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PART 1. PLANT AND CROP ANALYSES

1.1.1. Tree height

Manuel Gonzalez-Rosado, Beatriz Lozano-Garcia, Luis Parras-Alcantara

SUMAS Research Group, Department of Agricultural Chemistry and Soil Science, Faculty of Science,
Agrifood Campus of International Excellence - ceiA3, University of Cordoba, 14071 Cordoba, Spain

Importance and applications

Tree height is associated with growth form, position of the species in the vertical light gradient of the
vegetation, competitive vigour, reproductive size, whole-plant fecundity, potential lifespan, and whether a
species is able to establish and attain reproductive size between two disturbance events (such as e.g. fire,
storm, ploughing, grazing).

Principle

The growth of trees is a key agronomical parameter; it is very important as an indicator of agronomical
conditions. Tree height is defined as the vertical distance between two horizontal planes: one plane
passing through the highest twig and the other through the base of the tree at mid-slope. Tree height is not
synonymous with tree length (Figure 1.1).

Tree length Tree height

Figure 1.1. To be observed when measuring tree height on broadleaved and leaning trees.

Materials and equipment

Digital photography and/or metre.

Procedure

Tree height measurement may be carried out by means of several instruments such as: metre, dendrometric
table, Blume-Leiss, Suunto, Haga, Blitterlich Relascope. Height measurement is made during several
stages:

a. Tree distance (at 15, 20, 30 or 40 m). To avoid measurement errors, the distance from the tree
must be at least equivalent to the tree height.

b. Observation of the tree crown.

c. Addition or subtraction of the two observation results depending on the case: addition if the
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PART 1. PLANT AND CROP ANALYSES

e.

operator is standing uphill, subtraction if the operator is standing downhill in relation to the

tree.

Slope correction (if needed). Hint: for leaning trees, it is advisable to take height measurements
perpendicular to the direction of leaning (see fig. 1.2). When a tree stands on a slope, it is
advisable to take height measurements from the same contour line as the tree base or from
above. Starting the measurement from the mark at diameter at breast height (DBH) and

adding 1.3 m to the result eliminates errors originating from different perceptions of ground.
The tree height will be determined in three trees per repetition.

Calculations

The tree height can be calculated (12 m for a, b, and ¢, and 11.7 m for d):
a)
12m
15,5m
20m
c)
12m

H=V(11.7>+5%)

11,7m

20m 5m

Figure 1.2. Different situations to measure the height of a tree.

By adding the readings of the tree top and the tree base, if they are on both sides of the

horizontal line: cases

a) and c) in Figure 1.2.

By subtracting the reading of the tree base from the reading of the tree top, if they are both above the
horizontal line: case b) in Figure 1.2.

For an inclined tree (case d in Figure 1.2), once the height (h) has been calculated between

the tree top and the ground, just below the vertical projection of the tree top, then measure

the distance (D) from the tree base to the point located just at the vertical of the tree top, and

11



PART 1. PLANT AND CROP ANALYSES

calculate the tree height (H) by applying the formula:
H= ~/(h2+D2).

References

FAQ., 2009. Monitoring and Evaluation of National Forest Resources - Handbook for the integrated field data
collection. Version 2.2. Monitoring and Evaluation Working Paper National Forest Resources Assessment,
NFMA 37/S. Rome.

FAO., 2012. National Forest Monitoring and Assessment — Manual for integrated field data collection.
Version 3.0. National Forest Monitoring and Assessment Working Paper NFMA 37/E. Rome.
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PART 1. PLANT AND CROP ANALYSES

1.1.2. Trunk cross-sectional area

Manuel Gonzalez-Rosado?, Beatriz Lozano-Garcia?, Alejandro Pérez-Pastor®, Abdelmalek
Temnani Rajjaf*, David Pérez Noguera®, Luis Parras-Alcantara?
aSUMAS Research Group, Department of Agricultural Chemistry and Soil Science, Faculty of Science,

Agrifood Campus of International Excellence - ceiA3, University of Cordoba, 14071 Cordoba, Spain
bTechnical University of Cartagena (UPCT), Department of Plant Production, Paseo Alfonso XIIl, 48, ETSIA,

30203 Cartagena, Murcia, Spain

Importance and applications

This method is used to describe the tree’s size, calculate its fertiliser requirements and determine the tree’s
potential value as a source of wood.

Principle

This parameter can be linked to external as well as internal factors serving as a proxy parameter for the
reaction of trees and stands to changes in site and environmental conditions. Tree diameter is measured
over bark, at 1.3 m breast height above the ground (DBH - diameter at breast height) except in the cases
mentioned below. Measurement may be carried out with the help of a diameter tape (tape whose diameter
unitis in centimetres), or with the use of a calliper. To avoid overestimation of the volume and to compensate
measurement errors, diameter is measured in cm, and adjusted in a decreasing sense (e.g.: 16.8 cm
become 16 cm).

Materials and equipment

*  Tape measure or calliper.

Procedure

a. Measure 1.3 m (Figure 2.1) up the trunk of the tree to locate the point at which to measure the
tree’s diameter. If the tree trunk splits below this height, the two separate trunks must be
most purposes, and must be measured independently. If a branch occurs at this height, take
either 30 cm below the branch or above the branch where the swelling around the branch
junction no longer exists.

13



PART 1. PLANT AND CROP ANALYSES

Figure 2.1. Position for diameter measurement at breast height in flat terrain

b. Wrap the cloth measuring tape around the tree trunk. Avoid accidentally wrapping it at an angle or
catching it on any twigs. A “hugging” method with both arms reaching around the tree and feeling for any
obstacles often proves most efficient and provides the most accurate, level measurement.

c. Read the number, in centimetres, where the measuring tape reaches the starting point and end of the

tape. This is the tree’s circumference at breast height.

14



PART 1. PLANT AND CROP ANALYSES

Position for diameter measurements. Particular cases:

Description of diameter

measurement

On inclined terrain

DBH tree measurement at 1.3 m
is taken from an uphill position.

Fork tree

Several cases exist, depending
on the point where the fork
divides the stem.

« If the fork begins (the point where
the core is divided) below 1.30
m height, each stem having the
diameter required (20 cm in the
whole plot, 10 cm for rectangular
subplots) will be considered as
a tree and will be measured.
Diameter measurement of each
stem will be taken at 1.3 m height.
* If the fork begins above 1.3m
height, the tree will be counted
as a single tree and diameter
measurement is carried out at
1.3m.

« If a fork occurs at or immediately
above 1.3 m, the tree will be
counted as a single tree and
diameter is measured below the
fork just beneath any swelling
that could inflate the DBH.

Measurement
Point

15



PART 1. PLANT AND CROP ANALYSES

Tree with irregular | Trees with bulges, wounds,
stem at 1.3m hollows and branches, etc. at
breast height, are to be measured
just above the irregular point,
where the irregular shape does
not affect the stem

The vegetative growth will be evaluated at the end of the growing season in 3 trees per repetition (12 trees
per treatment), from the trunk diameter and the weight of the wood from pruning. The trunk cross-section
area (TCSA) will be obtained from the measurements of the diameter of the trunk and branches. Pruning
work will be carried out in the moments decided upon by the grower.

Calculations
TCSA (cm?) =1 - R?
Where R:

(Perimeter (cm)
- 2-m

References

FAQ., 2009. Monitoring and Evaluation of National Forest Resources - Handbook for the integrated field data
collection. Version 2.2. Monitoring and Evaluation Working Paper National Forest Resources Assessment,
NFMA 37/S. Rome.

FAO., 2012. National Forest Monitoring and Assessment — Manual for integrated field data collection.
Version 3.0. National Forest Monitoring and Assessment Working Paper NFMA 3
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PART 1. PLANT AND CROP ANALYSES

1.1.3. Trunk diameter fluctuations

Alejandro Pérez-Pastor, Abdelmalek Temnani Rajjaf, David Pérez Noguera

Technical University of Cartagena (UPCT), Department of Plant Production, Paseo Alfonso XllII, 48, ETSIA,
30203 Cartagena, Murcia, Spain

Importance and applications

The measurement of trunk diameter fluctuations (TDF) has attracted great interest, both for evaluating the
water behaviour of the plant as well as for managing irrigation water more accurately (Katerji et al., 1990;
Simonneau et al., 1993; Tardieu & Simonneau, 1998; Fereres & Goldhamer, 2003; Goldhamer & Fereres,
2004; Intrigliolo & Castel, 2004; 2006b; Ortufio et al., 2004; Moreno et al., 2006; Garcia-Orellana et al.,
2007).

Principle

Seasonal variations in the trunk diameter depend principally on growth processes (Kozlowsky & Winget,
1964). However, cycles of contraction and expansion of the trunk also occur at daily scale (Kozlowski,
1967), partly due to the thermal effect (McCracken & Kozlowski, 1965) but mainly caused by changes in the
moisture content of the plant tissues (Simonneau et al., 1993). According to Irvine and Grace (1997), more
than 90% of the daily fluctuations in trunk diameter take place in tissues of the phloem.

During the day, due to the continual transpiration of the plant leaves, there is a horizontal diffusion of water
in the tissues of the bark towards the xylem (Parlange et al., 1975), generating a progressive reduction in
the diameter. During the evening the absorption of water by the plant exceeds the losses by transpiration,
so there is a recovery in the xylem water potential and a gradual increase in the diameter. Therefore,
short-term trunk diameter variations reflect changes in the xylem water potential (Klepper et al., 1971). The
magnitude of the daily trunk contraction also provides valuable information on the intensity of the stress.

Several indicators of plant water stress are obtained from the TDF. The maximum daily trunk contraction
(MCD) is calculated as the difference from the maximum trunk diameter (MXDT) which occurs at the first
hour of the morning minus the minimum trunk diameter (MNDT) which generally occurs after the maximum
transpiration (generally in the evening). This has been the most commonly used indicator (Fereres &
Goldhamer, 2003; Goldhamer & Fereres, 2004; Nortes et al., 2005, in almond trees; Ortufio et al., 2004;
2006; Garcia-Orellana et al., 2007, in lemon trees; Ferreira et al., 1996; Remorini & Massai, 2003; Conejero
et al., 2007, in peach trees).

The difference between both values, maximum amplitude, is denominated maximum daily contraction of
the trunk diameter (MCD) and represents the radial diffusion of water in the tissues of the bark towards the
xylem (Parlange et al., 1975), which generates a progressive reduction in the diameter. The magnitude of
MDC depends on several factors such as: i) the modulus of elasticity and the water diffusion properties
of the phloem tissues (Parlange et al., 1975; Génard et al., 2001), ii) thickness of the phloem and tree

17



PART 1. PLANT AND CROP ANALYSES

size (Naor & Cohen, 2003; Intrigliolo & Castel, 2005) and iii) productive load (Moriana & Fereres, 2004;
Intrigliolo & Castel, 2007), probably as a consequence of water losses by transpiration by the fruits (Berger
& Selles, 1993; Link et al., 1998).

Another parameter derived from the daily variations in trunk diameter is the trunk diameter daily growth
rate (TCD), (Goldhamer & Fereres, 2001), which is given by the difference between two maximum trunk
diameters of two consecutive days. As observed by Nortes et al., (2005) and Moriana and Fereres (2002)
in young almond and olive trees, respectively, this indicator seems to offer greater sensitivity to detect water
stress in young trees. In adult trees, the TCD seems to be less sensitive to detecting the water stress than
the rest of the indicators evaluated (Intrigliolo & Castel, 2006). According to these authors, the absence of
sensitivity of the TCD in adult trees is due to a lower trunk growth rate than in young trees, independently
of the plant water status.

DelaRosa et al., 2016, proposed a new indicator obtained from the trunk fluctuations that showed, together
with the stem potential, to be more sensitive than the other traditional indicators of FTD in nectarine. This

indicator, denominated EDS (early trunk contraction) was measured between 09:00 and 12:00 solar hour.

The following figure schematically represents the parameters derived from trunk contractions:

400 + T

200 ~

FDT (um)
o

-200 -

MNDT

MNDT
-400 1 +

0 4 8 121620 0 4 8 121620 0 4 8 1216 20 O

Time of the day

Figure 3.1. Parameters derived from trunk diameter fluctuations (FDT): maximum daily contraction (MCD), trunk
growth rate (TCD), maximum (MXDT) and minimum (MNDT) daily trunk diameter.

These measurements, using LVDT-type transformers (linear variable differential transformer), can be easily
automated and used for irrigation scheduling (Gonzalez-Altozano, 1998).
The automation capacity of the indicators derived from the FDT is one of the factors that convert them into

18
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indicators to consider for use as a tool in irrigation scheduling. However, the high cost of the sensors, sensor
holders, dataloggers, communication system... together with the complexity in processing the information
explains why they are still not used in commercial plots.

Materials and equipment

«  Linear variable differential transformer (LVDT, Solartron Metrology, Bognor Regis, UK, model
DF +2.5 mm, accurate to + 10 ym.
«  Datalogger (CR1000, Campbell Scientific Inc., Logan, USA).
* Invar sensor holders (iron and nickel alloy with a minimal thermal dilation coefficient -1.7-10-6 °C-1).
*  4-wire cables.

Procedure

These sensors consist of a magnetic core that is moved driven by a rod in contact with the plant organ to
be measured. Said core runs through the interior of a cylinder, between a primary coil and a secondary coil.
A carrier signal (alternating current) is applied to the primary coil which produces a magnetic field around
the core, and this magnetic field induces an alternating voltage in the secondary coil. As in any transformer,
the voltage of the signal induced in the secondary coil is linearly related with the number of turns exposed.

Secondary coil
Rod

B —
4 Core

Primary coil

Figure 3.2. Cross-section of an LVDT sensor (www.researchgate.net)

In this way, depending on the displacement of said rod in this core a certain voltage or another is generated.
This voltage, with the corresponding equation, is translated into a displacement of the trunk. The readings
are taken every 30 seconds and the mean is stored each 10 minutes in a datalogger (CR1000), obtaining
MXDT, MNDT and, thus, MCD.
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1.1.4. Leaf area index
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Importance and applications

The leaf area index is defined as the ratio between the total leaf area of a tree and the area of soil occupied
by the same tree. It is a parameter that allows measuring the productive efficiency of the soil occupied by
the crop.

Principle

Leaf area index (LAI) measurements are a fundamental part of research in plant physiology, agriculture
and dendrology (Broadhead et al., 2003). The leaf area is associated with most agronomic, biological,
environmental and physiological processes, including growth analysis, photosynthesis, transpiration, light
interception, biomass allocation and energy balance (Kucharik et al., 1998).

Plant physiologists, biologists and agronomists demonstrated the importance of leaf area in the estimation
of plant growth, in the determination of phenological stages, in the estimation of biological and agronomic
yield potential, in the calculation of the efficient use of solar radiation, as well as in the calculation of the
efficient use of water and mineral nutrition (Sonnentag et al., 2008).

This method is a useful tool for developing predictive harvest models and an accurate way to estimate the
light-capture capacity of the canopy; the distribution of the leaves can affect the efficiency of light use. The
leaf area index also serves to evaluate the development and growth of crops as well as bioenergy efficiency
or to determine the damage caused by pests and diseases on the foliage. The estimation of the yield in
different crops can be based on the leaf area index determined at some phenological stage and previously
correlated by some determination method.

The LAI of vegetation depends on species composition, development stage, and seasonality. Furthermore,
the LAl is strongly dependent on the prevailing site conditions and the management practices. LAl can be
assessed directly using harvesting methods such as destructive sampling. As the leaf area is determined
through repeated area measurements on single leaves and area accumulation, these methods are hence
considered the most accurate (Chen et al., 1992).

After collection of ten leaves, leaf area can be calculated by means of either planimetric or gravimetric
techniques (Daughtry, 1990). The planimetric approach is based on the principle of the correlation between
the individual leaf area and the number of area units covered by that leaf in a horizontal plane. To do so, a
leaf can be horizontally fixed to a flat surface, its perimeter can be measured with a planimeter, and its area
can be computed from this perimeter assessment.
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Procedure

«  Select different branches from the middle of five trees. In general, sampling must be carried out in such
way that all the orientations are represented in the set of sample trees. Four measurements are taken
for each tree (one per quadrant), which will be repeated a total of three times each.

*  The recommended minimum quantities are 10-20 g of fresh leaves (resulting in 5-10 g of dry material)
for each sample.

»  Calculate the area of the leaves.

*  Dry the leaves in an oven at 80°C to determinate the dry weight of samples of known area, until
constant weight is achieved.

+  Calculate the specific area of the leaves.

+  Take all the leaves present on a planimeter or known area.

¢ Calculate the leaf area index.

Calculations

The specific leaf area of a tree species (SLA) is its leaf area (Ad) divided by the corresponding dry mass
(Wd):
Ad

SLA = —
Wd

Therefore, the leaf area index is the specific leaf area multiplied by the dry mass of a known surface area.

LAl = SLA *Wd

SLA: Specific leaf area
Ad: leaf area

Wd: dry weight of leaves
LAI: leaf area index
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1.1.5. NDVI
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Importance and applications

Different spectral indices have been proposed in recent decades, which, depending on the characteristic
that one seeks to evaluate, has generated a large number of expressions applied to different studies in the
vegetation. Among the most used is the Normalised Difference Vegetation Index (NDVI), applied for the
first time by Rouse (1973), developed to highlight the spectral signatures of vegetation between Red and
NIR (Jensen, 2000). Its application is extensive, with numerous prior studies that show the viability in the
estimation of a large number of properties of the vegetation. Typical examples include the estimation of the
leaf area index, the biomass, the concentration of chlorophyll in leaves, the productivity of the plants, the
fractioned vegetation cover, the accumulated precipitation, etc. (Ye et al., 2012).

Principle

The vegetation indices or green indices are transformations that imply carrying out a mathematical
combination between digital levels stored in two or more spectral bands of the same image. (Esperanza &
Zerda, 2002).

The development of these indices responds to the observation of the consistency in the response of the
reflectance to red and infrared light of green vegetation: the higher the amount of chlorophyll, the greater
the absorption of red incident light; the greater the leaf volume, the greater the reflectance in near infrared,
and others with high absorption in red, the use of only one band may lead to errors. However, only live
vegetation invariably produces both responses since, if the quotient of the infrared reflectance with the red
is calculated, or its difference, as the former always increases as the second decreases, the quotient (or
difference) will be greater the more vegetation there is, by the additive effect that a greater abundance of
vegetation produces (Towers, 2002)

The NDVI (Rouse et al., 1974) is the most used vegetation index for all manner of applications. The
fundamental reason for this is that it is easy to calculate, and has a fixed range of variation (between —1
and +1), which enables thresholds to be established and to compare images, etc. This index gives rise to
isolines of vegetation of increasing slope and convergent in the origin (Sanchez et al., 2000).

With respect to more complex vegetation indices, the NDVI has the advantages of being simple to calculate
and to facilitate the direct interpretation of the biophysical parameters of the vegetation. Additionally, it
enables the comparison among data obtained by different researchers. On the other hand, it has the
drawback of having little capacity to minimise the influence of the soil and the atmosphere. The NDVI
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allows the presence of green vegetation on the surface to be identified and its special distribution to be
characterised, as well as the evolution of its status over time. This is determined fundamentally by the
climate conditions. The interpretation of the index must likewise consider the phenological cycles and
the annual development, to distinguish natural oscillations in the vegetation with changes in the time and
spatial distribution caused by other factors. Therefore, the interpretation of the NDVI values obtained can
be summarised as follows:
«  The water has greater reflectance in infrared than in red, therefore, negative values of NDVI.
*  Uncovered land and with scraggly vegetation presents positive values, although not very

high.
«  Dense, healthy and well-developed vegetation presents the greatest values of NDVI.
*  Clouds present values similar in the R and IRC, so their NDVI is close to 010-30 150 mL

beakers.

Materials and equipment

A multispectral camera (Sentera Quad) installed on a DJI Phantom 3 Advanced drone will be employed
for the determination of the NDVI and with which images will be taken in the different spectral bands and
subsequently the NDVI will be determined by means of the following equation:
(IR-R)
~ (IR+R)

IR = pixel values of the infrared band
R = pixel values of the red band

Procedure

The procedure to determine the NDVI starts with the taking of aerial images of the zone of interest with the
multispectral camera installed on a drone. Once the images have been obtained, they are processed with
an appropriate software (P1X4D) to obtain the values of NDVI corresponding to the study plot. A flight will
be carried out every 15 days coinciding with measurements of the rest of the variables of the plant water
status.
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1.1.6. Stem water potential
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Importance and applications

The leaf water potential (W) is, perhaps, the most frequently used parameter to define the water status of
plants (Goode & Higgs, 1973; Klepper, 1968) and to determine the moment to irrigate (Peretz et al., 1984).
It is commonly used as an indicator of the water status of fruit trees, and is affected by other factors, both
of an environmental origin as well as of endogenous character (Jones, 1990), which causes variations in
its levels based on the moment of the day (Elfving et al., 1972) and throughout the growing season (Winkel
& Rambal, 1993), on the leaf age (Knipling, 1967) and the orientation and position they occupy on the tree
(Sanchez-Blanco, 1989). The measurement of W is universally accepted as being the fastest, most reliable
and most economical means of assessing the water status of plants (Ruiz-Sanchez & Girona, 1995).

Principle

The instrument used to measure the W in the field is the pressure chamber (Scholander et al., 1965). Hsiao
(1990) states that the designation of the W measured with the pressure chamber as W of the xylem is only
valid in those cases where the water balance existed before scission; in this case the W of the leaf is equal
to the W of the xylem and the pressure measured in the chamber (P) represents the pressure of the sap in
the xylem prior to the cut. As the osmotic potential (Wo) of the sap is very small it is usually rejected so that:

- P = WYxylem (¥t ) = Wleaf (without transpiration)

Fundamentally, the leaf water potential at midday (Wmd) and the leaf water potential before dawn (Wa)
have been used as indicators of the water status of the plant. The values of Ymd vary greatly since they
depend on the climate conditions, whilst Wa is more stable, but with the limitation that it is not indicative of
the state the plant is in at the moment of greatest demand.

Shackel et al. (1997) propose the use of the stem xylem potential, Wt (leaves bagged for at least 2 hours,
without transpiration). Its advantages include its lower variability, better correlation with the vapour pressure
deficit (VPD and that it better reflects the lack of water in the soil than the leaf water potential (V).

The threshold value Wt, corresponding to an adequate water supply, is around -0.8 MPa for fruit species
during the sensitive physiological processes and of -1.0 MPa for the most tolerant species (Villalobos et
al., 2002). More concretely and for well-irrigated trees, Wt reaches midday values of between -0.4 and -1.0
MPa in nectarine trees (Pérez Pastor et al., 2016) and -1.0 and -1.5 MPa in apricot trees (Pérez-Sarmiento
et al., 2010).
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Materials and equipment

The equipment used in the field to measure W is the pressure chamber (Scholander et al., 1965).

Procedure

The stem potential (Wt) will be determined in healthy, adult, shaded leaves, close to the principal branches,
with a pressure chamber (Soil Moisture Equip. Corp., model 3000). The leaves will previously be wrapped
with a polyethylene film and covered with aluminium foil at least two hours prior to the measurement
(Mustration 1). The measurements will be taken around 10 solar hours (when the stomata of the leaves are
open). The stem water potential (Wt) will be measured every 7-10 days at the solar midday with a pressure
chamber in two leaves per repetition (8 per treatment), close to the trunk and in the shaded part.

Figure 6.1. Detail of leaf covered with aluminium foil

Calculations

The result is directly expressed in MPa in the vacuum gauge of the pressure chamber.
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1.1.7. Net CO, fixation rate, transpiration rate and stomatal conductance
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Importance and applications

The stomatal conductance (g,) is the variable that measures the degree of opening of the stomata situated
on the leaves, by regulating the gaseous exchange with the atmosphere that surrounds it. This indicator of
stress is affected by a large number of factors. Thus, its values depend on the light intensity, the temperature,
the difference in absolute humidity between the leaf and the air, the age of the leaf, the concentration of CO,
and the water potential itself (Jones, 1983; Ruiz-Sanchez et al., 2000).

Photosynthesis is one of the most important processes in the plant response to water deficit conditions
(Azcoén-Bieto et al., 1983). It implies the coordination of different subprocesses such as the absorption of
CO,, the capturing of light by the chlorophyll-protein complexes, the synthesis of NADPH and the synthesis
of ATP, among others.

Principle

Water stress affects the stomatal opening, so therefore it can be an index of plant water stress; it is
moreover well correlated with the rate of photosynthesis (Farquhar & Sharkey, 1982; Harrison et al., 1989;
Yoon & Richter, 1990), which also depends on the water status (Wong et al., 1979). The measurements
of gs are very useful to detect the recovery of the plants after water stress (Gebre & Kuhns, 1992) and
after flooding (Savé & Serrano, 1986; Ruiz-Sanchez et al., 1996; Domingo et al., 2002). Additionally, more
or less complex models have been developed to estimate the transpiration based on the measurements
of a few leaves (Williams et al., 1996). gs shows a circadian evolution throughout the day, which is more
pronounced the greater the climatic demand is (Torrecillas et al., 1988; Ruiz-Sanchez et al., 2007). In this
way, the stomata open with the sunrise (increase in the photosynthetically active radiation, PAR) increasing
gs and reaching its maximum between 10 and 12 solar hour, after which it progressively decreases. The
maximum value of gs is reached sooner in water stress conditions; the time of maximum stomatal opening
is lower (Henson et al., 1982).

With respect to photosynthesis, when the water deficit is slight it causes a partial closing of the stomata,
increasing the photorespiration and decreasing the relation of CO,/O,, which makes for a faster recovery of
photosynthesis after the disappearance of the stress. (Ruiz-Sanchez et al., 2000; Medrano & Flexas, 2004).
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The net CO, assimilation rate or the photosynthesis rate (P, ) is measured with infrared gas analysers, some
of which are portable, which enables direct measuring in field conditions.

Materials and equipment

The measurement of both photosynthesis as well as for the stomatal conductance require a portable
system to measure the gaseous exchange CIRAS 2® (PP Systems, Hitchin, Hertfordshire, UK), into which
an infrared gas analyser (IRGA) will be incorporated. A leaf cuvette, model PLC6 (U) (PP Systems, Hitchin,
Hertfordshire, UK), will be used with a measuring area of 1.7 cm® The CO, concentration of the air will be
controlled using the injection system of the CIRAS 2® and compressed CO, cylinders. The levels of PAR
sought were obtained acting on a source of red/blue light (LED) incorporated into the leaf cuvette.

Procedure

The instructions provided in the manual of the CIRAS2 will be followed in order to carry out the measurements
of both the net photosynthesis as well as the net conductance. Two leaves will be selected for each repetition
(8 per treatment) for that purpose. Measurements will be taken every 7-15 days, mid-morning, prior to the
stomata closing as is habitual at the solar midday.
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1.1.8. Fruit growth
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Importance and applications

Monitoring the fruit growth is a measure that many authors consider an indicator to take into account for
irrigation scheduling, given that it allows us to differentiate the different crop phenological phases, even
more so in those crops where the period that elapses from the fruit set until its harvest is extensive, as in
the case of citrus or almond. It is likewise a measure that enables us to know the fruit status and predict
much earlier when to harvest the crop.

Principle

Furr (1955) and Oppenheimer and Elze (1941) proposed the evolution of the fruit growth as an index for
irrigation scheduling in citrus. Ebel et al. (1995) used the evolution of the fruit growth as an indicator for
changes in irrigation, once a threshold value has been reached, in strategies of controlled deficit irrigation
in apple. It is difficult to accurately signal the critical periods of each crop. Some authors indicate the
fruit growth phases as periods of maximum sensitivity to water deficit. In citrus, two critical periods are
highlighted, the first which goes from the flowering to the set, in which the water deficit conditions the
number of fruits, and a second period of greater transcendence which corresponds to the phase of rapid
fruit growth and determines their final size (Shalhevet et al., 1979; Domingo et al., 1996).

Materials and equipment

«  Digital calliper

Procedure

The fruit growth will be monitored from the fruit set (April-May) until harvest (January). The fruits will be
randomLy chosen among those at eye-level and measured at their equator. The measurements will be
taken every two weeks with a digital calliper and in 10 fruits per repetition (30 per treatment).
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1.1.9. Grape development
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Importance and applications

These observations provide information about the physiological development of the grapevine and grapes,
indicating the maturity stage. This may show possible competition or benefit through the intercrop.

Principle

To describe the maturity stage and yield potential of the vine, the grape size, number of grapes per vine
plant and the colour of berries are the most visible. Having this information, ripening processes can be
described identifying influences of intercrops.

Materials and equipment

«  The grape size is measured by tape
*  Counting grapes per vine plant
«  Colour is assessed using a scheme.

Procedure

Three different data are collected on selected vine plants (6 per repetition) starting when grapes begin fruit

development (BBCH 70) (Lorenz et al., 1994).

a. Grape size is measured by two measurements: cross sectional (d = 2*r) on top of the grape and total
height (h)

b. Counts of grapes are collected on defined vine plants (6 per repetition).

c. Colour scheme for maturity stages (BBCH 70-89) (Lorenz et al., 1994). If berries of a grape show
different colours, the dominant colour should be counted.

COLOUR OF BERRIES

1 green

2 light green

3 light yellow

4 yellow

5 purple (Botrytis cinerea)
6 brown / rotten
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Calculations

The measurement of grape size can be calculated as the volume of a cone.

Therefore, this formula can be used: V = 1/3 = Tir? = h , resulting in a single data set for this parameter.

References

Lorenz, D.H., Eichhorn, K.W., Blei-Holder, H., Klose, R., Meier, U., Weber, E., 1994. Phanologische
Entwicklungsstadien der Weinrebe (Vitis vinifera L. ssp. vinifera). Vitic. Enol. Sci. 49, 66-70. cited on: https://
ojs.openagrar.de/index.php/BBCH/article/view/483, 16.4.2018
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1.1.10. Sprout / stem diameter

Cord-H. Treseler

Weingut Dr. Frey (WDF)

Importance and applications

This parameter is easy to measure and provides information about the physiological development of the
vine plant during early development stages. The sprout / stem diameter indicates growth-conditions in
terms of availability of nutrients and water also as weather conditions (temperature, wind...) and may show
some impact of the intercrop.

Principle

Sprouts, young stems of the vine grape, grow fast if growing conditions are favourable. This parameter
is correlated to the fruit setting (Currle, 1983). Measuring sprout diameters provides information about
stress factors such as water stress. If water stress is present, the vine is able to reduce water consumption
resulting in lower gains in sprout / stem diameters.

Materials and equipment

+  Calliper

Procedure

a. Measuring the diameter of the sprout / stem basis.

b. Take 6 measures per vine plant on 6 selected plants per repetition
References

Currle, O., Bauer, O., Hofacker, W., Schumann, F., Frisch, W., 1983. Biologie der Rebe, Meininger Verlag,
Neustadt a.W. ISBN 3-87524-031-6, 90.
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1.1.11. Flowering height

Cord-H. Treseler

Weingut Dr. Frey (WDF)

Importance and applications

This parameter is the main observation for the maturity stage of herbal crops, defining the harvest time.
For Origanum vulgaris L. and Thymus vulgaris L. the best relation between yield mass and etheric oil
concentration is present at beginning to full flowering (Pahlow, 2006). The height of the inflorescences —in
addition to the plant width - is a good indicator for plant growth and establishment success.

Principle

Herbal intercrops are measured in height and widths from May to summer until the flower is overblown. The
plant maturity stage (flowering) is visually checked to define harvest dates.

Materials and equipment

*  Measure tape

Procedure

a. Measuring height and cross-sectional width of herbal intercrops
b. Visual assessment of flowering

Calculations

Plant volume is calculated with this formula: (V = 1ir2 = h); height (h); width (r*2).

References

Pahlow, M., 2006. Das Grosse Buch der Heipflanzen. Weltbild Verlag 317, 220-221.
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1.1.12. Crop establishment

José Luis Arrue, Jorge Alvaro-Fuentes

Soil Management and Global Change Group, Estacion Experimental Aula Dei (EEAD), Consejo Superior
de Investigaciones Cientificas (CSIC), Avda. Montafiana 1005, 50059 Zaragoza, Spain.

Importance and applications

The field establishment of grain crops is the percentage of sown seed that goes on to produce established
plants (Peltzer, 2018). Successful crop establishment is crucial to achieve maximum potential yield. Factors
affecting the establishment percentage include management factors such as sowing depth, row spacing,
seed size and herbicide application, as well as environmental factors such as soil moisture and temperature
(Peltzer, 2018). Timeliness of sowing is the most important factor followed by an evenly established and
uniform plant stand. The procedure to measure the establishment rate is very easy, inexpensive and
requires little equipment.

Principle
The number of plants established in the field relative to the number of plants sown is the final assessment
of success of a planting operation.

Reagents

No reagents needed

Materials and equipment

*  Measure tape

+ Balance

«  Plastic or wooden pegs

«  Data recording sheet/Note book

*  Recording material (pen, pencil, ...)

Procedure

a. Obtain the weight of 1,000 seeds (grains).

b. On each experimental plot, randomLy select three representative 0.5-m long rows. If the row spacing
is, for instance, 0.2 m, the total sampling area at each sampling point will be 0.1 m2.

c. Count and record the number of seedlings at each sampling point. Be careful not to count tillers or
other grass species.

Calculations

The establishment rate is the average number of seeds that are established in the field after planting.
Establishment rate = Number plants/Area (m?)

38



PART 1. PLANT AND CROP ANALYSES

To calculate crop establishment, expressed as percentage of emergence, proceed as follows.

Example:
If the establishment rate is 240 plants m? (average of the three sampling points), the seed rate is 170 kg
ha, and the weight of 1000 seeds is 40 g, calculate the emergence percentage as follows:

*  Number of plants emerged:
- 240 plants m2 x 10,000 m? ha'= 2,400,000 plants ha™

*  Number of seeds sown:
- Seed rate: 170 kg ha' x 1,000 = 170,000 g ha™
- 1,000 seeds......cc.evvnininannnn 409
X seeds ....coooviiiiiinnnn. 170,000 g, then X= 4,250,000 seeds

« Percentage of emergence:

- 4,250,000 seeds SOWN........ccvenviineennnnnn.. 100%
- 2,400,000 plants emerged ..................... X%, then X=56.47%
References

Peltzer, S., 2018. Factors affecting grain crop field establishment. Available at: https://www.agric.wa.gov.au/

barley/factors-affecting-grain-crop-field-establishment?nopaging=1

39



PART 1. PLANT AND CROP ANALYSES

1.1.13. Above-ground biomass

Jorge Alvaro-Fuentes, José Luis Arrue.

Soil Management and Global Change Group, Estacion Experimental Aula Dei (EEAD), Consejo Superior
de Investigaciones Cientificas (CSIC), Avda. Montafiana 1005, 50059 Zaragoza, Spain.

Importance and applications

The crop growth of arable crops can be controlled with measurement of the above-ground biomass. Although
above-ground biomass can be measured in different moments of the crop, measuring this parameter at
flowering provides an excellent indicator of the crop growth at a critical crop development stage.
Principle

The above-ground biomass measurement consists in the collection of the total above-ground crop biomass
within a known surface. Once in the laboratory, this fresh biomass is dried out in an oven and weighed.
Reagents

* Noreagents

Materials and equipment

«  0.5mruler

«  Scissors

*  Labelled paper or plastic bags
¢ Aluminium trays

¢ OQven
. Balance
Procedure

a. Place the ruler in the crop interrow area. Three replicates per plot are recommended to account for
spatial variability in the field.

b. Clip all crop plants from one side of the 0.5 m ruler and place them in the paper or plastic bag.
Dry at 65°C for 48 h.

d. Weigh the biomass.
Calculations

dry biomass weight (g)

Above-ground biomass (in g DM m?) =
(0.5 * distance between rows (m?)
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1.1.14. Carbon and nitrogen in leaves

Eloisa Agluera Buendia, Purificacion de la Haba Hermida

Departamento Botanica, Ecologia y Fisiologia Vegetal, Facultad de Ciencias, Universidad de Cérdoba

Importance and applications

A C and N elemental analysis provides a means for the rapid determination of C and N in organic and
inorganic matrices. It is capable of handling a wide variety of sample types (including solids, liquids and
viscous samples) in the fields of agriculture, food, chemicals, environment, pharmaceuticals and energy. It
is a regulation mechanism of many metabolic and development processes in plants.

Principle

This simultaneous C and N analysis requires high temperature combustion in an oxygen-rich environment
and is based on the classical Dumas method. In this combustion process (furnace T2 around 1000°C), carbon
is converted to carbon dioxide and nitrogen to nitrogen gas/ oxides of nitrogen. The combustion products
are swept out of the combustion chamber by inert carrier gas (helium) and passed over heated high-purity
copper. The function of this copper is to remove any oxygen not consumed in the initial combustion and to
convert any oxides of nitrogen to nitrogen gas. The gases are then passed through the absorbent traps in
order to leave only carbon dioxide and nitrogen.

Detection of the gases can be carried out by gas chromatography (GC) separation followed by quantification
using thermal conductivity detection (TCD) of individual compounds. Quantification of the elements requires
calibration for each element using high-purity analytical standard compounds.

Materials and equipment

*  AEuroVector Elemental Analyser EA3000 (EuroVector SpA, Milan, Italy) for CN microanalysis of
samples (between 0.5 and 10 mg per sample).

* A EuroVector Elemental Analyser EA3000 (EuroVector SpA, Milan, Italy) for CN macroanalysis of
samples (above 20 mg per sample).

Both of them are equipped with Callidus software (EuroVector SpA, Milan, Italy) for running the instrument,
storing the data, and for processing the results obtained.

Procedure

Before the C and N analysis, samples must be dried and fine crushed. Every sample is weighed in a tin
capsule using a microbalance. After that, the tin capsule with the sample is sealed to avoid air inside the
capsule.
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Each sample is combusted in a reactor at about 1000°C in a temporarily enriched oxygen atmosphere. The
combustion products are carried by a carrier gas (helium) that passes through a glass column packed with
an oxidation catalyst and a copper reducer. At this temperature, the nitrogen oxides are reduced to N2. The
N2, and CO?, are then transported by the helium to a packed column, separated by GC and quantified with
a TCD detector (set at 90°C).

Calculations

Previously, the chromatographic responses for each element are calibrated against standards, weighed
and analysed. The C and N chromatography areas for each sample are applied to the calculated calibration
curve to obtain the C and N composition. These elemental contents are reported in weight percent and the
detection limit for this analysis is around 0.2%.

Remarks

C and N elemental analysis is used extensively across a wide range of applications such as

«  Determination of nitrogen (as a surrogate for protein) in agricultural samples.
«  Determination of C/N ratio, total carbon (TC) and total organic carbon (TOC).
*  Quantitative analysis of total C and N in samples.

References
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AMC Technical Brief No 29, CHNS Elemental Analysers, The Royal Society of Chemistry, Cambridge, UK,
2008.
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1.1.15. Monitoring Pests and Diseases

Josefina Contreras Gallego

Universidad Politécnica de Cartagena, Spain

Importance and applications

The objectives of sampling or monitoring are to detect the presence or absence of pests, quantify their
abundance and their natural enemies and follow the progress of an arthropod population through time
by regular, periodic sampling. The goal of monitoring is to reach a decision as to whether, or when, a pest
population requires control action.

Monitoring means checking the field to identify which pests are present, how many there are, or what
damage they have caused. Correctly identifying the pest is key to knowing whether a pest is likely to
become a problem and to determining the best management strategy.

After monitoring and considering information about the pest, its biology, and environmental factors, a
decision can be taken as to whether the pest can be tolerated or whether it is a problem that warrants
control. If control is needed, this information also helps in selecting the most effective management methods
and the best time to use them.

Pest populations vary from field to field, crop to crop and year to year. Managing pests requires flexibility
and an absolute commitment to pest monitoring. Pest monitoring is site, crop and pest-specific. Each
situation will require specialised knowledge and tools.

Principle

Knowing the exact number of pests in a field is rarely possible, and so the pest levels will have to be
estimated. To reach this estimate, the field population is sampled. How well the actual population is
estimated will greatly depend on how well the samples are taken.

Scouting for pests in the area can start before establishing the crop. By inspecting weeds and other
surrounding vegetation, potential pests and natural enemies can be identified and possibly treated to
prevent them from becoming a problem early in the crop.

For proper diagnosis of unfamiliar pests and natural enemies, identification guides are available with
photographs of common pests. The local Ministries of Agriculture and extension services can also provide
help in identification.

The PARAMETERS most frequently used are:

PEST POPULATION. Insect populations can be estimated using a number of different sampling devices.
The method selected depends on the insect or mite and the habitat. Procedures are shown below.

PLANTS AFFECTED. Incidence (of a pest) is the proportion or number of units in a sample, consignment,
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field or other defined population that is affected by a pest.

DISEASE INCIDENCE. Diseases present can be assessed by estimating the proportion of plant area that
is affected (i.e. disease severity), or the proportion of the total number of plants that are affected (disease
incidence) in the field.

DAMAGE PROPORTION. Pests are responsible for several kinds of damage to growing crops, causing
significant losses. Loss data are the prerequisite for economic management of pests and for evaluating the
efficacy of the present crop protection practices. This parameter is mandatory in the project, so the general
procedure is explained below.

On the other hand, measuring the effect of pest damage and pest products such as skin casts, frass, nests,
etc. is an indirect way of sampling pests. It is necessary to associate the visible damage with the insects or
mites present.

Materials and equipment

For identification: Hand lens, Digital camera, Binocular lent, Identification guides (Books, Internet)

For sampling: Aerial net, Vacuum blowing, Electric vacuum, Pitfall, Bails and Pheromone traps (Delta, Mc
Pall or, Funnel traps), Emergence traps, Yellow sticky trap, Pheromones. Berlese funnel

For removing samples: Plastic bags, Envelopes, Jars, Tubes, Bottles, Cups. Alcohol, Propylene glycol.

Procedure

There are several ways to SELECT WHERE TO SAMPLE in the field.

The most recommended method is systematic sampling. Divide the area to be sampled into smaller areas
or sub-plots. Take the first sample from a randomLy selected sub-plot. Take the remaining samples from
sub-plots at regularly spaced, fixed intervals. The samples may be taken along set lines called transects
(e.g. an imaginary “X” or “M” or “Z” can be drawn on the field, and samples taken along those imaginary
lines). Subsequent samples can be taken by changing the starting position or the orientation of the transect
line.

The method of unrestricted random sampling (URS) selects sample units with equal chance. A table of
random numbers is typically used.

Sampling areas or populations where there are obvious factors that can affect distribution can be effective
for stratified sampling. Divide the population or sample area into smaller groups or areas known as strata.
The strata are formed based on shared attributes or characteristics (such as slope, degree of shading,
and border versus middle plants). Take a number of samples proportional to the stratum’s size from each
stratum.

SAMPLING PROCEDURES FOR PEST POPULATIONS

Measures for sampling pests could be direct and indirect.
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Direct counting of pests, collection by netting or trapping, extraction from soil, etc. Indirect measuring of the
effect of pest damage and pest products, such as skin, casts, frass, nests, etc. The entire plant, or parts of
it, may be used to estimate the pest population.

Whole plant — counting the number of plants damaged by the pest or number of missing plants that are due
to the pest’s (feeding) activity, in order to obtain an indication of the pest density.

Stem — pests may damage stems by gnawing, eating, tunnelling, etc. Assess the level of damage to obtain
an indication of the pest population.

Leaf and flower — similarly, the area of a leaf/flower or the number/proportion of leaves/flowers damaged
(consumed, mined, covered by lesions) or missing due to the pest’s presence can give an estimate of pest
incidence on the crop or the severity of the attack.

For fruit and seed pests, estimate the feeding and tunnelling damage.

Depending on where the population of insects to be sampled is, the procedure followed is different.

1. Air sampling

The most used are traps. There are many types of traps, especially for insects, that are available or easily
made. Traps can attract (light, pheromone, baited), or be passive (pitfall, water).

a. Pheromone and Baited Traps

Food attractants or pheromones are usually used to capture insects. Pheromone traps are an effective
pest monitoring tool that is used to help control insect infestations. Especially known are lepidoptera,
tortricid and noctuide pheromones, and also some coleoptera such as some coccidus diaspinos. These
sex pheromones are usually very specific and are marketed together with traps for the capture of insects.
Food attractants are specially used for monitoring dipterous pests.

A pheromone trap usually consists of a small glue trap or a mild killing agent that is impregnated with sex
pheromone or it comes with a small vial of sex pheromone that will be placed on the trap. Sex pheromones
are hormone scents that are usually emitted by the female insect and picked up by the male as a cue for
mating. Male pests are drawn to the trap for the purpose of mating and are then caught.

Pheromone traps are usually simple to use. Some traps only require you to peel the protective paper from
the glue area. Other traps also require you to place the pheromone vial on the trap to attract the insects.
Traps should be placed in the area where the target pest is a problem.

b. Yellow Sticky Traps
They can be an effective monitoring tool. Yellow sticky traps can be used for monitoring most pests, including
whiteflies, thrips, winger aphids, leafminer, scales and many others. They may also capture parasitic wasps.

c. Pitfall and water traps (used for crawling insects)
They are simply containers or trays with smooth sides sunk into the ground with the edges at the same
level as the ground.
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Water traps are filled with water and detergent to break the surface tension of the water so that the insects
cannot walk on the water surface, and thus they sink to the bottom of the container and drown. In some of
them, like Moericke traps, the colour of the container is what attracts the insects and can be used for aphids
and their parasitoids located at the height of the crop.

d. Light traps that attract moths
2. Plant sampling

Knowing the biology or behaviour of the pest can be very helpful when choosing the strata or parts of the
plant in which the population is more abundant, presents a more homogeneous distribution, and/or shows
a closer relation with the total population. It is also useful to know the state or stage of development of the
most representative arthropod of the total population.

It must be noted that the common dispersion patterns of pests in the field are random, uniform, and
clumped, even many pest populations tend to be clumped, as well as deciding the sampling accuracy. All
this facilitates the choice of the sampling unit.

Several devices can be used for monitoring pests, however one of the most used is direct counting.
a. Direct counting. Visual checking

In most cases, no specialised or expensive equipment is required for the direct counting of pests. The
number of pests observed in a sample unit can be counted and recorded. The sample unit may be part of
a plant (such as the leaves, branches, roots, flowers, fruits, seeds), the entire plant, or part (where the pest
is known to occur). Counting may be conducted in the field, or the plant part may be removed and taken
back to the laboratory for counting.

Some dissection of certain samples, such as fruits, seeds, and roots, may be necessary in order to expose
the pest. In other instances, the plant may be shaken (manually or with a beating stick) a given number of
times over a container or sheet of cloth (white or black). This is a common tool for leaf feeding insects. A
cloth is placed beneath the foliage beaten to dislodge insects so that they fall onto the sheet. Fallen insects
are counted immediately or collected.

If the pest numbers are too numerous or the pest is small, other methods, such as the use of an aspirator
(or potter) or washing off with soapy water, may be employed to remove and collect the pest from the plant
and take it to the laboratory for counting.

An alternative to the method of counting the insects of a sample is the binomial method. Binomial or
presence-absence sampling consists in counting the sampling units occupied by arthropods of the total
observed sampling units. The method is based on the generally existing relationship between the proportion
of occupied sampling units and the density of individuals of a species in the sampling unit.
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b. Sweep nets

They are usually made of cotton and have a long handle. Sweeping through the crop canopy a fixed
number of times in a specific period of time, insects fly or fall into the net.

c. Tullgren or Berlese funnel

Tullgren or Berlese funnels can be used to extract live soil arthropods from leaf litter and soil samples. A
heat or light source is placed over the funnel containing the soil sample. Organisms move downward in the
funnel, away from the heat and drying soil, and into a collecting vial with a preserving liquid, such as 70%
ethanol.

3. Soil monitoring

The Berlese-Tullgren funnel is one of the best ways of monitoring microarthropods that live on the sail,
especially in ecological or biodiversity studies.

Emergence traps, which are transparent tubes or containers sealed on the surface of the ground, trap
emerging insects which pass through a developmental stage underground.

PROCEDURES FOR DISEASE INCIDENCE

A major problem of assessing disease is the complex nature of disease development. The nature of the
disease determines whether the disease incidence or disease severity (or both) is measured.

Samples of crop units (plants, leaves, fruit, etc.) can be taken randomLy from a plot.

To determine disease incidence, take samples and count the number of plants, leaves, flowers, etc., that
are infected or dead.

For diseases that cause varying degrees of damage to plants throughout the crop, assess disease severity
by estimating the proportion of total area of the plant that is diseased.

DAMAGE PROPORTION

Crop losses may be quantitative and/or qualitative. Quantitative losses result from reduced productivity,
leading to a smaller yield per unit area. Qualitative losses from pests may result from the reduced content of
valuable ingredients, reduced market quality, e.g. due to aesthetic features (pigmentation), reduced storage
characteristics, or due to the contamination of the harvested product with pests, parts of pests or toxic
products of the pests (e.g. mycotoxins). Crop losses may be expressed in absolute terms (kg/ha, financial
loss/ha) or in relative terms (loss in %). The loss rate may be expressed as the proportion of attainable
yield, but sometimes the proportion of the actual yield is calculated (Oerke, 2006).

The procedure will vary depending on the crop, but in general terms, once a month, the number of damaged
plants (whose production would be null) at each field will be counted, trying to identify the species responsible
for the depredation based on tracks and distinctive tooth marks. Losses will be presented as the percentage
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of damaged plants out of the total planted, for each crop field, and plot type. Harvest extended over several
weeks and total biomass harvested will be recorded by farmers, differentiating yields from exclosures and
controls.
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1.1.16. Fruit production

Alejandro Pérez-Pastor, Abdelmalek Temnani Rajjaf, David Pérez Noguera

Technical University of Cartagena (UPCT), Department of Plant Production, Paseo Alfonso XIlII, 48, ETSIA,
30203 Cartagena, Murcia, Spain

Importance and applications

It is a parameter that enables us to quantify the harvest to know the influence of the treatments in the
trial. In addition, it serves to know yields of the harvest and commercial yields. The productive yield is an
indicator that can be used to assess the crop response to the climate and/or other factors related with
abiotic stresses, such as water deficit or saline stress. The different sizes of the fruit will be determined
among the different treatments in order to determine the commercial value of the harvest.

Principle

The bibliography shows different productive responses depending on the intensity and moment that deficit
is applied in citrus. Gonzalez-Altozano and Castel (1999) with water savings of between 6 and 22%,
obtained in clementine similar production and quality to the control, applying the deficit in summer. Romero
et al. (2006) observed a decrease in the production of Clemenules mandarin trees grafted on Cleopatra
after three years applying water deficit, in which irrigation was suppressed in the phases | and Il of the fruit
growth, reaching minimum Wt values of -2 MPa, with the number of fruits per tree being the component that
was most affected.

Treeby et al. (2007) did not observe differences in the harvest load (kg fruit per m? of canopy) nor in the
number of fruits per m? but they did obtain fruits of a lower fresh weight and diameter after two years of
continued water deficit, in which the deficit treatment received half the amount of water that the control
received, in Navel orange grafted on different rootstocks.

Pérez-Pérez et al. (2008b) did not observe differences in production until the third year of applying deficit,
although in the second year the number of fruits increased significantly with the water deficit, reducing the
mean fruit weight as compared to the control.

Garcia-Tejero et al. (2010) showed a clear influence of the irrigation treatment on the production, observing
that severe water stress applied during the flowering phase reduced the number of fruits per tree, whilst a
water deficit applied during the fruit growth phase produced a reduction in the fruit size.

Materials and equipment

Hand scales SANDA

Procedure

To determine the production obtained, the total of all the fruits harvested from 4 trees per repetition will
be weighed (16 per treatment) at the moment of harvesting. To do so, all the fruits from one tree will be
deposited in the boxes needed and they will be weighed; the same operation will be repeated for all 12 trees
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per treatment monitored.

Given the particulars of the market for this crop and the way that the fruits of this crop are harvested, it is not
possible to directly distinguish and determine the different calibres at the moment of harvesting. However,
given that the fruit growth will be measured with the calliper until just before the harvest time, the different
sizes of the fruit can be determined among the different treatments.
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1.1.17. Marketable yield

Alejandro Pérez-Pastor, Abdelmalek Temnani Rajjaf, David Pérez Noguera

Technical University of Cartagena (UPCT), Department of Plant Production, Paseo Alfonso XIlII, 48, ETSIA,
30203 Cartagena, Murcia, Spain

Importance and applications

It is parameter that enables us to quantify the harvest once those fruit which are not suitable for sale have
been eliminated, to know the influence of the treatments in the trial.

Principle

The bibliography shows different productive responses depending on the intensity and moment that deficit
is applied in citrus. Gonzalez-Altozano and Castel (1999) with water savings of between 6 and 22%,
obtained in clementine similar production and quality to the control, applying the deficit in summer. Romero
et al. (2006) observed a decrease in the production of Clemenules mandarin trees grafted on Cleopatra
after three years applying water deficit, in which irrigation was suppressed in the phases | and Il of the fruit
growth, reaching minimum Wt values of -2 MPa, with the number of fruits per tree being the component that
was most affected.

Treeby et al. (2007) did not observe differences in the harvest load (kg fruit per m? of canopy) nor in the
number of fruits per m? but they did obtain fruits of a lower fresh weight and diameter after two years of
continued water deficit, in which the deficit treatment received half the amount of water that the control
received, in Navel orange grafted on different rootstocks.

Pérez-Pérez et al. (2008b) did not observe differences in production until the third year of applying deficit,
although in the second year the number of fruits increased significantly with the water deficit, reducing the
mean fruit weight as compared to the control.

Garcia-Tejero et al. (2010) showed a clear influence of the irrigation treatment on the production, observing
that severe water stress applied during the flowering phase reduced the number of fruits per tree, whilst a
water deficit applied during the fruit growth phase produced a reduction in the fruit size.

Materials and equipment

Hand scales SANDA accurate to 10 grams

Procedure

The production was evaluated from the weight and number of fruits per tree. During the harvest the fruits
which have remained on the trees will be accounted for and weighed; these fruits are considered by the
workers to be unsuitable for sale. To determine the value of the commercial yield we shall obtain a final
value of commercial kilograms per hectare.
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1.1.18. Cover crop yield

Maria Martinez-Mena, Almagro, M., Elvira Diaz Pereira, Joris de Vente, Carolina Boix-Fayos

Soil and Water Conservation Research Group, CEBAS-CSIC, Campus Universitario de Espinardo, 30100,
Murcia, Spain

Importance and applications

Cover crops are one of the most important agricultural practices that farmers can use to improve soil quality
and increase the sustainability of their production system. Cover crops provide many benefits, including
reducing erosion, fixing nitrogen (if legumes are included), and providing a habitat for pollinators and
beneficial insects. Their use also increases soil organic matter, infiltration rates, and nutrient availability.
Knowing how much biomass (biomass dry weight per m?) there is in a field is a critical piece of information
for cover crop management.

Principle

The dry weight of the cover crop will be assumed as the cover crop yield, expressed as weight of dry matter
per unit area (g DM m). The method consists in collecting total plant biomass production (green manure or
spontaneous ground covers) at peak growing season from several replicated quadrants of a known surface
placed randomLy at each management treatment. Both quadrat size and number of replicates depend
on the observed heterogeneity in plant composition and the field size. The more homogeneous the plant
composition is, the smaller the quadrats can be. We use clippers to cut the cover crop biomass at ground
level, excluding soil, cash crop residues, or weeds from the sample. We must try to capture only cover crop
biomass and then place it in a labelled paper/plastic bag. Later, in the laboratory, the collected cover crop
biomass from each quadrat is placed in separate labelled trays and oven dried at 60°C for 72 h or until
constant weight is reached.

Reagents

*  Noreagents

Materials and equipment

*  Frame: 0.5 mx0.5mor1mx1m, depending on the crop size
«  Apair of scissors, clippers, sharp knife, and/or machete

«  Labelled paper or plastic bags

*  Plastic bucket

*  Clean tarpaulin

« Data sheet

*  Aluminium trays

«  Oven

+ Balance
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Procedure

a. Toss the frames randomLy into the different treatment plots. Between four and six replicates are
recommended to account for spatial variability in the field.

b. Clip all plant material inside the quadrat and place it in the paper or plastic bag. If you have a great
amount of biomass you can use a clean tarpaulin to collect it. Try not to include soil on the base of the
cover crop.

c. Dryat60°C for 72 h.

d. Weigh the biomass and keep it for C and N analyses.

Calculations

dry biomass weight (g)

Biomass Dry weight (in g DM m?) = surface (m?)

Table 1. Range of values in different agricultural soils.

Aboveground

biomass (g m?) Cover crops Soil type Reference

138-183 Common vetch and barely | Calcisol Almagro et al., (2016)

12.87-290.03 Rice and Trios Cumulic Haploxeroll Steenwerth & Belina, 2008

185-663 Barely and Clover Oxyaquic xerorthent Peregrina et al., 2014

110-366 Barely and Hairy vetch Fluventic haplustept Tosti et al., 2014
Remarks

*  If you want to determine plant residue C and N contents subsamples should be ground and analysed
using an elemental C/N analyser (procedure explained in section 2.2.7). The annual plant carbon and
nitrogen inputs will be calculated as a product of the C and N concentration and total biomass production
of each treatment.

«  If you want to obtain belowground biomass there are two options: 1) you can sample the belowground
component of the cover crops at the same time that the aboveground component is collected; or 2) you
can apply a known specific belowground-aboveground ratio (also called root:shoot ratio) to estimate root
biomass from aboveground biomass.
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1.1.19. Land equivalent ratio

Raul Zornoza, José A. Acosta, Silvia Martinez

Sustainable Use, Management, and Reclamation of Soil and Water Research Group, Department of
Agrarian Science and Technology, Universidad Politécnica de Cartagena, Paseo Alfonso XlllI, 48, 30203,
Cartagena, Spain.

Importance and applications

The land equivalent ratio (LER) is an essential indicator to assess the efficiency of intercropped agricultural
systems. Intercropping is the cultivation of two or more crop species simultaneously in the same field for
the entire or a part of their growing period. It is expected that intercrops use land and other resources more
efficiently than monocrops. In fact, intercropping is a practical application of the principle of productivity
increase by biodiversity (Cardinale et al., 2007). To really assess if intercropping is using resources more
efficiently and delivers higher production per unit of land, the LER appears. LER is defined as the area
of monocrops that would be required to obtain the same yield of the component crops as a unit area of
intercrop (Mead & Willey, 1980). Thus, LER is useful to evaluate the benefit of intercropping compared to
monocultures.

Principle

The land equivalent ratio compares the yields from growing two or more crops together (intercropping) with
yields from growing the same crops in monocultures (Mead & Willey, 1980). This ratio indicates the quantity
of land needed to grow two or more crops together compared to the quantity of land needed to grow pure
stands of each. A LER > 1 indicates that intercropping is favourable and efficient, while a LER < 1 normally
indicates a disadvantage. For example, a LER of 1.10 suggest that a field grown as a monoculture would
require 10% more land to produce the same yield as the same area grown as intercropping. A LER of 3.0
would indicate that intercropping would produce three times the yield of the monoculture (Kantor, 1999).

Reagents

No reagents needed

Materials and equipment

«  Equipment for weighing crop yields in each crop (balance or scale).

Procedure

a. Yield data should be collected when the crop is ready for market. For crops harvested multiple times
(such as fava beans, tomatoes, etc.), yield data should be collected when a sizeable portion has reached
the market size and at regular intervals over the harvest period. For crops harvested multiple times, the
same area must be harvested at each harvest.

b. Measure and record the total weight of each crop harvested.
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Calculations

To calculate the LER, follow the following equation:

/ / /

LER=——+— 4"
M M M

1 2 n

l,, 1, and I, are the yields (per unit of total area of the intercrop) of species 1, 2 and n of the intercrop.
M,, M, and Mn are the yields of the same species grown in monocultures (per unit of area of the respective

sole crop).
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1.1.20. Crop yield

José Luis Arrue, Jorge Alvaro-Fuentes

Soil Management and Global Change Group, Estacion Experimental Aula Dei (EEAD), Consejo Superior
de Investigaciones Cientificas (CSIC), Avda. Montafiana 1005, 50059 Zaragoza, Spain.

Importance and applications

Crop yield is a measurement of the amount of agricultural production harvested per unit of land area. Crop
yield is the measurement most often used for cereal crops and is normally expressed in metric tons or
kilograms per hectare (bushels or pounds per acre in the US). Alternatively, crop yield, which is sometimes
referred to as “agricultural output”, can be defined as the amount of useful parts of a crop harvested at an
appropriate development stage on a unit area. According to Fischer (2015), crop yield is the weight of grain
or other economic product, at some agreed standard moisture content, per unit of land area harvested per
crop. Standard moisture content varies between crops but is 8-16% in grains. In all cases, grain moisture
content is calculated on a fresh weight basis (Fisher, 2015).

Principle

To estimate the crop yield, the amount of harvested product (grain, tuber...) for a given crop is measured in
a sample area. The harvested product is then weighed, and the crop yield of the entire field is extrapolated
from the sample.

Reagents

None

Materials and equipment

*  Measuring tape

«  Plastic or wooden pegs

»  Scissors

+  Basket, container, bags, ...

*  Combine harvester

«  Oven

+ Balance

«  Data recording sheet/Notebook

*  Recording material (pen, pencil, ...)

Procedure

Hand-harvest

a. On each experimental plot, and immediately prior to harvest, randomLy select three representative 0.5-m
long rows. If the row spacing is, for instance, 0.2 m, the total sampling area at each sampling point will be
0.1 m2.
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b. Hand-harvest total plants from each row and separate the ears.
c. After oven-drying them at 65°C for 48 h, thresh the ears to collect the grain.
d. Weigh the dry grain collected from each row.

Combine harvester

Alternatively, grain yield can be measured by harvesting partially or completely each experimental plot
using either a commercial combine harvester or an experimental combine harvester. If you use a combine
harvester, measure the width and length of the harvested area on each plot and pay attention that the
machine does not lose too much grain. Harvest all the grain in the harvesting area and place it in a bag,
and, finally, weigh the grain collected (CIMMYT, 2013).

Calculations

Firstly, determine the harvest area:
Area (m?) = width x length

To determine the crop yield, divide the total grain weight (kg) by the harvest area (ha):

Crop yield (kg/ha) = Total grain weight / Area

Remarks

«  Since harvest grains present different moisture contents, yield values must be expressed according to
a fixed moisture content (e.g., small grain crops 10%; maize 14%).

*  In multiple cropping or intercropping systems, the yield of each crop obtained within a given year and
piece of land must be summed to obtain an annual land production value.
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1.2.1. Fruit weight

Alejandro Pérez-Pastor, Abdelmalek Temnani Raijjaf, David Pérez Noguera

Technical University of Cartagena (UPCT), Department of Plant Production, Paseo Alfonso XllII, 48, ETSIA,
30203 Cartagena, Murcia, Spain

Importance and applications

It is an indicator of fruit quality and additionally enables us to know parameters such as the yield in kg ha!
or kg tree™".

Principle

The fruit quality is of vital importance when it is directed at fresh consumption. The bibliography points
out that the soil moisture has a determinant effect on the quality of citrus fruits, so Levy et al. (1979) used
parameters of grapefruit fruit quality to diagnose the degree of water stress. On the other hand, it has been
demonstrated that moderate water stress can improve the fruit quality in certain fruit trees (Goldhamer,
1989).

In general, the parameter of fruit size is associated to the variables of weight, equatorial diameter and
volume (Bain, 1985).

Materials and equipment

«  Balance, accurate to 1 mg.

Procedure

To determine the fruit weight, when weighing the production, the number of fruits for each tree will also be
counted, so that using the ratio “weight of tree production/ number of fruits per tree” the mean weight of the
fruits for each tree can be obtained and thus that of the different treatments.

The fruits are weighed in a weighing balance, accurate to + 0.01g. The mean weight per fruit is obtained by
dividing the weight of the sample by the number of fruits.
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1.2.2. Total soluble solids

Alejandro Pérez-Pastor, Abdelmalek Temnani Rajjaf, David Pérez Noguera

Technical University of Cartagena (UPCT), Department of Plant Production, Paseo Alfonso XIlII, 48, ETSIA,
30203 Cartagena, Murcia, Spain

Importance and applications

The Brix scale is used in the agri-food sector to measure the approximate amount of sugars in fruit juice,
wine or processed liquids within the agri-food industry, since in reality what is in fact determined is the total
soluble solids (TSS) content. This indicator is used to monitor in situ the evolution of fruit ripening and the
optimum moment for the harvest. In this way, the fruit TSS content is an indicator which allows us to know
the juice’s organoleptic properties.

Principle

To estimate the sugars content in citrus the value of the total soluble solids has habitually been used, since
between 75 and 85% of the TSS of orange, mandarin, grapefruit, and lemon juices are sugars (Agusti,
2003).

With regard to this, Hagenmainer and Baker (2004) state that the flavour of the fruits is related with the TSS.
The TSS and titratable acidity (TA) are important elements in the estimation of the flavour and nutritional
quality of citrus (Li et al., 2012).

The increase in TSS and TA in citrus is particularly noteworthy when deficit irrigation strategies (such as
controlled deficit irrigation) are applied (Ginestar & Castel, 1996; Gonzalez-Altozano & Castel, 2003; Pérez-
Pérez et al., 2009). However, in some cases of water deficit, there may be a greater increase in the acidity
than in the sugars, thus diminishing the sugars/acidity ratio and therefore, reducing the fruit quality (Maotani
& Machida, 1977; Mougheith et al., 1977; Levy et al., 1978 and 1979).

Hardy and Sanderson (2010) mentioned that the soluble solids content increases principally due to the
accumulation of sucrose, in the ripening phase. The same behaviour was reported by Agusti et al. (2003),
who pointed out that in early ripening varieties, the content in sugars increases rapidly and the fruits continue
ripening when the temperature falls (in sub-tropical regions); but in late varieties the ripening occurs when
the temperature tends to rise, and the sucrose content increases relatively little in the fruit (Agusti et al.,
2003).
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Materials and equipment

. Manual refractometer ATAGO N-1E.

lllustration 2. Manual refractometer manual

Procedure

For this case, the determination of the TSS will be carried out in a small portion of juice using a manual
refractometer. The refractometer measures the refraction index, which indicates the proportion of a bright
light that is delayed upon passing through a liquid (in this case juice), and has a scale where this refraction
index is directly observed, expressed generally as °Brix or % TSS. In this case, the TSS concentration of
the juice will be expressed in °Brix. The relationship between TSS and sugars corresponds to a solution of
sucrose at 1% and at 20°C has one degree Brix.
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1.2.3. Juice pH

Alejandro Pérez-Pastor, Abdelmalek Temnani Rajjaf, David Pérez Noguera

Technical University of Cartagena (UPCT), Department of Plant Production, Paseo Alfonso XIlII, 48, ETSIA,
30203 Cartagena, Murcia, Spain

Importance and applications

The pH is an indicator of the juice quality that allows us to know the organoleptic properties of the fruit.
This indicator, together with the acidity, is one of the most important to assess the fruit quality given that it
is closely related with the content of acids present, the capacity for microbial proliferation in conservation
(low values will enable a longer useful life) since it will act on the fruit at physiological level as a natural
physiological barrier against microbial action.

Principle

The pH value is used as an indicator of the acid content that exists in a specific food; the value varies
between 0 and 14. In this way when a food or drink presents a pH value lower than 7 it is considered acid.
The fruit quality is of vital importance when it is directed at fresh consumption. The bibliography points
out that the soil moisture has a determinant effect on the quality of citrus fruits, so Levy et al. (1979) used
parameters of grapefruit fruit quality to diagnose the degree of water stress. On the other hand, it has been
demonstrated that moderate water stress can improve the fruit quality in certain fruit trees (Goldhamer,
1989).

Materials and equipment

*  pH meter (multiparameter) PC 80+ DHS STIRRER Bench With Cell VPT 80-1 and Standard electrode

Procedure

To determine the pH of juice, after the harvest, between 10 and 20 fruits per repetition will be randomLy
selected and taken to the laboratory. In the laboratory, the juice will be obtained by means of a squeezer.
The juice from these fruits will then in part be placed in a beaker and the multiparameter pH-meter will be
used to obtain a direct measurement of the juice obtained, for each repetition.
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1.2.4. Titratable acidity

Alejandro Pérez-Pastor, Abdelmalek Temnani Raijjaf, David Pérez Noguera

Technical University of Cartagena (UPCT), Department of Plant Production, Paseo Alfonso XIlII, 48, ETSIA,
30203 Cartagena, Murcia, Spain

Importance and applications

The pH is an indicator of the juice quality that allows us to know the organoleptic properties of the fruit.

Principle

The total acidity of the juice is expressed as the number of grams of acids contained in one litre of the juice,
evaluating the predominant acid. In citrus juice the predominant acid is citric acid (Agusti, 2003).

The acidity can be affected by multiple variables, amongst which is the amount of irrigation applied to the
crop.

According to Davies and Albrigo (1994), the organic acids significantly contribute to the total acidity of
the juice, with citric acid being the predominant organic acid (70-80% of the total). The organic acids are
considered to be an important source of acid flavour in the fruit and a source of energy in the plant cell
(Landanilla, 2008).

The acids generally decrease during ripening, given that they can be used as respiratory substrates or
converted into sugars, although they are also used for the formation of aromatic and flavour compounds
(Canizares et al., 2003; Landanilla, 2008). In the fruit ripening phase, the free acids progressively decrease
as a consequence, fundamentally of a dilution process (Agusti et al., 2003), which happens as the fruit
grows in size and in juice content (Landanilla, 2008). It is important to point out that the titratable acidity is
commonly used as a component to calculate the ripeness index, more than as an independent parameter
(Acevedo, 2008).

Materials and equipment

. Burette
. NaOH
Beaker

*  Phenolphthalein
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Figure 27.1. Detail of a burette
Procedure

To determine the titratable acidity of the juice, after the harvest, between 10 and 20 fruits will be taken per
repetition, selected randomLy and these will be taken to the laboratory for chemical analysis.

The titratable acid (TA) will be determined by acid-base evaluation, neutralising the juice’s acidity filtered
with sodium hydroxide (NaOH) 0.1 N until a final pH of 8.2 is reached. Phenolphthalein is used as indicator
(2- 3 drops). The titratable acidity as a function of the dominant acid will be calculated from the mL of NaOH
consumed in the assessment.

Calculations

With V being the volume of NaOH 0.1N in mL consumed in the assessment and V1 the volume of juice

employed in the dissolution.
192

V-O.1-T
v

1

Acidity (g-L) =
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1.2.5. Percentage of juice

Alejandro Pérez-Pastor, Abdelmalek Temnani Raijjaf, David Pérez Noguera

Technical University of Cartagena (UPCT), Department of Plant Production, Paseo Alfonso XIlII, 48, ETSIA,
30203 Cartagena, Murcia, Spain

Importance and applications

This method provides information by means of the ratio of juice weight/fruit weight. It is an indicator of the
fruit quality and additionally allows us to know other parameters such as the total titratable acidity, total
soluble solids among others.

Principle

The fruit quality is of vital importance when the production is for fresh consumption. The bibliography points
out that the soil moisture has a determinant effect on the quality of citrus fruits, so Levy et al. (1979) used
parameters of grapefruit fruit quality to diagnose the degree of water stress. On the other hand, it has been
demonstrated that moderate water stress can improve the fruit quality in certain fruit trees (Goldhamer,
1989).

With regard to the fruit composition, it is known that water stress has an influence on reducing the juice
content and increases the skin thickness in grapefruit (Levy et al., 1979), lemon Verna (Sanchez-Blanco
et al., 1989), Clemenules mandarin (Gonzalez-Altozano & Castel, 2003a) and Lane late orange (Pérez-
Pérez et al., 2009). According to Orduz-Rodriguez et al. (2006), the juice contents are considered high for
mandarin when they are above 27.4% (value recorded for mandarin Ponkan). Likewise, for oranges and
tangelos the minimum percentage accepted in fruit destined for juice making must be over 40% (Orduz
Rodriguez et al., 2011).

Materials and equipment

*  Squeezer (Mod. 4, 220V, Lomi)
«  Balance, accurate to 1 mg
*  Nylon muslin of 1 ym

Procedure

After the harvest, between 10 and 20 fruits will be randomLy selected per repetition and taken to the
laboratory for chemical analysis. In this case, said fruits will be weighed using a “sartorius AX623” weighing
balance, accurate to 1 mg. Once the fruits have been weighed then the juice will be extracted. Subsequently,
the juice obtained from these fruits will be weighed and the percentage weight of juice for each repetition
will be obtained using the ratio “juice weight/fruits weight *100”.

The juice extraction is performed manually, using a squeezer (Mod. 4, 220V, Lomi). The juice is separated
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from the pulp by sieving through a nylon muslin of 1 um. In this way, two fractions of juice are obtained, that
which is called filtered, which is what has passed through the muslin by gravity, and the syphoned, which
is what is retained by the pulp, then separated by natural pressure. The total juice volume is obtained by
summing the filtered and syphoned volumes.

Figure 28.1. Detail of the juice extraction

Calculations

The total volume of the juice is obtained by means of the sum of the volume filtered and syphoned. The
ratio “juice weight/ fruits weight *100” will give the percentage in weight of juice obtained for each repetition.
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1.2.6. Degree of acidity

Manuel Gonzalez-Rosado, Beatriz Lozano-Garcia, Luis Parras-Alcantara

SUMAS Research Group, Department of Agricultural Chemistry and Soil Science, Faculty of Science,
Agrifood Campus of International Excellence - ceiA3, University of Cordoba, 14071 Cordoba, Spain

Importance and applications

The determination of free fatty acids in olive oils is an important quality factor and has been widely used as
a criterion for the classification of olive oil into various commercial categories.

Principle

The degree of acidity of oil is the percentage of free fatty acids in oil. Any fat from the chemical point of view
is composed of triglycerides, i.e. esters of fatty acids and glycerine. The hydrolysis reaction causes the
breakdown of these, losing fatty acids and giving diglycerides and monoglycerides. In vegetable oils, this
percentage is expressed as if all free acids were oleic acid (CHO).

The method consists of dissolving a sample in a mixture of solvents and the free fatty acids present titrated
using an ethanolic solution of potassium hydroxide.

Reagents

+  Diethylether

+  Ethanol 96%

+  Potassium hydroxide
+  Phenolphthalein

Materials and equipment

+ 250 mL conical flask
+  Analytical balance
+ 10 mL burette, graduated in 0.05 mL

Procedure

a. Dissolve the sample in 50 to 150 mL of the previously neutralised mixture of diethyl and ethanol.
b. Titrate while stirring with the 0.1mol L' solution of potassium hydroxide (see Note 2) until the indicator
changes (the pink colour of the phenolphthalein persists for at least 10 seconds).
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Calculations
Acidity as a percentage by weight is equal to:

M 100 V=x*c*M

V xc * *
1000 m 10 +m

where:

V = the volume of titrated potassium hydroxide solution used, in millilitres;

¢ = the exact concentration in moles per litre of the titrated solution of potassium hydroxide used;
M = the molar weight in grams per mole of the acid used to express the result (= 282);

m = the weight in grams of the sample.

Remarks

+  The titrated ethanolic solution of potassium hydroxide may be replaced by an aqueous solution of
potassium or sodium hydroxide provided that the volume of water introduced does not induce phase
separation.

+  If the quantity of 0.1mol/Lpotassium hydroxide solution required exceeds 10 mL, use the 0.5 mol/L
solution.

+  If the solution becomes cloudy during titration, add enough of the solvents to give a clear solution.

References

Boskou, D., 2006. Olive oil: Chemistry and Technology (2° ed.). Edit. AOCS PRESS. lllinois.

Commission of the European Community., 1991. Regulation 2568/91, On the Characteristics of Olive Oil
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1.2.7. Quality of fatty matter

Manuel Gonzalez-Rosado, Beatriz Lozano-Garcia, Luis Parras-Alcantara

SUMAS Research Group, Department of Agricultural Chemistry and Soil Science, Faculty of Science,
Agrifood Campus of International Excellence - ceiA3, University of Cordoba, 14071 Cordoba, Spain

Importance and applications

Spectrophotometric examination in the ultraviolet radiation can provide information on the quality of a fat,
its state of preservation and changes brought about by technological processes.

Principle

The absorption at the wavelengths specified in the method is due to the presence of conjugated diene
and triene systems resulting from oxidation processes and/or refining practices. These absorptions are
expressed as specific extinctions E1 % 1 cm (the extinction of 1 % wi/v solution of the fat in the specified
solvent, in a 10 mm cell) conventionally indicated by K (also referred to as “extinction coefficient”).

Asample is dissolved in the required solvent and the absorbance of the solution is measured at the specified
wavelengths with reference to pure solvent. The specific extinctions at 232 nm and 268 nm in iso-octane or
232 nm and 270 nm in cyclohexane are calculated for a concentration of 1 % w/v in a 10 mm cell.

Reagents

«  Duringthe analysis, unless otherwise stated, use only reagents of recognised analytical grade and distilled
or demineralised water or water of equivalent purity.

*  Solvent:Iso-octane(2,2,4trimethylpentane)forthe measurementsat232nmand 268 nmand cyclohexane
forthe measurementsat232nmand 270 nm, having an absorbancelessthan0.12at232 nmandlessthan
0.05 at 270 nm against distilled water, measured in a 10 mm cell.

Materials and equipment

* A spectrophotometer suitable for measurements at ultraviolet wavelengths (220 nm to 360 nm), with
the capability of reading individual nanometric units. A regular check is recommended for the accuracy
and reproducibility of the absorbance and wavelength scales as well as for stray light.

+  Wavelength scale: This may be checked using a reference material consisting of an optical glass filter
containing holmium oxide or a holmium oxide solution (sealed or not) that has distinct absorption
bands.

The reference materials are designed for the verification and calibration of the wavelength scales of
visible and ultraviolet spectrophotometers having nominal spectral bandwidths of 5 nm or less. The
measurements are carried out against an air blank over the wavelength range of 640 to 240 nm,
according to the instructions enclosed with the reference materials. A baseline correction is performed
with an empty beam path at every slit width alteration. The wavelengths of the standard are listed in the
certificate of the reference material.
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«  Absorbance scale: This may be checked using commercially available sealed reference materials
consisting of acidic potassium dichromate solutions, in certain concentrations and certified values of
absorbance at its Amax (of 4 solutions of potassium dichromate in perchloric acid sealed in four UV
quartz cells to measure the linearity and photometric accuracy reference in the UV). The potassium
dichromate solutions are measured against a blank of the acid used, after baseline correction, according
to the instructions enclosed with the reference material. The absorbance values are listed in the
certificate of the reference material.

* Another possibility to check the response of the photocell and the photomultiplier is to proceed as
follows: weigh 0.2 g of pure potassium chromate for spectrophotometry and dissolve in 0.05 N
potassium hydroxide solution in a 1000 mL graduated flask and make up to the mark. Take precisely
25 mL of the solution obtained, transfer it to a 500 mL graduated flask and dilute up to the mark using
the same potassium hydroxide solution.

Measure the extinction of the solution thus obtained at 275 nm, using the potassium hydroxide solution
as a reference. The extinction measured using a 1 cm cuvette should be 0.200 + 0.005.

* Rectangular quartz cuvettes, with covers, suitable for measurements at ultraviolet wavelengths (220 to
360 nm) having an optical path-length of 10 mm. When filled with water or other suitable solvent the
cuvettes should not show differences between them of more than 0.01 extinction units.

*  One-mark volumetric flasks, capacity 25 mL, class A.

* Analytical balance, capable of readings to the nearest 0.0001 g.

Procedure

a. The sample must be perfectly homogeneous and without suspended impurities. If not, it must be
filtered through paper at a temperature of approximately 30°C.

b. Weigh accurately approximately 0.25 g (to the nearest 1 mg) of the sample thus prepared into a 25 mL
graduated flask, make up to the mark with the specified solvent and homogenise. The resulting solution
must be perfectly clear. If opalescence or turbidity is present, filter quickly through paper.

c. Ifnecessary, correct the baseline (220-290 nm) with solvent in both quartz cells (sample and reference),
then fill the sample quartz cell with the test solution and measure the extinctions at 232, 268 or 270 nm
against the solvent used as a reference.

d. After measuring the absorbance at 268 or 270 nm, measure the absorbance at Amax, Amax + 4 and
Amax— 4. These absorbance values are used to determine the variation in the specific extinction (AK).

Calculations
Record the specific extinctions (extinction coefficients) at the various wavelengths calculated as follows:

EA
C*S

KA =

where:
KA = the specific extinction at wavelength A;
EA = the extinction measured at wavelength A;
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¢ = the concentration of the solution in g/100 mL;

s = the path length of the quartz cell in cm;

Variation of the specific extinction (AK)

The variation of the absolute value of the extinction (AK) is given by:

KAm—-4+KA+4
2

AK =KmV -

where Km is the specific extinction at the wavelength for maximum absorption at 270 nm and 268 nm
depending on the solvent used.

Remarks

*  Generally, a mass of 0.25 to 0.30 g is sufficient for absorbance measurements of virgin and extra virgin
oliveoilsat268 nmand 270 nm. Formeasurementsat232nm, 0.05 g of sample are usually required, sotwo
distinctsolutionsareusually prepared. Forabsorbancemeasurementsofolive pomaceoils, refinedoliveoils
and adulterated olive oils, a smaller portion of sample e.g. 0.1 g is usually needed due to
their higher absorbance.

*  The extinction values recorded must lie within the range 0.1 to 0.8 or within the range of linearity of the
spectrophotometer which should be verified. If not, the measurements must be repeated using more
concentrated or more dilute solutions, as appropriate.

*  Amax is considered to be 268 nm for isooctane used as solvent and 270 nm for cyclohexane.
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1.2.8. Essential oils in aromatic species

Virginia Sanchez-Navarro, Raul Zornoza, Jose A. Acosta, Silvia Martinez, Angel Faz

Sustainable Use, Management, and Reclamation of Soil and Water Research Group, Department of
Agrarian Science and Technology, Universidad Politécnica de Cartagena, Paseo Alfonso XlllI, 48, 30203,
Cartagena, Spain.

Importance and applications

Essential oils (EOs) are complex mixtures of volatile compounds extracted from plants, with a great interest
in areas such as medicine due to their biocidal activities and medicinal properties, the pharmaceutical
field where they are part of pharmaceutical base formulations, the food industry for food preservation and
the textile industry where microspheres of EOs are used to improve the properties on textiles (Burt, 2004;
Martins et al., 2014). EOs are highly volatile compounds, which are protected from external factors through
encapsulation processes, and thus increasing their action duration (Hong & Park, 1999).

Principle

Supercritical fluid extraction (SFE) is the most widely used technique to isolate EOs from plants (Munshi
& Bhaduri, 2009). The extraction is generally carried out using CO, as a solvent at temperatures and
pressures above the critical point of CO, (7.4 MPa and 31.1°C or near to this region). CO, is a good solvent
for non-polar compounds, but it has a lower polar compounds affinity. In this case, a co-solvent (ethanol or
other low molecular weight alcohols) can be added to CO,, and thus improve its power over polar molecules.
SFE is a semi-continuous process, where the solvent flows through the particles of vegetable material in
the extractor and dissolves soluble substances. The supercritical solvent with the solutes extracted flows
through a depressurisation valve to a separator (S1) where the pressure is lower, and thus the extracts are
separated from the CO, and collected. In order to quantify the essential oil composition of the supercritical
extract, the different fractions are analysed with a GC-MS (Fornari et al., 2012; Sovova, 2012). The method
described here is based and modified from Fornari et al. (2012).

The chemical compounds of EOs are classified as terpenes and terpenoids (carbures, alcohols, esters,
phenols, ethers, ketone and aldehydes), aromatic compounds (phenols, aldehydes, alcohol, metoxiderivates)
and sulphur or nitrogen-containing compounds (thiosulfinates, allyl sulphides, pyracines, isothiocyanates)
(Dima & Dima, 2015).

Reagents

»  Liquid nitrogen

«  Standards (for example thymol, linalool, terpineal...)
«  Ethanol (HPLC grade)

+ CO, (N38 quality)

*  Helium (99.99%)
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Materials and equipment

Mill

Sieve (1000-500 pym)

Balance

Supercritical fluid extractor

GC-MS equipped with a split/splitless injector, electronic pressure control, auto injector, mass
spectrometer detector, GC-MS solution software, and a column of 30 m x 0.32 mm ID and 0.25 ym
phase thickness.

Procedure

a. Fresh plants are air dried in the shade or at room temperature (20°C).

b. The plant is ground into powder using mill under cryogenic conditions.

c. The ground plant material is passed through a sieve (1000-500 pm).

d. The samples are stored at — 20°C until use.

e. Extraction in carried out using supercritical extraction equipment, with a 2 | cylinder extraction cell and

2 different separators each with a capacity of 0.5 I, with independent control of temperature and
pressure.

Cryogenically milled and sieved plant material is placed into the extraction vessel (0.6 kg).

The extraction takes place at 30 MPa of pressure and 40°C of temperature, with a flow rate of 2.4 kg
h.

In the first separator (S1), the pressure is maintained at 10 MPa and S2 at ambient pressure (0.1 MPa).
The solid fractions collected within S1 and S2 are recovered and placed in vials.

Both separators are washed with ethanol in order to ensure a precise determination of extraction yield.
The residual material recovered in each separator is added to its corresponding solid fraction.
Ethanol is eliminated by evaporation (35°C).

The obtained solid samples are kept under N, at — 20°C in the dark until analysis.

Supercritical extract is analysed by GC-MS. Helium is used as a carrier gas at a flow of 1 mL min".
Oven temperature is first programmed at 60°C (4 min), then increased to 106°C (2.5°C min™'), from
106°C to 130°C (1°C min") and finally from 130°C to 250°C (20°C min™"), this temperature is kept
constant for 10 min.

Sample injection (1 pL) is performed in split mode (1:20).

The inlet pressure of helium is 57.5 KPa, while the interface temperatures are 230 and 280°C,
respectively.

The mass spectrometer is used in TIC mode and samples are scanned from 40 to 500 amu.
Chemical compounds of EOs (linalool, eugenol...) are identified by comparison with standard mass
spectra obtained in the same conditions, and compared with the mass spectra from the library. The rest
of the compounds are identified by comparison with the mass spectra from the library, and by their
linear retention index.

Finally, a calibration curve is required to quantify chemical compounds of EOs.
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1.2.9. Sugar content

Cord-H. Treseler

Weingut Dr. Frey (WDF)

Importance and applications

During maturity the sugar content of grape juice increases. Measuring the sugar content is one main method
to define the maturity stage and quality of the grape juice.

Principle

The sugar content in grape juice can be measured as the density of the juice, which is mainly influenced
by the content of sugar (must scales) or by refraction through a liquid (refractometer). Must scales are not
usually used in the field — a higher quantity of juice is needed.

Reagents

*  Water for cleaning

*  Grape juice

Materials and equipment

«  Refractometer (handheld for field observations)
*  Paper towel or tissue

Procedure

a. Observed vine plants (6 per variant) will be tested weekly when softening of berries begins (BBCH 85)
b. Select a single berry (6 berries per vine plant)

c. Open refractometer (Fig. 32.1) and squeeze some drops of grape juice on the prism

d. Close the lid and look through optical lens and read the relevant scale (Brix, °Oechsle, ...)

e. Open the lid for cleaning with a moist towel and dry back before testing the next berry

Calculations

The output data are - depending on the scaling — to be converted to the unit Brix (1g saccharose per 100g
must at 20°C; %mas) (Meidinger et al., 2000).

References
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1.2.10. Thousand kernel weight

Guido Arlotti, Marco Silvestri

Barilla G. & R. Fratelli. Via Mantova 166, 43122 Parma, ltaly

Importance and applications

The Thousand Kernel Weight (TKW) is one of the wheat quality parameters because it gives important
information about the wheat’s millability potential (i.e. extraction rate) (Raggiri et al., 2016; Posner et al.,
1997).

In fact, wheat kernels with a similar size distribution but different TKW indicates that the heavier kernels
have a higher percentage of endosperm than the lighter ones (Posner et al., 1997).

Principle

The TKW is determined using a semiautomatic counting instrument to count 1000 wheat kernels and then
weigh their mass.

Reagents

*  Not required

Materials and equipment

«  Electronic kernel counter

«  Two-decimal place precision scale
Procedure

a. Sample preparation
The grain to be measured must be clean, free from impurities and broken kernels.
Weigh a pre-sample of wheat of about 30 g.

b. Determination
Select 1000 kernels from the pre-sample of wheat by the electronic kernel counter.
Weigh the mass (P) of the selected 1000 kernels.

Calculations

The 1000 kernel weight (P) is expressed as g.

Remarks

*  The TKW can be corrected to a dry basis or any moisture basis.
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1.2.11. Test weight

Guido Arlotti, Marco Silvestri

Barilla G. & R. Fratelli. Via Mantova 166, 43122 Parma, Italy

Importance and applications

Test weight (TW) is a rough measure of the density of wheat (i.e. bulk density) (Pomeranz, 1988). This
value is one of the factors of the market value of wheat, because in general it is directly related to the
extraction rate of the milling products (i.e. semolina). Sound, clean, vitreous wheats with low moisture
content tend to give the highest TW (Pomeranz, 1988). One of the big disadvantages of using TW in the
trade and processing today is that the determined weight cannot be corrected to a dry or a fixed-moisture
basis (Posner & Hibbs, 1997).

Principle

The TW is the weight of a mass of wheat placed in
a container (Fig. 34.1) with a defined volume and
expressed as kilograms per hectolitre (kg hL"). The
measurement is performed using a grain scale (Fig.
34.2).

Figure 34.1. Test weight equipment.

The determination is affected by several conditions such as the levels of foreign material as well deformed
or broken wheat, moisture level of the wheat, wheat shape and roughness, ambient condition, operator
efficiency, and equipment conditions (Posner et al., 1994; Madurei, 1995).

Figure 34.2. Test weight grain scale.
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