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Abstract

Leaf development, leaf area distribution, growth and productivity {dry maiter of
leaves, roots, crowns; and sugar yield) of sugar beet (Beta vulgaris L. cv. Monoscope)
plants were studied during the 1983 and 1984 growing seasons on an experimental
field plantation. Photosynthetic capacity (P.; photosynthetic photon flux density
saturated net photosynthetic rate) was measured at regular time intervals in 1984
and 1985. Using these data, the performance of a model (SUBEMO) simulating
growih, yield and sugar accumulation was evaluated. At the end of the growing
season, viz. October, about 50 leaves were developed by the sugar beet plant, yielding
maximal leafl area index values of around 4 to 5. P, changed considerably during
the growing season showing siguificantly lower values before appearance of leaf
number 20 (around mid-July), increasing later in the season and slightly decreasing
near the end of the growing season (mid-October). P, of mature leaves was significant-
ly and positively correlated with total leaf dry matter of the sugar beet planisatthe
end of the growing season. Comparisons between simulated and measured dry matter
production of leaves and beets (roots -+ crowns) confirmed the need to integrate
seasonal trends in P_ in the simulation model.

Plant (dry matter) productivity is dependent upon many factors, including intrinsic CO, uptake
raie, environmenial conditions (¢limate, nutritional and water status of the soil), cultural mana-
gement strategies, genetic variability and light intercepting leaf area. All these process and struc~
ture variables vary during the growing season, showing typical patterns in function of time or
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life span (Sestdk 1985). Plant development and performance vary in function of the season (Goz-
don ef al. 1982}, while also chapges in photosynthetic activity of leaves may take place in response
to the time cousse of internal events, such as leal and plant senescence (Hodéiiova 1981, Sestak
1985).The integrated variztions in the above mentioned dynamic processes and structural plant
characteristics determine final plant yicld and productivity, When modelling plant growth and/oi‘
yield seasonal patterns in plant development, seasonal changes in P, and leaf appearance should
be implemented in the model {Hodafiova 1979).

The present study aimed () to determine the seasonal variations and patterns in photosynthesis,
plant and leaf development, and productivity, and {2) to evaluate the impact of seasonal variations -
in P, on the performance of a simulation model.

MATERIAL AND METHODS

Plant materials: The data used to evaluate the performance of the model and to
determine seasonal patterns in yield determining processes and characteristics were
monitored during two consecutive seasons (viz. 1983 and 1984) on an experimental
sugar beet field at Hélécine, Belgium (51°50’ N, 4°50" E; 53 m above mean sea Ievel),
situated in the loamy region of the country. As wusual for this region, sugar beets
are grown in rotation with winter wheat and winter barley. As a consequence the
experimental data for the consecutive seasons were not gathered on the same plot
of the experimental plantation. However the field was evaluaied as fairly uniform.

Sugar beet {Bera vulgaris L. cv. Monoscope} plants were grown from late April
until the last week of October under normal field conditions. A 17 cm distance within
rows and 45 cm distance between rows was respecied. Based upon an analyses of
the actual fertility level of the plough layer a basic fertilizer application (P,0s, K,,0,
MgO, B) was supplied. In February 1983 and 1984, the nitrogen status of 60 cm
upper layer was determined. According to the N-index method (Boon 1981) a nitro-
gen fertilizer advice was given by the Soil Service of Belgium. Current pesticide
treatments were applied to keep the crop free from weeds and diseases.

Climatological data (air temperature, relative atmospheric humidity, net short-wave
radiation, daily precipitation and wind velocity} were recorded continuously and
stored every 5 min with an automatic weather station (Dideot Company, England)
controlled by an Apple II microcomputer. Mean daily values for air temperature,
refative atmospheric humidity and wind velocity were caloulated and stored together
with the daily values for net short-wave radiation and precipitation on an input file
for the SUBEM O-model (see further).

Morphological crop and plant characteristics: Every week during the growing season
the total number of actual and dead leaves was determined on ten plants in four
sample blocks of the experimental field. Simultaneously soil cover was also deter-
mined. For estimations of soil cover, a sheet divided in rectangles of 5 by 10 cm was
placed in between the sugar beet rows. The rectangles or parts of them which were
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covered by the sugar beet leaves were counted and gave a measure of soil cover.
Every three to four weeks during the growing scason the following measurements
were made in four replications to evaluate the simulation model: fresh and dry matter
of the roots, crowns and leaves, leaf area (index), sugar content of the roots and
crowns on a {resh matter basis,

Response of net photosynthetic rate (Py) on irradiance was determined in several
replications for mature fully expanded leaves of intact plants at regular intervals
in the field from July till October (1984 and 1985). In 1984 an open system design
consisting of a portable infrared gas analyzer (Leybold-Heraeus, type Binos 1,
F.R.G.) connected to a digital millivoltmeter, a twin set of pumps and a mini leaf
clamp-on cuvette (inner area of 4.5 cm”®) was used, as described in detail by Ceule-
mans and Impens (1982). Since Py measurements were made within 30 s, the plexi
cuvetic was not environmeni-conirolled, and no significant increases in leaf tempe-
rafure were observed,

During the 1985 growing season an improved version of a closed system configura-
tion using the same infrared gas analyzer, membrane pumps and clamp-on cuvelte
as mentioned above was used (Ceulemans et al. 1986). Spot measurements of Py
were carried ont within 15 s using this closed system device. Simultaneously with Py
photosynthetic photon flux density (PPFD) incident on the leaf was measured with
a Lambda (Licor, Lincoln, U.8.A.) quantum sensor. Py was expressed on a single
side leaf area basis. Each set of measurements included six leaves in three replications
per leaf. A rectangular hyperbola was fit through the Py-PPFD response data (Bliss
and James 1966), and photosynthetic capacity (P,) was determined accordingly as
the PPFD saturated (i.e. above 1000 pmolm ™2 s~} Py. When PPFD saturation
hadnot been reached (e.g., on 2 cloudy day) P, was “corrected” to 1000 pmol m™2s™4
using representative PPFD response curves (Hesketh et al. 1981).

Sugar beet {field}
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Fig. 1. Net photosynthetic rate — photosynthetic photon flux density response curve of fully
developed sugar beet jeaves for a typical midsumumer day (6 September, 1985). Bach point repre-
sents the mean value of six replications. Boundary lines were drawn by free hand.
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The model SUBEM O (SUgar BEet M Odel) was based on the original SUBGRO
(Fick 1973) and SUBGOL (Hunt 1974, Ng 1980) models, both built to simulate
potential sugar beet growth under California (U.S.A.) weather conditions, Using
the meteorological data and the initial crop matter data as input parameters, the
SUBEM O model has been adapted as a further refinement of the SUBGOL model
to make it useful for specific West-Buropean weather conditions, sugar beet cultivars
and agronomic practices {Vandendriessche 1989).

RESULTS AND DISCUSSION

Seasonal trend in P In the Pp-PPFD response curve for a typical day {e.g., 06 Sept.
1985) PPFD saturation was observed in most cases above 1 mmol m™?s™" (Fig. 1)
similar to values reported by Hoddfiovd (1979). The mean seasonal trends in P,
of mature, fully expanded leaves (Fig. 2) for the 1984 and 1985 growing seasons were
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Fig. 2. Seasonal course of net photosynthetic capacity of fully developed leaves of sugar beet
planis measured at Hélécine experimental field, Means -k 8.1D.

in the range of values reported in literature for sugar beet (Terry and Ulrich 1973,
Milford and Pearman 1975, Hoddfiovd 1981) although Gordon et al. (1982) observed
significantly higher values in soybean [up to mazimum 44 pmol{CO,) m™? s71]. The
sugar beet leaves measured showed a characteristic pattern of P, over the growing
season which can be more or less divided into threc phases (sec Gordon et al. 1982)
viz. a low P, early in the season {(until beginning of July) followed by an increase
during July and first half of August, and subsequently a decline in P, as the crop
senesces (after mid-August until mid-October). Although the absolute values of P,
were much higher in 1985 than in the 1984 growing season, the general pattern was
the same. It is unlikely that these Py values (mainly of young sugar beet ieaves) are
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controlled by the sucrose concentrations in the leaves (Milford and Pearman 1975).

In 1985 a P, value of ca. 12—14 ymol{CO,} m~2 s~ ! was noticed in spring, in-
creasing to & 24 umol(CO,)m™2s™! in July and Angust, and declining slowly
to 14 —16 pmol(CO,) m™* s~ near the end of the growing season. Similar patterns
have already been reported in literature for soybean (Hesketh er al. 1981, Larson
et al. 1981, Gordon et al. 1982), sugar beet (Hoddliovd 1981), Mercurialis (Masaro-
vifovd and Elid¥ 1985) and several other species. Masarovitovd and Elid§ (1985)
showed that not only P, but also the Pp-PPFD response curve significantly change
during the season, but these changes counld not be quantified in the present study.
Moreover, the changes in the Py response curve reported by these authors {Masaro-
vitovd and Elid¥ 1985) are very pronounced because of the shade-adapted behaviour
of the Mercurialis perennis plants they studied.

As P, or Py showed a typical pattern during the season, this characteristic trend
ghould be incorporated in any growth or yield simulation model

Plant and leaf morphology: The total number of leaves produced by sugar beet, the
number of leaves actually present (expanding plus fully developed leaves) and the
number of dead leaves at different times of the growing season are presented in
Fig. 3 for the 1983 and 1984 growing seasons. During the 1983 growing period the
plants had produced an average of 37 leaves on September 16 and an average of 48
leaves on October 20. In 1984 this figure was 38 leaves on September 28. These num-
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Fig. 3. Seasonal course of leaf numbers and life span for sugar beet planis grown at the Hélécine
experimental field site, Hach point represents the mean value of 40 plants.
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bers of leaves produced by sugar beet cv. Monoscope are significantly lower than the
values reported for cv. Deobrovickd A grown in an experimental field near Prague
(Hod4tiovd 1981).

As soon as 7 — 11 leaves were produced, the first developed leaves started to die.
Thereafter and until the beginning of Avgust, the new leaves appeared more or less
at the same rate as the old leaves died. After mid-August, a nearly constant number
of 20 — 25 leaves was maintained on the planis. Leaf growth characterislics were
more pronounced to change during the first half of the vegetation period than P,
(Hoddiovd 1981),

Dry matter production: Dry matter production of leaves, roots (including crowns),
and of the total plant (leaves, roots and fibrous roots) were plot against time (Fig. 4).
The simulated dry matter production is shown as a continuous line while observed
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Fig. 4, Simulated {full lines) and observed (points) dry matter production of leaves, toots (in-
cluding crowns) and total plants during two consecutive growing seasons. Simulation results
are from the SUBEMO model; observed dry matters are mean values (& 5.D.) of four repli-
cations. simulation results; © — {measured) total plant d.m.; @ — (measured) roots -+
+ crowns d.m.; & — {measured) leaves dan.

field measurements are presente by their means and standard deviations at regular
time intervals. Comparison of the dry mafter production for the total plants, the
roots and crowns, and the leaves showed very good agreement between measured
and simulated resulis. Most of the time the simulation results were sitnated bet-
ween the standard deviation of the measurements.
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In comcluston, seasonal variations in P, growth, leaf development and productivity
of sugar beet plants under optimal nitrogen supply were demonstrated. Moreover,
good agreement between productivity simulated by the SUBEM O-model and ob-
served productivity data was observed, and confirmed the need 1o integrate seasonal
trends in P, in the simulation model.
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