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These meetings were especially well attended which was most
gratifying because the main object of these trials was to interest and
instruct 1 he producers in livestock feeding.

The place, economy, and efficiency in a ration for fattening
steers and lambs on the various forms of sugar-beet pulp when com-
gr?unded with locally produced alfalfa hay and barley were definitely

own.

Valuable information was developed which demonstrated that
it is possible and feasible to market home-grown feeds through live-
stock and by so doing to produce large quantities of manure so vital
to the maintenance of soil fertility.

0

Beet-Sugar Production as Influenced
By Climate

Albert Ulrich et a

The cultivation of sugar beets in the United States and Europe
has been limiled by trial and error to definite areas. These areas, as
shown by the annual production records, may vary considerably in
productivity not only from district to district but from year to year
within a district. The cause for these variations is not entirely clear.
Some of the differences in yields may be attributed to diseases or to
differences in rainfall or cultivation practices and undoubtedly to
soil fertility. Superimposed upon these variables is the effect of cli-
mate, which in itself varies from year to year.

That climate is an important factor in sugar production was
shown for sugarcane by Borden (1986) when two soils taken from
high and low-production areas with similar temperatures gave yields
which were related primarily to the sunlight of the localities rather
than to soil differences. Clements (1940) in comparable field ex-
periments at two locations correlated the lower yield of cane sugar
with a lower light intensity. Kruger and Wimmer (1936), with
sugar beets grown in pots receiving direct and diffused sunlight,
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found that yields were limited by light under their conditions rather
than by the nutrient deficiencies which restricted growth in direct
sunlight. Borden (1940), in another study with sugarcane grown in
pots, showed that shaded plants produced less sugar than unshaded
plants regardless of the potash or nitrogen treatments used by him.
These and other considerations already mentioned have indicated
that climatic variations in California, particularly along the coast in
contrast with the interior, may limit beet-sugar production.

Procedure.—For the purposes of the present investigation, two
soils were collected from beet-growing areas. One soil, Metz silty
clay loam, was obtained from a coastal area in the vicinity of King
City which is approximately 150 miles southeast of San Francisco.
The other soil, Yolo silty clay loam, was taken from a field near
Woodland in the hot Sacramento Valley.

Each lot of soil was thoroughly mixed before it was placed in a
series of 33-gallon pots at Woodland and at Berkeley. The pots were
protected from overheating by placing soil between them which was
moistened from time to time. The drainage water was caught in a pan
below each pot and then returned just prior to the next watering.
The composition of the tap water used to irrigate the beets, while
different at each location, was believed not to influence the beet
yields. All cultural practices at the two locations were similar
throughout the experiment.

The fertilizer treatments given in table 1 were applied at the
time of planting the U. S. No. 15 sugar-beet seed. Since Metz silty
clay loam was known to be amply supplied with all nutrients except
nitrogen, only ammonium sulfate was added at the 2N and 4N levels
(N=-27.8 grams). In the case of the Yolo silty clay loam, adequate
amounts of phosphorus and potassium were added with the nitrogen.

When the experiments were repeated in 1941 a new lot of Yolo
silty clay loam was obtained within a few feet of the first lot and
then prepared as in 1940. The Metz silty clay loam used in 1941
was taken from the same reserve pile as in 1940 and therefore was
identical for the 2 years.

The sugar beets were planted on April 9, 1940, at Woodland and
at Berkeley on the following day. In 1941 the beets were planted at
the two locations on April 17. In 1940 the beets were harvested on
October 4 at Berkeley and October 5 at Woodland, while in 1941 the
harvest dates were October 7 and 8 respectively.

Analytical Methods.—The yields were obtained by weighing soil-
free beets topped according to the methods prescribed by the beet-
sugar companies. The sugar percentages were determined by the
Sachs-Le Docte method as given by Browne (1912) and modified by
Bachler (1934), while the purities were determined by Bachler's re-
fractometer method (1937). All of the analyses were made by the
Spreckels Sugar Company at their Woodland refinery.
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Figure 1—Day and night temperatures at Berkeley and Woodland, California,
during the 1040 and 1941 seasons. Each point is an average daily (6: 01 a m. to

The air temperatures at Berkeley and Woodland were determined
with a hygro-thermograph (Julien P. Fries No. 207W) at each loca-
tion. The points plotted in the graphs (figure 1) are the average
weekly day or night temperatures averaged for 2-hour intervals.

The light readings are given as average milliequivalents of oxa
late decomposed each day for the week. The calibrated test tubes
(18 x 150 mm.) containing the uranium oxalate solution (12.605
grams (COOH),.2H,0 + 5.023 gm. U0,(NO3),.6H,0 per liter) are
set normal to the sun by a special calibrated holder. Each test tube,
except for an 8 mm. annular ring approximately 2 cm. from the base
of the tube, was painted with black asphaltum varnish and then with
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6:00 p. m.) and nightly (6:01 p. m. to 6:00 a. in.) temperature (averaged for every
2-hour period) for the week ending on the date given.

a coat of aluminum paint. The unpainted strip around the tube
permitted the entry of sunlight for the photochemical decomposition
of oxalate ions to CO and CO, (Anderson and Robinson, 19252. The
decomposition of oxalate is effected by ultra violet light and the blue
of the visible spectrum. Since the ultra violet light cannot penetrate
readil?/ the pyrex glass of the test tubes, the blue light of the shorter
wave lengths is mainly effective in the oxalate decomposition; 10 ml.
of the uranium oxalate solution has been found satisfactory for even
the longest days at either Woodland or Berkeley. In 1941 the test
tubes at Berkeley were modified by fusing a small flask on the end
of the test tube. The capacity of the larger cells was 66 ml., which
was adequate for a week's exposure to sunlight.
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Results.—A comparison of the average day and night tempera-
tures at Berkeley and Woodland for 1940 and 1941 (figure 1) shows
that the day and night temperatures at Woodland are much higher
than those at Berkeley. In fact the night temperatures at Woodland
are approximately equal to the day temperatures at Berkeley, It
is to be noted that there is no outstanding difference in temperature
at each location for the two seasons except at Woodland where the
degree-hours above 85°, 90°, 95°, or 100°F. (table 2) are greater in
1940 than in 1941, a point which will be discussed later.

The light intensities (figure 2) as measured by the milliequiva-
lents of oxalate decomposed for the 1940 and 1941 seasons are 20 to
25 percent greater at Woodland than at Berkeley. There is no
marked difference in the total light available for the two seasons at
each location, but there is a difference in the timing of the periods of
high and low light which might affect the rate of growth favorable
or adversely, depending upon the physiological state of development
of the plants.

The beet and sugar yields, sugar percentages, and the purities
of the beets from the two soils treated with different levels of nitro-
gen at Berkeley and Woodland are summarized in table 1. The re-
sults are primarily of interest because of the changes in sugar per-
centages of the beets for the 2 years at the two locations. In 1940
the sugar percentages at Berkeley were higher than those at Wood-
land. The converse was true in 1941 when the sugar percentages at
Berkeley were not only slightly lower than those in 1940 but were
now definitely lower than those at Woodland which had increased
considerably during 1941.

The yields from the two soils differed in many respects within
each year and between the 2 years. In 1940 the yields at Berkeley
for the comﬁarable treatments of the two soils were not significantly
different, while at Woodland the yields for the 2N treatment of the
Metz silty clay loam were higher than for the 2N treatment of the
Yolo silty clay loam. The significantly lower yield at Woodland for
the untreated Metz silty clay loam in comparison to the Yolo silty
clay loam may have been caused by the addition of a small amount
of soil to the pots shortly after thinning the beets. The yields for
the 2N and 4N treatments of the Metz silty clay loam at Woodland
were higher than those at Berkeley, while there was no significant
difference for the untreated soil at the two locations. The yields for
the untreated Yolo silty clay loam were higher at Woodland than at
Berkeley but there was no difference for the 2N treatment. The net
effect of the higher yields and lower sugar percentages at Woodland
was a similar sugar production at the two locations.



AEG. OXALATE

AEQ. OXALATE DECOMPOSE

PROCEEDINGS—THIRD GENERAL MEETING 165

1.BO
WOODLAND
1404 ?ooo‘bg‘oooq‘
gl R
120 2
a3 -
oo oy
BERKELEY
osgo B
0060 T rcrrrr T T r 7 T L
14 5 2 7 4 1 6
APR. MAY JUNE JULY AUG. SEPT. OCT.
I9A 0O
1.6 04
WOODLAND
.40 o
1 St w
1.201
oQ
1.00-
BERKELEY
0.80
060k
20 4 t 6 3 7 5
APR. MAY JUNE JULY AUG. SEPT. OCT.
194 1

Figure 2.—Light at Berkeley and Woodland, California, as measured by the

milliequivalents of oxalate decomposed during the 1940 and 1941 seasons. Each point
is an average daily value for the week ending on the date given.



Table 1,—Summary of results for Berkeley and Woodland—1940 and 1941.

Mels allty clay loam Yolo gilty ¢lay Toam? Fignlticant difference
at $-percent palnt
Lgeation Determinationt None BA ] 4N Kone 2N N {10 to 1 adds)
1040
Berkeley Yigld (gm.) 1,888 3,045 4,351 1,58 3,288 J—— 418
Waoodland Yield (gm.) 1,571 4,057 481 2,58 3,204 J—— 514
Berheley Perceniape Fugar 153 168 174 185 44 [ 07
‘Woodlaod 1'ercentage Bugar 28 158 phR.) 150 169 . 10
Herkeloy Buger [gm.) "2_75 pa2 787 308 i) - a
Wavillund Sugar (gm.) 21 BIB 763 301 L, 11}
Borkeley Porlty 8.0 i ] Ba.1 84 0g
Wasdland Purity k] 860 frdl] e 554 J— 11
141
Berkeley Yield (go.} 2,181 4,507 4,150 1,814 §.330 4,008 182
Woodland Yield (gm.} g8l 4,840 4,602 1,014 pid w2 %113 b5
Berkeley Fercentage sngar 166 18.3 166 182 164 182 LK
Woodland Percenisge sogar 176 138 184 13 180 179 14
Berkeley Bugor {gm.) 361 L] a1 310 M5 21 1
Woodlund Sugar fgm.) 584 birl] 40 b+ 4 K] 560 126
Berheley Purity -7.) 4 6.4 867 80.2 .L¥.) s
Woodland Purity B3 8.8 £ §3 &6 E61 pT Y

1Replisated 6 times.

*PK added to all pots o the ¥olo aerlen.

32X egquale I0.8 end 4N aguals 1112 grame of ammonlom solfate per pot.
n.e=not elguificant.
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The yields for Metz silty clay loam at Berkeley and Woodland
are higher in 1941 than in 1940 in five out of six treatments while
for the Yolo silty clay loam they are approximately the same for the
2 years. At Berkeley and at Woodland the Metz silty clay loam pro-
duced higher yields than the corresponding treatment for the Yolo
silty clay loam. The untreated Metz silty clay loam produced a
much higher yield at Woodland than at Berkeley, while in the un-
treated Yolo soil there was no difference between the two locations.
At Woodland the maximum yields were obtained with the 2N treat-
ment for both soils and not with the 4N treatment as at Berkeley.
This difference resulted in a significant increase in yield for the 4N
treatment of the Yolo series at Berkeley over the corresponding treat-
ment at Woodland. The net effect of the higher sugar percentages
at Woodland was a higher sugar production in every case except in
the 4N treatment of the Yolo series. In the latter instance the higher
sugar percentage did not overcome the relatively low yields occurring
in this treatment at Woodland.

The puritP/ coefficients in 1940 failed to follow any set pattern,
although the lowest value was given by the 4N treatment for the
Metz silty clay loam at Berkeley, while at Woodland the untreated
soil in this same series gave the lowest purity value. The highest
purity at Woodland was given by the 2N treatment for the Yolo
series. Other differences were not statistically significant. In 1941
there were no statistically significant differences (according to the F
values, Snedecor, 1938) for any of the treatments at the two loca-
tions, although it is of interest to note that the lowest values were
given by the 4N treatment at Woodland for both soils and for the
4N treatment of the Yolo series at Berkeley.

Discussion of Results—Some of the results obtained during the
2-year study with the Yolo and Metz silty clay loam soils at Berkeley
and Woodland are difficult to explain. Ordinarily it is to be ex-
pected that beets grown at a higher temperature such as at Woodland
would give lower yields and lower sugar percentages than the cooler
climate of Berkele?;. During the first ?;ear the yields were in many
instances actually higher at Woodland than at Berkeley, although the
sugar percentages were definitely lower at Woodland.  The net effect
was a similar sugar production at the two locations. In the following
year all of the sugar percentages and some of the yields were dis-
tinctly higher at Woodland than at Berkeley. Perhaps these un-
expected differences in sugar production could be explained on the
basis of the higher light intensity at Woodland than at Berkeley.
The additional light at Woodland amounting to 20 to 25 percent may
have been more than enough to offset the greater respiration and
thus result in the higher yields in 1940 and the higher yields and
sugar concentrations in 1941. But this would leave unexplained the



168 AMERICAN SOCIETY SUGAR-BEET TECHNOLOGISTS

higher sugar production at Woodland in 1941 over 1940. The tem-
peratures and light intensities are apparently similar for the 2 years
and yet the sugar yields are different. Either the differences for
the 2 years are caused by a difference in the number of degree hours
above 85° F. (table 2), or to a difference in timing of the temperature
or light factors, or to some condition as yet unknown. The increases
in the degree hours above 85, 90, 95 and 100° F. during 1940 over
1941 favor the temperature hypothe5|s Such increases in tempera-
ture with their resultant effects on respiration may have been enough
to depress the sugar content of the beets during 1940.

Table 2.—Comparison of degree hours in 1940 to 1941 at Woodland and Berkeley.!
i Tray {801 A, m.-6:00 B m.) Night (8:01 p,m,-A 00 a_ an.}

Loratlon Tvar Degreo houra above Depree hours abave
' sook.  BOOF, SsoF, 1000F,  Naok.  G09F.  USOH.

Woodlang 10 2844 S8l ozs 260 ws 202 e

Woodland 1841 2,602 1,848 Toh 21/ 40y 1ac 2z

Locreane over

IM1—Ta

FPergentages o 10.8 3.2 204 .8 652 Lo

Berkeley T b 1 i L & 0 0

Nerkeley 1841 85 4 1} [} L o L1}

Increage over

1H0—In

Tercentagei s L. L e e e

13With an 830X, base 1 bour at %2F. cguala 1 degree-hnur and @ hours at
PLoF. eguale 1T degrae hours, ete.

The higher yields from the untreated Metz silty clay loam at
Woodland in 1941 may be associated with a greater bacterial activity
at the higher temperature, and this would result in a more rapid de-
composition of the organic matter present in the soil. The yields
for the 2N and 4N treatments for this soil in 1940 are higher at
Woodland than at Berkeley and this aso applies to the 2N treatment
in 1941. The additional nitrogen which may have been derived from
the bacterial activity in the 4N treatment in 1941 was not effective
in increasing the yield. In the Yolo silty clay loam there was no
significant increase in yield at Woodland, and therefore it may be
assumed that no additional nitrates were formed from the organic
matter.

A point which requires further study is the failure during 1941
of the 4N treatment to increase the yield over the 2N treatment for
both soils at Woodland. The leaves in all instances failed to give a
positive nitrate test with diphenylamine at harvest time, thus indi-
cating the utilization of the available nitrates by the plants. The ap-
pearance of the plants at harvest time supported the negative nitrate
test, since the outer leaves were yellow, and only a few green leaves
remained in the center of the plants. The question to be solved is the
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location of the nitrogen in the 4N treatments. Part of it was used
in the greater top growth of the 4N treatment, but this may not
account for al of it. Another part may have been trapped in the
yellow leaves which became non-functional at a time when there was
still a high-nitrate concentration in the plant and therefore the ni-
trates were not translocated to the regions of growth. From the
practical standpoint split applications may be more effective than
one single heavy application in the spring.

Summary

Sugar beets were grown in pots by the same technique in the dif-
ferent climates of Berkeley (cool and cloudy) and Woodland (hot
and sunny). Two soils were obtained for the study, one (Metz silty
clay loam) from the coastal area near King City and the other (Yolo
silty clay loam) from the interior of California near Woodland.

In spite of marked differences in temperature and light intensi-
ties at the two locations during any one season, the differences in
sugar production were not nearly so great as occurred at Woodland
between two successive seasons.

Sugar beets receiving twice as much nitrogen as a comparable
series produced the same yield of beets even though the available
nitrates had been utilized by the plants.
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