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Fig 2.1 . Location of the research area. The red dots on the right map indicate the locations of the research 
fields (most north dot is field A, most south dot is field B). 
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Fig 2.2  Land use map Fig 2.3  Soil composition 
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Fig 2.4 . All weather data measured during the fieldwork in July. The numbers on the x-axis are the days of 
July. All blue lines are mean daily (24h) values, with the red line as 5-day moving average, to show the 
general trend. For precipitation and potential evaporation the values are not mean but summed daily 
values. 
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Fig 2.5 . Pivot system at work (left) and an irrigation channel (right), which supplies the water to the pivots. 
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Fig 3.1  This flow chart schematically shows how the field measurements will lead to the results. TIR: 
thermal infrared, VPD: vapor pressure deficit, CWSI: crop water stress index. Selection of the research 
sites is handled in section 3.1, the field measurements in 3.2. The methods for the data analyses are 
described in section 3.3 and 3.4. The results of these analyses are presented in section 4, with a resulting 
conclusion in section 5. 
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Fig 3.2a . 3 different spots on alfalfa field A were selected; one irrigated, one non irrigated and one spot 
with bad growing underdeveloped vegetation in the irrigated area. 
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Fig 3.2b . 2 different spots were selected on alfalfa field B; one irrigated and one spot with bad growing 
underdeveloped vegetation.�
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Table 3.1 this table summarizes plot description and date of measurement 
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Figure 3.3a  Top view of all the plots on site A. The size of all plots is 1 square meter. 
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Figure 3.3b  of all the plots on site B. All plots are 1 square meter. 
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Figure 3.4 . Scans of leaves, used for RGB leaf analysis. These scans are also used for calculating the 
leaf area index. Differences in leaf morphology can be seen. 50 of these scans were made. 
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Fig 3.5  a (left), b (middle) and c (right). (a) some of the soil samples with 20 ml of water for the pH 
and EC analyses. (b) Scanning leaves for LAI and RGB analyses. (c) The meteo station, positioned 
between field A and B. 
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Figure 3.6 . CWSI diagram, with 3 hypothetical measurements. Point A is in severe water stress 
because CWSI is around 1, point B suffers water stress with a CWSI of 0.5, and point C does not 
suffer from any water stress, so CWSI is close to 0. Figure adapted from Idso and Jackson et al, 
1981. 
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Fig. 3.7 . CWSI of two plots (stressed and not stressed), from a study of Barbosa de Silva et al, 2005 in 
Brazil. As can be seen, CWSI is a momentary measurement, and changes significantly during a day. 
Therefore it can be correlated with other temporal measurements like soil moisture, but not so easily with 
more stable parameters like pH.  
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Table 4.1. Results of meteorological and thermal infrared measurements. These are the necessary values 
to construct a CWSI diagram. Mean Tc is measured with the thermal infrared gun, and is a mean of 8 
measurements from 4 directions. e*(T), saturation vapor pressure and e(T), actual vapor pressure and 
VPD are calculated according the formulas presented in section 4.3. Red plot names are the 
measurements that were used to construct the baseline 
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Fig 4.1. The baseline created through the mean of the two reference plots, A2-1 and B2-1. Extrapolation 
and comparison with values from literature led to the green line presented in this figure. Baselines from 
other studies are taken from Payero et al, 2005. 
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Fig 4.2 . All 18 measurements are plotted between the green baseline (no crop water stress) and upper 
line (maximum water stress). Measurements for the same plots have the same color. For these plots 
multiple measurements were taken on the same day at a different time. CWSI gridlines are added for 
clarity. One measurement of B2-1 was taken with light cirrus clouds, and falls outside the 2 lines. 
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Table 4.2 . Mean CWSI of plots for comparison with 
other measurements. Plots with red values have 
CWSI values above 0.5, and are in severe water 
stress. 
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Table 4.3 . All CWSI measurements divided in 2 groups that are 
presumed to differ; group 1 consists of the healthy irrigated plots, 
group 2 of non-irrigated areas or unhealthy looking vegetation. The 
row ‘number’ stands for measurement number, and is added to clarify 
figure 4.3’s x-axis. 
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Fig 4.3 . Values of table 4.3 plotted to illustrate the difference between 
the two groups measured around the same time. Green line is group 1 
(non stressed), red line group 2 (stressed). Specification in table 4.3. 
The vertical blue line is the start of significant wind speed. 
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16 � AA�* � ,;6 � 161 � 21*A � 26 � 1,�+ � 3�; � ;�A � *;3 �

)	(	� 2! 3� ,+ � 61�7 � 11+* � *2* � ,A6A6 � 21 � 13�2 � ;� , � ;�A � 36, �
)	(�� 1A!

3�
*A � ,A�* � 626 � **+ � 1*1,2 � ;7 � 2�3 � ;� , � ;�A � 1+++ �

)�(	� 2!3� *+� A3�+ � 17,, � *71R � AA*+2 � 27� ,,�2 � ;�+� ;�1� ;6, �
)�(�� 1A!

3�
**� 76�6 � 166A � 6+A� *23;6 � 37� 13�2 � ;�,� ;�,� 1*33 �

Table 4.4 All plant physiological and soil condition research results summarized. Values in BM dry 
indicated with ‘†’ were partly burned in the oven, so these values are not reliable. Values of mean pH 
and mean EC marked with ‘‡’ (A1-1) are composed of 2 samples, while all other values are composed 
of 5 samples. 
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Table 4.5 . In this table the results of MWU-tests are summarized comparing the crops with 
plants in good state (group 1) and in bad, underdeveloped state (group 2). For some 
physiology properties this same categorization as for CWSI is significant. These physiological 
properties could be caused by crop water stress.  

(�� 
&�����
�� ��� �

����� ,�*�6�� ��
� �����
���������� �0�� �%� ���� �<�)����� �������
-� 
���  
�

���
������ ���
�����
���� ���

� �<��������	������ �
 � ����
��	����
���  
�
���
���
���������
�
%?������������������	
����������
�6�6��

�

Figure 4.4.  The mean CWSI values from table 4.2 are plotted 
against the soil moisture of the top soil. A linear regression is 
performed to check the strength of the relationship between the 
two parameters. 
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Fig 4.5 . Signs of alkalinity on field A (assumed precipitation of CaCO3. And field B (mudcracks). 
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��(	� 2A� 1+* � 3; � +�;A � +�3* �
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)	(	� 1+,� 11+� 37� +�;,� +�31�
)	(�� 117� 117� ;2� +�26� +�3,�
)�(	� 1+A� 117 � 31 � +�31 � +�A, �
)�(�� 1+, � 111 � 3A� +�7; � +�6; �

�����)� 3�4 � 332 � 4� � � �
Table 4.6  Visible light RGB analysis results of leaf scans and plot pictures. All  
leaf scan RGB values are means of several scans of the same plot. For the leaf 
scan analysis, a mean of the fields is also calculated to underline the difference 
between the fields.  

 

�

Fig 4.6a  (left) and b (right). The mean green values of the scans seem to have a strong relation to  
pH and EC.  
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Fig 4.7a  (left) and b (right). There seems to be a relation between CWSI and the two ratios from the 
visible light spectrum: red/green and blue/green. 
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Fig 5.1. Carbonate levels of alkanized soils still rise 
after 60cm, the maximum depth that was studied in 
this study.  
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