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ABSTRACT

This work is concerned with: 1) developing regression equations (o0 make
future predication of wheat yield and (ii) to test the validity of these equations.
Yield data covering the period (1977-2003) were regressed on averages
temperature, solar radition and amount of precipitation at El-Fayoum Govenorate
for the some period. Four equations. to link yield with sowing daie each
pertaining to a growth stage of the crop were thus developed. Tp verify these
equations, wheat vields from two seasons experiment including the cultivars
Sakha 69, Sids 1, Sakha 93. Giza 169, and Gemmeiza 7 were used. Predicted
yields were compared with actual yields of these cultivars. In addition. weather
parameters (1999-2000) were utilized to predict wheat yields for there seasons in
a row. Predicted yield were also comparad with actual ones. Results indicated the
applicability of the equation in the prediction of yield with great precision. As for
cultivars, results indicated that they were quite comparable in productivity, if
grown no later them the last week of November. In case of delay till the second
week of December, it is recommened to grow Geinmeiza 7, Sakha 69 or Sids 1.
In very late sowings. the fourth week of December. it is preferable to grow either
Gemmeiza 7. or Sakha 6Y.

INTRODUCTION

Wheat is one of the most imporaint cereal crops in Egypt. and increasing
yield of wheat is essential to meet the increasing demand for it. Egypt imports up
to 50% of the total consumption. Predicting wheat yield. specially under different
sowing dates is very useful in determining the total amount of wheat to be
imported. A simple and accurate procedure was used to predict wheat yield by
utilizing weather parameters as predictors. Swilam et al. (2004) used historical
weather data to develop equations to predicte wheat yield in Delta Region

Solar radiation and temperature are two weather vanable that have direct
and significant effect on crop production (Gardner ef al. 1985). Temperature
affects the duration of crop growth (Wilhelm and McMaster. 1995): consequently
influences: yield (McMaster. 1997) Number of tillers is usually decreased when



440 Asnals Of Agric. Sc., Mashtohor, Vol. 42(2), 2004

wheat plants were exposed to high temperature, which occurred when sowing is
delayed (Friend 1965). In addition, temperature is the major variable controlling
spikelet initiation and development rates (McMaster, 1997). Wiegand and Cuellar
(1981) found that high temperature during grain filling in wheat vsually reduces
average kernel weight, The duration of grain filling period was also reduced
(Sofield et al, 1977), as well as growth rates with a net effect of lower final
kernel weight (Bagga and Rawson 1977).

Delay wheat sowing up to December exposes planis to high temperature,
reduce season length and concequently, reduces yield (Fid et al, 1997, El-
Marsafawy ef al., 1998; Rayan ef al.,1999),

Therefore the objectives of this work are to develop regression equations
to predict wheat yield using weather data at Middle Egypt region under different
sowing dates and to test the validity of these equations under different conditions.

MATERIALS AND METHODS

1. Data collection

Wlieat yield (Ardab/fed) values were collected for Middle Egypt region
for the period from 1977-2003. Data for mean temperature (Mtemp, ° C), solar
radiation (SR, cal/cm®/day), and rain (mm) were collected for the period of (1977-
2003) for El-Fyoum Governorate (as a representative of Middles Egypt region).
These weather parameters were used to predict wheat yield. Three sowing dates
were assumed (November, 26; December, 11; December, 26) and season length
was assumed to be 170, 158, and 147 days for the above mentioned sowing dates,
respectively as indicated by Eid et al., (1999). For each sowing date, weather
parameters of twenty three years (1977-2000) were used 1o develop one
prediction equation for wheat yield.

Moreover, four growth stages were studied i.e. from planting to the end
of tillering, from planting to the end of booting, from planting to the end of
anthesis, and from planting 1o the end of grain filling. Tillering occurs about 45-
50 days after planting and booting occurs about 80-85 days after planting.
Anthesis takes place about 5-10 days and grain filling period occurs about 85-95
days afier planting. Mean temperature, mean solar radiation and mean rain were
summed for each growth stage and throughout the growing scason. Weather
parameters for twenty three years (1977-2000) were used .to, develop one
prediction equation for each growth stages to predict wheat yield.

2. Statistical procedure

The muitiple linear regression technique was used to develop prediction
equations for vareities and seasons wheat yield, as a function of weather
parameters., To determine the goodness of fit, the two parameters, coefficient of
determination (R*) and standard error of estimates (SE%).were calculated. In
order to obtain a precise prediction, two restrictions were made, the R should be
near to one and SE% should be near to zero. R? is the amount of variability due 1o
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all independent variables. and SE% is a measurement of precision i, ¢. closeness

of predicted and observed yield to each other (Draper and Smith, 1987).
Estemation of percent decrease% (PD%) as follow:

PD%= |( actuale vield — predect yield) / actuale yield] x 100

3. Testing the validity of the prediction equations
3.1. For different Varieties

To test the validity of the developed equations, data for wheat yield from
an experiment planted at El-Fyoum in-1998/99 and 1999/2000 growing seasons
was used. The data consists of yield of six wheat cultivars i.e. Sakha 69, Sids 1,
Sakha 93, and Giza 168, Gemmeiza 7, Gemmeiza 9 (Moshref et al., 2001). Wheat
yield was predicted and compared to actual yields of these cultivars. Percent
reductions in yield were then calculated

3.2, At different years

In addition, weather parameters of 1999/00 season were used to predict
wheat yicld and then compared 1o actual yield of 2000/01, Similarly, the yields of
2001/02 and 2002/03 were predicted using previous weather parameters and then
compared to actual yields. Percent reductions in yield were then calculated.

RESULTS AND DISCUSSION

1. Determination of weather parameters

For each of the four growth stages and under each sowing date, mean
temperature, solar radiation, and rain were averaged for the studied time period
from 1977-2000 (Table 1),

Table (1): Mean temperature, solar radiation, and rain for four growing
stages of wheat and under three sowing dates (average over 23

years)
. : End of tllllmgg_

Sowing Dates Mtemp® C SR cal/cm’/day Rain mm
Nov, 26 18.69 346.6 11.4
Dec, 11  17.00 _ 335.2 149
Dec, 26 17.9 412.0 8.11

End of booting
Nov, 26 16.68 363.90 9.12
Dec, 11 19.54 391.08 9.40
Dec, 26 17.87 415.4 7.01
End of anthesis
Nov, 26 17.6 3829 88
Dec, 11 17.49 384.3 88
Dec, 26 17.49 4237 6.7
End of grain filling
Nov, 26 18.12 4357 " 6.04
Dec, 11 - 19.39 4242 6.54
Dec, 26 19.19 457.9 498
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2. Wheat yield prediction in 1999/2000 growing season
2.1. Prediction equations for wheat sown at November, 26

Results in Table (2) shown that the highest R* and the lowest SE% were
observed for equation [4). However, any of the four studied stages was suitable to
predict wheat yield because of their high accuarcy i.e. low SE %

Table (2): Prediction equations for different growth stages for wheat sowing
at November, 26

Growth stage Prediction Equation R | SE%

End of tillering | [1]Y = 30.78-0.49Mtemnp**-0.03*Rain-0.025R** | 0.956 | 585

End of booting | [2]Y =39.56-0.39Mtemp*-0.0 1 Rain-0.05SR** 0945 | 6.58

End of anthesis  {[3]Y = 40.13-0.4 |Mtemp*-0.05Rain*-0.04SR** | 0941 | 679

End of grain fill | [4]Y=34.05-1.22Mtemp**-0.05Rain+0.004SR | 0.965 | 5.26

2.2. Prediction of wheat yield sown at November, 26

Results in Table (3) showed that percent decrease between actual and
predicted yield were between 3.18-9.87 %. The lowest percent decrease was
obtained when wheat yield was predicted at the end of grain filling period. This
could be attributed to the fact that sowing wheat on November, 26 exposes wheat
plant to favorable weather conditions for growth and consequently increase yield.
Moreover, end of tillering and end of anthesis could be used to allain early
prediction of wheat yield, where PD % were 5.50 and 5.96, respectively. Figure
(1) shows line fit between predicted and actual wheat yieid planted at November,
26.

Table (3): Actual and predicted yield and percent decrease for wheat sown at
November, 26

Growth stage Actual yield Predicted yield Percent
decrease
End of tillering 18.99 17.94 5.50
End of booting 18.99 17.11 9.87
End of anthesis 1899 17.85 © 5.96
End of grain fill 18.99 18.38 3.18

2.3. Prediction equations for wheat sown at December, 11
Results in Table (4) shown that the highest R” and the lowest SE% were
observed for equation {8] followed by equation [5].

Table (4): Prediction equations for different growth siages for wheat sowing
at December, 11

Grewth stage Prediction Equation R | SE%

Eaad of tillering | [5]Y"=34.82-0.88Miemp**-0).008Rain-0.02SR** | 0892 | 7.72

¥and of booting | [6]Y"=41.71-0.49Miemp*-0.004Rain-0.04SR** | 0882 | 829

Kand oF anthesis [71Y"=36.95-1.4 IMtemp**-0.02Rain-0.004SR | 0877 | 941

Mzﬂnﬁﬁ [8]Y"=39.77-1 23Mitemp**-0.09Rain-0.0045R | 0.906 1 7.00
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2.4. Prediction of wheat yield sown at December, 11

Results in Table (5) showed that percent decrease between actual and
predicted yield was between 8.58-13.35 %. Results in that table showed that the
lowest percent decrease between predicted and actual wheat yield was obtained
when wheat yield was predicted at the end of grain filling period. Moreover, end
of tillering could be used for early prediction of yield becaunse of its relatively low
PD % (10.26 %). Figure (2) shows line fit between predicted and actual wheat
yield planted at December, 11.

Table (5): Actual and predicted yield and percent decrease for wheat sown at
December, 11

Growth stage Actual yield Predicted yield | Percent decrease
End of tillering 18.99 17.04 10.26
End of booting 18.99 16.45 13.35
Ead of anthesis 18.99 16.55 12.84
End of grain fili 18.99 1717 8.58

2.5, Prediction equations for wheat sown at December, 26
Results in Table (6) shown that the highest R? and the lowest SE% were
observed for equation [12] followed by equation [9].

Table (6): Prediction equations for different growth stages for wheat sowing
at December, 26

Growth stage Prediction Equation R [ SE%

End of dllering | [9]Y =33.29-0.51Miemp*-0.04Rain-0.02SR++ 0857 | 106

End of booting {{10]Y"=39,17-0.53Mtemp*-0.04 IRain-0.04SR** | 0821 | 117

End of anthesis |{11]Y"= 40.02-0.75Miemp*-0.14Rain-0.025R 0809 | 124

End of grain fill | [12]Y'=49.18-0.195Mtemp*-0.5Rain**0.0635R**| 0.878 | 9.77

2.6. Prediction of wheat yield sown at December, 26

Resuits in Table (7) showed that percent decrease between actual and
predicted yield were between 10.91-11.55 %. Resuits in that table showed that the
lowest percent decrease between predicted and actual wheat yield was obtained
when wheat yield was predicted at the end of grain filling period (PD = 10.91).
Morcover, end of tillering could be also used for early prediction of yield because
of its relatively low PD % (11.01 %). Figure (3) shows line fit between predicted
and actual wheat yield planted at December, 26,

Table (7): Actual and predicted yield and percent decrease for wheat sown at
December, 11

Growth stage Actual yield Predicted vield | Percent decrease
End of tillering 18.99 16.89 11.01
Ead of booting 18.99 16.79 11.55
End of anthesis 18.99 16.84 11.28
End of grais fill 18.99 16.91 10.91
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3. Determinng of percent of yield reduction as a result of delay sowing

Percent decrease in yield as a result of delay sowing at Midlle Egypt
region was also estimated using equations (4], [8], [12]. Percent decrease in yield
as a result of delay sowing up to December, 11 was found to be 6.60 %, whereas
the reduction was 7.98 % when sowing was delay until Dccember. 26 (Table 8
and Figure 4).

Table (8): Predicted wheat yicld under different sowing dates at

MiddleEgypt Region
Sowing Date Predicted Yield Percent Decrease %
(Ardab/fed)

November, 26 18.38 o
December,11 17.17 6.60
December,26 16.91 7.98
|
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oz 17 '

~ 16.5 !
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Figure (4): Predicted wheat yield at different sowing dates
4. Testing the validity of the developed equations
4.1. Predicting wheat yield for different cultivars

Actual yield of six wheat cultivars were compared to predicted yield
presented at Table (8). Results in Table (9) showed that when wheat planted at
November, 26, any of the six variaties could be suitable, except for Giza 168 (PD
= 9.09 %). However, when sowing was delayed to December, 11, Gemmeiza 7.
Sakha 69 and Sids 1, could be planted without large reduction in yield (PD =
5.34. 778 and 9.15 %, respectively). Similarly, when wheat sown delayed until
December, 26, Gemimeiza 7. Sakha 69 still have relatively low PD (6.78 and 9.13
%, respectively).
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Table (9): Predicated wheat yield under two types soil at Middle Egypt

Region.
Sowing date | Actual | November, 26 ] December, 11 [ December, 26
Varieties yield PD %
Sakha 69 18.62 1.29 778 9218
Sakha 93 19.35 5.01 11.25 12.60
Sids 1 18.90 2.75 915 10.52
Giza 168 20.22 9.09 15.08 16.36
Gemmeiza 7 | 18.14 1.32 534 6.78
Gemmeiza 9 19.85 7.40 13.5 1481

4.2, Predicting wheat yield using previous year weather parameters

Equations [4], [8] and [12] were used to predict wheat yield of 2000/01,
2001/02 and 2002/03 seasons through using previous year weather parameters.
Results in Table (10) showed that the lowest percent decrease (PD%) between
actual and predicted wheat yield was obtained for growing season of 2001/02
when wheat was sown at November, 26 (0.12 %) followed by growing season of
2002/03 at the same sowing date (1.06 %) followed by growing season of
2000/01 at sam sowing date (1.71 %). Larger decreases in yield were observed as
a result of delay sowing, which could be an indication that using pervious year
weather parameters to predict the following year wheat yield could be more
accurate if it was done for wheat sown at November, 26.

Table (10): Predicted wheat yield .usm ervious year weather parameters

Sowing | Actual | Novemher,26 | December, 11 December, 26

Sdate yield P cdicted | PD% |Predicted] PD% | Predicted | PD%
€ASON i

2000/01. | 18.60 18.28 ~[:L.71 17.02 8.27 16.46 11,48

2001/02 18.92 18.89 0.12 18.40 2.70 17.18 915

2002/03 19.08 18.87 1.06 17.65 7.45 16.43 | 13.84
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