment (T).

Source df SS MS F

Total 35 165.639 4.733'
W 1 26.694 26.694 15.601**
S 5 49.139 9.828 5.744**
T 2 16.222 8.111 4.740*

WS 5 7.806 1.561 0.912
WT 2 16.889 8.444 4.935*
ST 10 31.778 3.178 1.857

Error 10 17.111 1.711

* 0.05 level of significance
**0.01 level of significance
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Table A13„ Analysis of variance of zinc concentration (ppm) in sugar-
beet tops as affected by water source (W), soil source (S)
and fertilizer treatment (T).

Source df SS MS F

Total 35 6.750 0.193
W 1 0.250 0.250 3.000
s 5 3.583 0.717 8.600**
T 2 0.500 0.250 3.000

WS 5 0.250 0.050 0.600
WT 2 0.167 0.083 1.000
ST 10 1.167 0.117 1.400

Error 10 0.833 0.083

**0.01 level of significance.

Table A14. Analysis of variance of boron concentration (ppm) in sugar- 
beet tops as affected by water source (W), soil source (S) 
and fertilizer treatment (T).

Source df SS
x 1010 xM1010

F

Total . 35 280.97 8.03
W 1 2.25 2.25 0.226
S 5 53.80 10.76 1.082
T 2 1.72 0.86 0.087

WS 5 36.25 7.25 0.729
WT 2 0.50 0.25 0.025
ST 10 86.95 8.69 0.874

Error 10. 99.50 9.95
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Table A15, Analysis of variance of aluminum concentration (ppm) in
sugarbeet tops as affected by water source (W), soil source
(S) and fertilizer treatment (T).

Source df SS MS F

Total 35 26378.750 753.679
w 1 4334.028 4334.028 6.263*
s 5 2949.583 589.917 0.853
T 2 3179.167 1589.583 2.297

WS 5 2817.806 563.561 0.814
WT .2 51.056 25.528 0.037
ST 10 6127.500 612.750 0.886

Error 10 6919.611 691.961

*0.05 level of significance

Table Al6e Analysis of variance of barium concentration (ppm) in sugar- 
beet tops as affected by water source (W)9 soil source (S) 
and; fertilizer treatment (T).

Source df SS MS F

Total 35 268004670.222 7657276.292
W 1 5442889.000 5442889.000 0.522
s 5 20665334.222 4133066.844 0,396
T 2 167167.056 83583.528 0.008

WS 5 24552445.000 4910489.000 0.471
WT 2 26722611.167 13361305.583 1.281
ST 10 86172167.944 8617216.794 ‘ 0.826

Error 10 104282055.833 10428205.583
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Table A17. Effect of soil source (S) and 
the fresh weight of sugarbeet

fertilizer treatment (T) on 
leaves.

Source df SS MS F

Total 95 2380.23 ,
R 1 0.04 0.04 0.01
S 5 249.11 49.82 14.61**
T 7 1827.2 9 261.04 76.55**

ST 35 143.43 4.10 1.20
Error 47 160.40 3.41

**0.01 level of significance

Table A18„ Effect of soil source (S) and fertilizer treatment CT) on 
the dry weight of sugarbeet leaves.

Source df SS MS F

Total 95 233.16
R 1 0.25 0.25 1.39
S 5 8.87 1.77 9.83**
T 7 207.75 29.68 164.89**

■ ST 35 8.17 0.23 1.28
Error 47 8.37 0.18

**0.01 level of significance.
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Table A19. Effect of soil source (S) and fertilizer treatment (T) on 
the fresh weight of sugar-beet roots.

Source df SS MS F

Total 95 2564.77
R 1 2.66 2.66 0.65

' S 5 66.91 13.38 3.29*
T 7 1976.64 282.38 69.38**

ST 35 330.16 9.43 2.32
Error 47 191.06 4.07

* 0.05 level of significance 
**0.01 level of significance

Table A20. Effect of soil source (S) and fertilizer treatment (T) on 
the dry weight of sugarbeet roots.

Source df SS MS F

Total 95 238.80 0.42
R 1 0.42 1.36 1.05
S 5 6.79 26.70 3.40*
T 7 186.93 0.75 66.75**

ST 35 26.14 0.40 1.88**
Error 47 18.94

*0.05 level of significance
**0.01 level of significance
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Table A21. Analysis of variance of phosphorus concentration (%) in

sugarbeet tops as affected by soil source .(S) and fertilizer
treatment (T).

Source df SS MS F

Total 47 1.048 0.022
S 5 0.016 0.003 1.578
T 7 0.964 0.138 69.761**

Error 35 0.069 . 0.002

**0.01 level of significance

Table A22. Analysis of variance of potassium concentration (%) in
sugarbeet tops as affected by soil source (S) and fertilizer 
treatment (T).

Source df SS MS F

Total 47 59.264 1.261
S 5 3.071 0.614 2.210
T 7 46.465 6.638 23.882**

Error 35 9.728 0.278

**0.01 level of significance
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Table A23 0 Analysis of variance of calcium concentration (%) in sugar-
beet tops as affected by soil source (S) and fertilizer
treatment.

Source df SS MS F

Total 47 4.702 0.100
S 5 1.251 0.250 6.868**
T 7 2.176 0.311 8.533**

Error 35 1.275 0.036 .

**0.01 level of significance

Table A24. Analysis of variance of magnesium concentration (%) in sugar- 
beet tops as affected by soil source (S) and fertilizer 
treatment (T).

Source df SS MS F

Total 47 0.969 0.021
S 5 0.311 0.062 6.663**
T 7 0.331 0.047 5.061**

Error 35 0.327 0.009

**0.01 level of significance
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Table A25, Analysis of variance of sodium concentration (%) in sugar-
beet tops as affected by soil source (S) and fertilizer
treatment«

Source df SS MS F

Total 47 0.351 0.007
S 5 0.198 0.040 11.215**
T 7 0.029 0.004 1.161

Error 35 0.124 0.004

**0.01 level of significance
/

Table A26. Analysis of variance of manganese concentration (ppm) in
sugarbeet tops as affected by soil source (S) and fertilizer 
treatment (T).

Source df SS MS F

Total 47 389033.250 8277.303
S 5 179650.000 35930.000 25.260**
T 7 159598.917 22799.845 16.029**

Error 35 49784.333 1422.410

**0.01 level of significance
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Table A27. Analysis of variance of iron concentration (ppm) in sugar-
beet tops as affected by soil source (S) and fertilizer
treatment (T).

Source df SS , MS F

Total 47 33042.667 703.035
S 5 11413.917 2282.783 5.306**
T 7 6570.667 938.667 2.182

Error 35 15058.083 430.231

**0.01 level of significance

Table A28. Analysis of variance of copper concentration (ppm) in sugar- 
beet tops as affected by soil source (S) and fertilizer 
treatment (T).

Source df SS MS ' F

Total 47 127.917 2.722
S 5 59.167 11.833 8.971**
T 7 22.583 3.226 2.446*

Error 35 46.167 1.319

* 0.05 level of significance
**0.01 level of significance
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Table A2 9. Analysis of variance of zinc concentration (ppm) in sugar-
beet tops as affected by soil source (S) and fertilizer
treatment (T).

Source df SS MS F

Total 47 1539.250 32.750
S 5 273.500 54.700 5.252**
T 7 901.250 128.750 12.363**

Error 35 364.500 10.414

**0.01 level of significance

Table A30. Analysis of variance of boron concentration (ppm) in sugar- 
beet tops as affected by soil source (S) and fertilizer 
treatment (T).

Source df SS MS F

Total 47 2606.479 55.457
S 5 339.104 67.821 2.253
T 7 1213.979 173.426 5.762**

Error 35 1053.396 30.097

**0.01 level of significance
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Table A31, Analysis of variance of aluminum concentration (ppm) in
sugarbeet tops as affected by soil sources (S) and
fertilizer treatment (T)•

Source df SS MS F

Total 47 551041.000 11724.277
S 5 178875.500 35775.100 6.018**
T 7 164105.667 23443.667 3.944**

Error 35 208059.833 5944.567

**0,01 level of significance

Table A32. Analysis of variance of barium concentration (ppm) in sugar- 
beet tops as affected by soil source (S) and fertilizer 
treatment (T)»

Source df SS MS F

Total 47 30606.812 651.209
S 5 41119.937 2223.987 15.327**
T 7 14408.312 2058.330 14.185**

Error 35 5078.562 145.102

**0.01 level of significance



LITERATURE CITED

Ayers, R. S. and R, L. Branson. 1978. Quality of irrigation water in
H. M. Reisenauer (ed.) Soil and plant tissue testing in 
California. (Revised ed.) 4 9-50.

Carter, J. N., D. T. Westermann, and M. E. Jensen. 1976. Sugarbeet
yield and quality as affected by nitrogen level. Agron. J . 68: 
49-55.

Dennis, R. E . 1976. A short history of sugarbeets in Arizona.
University of Arizona Cooperative Extension Service. AGRI-FILE 
Q 361-1-4.

Dennis, R. E. 1977. Procedures for greenhouse soil test to evaluate 
nutrient deficiencies. University of Arizona Cooperative Ex
tension Service. AGRI-FILE. Field Crops 208.5: 1-3.

Dennis, R. E., J . R. Gebert and C. E. Stanger. 1971. Results of
Arizona sugarbeet summary provide interesting production leads. 
Progressive Agriculture in Arizona. Vol. XXIII No. 6.10-15.

Dennis, R. E. and J. M. Nelson. 1978. Sugarbeets in Arizona. University 
of Arizona Cooperative Extension Service. AGRI-FILE Q 361-1-4.

Doney, D. L. 1979. Seedling physiology and sugarbeet yield. J. Am.
Soc. Sugar Beet Technol. 20: 399-418.

Draycott, A. P. 1972. Sugarbeet nutrition. Applied Science Publishers, 
Ltd., London. 250p.

Draycott, A. P. and M. J. Durrant. 1976a. Response by sugarbeet to
potassium and sodium fertilizers, particularly in relation to 
soils containing little exchangeable potassium. J. Agric. Sci.
87: 105-112.

Draycott, A. P. and M. J . Durrant. 1976b. Response by sugarbeet to
superphosphate, particularly in relation to soils containing 
little available phosphorus. J. Agric. Sci. 86: 181-187.

Erie, L* J., 0. F. French, and K. Harris. 1965. Consumptive use of
water by crops in Arizona. Technical bulletin 169. Agric. Exp. 
Sta., University of Arizona.

Farley, R. F. and A. P. Draycott. 1975. Growth and yield of sugarbeet
in relation to potassium and sodium supply. J. Sci. Fd. Agric. 
26: 385-392.

72



X

Francl5

Giles,

Giles,

Goodman

Hamence

Hills,

Hills,

Holmes, 

Johnson

Mayes,

73

Lo J . and R. E. Dennis. 1978. Interactive effects of tempera
ture and salinity on sugarbeet (Beta vulgaris L.) germination. 
Arizona Cooperative Extension Service and Agricultural Experi
ment Station Report Series P-41: 15-22.

F. F., A. E. Ludwick and J. 0. Reuss. 1977. Prediction of late 
season nitrate-nitrogen content of sugarbeet petioles. Agron.
J. 69: 85-88.

f. F., J. 0. Reuss, and A. E. Ludwick. 1975. Prediction of 
nitrogen status of sugarbeets by soil analysis« Agron. J . 67: 
454-459.

, P. J . 1963. Some effects of different soils on composition
and growth of sugarbeet. J. Sci. Fd. Agric. 14: 196-203.

, J . H. and P. A. Oram. 1964. Effects of soil and foliar ap
plication of sodium borate to sugarbeet. J. Sci. Fd. Agric. 15: 
565-579.

J. , and A. Ulrich. 1971. Nitrogen nutrition. In Russell 
T. Johnson, John T. Alexander, George E. Rush, and George E. 
Hawkes (eds.). Advances in sugarbeet production: principles 
and practices. The Iowa State University Press, Ames, Iowa. Ill- 
135.

\ J. and A. Ulrich. 1978. Plant analysis as a guide for mineral 
nutrition of sugarbeets. In H. M. Reisenauer (ed.) Soil and 
plant-tissue testing in California. (Revised ed.) 18-21.

M. R. J. and J . R. Devine. 1976. Nitrogen requirement of sugar- 
beet. J. Agric. Sci. 87: 549-558.

, G. V., J. L. Stroehlein, and J. L. Abbott. 1978. Critical 
tissue levels for predicting nitrogen needs of sugarbeets at 
Mesa, Arizona. J . Am. Soc. Sugarbeet Technol. 20: 65-72.,

I. M., W. Britton, and J. F. Riggs. 1980. Arizona Agricultural 
Statistics. University of Arizona and U.S. Department of 
Agriculture. Bulletin S-15. p. 31*

Milford, G. F. and D. J. Watson. 1971. The effect of nitrogen on the 
growth and sugar content of sugarbeet. Ann. Bot. 35: 287-300.



74
Nelson, J. M., J . L. Abbott, and T. C. Tucker. 1978. Growth and

nitrogen and phosphorus uptake of sugarbeets in central 
Arizona. Arizona Cooperative Extension Service and Agricul
tural Experiment Station. Report Series P-41, 34-42.

Nelson, J . M., J . L. Abbott, and T. C. Tucker. 1979. Growth and 
nitrogen and phosphorus uptake of sugarbeets in central 
Arizona. Arizona Cooperative Extension Service and Agricul
tural Experiment Station. Report Series P-45, 25-29.

Reisenauer, H. M., J. Quick, R. E. Voss and A. L. Brown. 1978. Soil
test interpretive guides. In H. M. Reisenauer (ed.) Soil and 
plant-tissue testing in California. (Revised ed.) 38-40.

Schmehl, W. R. and D. W. James. 1971. Phosphorus and potassium
nutrition. in Russell T. Johnson et al. (eds.) Advances in 
sugarbeet production: principles and practices. The Iowa State 
University Press, Ames, Iowa. 137-169.

Sumner, M. C. 1979. Interpretation of foliar analysis for diagnostic 
purposes. Agron. J . 71: 343-348.

Ulrich, A. 1950. Critical nitrate levels of sugarbeets estimated from 
analysis of petioles and blades, with special reference to 
yields and sucrose concentrations. Soil Sci. 69: 291-309.

Ulrich, A. 1978. Plant analysis as a guide in fertilizing crops. In
H . M. Reisenauer (ed.) Soil and plant-tissue testing in 
California. (Revised ed.) 1-4.

Ulrich, A. and F. J . Hills. 1969. Sugarbeet nutrient deficiency 
symptoms, a color atlas and chemical guide. University of
California, Division of Agric. Sci., Berkeley, California. 36p.

Viets, F. G. Jr. and L. S. Robertson. 1971. Secondary nutrients and
micronutrients. In Russell T. Johnson et al. (eds.) Advances 
in sugarbeet production: principles and practices. The Iowa
State University Press, Ames, Iowa. 171-187.

Voss, R. E. 1978. Use and limitations of soil testing. In H. M.
Reisenauer (ed.) Soil and plant-tissue testing in California 
(Revised ed.) 35-37.

Westermann, D. T., G. E. Leggett and J. N. Carter. 1977. Phosphorus
fertilization of sugarbeets. J. Am. Soc. Sugarbeet Techno1. 
19: 262-269.



4 7 88


