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4:1. Calculation of yield
1:4. Abstract

The International Centre for Agricultural Research in the Dry Areas (ICARDA) has carried
agronomic research on drought resistant crops since the 1970s. Varieties derived from their
research are now common throughout the world, especially in developing countries. Their
field trials at Merchouch research station in Morocco have assessed the performance of
several different genotypes of bread and durum wheat under different seasons, as well as
the effect of different planting dates and water regimes. This study analyses the results of
these trials and then uses the data to calibrate the AquaCrop model. AquaCrop is found to
be able to simulate rainfed yields with a high degree of accuracy but to significantly
overestimate yield gains from irrigation in dry years. The model is then run using
down-scaled climate model data for the study area to project future yields. Under future
climate scenarios yields are projected to increase by 6.5% by the period 2060-70 under RCP
4.5 with CO, enrichment considered, but to decline by 5.9% without it. Under RCP 8.5 they
are projected to increase by 14.1% by this period with CO, enrichment but to decline by
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6.6% without it. Irrigation is found to compensate for some of the yield losses in dry years,
even when the overestimation of yield gains by AquaCrop are accounted for. The
variabilities around CO, enrichment and the possible adaptation strategies to climate change
are also discussed.

1:5. Key terms

e \nfvd — total mass of fruit or grain of a crop.

e Biomass - total Yaz®f{1¥zOxd matter produced by the crop, including yield.

o 5SY¥RF, " 1xdf° 4564 — the proportion of total biomass which contains the yield. HI =
yield / biomass (can be expressed as a percentage).

e TY T¥H¥zdObmén "+ & T HA — units of biomass produced by the crop per unit of water
under non-limiting conditions. It is a constant characteristic of the crop.

o TYTEN;T _kkbnfFxbt T N.4 - The yield produced per unit of water as actually
measured in the field. It is an efficiency or performance indicator of that particular
crop variety in that season. It is usually calculated per unit of water "¥Yx|¢¥fd but
may be calculated from water Y¢¢nfdE or irrigation plus rainfall (Oweis and Hachum,
2006)

o fvd *YCYbn 't 83*4 - The amount of soil moisture that is held after excess water has
drained away, which is usually two or three days after rain or irrigation (Israelson,
and West, 1922).

o HF¥YWYXFX" T nxl Hzix™ 8HTHé — The lower limit of moisture below which plants
begin to wilt.

e LY'C¥Yzx dLIME - The point at which the soil holds as much water as it is physically
capable of doing so and any further water added will immediately run off.

® KFC¥FIFX Y 1®F *zxbFX ¥Y nzx HY'm Y+ 8&K*Hi — a projected future climate change
scenario, based on a certain level of greenhouse gas emissions

2: Background Information

2:1. Food security and climate change

The Food and Agriculture Organisation (FAO) of the United Nations (UN) has defined Food
Security as when everyone in the world reliably has enough to eat. The FAO report 5z "z
3ffd "'mf T z¥d nx YyAy found that cereal production may need to rise by 50% by 2050 to
feed the world’s growing population and that 80% of the necessary production increases
would have to come from yield increases rather than expansion of arable land. However the
rate of growth has fallen from 3.2% per year in 1960 to 1.5% in 2000. (FAO, 2009)

It is almost universally scientifically accepted that the climate has already warmed and will
continue to do so, causing far-reaching global change, and that this due to human
greenhouse gas emissions, mostly of carbon dioxide (IPCC, 2014). Most climate change
scenarios project an increase in average global precipitation, but also increased variability
by region and season. Many climate models project the Mediterranean and North-Africa to
become more vulnerable to drought and heatwaves even if current emissions are drastically
cut (IPCC, 2014; Giorgi 2006; Bouras et al, 2019).

2:2. Morocco country profile
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Morocco can be broadly divided into two climatic regions: a Mediterranean north-west,
with hot, dry summers and mild, wet winters and a hot, arid south-east with high
temperatures and very low rainfall year-round. The Mediterranean has been identified as a
‘climate hot spot,” meaning it is especially vulnerable to climate change, with the greatest
factor being a large decrease in mean precipitation and an increase in variability (Giorgi
2006).

Wheat is one of the most widely grown crops, with 734 million tonnes produced in 2017 and
it is the most drought resistant of all major crops. It is by far the most important crop in
Morocco, with 7.3 million tonnes produced in 2018, compared to 2.8 million for barley and
just 118 thousand for maize. Despite considerable year-to-year variation, both production
and yields have increased over time, with the typical yield currently around 2 tonnes/ha.
There has been considerable variation in production due to droughts, with 2016 seeing just
2.7 million tonnes, compared to 8 million the previous year, but total production has
increased significantly over time. Wheat production from the year 1980 to the present is
displayed in figure 1, FAOSTAT. Due to the long, hot, arid summers, cereal crops are planted
following the winter rains and harvested in the spring, with early November being the
typical seeding date (Oweis and Hachum, 2012).

1. S z¥bYy — mfY” ¢¥zdOb nzx 1x >z¥zbbzt "Yufx kézw 3VALMIME 3zzd Yxd ¥ I¥hOv C¥F A¥YXn}Y nzx
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Figure 3. Rainfall zones of Morocco.

Much agricultural land in Morocco may be defined as dryland agriculture, defined as having
growing period between 1 and 179 days. This includes some 40% of the world’s surface but
excludes true deserts, where no agriculture is possible. (FAO, 2008). Wheat in Morocco is
mostly rainfed and grown on marginal land with soil quality and rainfall only just sufficient
to support agriculture (FAO, Morocco country guide). While only 20 to 25% of cropland is
irrigated in Morocco, it contributes 65% of the monetary value of crops, due to the poor
productivity of rainfed agriculture (Taheripour et al., 2020). According to information from
the World Bank (2020) agriculture makes up around 12% of Morocco’s GDP, making both
food production and the economy highly vulnerable to water shortages.

A review of case studies by ICARDA found a significant gap between potential and actual
yields in Morocco, with mean potential yield being between 61 and 153% greater than
typical yields, as shown in figure 3. (Pala et al., 2011). Merchouch was among the more
productive areas, with typical wheat yields of 3.1 ton/ha (above the national average).
However the potential yields were estimated at 5.23 ton/ha, 68% higher than actual yields.
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Region Rainfall (mm)  Potential yield (kg/ha) Farmers'yield (kg/ha)  Yield gap (kg/ha)
Loukos > 600 8560 4700 3860
Douyet 450-600 5400 3350 2050
Marchouch 350-450 5230 3100 2130
Settat 250-350 4550 1800 2750
Tessaout < 250" 6270 3500 2770

Source: Miloudi Nachit, durum wheat breeder, ICARDA.

*Imigated

2:3. CO, enrichment

While increased heat and moisture stress are expected to negatively affect crop yields in
Mediterranean and semi-arid climates, the increased concentration of atmospheric carbon
dioxide (CO,) is expected to increase yields by making more carbon available for
photosynthesis. This is known as the CO, fertilisation or enrichment effect, and many
studies project it to have the potential to mitigate some of the damage caused by increased
heat and drought stress (Liu et al., 2018; Rosenzweig et al. 2014). It has been studied in
Free-Air Carbon Dioxide Enrichment (FACE) trials, which expose the plant to elevated CO,
concentrations in open-air field trials, so giving the most natural response possible.
However there is considerable uncertainty as to the extent of this effect, which will be
assessed and studied in detail over the course of this study.

2:4. Supplemental Irrigation

Supplemental irrigation (Sl) involves only irrigating the crop when rainfall is insufficient to
allow plant growth. Sl is applied to crops which could normally produce a yield without SI,
and it is timed for the most crucial stages in development such as grain-filling and anthesis
(Oweis and Hachum, 2012). It should achieve the optimum moisture level between field
capacity and permanent wilting point. The addition of small amounts of SI has been shown
to dramatically increase yields of rainfed crops in rainfed wheat in dryland agriculture
(Oweis, 1997). Wheat is most sensitive to water stress during anthesis; field trials carried
out by Boutfirass (1990, 1997) found that irrigation was effective when applied during the
early stages of development, again during anthesis and finally during the early grain filling
period. Crucially SI has been demonstrated to dramatically increase the WUE efficiency of
crops (Oweis and Hachum, 2006). In Morocco and much of the surrounding area water is
the key limiting factor in agriculture, so the attractions of irrigation techniques which can
boost productivity with relatively little water are obvious.
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3: ICARDA field trial

3:1. Merchouch station

ICARDA has carried out on-going field trials on wheat at Merchouch since 2015, with the aim
of evaluating the performance of various different genotypes. The trials assessed in this
study examined ten genotypes of Durum Wheat (DW) and ten of Bread Wheat (BW).

The crops were mechanically planted with a spacing of spacing of 0.2m and a seeding rate of
150kg/ha. No mulches or any agronomic practices affecting surface run-off were applied.
The ground-water table at the site is 150 meters below the surface and did not affect the
trial. No weeds or pests were present, the irrigation water had low salinity and adequate
fertiliser was applied, so for the purposes of the trial weeds, salinity and fertility may be
considered non-limiting.

For DW two different seeding dates were examined, one in mid-November (SD1) and
another in late December (SD2). Two different water regimes were applied, rainfed
(conventional) cropping, and supplemental irrigation (Sl), in which enough water was
applied to bring soil moisture content to 100% of field capacity (FC). All irrigation was
supplied through drip irrigation. For bread wheat only one seeding date was used, but four
different water regimes were applied: rainfed, irrigation to 100% FC, to 66% FC and to 33%
FC. All trials were replicated three times and mean and standard deviation for yield and
total biomass were calculated.

Merchouch station is situated 70 km south-east of Rabat (33°36’57.1"’N 6°43'02.1"’W) at an
elevation of 390 meters (ICARDA / Barisani, 2019). As with most of Morocco’s agricultural
areas, Merchouch has a Mediterranean climate. The average annual temperature for the
site is 18°C, the average annual rainfall is 405mm, almost all of which falls from late Autumn
to early Spring, and the average reference evapotranspiration (ETo) is 2.88 mm per day
(Barisani / ICARDA, 2019). Daily weather data is recorded at the site, and for the two
seasons examined, this has been grouped by growing season (from November to June).

3:2. Soil at Merchouch

The site has a shallow clay soil, with a typical depth of 0.6 meters over three horizons. Itis a
Vertisol, of which there are 1 million hectares in Morocco, the distribution of which are
shown in figure 4. World-wide there are thought to be around 308 million hectares of
Vertisols, located in 76 countries. The majority of these were in Australia, (70 million ha.),
India (60 million ha.) and Sudan (50 million ha.) (USA-SCS, 1994). They are found in many
climatic zones but are most abundant in tropical and semi-arid regions, and Africa accounts
for 35% of currently known Vertisols (Ahamd and Mermut, 1996). Vertisols, also known as
Tirs in Morocco, are characterised by a high content of expansive clay, which tends to crack
during drier years. Physically they appear as dark or black clays.
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3:3. Weather data comparison
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It can be seen in figures 5 and 6 that for all the crucial climate parameters relevant to yield,
2016-17 (season 1) experienced much greater stress than 2017-18 (season 2). Crucially, over
the course of the growing season (November to June) season 1 received 263.4 mm, while
season 2 received 493.4 mm, with the typical annual average being 400mm.

Similarly ETo was much higher in season 1, with an average of 5.02 mm compared to 3.05
mm, 66% higher. Season 1 had one day in June when ETo exceed 8mm, and thirty-nine
between late April and June when it exceeded 4mm, while season 2 had just one day when
it exceeded 4. The maximum temperature in season 1 was 44.1°C compared to just 32°Cin
season 2. Season 1 had seven days in which the maximum temperature was over 40°C, and
thirty-two where it exceeded 30°C, while season 2 had just four days when the temperature
exceeded 30°C. For both seasons minimum temperature only dropped below freezing on a
very few nights in winter, so the effect of cold stress on yield may be considered negligible.
It is therefore clear that much greater heat and water stress was experienced by the crops in
season 1, as reflected in the universally lower yields and total biomasses.

For both seasons, there was a difference of two degrees in mean temperature for the SD1

period (mid-November to end of May) and SD2 (mid-December to end of June). For 2016-17
these figures were 14 and 16°C respectively, and for 2017-18 they were 12.3 and 13.5°C.
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3:4. Bread wheat overview
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8. Yields for bread wheat from fields trial 2017-18
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The yields from the bread wheat trials are displayed in figures 7 and 8. A strong positive
correlation between average yields and water applied was observed, with a correlation
co-efficient of 0.940 and a co-efficient of determination (R?) of 0.883. The average yield in
the 2016-17 season was 4.901 ton/ha, with a standard deviation of 0.707 across the
genotypes. The average yield in 2017-18 was much higher, at 6.988 ton/ha, with a lower
standard deviation of 0.324, with every individual genotype also having a higher average
yield than in 2016-17. The much greater rainfall in 2017-18 season seemed to result not just
in higher yields but also a more stable performance across the genotypes.

In 2016-17 the 100% FC irrigation was considerable, as nearly as much water was used in
irrigation (220mm) as there was rainfall. The average yield for 100% FC irrigation was 6.146,
12% below the yield in rainier season, while the standard deviation was 0.758, suggesting
that Sl in a dry year still cannot bring yields above the level of a wet season and that the
various genotypes respond to irrigation differently. The much greater heat stress
experienced may also account for the much lower yields in 2016-17, and why yields could
not match those of 2017-18 even when the irrigation water nearly matched that which fell
as rain in the following season.

In season 1 a close correlation between yield and total water applied is observed, with the
highest yields being for those which received the most water, although with several
exceptions. A similar correlation was observed for both biomass and harvest index; the
more water applied, the greater the total biomass and harvest index.

Due to the much higher rainfall in 2017-18, the levels of irrigation were much lower relative
to the rainfall, with only 24.7 mm of water applied during the maximum irrigation. SI
resulted in increased yields, with the yield for 100% FC being 7.329 tonnes, compared to
6.988 for rainfed. Considerable variation among the genotypes was still observed for their
yield response to SI.

9. )¥fyd mfY" Ifxz +¢Ffif ¥yxufd at +1fid

Genotype Yield tnnfha|

G2. BOW/3/ATTILA 7135
G3. SERL.1B//KAUZ/HEVO/3/AMAD/4 6.632
G1. JAWAHIR-1 6.520
G8. Attila-7 6.504
G10. Achtar 6.293
G7. 3/AMAD/4/ESDA 6.192
G6 FLAG-3/ICARDA-SRRL-5 6.184
G4. MILAN/DUCULA//AL-ZEHRAA-1 6.125
G5. JAWAHIR-1/3/PASTOR/SERI//PFAU 6.037
G9. Arrehane 6.023
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2016-17 Total water (inc. rain) = Rainfed 263.4 mm 100% FC483.4mm 66% FC410.4mm  33% FC336.4 mm
Genotype | Yield t/ha Stddev Yieldt/ha Stddev Yieldt/ha Stddev Yieldt/ha Std dev
G1.JAWAHIR-1 4.875 0.147 6.183 0.637 5.442 0.349 4.925 0.289
G2.BOW/3/ATTILA 6.033 1.208 7.775 1.542 7.008 0.633 6.308 1.424
G3. AMAD 5.167 0.370 5.600 1.263 6.158 0.479 5.967 0.617
2017-18 Total water (inc. rain) = Rainfed 493.4 mm 100% FC518.1 mm 66% FC509.9 mm  33% FC501.6 mm
Genotype Yield t/ha Stddev Yieldt/ha Stddev Yieldt/ha Stddev Yieldt/ha Stddev
G1.JAWAHIR-1 7.133 1.115 8.417 0.174 7.942 1.161 7.242 0.587
G2. BOW/3/ATTILA 7.667 0.838 7.675 0.814 6.817 1.215 7.800 0.391
G3. AMAD 7.283 1.123 7.692 0.698 6.975 1.220 8.217 0.190

In figure 9 the yields of the genotypes average over both seasons and all water regimes are
displayed. The three highest yielding were Jawahir-1, Bow/3/Attila (shortened to Attila) and
Seri/1B//kauz/hevo/3/amad/4 (shortened to Amad), and these were selected for modelling
in AquaCrop over the second part of the study. The relationship between water and yield for

these genotypes is sown in figure 11.
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3:5. Jawahir-1

Jawahir-1 showed an increase in yield under 100% FC irrigation in season 1, with the
difference between rainfed and 100% FC being nearly twice the standard deviation of 100%
FC, suggesting the increase is not simply due to measurement error. It also seemed to
respond more favourably to Sl in season 2 than any other genotype, with its average yield of
8.417 under 100% FC, the highest of all the BW trials. All three replications had high yields
under 100% FC irrigation in this season with a standard deviation of just 0.174. However
standard deviations for other water regimes, including rainfed, were around 15%, with
some replications matching the average yield of 100% FC. Therefore it is uncertain that the
benefits of Sl in a wet season are statistically significant, and further trials will be necessary
to understand it. A regression analysis of the relationship between yield and water found
Jawahir to have a strong correlation, with correlation co-efficient of 0.884 and an R? of
0.783.

3:6. Attila

Attila had the highest average yields by a considerable margin, particularly in the dry season
2016-17, suggesting that it may be among the most drought resistant of all the genotypes. It
also responded favourably to irrigation under water stress; when irrigated to 100% FC in the
dryer season 1 its yield of 7.775 was by far the highest for this season, and actually
exceeded its rainfed yield in season 2. However for this irrigation one replication had a
much lower yield than the others, meaning its typical yield under 100% FC might be even
higher and further study will be necessary to understand its response to irrigation. When
subject to Sl in the wetter season 2 it showed little increase in yield. It had strong
correlation between water and yield, with a correlation co-efficient of 0.866 and an R? of
0.750.

3:7. Amad

When Amad was irrigated to 100% FC during the dry season 1 it seemed to show very little
response. However a single failed replication brought the average yield down and the
average between the other two replications was 6.4. Further trials will be necessary to
understand its response to rainfall and irrigation, and why one replication failed. Amad
increased its yield when subject to Sl in season 2, although not as much as Jawahir-1, and
Amad had the lowest standard deviations under 100 and 33% FC. Amad also consistently
displayed among the highest harvest index of all genotypes over all the trials (see
appendices 1A and 1B). It displayed moderate correlation between water and yield, with a
correlation co-efficient of 0.756 and an R? of 0.572.

These three genotypes did display some instability, with higher standard deviations among
the replications when compared to some of other, lower-yielding genotypes, particularly in
rainfed trials. However, even in their lowest yielding replications these genotypes still often
had yields above the overall average for all genotypes. Further field trials with more
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replications will be necessary to fully understand their response to levels of rainfall and
irrigation, and other environmental stressors.

3:8. Durum wheat overview

The yields for the durum wheat genotypes are shown in figures 12 and 13. For durum
wheat, as with bread wheat, a positive correlation was observed between yield and water,
although weaker than for bread wheat with a correlation co-efficient of 0.825 and an R? of
0.680. In the dry season 1, average rainfed yields for the first seeding date, which received
266mm of water were 4.368 ton/ha, while the second seeding date which only received
154mm had yields of 3.048 ton/ha. The irrigated crops in the first seeding date received
486mm of water (82% more than rainfed) and yielded 6.66 ton/ha, an increase of 52%. The
irrigated crops in the second seeding date received 374mm of water (an increase of 142%)
and yielded 5.4 ton/ha, an increase of 77.5% over rainfed.

It therefore clear that in a dry season the optimal planting date is the typical one of
mid-November, and that a mid-December planting date would result in drastically
decreased yields, even when heavily irrigated. However it is difficult to forecast with
certainty the rainfall over an entire growing season, making it difficult to determine the
optimal sowing date in advance.

For the wet season 2017-18, 493.4mm of water fell as rain during the period of SD1, while
irrigated crops in SD1 received a total of 528.2mm. The average yield for rainfed crops was
6.793 ton/ha, while for irrigated it was 6.737, a negligible improvement. Due to the cool,
wet conditions in the 2017-18 season, the second seeding date was not subject to greater
heat stress than the first, so of the measured variables, difference in water probably
accounts for most of the difference in yield.
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For SD2 416mm fell as rain, while irrigated crops received a total of 444.2mm, an increase of
6.7%. The yield for rainfed crops in SD2 was 8.143 ton/ha while for irrigated it was 8.248
ton/ha, again a negligible difference but a considerable improvement for both of 22% over
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the earlier seeding date. From the results of season 2, it seems that for these genotypes the
optimum amount of water is between 416 and 444.2 mm, while water in excess of this can
cause yields to decline. It is possible that the heavy rains would have resulted in soil
saturation, causing aeration stress and consequent reductions in yields.

Several durum genotypes, notably DAWRYT106, experienced significant yield improvements
under Sl in season 2, but Icambel and Secondroue actually declined in yield significantly
when irrigated. Both of these genotypes had much higher yields for SD2, and Icambel also
increased its yield when irrigated for this sowing date. The values for total biomass and
harvest index also had a seemingly inconsistent relationship with water. In particular
DAWRyT106 decreased its HI (but increased biomass and hence yield) when irrigated in SD1
2017-18, but increased its HI while maintaining the same biomass when irrigated for SD2
(appendices 2A and 2B). This is difficult to explain and it is possible that factors not recorded
in the field trial data caused these seemingly inconsistent responses to irrigation and sowing
date; for example freak weather events such as hailstorms can destroy crop canopy, thus
distorting the measurements of biomass and HI. One replication for the rainfed SD1 trial of
DAWRYT106 had much lower biomass and yield than the others; hence the increase in
biomass and yield for the irrigated trial may be exaggerated by this failure.

The highest yielding genotypes across all seeding dates, water regimes and seasons were
the ICARDA derived DAWRyYT106 and the locally popular Karim variety. The other local
variety, Faraj, had consistently among the lower yields.

3:9. DAWRyT106

DAWRyT106 was observed to respond favourably to irrigation, with yields increasing for
irrigated trials for both seeding dates. SD2, in spite of receiving less rainfall than SD1, had
the highest yields, with the highest yield of any genotype in all of the trial of 9.671 ton/ha
being achieved for the irrigated trial for the second seeding date, which received 444.2mm
of water. All three replications had high yields in this case, with a standard deviation of just
0.082, and in all cases there was less variation among replications which the crops in were
irrigated. The second highest yield for this genotype was 8.492 ton/ha, for the irrigated trial
for SD1 in 2017-18, which also received the most water, 528.2mm.

During the much drier 2016-17 season, the second seeding date resulted in lower yields,
even with irrigation, while the best yield of 7.617 tonnes was achieved by the irrigated trial
for the first seeding date. HI remained below that reported in the wetter 2017-18 season for
all trials in 2016-17 (appendices 2A and 2B). In a linear regression analysis of yield and water
applied, it had an R? of 0.824 and a correlation co-efficient of 0.907.

3:10. Karim

Karim was observed to have among the highest yields for all trials. In general, across both
seasons yield and biomass increased as more water was added, however the maximum
yields were achieved by the second seeding date of 2017-18, suggesting an optimal water
amount of around 450mm. During 2017-18 the yield of Karim responded negligibly to
irrigation during both seeding dates. However irrigation during SD1 in 2016-17 resulted in

Joshua West, September 2020



17

significantly increased yields, from 4.658 to 7.067 ton/ha. Irrigation after the second seeding
date brought about only a small improvement in yield, from 4.238 to 4.783 ton/ha. In a
linear regression analysis of yield and water applied, it had an R? of 0.643 and a correlation
co-efficient of 0.801.

Attempts to calibrate AquaCrop for Karim and DAWRyT106 proved unsuccessful, and the
model was unable to simulate their yields as recorded in the field trials, in particular their
increased yields under the later seeding date in 2017-18. Therefore the three highest
yielding bread genotypes were focused on.

3:11. Final comments

WAUE is typically measured as yield per unit of water transpired, but unfortunately in the
ICARDA trial only data on how much water was applied and not transpired was available,
and WUE was calculated from total water applied. There can be considerable difference
between water applied and transpiration and so the calculated WUE from the ICARDA trials
should be taken with caution and is not directly comparable to many others in the
literature.

For both durum and bread wheat, yields far exceeded those typical in Morocco, even in the
lowest yielding average trial. These trials were carried out under controlled conditions with
perfect fertility and without the presence of pests of diseases. Therefore they are unlikely to
represent the yields of these genotypes under current Moroccan agronomic practices.
However, they provide a useful indication of theoretical maximum yields, and so highlight
how much yields may be improved in the future.

4: AquaCrop

4:1. calculation of yield

AquaCrop was designed by the FAO as a simple, practical and user-friendly model aimed at
farmers and irrigation managers, economists and water engineers. It requires a relatively
small number of input parameters which are easily obtainable for many different crops and
sites around the world, unlike previous crop models, making it applicable to a wide variety
of different situations (Steduto et al., 2009).

It requires data on soil, weather and crop variables to calculate productivity, as well as any
management practices such as fertilisation or irrigation. It proceeds in several steps. Firstly
percentage canopy cover (CC%) is calculated, based on crop parameters as well climate and
soil factors which influence water available for growth. Crop transpiration is calculated by
multiplying CC% by the crop’s transpiration co-efficient (Kctr). From transpiration biomass is
calculated, in accordance with the crop’s water productivity (WP), as displayed below.
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