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Principal Studies on Utilization of Solar Energy

in Sugar Beet Plants under Field Conditions

Toru KITAMURA

Summary

The characteristics of photosynthesis, transpiration, and dry matter production in sugar beet
populations under field conditions were studied, and the relationships between these characteristics
and the solar radiation utilization by the crop populations were examined.

To obtain data on solar radiation utilization by sugar beet populations, respiration, and
transpiration were measured. On the other hand, the relationships between these factors and
environmental factors such as air temperature, soil temperature, and soil moisture content were
examined using equipment with which the environmental factors were controlled. The results
obtained were as follows :

1. Solar radiation on sugar beet populations.

The diurnal average of total shortwave radiation on the crop populations increased from April
through June with a maximum of 1.2 cal.cm2min! for fine days, while the value for cloudy days,
though somewhat varied by cloud amount and cloud form, was smaller than 0.4 cal.cm Zmin".

The percentage of photosynthetic active radiation to total shortwave radiation during the
growing period of sugar beet was 48.1% in average ; it decreased as solar altitude lowered below
30.

The diurnal photosynthetic active radiation was estimated using the conversion formula by
Uchishima (1964) and the conversion coeficient by Tooming (1967). The estimated values showed

a parallel tendency to that short wave radiation, reaching 195 cal.cm %day™" for fine days.

2. Selective absorption characteristics of spectra in sugar beet populations.

The reflectivity and transmissivity of solar radiation in several types of sugar beet populations
were measured and examined in reference to the wavelength of solar radiation. It was revealed
that the crop populations had selective absorption characteristics for specific spectra and that the
reflectivity and transmissivity varied according to solar altitude and the stage of population
development.

In the fields of sugar beet at luxuriant growth period, the spectral reflectivity of the populations
showed a sharp rise at wavelengths over (.7 with a small peak at 0.55 to 0.60x. The reflectivity
of photosynthetic active radiation ranged from 3.7 to 4.8% in the maximum leaf area period and
from 2.9 to 4.7% in mid September.
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The spectral transmissivity in sugar beet populations varied with changes in solar altitude and
with population structure. The diurnal changes in the transmissivity of photosynthetic active
radiation in crop populations was approximated using the exponential equation by Tooming (1966),
a good approximation being obtained by substituting the coefficients C,, C;, and C; with 0.40 to 0.
97, 0.01 to 0.02, and 0.15, respectively.

The radiation absorptivity of sugar beet populations in the luxuriant growth period culculated
from radiation balance ranged from 88.4 to 95.39% ; it decreased as the row width of the crop
populations increased. The radiation absorptivity of sugar beet populations with wide rows was
remarkably low, although the crop populations observed had almost the same leaf areas. The
reason for this is that in wide-row populations the radiation transmissivity increases as solar

altitude increases.

3. Relationship between radiation balance and photosynthesis or transpiration in sugar beet
populations.

Three types of sugar beet populations used for this observation were formed using three
planting modes. They were, in terms of row width-interrow spacing relation, uniform (37 —37cm),
narrow row (45—30cm), and wide row (60—22.5cm) population. Photosynthesis and transpiration
were measured simultaneously under natural light using the chamber method. The relationship
between the measurements and radiation balance were examined to elucidate the significance of
these relationships to dry matter production by sugar beet.

Photosynthetic rates and transpiration rates markedly varied with the type of population and
years. These values were greater in the uniform population than in the narrow row and wide row
populations, but, with leaf area indexes over 5, this tendency was reversed. This increase in leaf
area index (over 5) remarkably affected the radiation absorptivity and radiation utilization coef-
ficient of the crop populations.

The diurnal changes in the photosynthesis and transpiration of the crop populations showed a
close relation with solar radiation.

In general the relationship between the amount of photosynthesis and solar radiation could be
expressed by an exponential function. The amount of photosynthesis of the crop populations
showed no relation with the total leaf area of the populations but showed close relations with both
the leaf area of the vegetation cover layer and photosynthetic active radiation absorption. These
relations could be expressed by the following multiple regression formula as :

P=—173+0.13A,x+ 0.83F
where P=amount of photosynthesis per unit area of field
A, =photosynthesic active radiation absorption by the vegetation cover layer
F=leaf area of vegetation cover layer

The relationship between transpilation and solar radiation was expressed by linear regression.
The transpiration of sugar beet populations was closely related to both the leaf area of the middle
and upper leaf layers and 0.4—0.7x band radiation absorption. This relationship was expressed by
a multiple regression formula as :

T=-277.8+262A,c+4.8F
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Where T=transpiration per unit area of field
Appar=04—0.7¢ band radiation absorption by the middle and upper leaf layers of
population
F=leaf area of the middle and upper leaf layers of population

The relationship between dry matter production and solar radiation utilization coefficient in
sugar beet populations was examined using the measurements of photosynthesis and transpiration
of the crop communities. The production of root dry matter was closely related to photosynthetic
coefficient (accumulated amount of photosynthesis/amount of root dry matter at harvesting time).
The coefficient lowered at P/T ratio (accumulated amount of photosynthesis/accumulated amount
of transpiration ratio : CO,mg.m?/H,O kg.m™?) of about 9/1, offering an optimum condition for dry
matter production.

The greatest root dry matter production was observed in the uniform (37—37cm) population.
For example, in 1973, this population produced 1.75 kg.m 2 root dry matter with 2.89 solar radiation
utilization coefficient for the whole growing period, the coefficient being estimated from photosyn-
thetic active radiation.

4. Relationship between leaf blade water potential and photosynthesis or transpiration.

Under field conditions, the diurnal changes in leaf blade water potential of sugar beet showed
a close relation with both solar radiation and transpiration rate. In the fine daytime, leaf blade
water potential was highest in the early morning, then dropped sharply after that presenting the
lowest value around noon, and gradually rose in the afternoon. The potential decreased as
transpiration rate increased, and when reaching below —6 bar., the rate of increase in transpiration
gradually declined. On the other hand, photosynthetic rate turned to gradual decrease at leaf blade
water potential below —6 bar.

An inverse correlation was observed between P/ T ratio (photosynthetic rate/transpiration rate
ratio : CO, mg/H,O g) and leaf blade water potential. This indicates that in the leaf blade water
potential range of —2 to —6 bar., photosynthetic rate decreases much faster than transpiration rate.
However, within the leaf blade water potential range of —6 to —8 bar., transpiration decreased,
thus retarding the decrease in P/T ratio.

5. Relationship between meteorological factors and photosynthesis or transpiration.
Photosynthesis and transpiration positively correlated with metetrological factors such as solar

radiation, evaporation, saturation deficit, CO, concentration, air temperature, and plant body

temperature. In general, evaporation showed stronger correlations with these factors than photo-

synthesis.

6. Effects of air temperature on the physiology and plant types of sugar beets.

Suger beet populations were cultivated in a farmtron in which the growing period air tempera-
ture was kept 1.9 to 2.7°C lower than natural conditions. Plant hight and leaf area index increased
at higher air temperatures (15— 20°C), but decreased at lower temperatures (below 15°C). The C/
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I ratio (petiole weight/leaf blade weight ratio) increased at 15—20°C, and this tendency closely
related to an increase in R/P ratio (respiratory amount/amount of photosynthesis).

Photosynthesis attained a maximum at about 26°C, and decreased at lower or higher tempera-
tures. Respiration during the night was strongly controlled by plant body temperature. Trans-
piration increased linearly as air temperature rose within the range of 10-—30°C.

Total dry matter production and net production efficiency (root weight/total body weight) were
greater under natural temperature conditions than under low temperature conditions. However, in
cases of leaf blade weight and petiole weight, the tendency was reversed. This indicates that roots
receive less substance under low temperature conditions.

A close relationship was observed between the accumulated amount of photosynthesis in the
whole growing period and the amount of dry matter production. Another close relationship was
also found between the net production efficiency in dry matter production and P/T ratio (accumu-
lated amount of photosynthesis/accumulated amount of transpiration ratio : CO, gm™2/H,0 kg.
m~2). A high net production efficiency was obtained when P/T ratio reached 9 in natural tempera-
ture conditions. Therfore it can be expected that some amount of increase in transpiration under
favorable temperature conditions may increase the translocation of photosynthetic products from
the top to the root thus resulting in high root production.

7. Effects of soil temperature on the physiology and plant types of sugar beets.

The sodl temperature during the experiment was controlled to range from 10 to 30°C using a
thermostaticaly controlled water baths.

Photosynthetic rate was greatest in the range of 18 to 19°C and smaller at lower or higher
temperatures. Respiratory rate during the night positively correlated to soil temperature with a
respiratory temperature coefficient (Q,,) of 1.8. Transpiration rate increased as soil temperature
rose from 10 to 30°C. The P/T ratio (photosynthetic rate/transpiration rate ratio) decreased
exponentially as the soil temperature rose, though slowly in the range of 10 to 17°C.

The optimum soil temperature for net photosynthesis was 21°C. The greatest dry matter
production in the early growing stage was observed in the range of 16 to 21°C (nighttime to daytime).
The optimum nighttime soil temperature for dry matter production was thought to be 17°C, at which
R/P ratio was low. A high net production efficiency in dry matter production was attained when
P/T ratio (CO, mg/H,O g) was 9/1.

8. Relationship between soil moisture content and the physiology and plant types of sugar beets.

The capillary potential of soil water was measured using a tensiometer and soil moisture
content was expresed as pF value.

At pF value of 1.0, photosynthetic and transpiration rates apparently declined and P/T ratio
also decreased. This indicates that under this condition the decline in transpiration is greater than
that in photosynthesis. When pF value rose to the range of 1.7 to 2.0, both photosynthetic rate and
transpiration rate recovered rapidly. At pF value of 1.5, photosynthetic rate recovered slower than
transpiration rate. This leads to the fact that at pF value below 1.7 leaf moisture content is

insufficient. The reason for this is that under low pF conditions the decline in respiratory activity
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of roots lowers the suction force of the roots. Photosynthetic rate turned to decrease at pF values
2.4 and over, while transpiration rate declined at pF values 2.6 and over.

In soil-amended fields, the post-rain pF value increased rather rapidly at pF values 1.0 to 1.7,
but slowly at pF values over 1.7. The reason for this is that in the soil-amended fields both
drainage function and water holding ability are high. The above observations indicate that
photosynthesis and transpiration recover quicker in soil-amended fields than in untreated fields.
Long-term soil moisture conditions during the growing period of sugar beets change the morphology
of the crop. The optimum population siructure for photosynthesis or transpiration was obtained
at pF values 1.7 to 2.4. Leaf area index increased when soil moisture was sufficient and decreased
when it was deficient, while C/F ratio increased under both conditions.
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