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Abstract

To enhance the establishment and development of cereal crops, variable plant densities might be

ibuti ithin the si to planning.
In the study presented, the sced rate (kg ha") for winter wheat were calculated by means of a PC-
and GIS-based software module developed for this purpose. This “sced module” accounts for
several factors of influence. Their impact on the seed rate is demonstrated. The success of the
sowing algorithm can be established by a comparison of the planned and actual density of
germinated plants in several locations of the site.
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Introduction

Site-specific management of crops was developd asa estion t the common experencethat
ites, and and

yield
‘maps or aerial “Thi results i use of the yield potential
of fa field and fertilizer etc. i . Strategies of handling

this heterogeneity and their results are investigated by various research institutions as the
Cranfield Centre for Precision Farming, UK, the Site-Specific Management Center at Purdue
University, USA, or the College of Agriculture and Biological Sciences at South Dakota State
University, USA.

il tillage, seeding, ferilizer
and pesticide application. Within the framework of the pre agro project, software modules were
steps; additional groups
were included in the project to provide soil and remote sensing information for the experimental
fields, to analyse the economic results of site-specific management, and to deal with practical
issues. The project is described in detail elsewhere (¢.g. Jarfe & Werner, 2000; project web-page
hitp://www preagro.de).

of th be taken into account ‘Therefore, one of the software
modules developed is a decision support tool for planning sceding rates of winter wheat in
accordance with the within-field variation of soil properties and of the resulting yicld potentials.
The underlying algorithms were derived from the literature as well as from field experiments.
Results of the work with this module are presented in the present text.
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Materials and methods

APC-and GIS ithi a
used £ di

parts of a field. Seed rates (kgha' \) werechosen a5 final utput value of the odule because they
an be dirctly ransferted to pplication cardsfor the drilling machine.

Th of the field in questi within-site variation
of this parameter. Thcse data can be derived fmm yield observations over several years or other
sources. If such nean yield from the
soil quality according to the German Soil Survey (Reichsbodenschitzung; Rothkegel & Herzog
1935), ale of 1 (worst) to points, and the long-term
‘mean annual precipitation of the site. If necessary, this mean yield potential can be corrected by
the famer on th bais of his experince from previousyears. It s then diferntiated within the

‘The yield potential of each polygun is then modified according to the actual conditions b
accounting for the date of seeding (-1.5% for each week of delay), the previous crop
F10% e for poatoes and 109 fo ereals), and he tertaininclnation (between +15% .5 for
drained depression and -35% e.. for hilltop). The resulting value, the yield expecation, s the
i for the cal fthe seed rae by u cultiva, time of sowing relative
10 the optimal time, seedbed ing . A detailed
description of the algorithms us:d for calculating the seed rate fmm the yield expectation is given
by Roth, Kiihn & Werner (2001).
'n.= validity of the assumptions and calculations made by the sceding module is tested by
‘omparing the anticipated plant densities with on-site counts. For this purpose, measuring points
were defined for the seed polygons of all rgx.u around cach point, plant densities were counted
in 8 squares £0.5x0.5 m eac) for yield
determination were taken on an area of 1 x 1 m each.

Results

some of s..,,u. for ion of seed rates i
in Figure 1, wh time of
seed.mg in the range of ‘il qualiy from 25 to 85 point. The most mportant nfluencesae o
tors. The to

the nternal aleulation of the ar yield in steps of 0.1 geearl.

A summary of all input and internal variables of the module and their impact on the seed rate is
given in Table 1.

Due 1o the method of calculation described under materials lnd nmhods a comparison of soil

Tollowing example. The yicld poential of st with 50 soi pomu il vary, depending on the
precipitation, between 5 tha! for an annual precipitation of 450 mm and 8.4 tha! for 8§50 mm.
Assuming a yield potential of 6 thal, the yield expeetation is influenced by several factors,
especially by the previous crop and the terrain structure.In this example, th yield expectation for

of 7.5 tha'l, while a previous crop of wheat (-10%) and a hillop (-35%) would reduce the yield
expectation to 3.3 tha

“The same applics to the comparison of sced mass or sedling density,respectvely, and yield. As
‘wheat cultivars vary in the parameters, “yield per ear” and “ears per plant”, use of a high tillering
cultivar could result in higher yields than a cultivar with fewer tillers at the same plant density.
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Figure |.Variation in seed rate with different soil quality for various annual precipitations (top)
and relative times of sowing (bottom).

is, however,
grminatd plat wit the st enalsy igre 2 hows i copeseoorthe flekd tom Bcg:
(mean annual precipitation 780 mm, mean soil quality 41 points) in Nordrhein-Westfalen and
“Finkenherd” Anhal
‘The seeding module was applied over 3 years on 48 fields s o arn of 1,362 ha and 151
seeding polygons. In 40 % of the polygons, the actual number of g:munzlzd plants was within a
range of £ 10 ipated number; in 51 % it was withi £15%. h
cases, however, the numbers differed more widely o even showed a reverse trend (number of
‘germinated plants decreasing with increasing seed rate). This can be due to several factors. One
factor is weather events between sowing (September) and count of germinated plants (November
- January) that cannot be forecast by the module. Other possibilities are insufficient soil
information o technical problems during drilling.
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Table |.Variables used in the module and their influence on seed rate.

Variable Range StepWidth A seed rate [kgha™]
PerStep  Max. Range
+ soil quality [points] 251085 1 2 120
+ annual precipitation [mm] 45010 810 1o 3 1o
+ yield potential [t ha'] 201095 o1 2 130
+ relative time of seeding optimalto4 | | 6
[weeks oo late] weeks too late
« time until emergence [days] <l0w221d 10 4 12
+ previous crop - 45
+ seeding depth [3 classes] Do 4
« soil contact of seeds [3 chasses] 4
« soil moisture content at seeding - - 5
3 classes]
« seedbed quality [3 classes] - 2 4
* cultivar [72 classes] 20
+ inclination / relief [ % resulting  +10t0 -50 5 46
change in yield potential]
« yield per ear [5] 091020 ol o 130
« ears per plant 101030 ol 9 130
« stand density [plants per m?] 350 to 650 10 3 90
« emergence rate 751095 | 2 40
« germination capacity [%] 7010 100 1 2 60
+ 1000-grain weight [g] 40t070 1 3 %
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Figure 2. Comparison of plant numbers calculated by the seeding module (anticipated) and
counted (actual) for two fields in different regions of Germany.
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Possible vari d by drilling can b f

produced by the module (“planned”) with the maps pmdm:cd during the driling process (“as
applied”) in figure 3. These maps show that the actual seed masses applied on a defined point,
though in general within a reasonable range of the “planned” values, cannot be expected to be
cxacly 3 plamncd

4 sh

e ofgcnmmmd plants.
Asdi bov fields showed larger deviations than + 15 % or

between almclpal:d and actual plant numbers. These fields (n=12) have been excluded from the
plot in Figure 4. Since 4 of these fields are situated near the northern border of Germany
(Schleswig-Holstein and Mecklenburg-Vorpommern) and 6 fields arc in the furthest south
(Bayern), a further analysis of the data seems necessary to investigate a possible influence of the
North-South gradient.

For a second examination of Figure S sh by the module
versusyieldsfrom the microplot harvests.The r*shown inthe plotis considerably larger than that

i

the. due to a higher probability of unforeseen
events that cannot be accounted for by the module.

B 140170 kgha't

Figure 3.“Planned” (left) and " pplied” (gh) seed rates ('TV" = radiionl maragement variand
according to farmer's decision)
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Figure 4. Anticipated plant numbers vs. actal plant numbers - data from 36 fields during 3
experimental years in different regions of Germany.
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Figure 5. Anticipated yield vs. yield determined from microplot harvests - data from I5 fields in
different regions of Germany.
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Conclusion

The results show that site-specific sceding rates are a promising technique that could be applied
in practice. The sced module developed facilitates the planning of variable seed rates. Actual
problems can be probably mitigated by improving the spatial information on soil properties and
the drilling technique.

Acknowledgements
‘The project pre agro which made this work possible was funded by the German Ministry of

Education and Research (BMBE, Bonn). We also thank all farmers and other partners who
participated in the project.

References
Jarfe, A., Wener, A. 2000. 2 GIS-based for precisi 20d
International i 18,

- 20, October 2000 mmynmy
Roth, R., Kithn, 1, Werner, A. 2001 i g
winter wheat within precision agriculture. - In: Proceedings of 3% European Conference on Precision
Agriculture, eds G Grenier, S Blackmore. agro Montpellier, France, Vol. 2 701-706.
Rothkegel, W. Herzog, R. 1935. Da lag, Berln.

572 Precision Agriculture



