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SOME PROCEDURES USED IN YIELD PREDICTION OF SOV
BEAN GRGWN ON SANDY SOIL IN EGYPT
[42]

Nemat A, Noureldin'; Samiha A. Ouda? and M.F. Bamed®
ABSTRACT

Yield prediction is an important part of decision making process in sovbean rre-
duction and is accomplished by either yield prediction equations or simulation mod-
els. In this research both multiple lincar regression analysis and SOYGRO sumila-
tion model were used to predict soybean vield grown on sandy soil in Egyp!. Two
field experiments were carried out in 1999 growing season at Nubaria Research Sta-
tion and El-Faregh Valley Experimental Station, to determine variables, which can
be used for more accurate prediction in scybean and validation of SOYGRO moucl,
Four sovbean cultivars, 1. Southern State No. 517, Manokin, Wicomico and Gz
82 were planted in a randomized complete block design with two replications. 7otz
biomass was determined at R., Ry, F and Ry stages. qeed vield, pod yield, indr -
ual seed weight, seed number pod”, seed number m” and total biomass m~ were
also measured at harvest. ixzta collecred on plant and environmental factors ware
used to develop four differant vield prediction equations based on the following na-
rameters: (1) night length. night temperature and biomass measgrements, (1) bie-
mass a1 Rg and growing-degree days, {3} mean biomass duration and mean relzive
growth rate between R, and R- stages and (4) sand percent in the soii. It was found
that sovbean yield prediction equation using sand percent is the earliest procedurs of
vield prediction because it can be done before planting. Moreover, prediction vieid
using night length and night temperature was more accurate than using bioma:s du-
ration. Using SOYGTO moedel mads it possible to determine the most suitable vari-
ety to be planted at both locations,

Key words: Yield prediction. SOYGRO, Sandy soils, Weather factors, Growth
analysis

INTRODUCTION factors, which influence crop vield. [re-

diction equations or simulation models

Plant climate and soil are very com-  have been developed as important iiois
plicated systems consisting of numerous  used in decision making in soybear vvo-

1- Agronomy Department, Faculty of Agriculture, Ain Shams University, Shoubra E1-
Kheima, Cairo, Egypt.

2- Central Laboratory for Experimental Design and Statistical Analysis, Agricultural
Research Center, Giza, Egypt

(Received May 5, 2003)
(Accepted July 12, 2003)



608 Nour El-Din; Ouda and Hamed

cuciion, The classical approach for pre-
diction 15 the multiple linear regression
(Draper and Smith, 1987), which 1s em-
picved in identifying the most important
vig.o attributes that are used as compo-
neuts of prediction equation. Different
gjuations can be developed to predict
sovbean vield using either climate, plant,
ot soil factors.

Soybean seed yield is highly sensitive
t> the prevailing conditions at different
growth stages. Two environmental vari-
ables, photoperiod and temperature, af-
fect sovbean seed development. Soybean
15 o quantitative short-day plant, where
nra sovbean cultivars flowers sooner
under long  night (Borthwick and
Furker, 1938), They added that night
teimnperatures alse exert 2 more dominant
effe.t than day temperature. In addition,
alt reproductive stages from R1 to R7 are
scnsitive to photoperiod and temperature.
Whereas, the final stage, R7 to RS, is
basically a temperature sensitive only
(Juhnson e al 1960 and Jomes er al
1994}, Therefore, the effect of both pho-
topertod and temperature could be in-
cleded in an equation to predict soybean
vighi,

Crowth analysis examines the indi-
vidual rate of plant development through
umic as a result of the interaction between
ptaat and environment (Hunt, 1982).
Tws growth analysis parameters, biomass
duiasion and relative growth rate may be
u:c¢ 1o predict soybean vield. Biomass
durapon i a measurement of biomass
pursisience with time. It is defined as the
arca coder the time curve of biomass pro-
ducuon {Gardner e af 1985). this pa-
rameier is related to total yield by the
miao of relative growth rate. Relative
givwih rate is a productive efficiency of
unit smounts of dry matter, which ex-

presses the dry matter increase in a time
interval in relation to the initial weight
(Hunt, 1982).

Soil plays a critical role in meeting
human food need. Soil may be defined as
the natural media for plant growth. Soil
suppiies water, air and mechanical sup-
port for plant roots as well as heat to en-
hance chemicai reactions (Brady, 1984).

Recenily, simulation model, which is
a more advanced technique, has been
used in vield prediction. Simwlation is a
representation of all relevant processes of
a system, usually embodied in the form of
computer program (Penning de Vries ef
al 1989). Simulation can also be partially
used in determined optimum management
practices to capitalize on precision farm- -
ing (Alien et ¢! 1996). SOYGRO (Inter-
national Benchmark Sites Network for
Agrotechnology Transfer, IBSNAT,
1989} is one of the most important crop
models for soybean (Wilkerson er al
1983; Jones ef wf 1987 and IBSNAT,

© 1989). It is physiological crop model that

simulates growth and yield of soybean
under various soils, weather and man-
agement condifions. The mode] includes
a component that predicts deveiopment of
the crop, which is the basis for changes in
partitioning of dry matter. The dry matter
production and partitioning in SOYGRO
model are controlled mainly by the
piant’s physiological time scale (Jones et
al 1991). Earlier versions of sovbean
madels that were used to study economic
risks of tirigation management (Swaney
et ol 1987; Bogpess er al 1983) were also
inzorporated inio pest management mod-
cls {(Wilkerson et al 1983; Szmedra er af
1%87; Batchelor ef al 1993). Further-
mare, SOYGRO model was used 1o accu-
raiely predict grain yield in Jowa, USA
{(Alicn ef al 1956).
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Yield prediction of soybean 609

The objective of this research is to
evaluate factors that accurately predict
sced yield of soybean grown on sandy
soil using both multiple linear Regres-
sion analysis and SOYGRO simulated
model.

MATERIAL AND METHODS

Field experiments were carried oul in
1999 growing season at Nubaria Research
Station (29° 57 E, 31° 12°N) and El-
Faregh Valley Experimental Station
(31°24E, 30°08' N), Higher Tustitite for
Agriculiural Cooperation to evaluate fac-
tors that could be used in yicld prediction

and to validate SOYGRO. Physical and
chemical analysis of soil in both locations
were dong before planting (Tables ).

Four soybean cultivars, Southern
states No. 517, Manckin, Wicomico and
Giza 82, were planted in a randomized
complete block design at each location.

The plot consisted of 6 ridges cach
measuring 4 m long and 0.7 and planting
spacing was 10 cm between hills with
two-plants hill'. Planting was donc by
hand. Both conventional fertilization and
hand weeding were practiced to cnsure
optimum plant growth and yield. Total
biomass {(BioM1) was harvested at four
reproductive stages: Ry, Rg, Ry, Ry These
reproductive stages are defined as follows
{Richie et al 1997).

Table 1. Physical and chemical analysis of soil at for Nubaria and El-Faregh Valley

Nubaria

Physical properties Chemical properties
Sand % 54.4 Mean pH 821
Silt+clay % 45.6 Ec (dS/m™) 100 |
Organic 0.83 Available N pg/g? 435
Matter % Available P pg/g" 24.0
Texture Silty clay ~ Available K pg/g” 3142

El-Faegh Valley

Phvsical propertics Chemical propertics
Sand % 953 Mean pH 827
Silt+clay % 1.30 Ec (dS/m™) 1.20
Organic 0.60 Available N pg/g* shol |
Matter % Available P pg/g” 1750 |
Texture Sandy Available K pg/g’ 135.0

Arab Univ. J. Agric. Sci, 11(2), 2003
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R; © the pod is 2 cm (3/4 inch) long
at one of the four uppermost
nodes on the main stem with a
fully developed leaf

Re © the pod contains a green seed
that fills the pod cavity at one of
the four uppermost nodes on the
main stem a fully developed
leaf

R- : one normal pod on the main
stem has reached its mature pod
color, mormally brown or tan,
depending on variety.

Ry ¢ Ninety-five percent of the pods
have reached their mature pod
color.

Furthermore, at harvest, data were
collected on seed yleld (SY, kg ha™), pod
vield (PY, kg ha'), individual seed
weight (SW, g), seed number pod™ (S/P),
seed number m? |, and total biomass at
harvest (BioM 1, kg ha™).

Statistical analysis

Yicld prediction using multiple linear
regression analysis

The aim of this part is to collect dif-
ferent data sets known (from literature)
by its contribution to soybean yield. Cor-
rclation coefficients were calculated be-
tween different data sets to determine
their contribution to soybean yield. Both
multiple linear regressions, full and step-
wise models, were used to calculate two
parameters, coefficient of determination
(R") and standard error of estimates
{SE%). In order to obtain a precise pre-
dicticn, R* should be near to one and
SE%; should be near to zero. R? is the
amount of variability due to all independ-
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ent variables and SE% is a measurement
of precision ie. closeness of predicted
and observed yield to each other. The use
of stepwise multiple linear regression was
to remove multicolinearity between dif-
ferent yield attributes and screen inde-
pendent factors to minimum that had ‘the
highest partial correlation with yield
(Draper and Smith, 1987). Four predic-
tion equations were developed using
weather data, biomass measurements and
soil parameters.

Night length (NL, h), night tempera-
ture (NTEMP, °C), and blomass meas-
urements (BioM1, kg ha ) in the period
between Ry and R, were used to predict
seed yield and to determine the most suit-
able stage to be used in that matter. Bio- -
mass measurements between R; and Ry
stages were used together with growing
degree days to predict soybean yield.
Growing degree-days (GDD) is calcu-
lated by subtracting daily mean tempera-
ture (MT, °C) from base temperature for
soybean (BT, 8°C). Base temperature is
the temperature under which no growth
occurs.

Biomass measurements were also
used to calculate two growth analysis
parameters biomass duration (BMD, kg
d ) and relative growth rate (RGR, kg d°
"). Both BMD and RGR in the phase be-
tween Ry to Ry w ere used to predict seed
yield (SY, kg ha) and also to determine
the most suitable stage to be used for that
matter. BMD, RGR and SY were calcu-
lated using the following equations.

= [(W2 + WD)/2] * (T2-T1)
(Gardner et al 1985)
RGR=(In W2 -In WD/(T2 - TD)
{Gardner et al 1985)
SY =BMD *RGR
(Hunt, 1982)
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Soil variables were determined before
planting and were used to predict soybean
yield. Correlation matrix was used fo
identify soil variables that had high corre-
lation coefficients with yield. The studied
variables were electric conductivity, cal-
cium carbonate content sand percent, silt
percent, clay percent, ammonium nitrate
(ugg') and potassium (ugg™).

Stepwise multiple linear regression
analysis was done to reduce the number
of attributes predicting vield.

Soygro validation

Season length, crop vield and demand
for irmgation water were estimated by the
model. Texture, albedo and water related
specific characteristics of the soils of the
two locations were adequately repre-
sented by the genetic soil provided for the
study. For simulation purposes, the field
schedule irmgation option was chosen to
provide the crops with water as field
schedule and also considered water and
nitrogen balances. The soil profile taken
before sowing was included in the model
inputs to provide initial soil moisture con-
tent and soit nitrogen level in the two
forms (NO; and NH,). Monthly maxi-
mum and minimum temperatures, and
solar radiation data were obtained for the
two locations and also used in the valida-
tion.

SOYGRO model was validated
against plant, weather and soil data for
cach location. Predicted values for yicld
and its atiributes were compared to the
measured values of the model. Accuracy
was validated using percent error aver-
aged over time (PE). PE i1s a measure of
the average percent difference between
predicted and measured values, averaged
overall observation for an experiment

This determines the average pcrozntage
error for a plant component for the cntire
season and it is calculated by the follow-
ing equation (Allen et al 1996).

5 YY) x 100
D Y

Where:
Y = measurcd value
Y' = predicted value

= number of observations pcr ex-
periment

RESULTS AND DISCUSSION

Prediction equations using weuather
data

The highest R* (0.7648) and the low-
gst SE% (6.33) were obtained for the
growth stage between Rg to R, (Table 2).
Furthermore, stepwise multiple linear
regression analysis revealed that might
length was negatively corretated with
yield (R*= 0.3951, data not shown. This
result could be attributed to the fuzr that
long nights may cause carly {lew iring.
which reduce growth period an. final
vield (Borthwick and Parker, 1938 and
Jones et of 1991). Similarly, GDD was
correlated negatively with finai v:2ld at
Rs-Rg growth stage. There is an opposite
relationship between the lengih of GDD
and the duration between R7 and E3 (the
stages of pod formation), which 1z turn
caused a lower number of mature pods.
This result is in agreement with that ob-
tained by Johnson et al (1960 and
Jones et al (1991).
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Table 2. Best yield prediction equations for

Nour El-Din; Quda and Hamed

four soybean cuitivars using weather data at

different growth stages.
Stages R  SE% Yield prediction equation
R,-Ry 0.1387 10.33 Not application*
Ri-Rg 0.2106 1160 Not applicable*
Rs-R- 0.7648 633 Y = 8273.6783 + 0.1729 BIOM1- 7184834 NL +
115.6908 NTEMP
\E‘"Rg 06308 7.87 Y =6619.0612 +0.1962 BioM1 - 1.7562 GDD

* RTis very low (see Materials and Methods)

Prediction equations using growth,
analysis parameters

Growth analysis technique analyzes of
plant community growth, since it repre-
sents the accumulation of economic yield.
Thus, in our experiments, mean biomass
duration (BMD kg/d) and mean relative
growth rate (RGR) were used to predict
the final seed yield of soybean. The full
model of multiple linear regression re-
vealed that the highest R? (0.7654) and
the lowest SEY% (8.89) were obtained
between Rg and R; growth stage. Because
of the low relative contribution of RGR to
sovbean sced yield, it was removed from
the equation by stepwise multiple linear
regression (Table 3), where R® was
slightlv reduced (0.7436) and the accu-
racv of estimate was increased (SE% =
7.82). The relatively low contribution of
RGR mn the yield of soybean might be
attributed to the fact that it is fluctuated
greatly with environmental variables such
as inadequate supply of light or unsuit-
able temperature regime {Hunt, 1982).

Table 3. Best vield equation for four soy-
bean cultivars using biomass du-
ration (BMD) at different
growth stages.

Stages R° SE% Yield prediction
equation

R4-Rg 0.0746 12.84 Not applicable*

Rs-Rg  0.5411 991 Not applicable*

Rs-R, 07436 787 Y = 1011.6874
+ 0.0363 BMD

R;-Ry 0.0206 8.08 Not applicable *

* R’ is very low (see Material and Methods)

Prediction equations using soil pa-
rameters '

Six soil parameters were used in the
full model of linear regression analvsis
{see Materials and Methods). Stepwise
multiple linear regression showed that
sand percent (Sand) was found to be the

Arab Univ. I. Agric. Sci., 11(2), 2003
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most important soil parameter that influ-
enced soybean yield. Furthermore, the
analysis showed that R* for the full model
was 0.6887, whereas it was 0.6785 for
stepwise model. Thus, in our experiment,
the additive effect of soil parameters
other than sand was very low; equals to
0.0102 (R® for the full model minus R®
for the stepwise model). Similarly, SE%
for the stepwise model was also de-
creased when the other five soil parame-
ters was removed from the model (SE%
for the full model = 2.2198 and for the
stepwise model = 1.9320). The relation-
ship is expressed in the following equa-
tion.

¥ =2771.6573 - 3.6045 Sand

R’ for the full model = 0.6887

SE% for the full model = 2.2198

R’ for the stepwise model = 0.6785
SE% for the stepwise model = 1,9320

Sand percent was negatively corre-
lated with soybean yield, where the
higher the sand percent in the soil the
lower were silt, clay and yield. Soil
dominated by sand, possess good drain-
age and aeration, but may be drought
prone (Brady, 1984). Thus, in our ex-
periment, sand percent in the soil was the

earliest possible soybean yield predictor,
because it can be done before planting.

SOYGRO Prediction

SOYGRO prediction for both days to
anthesis and physiological maturity were
precise for both locations (Tables 4 and
6). Furthermore, pod yield (PY), sced
number pod'1 (5/P) and seed vield (SY)
were accurately predicted in both loca-
tions (Tables 5 and 7). Yield is the prod-
uct of two principal components; individ-
ual seed weight and number per unit area.
The two components are interrclated; an
Increase in one component leads to a de-
crease in the other. Although, the value of
PE for seed number m™ (S#) was high for
both locations, it was low for individual
sced weight (SW), which led to low value
of PE for yield. The highest R* between
predicted and measured values was found
for seed yield at Nubaria (R = 0.9691),
with SE% = 0.0192. Whereas, R° was
0.7876 for El-Faregh Valley, with SE% =
0.2323 (Table $ and 7). SOYGRO model
was able to determine the most suitable
variety, which has low percent error aver-
aged over time (PE) for seed vield, to be
planted in both locations. The PE for
Wicomico and Giza 82 were 1.04 (Table
5) and 1.84 (Table 7) for Nubarna and El-
Faregh Valley, respectively.

Table 4. Predicted versus measured days to athesis and physiological maturity for four
soybean cultivars planted at Nubaria.

Cultivars Days to anthcsis Days to physiological maturity |
Predicted  Measured Predicted Measured |

Southern States No. 517 36 - 36 135 135 F
Manokin 35 35 135 135 :
Wicomico 36 36 135 135 %
Giza 82 35 35 126 125 |

Arab Univ. J. Agric. Sci., 11(2), 2003
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Table 3. Mean percent error average over time (PE) between predicted and measured
yield and its components for four soybean cultivars planted at Nubaria.

- BioMI PY | BioM2 SY
Cultivars heel K Sp SW(g) S# 1 ¥
(ke ) (kgha') (kgha'y (kgha'y
Southern States No. 18,10 7.00 4.59 29.03 4744 369 3.07
317
Manokin 6.85 1.57 4.60 285 3598 2.32 2.97
Wicomico 2.98 0.05 10.30 7.02 36.46 6.57 1.04
Giza 82 12.00 .45 10.81 9.00 22.04 18.48 593
R2 0.3883 04571 0.6450 0.6090 01202 04013 0.9691
SE % 0.0040  0.0421 00315 0.0942 02993  (.0581 0.0192

Table 6. Predicted versus measured days to anthesis and physiological maturity for four
soybean cultivars planted at El-Faregh Valley.

Days to anthesis

Days to physiological maturity

Cultivars

Predicted Measured Predicted Measured
Southern States No. 517 36 36 135 136
Manokin 35 35 135 135
Wicomico 36 36 135 135
G:za B2 36 36 126 125

Table 7. Mean percent error average over time (PE) between predicted and measured
yield and its components for four soybean cultivars planted at El-Faregh Val-

ley.
B |

) BioM1 PY . . BioM2 8Y

Cultivars - . SP° SWig) Sk " 0

(kg ™) (kgha’) (kgha™)  (kgha™)
Scuthern States No. 5317 1632 £.00 4.59 20.77 5029 1.68 10.63
| Manokin [2.36 1.19 4.38 5.34 3828 1.08 6.83
Wicomices 14.60 379 5.80 330 41.38 12.70 2.22
(iza 82 12.28 2.83 10.8% 400 3448 637 1.84
R2 0.255 0.636 0,111 0940 0.129 0977 0.787
SE "a 0.004 0.079 0.034 0.045 0.382 0.007 0.232

Arab Univ, J. Agric. Sci., 11(2), 2003



Yield prediction of soybean 615

CONCLUSION

Regression anaiysis could be a very
uscful tool for early prediction of yield,
which 1s sometimes important {o be
known as early as possible during grow-
ing season. Furthermorg, it is an casy
procedure and does not required intensive
training as simulation models. However,
simulation models provide better predic-
tion of the behavior of the crop for im-
mediate use in improving crop manage-
ment, which can not be attained by re-
gression analysis. Therefore, either tech-
notogy could be used depending on its
availability.
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