
Update Soil Solution Manual 
During the Expert Panel Meeting on Soil and Soil Solution (23.4.2015) in Göttingen we decided on the following update topics of the Soil Solution Manual.  The revisions for to the topics 1. and 2. are marked as track changes in the corresponding parts of the manual text below.
1. The acceptability of zero-tension lysimeters
2. Change from collection and analysis by individual lysimeter samples to pooling of the samples
3. Harmonization of spelling of parameters and their units between soil solution, deposition and QA/QC (soil solution & deposition ringtests) manuals

1) The acceptability of zero-tension lysimeters

4. Sampling
4.1 Soil solution sampling techniques 

Soil solution can be collected by 1) non-destructive, 2) “semi-destructive” or 3) destructive methods. Non-destructive methods involve the installation of a soil solution collector (tension lysimeters) that samples the soil solution at the same point over time. Disturbance to the soil/site associated with the installation of this type of lysimeter is normally relatively minimal and of only short duration. Semi-destructive sampling mainly concerns zero-tension lysimeters, the installation of which can cause major, long-term changes to the soil hydrology and aeration of the sampling point. Destructive methods such as centrifugation and saturation extraction involve the taking of soil samples and subsequent extraction of the soil solution in the laboratory. 

The standard method to be used in the ICP Forests soil solution monitoring programme is tension lysimetry. In 2006, 72% of all samplers were tension lysimeters. However, in cases where tension lysimeter techniques cannot be used on certain plots or depths due to, for example, extremely arid conditions, semi-destructive or destructive soil solution sampling techniques are the only viable alternative. 
The sampling techniques differ considerably with respect to the soil solution fraction sampled, the effects of sampling on the site, as well as the extent to which they provide information about temporal and spatial variation in the properties of soil solution. The different soil solution fractions sampled by the four techniques are shown in Annex 1.
2) Change from collection and analysis by individual lysimeter samples to pooling of samples

4.2.3 Location and number of replicates

4.2.3.1 Number of replicates

The number of samples at the same sampling depth required to obtain a plot mean that is within ± 20 % of the population mean, with a confidence level of 95 %, is at least 10 (Grossmann and Moss 1994, de Vries and Leeters 1994, Manderscheid and Matzner 1995). However, the number of samples required to meet this criterion also varies according to the element/ion in question. The spatial variation of element/ion concentrations in soil solution collected by 20 replicate tension lysimeters and expressed by coefficients of variance as percentages have been reported to range from 12% to 79% (Grossmann and Kloss, 1994) and from 5% to 128% (Manderscheid and Matzner, 1995). Fölster et al. (2003) were able to achieve statistically reliable temporal trends for sulphate and base cations by the use of 3 to 7 replicate lysimeters.

Three replicates per depth are mandatory. It is also strongly advised that two extra lysimeters are installed at each depth in order to ensure that at least 3 samples are obtained at each sampling. It should be noted that 3 replicate samples provide information on the trends in soil solution chemistry at specific points of the plot, rather than a fully representative estimate of the site. If soil solution monitoring is being used in input-output budget studies, then it is strongly advised to install at least 10 replicates (see also Bille-Hansen, 2002).  
It is strongly recommended to analyze at least three samples separately from each sampling depth on each sampling occasion. The soil solution samples have to be stored in a refrigerator/cold room (5 oC). Pooling of soil solution samples from one depth should be avoided if possible because otherwise no information is obtained about the spatial variation (variance) of the results for the depth in question. This information is essential when investigating time trends at the national or European level. However, missing values due to insufficient amount of sample for chemical analysis impair the investigation of time trends even more than the lack of information on spatial variation. Therefore, representative sampling in terms of temporal variation is always of primary importance. . 
If pooling has to be carried out in order to obtain sufficient volume for the chemical analyses, then this should be done by combining the whole samples or by volume weighting in the laboratory. Moreover, pooling of the samples may become unavoidable, if the number of samples to be analyzed has to be reduced due to economic limitations. Pooling to only one sample precludes the estimation of spatial variation, but this problem can be avoided to some extent if the spatial variation between the lysimeters has been quantified in a pilot study or for earlier sampling periods during the soil solution monitoring.  The volume of the soil solution sample should always be recorded
4.2.3.3 Numbering of samplers

On each plot, each lysimeter must be given an identification number (ID), i.e. all lysimeters at one plot must be numbered uniquely and permanently. Only such a numbering of samplers guarantees consistency of plot information and data. That means that all samplers at one plot should be first given an (running) ID and then be described by assigning sampler type, sampled horizon and sampled depth (midpoint of lysimeter). For each sampler these attributes must remain the same for all monitoring years. If soil solution from samplers with the same attributes (sampled layer, sampled depth and sampler type) is pooled before analysis the numbering of these bulked samples must refer to a new sampler group identification number (ID) which must also remain the same over the years. Table 2 gives an example of correct sampler/sampler group numbering.
The last column of Table 2 (An example of sampler/sampler group numbering) has to be removed.
4.4.1 Determination of the soil solution volume

It is recommended to determine the volume of each soil solution sample in the field using graded collection vessels, graded cylinders or a portable balance (weight). If soil solution samples are to be pooled in the field, then the samples from the same sampling depth should be mixed in a suitable plastic container. Before reuse, clean the container to avoid cross-contamination. In case of pooling, the soil solution volume to be reported is the sum of individual volumes of the pooled samples, i.e. total volume of the sampler group.

