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1. INTRODUCTION

The most important information to agribusiness strategy
makers is timely and accurate statistics about crop production. Early
prospective crop production may be determined considerably before harvest
if the yield prospects are known. The major cause for season-to-season
variation in crop yield is the fluctuation of weather and climate. Thus,
substantial research has been carried out to predict yield based on past
weather patterns (5,6,7). A primary consideration, in the development of
an agrometeorological yield model, is that crop yield should be related
to standard meteorological variables, which are highly correlated and
readily available from a long recorded period. This prerequisite is
necessary in order to provide the greatest potential for operational use
of the weather-yield relationship. The regression methodology to predict
crop yield, based on historic weather and yield data, has been widely
used by NASA's LACIE (Large Area Crop Inventory Experiment) group. The
predicted yield was, then, combined with the crop acreage estimated by
LANDSAT satellite to provide crop production information (4).

The objective of this study was to explain soybean
(Glycine max (L.) Merr.) yield variation from 1956 to 1978 of the agricultural
district of Ribeirao Preto (DIRA-RP), using meteorological and trend factors.
DIRA-RP was chosen as the study area not only due to its homogeneous
climate, topography, soil type and farming pratices, but also because it was
the test area of a crop inventory study using LANDSAT data processed by
Instituto de Pesquisas Espaciais - INPE (1).

2. MATERIAL AND METHODS

Soybean is generally planted in the period from November
to December and harvest in April and May in DIRA-Ribeirao Preto. Historic
monthly meteorological data were provided by the Meteorological Service
of the Agricultural Ministry. Yield data for soybeans since 1956 (Table I)
were derived from the final estimates of crop production and area of the
Instituto de Economia Agricola (IEA).



For model construction, correlation analysis were first
carried out between historic yield and monthly meteorological data such
as total evaporation, relative humidity, total precipitation and mean
temperature. Yield was also correlated with solar radiation, which was
estimated using the equation derived by Cervellini et al. (2). Besides
using the original data of above mentioned meteorological factors, the
transformed variables using the absolute value of the difference between
each factor and its Tong-term normal (average from 1956 to 1978) were
included for correlation analysis as well. All contributions to soybean
yield by non-weather factors, such as better management, fertilization,
disease resistant cultivars, weed and pest control, mechanization, were
designated by a surrogate variable-technology trend. A series of successive
numbers starting, from 1, was coded to each year for analysis (1 for 1956,
2 for 1957 ......... s 23 for 1978). ‘The variables, which correlated
significantly to yield were then used as potential components to explain
yield variability. Stepwise multiple regression of the SPSS (Statistical
Package for Social Sciences) program, which selects the variable according
to its contribution to yield variation, was used. This program adds one
variable at a time to the regression and its importance to yield fluctuation
is calculated.

3. RESULTS AND DISCUSSION

The correlation coefficients of soybean yield and various
weather factors or technology trend from 1956 to 1978 are presented in
Table II. Among the sixty-six variables analyzed, fourteen were
significantly correlated. Linear technology trend has the highest correlation
(r=0.7320) and total evaporation, which correlated significantly to yield
in five of the six study months, was the most important monthly
meteorological indicator of soybean yield. The significant correlations of
the transformed variables of total evaporation in October, mean temperature
in November and March, solar radiation and relative humidity in January, are
worth noting. The original monthly meteorological factors and their:
transformations, which were used as indepedent variables for multiple
regression analysis, are listed in Table III. The summary table of regression



analysis (Table IV) shows that 53.59% yield variation during the 23-year
study period was @xplained by technology trend (VAR 32). The linear yield
increment is 24,34 kg/ha/year. The addition of VAR 43, i.e., absolute value
of the difference between relative humidity of January and its long term
average- 77.30, to the equation gave another 15.14% increment in explanation
of yield variability. Inclusion of the third variable (VARIO)-total
evaporation in December, also contributed an 11.53% improvement to the R2
value of the equation. Tests of significance of multiple regression and
partial regression coefficients of VAR 32, VAR 43 and VAR 10 are presented in
Table V. The equation Y=1556.14+14,77(VAR 32)-46.46(VAR 43) - 2.22 (VAR 10)
has R2 value and standard error of estimation of 0.8026 and 107.79 kg/ha
respectively.It is clear from the magnitudes of F statistics that al] the
coefficcients in the equation are statistically significant. The other eleven
weather variables were not included in the equation owing to their small

F values. The differences between the yield estimates by IEA and the
regression equation range from 0.82 to 182.04 kg/ha (Table VI). Even though
almost a 20% of yield variation was left unexplained., the selected equation
approximates satisfactorily the yield fluctuation of soybeans from 1956 to
1978 (Fig.1). The simplicity of the regression model, which uses meteorological
data from two successive months (total evaporation of December and relative
humidity of January) as inputs, provides yield information in the beginning
of February;two months after planting. The importance of total evaporation
and relative humidity to explain the yield variation of corn have also

been shown in a previous work by the author and Fonseca (3). These

results suggest that total evaporation and relative humidity are better
yield determinants for corn and soybeans than total precipitation and mean
temperature, which were used in Thompson's models (6,7).

The expected soybean yield for crop year 1978-1979 is 1576.22
kg/ha if the past weather conditions and technology trend continue. However,
in applying the regression model for yield forecasting beyond 1979, all the
available historic data should be used in calculating the regression coefficients
for technology trend, total evaporation and relative humidity. The addition
of a greater number of yield observations over time may also lead to the
inclusion of new terms in the equation, which would increase the percentage



of explained soybean yield variation, and provide a more accurate yield
forecasts.



TABLE 1

ESTIMATED SOYBEAN PRODUCTION, HARVEST AREA AND YIELD OF DIRA-RP BY IEA

(INSTITUTO DE ECONOMIA AGRICOLA).

PRODUCTION (METRIC TONS)

YEAR HARVEST AREA (HA) YIELD (KG/HA)
1956 147.00 140.36 1,047.30
1957 196.80 157.30 1,251.11
1958 175.20 142.78 1,227.06
1959 52.20 48.40 1,078.51
1960 1,398.96 1,205.16 1,160.80
1961 2,172.00 1,984.40 1,094.53
1962 2,646.00 2,129.60 1,242.48
1963 1,740.00 1,294.70 1,343.94
1964 2,431.14 2,359.50 1,030.36
1965 7,113.00 4,961.00 1,433.78
1966 13,374.00 8,857.20 1,509.95
1967 22,080.00 15,475.90 1,426.73
1968 33,060.00 25,482.60 1,297.35
1969 54,600.00 42,471.00 1,285.58
1970 83,700.00 56,918.40 1,470.52
1971 74,400.00 71,632.00 1,038.64
1972 175,200.00 100,000.00 1,752.00
1973 240,000.00 162,000.00 1,481.48
1974 309,840.00 211,000.00 1,468.43
1975 390,000,00 245,900, 00 1,586.01
1976 336,000.00 184,000.00 1,826.08
1977 303,000.00 198,000,00 1,530.30
1978 396,300.00 252,000.00 1,572.61
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TABLE 3

VARIABLES FOR STEPWISE MULTIPLE REGRESSION ANALYSIS
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TABLE 4

SUMMARY TABLE OF STEPWISE MULTIPLE REGRESSION ANALYSIS
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TABLE 5
ANALYSIS OF VARIANCE OF REGRESSION MODEL Y = a+b (VAR 32) + ¢ (VAR 43) + d (VAR 10)
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TABLE 6

SOYBEAN YIELD ESTIMATIONS BY IEA (INSTITUTO DE ECONOMIA AGRICOLA) AND REGRESSION MODEL* IN DIRA-RIBEIRRO PRETO (1956~1978)
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*Estimated Yield (kg/ha) = 1556.14 + 14.77 (VAR 32) - 46.46 (VAR 43) - 2.22 (VAR 10)



YIELD (100 Kg/ho)
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——— ESTIMATED BY IEA

-~~—- ESTIMATED BY REGRESSION MODEL

20t X FORECASTING FOR CROP YEAR
1978 - 1979
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Fig.1 - Soybean yield estimates by IEA (Instituto de Economia Agricola)
and regression model in DIRA-Ribeirao Preto (1956~1978).
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