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Abstract:
Sugar beets were grown with beans, barley, or corn in alternate single rows in 1969 and 1970 using
four different spaeings. Alternate paired plantings were also studied in 1968 and 1969. Turnips were
used as an intercrop in 1968 only. Sugar beets were also grown under four levels of light intensity at
the Montana State University Experiment Station located at Huntley, Montana in 1969 and 1970.

Objectives were (1) to determine the competitive effects of other crops on the yield and sugar content
of sugar beets, (2) to determine the effect of reduced light intensity on the yield, sugar content and
nutrient composition of sugar beefs, (3) to compare the gross returns per acre from growing two crops
in a mixed culture with returns from growing one crop in a monoculture, (4) to compare the yield and
sugar content of intercropped sugar beets planted in alternate single versus alternate paired rows and
(5) to determine the effects of a companion crop on the micro-climate of sugar beets.

Corn had the greatest and beans the least competitive effects on sugar beef yields. Barley was nearly as
competitive as corn. The taller intercrops had a competitive advantage for light interception over beefs
or beans. Corn reduced light intensities on the canopies of intercropped sugar beets by 94% and 74%
for 11 and 22-inch spacings respectively. Barley reduced light intensities for sugar beets 11% and 6%
in 11" and 22" spaeings respectively. Beans and turnips did not. reduce light intensities in the sugar
beet canopies when planted in alternate rows. Increased air temperature in canopies of intercropped
sugar beets may also have contributed to the reduction of sugar beef yields and sugar content.

Artificial shading of the sugar beet canopy decreased the overall growth and root weights, but caused
an increase in the nitrogen and phosphorus content (percentage) of the leaves and roots.

Narrow spacing (11") of pure stand sugar beets gave a higher sugar content in 1969 and higher yield in
1970 than wide rows (33"). Growing sugar beefs in alternate rows with beans resulted in the largest
gross return per acre. 
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ABSTRACT

Sugar beets were grown with beans 9 barley 9 or c o m  in alternate 
single rows in 1960 and 1970 using four different spaeings. Alternate 
paired plantings were also studied in 1968 and 1969. Turnips were used 
as an intercrop in 1968 only. Sugar beets were also grown under four 
levels of light intensity at the Montana State University Experiment 
Station located at Huntley, Montana in 1969 and 1970.

Objectives were (I) to determine-the competitive effects of other 
crops on the yield and sugar content of sugar beets, (2) to determine 
the effect of reduced light intensity on the yield, sugar content, and 
nutrient composition of sugar beefs, (3) to compare the gross returns 
per acre from growing two crops in a mixed culture with returns from 
growing one crop in a monoculture, (4) to compare-the yield and sugar 
content of intercropped sugar beets.planted in alternate single versus 
alternate paired rows and (5) to determine the effects of a companion 
crop on the micro-climate of.sugar beets.

C o m  had the .greatest and beans the least competitive effects on 
sugar beet yields. Barley was nearly as competitive as com. The 
taller intercrops had a competitive advantage for light interception 
over beets or beans. C o m  reduced light intensities on the canopies 
of intercropped sugar beets by 94% and 74% for 11 and 22-ineh spaeings 
respectively. Barley reduced light intensities for sugar beets 11% 
and 6% in 11" and 22" spaeings respectively. Beans and turnips did not. 
reduce.light intensities in the sugar beet canopies when planted in 
alternate rows. 'Increased air temperature in canopies of intercropped 
sugar beets may also'have contributed to the reduction of sugar beet 
yields and sugar content.

Artificial shading of the sugar beet canopy decreased the.overall 
growth and root weights, but caused an increase. in the. nitrogen and 
phosphorus content (percentage) of the leaves, and roots.

Narrow spacing (Iln) of pure stand sugar beets, gave a higher sugar 
content in 1969 and higher yield in 1970 than wide rows (33"). Grow­
ing sugar beets in alternate rows with beans resulted in.the largest 
gross return per acre..



INTRODUCTION

Variations in the external environment affect not only photosyn­

thesis but also all other physiological processes through" the supply 

of substrate for energy and biosynthesis. Photosynthesis and subsequent 

plant growth are influenced by the light intensity, the carbon dioxide 

concentration and the temperature of the external environment in which 

the plant is growing. Sunlight is the primary energy source of a 

natural environment and it can be considered as the pre-eminent factor 

of the environment. Variation in light intensity and quality cause 

morphological changes in plant growth.

Light is an important factor in intra-plant and/or inter-plant 

competition. The wide fluctuations which occur in light intensity and 

quality in different locations and growing seasons suggest that com­

petition for light may affect the competive ability of plants.

The research reported here was set up to study the relationship 

between competitive ability of different genotypes and availability of 

light. This study had the following objectives:

(I) to determine the competitive effects of other crops (barley, 

corn, beans, or turnips) on the yield and sugar content of sugar 

beets, (2) to determine the effect of reduced light intensity on 

the yield, sugar content and composition of sugar beets, (3) to 

compare the gross returns per acre from growing two crops in a 

mixed-culture with returns from growing one crop in a monoculture, 

(4) to compare the yield and sugar content of intercropped sugar
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beets planted in alternate single versus alternate paired rows, 

(5) to determine the effects of a companion crop on the micro­

climate (We planned to measure light intensity, soil and air 

temperatures.) and composition of sugar beets.

The information obtained should provide a better under­

standing of the physiology of sugar beets and information on the 

economic feasibility of intercropping sugar beets.



LITERATURE REVIEW

Competition may occur among plants for water, nutrients, light,
COg and oxygen. The components of the environment for which adjacent 

plants compete most are light, mineral nutrients, and water (15). Ade­

quate application of fertilizer and timely irrigation can minimize com­

petition for nutrients and water so that production is primarily . . .

Iimitfed by light (15,4,14,26,). According to Clements et al„, cited by 

Donald (15), two plants do not compete with each other so long as water 

nutrients, and light are in excess of the needs of both. When the 

immediate supply of a single necessary factor falls below the combined 

demands of the plants, competition begins. It is assumed that in these 

experiments light is the main factor limiting the yield of intercropped 

plants. Therefore, this review of literature will emphasize the effect 

of competition for light upon the yield and sugar content of sugar 

beets. Since artifipial shading of sugar beets affected both tempera­

ture and composition of sugar beets the effects of temperature and of 

sugar beet nitrogen, phosphorus and potassium content on sugar beet • 

yield and sugar content will also be discussed here.

I. The Effect of Competition for Light on Sugar Beet Yield and Sugar 

Content
Competition for light can occur whenever one plant shades another 

plant or within a plant, when one leaf shades another leaf. Blackman 

and Black (3) and Evans and Hughes (17) have measured the effect of 

artificial shading on growth of several species in the early vegetative
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pha'se. . They showed that, the net .assimilation rate was dependent on the 

amount of . light received while the leaf-area ratio (total leaf area/ 

ground area) rose as the level of shading was increased. They also 

concluded that during the season of active growth the quantity of 

light reaching the individual plants was limiting photosynthesis. 

Blackman and Black (4), in another.experiment, found that shading (50% 

of daylight) reduced the relative growth rate of twenty-one out of 

twenty-two species, and concluded that the growth rate of many species 

is restricted even in midsummer by the lack of sufficient light energy.

Thomas and Hill (39) have investigated the photosynthesis of crops 

in the field.where there was a high degree of self-shading as in sugar 

beets. They established that the net photosynthesis did not attain a. 

maximum value for sugar beets until the intensity reached 4,400 foot- 

candles. In contrast Went (47) recorded that for seedlings of sugar 

beets under conditions where there was no self-shading, light satura­

tion in environmental chambers occurred at 1,000 foot-candles. Watson 

(45) also showed that in normal stands of Beta mantima self-shading 

depresses photosynthesis.

Davidson and Philip (12), Davidson.and Donald (11), and Watson 

(45) have shown, that the degree of mutual shading of leaves which 

depends on the leaf area per unit area of land (the Leaf-Area Index or 

LAI) is related to the rate of dry-matter production per unit time (the 

Crop Growth Rate). Watson and Witts (46) compared wild beets and sugar
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beets under experimental conditions and found out that early in the 

season (LAI s I), the net assimilation rate was equal in wild and cult­

ivated beets» This suggested that ’’There was no difference in the leaf 

physiology". When the LAI rose to 2 S the net assimilation rate fell 

for both, but much more steeply for wild beets. They attributed the 

fall to mutual shading in the wild beet because it has a rosette of 

horizontally disposed foliage. Cultivated beets have leaves at steeper 

angles and with less vertical separation between leaves. Therefore, a 

greater proportion of leaves in cultivated plants received a favorable 

light intensity. In general, with high solar elevations, light is 

better utilized by crops with erect leaves than by crops with horizon­

tally placed leaves (14).

Researchers (5, 9, 22, 29, 36) have shown that the reduction in 
yield and leaf area per plant and the.loss of leaf efficiency has been 

attributed, at least in part, to the. reduction of incident light around 

the lower leaves of the plants.

Rate of photosynthesis in crop plants is highly correlated with 

light intensity from a low intensity to light saturation of the leaves 

(22, 29, 38).
Kruger and Wimmer cited by Ulrich (44) found that yields of sugar 

beets were limited by light rather than by the nutrient deficiencies 

which restricted growth in direct sunlight. Borden (6) showed that 

shaded sugar cane plants grown in pots produced less sugar than unshad-
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ed plants regardless of the nitrogen or potash treatments used.

II. The Effect of Temperature on the Yield and Sugar Content of Sugar

Beets

Ulrich (41) and Went (47) have shown that both day and night temp­
eratures have pronounced effects on sugar beets. But the effect of 

night temperature is .more pronounced. The optimum night temperature 

for growth lies between 20 and 23 G s whereas the optimal day tempera­

ture is 23 C» They also showed that the sugar content of the beets was 

inversely proportional to the temperature, again night,.temperature be­

ing slightly more important than daytime temperature, According to 

Ulrich (41) and Went (47) sugar content of sugar beets reached the 

highest value at. 2 C to- 4 C (night temperature) whereas at 30 C the 

sugar content, was the lowest. Increasing the day temperatures from 20 

to 23 or to 26 G during 8-hour day periods also decreased the sucrose 
concentration of the beets, but the effects were not nearly as great as 

for the night temperatures (41).

Ulrich et al. (44) showed that beets grown at a higher temperature 

gave lower yields and lower sugar percentages than obtained in a cooler 

climate.
Ulrich (42) found that petioles of sugar beets were high in nitro­

gen, phosphorus and potassium when night temperatures were kept at a 

high level.

Loomis (27) showed that the temperature of a leaf exposed to sun-
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lighfc is often well above that of the air. Under conditions of high 

insolation and high humidity 9 leaf temperatures of 10 to 15 C above air 

temperatures (37) have been recorded.(24, 37). Linacre (25) noted that 

when plants were exposed to the sun but without suffering from water 

stress, the difference between air and leaf temperatures was usually 

small. Linaere also reported a tendency for equality of air and leaf 

temperature at about 33 G (91.5 F). Below that temperature, leaves 

tended to be warmer than the air; above that temperature, the reverse 
was observed. According to Priestley (32) the maximum temperature of a 

plant canopy should be about 92 F . He also concluded that leaves whose 

surface temperature exceeds 92 F suffer from water deficit. Ansari and 

Loomis (I) found that leaves shaded from direct sunlight were usually 

about I C warmer than the air temperature.

There is not much information available on the effect of soil 

temperature on the growth of sugar beets. The percent emergence of 

sugar beet seedlings at soil temperatures of 13, 18, and 24 C was sig­

nificantly higher than at 6 C and the speed of emergence increased as 

the temperature increased (16). Nielsen et al. (30, 31) found that the 

yield of roots and foliage of lucerne increased with increase in temp­

erature to at least 19.4 C. The phosphorus content of the roots and 

foliage tended to increase with increasing temperature. Oats produced 

higher yields (30) of grain and straw when soil temperature was increas­

ed from 41 to 67 F (19.4 C). They also showed that there was a trend
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toward increased concentration of phosphorus in the oat. plants with in­

creasing temperature.• Low soil temperature depressed the growth and 

phosphorus percentage of c o m  seedlings (23).

III. The Effects of Nitrogen, Phosphorus and Potassium on Sucrose 

Content and Yield of Sugar Beets

Researchers (19, 28, 34, 35) indicated that mineral nutrient con­

tent and balance in plant tissue strongly affect yield and quality. 

Gardner and Robertson (18) analysed petioles of sugar beets and found 

it useful in determining fertilizer needs as regards nitrate, phosphate 

and potassium.

Ulrich and Hill (43) and Tolman and Johnson (40) conducted experi­

ments with sugar beets, and studied yield and quality in regard to 

fertilizer practices. They found a negative relation between levels of 

nitrate nitrogen in the petioles and percentage sucrose of the roots.

Hoddoek et al. (20) found t^at nitrogen fertilization and nitrogen 

plant composition are closely associated with sucrose storage in beet 

roots and sugar recoveries from extract juice.

Baver (2) showed that nitrogen was the major factor affecting the 

quality of sugar crops both, sugar beets and sugar cane.

Ulrich and Hill (43) have proposed and used the theory of "Criti­

cal Concentrations", of nitrogen, phosphorus, and potassium in sugar 

beet petioles as a guide to crop fertilization. They proposed 1,000 

ppm of nitrate-nitrogen, 750 ppm phosphorus, and 10,000 ppm potassium
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as "Critical levels" in sugar beet petioles.



MATERIALS AND METHODS

Experimental Area

The experiments were conducted on the Huntley Branch of the Mont­

ana Experiment Station at Huntley8 Montana in 1968, 1969 and 1970. The 

soil texture was silty clay, pH values were 6»9; 7.5; 8=1; 8.1 and 8.3 

for soil depths of 0-6; 6-12; 12=24; 24-36 and 36-48 inches respective­

ly. Conductivity was 2.0-4.0 mmhos/cm-J (slightly salty) for the sur­

face soil but subsoil was 0.0-2.0 mmhos/cm (33). Organic matter was 

medium in the surface soil but low below 12 inches. Available phos­

phorus was high in the surface soil but low below 12 inches. Available 

potassium was.high at all soil depths (Appendix Table 26).

A. Interseeding Experiment

Experimental Design and Methods

The design of the interseeding experiment was a randomized split- 

plot with four replications. Four different row spacings (ll", 16%", 

22" and 33") were randomly assigned to main plots, 77 feet long and 30 

feet wide.

Four pure stand and three interseeding treatments were randomly 

assigned to subplots, 11 feet wide and 30 feet long within each main 

plot.

The experimental fields were uniformly fertilized with 500 pounds 

of 16-20-0 per acre. Plots were irrigated by furrow irrigation between 

rows in 1968 and 1970, and by sprinkler irrigation in 1969.

Each year spring barley (Hordeum vulgaris L.) variety (Vantage),
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c o m  (Zea mais L.) variety (Trojan TX68) or beans (Phaseolus vulgaris 

L»)variety (Pinto Ull14) were planted in alternate rows with sugar 

beets (Beta vulgaris L.) variety (Great Western Hybrid size 3). Tur­

nips (Brassica rapa Lo) variety (Purple top white globe) were also 

planted with sugar beets in 1968. Rows were,east-west oriented. Sugar 

beets were planted with a 6-row John Deere Flexi-planter May 10, 1968, 

April 23, 1969 and June 4, 1970. In 1968, the other crops were planted 

at the same time as the sugar beets. In 1969, the other crops were 

planted at one week intervals in order to give the sugar beets an ade­

quate growing season and to use conventional planting times for barley, 

com, and beans. These three crops were planted May 5, 12 and 19, 1969 

respectively. In 1970, wet weather delayed seeding until June 4 and 5, 

and all crops were planted on the same date. Plots were maintained 

weed free by hand weeding and cultivating.

Measurement of Light

The percent penetration of photosynthetically useful radiation 

(visible light) through crop canopies of four crops was measured.

Light measurements were determined by the method of Bula et al.

(7) in 1969 and by a modification of the method of Daynard et al. (13) 

in 1970. No light measurements were made in 1968. In 1970, eight sel­

enium photo cells were connected in parallel and mounted on a 33 x 4 x 

4 cm wooden block. . Photocells were painted with white paint and cover­

ed with opal plexiglass which in turn,was covered with black paint and
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that all cells gave the same micro ampere output in full sunlight inten­

sity. Each block of eight photo cells was called a station. All statr- 

ions were connected to a timer and a stepping switch assembly that pro­

vided successive readings to a 50 ̂ iA Rustrak recorder (Model 288).

Two stations were used in each interseeded plot of one replication. 

One was at the top of the sugar beet canopy, the other at the bottom of

the sugar beet canopy (at ground level). Plots with pure stands had

one station at the bottom of the crop canopy. Stations were oriented

the same direction as the crop rows. Percent reduction of light inten­

sity was calculated by comparison with another station above the barley, 

corn and bean canopies. Heights were adjusted as the crops grew. 

Readings were taken 5 times a day (8 AM, 10 AM, 12:30 PM, 3 PM and 

5 PM) in full sunlight every 10 to 15 days. Solar noon was approxi­

mately 12:45 PM.

Measurement of Air and Soil Temperatures in Cropped Areas

Thermocouples were used to measure temperatures. Temperatures 

within intercrop canopies were compared with temperature taken in the 

canopies of pure stand sugar beets. Thermocouples were connected to a 

stepping switdh assembly and a Rustrak Model 157C amplifier and Model 

288 recorder.

Sampling Procedure

Yields were calculated from one 20-foot row sample taken from each

black electrician's tape. 4 slit through the black paint was varied so
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plot. Nitrogen was determined by the Macro Kjeldahl method and phos­

phorus and potassium were determined with a spectrophotometer and 

atomic absorption spectrophotometer respectively. The Great Western 

Sugar Company in Billings3 Montana, determined sugar content of the 

sugar beets.

B. Shading Experiment

The shading experiment was conducted in 1969 and 1970 in an area 
immediately adjacent to the experimental area used for the Xnterseeding 

Experiment. The design used in the shading experiment was a randomized 

complete block with four replications. Plots were 22-feet long and 11- 

feet wide. The sugar beets were planted in 22 inch spaced rows on 

April 23, 1969 and June 4, 1970. Four shading intensities were created 

with saran shade cloth that was used by Cooper et al. (10) at Montana 

State University. Cloths were suspended at a height of 36 inches on 

July 7s 1969 and July 27, 1970, Intensities of shading were: (a) full, 

sunlight, (b) 51% shade, (c) 76% shade, and (d) 92% shade.

Cultivation and irrigation were done at the same time as Inter- 

seeded Experiment.

Air and soil temperatures (4-inch depth) were recorded by thermo­
couples under the shading cloths in 1970. Temperatures were not meas­

ured in 1969.

C. Alternate VS Paired Rows Experiment

This experiment., conducted in another area adjacent to the Inter-
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seeded Experiment, compared plantings of barley, c o m  or beans grown in 

alternate single rows with sugar beets with alternate double rows (pair­

ed rows). The experimental design was a randomized split-plot with four 

replications. Two different row spaeings (ll" and 22") were randomly 

assigned to main plots, 77 feet long and 30 feet wide. Pure sugar beet 

stand and two different planting patterns (alternate single and alter­

nate paired rows) with three interseeding treatments were randomly 

assigned to subplots9. 11 feet wide and 30 feet long within each main 

plot.
All plots were planted, cultivated and irrigated at the same time 

as the Interseeded Experiment.



RESULTS AND DISCUSSION

Weather, experimental designs and planting patterns differed in

1968, 1969 and 1970. In 1969, each crop was planted at the normal 

planting time but a snowfall and frost occurred on June 12 and 13th, 

causing light damage to corn. Center rows of beans were covered by- 

plastic to prevent damage. After June 13, temperatures warmed gradu­

ally and remained warm through September, Precipitation throughout the 

growing season was higher than normal (see Appendix Table 27). These 

conditions resulted in a high yield and sugar content of sugar beets in

1969. A cold and wet spring in 1970 preceded a wet growing season (see 

Appendix Table 28). The wet spring in 1970 delayed planting and there­

by reduced yields. Because of differences in weather and planting 

dates, each year’s results will be discussed separately.

1968 Experiment

One preliminary experiment was conducted in 1968 to study competi­

tion between sugar beets and different interseeded crops. Each culti­

vated crop was planted in alternate single or alternate paired rows. 

Gross returns per acre, yields, and sugar content were, determined. 

Neither light intensities nor temperatures were measured in 1968.

The data presented in Tables I and 2A shows that sugar beets grown 

alone yielded 19,0 tons per acre compared to 8.1; 9.1; 15.9; or 13.9 

tons per acre of sugar beets when grown in alternate single rows (11 

inches apart) with barley, com, beans or turnips, .respectively. Bar­

ley had the greatest and beans the least competitive effect on sugar
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beet yieldso Corn was nearly as competitive as barley and turnips were 

only slightly more competitive than beans. Percent reductions in yield 

of sugar beets were 57.4; 52.1; 16.3; or 26.8 when barley, corn, beans 

or turnips respectively were grown between 22 inch beet rows resulting 

in 11" spacings between adjacent rows.

The effects of alternate 22" rows of barley, corn, beans or tur­

nips on sugar beets were essentially identical to 11" rows. Barley had 

the greatest and beans the least competitive effect as indicated by 
sugar beet yields.

Yields of sugar beets were 9.9; 8.8; 12.9; or 12.4 tons per acre 

when grown in alternate paired rows with 22 inches between adjacent 

rows with barley, corn, beans or turnips respectively. The competi­

tiveness of intercrops on sugar beet yield decreased in the order corn, 

barley, turnips and beans.

Percent sugar was not significantly affected. Means ranged from 

17.7 to 16.4.
Competitive effects of sugar beets upon the other crops can also 

be observed (Table 2k), The beets had a greater effect upon the yield 

of beans and barley than on c o m  and turnips. The percent yield re­

ductions of corn, beans, or turnips were 22.4; 69.7; or 17.9 respective­

ly in alternate single rows with 11" spacing.

The relative competitiveness of the. different intercrops was the 

same for alternate paired 22" rows as for alternate single 22" rows.
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Table I. The effect of the competition of barleys corn, pinto beans, 
and turnips upon the yield and sugar content of sugar beets 

_________ . at Huntley, Montana in 1968._________ __________________ _____

Row
Spac
ing Crops

%
Sugar

Root
Yield
Ton's/
Acre

%
Yield
Reduc­
tion

Averages I H,

22" Beets alone 17.7 19.0

11" Beets in alternate single rows with barley 17.3 8.1 57.4

11" I! 11 11 11 11 M corn 17.6 9.1 52.1
11" If 11 11 11 Il Il beans 17.9 15.9 16.3

11" It 91 Il 11 Il 11 turnips 17.8 13.9 26.8

22" I! 11 11 91 Il It barley 17.5 8.1

22" M Il Il 11 81 11 corn 16.4 9.7

22" Il Il H .Ii It H beans 16.8 15.6

22" Il 11 Il 11 «t iv turnips 16.9 14.0

22" Beets in paired rows with barley 17.1 9.9

22" I! 11 11 n  ii corn 17.4 8.8

22" 11 11 Il ,, „ beans 16.3 12.9
22" 11 U  U H  U turnips 16.2 12.4



Table 2A. The yield and gross returns for barley, com, beans, and turnips grown alone 
and intercropped with sugar beets at Huntley, Montana, in 1968«

Row 
Spac “ 
ings 
inch­
es Crops

Yield

Yield
Reduc­
tion
by
Inter-
Crop
(%)

Gross
Re­
turn
per
Acre

:
Sugar Beets 

T/A
Roots: Tops

Inferseedec Crops
■Barley 

Cwt./A
Corn
T/A

Beans
Cwt./A

Tur­
nips
T/A

22" Sugar beets alone 19.0 14.2 382.00

11" Barley alone (grain) 26.0 63.20

22" Corn alone (silage) 17.0 119.00
22V Beans alone (seed), 14.5 100.40
22V Turnips alone (roqts) 8.4 63.30

11"* Beets w/barley 8.1 7.2 10.5 194.50
IlV. " w/com 9.1 5.8 13.2 22.4 271.23
IlV V w/beans 15.9 15.1 4.4 69.7 375.22
IlV V w/turnips 13.9 7,6 6.9 17.9 325.69

22"* Beets w/barley 8,1 4.2 7.2 173.41
22V . " w/corn 9.7 8.3 10.7 274.33
22 V V w/beans 15.6 14.4 7.3 382.00
22V V 6 /turnips 14.0 10.8 4.6 320.83

22"** Beets w/barley 9.9 6.9 8.0 217.60
22". . " w/corn 8.8 7.7 10.3 253.73
22V V w/beans 12.9 10.5 7.7 322.18
22V V w/turnip s ; 12.4 : 12.5 4.2 299.60
* . Planted in alternate single rows. 
** Planted in alternate paired rows.



Table 2B« The yield and gross returns for barley, corn and beans grown alone and inter= 
_______  cropped sugar beets at Huntley, Montana in 1969. _________

Treatments

' Yield (I/A1)

Gross Crop Value/Acre ($)
Sugar
Beet's Beans

.. Barr 
ley Corn

Sugar beets 22" spacing alone 25.54 434.18
Sugar beets 22? spacing between 

rows beans .. '25,88 .05 440.00 + 6.50 s 446.50 .
Sugar beets 22" spacing between 

. rows barley. 9.76 1,66 165.92 + 69.16 ■' 235.08
Sugar Beets-22" spacing between 

rows c o m  , . 8:94 14.62 151.98 + 102.34 s 254.32

Sugar beets 33" spacing alone 24.58 417.86
Sugar beets 33? spacing between 

rows beans , 15.82 .25 268,94 + 32.50 = 301.44
Sugar beets 33" spacing between 

rows barley, 15.10 1.35 256.70 + 56.25 s 312.95
Sugar beets 33? spacing between 

rows' c o m 8.46 19.50 143,82 + 136.50 a 280.32
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Corn and barley were almost equally competitive in alternate and 

paired rows but beans and turnips were less competitive to sugar beets 

in alternate rows than in paired rows =

Total gross crop values per acre, using local prices at harvest, 

are presented in Table 2A and Table 2B„ Sugar beets grown alone and 

sugar beets grown in alternate 22-inch rows with beans produced the 

largest gross of $382 per acre in 1968 (Table 2A) and $446=50 per acre 

in 1969 (Table 2B)» Turnips were not planted in the 1969 and 1970 

experiments. because no market was available for turnips = Although 

beets grown with beans produced the same gross return per acre as beets 

alone, net income with beans as an intercrop should be more than beets 

grown alone because labor and machinery expenses were reduced when 

sugar beets were planted with beans in alternate rows =

1969 and 1970 Experiments

Although the same drill, the same planting pattern, and the same 

seed type were used both years, some results differed. This was partly 

due to the climatic conditions described above. Therefore, it is im­

practical to discuss the results from the two years together. The data 

obtained and calculated "F" values in 1969 and 1970 are presented in

Table 3=
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I. Ixiterseeded Experiment

A. She Effects of Row Spacing and Intercrops on Sugar Beets;

I. Yield and % Sugar

Row spacing significantly affected yields and sugar content of 

beets (fresh weight basis) in 1969 but only yields were affected in 

1970 (Table 3 and 4). Narrow (ILm) spacing of pure stand sugar beets 

gave a higher sugar percentage in 1969 and a higher yield in 1970. The 

higher yield and sugar content in narrow rows can be attributed to the 

increased population (smaller beets) and possibly to the more erect 

leaves that can use light more efficiently than the more horizontal 

leaves obtained with wider rows. These concepts are supported by other 

researchers.

Root yields and sugar content were generally lower in 1970 than in 

1969 because of the shorter growth period in 1970 (164 days in 1969 vs 

144 days in. 1970), On the other hand, late planting in 1970 adversely 

affected the photosynthesis attained in the period from June I to July 

10. The ’'Maximum photosynthesis possible” for this period was calculat­

ed by Campbell and Viets (8) to be 17.6 tons per hectare (7.3 T/A).

Most of this photosynthetic potential was lost since plants were too 

small to intercept light efficiently.

Growing barley or corn, in alternate rows with beets decreased 

sugar beet yields in both yeass (Table 5). Percent reductions in yield 

of beets were 65 and 62 when corn or barley respectively were grown
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Table 3„ A summary of the analyses of variance for the intercropped sugar beet 
_______ experiments at Huntleya Montana in 1969 and 1970» _________
Source of Root Yield Top Yield % Sugar
Variation DF 1969 1970 1969 1970 1969 1970

Reps 3

Spacing (A) 3 * ** ** #* * .NS

Error (a) 9
Interseeded 
Crops (B) 3 ** ** ** ** * *

A x B 9 * ** * '** NS **

Error (b) 36

Total 63
* Significant at =05 level Table continued. . .
** Significant at „01 level

iNDNDfl



Table 3» (continued)

Source of. Leaves i
% N 

Roots
7= P

Leaves
7= P 

Roots
7» K 

Leaves
% K

Roots
Variation DF 1969 1970 1969: 1970 1969 1970 196911970 1969 1970 196911970

Rena 3

Spacing (A) 3 NS NS ** NS NS NS it it NS NS NS it

Error (a) 9
- - -

InterseecJed 
Crops (B) 3 ** ** ** ** ** ** ** NS NS NS itit NS

A x B 9 * NS ** NS ** NS icit NS ** NS * NS

Error (b) 36 -

Total 63
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Table 4. The effect of row spacing and intercrops on sugar beet yield 
_____ and sugar content at Huntley, Montana in 1969 and 1970.

Averages
Sngar Beets

Row Yield (T/A) ~ (Fresh W t . Basis)
Spac “ ■ Pure Stand W /Beans W/Barley W /Com
ing 1969 1970 1969 1970 1969. 1970 1969 1970

11" 27 .37a* 16.36a 25.88a 10.75a 9.76b 6.40b 8.94b 1.23b

16.5" 25.83a 14.50ab 15.82b 11.16a 15.10a 9.65a 8 .46b 4.30a

22" 25.54a 14«14ab 22.59a 10.15a 17.78a 9.43a 14.89a 4.84a

33" 24.58a 12.49b 16.22b 8.11a 16.50a 8.60ab ;12.02ab 6.81a

Row Percent Sugar ■- (Fresh Roots)
Spac ” Pure Stand W /Beans W/Barley W /Corn
ing 1969 1970 1969 1970 1969 1970 1969 1970

11" 16.45a 13.20a 15.47a 12.12a 14.86a 11.95a 15.25a 5.90b

16.5” 15.37ab 12.90a 15.IOab 12.35a 14.25ab 11.70a 13.37b 12.02a

22" 15.00b 12.47a 14.45be 11.87a 15.40a 12.25a 14.47ab 12.50a

33" :14487b 11.70a 13.82c 10.92a 12.65b 11.60a 14.12ab 11.52a
AvJcJcI I I o  JLU UUfes ©cUUfei u u - L u a u i l  J0U i iU W f e s v i  u y  k i& c  o c tu ic s  a t e

significantly different at the ,05 level according to Duncan's 
New Multiple Range Test.
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between 22-inch beet rows resulting in 11" spacings between adjacent 

rows in 1969. Beans were not competitive. When beans, barley or corn 

were grown between 33-inch beet rows resulting in 16.5" spacings be­

tween adjacent rows, percent reductions were 36, 39 or 66 respectively 

in 1969. C o m  was most competitive followed by barley and beans (Fig­

ure Is 2). The same trend continued in 1970 with greater reductions in 

sugar beet yields (Table 5 and Figure Is 2). • Percent sugar was not sig­

nificantly affected by intercrops.

These results can be partially explained by the greater competition 

of the taller intercrops for light. Both c o m  and barley are tall 

crops. Heights of corn varied from 128. to 163 cm in different row spac­

ings and barley height ranged from 87 to 96 cm, while sugar beets rang­

ed from 30 to 55 cm and bean heights were from 20 to 30 cm. When sugar 

beets and corn were grown together with 11" or 22" row spacings, light 

measurements showed that 6% or 26% of full sunlight was falling on the 

top of the sugar beet canopy while only 4% or 6% of full sunlight pene­

trated through the canopy in the rows at solar noon (12:45 PM) on Aug­

ust 24, 1970 (Table 6). At this same time when beets and barley were 

grown in alternate rows at 11" and 22" spacingss light reaching the top 

of the beet canopy was 89% and 94% while at the bottom canopies pene­

tration was 6% and 10% respectively. Beans planted with sugar beets 

had little effect on the light reaching the beet canopy. C o m  inter­

cepted more light than the barley on every date measured (Table 6).



Table 5. The effect of the competition of beans3 barley and c o m  upon the yield 
and sugar content of sugar beets at Huntleys Montana, 1969-1970,

U

Treatments
S. Beet Yield

Reduc 
in Y:

stion
.eld % Sugar

■ 1969 1969 1970 1969 . 1970

Sugar beets, 22" spacing alone 25,54a* 14.14a 15.00a 12.47a
t f tl i t 11 beans between rows 25.88a -IOdBb 101 24 15.47a 12.12a
I t 11 t i 11 " barley n 11 9.76b 6t48e 62 55 14.80a 11,95a
I ! 11 i t 11 corn tl 11 : 8.94b 1:23d ; 65 91' 15.25a 11.80a

„ .

Sugar beetss, 33" spacing alone 24.58a 12.49a 14.87a
.

11.70a

Y rt i f beans between rows 15.82b 11.16a 36 11 15.10a 12.35a
t> n i t 11 barley tl I t 15.10b 9.65a 39 23 14.25a 11.70a
Tt u M 11 corn 11 11 8.46c 4.30b 66 66 13.37a 12.02a

* Means.in the same column followed by the same letter are not significantly 
different at the .05 level according to Duncan’s Mew Multiple Range Test.
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Sugarbeets aloneYield
T/A Sugarbeets w/beans 

Sugarbeets w/barley 
Sugarbeets w/corn

26

20 _

10 -

Spacing

Figure I. The effects of intercrops on sugar beet yield at 
Huntley, Montana in 1969.
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Yield
T/A

Sugarbeets alone

Sugarbeets w/beans

Sugarbeets w/barley

Sugarbeets w/corn

Spacing
Figure 2„ The effects of intercrops on sugar beet yield at 

Huntley, Montana in 1970.
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Table 6. The percentage of incident radiation penetrating to
the top and the bottom of the sugar canopy when 
grown with a companion crop at 2 spacings at Huntley, 
Montana in 1970„ ___

Dates

% of Light Penetration
At the.top of canopy

Aug,, 24
22"

Sept. 3 Sept,, 16
Spacings 11" 11" 22" 11" 22"
Crops

8:00 AM
Pure Stand 100 100 100 100 100 100
W /beans 100 100 100 100 loo 100
W /barley 47 94 100 100 89 100
W /corn 10 85 14 78 8 31

10:00 AM
Pure Stand 100 100 100 100 100 100
W/beans 100 100 100 100 100 100
W /barley 89 96 83 100 99 100
W /corn 74 64 7 76 16 58

12:45 PM
(Solar Noon)
Pure Stand 100 100 100 100 " 100 100
W/beans 100 99 100 100 100 100
W /barley 89 .94 91 100 89 100
W /corn 6 26 6 63 7 67

3:00 PM
Pure Stand 100 100 100 100 100 10Q
W/beans 94 96 100 100 100 100
W /barley 27 92 63 100 92 100
W/cofn 7 59 11 36 11 26

5:00 PM
Pure Stand 100 100 100 , 100
W/beans 90 90 100 100
W /barley 68 90 84 . 100
W/eorn 4 79 20 32

Table continued. » .

I
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Table 6. (continued)

Dates

% of Light Penetration
At the bottom of canopy

Aug. 24 Sept. 3 Sept. 16
Spacinss 11" 22" 11" 22" 11" 22"
Crops
8:00 AM

Pure Stand 4 9 I 10 I I
W /beans 9 15 5 14 I 8
W /barley 4 13 5 10 4 4
W /corn 3 3 5 5 4 - I

10:00 AM
Pure Stand 3 10 3 5 I 4
W /beans 5 8 16 9 4 8
W/barley 5 14 7 7 6 8
W/corn 4 5 5 3 4 4

12:45 PM
(Solar Noon)
Pure Stand 8 19 4 6 2 6
W/beans 48 .49 12 23 2 9
W/barley 6 10 12 27 4 34
W /corn 4 6 4 6 2 4

3:00 PM
, Pure Stand 5 32 3 5 5 5
W/beans 5 9 7 9 5 7
W /barley 5 .9 9 13 5 7
W/corn 5 7 7 6 7 3

5:00 PM
Pure Stand 4 4 I I
W/beans 4 11 8 7
W/barley 4 8 I 6
W /corn 8 . 8 2 I
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Yield reductions of beets may be explained by the temperature in
Ibeet canopieso Air temperatures in canopies.of intercropped sugar 

beets are higher than the air temperature of pure stand beet canopies 

for both 11 and 22-inch rows (Table 7) at solar noon, As a result, re­

duction in yield might be explained by reduction of light from the 

shading of tall crops and by increase in air temperatures of inter- 

seeded beets in comparison with pure stand beets,

2, Leaf to Root Ratio

When the light intensity falling on the sugar beef canopy was re­

duced by intercrops, the overall growth rate decreased but root growth 

was decreased more than leaf growth, resulting in higher leaf to root 

ratios .2,55s 1.97, 1.56 and 1.11 when sugar beets were planted with 

barley, com, alone, and with beans respectively in 1969. In 1970 the 

trend differed slightly from 1969. Sugar beets planted with c o m  gave 

a leaf to root ratio of 1.60; with beans 1.44; with barley 1.41 and for 

sugar beets alone 1.32* The different trends between 1969 and 1970 

might be partially explained by weather conditions in 1970 (after 

planting) which were favorable for the warm season crops c o m  and beans. 
Therefore, c o m  and beans were more competitive than the barley, As a 

result, sugar beet root growth was slower than the leaf growth giving 

higher leaf to root ratios in both years.
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3, The Effect of Intercrops on the Nitrogen9 Phosphorus and 

Potassium Content of the Leaves and Roots of Sugar Beets

The analysis of variance of the effect of intercropping upon per­

centages of N s P 9 and K in the leaves and roots of sugar beets are pre­

sented in Table 3.

Shading reduces growth but increases nitrogen and phosphorus con­

tent of the leaves and roots of sugar beets» There were no significant 

differences in potassium content in either leaves or roots in 1969 or 

in the roots in 1970/i- W 9 P 9 and K levels were higher in leaves than in 

roots (Table 8).

When intercropped c o m  or barley reduced the light intensity at 

the top of the beet canopy 9 nitrogen and phosphorus content increased 

in the leaves and roots of beets in 1970. The trend was different in 

1969 than in.1970 for percent nitrogen in leaves and roots, and percent 

potassium in leaves. This was probably due to a significant inter­

action of spacings with intercrops (Table 9). Nitrogen content of 

sugar beets intercropped with c o m  and barley increased as the spacing 

was- increased (Figure 3). Explanation could be that early in the 

season corn and barley, shaded the■sugar beets» The accumulation of 

nitrogen was increased in the . sugar beet leaves after corn and barley 

were harvested, especially in wide rows since they received more light 

than.in narrow rows. Another reason could be such that shading reduced 

carbohydrate production but mineral uptake was adequate as shown by the
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Table 7. Comparison of the temperature in the canopies 
of interseeded sugar beets with that in. the 
pure stand grown at two row spacings, on three

_______ different dates at Huntleyy Kantana in 1970.
OC

11» 22»
8/24 9/3 9/16 8/24 9/3 9/16

9:00 AM
So Beets 17 20.5 13 17 20.5 13
W/Beans 23 23 21.5 29 23 14
W/Cpm 31 22 18 29 22 11
W/Barley 31 23.5 22 24 21.5 14

IlsOO AM
So Beets 24 22 23.5 24 22 23.5
W/Beans 24 25 25 28 24 23
W/Com 28 24.5 25.5 28 21 23
W/Barley 25 24.5 22 29 24.5 23

1:00 PM
S. Beets 28.5 25 22.5 28.5 25 22.5
W/Beans 30 27 25.5 31 28.5 24
W /Corn 29 25 24 30 24 22
W /Barley 31 26,5 24.5 32 28 24.5

3:00 PM
So Beets 29.5 24.5 21 29.5 24.5 21
W/Beans 29.5 24 22 .31 32.5 22
W/Corn 28 25 21 . 31 25..5 22,5
W/Barley 30 26 22 34 26.5 22.5

5:00 PM
S. Beets 29 24 19 29 24 .19
W/Beans 29.5 25 18 31 30 19.5
W/Com 28 24 20 30 24 19.5
W/Barley 30 25 19 30 25 19
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Table 8« The average nitrogen, phosphorus and potassium content
in the leaves and roots of interseeded sugar beets at 
Huntley, Montana, in 1969-1970._____________ ___ ______

% N % P %-K
1969 1970 1969 1970 1969 1970

Sugar Beet Leaves

Sugar Beefs alone 2.54a* 3.17c .25b .23b NS NS

W /Barley 2.04b 3.63a .29a # 27 b .NS NS

W/Com 2.55a 3.65a .28a .26a NS NS

W /Beans 2.42a 3.44b .29a .23b NS NS

Sugar Beet Roots % N % P % K

Sugar Beets alone .72b 1.29c ,13d NS .83b NS

W/Barley .73b 1.39 b .18b NS ,93b NS

W /Corn .70b 1.59a .21a NS I o 04a NS

W/Beans .80a 1,42b .17c NS 1.11a NS

* Means in the same column followed by the same letter are not 
significantly different at the .05 level according-to Dunean8S 
New Multiple Range Test..
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higher percentage of N s P and K in the leaves.

Higher nitrogen in the leaves and roots of beets inversely affect­

ed the sugar content of beets in 1970 (Table 10). This was less evi­

dent in 1969. Decrease in sugar content with increasing nitrogen can 

be seen when we compare the nitrogen content in 1969 and 1970 with 

sugar content of these years (Table 10), In 1969 there was a lower 

plant nitrogen content and higher sugar content than observed in 1970. 

B. The Effect of Row Spacing and Sugar Beets on Interseeded Crops

The analysis of variance of the data shows that in both years, 

highly significant yield differences occurred among spacings for corn 

and barley. Planting interseeded crops with sugar beets also affected 

the yield of interseeded crops (Table 11).

Yield of barley or corn planted in alternate rows with sugar beets 

decreased gradually as the row spacing increased from 11" to 33" (Table 

12). Bean yields were not affected by increased row spacing. Nhen 

sugar beets were planted with barley in alternate rows, barley yields 

were not affected in 22 and 33" spacings in both years (Table 13).

C o m  yields were reduced 397, in 1969 and 15% in 1970 by intercropped 

sugar beets in 22". spacing while 14% and 10% in 33" spacing. Beets re­

duced bean yields the most (94% in 1969 at 22" spacing, 67% in 1970 at 

33" spacing). Bean.yield, however, increased in both spacings in 1970. 

Competition for light could probably explain the relative competitive­

ness of the different intercrops. Barley and c o m  were tall enough to



Table 9. The nitrogen content of sugar beets grown with
_______ barley, corn and beans at Huntleya Montana in 1970.

' ________ CROPS
_S. Beets S» Beets S. Beets S, Beets

Spacing Alone W/Barley M /Com W /Beans Average

11?' 2.33 1,84 2.37 2.15 2*17
16,5” 2.61 1.98 2.90 2.39 2.47

22” 2.75 1.67 2.54 2,47 2̂ 36
33" 2.48 2.66 2.39 2.66 2.55

Average 2.54a* 2.04b 2.55a 2.42a
* Means in the same column, followed by the same letter are 

not significantly different at the .05 level according to 
Duncan’s New Multiple Range Test.
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Sugarbeets alone

. . Sugarbeets w/beans

_____ Sugarbeets w/barley

_____  Sugarbeets w/corn

Spacings

Figure 3. The interacting effects of spacing and intercrops 
on percent nitrogen of sugarbeets at Huntley, 
Montana in 1970.



Table 10. The relationship between nitrogen content of sugar beet 
roots and leaves arid sugar content of sugar beets grown at 
Huntley, Montana in 1 9 6 9 - 1 9 7 0 . ________________________

1969 1970
% N % Sugar % N % Sugar

Leaves Roots Leaves Roots

Sugar Beets alone 2.54a* .72b 15.42a 3.17c 1.29c 12,57a

W /Barley 2.04b .73b 14.27b 3.63a 1.39bc 11.87a

W /Corn 2.55a .70b 14.31b 3.65a 1.59a 10.49b

W /Beans 2.42a .80a 14.71b 3.44b 1.42b 11.82a

* Means in the same column followed by the same letter are not 
significantly different at the .05 level according to Duncan's 
New Multiple Range Test.
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Table 11» A summary of the analyses of variance of sugar beet inter- 
___________ cropping experiment at Huntley, Montana, in 1969-1970._____

Yield Percent Nitrogen I
Barley Corn Beans Barley ■ C o m Beans I

Source DF 1969 1970 1969 11970 1969 1970 j1969 1970 1969 1970 1969 1970

Reps 3
Spac­
ing (A) 3 ieie ** ** ** NS NS NS NS A* NS NS AA
Error
(a) 9
Inter­
crop 
Compet­
ition 
+ or - 
(B) I ** ** A* ie-k AA ** NS NS ** NS AA NS

A x B 3 NS NS NS NS NS NS NS NS NS NS NS NS
Error
(b) 12

Total 31
Table continued. » .
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Table I (continued)
Percent Phosphorus Percent Potassium

Barley Corn : . Beans Barley Corn Beans
Source rBF 1969 [197'0 1969 11970 1969. 1970 1969 1970 1969 1970 1969 1970

Reps 3
Spac­
ing (A) 3 NS NS NS NS NS NS NS * NS NS NS
Error
(a) 9
Inter=? 
crop 
Compet­
ition 
+ or - 
(B) I ** NS ** NS NS NS NS ** ** NS ** NS

A x B 3 NS NS NS NS NS NS NS NS NS NS NS NS
Error
(b) 12

Total 31



Table 12. The effect of sugar beets on the average yield of barley.
corn or beans planted in alternate rows with sugar beets 
at Huntley, Montana, in 1969-1970._______________________

Averages T/A
Barley Corn Beans

1969 1970 1969 1970 1969 1970

11" 1.72a* 1.07a 23.70a 19.40a .45a .68a

16.5" 1.57a .78b 23.60b 17.95b . 68a .41a

22" 1.28b ..65be 16.80d 16.57c .50a .54a

33" 1.05c .49c 17.17c 12.84d .55a .48a
* Means in the same column followed by the same letter are not

significantly different at the .05 level according to Duncan”s 
New Multiple Eange Test.
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Table 13. The competitive effect of sugar beets upon the yield of 
_________ barley, c o m  and beans in 1969-1970, at Huntley, Montana.

Treatment
Yield (T/A)

% Yield 
Reduction

1969 1970 1969 . 1970

Barley 22" spacing alone
I11 fl n S. beet's between. rows

1.56 ,89

1.66 .90
Corn 22" spacing alone 

" " " S. beets between rjows

23.7 20.3'

14.62 17.4 . 39 15

Beans 22" spacing alone

" " " S. beets between rows

,77 3.5

.05 .5,0 94

Barley 33" spacing alone

M " " S» beets between rowsy

1.29 .62

1.35 .62
Corn 33" spacing alone 

" " " 3« beets between tows

22,5 Is.5
19.5 15.0 14 10

Beans 33" spacing alone

" " " ■S. beets between rows

.7.4' 4.0 I

.25 6.0 67
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coinpete for light while beans were shaded more by sugar beets in 1969, 

while in 1970 the sugar beets and beans were planted on the same date. 

The Effect of Sugar Beets on the Composition of Barley, Corn, or Beans

Spacing significantly affected the composition of intercropped 

corn plants in 1969 (Table 11). But these plant spacings did not 

affect the % N in barley or the % P in beans. In the 1969 experiment9 

percent nitrogen in corn increased with increasing spacing and ranged 

from .97% to 1.18% (Table 14). Table 14 shows that planting sugar 

beets with corn in alternate rows decreased % N from an "intermediate 

range" (1.15%) to a "low range" (1.02%) (Hanway 21). Percent N in corn 

was in the "low range" for 11" and 16.5" spacings and in the "intermed­

iate range" for 22" and 33" in 1969. This suggests that percent yield 

reduction in corn plants came from a strong competition for nitrogen by 

the sugar beets. In 1970, with late planting, neither spacing nor 

intercrop affected the nitrogen composition of corn (Table 15).

Percent phosphorus in corn decreased with increasing spacing in 

1969 but when corn was grown with beets in alternate rows, the percent 

phosphorus in corn increased (Table 14). I n  1970, no significant 

effect was found (Table 15). The same trend was found for the effect 

of spacing on the percent potassium in corn in 1969 but corn potassium 

content decreased when beets were planted between the corn rows.

The effect of spacing on the nitrogen content of beans was varia­

ble in 1970 and nonexistent in 1969. Nitrogen content decreased froni
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Table 14. Average nitrogen, phosphorus and potassium content of
barley, c o m  and beans planted with sugar beets in differ- 

________  ent spacings at Huntley, Montana, in 1969.________ ______
Averages

Spac­
ing

: % N CD.M.) I- • %-P (D.M.) % K (D.M.)

; Barley C o m  I Beans
Bar­
ley ComlBeans

Bar-1
ley I C o m Beans

11" 1.94a* .97d 3.97a . 24a .21a .42a ,51a 1.25a 1.89a

16.5" 2«01,3, 1.06bc 3.94a .25a .18b o A03 .48a 1.13a 1.95a

22" 2.07a I.12ac 3.94a .26a ' .18b .40a .48a 1.08b 1.96a
33" 1,95a 1.18a 3.97a .29a .18b .41a .54a .98b 1.95a

Inter-
seeded
Crops

I

Alone 2.00a 1.15a 4.10a . 27a .17b .40a I .50a I 1.21a 1.91b
W/
Sugar
Beets :1.99a 1.02b 3.81b ,24b ; .20a I .41a . .51aI. 1.01b 1.97a
* Means in the same column followed by the same letter are not 

significantly different at the .05 level according to Duncan1s
• New Multiple Range Test.
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Table 15» Average nitrogen^ phosphorus and potassium content of 
barley, corn, and beans planted with sugar beets in 

___________ different spacings at Huntley, Montana, in 1970._____
Averages

Spac­
ings

% N % P 6 7» K

Barley Corn Beans
Bar­
ley _ Corn Beans

Bar­
ley Corn 8 Beans

11" 12.44a* 1.19a 3.92a .3 5a .19a .36a .53a 1.27a 1.61a

16.5" 2.53a 1.23a 3.88ab .37a .19a .36a .59a 1.20a 1.64a

22" 2»52ci 1.18a 3.77b .38a .20a .34a .59a 1.22a 1.63a

33" 2.58a 1.21a 4.00a .39a .20a .36a .59a 1.20a 1.71a

Crops:

Alone
----- 1--;----
2.54a I 1,20a 3.94a .38a .20a o 35a .55b 1.24a 1.62a

W/
Sugar
Beets 2.50a 1.20a 3.85a .37a .20a .36a .59a 1.20a I 1.68a
* Means in the same column followed by the same letter are not

significantly different at the .05 level according to Duncan8S
New Multiple Range Test.
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4.10 to 3.81 when beets were planted with beans in 1969, but no changes 

occurred in 1970 (Table 14 and 15).

Explanation of these results would require the use of different 

fertilizer rates, the calculation of the interactions of N, P 5 and K, 

determination of purity, as well as the sugar content of beets, etc.

I am interested in pursuing this in order to obtain a better under­

standing of the physiology of sugar beets.

II. Alternate VS Paired Rows Experiment

The presence of interseeded crops significantly affected sugar 

beet yields but percent sugar was not affected (Table 16). Spacing, on 

the other hand, affected percent sugar but not beet yield (Table 16).

Planting corn or barley in alternate rows with beets at 11" spac- 

ings decreased beet yield significantly but beans in alternate rows 

did not affect beet yield (Table 17). Planting intercrops of barley or 

corn in alternate paired rows also decreased beet yields, but beans had 

no significant effect (Table 17). Yield reductions of beets planted in 

alternate single or alternate paired rows with barley or beans were the 

same (not significantly different) but corn reduced beet yield more in 

alternate paired rows than in alternate single rows (Table 17). Since 

c o m  is taller than barley, reduction In light intensity is more with 

corn than with barley with a narrow row spacing (ll"). With inter­

cropped beets planted in the same arrangement but with 22" row spacings 

yields were again reduced (Table 17). Corn, in a 22" spacing, reduced
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Table 16. Analyses of variance for root yield and
sugar content of sugar beets relative to 
alternate vs paired rows in 1969.

Source D. F . Yield % Sugar

Reps, _ 3

Spacing (A) I . NS Vf*

Error (a) 3
“ -

Crops (B) 6 ** NS

A x B 6 Vw',' NS

Error (b) 36

Total 55
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Table 17. Yield of sugar beets when planted with beans, corn or 
barley in alternate.single of alternate paired rows in 

______ two row spacings at Huntley, Montana in 1969._______ _
Mean Yields (Tbns/Acre)

Row Spacing
Treatment 11" 22"

Sugar beets alone 28.24a* 26,87a

M /beans (alternate single) 25.66a 22.78b

W /corn ; " ” 18.26b / 18.22cd

W /barley " " 11.85c 20.20c

W/beans (alternate paired) 25.88a 19.42c

W /corn " , " 13.10c 14.40e

W /barley !' " 14.38bc 16.63de

* Means in the same column followed by the same letter are not
significantly different at the .05 level according to Duncan's
New Multipie Range Test,
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Table 18. Sugar content of beets when planted with beans, corn,
or barley in alternate.single or alternate paired rows 
in too row spacings at Huntley, Montana, in 1969.

Means (% Sugar)
Row Spacings

Treatment 11" 22"
Sugar beets alone 16.38a* 16.62a

W /beans (alternate single) 16.88a 15-4Oab

W /corn " " .16.35a 15.13b

W /barley " " 16.08a 15.78ab

W /beans (alternate paired) 16,48a 15.13b

W /com ?1 " 16.18a I5.SOab

W /barley " " 16.30a 15.35ab

* Means in the same column followed by the same letter are not
significantly different at the .05 leyel according to Duncan's
New Multiple Range Test.
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beet yield more than barley and beans in both alternate single and 

alternate paired rows.

Percent sugar was not affected by intercrops in either alternate 

or paired rows with 11" row spacing. Some intercrops in 22" row spac- 

ings, however, affected sugar content (Table 18). Planting beets in 

alternate single rows with corn significantly reduced sugar content 

(Table 18) (16.62% vs 15.137=) 9 but other interseeded crops did not 

affect sugar content. On the other hand, planting beets in alternate 

paired rows with beans also reduced sugar content but barley and c o m  

did not affect the sugar content (Table 18). C o m  in alternate rows 

with beets shaded the beets and this probably caused low carbohydrate 

accumulation in the beets. Percent nitrogen content in the beet roots 

was highest in beets when planted with beans in 1969 (Table 8). Beans 

do not compete as vigorously with beets for nitrogen as other inter­

crops since beans can fix atmospheric nitrogen. This higher hitrogen 

resulted in lower sugar percentages. This inverse relationship between 

nitrogen and sugar content has been established by many researchers.

The influence of beets on the yield of barley, corn, and beans is 

shown in Table 19. The beets had the greatest effect on the yield of 

beans in 11" spacing. At a 22" spacing, sugar beet competition reduced 

the yield of beans, c o m  and barley. In alternate single and alternate 

paired rows, yield of beans, c o m  and barley were significantly lower 

than the pure stand of beans, c o m  and barley (Table 19). This reduct­
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ion of yield was more pronounced for beans. The competitive effect of 

the beets upon the beans could probably be attributed to the greater 

competition for light. Beets were 30 cm taller than beans and inter­

cepted more light than beans in narrow spacing (11”)» Reduction of 

corn yield by sugar beets was probably due to nitrogen deficiencies 

which occurred in c o m  in both spacings being more pronounced in narrow 

rows. This deficiency of nitrogen contributed to the reduced yield of 

corn in both alternate single and alternate paired rows.

Reduction in the yield of barley by beets was not significant in 

alternate single rows at IlV Spaeing3 but it was in alternate paired 

rows. At 22” .spacing, reduction in barley yield was significant for 

both alternate single and alternate paired rows. This result could 

also be explained in deficiency of phosphorus for barley (Table 14),

111. Shading Experiment

A. The Effect of Shading on the Yield and Sugar Content of Beets

Calculated F values for shading treatments are presented in Table 

20. Shading markedly reduced the average yield of sugar beet's and per­

cent sugar in both 1969 and 1970 (Table 21). A 92% reduction in light 

intensity reduced the yield and percent sugar more than the lowest 

level of shading (51%) or full daylight but the differences between the 

highest and second highest (92 and 76%) levels of shading was not sig­

nificant (Table 21). The same pattern was found for percent sugar both 

years but not for yield data since the highest shading of 1970 gave



Table 19. Yield of beans, c o m  and barley when planted with
sugar beets in alternate single or alternate paired 
rows with different spacings at Huntley, Montana,,

________ in 1969.________________________________  ■ _____
Yield - Means (T/A) ■

Row Spacings
Crops ' IlV 22"

Beans alone .860a* .560a

W/sugar beets (alternate single) .090b .140b

W/ r’ " ( ” paired) .060b .100 b

Corn dlone 32.85a 19.57a

W/sugar beets (alternate single) 8.98b 8,45b

W/ " ” ( ” paired) 5.75b 5.25b

Barley alone 1.79a 1.58a

W/sugar beets (alternate single) I.64ab
/

,87b

W/ " n ( n paired) 1.16b <;84b

* Means in the same .Column followed by the same letter are
not significantly different at the .05 level according to
Duncan1s New Multiple Range Test.
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Table 20. A. summary of the analyses of variance of the sugar beet shading experiment

Yield "
%. H . 

Leaves
% N 

Roots
% P

Leaves
% P 

Roots
Jo K 

Leaves
% K 

Roots ; 7= Sugar .
DF 1969 1970 1969 1970: ,1969 1970 1969 1970 1969 197.0 1969 1970 1969 1970 1969 1970

Reps 3
*Treat­

ment 3 ** ** * **
no
data ** ** * ** ** NS -ki; **

Error 9
' " - - - -

Total 15 I'* Significant at =05 level
** Significant at =01 level

LnW



Table 21. The effect of three degrees of shading upon the yield
and sugar content of sugar beets grown at Huntley, 
Montana, 1969-1970. (Tons fresh weight/Acre) ._____

Root Yield Top Yield % Sugar
Treatments 1969 1970 1969 1970 1969 1970

0% Shade 27.68a* 12.10a 17.23a 17.97a 16.10a 12.52a

51% Shade 15.96b 6 .46b 17.80a 16.19a 14.9Oab 12.07ab

76% Shade 11.87c 3.75c 15.52a 12.25b IA.. SQbc ll.SObc

92% Shade 9.46c 2.27d 11.30b 7.94c 13.18c 11.05c
* Means in the same column followed by the same letter are not 

significantly different at the .05 level according to Duncan's 
New Multiple Range Test.
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significantly lower yields than the other treatments while in 1969 the 

yield with the highest and second highest shade levels did not differ.

On the other hand, increased shading markedly reduced the yields of beet 

tops in 1970 but in 1969 only the highest level of shading affected 

above ground beet yields significantly (Table 21).

When the light intensity was reduced, the overall growth rate de­

creased but root growth was decreased more than leaf growth resulting 

in a higher leaf to root ratio (Table 22). These results could be 

attributed to the reduction of light intensity. Sugar beet is a helio- 

pbyte (sun plant, it requires light for normal development)(48). Shad­

ing affected soil and air temperatures within the beet canopies (Table 

23). Air temperature under the shade cloths above the beet canopies on 

August 24, 1970 were 37.5, 31.5, 28, and 28 G when shaded 92, 76, 51 

and 0% respectively. The corresponding soil temperatures at a 4" depth 

were 23, 19, 19, and 20 C. Increased temperatures, both air and soil, 

should adversely affect the growth of beets since beets are considered a 

cool climate crop (49). Sugar accumulation was also inversely related 

to temperature (Ulrich et al. 44). Shortening the length of growing 

period (164 days in 1969 vs 144 days in 1970), reduced the yield of 

roots and tops of beets in 1970. This reduction was not obtained in 

the 1969 experiment. Beets continue uptake of GOg and fix it in the 

shade at slower rate in 1969. A higher yield of beets in 1969 than 

1970 could be evidence of this.
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Table 22» The effect of shading upon the top/root
ratio of sugar 
Montana, 1969-

beets grown 
1970.

at Huntley,

Top - RatioRoot

Treatments 1969 1970

(4) Full sunlight (100) 0.62 1.48

a) 51% Shade 1.11 2.51

(2) 76% Shade . 1.30 3.26

(3) 92% Shade 1.20 3.50

c
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Table 23 - Air and soil temperatures recorded in shading
__________  experiment'at Huntley, Montana in 1970,_______

Temperatures in the 
Time canopies of sugar
and beets Soil temperatures £
treatment 8/24 9/3 9/16 8/24 9/3 9/16
9:00 AM 
0% shade 16.5 22.5 21.0 20.5 19.0 17.0

51% shade 21.5 22.5 21.0 23,0 17.0 16.0
76%, shade 25.0 21.0 22.0 25.0 18.0 18.0
92% shade 27.0 28.0 25.0 29.5 19.0 19.0

11:00 AM
0% shade 20.0 22.5 21.5 20.5 18.0 18.0

51% shade 24.0 31.0 21.0 22.0 16.0 17.0
76% shade 29.0 25.5 23.0 25,0 16.5 19.0
92% shade 29.0 32.5 25.5 28.0 19.0 1 20.0

1:00 PM
0% shade 28.0 23.5 22.0 -20.0 17.5 15.0

51% shade 28.0 23.5 21.0 19.0 15.5 15.0
76% shade 31.5 24.0 21,0 19.0 16.5 15.0
92% shade 37.5 24.0 21.5 23.0 18.5 15.0

3:00 PM ■ ' * "
0% shade 22.0 24.0 21.0 ' 20.5 18.0 17.0

51% shade 24.0 22.0 21.0 24.0 16.5 15.0
76% shade 24.0 •23.0 22.0 '25.5 17.0 15.0
94% shade 30.0 25.0 22.5 30.0 19.0 15.0

5:00 PM
0% shade 22.0 28.0 19.0 21.0 20.0 16.0

51% shade 24.0 27,0 17.0 24,5 19.0 14.0
76% shade 24:5 28.0 17.0 25.0 21.0 14.5
93% shade 31.0 29.0 17.5 30.0 . 21.0 15,5

(4")

3
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The lower top : root ratio in 1969 than in 1970 resulted from more
■ ' - 'root growth in 1969 with.the longer growing period.

B. The Effect of Shading on Nitrogen, Phosphorus and Potassium Content 

of Sugar Beets

The analysis of variance values for nutrient components are pres­

ented in Table 20.

Reduced light intensity significantly affected the percentage of 

N 9 P 9 and K in leaves and roots of sugar beets both years (Table 24). 

Figure 4 shows the relationships between percent N 9 P 9 and K and the 

shading treatments. The N 9 P and K contents of leaves and roots are 

higher with lower light intensities. These effects of shading were 

more pronounced in the leaves.

Averages of percent N in the leaves were higher in 1970 than 1969 

(Table 24) and.% phosphorus was the same both years. Nutrient composi­

tion (N and K) increased with reduced light intensity in both, leaves 

and roots. Percent K increased with shading in 1970. In. 1969 % K in 

roots was increased by shading but the opposite was true.for leaves.

The inverse relationships between nitrogen and sugar content of 

the roots can be seen in Figure 5 and Table 25.

These results could be attributed to the accumulation of sugar in 

the roots when the quantity of carbohydrates produced by the leaves 

exceeds that required for respiration and growth. Shading reduced the 

light intensity falling on some leaves below light saturation and some

I

0



Table 24. The effect of shading upon the nitrogen, phosphorus and
potassium content of sugar beet leaves and roots at Huntley,

% N (Leaves) % N (Roots) % P (Leaves) ' % P (Roots) j
Treatments 1969 1970. 1969 1970. 1969 1970. 1969 1970

0% Shade 1.99b* 3.17c no 1.26b • 21d .22c .16a .16b

51% " 2.23a 3.34b data 1.39b .31c .29b .15a .19b— ---------
76% " 2.33a 3.37b 1.30b .32b .32ab .13b .19b

92% " 2.56a 3.55a 1.79a .36a .36a .lie ■ # 27a
etter are not* Means in the .same column followed by the same

significantly different at the .05 level according to Duncan's New 
Multiple Eange Test.

Table continued



Table 24. (continued)
. % K (Leaves) % K (Roots)

Treatments 1969 . 1970 1969 „ 1970

0% Shade 3.15a 1.77c .94c 1.27c

51% " 2.81b 2.52b 1.00b 1.57be

76% " 2.61b 2.85ab 1.07b 1.78b

92% " 2.17c 3.19a 1.26a 2.66a I
* Means in the same column followed by the 7 

same letter are not■significantly different 
at the .05 level according to Duncan’s New 
Multiple Range Test.

}
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7. Shade
Figure 4. Effects of shading on N, P, and K content 

leaves of sugar beets

(19 70)

(1970)

(19 69)

(1969)

P (1969) 
P (1970)

in the
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7» Nitrogen

7o Sugar

2.0 .

70 Shade

Figure 5. Nitrogen and sugar relationships in the roots with 
different light intensities in 1969 and 1970.

7> 
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Table 25. The relationships between nitrogen and 
sugar contents (percentages) of the 
sugar beet roots as affected by. differ­
ent levels of shading at Huntley,
Montana, in 1969-!L970.

Treatments
7= N (Leaves) 7= Sugar I
1969. 1970 1969 1970 I

0% Shade 1.99b* 3.17c 16.10a 12.52a I
517= " 2.23a 3 = 34b 14.90ab I 12.07ab

767= " 2.33a 3.37b 14.50bc ll.SObc

92% " 2.56a 3.55a 13.18c 11.05c I
* Means in the same column followed by the same 

letter are not significantly different at the 
.05 level according to Duncan”s New Multiple 
Bange Test.
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leaves were below the compensation point (same as c o m  shaded beets in 

interseeded experiment). Therefore, accumulation of sugar by the roots 

was reduced but the carbohydrates allowed growth and development of 

sugar beetso On the other hand, early in the season adequate light and 

soil nitrogen prompted rapid establishment of the top growth (a large 

leaf area) before the shade cloth was applied (or before c o m  shaded 

beets)» After application of shade cloths the top growth slowed down 

but root uptake of nutrients was not reduced proportionately resulting 

in high N, P 9 and K contents. High nitrogen could stimulate the top 

growth and thus cause beets to remain vegetative and thereby delay 

sugar accumulation by the roots. This would result in higher leaf toi
root ratio. Maximum sucrose accumulation is expected with low tempera­

tures and nitrogen deficiency (Ulrich et al. 44). Under the shade cloth 

temperatures were higher than check plots. The higher temperature in 

shaded plots would also contribute to lower sugar content in the beet 

roots.
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SUMMARY AND CONCLUSIONS

The objectives of this study were; (I) to determine the competi­

tive effects of other crops (barleys corn, beans, or turnips) on the 

yield and sugar content of sugar beets3 (3) to determine the effect of 

reduced light intensity on the yield, sugar content and composition of 

sugar beets, (3) to compare the gross returns per acre from growing two 

crops in a mixed-culture with returns from growing one crop in a mono­

culture, (4) to compare the yield and sugar content of intercropped 

sugar beets planted in alternate single versus alternate paired rows, 

(5) to determine the effects of a companion crop on the micro-climate 

(we planned to measure light intensity, soil and air temperatures) and 

composition of sugar beets.

Three different experiments (I) An Interseeded Experiment, (2) An 

Alternate VS Paired Rows Experiment and (3) A Shading Experiment were 

conducted at the Huntley Branch Station of Montana State University at 

Huntley during 1968, 1969 and 1970.

Results obtained from these studies;

Corn had the greatest and beans the least competitive effect on 

sugar beet yields. Barley was nearly as competitive as corn. It 

appears that the taller intercrops (corn 128 to 163 cm and.barley 87 to 

96 cm) had a competitive advantage for light interception over beets 

(30 to 55 cm), or beans (2.0 to 30 cm). Corn reduced light intensity to 

sugar beets in 11” spacing by 94 percent while c o m  in 22” spacing re­

duced light intensity 74 percent at solar noon on August 24, 1970. At
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this same time barley reduced light intensities 11 percent and 6 per­

cent in 11" and 22n spacings respectively. Beans and turnips did not 

reduce light intensity in the beet canopies when planted in alternate 

rows. Increased air temperature in canopies of intercropped sugar 

beets also may have contributed to the reduction of sugar beet yields 

since sugar beets grow better in a cool climate.

Sugar beets were more competitive to intercropped beans than to 

other intercrops.

The relative competitiveness of the different intercrops to sugar 

beets was the same for alternate paired 22" rows as for alternate 

single 22" rows. G o m  and barley were almost equally competitive to 

sugar beets in alternate or paired rows but beans and turnips were less 

competitive to sugar beets in alternate.single rows than in paired rows. 

It appears that plants shorter than sugar beets do not obtain enough 

light to compete effectively with sugar beets when planted in alternate 

single rows.

Narrow (ll'.’) spacing of pure stand sugar beets gave a higher sugar 

percentage in 1969 and a higher yield in 1970 than wide rows.

Sugar beets grown with beans in alternate 22" rows produced the 

largest gross return per acre.

Shading of the sugar beet canopy decreased the overall growth and 

root weights, which were, farther from the source of photosynthate, were 

decreased more than leaf weights resulting in higher leaf.to root ratios.
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Shading reduced growth of sugar beets but increased the percentage 

content of nitrogen and phosphorus in the leaves and roots. Shading 

had no significant effect on potassium content. Nutrient contents were 

higher in leaves than in roots.

Nitrogen and sugar content are inversely related. High nitrogen 

in the leaves and roots of sugar beets adversely affected the sugar 

content of sugar beets in 1970. The higher sugar contents obtained in 

1969 were associated with nitrogen contents that were lower than in 

1970.

The following conclusions can be drawn from this study:

(1) Narrower spacing may be practical for pure stand sugar beets 

since percent sugar and yield are increased due to changes in the mor­

phology of beets if the machinery is available for cultivation and har­

vest.

(2) Planting sugar beets with beans may be profitable if the cost 

of labor is low or suitable machinery is available for harvesting.

(3) Planting sugar.beets with beans:might also be recommended 

since less nitrogen fertilizer would be needed giving more profit per 

acre. .

(4) If the market is good for barley or c o m  and the growing 

season is longer, then planting sugar beets with c o m  or barley can be 

profitable.

(5) Since government allowances are based on acreages, planting
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mixed cultures in a unit area, will provide more income as well as weed 

control and another agronomic aspect of crop production.

(6) Additional sugar beet studies are needed to determine the 

interactions of factors such as purity, different fertilizer elements 

and rates, and plant content of nitrogen, phosphorus and potassium.
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Table 26o Summary of analyses of soil from sugar beet intercropping 
___________ experiment at Huntleyf Montana in 1969.
Soil

Depths:Soil 
(in.) pH

Conduct­
ivity

fmmhos).cm
Organic
Matter

Avail. P 
(Lbs./A)

Avail. IC 
(Lbs./A

Nitrate
Nitrogen

PPM

Sodium 
Meg/ ■
100 %

0-6 6.9 2.2 4.13 (M) 245 (H) 1000 19.2 1.74

6-12 7.5 2.0 3.55 (M) 245 (H) 1000 26.2 1.65
12-24 8.1 1.4 1.82 (L) 100 (L) 1360 14.2 3.1

24-36 8.1 1.4 1.47 (L) 124 (M) 960 13.5 3.0

36-48 ; 8.3 2.0 : 1.47 (L) 136 (M) 1000 I 12.2 5.0



Table 27. Summary of climatic data by months for the calendar year 1969 and averages for
■ _______  the period 1910-69 at the Huntley Branch Station, Huntley, Montana._______'

_________________  Month - 1969 ________ . __________ ___ Total
_________ Jan. Feb. 'Mar. Apr. May June July Aug. Sept. Oct. Mov. Dec, or Avg.
Precipitation (inches)
1969 1.08 .12 .38 2.27 .78 6.04 1.16 .79 «,56 1.30 .28 .13 14.89
1910-69 .55 .42 .73 1.23 1.94 2.59 .96 .94 1.29 .98 .64 .61 12.88

Max. Temperature (Fo)
1969 14 31 . 43
1911-69 32 37 45

Min. Temperature (Fo)
1969 . -9 .8 . 17
1911-69 7 12 20

Mean Temperature (FO)
1969 3 20 30
1911-69 . 19 24 . 33

Wind (M.P.H.)
1969 _ 2.3 1.9 2.7
1911-69 4.5 4.2 4^4

Evaporation (inches*)
1969
1911-69

69 72 73 85 91
59 69 78 88 86

34 39 46 53 51
31 41 49 54 51

52 56 60 69 71
45 55 63 71 69

3.3 2.4 2.7 1.6 1.3
4.8 4.3 3.3 2,8 2.7

5.93 7.69 6.67 8.00 8.59
4.93 7.02 8.19 10.26 9.37

78 54 53 42 59
74 62 46 36 59

43 29 24 17 2942 32 21 12 31

61 41 38 29 44
58 47 34 24 45

1.5 2.6 3.0 2.2 2.3
2.9 3.3 3.7 4.2 3.8

5.23 42.11
5.79 45.56

Frost Free Period**
1969 . June 13 (3lo) to Oct. 5, (29°) - 114 days
1911-69 May 18 (3QQ) to Sept. 22, (3Qo) - 127 days
* Class A pan (1911 through 1960 - B.P.I. pah - adjusted to Class A pan basis in 1968) 
**32o considered a killing frost.
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Table 28. Summary of climatic data by months for the calendar year 1970 and averages for
____________the period 1910=70 at the Huntley Branch Station, Huntley, Montana.

Month - 1970 _________  . ________________ Total
Jan. Feb. Mar. Apr.. Pfey June July Aug. Sept. Oct, Nov. Dec, or Avg.

Precipitation (inches) 
1970' .59, 1.52 .68 2.54 4.43. 1.85 .47 .05 1.91 1.00 .92 .44 16.40
1910-70 .55 .44 .73 1.25 1.98 2.58 .95 .93 1.30 .98 .64 .61 12.94
Max. Temperature (F°)
1970 31 46 _ 44 53 71 83 88 91 73 61 45 34 60
1911-70 32 37 45 59 69 78 88 86 74 62 46 . 36 59
Min. Temperature (F°)
1970 7 18 20 26 42 50 54 50 39 30 20 10 31
1911-70 7 12 20 31 41 49 54 51 41 32 21 12 31

Mean Temperature (FQ)
1970 19 32 32 40 56 66 71 70 56 45 33 22 45
1911-70 19 2.5 33 45 55 63 71 69 58 47 34 24 45

Wind (M.P.H.)
1970 3.2 3.9 4.4 5.1 3.2 2.7 2.3 2.0 2.7 2.9 2.7 3.2 3.2
1911-70 4.5 4.2 4.4 4.8 4.2 3.3 2.7 2.7 2.9 3.3 3.7 4.1 3.7
Evaporation (inches*)
1970
1911-70

4.50
4.93

5.96
7.00

8.00
8.19

8.55
10.23

8.17
9,35

4.20
5.76

39.38
45.46.

Erost Free Period**
1970- 
1911-70 
*

12 (320)
’ o'

Glass A pan (1^11 through 1960 B.P.I,

Ifey 13 (300) to Sept, 
Pfey 18 f30oi

** 32° considered a killing frost.

122 days

pan - adjusted to Class A pan basis in 1968)



LITERATURE CITED

T; Aasari, A. 0. and W. E- Loomis. 1959. Leaf Temperature. Amer..
Jour. of Bot, 46;713-717.

2. Baver, L. D . 19 64. Nitrognr Effects on Sugar Crops. Jour. Am.
Soc. Sugar Beet Technol, 13 (I):21-26.

3. Blackman, G. E . and J. N . Black. 1959. "Physiological and Ecolo­
gical Studies in the Analysis of PTant Environment. XI. A Further 
Assessment of the Influence of Shading on the Growth of Different 
Species in the Vegetative Phase”. Annals of Botany, N,S. 23:51r63.

4. _____ ■____  . . ' 1959. Physiological and Ecological Studies in the
Analysis of Plant Environment. XII. The Role of the Light Factor in 
Limiting Growth. Annals of Botany, N.S. 23:131-145 -

5. Borden, R. J. 1936. Cane Growth Studies: The Dominating Effect
of Climate. The Hawaiian Planters Record. 40:143-156,

6. _____________1940. Nitrogen - Potash - Sunlight relationships.
The Hawaiin Planters' Record, 44:237-241.

7. Bula, R. J., D . Sihith, and E, E. Miller. 1954. Measurements of
Light Beneath a Small Grain Companion Crop as Related to Legume 
Establishment. Bot. Gaz, 115:271-278.

8. Campbell, R. E . and F . G. Viets, Jr. 1967. Yield and Sugar Pro­
duction by Sugar Beets as Affected by Leaf Area Variations Induced 
by Stand Density nnd Nitrogen Fertilization. Agr, Jour. 59:349- 
354.

9. Clements, H. F . 1940. Integration of Climatic and Physiologic
Factors with Reference to the Production of Sugar Cane. The 
Hawaiian Planters' Record. 44:201-233.

10. Cooper, S . C . 1966. Response of Birdsfoot Trefoil and Alfalfa to
Various Leyels of Shade. Crop Science. 6:63-66.

11. Davidson, J. L, and C. M. Donald. 1958. The Growth of Swards of 
Subterranean Clover with Particular Reference to Leaf Area. Aust. 
J. Agri. Res. 9:53.

12. Davidson, J. L. and J. R. Phillip. 1958. Light and Pasture 
Growth. In Cliihatology and Microclimatology. Proc. Canberra Symp. 
181-187. Paris: U.N.E.S.C.O.



- 74-

13» Daynard5 I » B »3 R. B. Hunter3 J. W. Tanner 5 and L. W. Kannenberg.
1969 = An Inexpensive Space-Integrating Light Meter for Field Crop 
Research. Can. Jour. of Plant Sci. 49;231-234.

14. Donald, C <; M. 1961. Competition for Light in Crops and Pastures. 
Symposia Soc. Experi. Biol. 15:282-305.

15. Donald, C . M. 1963. Competition Among Crop and Pasture Plants.
Adv. in Agr. 15:1-114.

16. Dubetz5 S ., G. C . Russell, and D . T. Anderson. 1962. Effect of 
Soil Temperature on Seedling Emergence. Can. J . Plant Sci. 
42:481-487.

17. Evans, G. C., and A. P. Hughes. 1961. Plant Growth and the 
Aerial Environment. I. Effect of Artificial Shading in Impatiens 
parvifIora. New Phytologist. 60:150-180.

18. Gardner, R. and D . W. Robertson. 1935. The Use of Sugar Beet 
Petioles as Indicators of Soil Fertility Needs. . Colo. Agr. Exp.
Stat. Tech; Bull. 14:1-16.

19. Gregory, F . G. 1937. Mineral Nutrition of Plants. Ann. Review 
Biochem. 6:557-578. •

20. Haddock, J. L., D . C. Linton and R. L. Hurst. 1956. Nitrogen 
Constituents Associated with Reduction of Sucrose Percentage and 
JPurity of Sugar Beets . J. Am. Soc, Sugar Beet Technol» 9r(2)( §.3.10-117 .

21. Hanway, J. J. 1962. Corn Growth and Composition in Relation to 
Soil Fertility. :III. Percentages 'of Nitrogen, Phosphorus, and 
Potassium in Different Plant Parts in Relation to Stage of Growth. 
Agron. Jour. 54:222-229 »

22. Hesketh, J. D ., and R. B . Musgrave. 1962. Photosynthesis Under
Field Conditions, IV. Light Studies with Individual Corn Leaves.
Crop Sci. 2:311-315.

23. Ketcheson5 J. W. 1957. Some Effects of Soil Temperature on 
Phosphorus Requirements of Young Corn Plants in the Greenhouse.
Can. J. Soil Sci. 37:41-47.

Konis, E . 1949. The Resistance of Maquis Plants to Supermaximal
Temperatures. Ecology. 30:425-429.

24.



-75-

25. Linacre, E. T. 1964. A Note on a Feature of Leaf and Air Tempera­
tures. Agricultural Meteorology. 1:66-72.

26. Loomis, R. S. and W. A. Williams. 1963. Maximum Crop Productivi­
ty: An Estimate. Crop Sci. 3:67-72.

27. Loomis, W. E. 1965. Absorption of Radiation Energy by Leaves. 
Ecology. 46:14-16.

28. Maey9 P. 1936. The Quantitative Mineral Nutrient Requirements of 
Plants. Plant Physipll' : 11": 7414764.

29. Moss, D. N., R. B. Masgrave, and E. R. Lemon. 1961 Photosynthesis
under Field Conditions. III. Some Effects of Light, C02> Tempera­
ture, and Soil Moisture, on Photosynthesis9 Respiration and Trans­
piration of Com. Crop Sci. 1:83-87.

30. Nielsen, K. F., R. L. Halstead, A. J. McLeani R. M, Holmes and
S. J. Bourget. 1960. The Influence of Soil Temperature on the
Growth and Mineral Composition of Oats. Can. J . Soil Sci. 
40:255-263.

31. __;_____ ______ ________ ______. 1960. Effects of Soil Temperature
on the Growth and Chemical Composition of Lucerne. Proe. 8th 
Intern. Grassland Gong. 287-292.

32. Priestley, C. H. B. 1966. The Limitation of Temperature by Evap­
oration in Hot Climates. Agricultural Meteorology. 3:241-246.

33. Richards, L. A. 1954. Diagnosis and Improvement of Saline and 
Alkali Soils. Agr. Handbook No. 60. U.S.D.A. pp. 58-61.

34. Scarseth9 G. D, and R. E. Lucas. 1947. Potassium, Calcium and 
Magnesium Balance and Reciprocal Relationship in Plants. Agron. 
Jour. 39:887-896.

35. Shive, J. W. and W. R. Robbins. 1939. Mineral Nutrition of
Plants. Ann. Rev. Biochem. 8:503-520.

36. Sibma, L. 1970. Relation between Total Radiation and Yield of 
Some Field Crops in the ..Netherlands. Neth. J. Agric. Sci. 
18:125-131.

37. Smith, A. M. 1909. On the Internal Temperature of Leaves in 
Tropical Insolation. Annals.'Royal”Botanical Garden, Paradeniya.
4:229-298.



- 76-

38. Thomas, M. D . and G . R. Hill. 1937. The Continuous Measurement 
of Photosynthesis, Respiration and Transpiration of Alfalfa and 
Wheat Growing under Field Conditions. Plant Physiology.

• 12:285-307.

39. ___ ________________________• 1949. Photosynthesis under Field
Conditions. Photosynthesis in Plants. Edited by J . Frank and W . 
Loomis. Ames, Iowa State College pp. 19-51.

40. Tollman, B. and R. C . Johnson. 1958. Effdct of Nitrogen on the
Yield and Sucrose Content of Sugar Beets. J . Am. Soc. Sugar 
Bhet Technol. 10 (3) :254-257 .

41. Ulrich, A. 1952. The Influence of Temperature and Light Factors 
on the Growth and Development of Sugar Beets in Controlled 
Climatic Environments. Agr. Jour. 44:66-73.

42. . 1955. Influence of Night Tempera
ture and Nitrogen Nutfitioh on the Growth, Sucrose Accumulation 
and Leaf Minerals of Sugar Beet Plants. Plant Physiology.
30 (3) :250-257.

43. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  and F. J. Hill. 1952. Petiole
Sappling of Sugar Beet fields in Relation to Their Nitrogen, 
Phosphorus, Potassium and Sodium Status. Proc. Am. Soc. Sugar 
Beet Technol. 7:32-45.

44. ___________ __________ an^ W . R. Lider, and H- J . Venning.
1942. Beet Sugar Production as Influenced by Climate. Proc.
Am. Soc. Sugar Beet Technol. pp. 160-169.

45. Watson, D , J . 1958. the Dependence of Net Assimilation Ratp on
Leaf-Area Index. Ann. Bot. NS. 22:37-41.

46. and K. J. Witts. 1959. The Net 
Assimilation Rates of Wild and Cultivated Beets. Ann. Bot. NS. 
23:431-439.

47. Went, F . W. 1957. The Experimental Control of Plapt Growth. 
Chronica Botanica Co. Waltham, Mass. pp. 228-232.

48. Wilsie, C . P. 1962. Cfop Adaptation and Distribution. W. H. 
Ffeeman and Company, San Francisco„ pp. 222-242.

49. Wilson, H. K. and W. M. Myers. 1954. Field Crop Production. J.
B . Lippincott Com. Chiicagp . pp. 552-555 .



__ IieoAftTFS

TUv I • 1 wv

D378
Oz 5
con. 2

Ozks n, Muammar
Evaluation of inter, 

crooned sugar beets

N A M K  A N P  A P O H K S *

6̂ "


