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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, barley, or corn in alternate
single rows in 1969 and 1970 using four different spacings. 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, Montama 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 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 lntercropped sugar beets planted in alternate single versus
alternate paired rows and (5) to determine the effects of a companlon

crop on the micro-climate of.sugar beets.

Coxn had the greatest and beans the least competitive effects on
sugar beet yields., Barley was nearly as competitive as corn. The
taller Lntercrops had a competitive advantage for light interception
over beets ox 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" spacings respéctively. Beans and turnips did not.
reduce light lntensmtles in the sugax beet canopies when planted in
alternate rows., Increased air temperature in canopies of 1ntercropped
sugar beets may also have contributed to the reductlon of sugar beet

yields and sugar content.

- Artifiecial shading of the sugar beet canopy decreased the. overall
growth and root weights, but caused am increase in the. nitkogen and
phosphorus content (percentage) of the leaves and roots.

Naxrrow spacing (11") of pure stand sugar beets gave a higher sugar
content in 1969 and higher yield im 1970 than wide rows (33"). Grow-
ing sugar beets in alternate rows with beans resultgd in_the largest

gross return pexr acre.
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IﬁTRODUCTION

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
lightl:° This study had the following objectives: B

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

corn, beans, or tufnips) on Fhe yield and sugar content of sugar

beets, (2) to determine the effect of reduced light intensity om
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.
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LITERATURE REVIEW

‘Competition may occur among plants for water, nutrients, light,
CO, and oxygen. The components of the environment for which adjacent
plants compete most are light, mineral nutrients, and water (15). Ade-
quate.appligapidn of fértiliger and timely irrigation can minimize com-
petition for nutrients and Watér S0 that‘production is primarily . .
limited by light (15;4,;4,26;). Accordiﬁg to Clements et ala,lcited by
Donald (15), two plants‘dé not compete with each other so long as water
nutrients, and light are in éxcess of the needs of both. When the
immed;ate'supply of a single necessary facfor falls below the Combined
deman&s of the plants, competition begins. It is assumed that in these
experiments light is the main factor limiting the yield of intercropped
plants. Therefore, thié review of literature wili emphasize the effect
of competition for light uéon the yield and sugar content of sugar
beets. ‘Since artifigial shading of éugar beets affected both tempera-
ture aﬁd 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 ﬁeet Yield and Sugar
Coqtent
Competition for light can occur whenever one plant shades another
plant or within a piant, 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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phase. :They showed that the net.assiﬁilation rate was dependent on the
amouﬁt of light received while the leaf-area ratio (tofal leaf area/

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

concluded that du;ing'thg season of active growth the quantity of

1light rééching the individual plants was limiting photosynthesis.
Blackman and_Black (4), in anbther,experiﬁent, found that shading (50%

of daylight) redgce& 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 epergy.
Thoma; an& Hill (39) have investigated the photosynthesis of crops
in the field where there was a high dggree of self~shading as in sugar |
beets. They established that the net photosynthesis did not attain a.
maximum value for sugar bée;s gntil £he intensity reached 4,400 foot~
candles. 1In contrast Went (47) recorded that. for seedlings of sugar
beets under conditiphs where tﬁere 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 (ilj, and Waﬁson
(45) have shownJ that the degree of mutual shading of leaves which
depends on the-leaf area per unit area of lénd (the Leaf~Area Index or
iAI) 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 = 1), 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, 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 intemsity. In general, with high solar elevations, light is
better ﬁtilized 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 iq part, to the reduction of incidenﬁ 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 Ulxich (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 :@gardless of the nitrogen or potash treatments used.

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

R S e S Y NG C IS

Beets

Ulrich (41) and Went (47) have'showm 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, 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 nighthtempera;u:e be-
ing slightly more importan£ than dsytime 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 ¢ the
sugar content was the 1qwest; Increasing thé day temperatures from 20
to 23 or to 26 C during 8=hour day periods also decreésed the sucrose
concentration of the beets, but the effects were not nea;ly 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 potqssiuh'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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light is often well abqve that of the air. Under conditions of high
insolation and high humidity, 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 £rom water
stress, the difference between airland leaf temperatures was usually
small. Linacre also reported a tendency for equality of air and leaf
temperature at about 33 C (91.5 F). Below thét temperature, leaves
tended to be warmer than the air; above that temperature, the reverse
was observ;ed° 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 (1) found that leaves shaded from direct sunlight were usually
about 1 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 bee; 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 phésphorus 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

—_— — =




({5

)

&J

SRS IS

[

S W N I Y . O

=8=
toward increased concentration of phosphorus in the oat,plapts with in-
creasing temperature.  Low soil temperature depressed the growth and
phosphorus percentage of coxrn seedlings (23).

11T, The Effects of Nitrogen, Phogphorué and Potassium on Sucrose

Content and Yield of Sugar Beets

Researchers (19, 28, 349 35) indicated that mineral nutrient coen-
tent and balance in plant tissue strongly affect yield and quality.
Gardner and Robertson (18) analysed pétioles of sggar'beets and found
it useful in determining fertilizer needs as rggards nitrate, phosphate
and potassium.

Ulrich and Hill (43) and Tolman and Johnson (40) condugted experi-
ments with sugar beetéa and studied yield and quaiity in regard to
fertilizer practices. They found a negative relation between 1éve1s of
nitrate nitrogen in the petioles and percentage sucrose of the roots.

Hﬁddock et al. (20) found that nigtrogen fertilization and nitrogen
plant composition are closely associated with sucrose storage in beet
roots and sugar recoveries from extract juice.

Baver (2) showed that nitrogeh was the major factor affecting the
quality of sugar Crops both sugar beets and sugar cane.

Ulrich and Hill (43) have proposed and uséd 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..
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MATERIALS AND METHODS

Experimental Arxea
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The experiments were conducted on the Huntley Branch of the Mont-

ana Experiment Station at Huntley, 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/cm3 (slightly salty) for the sur-
face soil but subsoil was 0.0-2.0 mmhos/cm'”(33)a 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 expériment was a réndomized split-
plot with four replicatioms. Foﬁr different vow spacings (11”; 16%™,
22" and 33") were randomly assigned fo main plots, 77 feet long and 30
feet wide.

Four pure stand and three interseeding treatments were randomly
assigned to subplots, 1l 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
TOWS iﬁ 1968 and 1970, and by sprinkler irrigation in 1969.

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

L,)variety (Pinto UIll4) were planted in alternate‘rows with sugar

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

nips (Brassica rapa L.) variety (éurple top white globe) were also

plan;ed with sugar beeés 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, 1976° 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,
corn, and beans. Thesg 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'maintainéd

weed free by hand weeding and cultivating.

. Measurement of Light

The percent penetration of phptosygthetically useful radiation
(visible light)_through cxrop canop;es of four crops was measured.

Light measurements were determined by the method of Bula et al.
(7) in 1969 and bj a modification of the methpd of Déynard et al. (13)
in 1970. WNo light measurements were made in 1968.  In 1970, eight sel-
enium photo cells were connected in parallel and mounted on a 33 % 4 x
4 cm wooden block. . Photocells were painfed with white paint and cover~-

ed with opal plexiglass which in turn was covered with black paint and




)

) L

3
J

{

-

]

[

LN _

L/ "\./

-12-
black electrician's tape. A slit through the black paint was varied so

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 stat~-

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

._ vided succéssive readings'to a 50 pA 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 grouﬁd level)., Plots with pure stands had
one station at the bottom of the crop canopy. Stations were ériented
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-
ﬁatély 12:45 PM. .

Measurement of Air and Soil Temperaturés in Cropped Areas

Thermocouples were used to measure temperatures. Temperatures
within intercrop canopies were compared with temperature taken in the
canppies of pure stand sugar beets. Thermocouples were connected to a

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

288 recorder.

Sampling ProcedqreA

Yields were calculated from one 20-foot row sample taken from each
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plot. Nitrogen was determined by the Macro Kjeldahl method and phos-
phorus and éotassium‘were determined with a‘spectrophotbmeter and
atomic absorption spectrophotometer respect;vgly, The Great Western
Sugar Company in Billings, MOntana.determined;sugar content of the
sugar i)eets°

Bo Shadigg,Experiment\

The shading experiment was conducted in 1969 and 1970 in an area
immediately adjacent to éhe experimental area used for the Interseeding
Experiment. The design used in the shading experimen; was a randomized
complete block with four replicatioms. Plots were 22-feet long and 1l-
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. (1l0) at Montana
State University. Cloths were suspended at a height of 36 inches on
July 7, 1969 and July 27, 1970. Intensities of shading were: (a) full
sunlight, (b) 51% shade, (c¢) 76% shade, and (d) 92% shade. »

Gultivaﬁiqn and irriéaiion were done at‘tﬁe.same time as Inter-~
seeded Experiment.

Air and soil temﬁeratures (4=inch depth) were recorded by thermo-
couples under the shading clo;ﬁs in 1970. Temperatures were not meas~

ured in 1969.

C. Alternmate VS Paired Rows Experiment

This experiment; conducted in another area adjacent to the Inter-
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seeded Experiment, compared plantings of barley, cornlqr beans grown in
alternate single rows with sugar beets with alternate double rows (paix-
ed rows), The experimental design was a randomized split-plot with four
replications. Two different row spacings (L1" and 22") were randbmly
assigned to main plots, 77 feet long and 30 feet wide. Pure sugar beet
stand and two different plan;ing patterns (alternate single and alter-
nate paired rows) with three interseeding éreatments were randomly
assigned to subplots,. 11 feet wide and 30 feet long‘within each main

plot.

All plots were planted, cultivated and irrigatgd at the same time

as the Interseeded Experiment.
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RESULTS AND DISCUSSION
Weather, experimental designs and planﬁing patterns differed in
1968, 1969 and 1970. 1In 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 Junme 13, temperatures warmed gradu-
ally and remained warm through September. Precipitation throughout the
growing sgasoﬁ 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 plamting and there-
by reduced yieldsQ_ Becauge 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 Tablesll 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, corn, beans or turnips, respectively. Bar-

ley had the greatest and beans the least competitive effect on sugar
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beet yields. 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 betﬁeen 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 effeét as indicated by
sugar beet yields.

Yields of sugar beets were 9.9; 8.8; 12.9; or 12.4 tons per acre
when grawn‘in alternate paired rows with 22 inches between adjacent
rows with barley, corn, beans or turnips respectively. The compefi-

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

barley, turnips and beans.

Percent sugar was not significantly affected. Means ranged from

177 to 16.4.

Competitive effects of sugar beets upon the other crops can also
be observed (Table 2A). The beets had a greater effect upon the yield
of beans and barley than on covn 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 altermate single 22" rows,
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Table 1. The effect of the competition of barley, corn, pinto beans,
' and turnips upon the yield and sugar content of sugar beets
. at Huntley, Montana in 1968. » -
Root %
Row Yield vYield
Spac= % Tons/ Reduc-
ing Crops Sugar Acre tion
- Averages
22" Beets alone 17.7 19.0
11" Beets in alternate single rows with barley 17.3 8.1 57.4
e oo . m o m % corp 17.6 9.1 52.1
IR " " " " " beans 7.9 15.9 16.3
ER AL " " n " "  turnips 17.8 13.9 26.8
22" n " n [1] " 11 barley 17 o 5 8 . 1
22" "l 1] 1" " 11 11 corn 16 ’4 9.7
g2n v " m o m " beans  16.8 15.6
22" n" 1" ’ 1 n 13 !’l' t:urnips 16 o 9 14 o 0
22" Beets in paired rows with barley 17.1 9.9
290 1] n 1 " 1] corn 17 .4 8. 8.
22" " " n wooow beans 16.3 12.9
22n " " " " " turnips 16.2 12.4

T Y S




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

Yield

Reduc-
Row Yield , tion Gross
Spac- : : Interseeded Crops ' by Re-
ings Sugar Beets . Tur-= Intex- turn
inch- T/A Barley{ Corn jBeans [ nips | Crop per
‘es Crops RBoots: Tops iCwt./A} T/A Gwt./Ay T/A (%) Acre
227 Sugar beets -alone 19.0 1l4.2 : 382.00
11" Barley alone (grain) 26.0 63.20
22"  Corn alone (silage) 17.0 119.00
22" Beans alone (seed), 14.5 100.40
22" Turnips alone (rogts) 8.4 63.30
11"% Beets w/barley 8.1 7.2 | 10.5 194.50
i, " w/coxrn 9.1 5.8 13.2 22.4 271.23
A "  w/beans 15.9 15.1 4.4 ' 69.7 375.22
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
22" " y/corn 9.7 8.3 10.7 274 .33
22" "  w/beans 15.6 l4.4 7.3 382.00
22" " @/turnips 14.0 10.8 4.6 320.83
22"%% Beets w/barley 9.9 6.9 8.0 | 217.60
22 v yw/corn 8.8 7.7 10.3 253.73
22" " yw/beans 12.9 10.5 7.7 322.18
221 " w/turnips 12.4 ¢ 12.5 4.2 299.60
* , Planted in alternate single rows.
#% Planted in alternate paired rows.

mg'[m
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Table 2B. The yield and gross returns for barley, corn and beans grown alone and inter-
‘ cropped sugar beets at Huntley, Montana in 1969.
. “Yield (T/A)
Sugar g |.Bar= § )

Treatments Beets |Beans} ley Corn iGross Crop Value/Acre (8)
Sugar beeis 22" spacing alone 25. 54 434,18
Sugar beets 227 spacing between | ) T

rows beans . C 77 125,88 | .05 440,00 + 6,50 = 446,50
Sugar beets 22" spacing between | - A R

_rows barley.’ , 9.76 1.66 - 165.92 + 69.16 = 235.08" .
Sugar beets-22" spacing between o B " =2
" rows corn ., . ’ ’ 8,94 “14.627 151.98 + 102.34 = 254.32 8
Sugar beets 33" spacing alone 24.58 417..86
Sugar beets 33! spacing between -

' rows beans . N 1.15.82 | .25 268.94 + 32.50 = 301.44

Sugar beets 33" spacing between T

rows barley. ' 15,10 1.35 256,70 + 56.25 = 312.95
Sugar beets 33" spacing between |- ’ ' ’ -

rows corn -, ) 8.406 19,50% 143.82 + 136.50 = 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. Sugaf 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 (Tablé 2B). Turnips were not planted in the 1969 and 1970
experiments. hecause 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 tﬁe two yearé together. The data

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

Table 3.
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I. Interseeded Experiment

A. The Effects of Row Spacing and Intercrops on Sugar Beets:

1. Vield and % Sugar

Row spacing significantly affected yields and sugar content of
beets (fresh weight basis) in 1969 but enly &ields were affected in
1970 (Table 3 and 4). Narrow (11") 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 1ight more effiéiently 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 1 to July
10. The '"Maximum photosynthesis poésible" 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 planﬁs werée too
small to intercept light efficiently.

Growing barley or corn, in alternate rows with beets decreased
sugar beet yields in both yeawrs (Table 5). Percent reductions in yield

of beets were 65 and 62 when corﬁ or bariey respectively were grown
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Table-3. A summary of the analyses of variance for the intercropped sugar beet
experiments at Huntley, Montana in 1969 and 1970.

Source of Root Yield Top Yield % Sugar
Variation DF ¢ 1969 1970 1969 1970 1969 1670
Reps 3

épacing (A) 3 % *de Fede Yede ) '3:. NS
Error (a) ) -9

Interseeded

Crops (B) 3 ] % ek Jeie S % %
Ax B 91 % st %* e NS dote
Error (b) 36

Total 63

mZZm

% Significant at .05 level

g - Table continued. .
%% Significant at .01l level
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Table 3. (continued)
] . - % N % N % P %P % K % K
Source of. L.eaves Roots Leaves Rogts | Leaves Roots
Variation DF L9§9 1979 }969 1970 1969'1970 1969£19703§1969419703196941970
Réps ‘3
Spacing (A) 3InNs |Ns | #** INs | NS |NS| *| * |NS|NS|NS | * N
. - , - 8
Error (a) 9
Intersegeded
crops (B) Foh vt | owew | ke | % ] %k ] a% | %w | NS | NS | NS | %% | NS
Ax B 9| % | Ns | %% | NS | %+ | N5 | %% | 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
Sugar Beets
Row Yield (T/A) =~ (Fresh Wt. Basis)
Spac-§ -Purxe Stand W/Beans W/Barley W/Corn
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 |14.14abj22,5%a 10.15a |17.78a | 9.43a ‘14o89a | 4.84a
33" £24.58a §12.49b 116.22b y 8.1lla $116.50a ¢ 8.60abl2.02ab 6.81a
Row | Percent Sugar = (Fresh Roots)
Spac=§ Pure Stand W/Beans W/Barley W/Goxn
ing 1969 1970 1969 1970 § 1969 1970 1969 1970
11" [16.45a |13.20a |15.47a |12.12a {14.80a [11.95a 15.25a | 5.90b
16.5"15.37ab{12.90a {15.10ab}12.35a |14.25ab|11.704 |13.37b [12.02a
22" {15.00b {l2.47a |14.45bc ;1,87a 15.40a |12.25a |1l4.47ab 12.50&
33" 114.87b 3§11.70a 313.82¢ {10.92a $12.65b §11.60a 14,12ab{11.52a

% Means in the same columm followed by the same 1e;ter are not
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 16.35" spacings be-
tween adjacent rows, percent reductions were 36, 39 or 66 respectively
in 1969. Corn was most competitive followed by barley and beans (Fig-
ure 1, 2). The same trend continued in 1970 with greater reductions in
sugar beet yields (Table 5 and Figure l 2). Percent sugar was not sig-
nificantly affected by 1ntercropso

These results can be partially expiained by the greater competition
of the taller intexcrops for light. Both corn 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 em. When sugar
beets and corn were grown together with 11" or 22" row spacings, light
measurements showed Fhat 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 througﬁ the canopy in the rows at solar noon (12:45 pM) on Augw
ust 24, 1970 (Table 6). At this same time when beets and bafléy were
.grown in alternate rows at 11" and 22" spacings, 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 om the light reaching the beet canopy. Gorn inter=-

cepted more light than the barley on every date measured (Table 6).
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Table 5. The effect of the competition of beans, barley and corn upon the yield

and sugar content of sugar beets at Huntley, Montana, }969=1970‘
Reduétion
S. Beet Yield tin Yield % Sugar
Treatments 1969 1970 £196931970F 1969 . 1970

Sugar beets, 22" spacing alone 25, Sha%|14. 14a 15.00a12.47a
T w m  n _ beans béfween rows |25.88a 130.75b| 101| 24]15.47al12.12a

oo " barley * " | 9.76b | 6.4ee| " 62| 55014.80a|11,95

noow o " corn " % |s.o{1i23af 65) 91}15.25a|11.80
Sugar beets, 33" spacing alone ‘ 24.58a 312.49a 14.87a 11.%Oa

a n n " beans between rows |15.82b {1l.1l6a| 36 11 15.10a 12.35;

W " " barley " " |15.10b | 9.65a| 39| 23]14.25a]11.70a

W " corn " v | 8.46c | 4.30b} 66} 66}13.37a}12.02a
% Means.in the same golumn followed by the same letter are not significantly

. different at the .05 level accoxding to Duncan's New Multiple Range Test.

mgzm
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Figure 1. The effects of intercrops on sugar beet yield at
Huntley, Montana in 1969.
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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,

% of Light Penetration

At the top of canopy

J

Dates Aug. 24 Sept. 3 Sept. 16
Spacings 1" 227 1" 22" v . 22"
Grops
8:00 AM
Pure Stand 100 100 100 100 100 100
W/beans 160 100 100 100 100 100
W/barley 47 94 100 100 89 160
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 26 83 100 99 100
W/corn 74 64 S 7 76 16 58
12:45 PM
(Solar Noom) . .
Pure Stand 100 100 100 100 - 100 100
W/beans 100 99 100 100- 100 100
W/batley 89 .94 91 100 89 100
W/corn 6 26 6 63 7 67
3:00 PM
Pure Stand 100 100 100 100 100 100
W/beans , 94 96 100 100 100 100
W/barley 27 92 63 100 92 100
W/corn 7 59 11 36 11 26
5300 PM
-Pure Stand 100 100 100 |, 100
W/beans 90 90 100 100
W/barley 68 90 84 . 100
W/corn 4 79 20 32

Table continued. s .
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Table 6. (continued)

% of ILight Penetration

At the bottom of canopy

Dates Aug. 24 Sept. 3 .. Sept. 16
Spacings 1L 22" RN 22" 1" - 22"
Crops . . .
8:00 AM
Pure Stand 4 9 1 10 L 1
W/beans 9 15 5 14 1 8
W/barley 4 13 5 10 4 4
W/corn 3 3 5 5 4 . 1
10:00 AM :
Pure Stand 3 10 3 5 1 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/coxrn ‘ 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 1 1
W/beans 4 11 8 7
W/barley 4 8 1 6
W/corn .8 2 1
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Yield reductions of beets may be explained by the temperature in
beet canopies. Air temperatures in canopiés,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 beet canopy was re=-
duced by intercrops, the overall growth ra;e decreased but root growth
was decregsed more than leaf growth, resulting in higher leaf to root
ratio: 2.55, 1.97, 1.56 and 1.1l when sugar beets were planted with
barley, corm, alone, and with beans respectively in 1969. In 1970 the
trend differed slightly from 1969. Sugar beets planted with corn gave

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

sugar beets alome 1.32. The different trends between 1969 and 1970

might be partially explainéd by weather conditions in 1970 (after

planting) which were favorable for the warm season crops corn and beans.

Therefore, corn 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.




)

)

{]

S S Y VoS

O

~32e

3. The Effect of Intercrops on the Nitrogen, Phosphorus and

Potassium Content of the lLeaves and Roots of Sugar Beets

The analysis of variance of the effect of intercropping upon per-
centages of N, P, and K in the 1eaveé and rootg of sugar beets are pre~-
sented in Table 3.

Shading reduces growth but increases nitrogen and phosphorus con-
tent of the lgaves and roots of sugar beets. There were no significant
differences in potassium content in either leaves or roots in 196% ox
in the roots in 1970 N, P, and K levels were higher in ieaves than in
roots (Table 8).

When intercropped corn or barley reduced the light intensity at
the top of the beet canopy, nitrogen énd phosphorus content increased
in the leaves and roots of beets im 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 cérn and barléy increased as the spacing
was. increased (Figure 3). Explanation could be that garl& in the
season corn and barley_éha@ea the sugar beets. The accumulatioﬁ of
nitrogen was increased in the sugar beeﬁ leaves after corn and barley
were harvested, esgecially 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 Huntley, Montana in 1970.

. . oy -
ll" ) C 22"
8/24 9/3 9/16 8/24  9/3 9/16

9:00 AM '

S. Beets 17 20.5 13 17 20.5 13
W/Beans 23 23 21.5 29 23 14
W/Corn 31 22 18 29 22 11
W/Barley 31 23.5 22 24 21.5 14

11:00 AM '

S. Beets . 24 22 23.5 24 22 23.5
W/Beans 24 25 25 28 24 23
W/Corn 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 26s5 24.5 32 28 24,5
3:00 PM
S. Beets 292.5 24,5 21 29.5 24.5 21
W/Beans 29.5 24 22 31 32.5 - 22
W/Coxn 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/Corn 28" 24 20 30 24 19.5
W/Barley 30 25 19 30 25 19

Lh gl A2
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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“1979\

% N %P %-K

_ 1969 1970 1969 1970 1969 1970
Sugar Beet lLeaves
Sugar Beets alone 2.54a*- 3.17¢ .25b .23b NS NS
W/Baxley 2.04b  3.63a 292 .27a NS NS
W/Corn 2.55a 3.65a .28a  .26a NS NS
W/Beans 2.42a  3.44b .29a  .23b NS NS
Sugar Beet Roots %N %-P % KR
Sugar Beets alone .72b 1.29% .13d NS .83b NS
W/Baxley .73b 1.39 .18b NS +93b NS
W/Coxn .70b 1.5% .21a NS 1.04a NS
W/Beans .80a 1.42b .17¢ NS l.1la N8

% 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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higher percentage of N, P and K in the leaves.,

Higher nitrogen in the leaves and roots of beets inversely affect-
ed the sugar content éf beets in 1970 (Table 10). This was less evi-
dent in 1969. Decrease in sugar-conteﬁt with increasing nitrogen can
be seen when we compare the nitroéen content in 1969 and 1970 with
sugar content of these years (Table 10)., In 1969 there was a lower
plant nitrogen content and hiéher sugaé 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 plénted in alternate rows with sugar beets
decreased gradﬁally as the row spacing increased from 11" to 33" éTable
12). Bean yields were not affected by increased row spacing. When
sugar beets were planted with barley in alternate rows, barley yields
were not affected in 224and 33" spacings in both years (Table 13).

Corn yields were feducéd 39% in 1969 and 15% in 1970 by.intércr0pped

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, 677% 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 corn were tall enough to
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Table 9. The nitrogen content of sugar beets grown with

: barley, corn and beans at Huntley, Montana in 1970.

GROPS :
S. Beets S, Beets .S. Beets S. Beets

Spacing Alone W/Barley W/Goxn W/Beans Average
1 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 2,36
33" 2.48 2.66 2.39 2.66 2.55 .
Average 2. 5ha 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
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-
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Figure 3. The interacting effects of spacing and intercrops
on percent nitrogen of sugarbeets at Huntley,
Montana in 1970.
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Table 10. The relationship between nitrogen content of sugar beet
roots and leaves and sugar content of sugar beets grown at

Huntley, Montana in 1969-1970.

1969 1970 -
% N % Sugar % N % Sugar
Leaves Roots ) Leaves Roots

Sugar Beets alone 2.54a% .72b 15.42a 3.l7c 1.29¢ 12,57a

W/Barley 2.04b .73b  14.27b - 3.63a 1.39%ec 11.87a
W/Coxn 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,

L3t

=39~

A summary of the analyses of variance of sugar beet inter-
cropping experiment at Huntley, Montana, in 1969-1970.

vield Percent Nitrogen
Barley Corn Beans Barley i1: Corn Beans

- Source iDF[196941970§1969t197051969}1970319693197011969}1970;196941970

Reps 3

Spac~

ing (A)] 3| %% Fde Jede Jee NS NS NS NS Fede NS NS Tk

Error o

(a) 9

Inter=-

crop

Compet-=

ition

+ or -

(B) 1y %% 1 %% e Jede Yok Jee NS NS ek NS Fode NS
"Ax B 3] NS | NS | NS I NS | NS | NS | NS | NS | NS | NS | NS | NS

Error

(b) 12

Total 31

Table continued. . .
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Table 11.

(continued)

=40

Percent Phosphorus

Percent Potassium

Barley

Corn

. Beans

Barley

corn

Beans

Source jDF

1969

197031969

1970

1969

1970

196951970

1969

1970

Reps 3

196921970

Spac=
ing (A)] 3

NS

NS

%

NS

NS

NS | NS

% NS

NS

NS

Brror

(a) 9

NS

Intexr=
crop
Compet-
ition
+ or =
(B) 1

%k

NS Sede

NS

NS

NS

NS Jede

Jede NS

s

NS

Ax 3B 3

NS

ns | ns

NS

NS

NS

ns | ns

NS | Ns

NS

NS

Exrror

O |

Total 31
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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, Montama, in 1969-1970.

Averages T/A

Barley corn Beans
1969 1970 1969 1970 1969 1970
1 1.72a% 1.07a 23.70a 19.40a 45a .68a
16.5"  1.57a .78b 23.60b 17.95b .68a Ala
22" 1.28b ..65bc  16.80d 16.57¢ .50a .54a
33" 1.05¢ .49¢ 17.17¢c 12.84d .55a .48a

% Means in the same columm followed by the same letter are mnot
significantly different at the .05 level according to Duncan's

New Multiple Range Test.
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Table 13. The competitive effect of sugar beets upon the yield of

barley, corxrn and beans in 1969=1970, at Huntley, Montana.

% Yield
yield (T/A) Reduction
Treatment 7969 1970 | 1969 1970
Barley 22" spacing alone 1.56 -89
" " " S..beeés between rows 1.66 .90
Corn 22" spacing alone 23.7 20,3
won " 3, beets betweenm .rows 14,62 17.4 39 15
Beans 22" spacing alone 77 3.5
non " S. beets between rows .05 5.0 94
Barley 33" spacing alone 1.29 .62
" i " S, beets between rows~ ]| 1.35 .62
Co?n 33" spacing alone .22;5 i6,5
non " S beets’betweeq'fows 19.5 15.0 14 10‘
Beans 33" spacing alone W14 4.0 .
Lnooom " -Sorbgegﬁ bepween réws e 25 6.0 67
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compete 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, ox Beans

Spacing significantly affected the composition of intercropped
corn plants in 1969 (Table 1l). But these plant spacings did not
affegt the % N in barley or_the % P in beans. In the 1969 experiment,
percent nitrogen in corn increased with increasing spacing and ranged
from .97% to 1.18% (Table ié)o ‘Table 14 shows that planting sugar
beets with corn in élternate"rqws decreased % N from an "intermediate
rangef (10152) 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 nitrogeﬁ composition of corn (Téble 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). In 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 from

LY




Table 14. Average nitrogen, phosphorus and potassium content .of
barley, corn and beans planted with sugar beets in differ~

ent spacings at_Huntley3 Montana, in 1969,

|

)

SRS

)

ORNE

: Averages

L a/° N '(DeMa) %-P (IDoMé) 0/° K (DaMe)
Spac- - | Bar- Bar~ ) :
ing Barley Corn Beans ley CorniBeanst ley Corn Beans
Ll" 1.9%4a% .97d 3.97a) .24a) .2laj .42a] ,5lal 1.25a] 1.89a
16.5" |2.0la 1.06bel 3.94a) .25a| .18b| .40a] .48a] l.l3a] 1.95a
22" 2.07a 1.12acl 3.%a} .26al .18b} .40a| .48af 1.08b] 1.96a
33m 1.95a L.18a 3.97a) .2%9al 18b| .4lal .54a .98b| 1.95a
Intex-
seeded
Crops _
Alone |2.00a 1.15a | 4.10a| .27a ‘;17b 40a] .50a] 1.2lai 1.91b
W - =
Sugar
Beets £1.99a 1.02b 3.81by .24by .20al .4lal .5laf 1.0lby 1.97a

* 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 15. Average nitrogen, phosphorus and potassium

[IAY

content of

-/

barley, corn, and beans planted with sugar beets in
different spacings at Huntley, Montana, in 1970.
Averages
% N % P % K

Spac-= . . Bar- Bar=|
ings Barley§ Corn i Beans ley & CorngBeansy ley i Corn § Beans
11" 2.44a%) 1.19a] 3.92a .35a) .19al .36aj .53a| l.27af 1.6la
16.5" 2,53a-' 1.23a] 3.88ab| .37a] .19a} .36a] .59a| 1.20a] 1.64a
22" 2.52a | 1.18a| 3.77b .38a} .20a} .34a] .59a| 1.22aj] 1.63a
33" 2.58a } 1.21la] 4.00a 3%} .20a}l .36a)l .59%a]| 1.20aj 1l.71a
Crops:s
Alone |2.54a 1.20a} 3.9%a .38a| .20a) .35a| .55b| 1l.24a] 1.62a
W/ :
Sugar
Beets £2.50a ; 1.20a) 3.85a .37at *.20ak .36a; .5% a3 1l.20a} 1.68a

% 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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4.10 to 3.8l when beets were planted with beans in 1969, but no changes
occurred in 1970 (Table 14 and 15).

Explanation of these results would reqﬁire the use of different
fertilizer rates, the calculation of the interactions of N, P, and K,
determination of purity, as well as the sugar content of beets, etc.

i am interested in pursuing this in oxder to obtain a better under-

standing of the physiology of sugar beets.

I1. Alternate VS Paired Rows Experiment
The presence of in£erseeded 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 éecreased beet yields, but beans had
no significant effect (Table 17). Yield reductions of beets planted in
alternate single or alternate péired rows with barley or beans were the
same (not significantly different) bgt corn reduced beet yield more in
alternate paired rows than in alternate single rows (Table 17). Since
corn is taller than barley, reduction in light intensity is more with
cora than with barley With a narrow row spacing (11"). 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, veduced
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Table 16. Analyses of variance for root yield and

sugar content of sugar beekts relative to

alternate vs paired rows in 1969,

Source D. F. _Yield % Sugar
Reps 3
Spacing (A) 1 . NS e
Exror (aj | ‘ 3 -

~ Crops (B) - 6 %ok NS
AxXB . 6 dee NS
Erro; (b) 36 _
Total 55
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Table 17, - Yield of sugar beets when planted with beans, comn or
' barley in alternate single or alternate palred rows in
two row sPacings at Huntley, Montana in 1969.

Mean Yields (Tons/Acre)

Row Spacing
Ireatment 1" 22"
Sugar beets alone 28 . 24a% 1 26,87a
W/beans (alternate single) 25.66a 22.78b
‘W/corn al . 18.26b 18.22cd
W/barley n " 11.85¢ 20.20c
W/beans (alternate paired) . 25.88a 19.42¢
W/corn " L 13.10¢ 14.40e
W/barley " " 14 .38bc 16.63de

% Means in the same columm followed by the same 1etter are not
31gn1f1cant1y different at the °05 level .accoxding to Duncan's

_ New Multlple 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 two row spacings at Huntley, Montana, in 1969.
Means (% Sugarx)
Row Spacings

Treatment 1in - 991
Sugar beets alone ' - 16,.38ax* 16.62a
W/beans (alternate single) 16.88a 15.40ab
W/co:n " f .16.35a 15.13b
W/barley " n 16.08a 15.78ab
W/beans (alternate paired) - 16.48a | 15.13b
W/corn n A - 16.18a 15,80ab
W/baxley " B 16.30a , 15.35ab

* Means in the same column followed by the same letter are not
significantly different at the .05 level accordimg 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 affgcted 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 réduced sugar content

(Table 18) (16.62% vs 15.13%), 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 corn
did not affect the sugar content (Table 18). Corn 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 bee;s 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 atmospherié nitrogen. This higher nitrogeq
resulted in lower sugar percentages. This inverse relatioﬁship between
nitrogen and sugar content has been established by many resea.rchefso
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 reducéd
the yield of beans, corn and barley. In altérnate single and alternate
paired.rows, yield of beans, corn and barley were significantly lower

than the pure stand of beans, corn and barley (Table 19). This reduct-
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ion of yield was more promounced for beans. The competitive effect of
the beets upon the beans could probably be attributed to the greater
competitibn for light. Beets were 30 cm taller tham beans and intex-
cepted more light than beans in narrow spacing (11"). Reduction of
corn yig;d by sugar beets ﬁas probably due to nitroggn deficiencies
which occurred in corn in both spacings bging.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 11" SPacing? but it was in alternate paired
rows. At 22" spacing, reduction in barley yield was significant for
both alternate single and"alte;nate paired rows. This result could
alsoc be explaingd in deficigncy of phosphorus for barley (Table 14).

1IZ. Shading Experimen;

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 beets and per-
cent sugar in both 1969 and 1970 (Table 21). A 92% reduction in light
igtensity reduced the yield and percént 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 foﬁ percent sugar both

years but not £o£ yield data since the highest shading of 1970 gave
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Table 19. Yield of beans, corn 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 “11v 22"
Beans alone .860a* »560a
W/sugar beets (alternate singlgj .090b « 140b
w,oo"oow (" paired) .060b .100b
Corn 4léne 32,852 19.57a
W/sugar beets (hlternate'single) 8.98b 8,.45b
w/oomooom (o pairedj 5,75b 5.25b
Barley alone 1.7%9a 1.58a
W/sugar beets (alternaté single) /f 1.64ab «87b
1.16b 584b

w/, o n ( " pairedi

% Means in the same column £ollowed by the same-letter are
not significantly different at the .05 level according to

Duncan's New Multiple Range Testo




] %wm. %N % P %P % K %K

) Yield Leaves & Roots : Leaves Roots Leaves Roots % Sugar
DE }?69 %979 }969 197931969 1970 }969 197041969¢1970¢1969419702196911970F1969k1970

Reps -5

Treat- no

nent - 3] &% ] %% % %% ldatag] ** ok £ ki % e fede NS el X %

Exroxr | 9 L ’ B ] ] ]

Fotal {15{ - -} :

% Bignificant at .05 level

Table 20. A summary of the analyses of variance of the sugar beet shading experiment
conducted at Huntley, Montana, in 1969-1970.

%% Significant at .01 level
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Table 21. The effect of three degrees of shading upon the yield
and sugar conteat of sugar beets grown at Huntley,
Montana, 1969-1970. (Tons fresh weight/Acre).

7

' Root Vield Top Yield % Sugar
Treatments 1969 1970 1969 1970 1969 1970
0% _Shade A27.68a* 12.10a  17.23a  17.97a  16.10a 12.52a
51% Shade -15.96b 6.46b 17.80a 16.19a 14.90ab 12.07ab
76% Shade 11.87¢ 3.75¢__15.52a 12.25b 14.50bc _11.30bc
92% Shade 9.46¢ 2.27d _11.30b 7.9%c_ 13.18c 11.05¢

% Means in.the same columm 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 ylelds than the other treatments while in 1969 the
yield with the highest and second highest shade levels did not diffex.
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 redqcéd, the overall growth rate de-~
creased but root growth was decregsed more than leaf growth resulting
in a higher leaf to root ratio (Table 22). These results could be
attribﬁted_to the reduction of iight inténSity. Sugar beet is a helio-
phyte (sun plant, it requires light for normal development)(48). Shad-
ing affected soil and air temperaturés within fhe beet canopies (Table
23). Air temperafure under the shade cloths above thé beet canopies on
August 24, 1970 were 37.5, 31.5, 28, and 28 C when. shaded 92, 76, 51
and 0% respectively. The éorresponding soil temperatufes at a 4" depth
were 23, 19, 19, and 20 C. 1Increased temperatures, both air and soil,
should adversely affect the growth of beets since beets are considered a
cool climate crop (49). Sugér accumulation was also inversely related
to temperature (Ulricﬁ 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 ?eaucfion was not obtained in
the' 1969 experiment. Beets continue uptake of COg 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.




{

@]

)

)

-56.=

Table 22. The effect of shading upon the top/root
ratio of sugar beets grown at Huntley,
Montana, 1969-1970.

Top Ratio
Root
Treatments . » 1969 1970
(4) Full sunlight (100) .  0.62 1.48
(1) 51% Shade 1.11 2,51
' (2) 76% shade | 1,30 3.26
(3) 92% Shade 1.20 3.50

| N
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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 at (4')
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
767% 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
927 shade 29.0 32.5 25.5 28.0 19.0 © 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
927 shade 37.5 24.0 21.5 23.0 18.5 15.0
3:00 PM T L . e

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
7@% shade 24.0 23.0 22.0 . '25.5 17.0 15.0
92% 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
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The lower top : root ratio in 1969 than in 1970 resulted from more
root growth in 1969 Wiﬁh_ihe 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 intengity significantly affected the percentage of
N, P, and K in leaves and roots of sugar beets both years (Table 24).
Figure 4 shows ;hé relationships between percent N, P, and K and the
shading treatments. The N, 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 redgced light intensity in both leaves
and roots. Percent K increased with shading in 1970. 1In 1969 %K in
roots was increased by shadiné 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
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The effect of shading upon the nitrogen, phosphoxus and
potassium content of sugar beet leaves and roots at Huntley,
Montana in 1969-1970. '

LS

()

% N (Leaves) % N (Roots) % P (Leaves) i % P (Roots)
Ireatmentsy 1969 1970 1969 § 1970 & 1969 t 1970 1969 ¢ 1970
0% Shade 1.99h% .3.179 o L.26b | ..21d .22¢ .16a | .16b
51% " .2.23a_| 3.34b | data | 1.39b -3lc .29b .15a .19
76% " 2.33a | 3.37b 1.30b .32b .32ab .13b .19
92% " 2,56a | 3.55a 1.79a § .36a | .36a .1lc § .27a

Multiple Range Test.

% Means in the same column foll&wed by the
significantly different at the .05 level

same letter are not
according to Duncan's

New

Table continued. . .
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Table 24, (continued)
. % K (Leaves) % K (Roots)
Treatments| 1969 By 1970 1969 _ 1970
0% Shade 3.15a | 1.77¢ .94c | 1.27¢c
51% " 2.81b 2.52b 1.00b 1.57be
76% " 2.,61b | 2.85ab | 1.07b 1.78b
92% . " 2.17¢ § 3.19a 1.26a | 2.66a

%* Means in the same column followed by the

_ same letter are not -significantly different
at the .05 level according to Duncan'ls New

Multiple Range Test.
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Figure 4. Effects of shading on N, P, and K content in the
leaves of sugar beets
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Figure 5. Nitrogen and sugar relationships in the roots with
different light intensities in 1969 and 1970.
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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 1969-1970.

. % N (Leaves) % Sugar

Treatments 1969 t 1970 1969 1970

0% Shade 1.99b% | 3.17c | 16.10a | 12.52a

51% " 2.23a | 3.34b | 14.90ab | 12,07ab

76% " 2.33a 3.37b | 14.50bc } 11.30bc

922% Y 2.56a 3.55a § 13,18c 11.05¢

L

U -

-/

—~

% 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_corn shaded beets in
interseeded experiment). Therefore, accumulation of sugar by the roots
was rveduced but the pafbohydrates allgwed growth qnd development of
sugay, beets. On the other hand, early in the season adgquéte light and
soil nitrogen‘promo;ed rapid establisﬁmgnt of the top g;owth (a large
leaf area) before the shgde cloth was applied (or bafore corn shaded
beets). After application of shade cloths the top growth slowed down
but root uptake of nutrients wég not reduced proportiongtely resﬁlting

in high N, P, and K contents. High git;ogen 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 to
i . -

root ratioc. Maximum sucrose accumulaéion 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 oﬁ this study were: (1) to determine the competi-
tive effects of other crops (barley, corn, beans, or turnips) on the
yield and sugar centent of sugar beets;, (3) to determine the.effeqt of
reducgd light intensity on the yield, sugar content and composition of
sugar beets, (3) to coﬁpare 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 altergate paired rows,
(5) to determine the effects of a companion crop on the micro-climate
(we planned to measure light inteqsity, soil and air temperatures) and
composition of sugar beets.

Three different experiments (l)_An Interseeded Experiment, (2) An
Alternate VS Paired Rows Experimeﬁt and (3) A Shading Experiment'were
conducted at the Huntley Brapch Station‘éf'Mpntana State University ét
Huntley during 1968, 1969 and 1970. ‘

Results obtained from theée 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.bariey 87 to
96 cm) had a competitive advantage for light interception over beets
(30 to 55 cm), or beans (20 to 30 cm). Corn reduced light intensity to
sugar beets in 11" spacing by 94 percent while corn 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 1l percent and 6 per=
cent in 11" and 22" 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 héve contributgd to the redﬁction 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. Goxn and barley wére almost equaliy 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 sugax beets do not obtain enough
light to compete effectively with sugar beets when planted in alternate
single rows.

Narrow (11") spacing of pure stand sugar beets gave a higher sugar
percentage iﬁ 1969 and a higher yield in 1970 than wide rows.

Sugar beets grown with beans in alternate 22" rows produceﬂ thg
largest gross return per acre.

Shading of the sugar beet camopy decreased the overallﬂgrbwth 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 incrgased 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 éugar beets adversely affected the sugar
content of sugar beets in 1970. The higher sugar contents ébtainéd in
1969 were associated with nitrogen contents that were lower than in
1970.

The following conclusions can be drawn from this study s

(1) Narrower spacing may be practical for pure stand sugar beets
since percent sugar and yield are increaged 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 bg recommended
since less nitrogen ferfilizer would be needed giving more profit per
acre.

(4) 1If the market is good for barley or corn and the growing
season is 1ongér, then planting sugar beets with corn 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 26. Summary of analyses of soil from sugar beet intercropping
experiment at Huntley, Montana in 1969, ;
Soil Conduct- 7 Nitrate }Sodium
Depths:Soil § ivity Organic jAvail. P fAvail. KiNitrogeny Meg/
(in.) pH_ Wmmhos)cm| Matter (Lbs./A) §(ibs./A PPM | 100 g
0-6 6.9 2.2 4,13 (M) | 245 (1) 1000 19.2 1.74
6=12 7.3 2.0 3.55 (M) | 245 (W) 100e 26.2 1.65
12-24 8.1 | 1.4 ) 1.82 () |.100 () | 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 2.0 136 (M) 1000 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 Huntléey Branch Station, Huntley, Montana.

] Month = 1969 ’ Total
Jan. Feb. Mar. Apr. May June July Aug. Septu Qct. Nov. Dec. or Avg.

Precipitation (inches) . .
1969 1.08 .12 38 2.27 .78 6.04 1.16 .79 56 1.30D .28 .13 14.89
1910-69 .55 42 .73 1.23 1.94 2.59 .96 294 1.29 _.98 « 64 .61 12.88

Max. Temperature (FO) : : .
1969 14 31 . 43 69 72 73 85 91 78 54 53 42 59
1911f69_ 32 37 45 59 69 78 88 86 74 62 46 36 59

Min. Temperature (FO) )
1969 . =9 .8 17 34 39 46 53 51 - 43 29 24 17 - 29

> -

19l1«69 7 12 20 31 41 49 54 51 42 32 21 12 31

Mean Temperature (FO) :
- 1969 | 3 20 30 .- 52 56 60 69 71 61 41 38 29 bb
1911-69 19 24 .33 45 55 63 71 69 58 47 34 24 45

Wind (M.P:H.)

1969 . 2.3 1.9 2.7 3.3 2.4 2.7 1.6 1.3 1.5 2.6 3.0 2,2 2:3
1911-69 4.5 4.2 4.4 4.8 4,3 3.3 2.8 2.7 2.9 3.3 3.7 4,2 3.8
Evaporation (inches¥)

1969 C. 5.93 7.69 6.67 8.00 8.59 5.23 42.11
1911-69 - 4.93 7.02 8.19 10.26 9.37 5.79 45,56

Frost Free Period¥¥

1969 .  Jume 13 (310) to Oct. 5, (299) = 114 days

1911-69 May 18 (300) to Sept. 22, (300) -~ 127 days

% Class A pan (1911 through 1960 - B.P.IL. pan - adjusted to Class A pan basis in 1968)
%% 320 con31dered a killing frost.

_‘IA.‘.




Table 28.

Summary of climatic data by months for the calendar year 1970 and averages for

the perlod 1910-70 at

the Huntley Branch Station, Huntl_y, Montana.

Frost Free Periodi

1970~
1911-70

9 10.23

May 13 (300) o Sept. 12 (320), 122 days
May 18 (300) to Sept. 22 (300), 127 days

Month = ‘1970 Total
'Jano Feb. Mar. Apr. May June July Aug. Sep;. OQct, Nov. Dec. or Avg.
Precipitation (inches)
1970~ .59 1.52 .68 2,54 4,43, 1.85 o4 .05 1.91 1.00 .92 4 16.40
1910270A .55 oAbl .73 1.25 1.98 2.58 .95 .93 1.30 .98 .64 .61 12,94
Mix. Temperature (FO)
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 (FO) .
1970 7 18 20 26 42 50 54 50 39 30 20 10 31
1911-70 '? 12 20 31 41 49 54 51 41 32 21 12 31
Mean Temperatukre (FO)
1970 19 32 32 490 56 66 71 70 56 45 33 22 45
1911-70 19 25 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 . ‘ 4,50 5.96 8.00 8.55 8.17 4.20 39.38
1911=70 4,93 7.00 8.1 9.35 5.76 45,46

* Class A pan (1911 through 1960 - B.P.I. pan - adjusted to Class A pan basis in 1968)
e 320 consldered a kllllng frost. .
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