Crop Ecology

Exercises on potential and water limited crop growth as calculated by LINTUL 1 & 2
Thursday, February 4, 2010
The purpose of today is to get a feeling about the order of magnitude of potential and water-limited crop production under different climatic conditions, and about the sensitivity of the model results for some parameters. Rather than running the program yourself, calculated results of the computer model Lintul are presented to you so that you can focus on their understanding and interpretation. 

To answer the following questions both the lecture contents on Lintul-1 and Lintul-2 (texts and slides of January 19 and February 4, 2010) are needed. 
You will have to prepare a report of your findings (in Word) and hand in a hard copy no later then Monday, February 8 before 16.00 hours (place will be announced in Lecture).  
Hand written texts and attachments to E-mails will not be accepted.
First make some order-of-magnitude calculations about crop growth, yield, water use and water supply from soil. 
Calculations:
1.
Calculate the total dry matter production of wheat under potential conditions, assuming that the growing season amounts to 100 days. 
Give the calculation in general terms, so in the form of variables and equations and with units, and thereafter calculate the numerical value. 

2.
Calculate the yield if it is known that the harvest index amounts to 0.45. 
Give the calculation in general terms, so in the form of variables and equations and with units, and thereafter calculate the numerical value.
3.
Calculate the amount of water that is transpired by this wheat crop per ha in one day expressed in liters of H2O. 

Give the calculation in general terms, so in the form of variables and equations and with units, and thereafter calculate the numerical value.
4.
Calculate the amount of water that is transpired by this wheat crop in one day, expressed in mm of H2O.
Give the calculation in general terms, so in the form of variables and equations and with units, and thereafter calculate the numerical value.
5.
Calculate the amount of water transpired over the whole of the season.
Give the calculation in general terms, so in the form of variables and equations and with units, and thereafter calculate the numerical value. 
Question:

6.
List the assumptions that you made during the calculations. 
Information:
It is estimated that about 50% extra water, as compared to the crop transpiration, will evaporate from the soil on which the crop is growing. 

Furthermore, the following pF curves for a sandy and a clayey soil are given:
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Suppose that during the season the crop has a rooting depth of 90 cm and that at the start of the season the soil is at field capacity. 
Furthermore, it is assumed that leaching losses are negligible. 
Calculations continued:
7.
Calculate the amount of water that can be supplied by the sandy and the clayey soil during the season. 
Give the calculation in general terms, so in the form of variables and equations and with units, and thereafter calculate the numerical value.
8.
Calculate the amount of water that should be added to the soil by rain or irrigation during the season to meet the demand of the crop and to maintain potential conditions of crop growth for both the sandy and the clayey soils. Do not forget the water needed for evaporation. 
Give the calculation in general terms, so in the form of variables and equations and with units, and thereafter calculate the numerical value.
Questions continued:
9.
Is the assumption that no leaching losses occur from the rooted soil layers, which are at field capacity at the onset of the season, reasonable? Motivate your answer. 

The above calculated numbers may serve as a frame of reference for some of the following questions.
Information continued:
The following pictures of yield were obtained with Lintul2 for potential and water limited conditions and the years 1968-1975 (Brazil) Figure 1, and for the years 1969-1976 (Netherlands) Figure 2. 
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Figure 1. Brazil 
(Weather: year 1971 was dry, 1974 was average, and 1975 was wet.)
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Figure 2. The Netherlands. 
(Weather: year 1976 was dry, 1973 was average, and 1970 was wet.)
Questions continued:

10.
What do you notice with respect to the yield differences between the years at the one hand and the remarks below the figures about the wetness of the years at the other hand for Brazil and for The Netherlands, respectively?
11.
What was the maximum absolute yield loss due to drought in Brazil and in the Netherlands?
12.
Is there great variation in yield loss among the years in Brazil and in the Netherlands, respectively? 

13.
Speculate on why in the year 1972 the yields were similar under the Dutch conditions. 
14.
What is the average yield in Brazil and what in the Netherlands (read this from Figures 1 and 2)? 

15.
In (“Calculations 2”) you made a calculation of the potential yield of the crop. How do you feel about the order of magnitude of the result under (2) as compared to the average numerical values calculated in (14) for both Brazil and the Netherlands?
16.
Give a plausible reason of the discrepancy for the Brazilian data in question 15. 

17.
Mention 3 effects (there are at least five) of drought that are accounted for in the Lintul2 model and write down the computer program lines where these are incorporated (one line for each effect suffices). See for this purpose the mathematical text and, if you wish, the listing on pages 10B 36-40. 
Information continued:

Six runs were made with LINTUL2 for rain-fed (usually water limited) conditions (so, with IRRIGF=0.) and the importance of the soil parameters WCAD, WCWP, WCFC, WCWET and WCST were tested, by increasing one at the time by 0.04 m3m–3. (So, in the first rerun (indicated as ”run 1”) WCAD is increased (from 0.08) to 0.12 m3m–3, in the second run WCAD is reset and WCWP is increased, ... etc.).  
The exact scheme is given below. The runs have been performed for Brazil in 1971. Also the yields have been reported in the scheme below. 
Default values:
WCAD = 0.08; WCWP = 0.23; WCFC = 0.36; WCWET = 0.48; WCST = 0.55

For 1971:   (run 0)
Result yield at Tsum=2080: 0.45     ; Water content at Tsum=2080: 0.204
Rerun values: 

Year 1971: (run 1)
WCAD = 0.12; WCWP = 0.23; WCFC = 0.36; WCWET = 0.48; WCST = 0.55


Result yield at Tsum=2080: 0.62     ; Water content at Tsum=2080: 0.214
                   (run 2)
WCAD = 0.08; WCWP = 0.27; WCFC = 0.36; WCWET = 0.48; WCST = 0.55


Result yield at Tsum=2080: 0.0      ; Water content at Tsum=2080: 0.158
                   (run 3)
WCAD = 0.08; WCWP = 0.23; WCFC = 0.40; WCWET = 0.48; WCST = 0.55


Result yield at Tsum=2080: 2.15     ; Water content at Tsum=2080: 0.218
                   (run 4)
WCAD = 0.08; WCWP = 0.23; WCFC = 0.36; WCWET = 0.52; WCST = 0.55


Result yield at Tsum=2080: 0.45     ; Water content at Tsum=2080: 0.204
                   (run 5)
WCAD = 0.08; WCWP = 0.23; WCFC = 0.36; WCWET = 0.48; WCST = 0.59

Result yield at Tsum=2080: 0.45     ; Water content at Tsum=2080: 0.204
The two figures below give WC (left, 3a) and WSOTHA (right, 3b) as a function of time. 
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Figure 3a for 1971




        Figure 3b
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Questions continued:

18.
Which parameter change has the greatest effect on soil water content as compared to standard run 0? 
Which parameter change has the greatest effect on yield? 
Give a plausible reason for these results. 
19.
Which parameter changes did not affect the yield at all? Give a plausible reason for this result. 

20.
What do you conclude with respect to the soil type best for agriculture? 
Last calculation:
21.
Calculate the yield in terms of g m–2 for the highest yield in Fig. 3b (WSOTHA) at t = 265 days. 
Give the calculation in general terms, so in the form of variables and equations and with units, and thereafter calculate the numerical value. 
P.A. Leffelaar, Wageningen, 3 December 2009
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