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Crop Ecology

Answers to the exercises on potential and water limited crop growth as calculated by LINTUL 1 & 2 from Thursday, February 4, 2010

1.
Calculate the total dry matter production of wheat under potential conditions, assuming that the growing season amounts to 100 days. 

Slide 4 from lecture LINTUL 1 (19 January 2010) shows that the growth rate of wheat is about 200 kg DM ha–1 d–1.
General equation:

Growth rate 
*  length of season  
=  DM production
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Numerical value:


200              
*           100

=  20 000 
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2.
Calculate the yield if it is known that the harvest index amounts to 0.45. 

General equation:

dry matter
* 
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Numerical value:


20 000         
*             0.45          
= 9 000 
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3.
Calculate the amount of water that is transpired by this wheat crop per ha in one day expressed in liters of H2O. 

General equation:
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          200

*          200               
=  40 000 
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4.
Calculate the amount of water that is transpired by this wheat crop in one day, expressed in mm of H2O?

[image: image15.wmf]d

 

m

O

H

 

l

  

4

d

 

m

 

000

 

10

O

H

 

l

  

000

 

40

  

d

 

ha

O

H

 

l

   

000

 

40

2

2

2

2

2

=

=



[image: image16.wmf]d

 

O

H

 

mm

   

4

 

  

d

 

O

H

 

m

    

0.004

 

d

 

m

O

H

 

m

   

0.004

2

2

2

2

3

=

=

=


5.
Calculate the amount of water transpired over the whole of the season.
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= amt. H2O transpired
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40 000


*           100


=  4 * 106 
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6.
List the assumptions that you made during the calculations. 

Closed canopy; potential growth because you used (or was assumed to use) the figure in question 1 (slide 4 from lecture LINTUL1 of 19 January 2010), so no water or nutrient shortage, no pests or diseases etc.; no evaporation from soil (yet).

7. 
Calculate the amount of water that can be supplied by the sandy and the clayey soil during the season. 

50 % evaporation extra, so the total evapotranspiration amounts to 600 
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	sand
	clay

	pF 2.0
	0.15
	0.45

	pF 4.2
	0.05
	0.20

	available:
	0.15 – 0.05 = 0.10  
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	or:
	0.1
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	900 mm rooted soil :

900 * 0.1 = 90 mm available
	900 mm rooted soil:

900 * 0.25 = 225 mm available


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. 

	
	sand
	clay

	needed
	600 mm
	600 mm

	available
	  90 mm
	225 mm

	rain/irrigation
	510 mm
	375 mm


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 assumption is reasonable because of the definition of field capacity, pF=2.0. It says: Field capacity: the water that is at approximate equilibrium after draining for about three days from saturation onwards. So there is no/hardly any downward water movement, but one has to take care that irrigation is applied after the crop has absorbed water to above the value of pF=2, usually pF 2.7-3.0. 
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?

Brazil: 
1971 was a dry year, 1974 an average year and 1975 a wet year. 
In general, both the potential and the water limited situation, yields increase (or are similar: 1971 and 1974 for water limitation) from dry via average to the wet year. In the potential calculation this is, of course, independent of the amount of water and thus must be the result of, mainly, differences in temperature and radiation. From the table it can be seen that the radiation in these years was quite similar, but the average temperatures are different. If we calculate also the LAI by means of LINTUL1 (or LINTUL2 with IRRIGF = 1.0) we find that for 1971 the (highest) LAI was lower as compared to the other years. This will, at least partly, explain the yield differences. 
	year
	
	average

temperature

oC
	average 

radiation

MJ m–2 d–1
	LAI

m2 leaf m–2 soil

	1971     
	dry
	20.8
	18.34
	1.84

	1974
	average
	20.5
	18.34
	2.5

	1975
	wet
	20.0
	18.50
	2.43


The above table represents calculated numbers for the potential situation for Brazil.

Netherlands: 

1976 was a dry year, 1973 an average year and 1970 a wet year. 

The potential yields now decrease from dry, via average to wet. Could it be that the wet year perhaps receives less radiation? This assumption is confirmed by the data from the weather program (Weather0Netherlands.fst) I ran for you. 
The difference between LINTUL1 and LINTUL2 amounts to about 40-80% for the Netherlands, so less than for Brazil, were it amounted to 75-90%. This may be due to a more even distribution of the rain over the year. Also this assumption, that was made before running the models, was confirmed, see the below figure. 
	year
	
	average

temperature

oC
	average 

radiation

MJ m–2 d–1
	LAI

m2 leaf m–2 soil

	1976     
	dry
	9.6
	10.57
	4.76

	1973
	average
	9.2
	10.10
	4.75

	1970
	wet
	9.0
	  9.27
	4.42


The above table represents calculated numbers for the potential situation for the Netherlands.
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The cumulative rain distribution over the years 1976 dry, 1973 average, and 1970 wet, for the Netherlands.
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The cumulative rain distribution over the years 1971 dry, 1974 average, and 1975 wet, for Brazil.

In fact, the years should more particularly be compared with respect to the growing seasons, instead of the year as a whole. 

In general, it may be clear from the above considerations that crop growth models may really help in interpreting and understanding crop yields. 
11.
What was the maximum yield loss due to drought in Brazil and in the Netherlands?

Brazil: 
4.55 ton ha–1 (1975)

76%
Netherlands: 
8.10 ton ha–1 (1971)

97%
Absolute amounts were intended, but percentages have also been accepted.
12.
Is there great variation in yield loss among the years in Brazil and in the Netherlands, respectively? 

For Brazil:
       Year
Irrigf = 1.0
Irrigf = 0.0
difference

       1968
4.90

0.87

4.03

       1969
3.79

0.91

2.88

       1970
4.12

1.48

2.64

       1971
3.78

0.45

3.33 
The yield loss varies between 2.39 and

       1972
4.51

0.38

4.13
4.55 tons per hectare. This is nearly a

       1973
3.82

1.43

2.39 
factor of two, which is large.

       1974
4.70

0.51

4.19

       1975
5.88

1.33

4.55
See the figure in the exercise questions.

For the Netherlands: 

2.    Year
Irrigf = 1.0
Irrigf = 0.0
difference
       1969
6.54

0.33

6.21 
The yield loss varies between 0.0 and 8.1

       1970
6.47

2.23

4.24 
tons per hectare. This is very large. Year

       1971
8.33

0.23

8.10 
1972 is special. There, the yields were 

       1972
7.29

7.29

0.00 
similar. Rain was nicely distributed over

       1973
7.68

4.65

3.03 
the growing season, and no water stress

       1974
7.99

6.73

1.26 
occurred.

       1975
7.74

7.55

0.19

       1976
7.93

1.15

6.78
See the figure in the exercise questions.
13.
Speculate on why in the year 1972 the yields were similar. 

It appears that in 1972 rain was very nicely distributed over the year and no shortage occurred.
14.
What is the average yield in Brazil and what in the Netherlands (read this from Figures 1 and 2)? 


Potential / irrigated

Water limited / rain-fed

Brazil : 
4.44 ≈ 4.5 ton ha–1

0.92 ton ha–1
Netherlands: 
           7.5 ton ha–1

3.77 ton ha–1
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?

Estimated yield (2): 9000 
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This is quite a good estimation compared to the Netherlands (7500 kg DM yield ha–1 season–1). 
Average yield in Brazil (4500 kg DM yield ha–1 season–1) is, however, only half of the estimated yield.

16.
Give a plausible reason of the discrepancy for the Brazilian data in question 15. 

The average temperatures are higher in Brazil, causing quicker crop development. As a result there is less time for leaf area development and grain filling and consequently yields are lower. It is quite probable that the crop parameters in Lintul2 must be adapted to the situation in Brazil. This would need further research. 
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 description (10B, p.1-16) or the listing on pages 10B 36-40. 

Drought effects: 

· reduced leaf area growth during juvenile growth (TRANRF in GLA, page 10B-39):

  $    GLAI = LAI * (EXP(RGRL * DTEFF * DELT) - 1.) / DELT * TRANRF;
· reduced overall growth rate (middle page 10B-37):
       GTOTAL = LUE * PARINT * TRANRF;
· changed assimilate distribution between root and shoot in vegetative stage (below the middle of page 10B-37):
       FRTWET = AFGEN( FRTTB, TSUM )

          FRTMOD = MAX( 1., 1./(TRANRF+0.5) )

       FRT    = FRTWET * FRTMOD

          FSHMOD = (1.-FRT) / (1.-FRT/FRTMOD)

       FLV    = AFGEN( FLVTB, TSUM ) * FSHMOD

       FST    = AFGEN( FSTTB, TSUM ) * FSHMOD

       FSO    = AFGEN( FSOTB, TSUM ) * FSHMOD;
· A shift in critical water content below which transpiration reduction occurs or WCCR via TRANCO in subroutine EVAPTR (page 10B-40) which is a function of the drought tolerance of the crop: 
       WCCR = WCWP + MAX( 0.01, PTRAN/(PTRAN+TRANCO) * (WCFC-WCWP) ).

Note that the fraction “PTRAN/(PTRAN+TRANCO)“ is in fact a rectangular hyperbola. Investigation of the effect of different TRANCO’s. If TRANCO would be 0.0, WCCR = WCWP + WCFC-WCWP = WCFC. So, the crop directly diminishes its transpiration when the moisture content is below field capacity and this is reflected in a TRANCO, the transpiration coefficient indicating the drought tolerance of the crop: if TRANCO = 0.0-> no tolerance. 

If TRANCO would be similar to PTRAN, WCCR=WCWP + 0.5*(WCFC-WCWP) = “halfway between WCWP and WCFC”, so the lowest point where reduction of transpiration starts is lower than WCFC (here halfway between WCFC and WCWP, because TRANCO=PTRAN). This means that the crop is much more drought tolerant;
· if the soil is too dry, emergence is prevented (EMERG on page 10B-37 line 9 from above):
       EMERG  = MAX ( REAAND(TIME-DOYEM+1.,WC-WCWP), INSW(-LAI,1.,0.) ), 

but once emergence has occurred, there is no way back, of course;
· If the soil is too dry during the growing season, but before anthesis, the root growth rate may be hampered (page 10B-37 about last line)::
       RROOTD = RRDMAX * INSW( WC-WCWP, 0., 1. ) * ...

                REAAND( ROOTDM-ROOTD, TSUMAN-TSUM ) * EMERG.
18.
Which parameter change has the greatest effect on soil water content with respect to standard run 0? 

Which parameter change has the greatest effect on yield content with respect to standard run 0? 

Give a plausible reason for these results. 

A change in WCWP or WCFC has the largest impact on the time course of WC (Fig 3a in the exercises). 

The increase in WCWP makes the WC decrease. With a higher WCWP less water can be stored in the soil, and one would expect that the WCWP is reached earlier due to transpiration. This would in principle mean that there will also be an earlier reduction in water uptake with the result that less water would be absorbed from the soil and the WC could be higher. But, also due to this higher WCWP, the rooting depth is less because WCWP will be reached earlier (see answer to question 17 where it is stated that RROOTD = f(WCWP). This is confirmed by running the model), and there will be less soil explored while moisture must be extracted from a smaller volume. This would result in a smaller WC. We find that the overall effect is a smaller WC. This final conclusion can only be attained if the interactions between crop and soil are modelled and then calculated. 
The increase of WCFC results in an increase in WC, because now the water holding capacity of the soil is increased. The increase in WCFC has an enormous impact on the yield (Fig 3b in the exercises). This is logical, because the water holding capacity of the soil increases substantially and thus the crop is now less suffering from drought because a larger fraction of each new rain shower is better held in the soil. 

Obviously soils with a larger capacity to store water generally will give higher yields. For example, from the point of view of the water the clay soil would “win” from the sand. However, also see the answer to question 20. 
19.
Which parameter changes did not affect the yield at all? Give a plausible reason for this result. 

WCWET and WCSAT had no effect. This wetness range was never reached in 1971 (dry year): the largest values for the moisture content was 0.38.

20.
What do you conclude with respect to the soil type best for agriculture? 

A soil type with a large difference between WCWP and WCFC is best for agricultural crops and vegetations, at least with respect to water. It may, however, be a completely different story when it comes to the point of soil tillage or other management actions. Furthermore, clay soils may suffer from water logging during wet periods. 
21.
Calculate the yield in terms of g m–2 for the highest yield in Fig. 3b (WSOTHA) at t = 265 days. 

WSOTHA = 2.15 ton ha–1 (table) or about 2.2 ton ha–1 (Figure 3b in the exercises). 
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P.A. Leffelaar, Wageningen, 3 December 2009
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