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Abstract
Planting chickpea genotypes at different dates within the same season may expose the crop

to different environmental factors (temperature and moisture) during their vegetative and
reproduction stages. Thus, knowledge of optimum planting date that minimises extreme
temperature and water stress conditions during crital stages of chickpea plant development
may increase biomass and grain yield. The objective of the study was to determine the effect
of planting date and genotype on aboveground biomass and grain yield of chickpea under
climate change scenario in North Eastern Region of South Africa. The hypothesis tested was
that planting date and genotype have an effect on biomass and grain yield of chickpea under
climate change scenario. Thus, a study design incorporating a combination of field and
modelling experiments was set to run in 2014 and 2015 winter planting seasons at the
University of Venda, South Africa. Field experiments determined the effect of planting date
and genotype on chickpea flower retention and pod abortion, aboveground biomass and
grain yield, water use and radiation use efficiency, whilst modelling experiments calibrated
and validated the FAO AquaCrop model to simulate chickpea aboveground biomass and
grain yield using climate datasets (1950 - 2100), simulated from 15 global circulation models
(GCMs) under the representative carbon dioxide concentration pathways (RCP) 4.5 and 8.5.

Field experiments results showed significant effect of planting date and genotype on
biomass and grain yield of chickpea. Planting early, particularly under well-watered
conditions appeared to be the most suitable sowing period for chickpea in this region. In
contrast, late planting had lowest biomass and grain yield. The high grain yield in early
planting (1.99 t ha') was supported by greater yield components (seed weight (13.8 gm™)
and pod weight 23 gm), number of pods per plant (75 pods plant?) and harvest index (43
%)). Moreover, plant phenological factors such as plant height (46 cm) and number of
branches per plant (16 branches) were also greater in early planting, with late planting
recording lowest values in all the measured parameters. In addition, the greater biomass and
grain yield in early planting compared with the normal and late sowings was caused by
greater intercepted radiation (91%), improved flower retention (45.2%) and minimised water
use (174 mm) and pod abortion (13.6%). Late maturing genotypes (Range 4 & 5) showed
greater water use efficiency of grain yield (7.3 & 7.1 kg ha®! mm?) and had the highest
radiation use efficiency of grain yield, which was on average 7.2% (0.07 g MJ?) greater than
ICCV9901, and 15.6% (0.13 g MJ) greater than Range 1 & 3, but this depended on soil

moisture availability.
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The simulation results, indicated a significant increase in temperature (by 4.2 to 5.5 °C) over
a period from 1950 to 2100. This increase lead to a concomitant increase in chickpea
evapotranspiration and accumulated growing degree days. Moreover, optimal planting date
for chickpea shifted from mid-month of April during 1950 to end of May in 2100 and reduced
growing season length from 140 days in 1950 to 85 days in 2100. Aboveground biomass
increased from 2.0 & 2.05 t ha* in 1950 to 4.3 & 4.57 t ha! in 2100, respectively in RCP 4.5
and 8.5, whilst grain yield increased from 1.07 & 1.08 t ha in 1950 to 1.68 & 2.21 t ha' in
2100, respectively under RCP 4.5 and 8.5. Planting dates that were recommended by
AquaCrop model recorded the highest increase in aboveground biomass and grain yield
compared with early, normal and late planting dates. Late maturing genotypes (Range 4 & 5)
showed greater grain yield and biomass, whilst early and medium maturing genotypes had
low biomass and grain yield.

The study recommend early planting date together with late maturing chickpea genotypes
(Range 4 and 5) in the region so as to improve water use efficiency, radiation use efficiency,
heat use efficiency and aboveground biomass and grain yield of the crop under the present
time and under climate change scenario. The early maturing genotype (Range 1) and
medium maturing genotypes (Range 3 and ICCV9901) may only be recommended under
normal planting date, although there will not be any significant yield advantages compared
with late maturing genotypes. The study also recommend the use of planting dates
generated by AquaCrop model so as to improve biomass and grain yield when chickpea is
sown under climate change scenario in Southern Africa. The vyield improvement using
AquaCrop recommended planting dates was partly caused by greater water use efficiency,
heat use efficiency and corbon dioxide productivity. Given the potential importance of
planting dates in improving current and future productivity of chickpea shown in the study,
there is need to work on development of a sowing (planting date) criteria for chickpea in the
region. The criteria should clearly state chickpea sowing management options as decision

support tools for smallholder farmer in the region.
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CHAPTER 1

Introduction

1.1 Background Information

Chickpea (Cicer arietinum. L), also known as garbanzo, pois chiche, kichar, chanu, bengal
gram, nakhut or nohut (Saxena and Singh, 1987; Van der Maesen, 1987), is an important
grain legume that is ranked third amongst legumes after dry bean (Phaseolus vulgaris) and
field pea (Pisum sativum) (FAO, 2016). The diploid legume (2n= 2x =16) belongs to the
genus Cicer, tribe Cicereae, family Fabaceae, and subfamily papilonaceae (Saxena and
Singh, 1987; Singh and Diwakar, 1995; Giovanni et al., 2016). It is widely cultivated in
tropical and subtropical regions of the world (FAO, 2016). Interest in chickpea production is
growing in many countries because of its multiple uses as a source of food, livestock feed,
fuel, and fertilizer (Gaur et al., 2010). For example, there is growing demand for chickpea
seed and its products in South Africa.

Despite its global importance for food, livestock feed, fuel and fertilizer, there is hardly any
chickpea production in South Africa (Kassie et al., 2009) and hence limited research on
chickpea has been conducted in the region. Chickpea production is often constrained by
factors that include pests and diseases, water stress, soil fertility problems, insufficient
radiation interception, extreme temperatures, poor management practices and climate
change. Amid such challenges, studies on the response of chickpea to several management
practices such as planting density (Ogola & Thangwana, 2013), fertilizer rates (Siddique and
Sedgeley, 1986, Ogola et al., 2013), and different irrigation treatments (Anwar et al., 1999)
have been documented. However, hardly any studies have reported the effect of planting
date and genotype on chickpea resource use efficiency, flowering and yield components.
Morever, the likely effect of climate change on chickpea planting date has hardly been
reported in literature. Currently, there are no recommended planting dates for chickpea in
Southern Africa, and neither is there an adaptation strategy to improve chickpea yield under

expected climate change scenario (IPCC, 2014).

Planting date and genotype have been reported to affect biomass and grain yield of
chickpea in different parts of the world (Siddique and Sedgley, 1986; Anwar, et al., 2003; Pal
Singh et al., 2007; Kabir et al., 2009). Grain yield variation as high as 31% related to planting
date variations has been observed in chickpea (Singh et al., 1987; Lliads, 2001) and in other
crops (Sun et al., 2003; Tsimba et al., 2013). Moreover, in most of the areas across the

world, planting date has been reported to improve chickpea grain yield (Lliads, 2001; Kabir

1
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et al., 2009). For example, yield increase as high as 70% and 188% were reported in Syria
(Singh et al., 1987) and in Greece (Lliads, 2001), respectively, suggesting the importance of
planting date as an agronomic strategy to improve grain yield. In Bangladesh, Kabir et al.
(2009) suggested that the effect of planting date on chickpea grain yield may depend on

chickpea genotypes.

It is clear from the foregoing that planting date affects chickpea yield in diverse
environments. However, the physiological basis for grain yield improvement due to
manipulation of planting date has rarely been reported in literature. For example, the
response of water use and water use efficiency, radiation use, and radiation use efficiency
amongst chickpea genotypes to planting date has scantly been researched in the past years.
Likewise, the response of thermal time of growth, heat use efficiency, and flower retention
and pod abortion in chickpea genotypes grown under different planting dates has not been
investigated exhaustively enough to enable implementation of grain yield improvement
strategies. Because there is a dearth of information in literature on the physiological effect of
planting date on the chickpea plant which may result in grain yield improvement, it has not
been possible to develop adaptation strategies to improve chickpea grain yield under climate
change conditions.

An early planting date in Southern Africa during winter may expose the crop to extremely low
temperatures (less than 8 ° C) (Nayyar, 2005, Viatcheslav et al., 2007) during the early
reproductive stage, which may affect flower retention. In contrast, late planting of chickpea
during the winter season may result in flowering stage coinciding with high temperatures
during reproduction period and may consequently affect fruit set and hence chickpea grain
yield (Wang et al., 2006). Furthermore, water use and water use efficiency of grain yield and
of biomass has been reported to vary significantly with planting date in maize (Nyakudya and
Stroosnijder, 2014; Hai-dong et al., 2016), sunflower (Ucak et al., 2016) and Sorghum
(Hadebe et al.,, 2017) but limited studies have assessed the effect of planting date on
chickpea crop water use and water use efficiency. In addition, flower retention and pod
abortion has been observed to vary with various management strategies that affect plant
growth (Pang et al., 2017), temperature (Clark and Siddique, 2004) and moisture regime
(Siddique et al., 2001) in chickpea crop. However, hardly any study has reported the effect of
planting date and genotype on chickpea flower retention and pod abortion. Indirectly,
planting date may affect water and radiation use efficiency, flower retention and pod abortion

by ensuring that certain critical stages of crop growth and development take place at a time
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of the year when temperature and moisture are naturally at optimal levels so as to escape or

avoid loss of flowers, pods and hence improve vyield.

Optimum planting date for other crops such as maize (Tsimba et al., 2013; Nyakudya and
Stroosnijder, 2014; Hai-dong et al., 2016), potatoes (Kawakami et al., 2005) and soybean
(Hankinson, 2015) has been reported to vary with environment and genotype and season
suggesting that planting date for chickpea may also be affected by season and expected
climate change scenario in Southern Africa (Singh et al., 2014; Tadross et al., 2009). The
onset of the rainy season which determines the starting of the growing period and date of
planting for the crop (Mupangwa, 2011) may change with climate change (Zinyengere, et al.,
2011). A delay in the onset of the rains will delay the date of chickpea planting in summer
season and may result in the crop extending its physiological maturity date into the dry
winter season, where the prevailing lower temperatures at night may affect fruit set and grain
yield (Clarke and Siddique, 2004). Changes in winter temperatures in the form of extremely
cold or high temperatures are likely to shift the winter planting date (Kharin and Zwiers,
2000, Viatcheslav et al., 2007; IPPC, 2014). High temperatures due to climate change, in
absence of irrigation will cause moisture stress as potential evapotranspiration exceeds plant
available water (Allen et al., 1998). Because chickpea phenology is often highly temperature
responsive, it is likely that chickpea heat, water, and radiation use efficiency and carbon
dioxide productivity will vary with season and also with climate change. Maoreover, the high
temperatures may reduce growing season length (Fiwa, 2015), change biomass
development pattern, branching (Verghis et al., 1993) or fecundity of plant and reduce grain
yield (Ma et al., 2017). However, Chart-zoulakis and Psarras (2005) reported that the
synergistic benefits of increased Carbon dioxide concentration levels with WUE may off-set

temperature effects in C; plants.

Several studies have proposed combining the Global Circulation Models (GCMs) and crop
simulation models to determine the possible effects of climate change on crops grown under
different management strategies (Erda et al., 2005; Koocheki et al., 2006; Challinor and
Wheeler, 2008; Hajarpoor et al., 2014; Mahomed et al., 2016). Simulation models, driven by
daily climatic data, such as AquaCrop model can be used to predict the impact of long-term
climate variability on the probability of success of a range of planting dates (Mhizha et al.,
2014). Where studies have explored the possible range of climate change impacts on
chickpea crops, contrasting results regarding yield variability have been reported (Koocheki
et al., 2006; Kalra et al., 2008; Singh et al., 2014). Some predictions have shown a yield

increase (Hajarpoor et al., 2014; Mahomed et al., 2016) possibly due to anticipated increase
3
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in carbon dioxide concentration levels (DaMatta et al., 2010), whilst others have shown a
yield decrease possibly due to high temperatures off-setting the carbon dioxide advantages
(Koocheki et al, 2006. Implication of the variation in predictions may indicate that the impact
of climate change might be crop or location specific and unfortunately there is a dearth of
information on growth and yield of chickpea crop under anticipated future climate scenarios
in Southern Africa. Therefore, this study evaluated the effect of planting date on growth and
yield of chickpea grown under future climate change scenarios in South Africa. It is
envisaged that outcomes from this study may enhance adaptive capacity of chickpea
farmers to possible changes in planting date due to climate change.

1.2 Hypotheses
i. Planting date and genotype have an effect on chickpea flower retention and pod

abortion.
ii. Planting date and genotype have an effect on aboveground biomass and grain
yield of chickpea.
iii. Planting date and genotype have an effect on chickpea water use, water use
efficiency.
iv.  Planting date and genotype have an effect on chickpea radiation use, radiation
use efficiency.
v. Planting date and genotype have an effect on chickpea thermal time of
development.
vi.  AgquCrop model may be parameterised to predict chickpea crop biomass and
grain yield in the North Eastern part of South Africa.
vii.  Climate change will affect winter planting date for chickpea crop in the North
Eastern part of South Africa.
viii.  Planting date and genotype have an effect on aboveground biomass and grain

yield of chickpea crop grown under future climate scenarios.

1.3 Objectives
The main objective of the study was to evaluate the effect of planting date and genotype on

biomass and grain yield of chickpea crop under future climate scenarios in North Eastern

part of South Africa. The specific objectives were:

i. To assess the effect of planting date on chickpea flower retention and pod
abortion and identify suitable planting date and genotypes for the North Eastern

part of South Africa.
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To assess the effect planting date on aboveground biomass and grain yield of
chickpea and identify suitable planting date and genotypes with greater
aboveground biomass and grain yield in the North Eastern part of South Africa.
To assess the effect of planting date on chickpea water use, water use efficiency
and identify suitable planting date and genotypes with greater water use
efficiency in the North Eastern part of South Africa.

To assess the effect planting date on chickpea radiation use, radiation use
efficiency and identify suitable planting date and genotypes with greater radiation
use efficiency in the North Eastern part of South Africa.

To assess the effect planting date on chickpea thermal time of development and
identify suitable planting date and genotypes with greater thermal time of
development in the North Eastern part of South Africa.

To parameterise and validated AquCrop model to predict chickpea crop biomass
and grain yield in the North Eastern part of South Africa.

To determine the effect of climate change on winter planting date for chickpea
crop in the North Eastern part of South Africa.

To assess the effect of planting date and genotype on aboveground biomass and
grain yield of chickpea crop grown under future climate scenarios, and identify
suitable planting date and genotypes with greater biomass and grain yield under

future climate scenarios.
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Chapter Two

Literature Review

The need to assess the effect of planting date on
biomass and grain yield of chickpea under climate
change scenario in North Eastern Region of South
Africa.
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Chapter Three
Determining the effect of
planting date on chickpea
flower and pod abortion.

This chapter discusses the effects of planting date
and genotype on RUE, WUE, CP, HUE and grain
yield of chickpea under current and future dates.

= =

Chapter Four
Determining the effect of
planting date on biomass
and grain yield of chickpea

This chapter assess the effect of planting date
and genotype on chickpea flower retention and
pod abortion and identify the most suitable
planting date for the studv area.

- =

Chapter Five
Determining the response
of water use and water use
efficiency of chickpea to
planting date and genotype

A 4

This chapter assess the effect of planting date
and genotype on chickpea biomass, yield and
yield components. The chapter also describes
experimental data which forms the bases for
AquaCrop model calibration and validation

4

Chapter Six
Determining the response of
radiation use and radiation
use efficiency of chickpea to
planting date and genotype

a4

A 4

This chapter assess the effect of planting date
and genotype on chickpea water use and water
use efficiency. The chapter also describes
experiments on soil water extraction which forms
the bases for AquaCrop model calibration and
validation

ﬂ

This chapter assess the effect of planting date
and genotype on chickpea intercepted radiation
use and radiation use efficiency. The chapter also
describes field experiments on radiation
interception and canopy cover which forms the
bases for AquaCrop model calibration and

Chapter Seven

Determining the effect of
planting date on thermal
time of chickpea.

This chapter assess the response of accumulated
growing degree days, and heat use efficiency to
planting date and genotype. The chapter also
describes field experiments on chickpea heat units

E—
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The chapter describes model
parameterisation and discusses validation
results from early, normal and late planting

\ 4

Chapter Nine

To test for climate change
signatures in North Eastern
Region of South Africa

This chapter assessed effect of climate
change on winter planting date for
chickpea crop in the North Eastern part of
South Africa. Temperature, rainfall, carbon
dioxide generated from 15 global
circulation models and planting dates
generated by AquaCrop model are
subjected to man-kendal and variability
tests to determine if they are affected by

Chapter Ten

To determine the effect of
future planting date on biomass
and grain yield of chickpea crop

h 4

FAO AquaCrop model 5.0 that was
parameterised and validated in chapter 8
was used for simulating future heat units,
evapotranspiration, biomass and grain yield.
These parameters were then used to
calculate heat use efficiency (HUE), water
use efficiency (WUE), and biomass and grain
yield of chickpea crop for the years 1950 to
2100. Effect of climate change on simulated
data was tested by man-kendall and
variability tests.

Chapter Eleven

Combined discussion

| 2

A combined discussion of all results from
chapters 3-10. The discussion is on use of
planting date and genotype as an adaptive
strategy under climate change scenario.

Chapter Twelve

Conclusion and recommendations

Conclusion and recommendations for the
study are presented in this chapter.
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CHAPTER 2

Literature review

2.0 Introduction

The overall objective of the study was to evaluate the effect of planting date on growth and
yield of chickpea grown under future climate change scenarios in Southern Africa. This
chapter introduced chickpea plant in terms of its origins, botany, production and uses before
reviewing previous work and research gaps on the effect of planting date and genotype on
chickpea crop. Reaserch gaps on the effect of planting date and genotype on water use,
water use efficiency, intercepted radiation, radiation use efficiency, flower retention, pod
abortion, aboveground biomass and grain yield was discussed. The physiological effects of
temperature, moisture, and radiation on chickpea crop was dissucussed since the factors
are likely to vary with planting date. The chapter also discussed the likely effect of climate
change on chickpea planting date and consequently the likely effect of a possible shift in
planting date on biomass and grain yield of chickpea. Literature on AquaCrop model, the
Global Circulation Models and chickpea genotypes used in the study were also reviewed.

2.1 Origins of chickpea crop
Chickpea (Cicer arietinum. L) is ranked third after dry bean (Phaseolus vulgaris) and field

pea (Pisum sativum) (FAO, 2016). The crop belongs to the genus Cicer, tribe Cicereae,
family Fabaceae, and subfamily papilonaceae (Saxena and Singh, 1987; Singh and
Diwakar, 1995). Chickpea is believed to have originated from South-eastern Turkey
(Ladizinsky, 1975, Van dar Maesen, 1987). Evidence from botanical and archaeological
research (Van der Maesen, 1972) supports the belief that chickpea was first domesticated in
the Middle East. Redden and Berger (2007) identified the desi chickpea as the oldest type
and suggested that it originated in South-eastern Turkey. However, Tanno and Willcox
(2006) reported that the earliest records of using chickpea (desi) as food were found in Tell
el-kerkh in Syria; suggesting that Syria and not Turkey could be the place of origin of desi
chickpea. In contrast, Ladizinsky (1975) and Toker (2009), suggest that kabuli chickpea
could have directly emerged from C. reticulatum (a wild progenitor) of the domestic chickpea
in ancient eastern Turkey. So the origin of the two types of chickpea is not clear, but
available information suggests that desi chickpea may have originated in Syria whilst kabuli
chickpea may have originated in Turkey. In addition, Van der Maesen (1972) reported that
the Mediterranean region is the primary centre for diversity for kabuli chickpeas, whilst the
Indian continent is the primary centre for desi chickpeas. The differences between the two

chickpea types in their centres of origin and diversity may only explain small differences in

11

© University of Venda



)
o

&5 ) university of Venda
C

climatic requirements between the two chickpea types, since the climate conditions of the

two centres of origin are similar (IPCC, 2014).

2.2 Chickpea production
Chickpea is grown in about 63 countries (FAO, 2016). The crop now constitutes 20% of the

world pulses production, with India being the largest producer, followed by Australia and
Parkstain (FAO, 2016). In the year 2016, chickpea was grown on 10.6 million ha worldwide,
with a total production of 11. 3 million tonnes (FAO, 2016). On continental scale, 89% of
chickpea production area is in Asia, 4.3% in Africa, 2.6% in Oceania, 2.9% in Americas and
0.4% in Europe (Gaur et al., 2010). In Africa, Ethiopia is the leading producer. The crop is
hardly grown in Southern Africa, except in Tanzania where close to 150 tonnes of seed yield
was produced during the year 2015 (FAO, 2016). No significant production was noted in
South Africa (FAO, 2016).

2.2.1 The importance of chickpea in South Africa
Chickpea crop is being introduced in South Africa with the objective to increase the

resilience of South African farmers to the impacts of drought and climate change. The crop is
drought tolerant and is capable of producing significant yield in poor soils of South Africa.
Compared to maize, chickpea requires less amount of nutrients and water for its growth and
development. Despite the crop’s agronomic advantages, no commercial production is taking
place in South Africa (FAO, 2016). Thus, this study chose chickpea with the objective to add
on to earlier efforts by Mathews et al., (2011 and 2012) of introducing chickpea crop in South
Africa. Like most legumes, chickpea functions in improving soil fertility by fixing atmospheric
nitrogen into the soil (Mohammed et al., 2013). Besides its agronomic superiority, chickpea
is a nutritious crop capable of redressing protein deficiency problems in South Africa. The
seed contains 17-24% proteins, 38-59% carbohydrate, 3% fibre, 4.8-5.5% oil, 3% ash, 0.2%
calcium, and 0.3% phosphorus (Tawaha et al., 2005). There is greater demand for chickpea
seed and its products in South Africa. The country is currently importing 2000 tones of
chickpea seed annually to service its demand. The crop is consumed as a dry pulse crop or
as green vegetables (singh et al.,, 2005). The white and yellow seeds can be roasted or
boiled and eaten plainly or salted as snacks. Chickpeas are added to many dishes as
dessert, salads and soup (Gaur et al., 2010). After harvesting, chickpea can be sold in
markets as dry peas, canned, or processed into flour. The crop is used to make industrial
starch that is used in the textile and in adhesive industries (Sanjeewa, 2008). Chickpea may
also be used for feeding animals, where the gram husks, stems and leaves are a very
nutritious stock feed that can be chopped and mixed with other cereal straws (Mohammed et

al., 2013). It is clear from the foregoing that chickpea has several advantages and should be
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grown in South Africa. Therefore, research on the crop in terms of planting date becomes

more critical in mapping where and when the crop may be planted.

2.3 Types of chickpea
There are two different types of chickpea; the desi type and the kabuli type (Malhotra et al,

gyl
Desi seeds Kabuli seeds

Fig 2-1 Differences between desi and kabuli seeds (Gaur et al., 2010)

Desi chickpea have a thick seed coat that is brown, yellow, green or black in colour
depending on the cultivars (Malhotra et al., 1982, Fang et al., 2010), and are generally small
and angular (Fig 2.1), with a rough surface (Leport et al., 2006, Gaur et al., 2010). Their
flowers (desi) have a pink colour (Hawtin and Singh, 1980) and the plants show various
degrees of anthocyanin pigmentation on the stem (Farzaneh, et al., 2009). Desi seeds are
the most grown type of chickpea, with around 80% of chickpea area (FAO, 2016). Kabuli
chickpea seeds are large (Fig 2.1), with a thin seed coat, smooth seed surface and are white
or beige in colour, with a ram’s head shape (Leport et al., 2006). The flowers are white and
lack anthocyanin pigmentation (members of flavonoids) on the stem (Lila, 2004; Gaur et al.,
2010). On physio-chemical composition, kabuli seeds have higher levels of sucrose and
lower levels of fibre than desi types (Kaur and Singh, 2005). The two types of chickpea are
different in their climatic requirements. This difference in climatic requirements may slightly
be attributed to their areas of origin. Desi type which originated from Syria (Tanno and
Willcox, 2006) show more signs of tolerance to dry conditions than kabuli type (Leport et al.,
2006). Also, desi type is more tolerant to water stress than kabuli type (Leport et al., 2006).
In a study by Wang et al., (2006), it was shown that desi varieties produced 26% more seed
yield than kabuli varieties when both seeds were exposed to high temperature stress during
the reproductive development stage. This difference in temperature tolerance may also be
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explained by the differences in climate conditions of the centres of origin and diversity of the
two chickpea types. Therefore, in Southern Africa, although both types are expected to
perform better during winter than in summer season (Thangwana and Ogola, 2012), it is also
expected that desi chickpea will perform better than kabuli in the both winter and summer

season.

There is a wide variation in terms of the agro-climate of the areas where chickpea is grown
around the world (Farzaneh, et al., 2009); these areas differ in photoperiod, temperature and
rainfall. Chickpea is drought tolerant and requires an annual rainfall of between 400 to 600
mm. Extremely high temperatures (above 30 °C) or frost activity may be harmful to the plant
during any growth stage but is more critical at flowering and pod formation because of loss
of potential yield (Bhattacharya and Pandey, 1999, Leport et al., 2006, Devasirvatham, et al.,
2012). It is not possible to use field management strategies such as planting date to control
rainfall, but perhaps, temperature at different critical stages of development of chickpea may
be managed as a function of the choice of planting date. In this case, the crop should be
planted at a time that ensures that flowering and podding stages coincide with optimum
temperature that is ideal for flower retention and pod setting. With climate change being
expected to affect rainfall and temperature regimes, optimal planting date for either summer
or winter season is expected to change (IPCC), 2014).

2.3.1 Chickpea genotypes used in the study
The genotypes used in the study were selected based on their availability and days to

physiological maturity. Out of the five genotypes used in the study, one cultivar (Range 1)
was an early maturing cultivar. The other two cultivars (Range 4 & 5) were late maturing,
whilst two cultivars Range 3 and ICCV9901, were medium maturity cultivars.

Range 1 is a desi, short season cultivar that takes 100-115 days to reach physiological
maturity. It has an erect canopy structure and can reach a height of between 10 and 16 cm.
Its flowers are pink and it has different pigmentation of anthocynin on the stem. The seeds
are small, angular and with a rough surface.

Range 4 and 5 are long season cultivars and take between 130 and 145 days to reach
physiological maturity. Range 5 has an erect structure, whilst Range 4 has a branching
structure. Range 5 grows to a height of between 16 and 30 cm, whilst Range 4 a height of
between 7 cm and 12 cm. Both cultivars are desi types and the flowers have pink colour.
The plants in both cultivars show different pigmentation of anthocynin on the stem. The

seeds are small, angular and with a rough surface.
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The cultivar ICCV9901 is a Kabuli type and requires 110 — 120 days to reach physiological
maturity. It grows to a height of 14 cm to 20 cm. The seeds are large, beige in colour and

have a thin coat and a soft surface. The cultivar have got white coloured flowers.

2.4 Chickpea plant growth and development
Chickpea crop takes 7-15 days to emerge after planting. The seedlings are hypogeal

(Saxena and Singh, 1987). It has an indeterminate growth habit (Van dar Maesen, 1987),
where its vegetative stage continues even when flowering has started. The crop follows a
normal growth sequence of leaf, flower bud, and flower and pod development on each
branch. A number of pseudo-flowers or false flower buds develop on the plant stem (Singh
and Diwakar, 1995). The time from emergence to flowering ranges from 40 to 80 days.
Chickpea is an upright (erect) annual legume, ranging from 30 to 70 cm in height, with
primary, secondary and tertiary branching system that resemble a small bush (Saxena and
Singh, 1987). The plant has a strong taproot system with 3 or 4 rows of lateral roots
(Farzaneh, et al.,, 2009). Chickpea leaves are petiolate, compound, and unimparipinnate
(pseudoimparipinnate) (Hawtin and Singh, 1980) but vary with types, with some chickpea
varieties having compound leaves whilst others have simple, pubescent leaves with top
rachis ending in a leaflet (Singh and Diwakar, 1995). The leaflets are ovate to elliptic in
shape, and are olive, dark green or bluish in colour (Hawtin and Singh, 1980). The flowers
are indeterminate, and bisexual (Singh and Diwakar, 1995). Desi varieties have purple/violet
flowers while kabuli varieties have white flowers (Farzaneh, et al., 2009, Gaur et al., 2010).
The crop is self-pollinating, but negligible cross pollination may occur (Singh, 1987).

2.5 Planting date
Planting date of chickpea is the sowing time of seeds or transplanting time of chickpea

seedlings when conditions are optimum for their germination, development and yield
(Odekunle, 2003). For the purpose of this study, optimum planting date was defined as the
date where chickpea grain yield is maximixed sustainably, with minimal production risks,
whilst ensuring the crop fits within the overall cropping system (Tsimba et al., 2013). Planting
date varies with place, season, type of crop and climate (Rease et al., 2004; Mhizha et al.,
2014), and is a function of available moisture, temperature and growing season length. In
Southern Africa, planting date during summer season is usually associated with onset of
rainfall because most of the crops are rainfed. Keatinge et al. (1995) defined planting date as
the first rainfall event capable of supporting germination. This definition has implementation
challenges as it is difficult for farmers to know if the rainfall event is enough to sustain
germination. Several methods of determining planting date have been reported in literature.

Reas et al. (2004) put forward the DEPTH method of determining summer planting date.
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Although the method was tested on maize crop, it is likely to be useful in different crops such
as chickpea. In Southern hemisphere and in summer season, the DEPTH method defines a
planting date as the first day after 1 October on which the occurrence of 40 mm of rain falls
within a 4-day period. In Zimbabwe, the Department of Agriculture and Technical Services
(AGRITEX) determines the planting date for all crops to be grown in summer as the

occurrence of 25 mm of rainfall within 7 days (Reas et al., 2004).

However during the winter season in North Eastern Region of South Africa, there is no
significant rainfall activity except some drizzles. Therefore planting date for winter crops
including chickpea is determined by residual moisture management, and avoidance of
temperature extremes that affect flowering and pod setting. There are no recommended
planting dates for chickpea crop in South Africa, neither is there any clear criteria for
determining when to plant chickpea in winter or in summer season. However, early studies
on chickpea in the region (Mathews et al., 2011 and 2012) used to plant chickpea during the
month of May. Furthermore, several studies in North Eastern region of South Africa, where
chickpea is grown have used mid-May as the normal planting date. Late April to early days
of the month of May have been used as early planting dates for chickpea, whilst end of May
have been viewed as late planting date in the Region. Therefore, South Africa has a small
planting window. Thus, this study selected 1 of May as the early planting date, 14" of May
as the normal planting date and 28 May as late planting date. Although the last week of April
could have been used in selecting the early planting date, it was felt that most of the farmers
would still be finalising harvesting of summer crops. The farmers’ desirable scenario is to
plant chickpea when residual moisture from the ending summer season is still plenty, whilst
making sure that flowering and pod setting process occur when temperatures are cool; i.e.
between 20° C and 26° C (Summerfield et al., 1984; Devasirvathan et al., 2012).

The differences in early, normal and late planting date comes with yield variability as
expected mostly because of different environmental conditions the crop is exposed to at
planting, flowering and podding stages. An early planting date in Southern Africa during
winter may expose the crop to extremely low temperatures (less than 10 ° C) which affects
flower retention and podding during the early reproductive stage (Nayyar, 2005, Viatcheslav
et al., 2007). In contrast, late planting of chickpea during the winter season may result in
flowering stage coinciding with high temperatures during early month of August; this may

affect fruit set and hence chickpea yield (Wang et al., 2006).

2.6The physiological effect of climatic factors on Chickpea growth and development
Chickpea crop is affected by several climate factors such as temperature, moisture stress,

vapour pressure deficit and radiation during its growth and development process. These
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climate factors may affect the crop individually but at most their interaction effect on crop
growth and development has been reported in literature. The effect of climatic factors on
chickpea has been reported on crop physiological parameters such as plant height, number
of branches per plant, heat units, and on resource use efficiency. Planting chickpea at
different dates may expose the crop to different climatic conditions (temperature, radiation
and moisture) during their vegetative and reproduction stages. This, consequently may affect
biomass and yield. Therefore, the following three paragraphs are a narration reports of

earlier studies on temperature, moisture and radiation on chickpea crop.

2.6.1 Temperature
Temperature is one of the most important abiotic factors that affect chickpea yield across the

world (Summerfield et al. 1990; Clarke and Siddique, 2004; Devasirvatham et al., 2012).
Wahid et al. (2007) reported that high temperature affects seed germination, photosynthesis,
respiration, fertilization and seed quality of chickpea. Summerfield et al. (1984) observed that
depending on planting date, chickpea genotypes experience different temperature regimes
which may affects vegetative and reproduction performance of the crop. Siddique et al.
(1999) observed greater sensitivity of chickpea genotypes to high temperatures, and also a
marked reduction in seed size and seed weight when the crop was exposed to high
temperatures of 30-35°C at seed filling. Similar views were reported by Devasirvatham et al.
(2012), Leport et al. (2006) and Karla et al. (2008), who noted that high temperatures (>
32°C) may cause anther indehiscence, reduced pollen production, and shrunken stigma,
style and ovary. Berger et al. (2004) reported that temperatures greater than 16°C at
flowering had an effect of delaying pod set by up to 70 days due to repeated cycles of
flowering and abortion. In support of this report, abortion and abscission rate of flowers and
pods were reported to depend on temperature stress, among other factors (Siddique and
Sedgley, 1986; Singh et al., 1989; Clarke and Siddique, 2004; Wang et al., 2006; Khattak et
al., 2006; Thakur et al., 2010; Devasirvatham et al., 2012; Shukla et al., 2013). Similar
effects of temperature were reported by Ram et al. (2006) in other legumes (Pisam sativum

L) and in other crop (Zeya maize) by Tsimba et al. (2013).

Conversely, Chaturvedi and Dua (2003) reported that low temperature during early plant
growth was associated with slow and poor growth. Kumar et al. (2010) noted that low
temperature stress caused egg and secondary nucleus in ovules to disintegrate before
fertilization. Similar observations had ealierly been made by Srinivan et al. (1998), who had
reported that low temperatures may cause flower abscission, low pod set, impaired pod
filling and poor yields. In addition, Nayyar (2004) reported that chickpea crop is affected by

cold stress when temperature fall below 8°C during reproduction stage.
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Optimum growth and development in chickpea is greatly affected by temperature. Soltani et
al (2006) reported an upper optimum temperature of 32°C for 21 hours for chickpea
reproduction stage, while, Devasirvatham et al. (2012), reported threshold of between 27-

32°C for chickpea reproduction.

Moreover, Allen et al. (1998) reported that the amount of heat energy an organism
accumulates over a period of time is often expressed as a “growing degree-day” (GDD).
Whish et al. (1997) reported that heat units expressed in growing degree-days (GDD) can be
used to describe crop development. Biabani et al. (2011) reported that the concept of GDD
can be used to determine the growing stages of crops, predict best timing of fertilizer or
herbicides application and to assess the suitability of a region for production of a particular
crop. Whish et al. (1997) stated that GDD is calculated for each day and is added
cumulatively to come up with heat units for the whole crop cycle. Allen et al. (1998) reported
that GDD are calculated each day using maximum daily temperature (Tmax), the minimum
daily temperature (Tmin), and a base temperature (Toase). The fomular to calculate GDD is as

follows:

GDD = fmaxtTmin _p (2.1)

Thase iS the temperature below which no growth takes place and is taken as 5 °C for chickpea
crop by some authors (Whish et al., 1997, Biabani et al., 2011). However, other authors use
a chickpea base temperature of 4 °C (Verghis et al., 1999), Thangwana and Ogola (2012)
used 8°C in the study area whilst Parthasarathi et al., (2013) uses a base temperature of 0
°C. The requirement for GDD for chickpea ranges from 1678-1802 and is based on a base
temperature of 0 ° (Parthasarathi et al., 2013). However, other studies have reported higher
GDD values for chickpea (Berger et al., 2004). Mukesh, et al., (2010), in Bangladesh,
Bundelkhand region, evaluated the effect of planting date on growing degree days of
chickpea crop and revealed that chickpea crop with an early planting date had higher
growing degree days (1980.2 day °C) than late planted crop (1975.5 day °C), but no
differences were significant across all planting date on heat use efficiency (1.06 grain kg ha*
°Cday). The effect of planting date on GDD have been reported also in other crops such as
sorghum, rice and wheat (Ottman et al., 1997) and the results have shown that early planted
crops accumulate higher growing degree days than late planted crops. Therefore, a good
choice of planting date, for chickpea crop has the potential to promote higher growing
degree days, heat use efficiency and improve yield. This study will also determine the effect

of planting date on accumulation of growing degree days of chickpea crop types.
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2.6.2 Soil moisture
Availability of moisture is vital for chickpea growth and development. Sharm and Piri (2006)

reported the significant effect of irrigation on chickpea plant height, biomass and grain yield.
Siddique et al (2001) reported that plant genotypes differ in water extraction capacity and
this had a bearing on water use and water use efficiency. Similarly, Maharaja et al. (2008)
observed that the level of soil moisture in the soil had an effect on water use and water use
efficiency of the crop. Anwar et al (2003) reported that irrigation substantially increased
water use but had low water use efficiency.

Likewise, water stress may affect chickpea growth and development. Moisture stress may
cause impairment of stigma, pollen or pistil function (Fung et al., 2010; Leport et al., 2006) in
chickpea, thus causing flower and pod abortion. Leport et al (1999) reported yield reduction
as high as 58 to 95% in water stressed crop compared to irrigated crop. Nouda and Saini
(1992) observed 17% vyield reduction due to mosture stress at reproduction stages of
chickpea crop. In addition, Singh (1991) reported the influence of moisture stress on
phenology and suggested that reproductive stage in chickpea was inversely correlated to

normalised evapotranspiration.

2.6.3. Radiation
Improved radiation interception and utilization is very important in chickpea production.

Haverkot (2007) reported that increased growing season length as a result of early planting
had a significant effect on intercepted radiation. Oluwasemire and Odungbenro (2014)
reported that the amount of intercepted radiation is affected by plant density and genotypes.
Rahman et al., (2000) reported variation in leaf area, conopy cover and radiation capture as
a result of water stress. Similary, Anwar et al. (2003) reported greater radiation use and
radiation use efficiency in irrigated plants compared to non irrigated plants. Azam et al.
(2004) showed that early planting increased radiation interception by 80% compared with
late planting. Similar findings were confirmed by Confalone et al. (2009), who reported that
early planting intercepted greater radiation compared with late planting which showed lower
extinction coefficient. Singh et al. (2008) reported highest radiation use efficiency in early
planting.

Brown et al. (2006) and Sinclair and Muchow (1999) reported that radiation use efficiency
was affected by temperature and suggested that high temperatures may affect plant
photosynthesis and hence affect radiation capture. Andrade (1994) reported interactions
between temperature and genotypes on radiation use efficiency. Jones and Kiniry (1986)

reported that interaction of high temperatures and water stress had a negative affect on leaf

19

© University of Venda



)
o

&5 ) university of Venda
C

area and reduce the extinction coefficient, which influences leaf radiation interception. Their

views were concomitantly supported by Farre et al (2000).

2.7 Effect of planting date on above ground biomass and grain yield of chickpea
The average seed yield for chickpea per hectare varies with production regions but it ranges

from 0.6 to 2.3 t ha®. The world average seed yield is 0.86 t ha* (FAO, 2016). This yield is
low compared with average seed yield that has been reported from research trials across the
world (Thangwana and Ogola, 2012; Siddique and Sedgeley, 1986; Kabir, 2009). The
biggest challenge facing chickpea researchers is to improve chickpea grain yield at farm
level to the levels that have been reported in research trials.

The low seed yield in chickpea may be a result of several factors such as temperature stress
(Krishnamurthy et al., 2011; Devasirvatham et al., 2012), pest and diseases, moisture stress
(Leport et al., 2006) and genotype (Siddique and Sedgeley, 1986). The use of optimum
planting date is one management option that may lead to (Tsimba et al., 2013; Fiwa, 2015)
improved grain yield through environment x genotype interaction. Several studies have
reported the significance of planting date and genotype selection on biomass and grain yield
of chickpea (Bahal et al., 1984, Dixit et al., 1993, Hussain et al., 1997, Kabir 2009). For
example, in Bangladesh, Kabir et al. (2009) observed that sowing time had a significant
effect on chickpea growth parameters, yield and yield components. Similar reports have
been given across the world and in different crops (Tsimba et al., 2013; Fiwa, 2015).
Planting date affects acquisition and utilisation of resources such as water and radiation in
crops (Andrade et al., 1993; Soltani et al., 2006), and influences crop source — sink balance
and the progression of how available assimilates from plant leaves (source) are translocated

to flowers or growing pods (sink) (Tsimba, et al., 2013).

Variation in planting dates may expose crops to different environmental conditions
(temperature, photoperiod and moisture) at various stages of growth and consequently affect
biomass accumulation and partitioning. For example, an early planting date in Southern
Africa during winter may expose the crop to extremely low temperatures (less than 8 ° C)
during the early reproductive stage (Nayyar, 2005, Viatcheslav et al., 2007) which may affect
flower retention and pod abortion. In contrast, late planting of chickpea during the winter
season may result in flowering stage coinciding with high temperatures during early
reproduction period which may affect fruit set and hence chickpea yield (Wang et al., 2006).
Moreover, exposure to high temperatures in late planting will reduce chickpea growing
season length as potential evapotranspiration exceeds plant available water and because

chickpea phenology is often highly temperature responsive (Devasirvatham et al. 2012,
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2013). Reduced growing season length is likely to reduce vyield. Furthermore, rising
temperatures coupled with increasing day length may reduce growing cycle period by

shortening vegetative and reproduction stages (Veghis et al., 1999).

Studies also show that planting date determines the period when critical stages will take
place in plants, for example when to flower or when the crop switches over to podding stage
(Veghis et al., 1999). Knowledge of optimum planting date that minimises extreme
temperature and water stress conditions during reproduction period may increase yield.
Production of high and stable seed yield strongly depends on maximising yield components
with a stable harvest index (HI) (Veghis et al., 1999). However, HI for chickpea has been
reported to vary considerably with genotype and cultivars (Veghis et al., 1999) due to genetic
instability, emanating from genotype by environment interaction (Chijoke et al, 2010;
Krishnamurthy et al., 2011). Because of this instability, yield components such as number of
pods per plant, pod weight and 100 seed weight have remained low. Whether manipulation
of planting date may stabilize HI, improve yield components and increase biomass and grain
yield is not known. Although a number of studies have reported on the effect of planting date
on biomass accumulation and partitioning in chickpea in different regions (Chetia and
Kumar, 2005; Singh et al., 2005; Tenguria and Tikle, 2005; Confalone et al., 2009), hardly
any study has reported optimum planting date for chickpea that may improve and stabilize
grain yield in the region. Where planting date has been reported to affect chickpea yield
(Tenguria and Tikle, 2005; Confalone et al., 2009), it has been difficult to separate whether
the effects were caused by temperature stress, water stress, genotype or normal seasonal

variations.

2.8 Effect of planting date on water use efficiency of chickpea
Water use efficiency (WUE) is defined as the biomass or grain yield per unit of crop water

use (Sinclair et al., 1984), and is influenced by physiological traits such as biomass
accumulation and daily crop water use. Therefore any management practices that affect
these traits will have implications on chickpea WUE. Ogola and Thangwana (2013)
suggested that manipulation of management practices that increase the efficiency of water

utilization may increase the productivity of chickpea crop.

Chickpea grain yield is affected by moisture stress conditions at various stages of growth
and development (Siddique and Sedgley, 1987; Leport et al., 2006). The effects of moisture
stress on crops may vary with genotype (Siddique et al., 2001) and possibly with planting
date (Anwar et al., 2003). Planting chickpea early or late in the season may result in crops

experiencing variation in moisture regime depending on the daily pattern of weather
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elements such as temperature, vapour pressure deficit and evapotranspiration (Siddique and
Sedgley, 1986). A delay in planting chickpea, coupled with high temperatures may delay
canopy growth and promote high evaporation at the expense of transpiration during the late
stages of plant growth (Siddique et al., 2001). In contrast, early planting may allow the crop
to take advantage of residual moisture in the soil and promote a faster and early canopy
growth. Thus, depending on the prevailing temperatures, early planting may lead to larger
canopy cover that reduces evaporation and promotes transpiration. In previous studies
(Ogola et al., 2002 & 2005), it was shown that grain yield and hence water use efficiency is
improved by reducing evaporation and concurrently increase transpiration in plants. Also,
high transpiration may promote improved extraction of water by plants because of increased
transpiration pull, thus reducing wasteful loss of water by evaporation (Ogola et al., 2005).
Whether the anticipated increase in soil water extraction in early plantings may lead to
efficient use of water to produce grain yield is not known and may depend on the planted
genotypes (Ogola et al.,, 2002, 2007 and 2013; Ogola and Thangwana, 2013) and their
interaction with the environment (Tsimba et al., 2013). Planting date may also affect root
length, density and rooting pattern and this may affect soil water extraction (Benjamin and
Nielsen, 2006). Information on the effect of planting date and genotype on chickpea water

extraction is far elusive.

Chickpea genotypes have different canopy structures and varying rooting depth (Zhang et
al., 2000). The variation in canopy structure may affect crop water use, partly because of
variation in canopy microclimate which may affect the partition of water use into evaporation
and transpiration (Ogola et al., 2002). Similarly varying rooting depth may affect water
extraction by plants and consequently alter water use amongst genotypes (Benjamin and
Nielsen, 2006). Moreover, the indeterminate nature of some chickpea genotypes may also
affect crop water use and water use efficiency. For instance, the indeterminate flowering
habit in chickpea may result in genotypes promoting vegetative growth at the expense of
flowering in well-watered conditions and vice versa in moisture stress conditions. This
continuation of vegetative growth once the crop has reached the flowering/podding stage
may result into variation in plant canopy cover amongst genotypes and hence affect crop
water use. In addition, this concurrent flowering and vegetative habit in indeterminate crops
may affect the sink-source balance of plants and result in grain yield variation, which
consequently will also affect water use efficiency amongst genotypes. However, using
planting date as a strategy to improve water use efficiency of indeterminate chickpea
genotypes by ensuring a good environment and genotype interaction is not known. Such

studies have rarely been reported in literature.
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Furthermore, manipulation of planting date provides crops with an opportunity to adapt to
environmental moisture challenges by either allowing the crops to escape, avoid or tolerate
moisture stress without a compromise on final grain yield. For instance, early planting of
early maturing chickpea genotypes may escape or avoid period of moisture stress through
better timed crop phenology. Siddique et al (2001) reported that early maturing genotypes
had a better yield when planted early, flowered early, and produced seed yield before
terminal drought. Indeed, by choosing an optimum planting date in which the crops may
utilize available water efficiently to improve yield, chickpea water use efficiency may also
increase. Moreover, a correct planting date for crops may ensure better water extraction and
high water use efficiency. However, water extraction, water use and water use efficiency in
any crop may vary with planting season. Cooler seasons with neutral day length (for
chickpea) may reduce water use, improve grain yield and promote water us efficiency.
Likewise, hot seasons may encourage high water use and lower crop water use efficiency.
Thus it is important to determine whether the variation in water use and water use efficiency
of chickpea is caused by variation in planting date and genotype or is caused by normal
seasonal variation. Although the effect of planting date on water use and water use
efficiency in chickpea is well documented (Anwar et al., 2003; Zhang et al., 2010), there are
very few reports in literature that have clearly shown soil profile water extraction patterns in
response to chickpea planting date. Moreover, these studies did not make any attempts to
isolate the effects of temperature and moisture caused by different planting dates on water

use and water use efficiency

2.9 Effect of planting date on radiation use efficiency of chickpea crop
Photosynthetically Active Radiation (PAR) is the waveband that is useful to plants (Monteith,
1977) and is defined as the intercepted radiation in the 400 to 700 nanometre waveband
(Ting and Giacomelli, 1987). Quantitative understanding of the ability of chickpea genotypes
(Cicer arietinum L.) to convert intercepted (PAR) into dry matter under different planting
dates is important in enhancing adaptive strategies to improve chickpea yield. Studies have
compared performance of different chickpea genotypes grown under different management
strategies using PAR, Radiation Use Efficiency (RUE), harvest index (HI) and yield (Y3),
(Tesfaye et al., 2006; Ogola, 2015). Much earlier, Gullagher and Biscoe (1978) reported a
direct relationship between Y; and PAR, HI and RUE as illustrated by equation 2.1.

Y; = IR = RUE x HI (2.2)

Whilst HI tends to be constant and genotype dependent (Gifford et al, 1984; Hay and
Walker, 1989), IR and RUE can be manipulated for yield improvement using several

management strategies such as the choice of planting date within a season (Tsimba, 2011).
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Planting early or late in the season may affect radiation capture depending on climate factors
such as temperature (Andrade et al., 1993; Soltani et al., 2006), rainfall and vapour pressure
deficit (VPD) (Kiniry et al., 1998). For example, in the Southern Hemisphere, early crop
growth in late plantings normally coincides with winter solstice; a condition when the sun is
furthest away from the earth, sunshine hours are shortest and temperatures also very low
(Nautical Almanac office, 1999). Thus available radiation will be reduced and this may affect
total intercepted radiation. In contrast, early planting of chickpea during winter season may
allow the crop to take advantage of available radiation when winter solstice is at least 55
days from planting date. This could be the reason why early plantings normally experience
higher temperatures (by 2°C - 3°C) during vegetative stage compared with late planting.
Moreover, earlier reports have shown that radiation capture is directly affected by
temperature (Muchow et al., 1990). Suggestions are that low temperatures may reduce total
intercepted radiation in plants (Andrade et al., 1993; Soltani et al., 2006). Thus, because of
temperature variations between planting dates, early planting may capture more radiation
compared with late planting during early vegetative growth stage. However, whether the
anticipated increase in radiation capture in early planting may be used efficiently to produce
biomass and grain yield is not known and may depend on the planted genotypes (Miralles et
al., 1997) and other factors.

Variation in radiation capture amongst genotypes may be due to differences in growth habit
brought about by their indeterminate nature, and differences in days to maturity and in
canopy structures (Mariscal et al., 2000). For example, variation in growth habit, where a
plant may exhibit different source and sinks strength at the same time may affect crop
canopy cover and hence affect amount of intercepted radiation (Miralles and Slafer, 1997).
Also, different source and sink balance amongst genotypes may affect biomass and grain
yield and hence affect radiation use efficiency (Sinclair and Muchow, 1999). In addition,
variation in canopy structure in terms of number of branches, plant height and leaf
orientation and phyllochron may affect the amount of intercepted radiation (Miralles and
Slafer, 1997). Furthermore, early maturing cultivars exhibit faster canopy growth that
captures more radiation during early stages of growth compared with late maturing cultivars
(Confalone et al., 2009). In contrast, by having a longer growth duration, late maturing
cultivars have more time to capture radiation and thus compensate for low radiation capture
during early stages of growth (Brown, 2006; Singh et al., 2008). However, the indeterminate
nature of chickpea makes it difficult to understand how radiation is captured at reproduction
stage as this will be affected by translocation of assimilates which is also affected by planting
date. Moreover radiation interception may depend on the interaction between genotype and
environmental factors (Jha et al., 2012). Knowledge of genotype x environment interaction

as influenced by planting date is far elusive and has rarely been reported in literature.
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Indeed, a correct planting date for chickpea crop may ensure stable radiation capture,
across genotypes and environments. However, the amount of intercepted radiation and the
efficiency of utilization of the radiation may also depend on planting season, which normally
varies from time to time. For instance, hot season conditions may reduce radiation
interception and radiation use efficiency even if photosynthetically active radiation is
maximised (Sinclair and Muchow, 1999). In contrast, a season characterised by moderate
temperatures combined with high photosynthetically active radiation may improve radiation
interception, photo thermal quotient, increase radiation use efficiency and improve grain
yield (Muchow et al., 1990; Dreccer et al., 2018). Therefore, it is not easy to make inferences
about the effects of planting date and genotype on radiation use and radiation use efficiency
because of the effects of seasonal variations. Moreover, depending on level of residual
moisture or rain drizzle that intermittently fall during the winter season, some seasons may
have greater moisture during vegetative growth stage and this may affect radiation capture
(Anwar et al., 2003).

2.10 Effect of planting date on thermal time of chickpea
Planting chickpea under different dates within the same season may expose the crop to

varying temperature and water regime during critical stages of growth and development
(Siddique and Sedgley, 1986). For example, late sowing in winter season (Southern
Hemisphere) may be associated with effects of low soil temperatures which causes uneven
and slow seedling emergence (Chaturvedi and Dua 2003), reduced plant growth and poor
canopy development (Soltani et al., 2006). In contrast, early planting may expose the crop to
relatively warm temperatures during early seedling emergence stage that improves seedling
vigour, growth and development. Moreover, the rate of canopy development and leaf
expansion during early development are influenced by ambient temperature (10°C -25°C)
(Khanna-Chopra and Sinha, 1987). High temperatures at reproductive stage, experienced by
late planted crops during winter season may reduce chickpea growing season length and
consequently yield as potential evapotranspiration exceeds plant available water in the
absence of irrigation water supply. However, there is dearth of information in literature on the
interaction of planting date and genotypes on heat use efficient and consequently the final

yield.

Tsimba et al. (2013) argued that genotypes that tolerate early temperature stress or are
adapted to cool conditions may have some comparative advantage in late sowings. In
addition, Siddique and Sedgley, (1986), reported variation in chickpea grain yield between

early and late maturing varieties and attributed that variation to temperature and moisture
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conditions experienced by the crops. More recently, Chijiike et al. (2017), found that late
planting was associated with insufficient thermal time for biomass accumulation because of
reduced growing season length, particularly to late maturing genotypes. Thus, the interaction
of planting date and genotypes may affect accumulated growing degree days and heat use
efficiency in chickpea due to differences in temperature regime. Moreover, although the
effect of temperature on chickpea plant height, and number of primary and secondary
branches is well documented in literature (Siddique and Sedgley, 1986; lannucci et al., 2008;
Keatinge et al., 1998; Papastylianou et al., 2011), the magnitude of the effect of temperature
on chickpea crop yield sown on diverse dates within the same season has hardly been
reported.

The effect of planting date and genotype on AGDD, HUE, plant height and number of
primary and secondary branches has been reported in cotton (Gudadhe et al., 2013), forage
legumes (Papastylianou et al.,, 2011), and wheat (Ottman et al., 1997), but, there is little
evidence in literature on the effects of planting date and genotype on AGDD, HUE, plant
height and number of primary and secondary branches per plant in chickpea.

2.11 Climate change and planting date

Projections of future climate place the Southern Africa region at the forefront of climate
change vulnerability with negative potential impacts on revenue from dryland farming (IPPC,
2007). Agricultural activities, particularly chickpea production will be affected by changes in
temperature and precipitation conditions in large parts of sub Saharan Africa (Muller et al.,
2011, Waha et al.,, 2012). Under climate change, many areas in Southern Africa will
experience a decrease in the length of the growing season, while in some highland areas,
rainfall changes may lead to prolonged growing season (Tadross, et al., 2009). Therefore
farmers’ choice of planting date may be an important adaptation strategy to changing climate
conditions (Waha et al., 2012). Omotosho et al. (2000) and Odekunle (2003) suggested that
a reliable understanding of rainfall onset and cessation times will greatly assist in timely
preparation of farmlands, mobilization of seed and will thus reduce the risk involved in
planting too early or too late. Waha et al. (2012), working with historical data from 1971-2000
and GCM model projections from 2070-2099, reported that sowing dates in sub Saharan
Africa were changing with changes in the start of the main rainy season. A delay in the onset
of the rainy season, particularly in the semi-arid Southern Africa region will delay the date of
planting (Tadross, et al. 2009) and may result in crops extending their growing date into the
winter season. This situation may be beneficial to chickpea production since high summer
temperatures may affect flowering and pod setting (Devasirvatham et al., 2012). An early
cessation of the rainy season has an effect of cutting short the growing season of crops and

may result in crops failing to reach physiological maturity.
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The strategies of using planting date as an adaptive response to climate change have been
observed among farmers in Tanzania (O’ Brien et al., 2000), Semi-arid West Africa (Mation
and Kristjanson, 1988), and South Africa (Benhin, 2006). In the Northern Provinces of South
Africa, 3% of surveyed farmers shift their planting date to match delayed or early rainfall
(Gbetibouo, 2009), whilst in the Nile Basin of Ethiopia, 5% shift their planting date (Deressa
et al.,, 2009). Hassan and Nhemachena (2008) reported that 16% of farmers in Southern
Africa use planting date as an adaptive strategy to climate change. Therefore, this study
aims to build on earlier studies on the use of planting date in response to climate change,
focusing on the response of chickpea crop physiological traits such as water use, radiation
use efficiency, water use efficiency, flower retention and pod abortion on planting date.

2.12 Crop models
Developing easy-to-use decision-support tools that may assess the effect of planting date on

biomass and grain yield may help in the development of planting date guide lines for
chickpea in the region (Mhizha et al., 2014). Such decision support tools (in the form of
simulation models) may help to account for likely biomass and yield projections of crops
under different climate scenarios. This information is important to improve field crop
management strategies, whilst giving an understanding of the likely behaviour of crops when
faced by conditions of temperature increase of the order 2 to 3°C, or when global carbon
dioxide concentration has increased to 600 pmm by 2100 (IPCC, 2014). A number of crop
simulation models have been developed over years; these include CERES model (Jones
and Kiniry, 1986), CropSyst model (Stockle et al., 2003), Cropwat model (FAO, 1992),
DSSAT cropping system model (Jones et al., 2003), APSIM model (Keating et al., 2003),
ELCROS model, (de Wit, et al., 1970) etc. However, these models were rarely used by
farmers, extension personnel, and planners. Furthermore, these models require an extended
number of variables and input parameters which are not easily available for the diverse

range of crops and sites around the world.

AquaCrop model has been identified as a better model for crop yield simulation because of
its sufficiency, transparency, simplicity, accuracy and robustness (Steduto et al., 2006, 2009;
Raes et al 2011). AquaCrop is a water-driven simulation model that requires a relatively low
number of parameters and input data to simulate yield of most of the major field and
vegetable crops (Steduto et al., 2009). The model may be used to simulate probabilistic crop

yield for different planting date.
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2.13 AgquaCrop model
AquaCrop is a water driven crop yield simulation model (Raes et al., 2009; Steduto et al.,

2009). The model has been used in multiple herbaceous crops for simulating biomass and
yield under varying field conditions in different locations across the world. The model can be
used to develop optimum planting period for different crops to increase and stabilize crop
yields. The model simulate aboveground biomass for each day during crop cycle as a
function of temperature stress coefficient, water productivity and the summation of the ratio
of crop transpiration to the reference evapotranspiration (equation 2.3).

Tr
ETo

B =Ky WF'Y 2.3

Where Ky, is the temperature stress coefficient. WP* is water productivity and is normalised
for place and climate. T, is crop transpiration and is normalised for climate by reference
evapotranspiration for each day of transpiration.

Grain yield (Y): AquaCrop simulate grain yield as a product of above ground biomass and

the harvest index as shown by equation 8.2.
Y:fHI.HIO'B 24

Where fy is a multiplier factor which considers various stresses that may affect harvest index
(HI from its reference value. Hl is the ratio of grain yield to total dry matter of the crop and is
affected by water and temperature stress before the beginning of yield formation, at
flowering and during yield formation. Thus HI is constantly adjusted during yield formation
(Raes et al, 2011) and is affected by water stress during various stages of crop
development.

Transipiration (Tr): AquaCrop calculate transpiration as a product of crop coefficient (Keb)
and the evaporative power of the atmosphere (ETo). This calculation is done by considering
water stress factor (Ks) as shown in equation 8. 3. In circumstances where water shortage

provokes closure of stomatal openings, a stress coefficient (Ksstw) is considered.

Tr = K. (Kgpy- CC*).ETo 2.5
Where CC* is crop canopy cover adjusted for interrow micro-advection.

The operation of AquaCrop, its interface between organs and climate factors and how it

determines several parameters for crop growth is shown in Fig 8.1 below.
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Figure 2.2 AquaCrop flow chart. The dotted arrows indicate the processes (a - e) affected by
water stress. CC is simulated canopy cover, CCpot the potential canopy cover, Kssto the
water stress for stomatal closure, Kc,tr the crop transpiration coefficient, ETo the reference
evapotranspiration, WP* the normalized water productivity for ETo and air CO2
concentration and HI the harvest index (Raes et al., 2009; Steduto et al., 2012).

Currently, AquaCrop model has been calibrated and validated for maize (Hsiao et al., 2009,
Garcia-Vila and Fereres, 2012), soybeans (Steduto et al., 2009), sorghum, sunflower
(Stricevic et al., 2011), teff (Araya et al., 2010), tomatoes (Rinaldi et al., 2011, Kateriji, et al.,
2013), wheat (Xiangxiang et al., 2013, Jin et al., 2014), sugar beet (Stricevic et al., 2011),
potatoes (Casa et al., 2013), rice (Shrestha et al., 2013), cotton (Farahani et al., 2009) and
barley (Araya et al., 2010). However, no published information is readily available on the
calibration and validation of AquaCrop for chickpea. Therefore the objective of this study
was to calibrate and validate the performance of AquaCrop model in simulating attainable
yields in chickpea in response to varying planting dates at a representative site of the dry
environments of North Eastern South Africa.

2.14 Using Global circulation models for generating climate data in evaluating crop
yield.
Climate change experiments to simulate past, current and future crop biomass and vyield

should include simulations for climate assessments as tabled in the fifth assessment report
(AR 5) of the International Panel of Climate Change (IPCC). CMIP 5 agreement functions by
setting out standards and guidelines for model simulations in order to evaluate how realistic
models are in predicting the past, current and the future climate. These predictions should
be conducted on two time scales notably near term (up to 2035) and long term (up to 2100
and beyond). CMIP 5 experimental design is composed of the following suites; i) decadal
hind casts and prediction simulations, ii) long term simulations and, iii) atmospheric-only

simulations for especially computationally-demanding models.

29

© University of Venda



)
o

&5 ) university of Venda
C

For models to be used in simulating climate data, they should have completed all core
simulations within the suit of CMIP 5’s long term experiments and some prioritised tier 1 and
2 experiments aimed at determining simulations of “forced with specified concentrations” that
are consistent with near representative pathway scenario (RCP 2.6), medium mitigation
representative pathway scenario (RCP 4.5 and 6.0) and high representative pathway
emissions scenario (RCP 8.5). Some of the models that have followed CMIP 5 agreement
include; the Beijing Normal University Earth System Model (BNU-ESM), The Euro-
Mediterranean Centre on Climate Change (CMCC), Centre for National Researches in
Meteorology (CNRM), The Geophysical Fluid Dynamics Laboratory (GFDL), IPSL-CMS5,
BNU-ESM.

Representative Concentration Pathways RCPs) are a set of four pathways containing
concentration and land use trajectories (Vuuren et al.,, 2011). The purpose of RCPs is to
provide information on possible trajectories for the main forcing agents of climate change
that are relevant to the current literature on climate change (Riahi et al., 2011; Fisher et al.,
2007; IPCC, 2008). It is expected that climate modellers will use the time series of future
concentrations and emissions of greenhouse gases and air pollutants and land use change
from the four RCPs when conducting climate model experiments (Moss et al., 2010). The
four RCPs together span a radiative forcing values ranging from 2.6 wm=2 to 8.4 wm2 (Riahi
et al., 2011). RCPs were named according to radiative forcing target level for the year 2100,
and include a very low forcing level (RCP 2.6), two medium stabilizations scenarios (RCP
4.5 and RCP 6.0) and one high baseline emission scenarios (RCP 8.5) (Vuuren et al., 2011).
RCP 4.5 and RCP 8.5 were used for this study. RCP 4.5 is characterised by stabilization
without overshooting pathway to 4.5 wm at stabilization after 2100 (Thomson et al., 2010).
RCP 4.5 is a scenario of long term global emissions of greenhouse gases short-lived
species, and land use, land cover which stabilize at 4.5 wm in the year 2100. Riahi et al,
(2011), characterised RCP 8.5 as a pathway that combines assumptions about high
population and relatively slow income growth with modest rates of technological change and
energy intensity improvements, leading in the long term to high energy demand and
greenhouse gas emissions in absence of climate policies. RCP 8.5 is characterised by
stabilization without overshooting pathway to 8.5 wm2 at stabilization after 2100 (Moss et al.,
2010).
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Chapter 3

Effect of planting date on chickpea (Cicer arietinum) flower and pod abortion.

Abstract

The objective was to determine the effect of planting date on flower retention, pod abortion
and number of pods per plant of five chickpea genotypes grown under different water
regimes in 2014 and 2015, and to investigate the relationship between grain yield with flower
retention, pod abortion and number of pods per plant. Two separate field experiments were
laid out in a split-plot design, with main plots comprising of planting date (1% of May being
the early planting, 14™ of May as the control/normal planting and 28" of May as the late
planting) and chickpea genotypes as sub-plot factor. The genotypes were four desi types
(Range 1, Range 3, Range 4 and Range 5) sown in 2014 and the 4 desi types and one
Kabuli type (ICCV99010) sown in 2015. Experiment one was well watered (received total of
430 & 435 mm in 2014 & 2015, respectively), and experiment two was watered three times

(at planting (60 mm), flowering (58 mm) and pod formation 57 mm). Number of pods per
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plant varied with planting date, genotype and year of planting, whilst flower retention and pod
abortion varied significantly with genotype and year but was not affected by the main effects
of planting date or by the interaction between the treatments in experiment one. In contrast,
flower retention and pod abortion were affected by interaction between planting date and
genotype and planting date and year of planting and genotype and year in experiment two.
Clearly early planting date may be the most suitable sowing date for chickpea in this

environment but this may vary with availability of moisture.

3.1 Introduction

Grain yield in chickpea is determined by the number of flowers retained per plant, level of
podding or fruit set, number of seeds per pod and number of pods per plant (Zaiter and
Barakat, 1995; Niharika, 2013). The plant produces many flowers and pods but the final
number of mature seed at harvest maturity is comparably lower than the produced flowers
and pods. Flower retention in chickpea ranges from 40 to 95% depending on genotype,
environmental conditions and different levels of crop management, and pod abortion has
been observed to range from 54 to 73% in moisture stressed crop and 42-67% in well-
watered chickpea crop (Nayyar, 2005; Fang et al., 2010; Kumar et al., 2010). Indeed, most
of the flowers and pods abort before physiological maturity. Abortion and abscission rate of
flowers and pods depends on factors such as temperature stress (Siddique and Sedgley,
1986; Singh et al., 1989; Clarke and Siddique, 2004; Wang et al., 2006; Thakur et al., 2010;
Devasirvatham et al., 2012), photoperiod (Verghis et al., 1999), genotype (Siddique and
Sedgeley, 1986), light intensity (Verghis et al., 1999), cloudiness (Dahiya et al., 1987),
rainfall (Varma and Kumari, 1978) and moisture stress (Tay, 1992; Leport et al., 2006).

The physiological effects of temperature and water stress that lead to flower abortion and
poor pod set are known (Clark and Siddique, 2004; Nayyar, 2005; Kumar et al., 2010; Leport
et al.,, 1999; Leport et al., 2006). High temperature (> 32°C) causes anther indehiscence,
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reduced pollen production, as well as shrunken stigma, style and ovary (Devasirvatham et
al., 2012), and chilling temperature stress causes egg and secondary nucleus in ovules to
disintegrate before fertilization takes place (Kumar et al., 2010). Also, water stress causes
impairment of stigma, pollen or pistil function in chickpea (Fung et al., 2010; Leport et al.,
2006), thus causing flower and pod abortion. Therefore selection of a planting period in
which a crop germinates, grows and develops to produce seed yield whilst minimising
temperature and water stress conditions that cause flower and pod abortion may increase
yield.

In the North Eastern part of South Africa, where chickpea is grown during winter, early
planting normally results in average daily mean temperatures of around 13 °C and 17 °C
during vegetative and reproductive stage, respectively. In contrast, late planting leads to an
average daily mean temperature of around 14 °C and 19 °C at vegetative and reproductive
stage, respectively. However, Clarke and Siddique (2004) reported that temperatures for
chickpea during reproductive stage should be above 15 °C, which is comparable to optimum
temperatures of 20 °C to 26 °C which had been observed much earlier (Summerfield, 1984).
Therefore, there is a variation of 3 °C to 4 °C between the average daily mean temperatures
of the study area and the reported optimum temperatures for reproduction stage in chickpea.
Whether this variation in temperature is significant to affect flower and pod losses and hence
grain yield is not known and needs investigating. Nonetheless, there is evidence suggesting
that even a 1 °C variation in temperature may cause variation in grain yield (Kalra et al.,
2008).

Moreover, although the current study was conducted during winter season when there is no
rainfall in the region, with the exception of rain drizzle which is often insignificant for crop
growth and development, winter sowing is usually done soon after the summer rainfall, and
thus early plantings may benefit from residual moisture during seedling emergence and early
vegetative growth. In contrast, late planting could be affected by moisture stress unless there
is supplementary irrigation. It is clear from the foregoing that the negative effects of
temperature and moisture stress on flower retention, pod abortion and grain yield may be
ameliorated through management strategies such as manipulation of planting date and

genotype selection (Dhima et al., 2015; Silim et al., 1990; Saxena, 1981).

However, the response of flower retention and pod abortion to different sowing dates under
contrasting water regimes has hardly been reported in literature. We hypothesised that both
moisture stress and high temperature stress would affect flower retention and pod abortion
at flowering and pod development stage. Consequently, we instituted two experiments, one

well-watered throughout the growth period, and the other watered only three times (at
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planting, first flowering and first podding stage). This design was meant to help in
distinguishing whether the effect of sowing time on flower retention and pod abortion was
due to temperature or water stress. Therefore our objective was to determine the (i) effect of
planting date and genotype on flower retention and pod abortion, and (ii) association of this

effect with grain yield of chickpea grown under different water regimes.

3.2 Materials and Methods

3.2.1 Study site

The study was conducted at the University of Venda’s experimental farm in Thohoyandou
(22°58.08°S and 30°26.4'E, and 595m above sea level), South Africa during 2014 and 2015
winter seasons. The area receives an annual rainfall of £ 500 mm that falls predominantly in
summer. However, this study was conducted during winter season when there is no rainfall,
with the exception of rain drizzle which is often ineffective for crop growth and development.
The total drizzle received during the growth period of the crop was 0.21 mm (2014 and 0.29
mm (2015). The average maximum and minimum temperatures for the site are 31 and 18°C,
respectively (Tadross et al., 2006). The site is characterised by a deep well-drained clay soil,
classified as Leptic Cambisols (Fey, 2010), and low pH, low levels of organic carbon, total
carbon (C), nitrogen (N), available phosphorus (P), low C:N ratio (Lusiba et al.,2016). A crop
rotation system that includes maize, cassava and legume is normally practised on the farm.
3.2.2 Experimental design

Two separate experiments were laid out in a split-plot design, with main plots replicated
three times and comprising of planting date (1%t of May being the early planting, 14" of May
as the control / normal planting, and 28" of May being the late planting date). These planting
dates were selected based on previous studies (Mathews et al., 2009). Chickpea genotypes,
four desi genotypes (Range 1, Range 3, Range 4 and Range 5) in 2014, and 4 desi types
and one Kabuli genotype (ICCV99010) in 2015, were used as sub-plot factor. Range 1 is
early maturing and has a bushy canopy structure, Range 3 and ICCV9901 are medium
maturing and have an erect canopy, and Range 4 and Range 5 are late maturing and
display a prostate and an erect canopy structure, respectively. The selected genotypes

ensured we had different maturity groups with contrasting canopy structures.

Experiment one was well watered throughout the season, and experiment two was watered
three times (at planting, flowering and pod formation). The total amount of water applied
(including rainfall) in 2014 was 430 mm in experiment one and 175 mm in experiment two,
whilst 435 mm and 235 mm was applied in Experiment one and two, respectively in 2015.
The variation in the total amount of water applied in 2014 and 2015 was caused by

differences in initial soil moisture.
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Sowing was done manually in rows that were 30 cm apart to achieve a planting density of
thirty-three plants per m2 (Thangwana and Ogola, 2012) in both experiments and seasons.
Nitrogen (N) was applied in the form of Limestone Ammonium Nitrate (LAN 28 % N) at a rate
of 40 N kg ha! and phosphorus (P) was applied in the form of Single Superphosphate (SSP
20.3 % P), at a rate of 50 kg P ha (Madzivhandila et al., 2012). The experiments were kept
free from weeds throughout the season.

3.2.3 Measurements

3.2.3.1 Weather records

An automatic weather station that is already established at the experimental site
(approximately 100 m from the experiments) was used to record rainfall (mm), maximum and
minimum air temperatures (°C), solar radiation (MJ m2 d1), vapour pressure deficit (VPD)
and reference evapotranspiration (mm) for each day during the trial period in both seasons.

3.2.3.2 Number of pods per plant

All plants from a 2.4 m? quadrant of the two innermost rows of each experimental unit were
cut at ground level at harvest maturity. The pods were manually removed from a sub-sample
of 10 plants from each plot and counted; the data was then used to determine the number of

pods per plant.

3.2.3.3 Flower retention and pod abortion

At flowering stage, three plants from the innermost two rows, in each experimental unit were
randomly selected (and tagged) and the date of start and end of the flowering stage for each
plant was recorded. All new and visible flowers from the selected plants were counted and
tagged (by red colour string) daily between 10 00 h and 12 00 h until end of flowering stage.
Flower retention was determined at the end of flowering stage by counting all red strings tied
to flowers, including those red strings tagged to newly developing pods. A flower position
which had a red string tied to it but with no flower was considered as an aborted flower.

Flower retention was calculated using equation 1 (Vergihs et al., 1999).

Total number of retained flowers per plant

x100 3.1

. o) —
Flower Retention (/0) Total number of flowers per plant

At podding stage, all new pods were tagged daily with a white string. Pod abortion, defined
as all pods that were shed off from the plant or those which were not fertile (Leport et al.,

2006), was determined at physiological maturity according to equation 2 (Vergihs et al.,

43

© University of Venda



)
o

&5 ) university of Venda
C

1999). Infertile pods consisted of small pods (diameter less than 2mm) with small, or no
seed or large pods with no seed (Leport et al., 2006). Total number of pods that were shed
off from the plant was determined by counting all white string positions where the pods were
missing. At harvest maturity, all pods from the selected 3 plants were harvested and
partitioned into pod wall and seeds. The partitioned samples were weighed and the number
of seeds per pod were counted and used to determine infertile pods. Mechanical flower and
pod abscission was negligible and hence ignored.

Total number of aborted pods per plant
Total number of pods per plant

Pod Abortion (%) = x100 3.2

3.2.3.4 Crop phenology

Days to 50% flowering was determined by counting days from date of crop emergence until
the onset of flowering period (Purushothaman et al., 2014). Onset of flowering was identified
in each plot when 50% or more of the plants had at least one open flower (Vergihs et al.,
1999). There was an overlap in flowering and podding in all plots because the genotypes
used in the study were indeterminate. Therefore end of flowering date was identified as the
date when 50% of plants in any plot had mature pods (Vergihs et al., 1999). Physiological
maturity was recorded on the day when at least 50% of pods in a plot had turned yellow
(Purushothaman et al., 2014).

3.2.4 Data analysis
Analyses of variance were performed using the GenStat statistical software version 14. The

analysis model was Planting date * Genotype * Year. Each experiment was analysed
separately. Significant differences between treatments were determined at 5% level using
the standard error of differences of means (SED). Grain yield data has been reported
elsewhere (Mubvuma et al., 2018). Also, regression plots of grain yield against flower
retention, pod abortion and number of pods per plant were developed to quantify the

magnitude of the relationships.

3.3 Results

3.3.1 Weather data

The mean temperature was around 19.45 °C in 2014 and 20.12 °C in 2015 (Fig.3.1 and 3.2).
Lowest mean temperature was 15.0 °C and 17.27 in 2014 and 2015, respectively. There
were variations in maximum and minimum temperatures experienced during vegetative and
reproduction stages by different planting date treatments over the growing seasons in the
two experiments. In experiment |, the late planting date experienced lowest mean

temperatures (17.5 °C & 19.0 °C, respectively in 2014 and 2015), and early planting
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experienced highest mean temperatures (18.6 °C in 2014 and 19.0 °C in 2015) during the
vegetative stage (Fig. 3.1 & 3.2). During the reproductive stage, in contrast, early planting
experienced lowest mean temperature (17.5°C and 18.8 °C, respectively in 2014 and 2015),
and late planting experienced highest mean temperature (18.1 °C and 20.2 °C in 2014 and
2015, respectively) (Fig.3.1 and 3.2).

In experiment two, late planting experienced lowest mean temperatures (17.6 °C and 18.0°C
in 2014 and 2015, respectively), and early planting experienced highest mean temperatures
(19.5 °C and 19.4 °C, respectively in 2014 and 2015) at the vegetative stage (Fig. 3.1 and
3.2). In contrast, early planting experienced lowest mean temperatures (20.0 °C and 18.5°C,
respectively in 2014 and 2015), and late planting date experienced highest mean
temperature (21.0 °C and 19.3 °C in 2014 and 2015, respectively) during the reproductive
stage (Fig. 3.1 and 3.2). On average, maximum temperatures at reproduction stage were
<30 °C in 2014 and <33 °C in 2015 in both experiments. Similarly, mean minimum
temperatures at reproduction stage were <12 °C (2014) and <10 °C (2015) in both

experiments.

We divided the reproductive stage into flowering and podding stages in order to be able to
analyse the prevailing temperature regimes during these critical stages of growth. During the
podding stage, highest maximum temperatures were recorded in late planted crop in
experiment one (33.2 °C) and experiment two (33.1 °C) (Table 3.1). The early planting date
had the lowest maximum temperature of 29.2 °C and 28.5 °C in experiment one and two,
respectively. The lowest minimum temperatures in experiment one and two, respectively
ranged from 13.5°C to 13.8 °C in early planted crops, and 11.0°C to 11.9 °C in late planted
crop. The mean temperatures were highest in late planted crop, being 22.6 °C in experiment
one and 22.1 °C in experiment two. In contrast, lowest mean temperatures were 21.4 °C and

21.2°C for experiments one and two respectively, recorded in early planted crop.
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Fig 3.1 Temperature variations experienced at vegetative and reproductive stages in season 1. a, b and c, respectively are vegetative,
reproduction and maturity stages of crop growth
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Fig 3.2 Temperature variations experienced at vegetative and reproductive stages in season 2. a, b and c, respectively are vegetative,

reproduction and maturity stages of crop growth
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3.3.2 Flower retention
Flower retention varied significantly with genotype (G) and year (Y) in the well-watered

experiment (Table 3.2). The cultivar ICCV 9901 had the highest (54.7%), and Range 1 the
lowest (33.5%) flower retention. Flower retention was more than 2-fold greater in 2014
(57.5%) compared to 2015 (26.4%) (Table 3.1).

In experiment Il which was irrigated only 3 times, in contrast, planting date, PD (p<0.001), G
(p<0.01), Y (p<0.001), PD x G (p<0.01), PD x Y (p<0.001) and G x S (p<0.01) affected
flower retention (Table 3.2). With normal planting, no significant differences were observed
amongst the genotypes (Fig. 3.3a). However, ICCV9901 recorded the highest flower
retention with both early and late planting, and Range 4 and Range 3 the lowest at early and
late planting, respectively (Fig. 3.3a). Flower retention was lower in 2015 compared to 2014
but the decrease in flower retention in 2015 was greater with early planting compared to
normal and late planting (Fig.3.3b). Although flower retention was, on average, greater in
2014 compared to 2015, the decrease in flower retention in 2015 varied with genotypes
(Fig.3.3c). Also, flower retention was greater (by 44.8%) in Experiment | compared to

Experiment II.

3.3.3 Pod abortion
Pod abortion was greater in 2015 (15.1%) compared to 2014 in the well-watered experiment
but the effect of planting date and genotype was not significant (Table 3.2). On average, pod

abortion was 96.6%) greater in experiment two compared to experiment one (Table 3.1).

In the limited irrigation experiment in contrast, pod abortion was significantly affected by
planting date (p<0.001), year (p<0.01), PD x G (p<0.001), PD X Y (p<0.01) and G x Y
(p<0.01); relative to the control, early sowing decreased pod abortion by 0.27% day?, and
late sowing sowing increased pod abortion by 0.29% day* (Table 3.2). However, the effect
of planting date on pod abortion was also subject to an interaction with genotype and year.
There was no significant difference in pod abortion amongst the genotypes at normal and
late planting date but Range 4 recorded the highest and ICCV9901 the lowest pod abortion
at early planting date (Fig. 3.4a). Similarly, there was no significant difference in pod abortion
between the years at late planting but pod abortion was greater in 2015 compared to 2014 at
both normal and early planting (Fig. 3.4b). Pod abortion did not vary with year in Range 3 but
was greater in 2015 compared to 2014 for the rest of the genotypes; pod abortion was
greater by 32.2% (Range 4) to 132.7% (Range 1) in 2015 compared to 2014 (Fig. 3.4c).
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Table 3.1 Effect of Planting date and Genotype on flower retention (%), pod abortion (%) and total number of pods per plant at
harvest maturity.

Experiment Treatment P (F-ratio)
EPD NPD LPD R1 R3 R4 R5 ICCV9901 S1 S2 PD G S PDXG PDxS GxS PDxGx

S

Flower retention (%)

Expl 45.2 39.3 413 33.5% 454 39.6° 36.5¢ 54.72 57.5% 26.4° ns * Frx ns ns ns ns
Exp Il 36.82 27.1° 23.3° 28.5¢ 27.9¢ 22.2¢ 31.6> 35.8° 41.6% 16.5° *** * Frx * Frx * ns
Pod abortion (%)

Expl 136 108 126 121 118 124 120 135 9.6° 15.1* ns ns il ns ns ns ns
Exp Il 20.4¢ 24.2° 28.22 253 245 27.1 24.33 20.15 19.3° 29,23 *** ns Frx * * * ns
Total number of pods per plant

Expl 74.72 66.8° 70.4> 70.6° 68.4° 71.9° 68.6° 80.5? 74.62 69.3° ** * * ns ns ns ns
Exp Il 65.62 59.5° 56.2¢ 58.7¢ 67.8% 63.8° 63.4°> 49.4¢ 59.7 612 ** Frx ns * Frx ns ns
SED (experiment |) CV% PD G S PDx G PDx S GxS PDxGxS
Flower Retention 20.1 4.19 5.42 3.42 9.37 5.93 7.65 13.25
Pod abortion 16.5 1.43 1.85 1.17 3.20 2.03 2.62 453
Number of pods per plant ~ 15.2 3.13 4.04 2.55 6.99 4.42 5.71 0.88
SED (experiment II)

Flower Retention 17.4 2.92 3.60 2.38 6.52 4.12 5.33 9.29
Pod abortion 22.9 3.13 4.04 2.55 6.99 4.42 5.71 0.88
Number of pods per plant 12.8 2.48 3.21 2.03 5.55 3.51 4,53 7.85

EPD, NPD and LPD refer to Early planting date, Normal planting date and Late planting date respectively; PD and G refer to Planting date and
Genotype, respectively; R1, R3, R4, R5 are Range 1, Range 3, Range 4, and Range 5 desi varieties. Means in the same row followed by the
same letter are not significantly different. *, **, and *** were used to show statistical significance at 0.05, 0.01, and 0.001 levels, respectively

1 EPD, NPD and LPD means Early planting date, Normal planting date and Late planting date respectively.

1, PD and G means Planting date and Genotype Respectively. R1, R3, R4, R5 are Range 1, Range 3, Range 4, and Range 5 desi varieties.
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3.3.4 Number of pods per plant.

Number of pods per plant varied significantly with planting date (p<0.01), genotype (p<0.01)
and planting season (p<0.01) in experiment one (Table 3.2). Number of pods per plant was
greater at early (74.7) compared with the control (66.8) and late (70.4) planting. However,
the difference in number of pods per plant between the control and late planting was not
significant. The number of pods per plant was, on average, greater in ICCV9901 (80.5)
compared with the rest of the genotypes (69.9) which did not differ significantly amongst
each other (Table 3.2). Number of pods per plant was greater in 2014 (74.6) compared to
2015 (69.3) planting season (Table 3.1).

In experiment I, the number of pods per plant was affected by PD (p<0.01), G (p<0.001), PD
X G (p<0.01) and PD x Y (p<0.001) but the main effect of year was not significant (Table
3.2). Relative to the control, the average number of pods per plant was greater with early
and lower with late planting (Table 3.2). In contrast to experiment |, the number of pods per
plant in was lower in ICCV9901 compared with the other genotypes (Table 3.2). The
interaction between planting date and genotype on number of pods per plant was such that
there was no significant difference in number of pods per plant amongst the genotypes at
early and late plantings but with the control, the number of pods per plant varied from 34.4
(ICCV9901) to 73.3 in Range 3 (Fig. 3.5a). Also, the number of pods per plant was subject to
an interaction between planting date and year; there was no significant difference between
the years at the normal planting date, number of pods per plant was lower in 2015 (60.8)
compared to 2014 (70.3) with early planting, but it was greater in 2015 (64.4) compared to
2014 (48.0) with late planting (Fig. 3.5b).

3.3.5 Correlations and regression relationships amongst grain yield, flower retention
and pod abortion and total number of pods per plant

Grain yield had a strong linear relationship with flower retention (R? = 0.879 & 0.714), pod
abortion (R? = 0.893 & 0.792) and total number of pods per plant (R? = 0.783 & 0.644) in
experiments | & Il, respectively (Fig. 3.6a & 3.6b). This linear relationship was positive for
flower retention (r = 0.838*** & 0.623*) and total number of pods per plant (r = 0.742* &
0.650*) but negative for pod abortion (r = 0.881*** & 0.686*), respectively in experiment | & Il
(Fig. 3.6a & 3.6b).
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3.4. Discussion

3.4.1 Flower retention

Flower retention varied with genotype in the well-watered experiment (Experiment one); this
could be attributed partly to the variation in days to physiological maturity amongst the
genotypes. The medium to late maturing kabuli cultivar, ICCV9901, had the highest flower
retention, while the lowest flower retention was observed in Range 1 which is an early
maturing desi cultivar. Previously, low flower retention in early maturing chickpea genotypes
was attributed to low levels of putrescine (Songstad et al., 1990; Shen et al., 2000; Nayyar,
2005). However, we did not determine levels of putrescine in the current study and this
needs further investigation. Our results and earlier findings (e.g., Nayyar 2005; Shen et al.,
2000) suggest that days to physiological maturity may be an indirect indicator of flower
retention amongst chickpea genotypes.

In contrast to genotype, planting date did not affect flower retention in experiment one
suggesting that exposure of chickpea crop to high temperature conditions during the
reproductive growth may not have a negative impact on flower retention if sufficient water is
available to the crop, probably because the crop is able to maintain a relatively high canopy

temperature depression (Purushothaman et al., 2014).

Flower retention was more than two-fold greater in 2014 compared to 2015; this variation in
flower retention between the years was perhaps, in part, due to the variation in maximum
and minimum temperatures during the reproductive stage between the two years. Maximum
temperature at reproduction stage was <30 °C and <33 °C in 2014 and 2015, respectively
across all the planting dates and genotypes in both experiments. In support of this,
(Devasirvatham et al. (2012) reported that temperature greater than 32 °C may reduce
flower retention in chickpea. Maximum temperature during reproductive growth in 2014 was

clearly below this threshold.

In the limited irrigation experiment, i.e., experiment I, the interaction between planting date
and genotype affected flower retention suggesting that the response of flower retention to
planting date was not consistent among the genotypes when water was limiting. This
inconsistent response could be attributed to a combination of environmental factors and
plant physiological factors such as the level of plant hormones (Diby and Harshal, 2014),
chemical inhibitors (Pang et al., 2017), gas exchange and limitations in photosynthates
(Behboudian et al., 2001); these physiological factors are genotype-specific as well as
temperature-dependent. It is apparent from our findings that the differences in maximum and

minimum temperatures observed between planting dates affected the genotypes in a
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dissimilar manner suggesting a likely variation in thermotolerance amongst the genotypes
used in the study (Nayyar and Chander, 2004; Srinivasan et al., 1999). However, this
apparent variation in thermotolerance amongst the genotypes was only observed where
water was limiting. Therefore the negative impacts of planting date on flower retention in this
region may be ameliorated through supply of sufficient moisture to the chickpea crop,
especially during the reproductive stage of growth, and hence ensure the crop maintains a
relatively high canopy temperature depression (Purushothaman et al., 2014).

Flower retention was lower in 2015 compared to 2014 but the decrease in flower retention in
2015 was greater with early planting compared to normal and late planting. The greater
flower retention in 2014 compared to 2015 was probably to lower average and maximum
ambient temperature across all genotypes during flowering in 2014 (21.0 °C & 30.7 °C)
compared to 2015 (21.8 °C & 31.4 °C), respectively (Table 1). However, the decrease in
flower retention in 2015 was greater with early planting compared to normal and late planting
probably because of the greater decrease in average and maximum ambient temperature,
respectively experienced by the early (1.4 °C & 2.1 °C) compared to the normal (0.5 °C & 0.6
°C) and late (0.5 °C & 0.4 °C) sown crop (Table 1).

The well-watered (430 mm in 2014 and 435 mm in 2015) experiment had greater flower
retention compared with the limited irrigation (175 mm and 235 mm in 201 & 2015,
respectively). In contrast, Experiment two was only irrigated three times (at planting,
flowering and podding) giving a total of 175 mm in season one, and 235mm in season two.
Although experiment Il was irrigated at flowering and at podding, it is likely that the variation
in flower retention between the two experiments was due to differences in water
management at vegetative stage (Verghis, et al., 1999). The results do not contradict earlier
findings that water stress during the reproductive stage leads to high flower abortion in
chickpea (Tay, 1992; Leport et al., 2006).

Grain yield had a strong positive linear relationship with flower retention in line with previous
findings (Zaiter and Barakat, 1995). However, this relationship was stronger in the well-
watered (R? = 0.879) compared to the limited irrigation (R? = & 0.714) experiment (Fig. 6a)
thus suggesting that any management strategy that improves flower retention may also

improve grain yield.

3.4.2 Pod abortion
2015 recorded greater (by 54.3%) pod abortion compared to 2014 in the well-watered

experiment possibly due to differences in ambient temperature during the podding stage
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between the two years. For example, average maximum temperature during the podding
stage was lower in 2014 (31.3 °C) compared to 2015 (31.9 °C) across all treatments (Table
1). It is likely that the higher maximum temperature in 2015 led to greater pod shedding. In
support of this, Devasirvatham et al. (2012, 2013) reported that the critical temperature
affecting pod set was 237 °C for heat-tolerant genotypes and >33 °C for heat-sensitive

genotypes.

Although planting pod abortion was generally lower in early compared with normal and late
sowings, this effect was not consistent among the genotypes. For example, there was no
significant difference in pod abortion amongst the genotypes in normal and late sowings but
with early sowing pod abortion was lowest in the kabuli genotype, ICCV9901 and highest in
the desi genotype, Range 4. However, we expected the late maturing genotypes (Range 4 &
5) to benefit from early sowing, and to be affected negatively by late planting (Hankison,
2015). This was based on the hypothesis that late planting would reduce growing season
length, resulting in late maturing genotypes failing to reach physiological maturity.
Consequently, immature pods would abort, resulting in high rate of pod abortion. The

possible cause of these unexpected results and needs further more in-depth investigation.

Pod abortion was generally greater in 2015 compared to 2014 but this effect varied with
planting date and genotype. There was no significant difference in pod abortion between the
years at late planting but pod abortion was greater in 2015 compared to 2014 at both normal
and early planting. The greater pod abortion in 2015 was probably due to the 10% greater
ambient temperature during podding stage in 2015 compared with 2014 (Table 1). The
significant interaction between planting date and year on pod abortion could be attributed to
the variation in temperature experienced at the podding stage by the different planting dates
with years (Mirshekari et al.,, 2012; Tsimba et al., 2013). For example, the maximum
temperatures experienced by early planting during the podding stage was greater by 3.3 °C
in 2015 compared to 2014. In contrast the ambient temperature difference experienced by
the late sowing between 2014 and 2015 was only 0.3 °C (Table 1). The results clearly show
the advantage of early planting whilst penalising late planting. Similarly, Siddique and

Sedgley, (1986) reported a 38% increase in pod abortion due to late planting.
Pod abortion had a strong negative linear relationship with grain yield but the relationship

was weaker in the limited-irrigation experiment. This may suggest that the effect of pod

abortion on grain yield may be influenced by factors such as moisture availability.

57

© University of Venda



7S
>

(o

&5 ) university of Venda
C

3.4.3 Number of pods per plant

The number of pods per plant is influenced by both flower retention and pod abortion (Zaiter
and Barakat, 1995). In our study, the variations in number of pods per plant amongst
planting dates mirrored the variations observed in flower retention amongst planting dates.
Number of pods per plant was greater at early compared with the control and late planting,
and could partly be attributed to lower ambient temperatures of 2 °C and 3 °C, respectively
recorded in early planting compared with control and late planting (Verghis et al., 1999).
Similar results have been reported in chickpea (Sivakumar and Singh, 2008; Kumar et al.,
2012) and other legumes (Chijioke et al., 2010).

The greater number of pods per plant in 2014 compared to 2015 could be attributed partly to
the lower mean temperature in 2014 (19.5 °C) compared with 2015 (20.1 °C). Mean daily
temperatures at or exceeding 15 °C have been reported to cause flower abortion (Clarke &
Siddique, 1998). Therefore it is likely that the greater flower abortion in 2015, resulting in
lower number of pods per plant, was due to the mean ambient temperature being much
greater than 15 °C in 2015.

The kabuli genotype, ICCV9901, recorded 15.2% (on average) greater number of pods per
plant compared with the rest of the genotypes which did not differ significantly amongst each
other in the well-watered experiment. This variation is likely due to a similar variation in
flower retention with genotypes; ICCV9901 recorded 30.4% greater flower retention
compared with the mean of all genotypes. Earlier, Thangwana and Ogola (2012) reported
variation in number of pods per plant with chickpea genotypes at the site of the current study
but did not give possible reasons for this variation. Other researchers concluded that the
effect of genotype on number of pods per plant in chickpea could be due to differences in
yield potential amongst the genotypes (Chijoke et al, 2010; Hasan and Deb, 2017).

In the limited irrigation experiment, the number of pods per plant also varied with planting
date but this variation was influenced by genotype such that there was no significant
difference in number of pods per plant amongst the genotypes at early and late plantings but
with the control, the number of pods per plant was lower in the kabuli genotype, ICCV9901,
compared to the desi ones. It is not clear why ICCV9901 had lower number of pods per plant
at the normal planting date but it could perhaps be due to similar lower flower retention.
Though non-significant, ICCV9901 recorded lower flower retention compared to the rest of

the genotypes at the normal sowing (Fig. 3a).
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Grain yield had a strong positive linear relationship with flower retention total number of pods
per plant in experiments but the strength of the relationship was weaker in the limited
irrigation experiment. These results clearly suggest that manipulation of any management

strategy that improves number of pods per plant will lead to greater grain yield in chickpea.

3. 5 Conclusion

The study tested the hypothesis that planting date affects flower retention, pod abortion and
number of pods per plant, and hence grain yield of five chickpea in two experiments
subjected to contrasting moisture regimes. The hypothesis has not been disapproved.
Flower retention and number of pods per plant were greater, and pod abortion lower with
early planting in both experiments. However, in the limited irrigation the effect of planting
date was subjected to an interaction with genotypes and year. Also, there was a significant
positive linear relationship between grain yield and flower retention as well as number of
pods per plant, and a negative relationship between grain yield and pod abortion. Therefore
manipulation of planting date may be an important tool for improving grain yield of chickpea
in this region. However, we recommend further more in-depth investigations using a wider

range of sowing dates.
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Chapter 4
Effect of planting date and genotype on biomass and yield of chickpea

Abstract
Manipulation of planting date and genotype selection are important management practices

for improving chickpea yield. This study assessed the effect of planting date (PD), genotype
on biomass accumulation and grain yield of five chickpea genotypes grown under different
water regimes. Two experiments were laid out in a split-plot design, with main plots
comprising of planting date (15t of May being the early planting, 14" of May as the
control/normal planting, and 28" of May being the late planting date) and chickpea
genotypes as the sub-plot factor. (Range 1, Range 3, Range 4 and Range 5) planted in
2014 and (Range 1, Range 3, Range 4 and Range 5, ICCV9901) planted in 2015 cropping
season. Experiment | was well watered throughout the season, and experiment Il was
watered three times (at planting, flowering and pod formation. Grain yield varied from 1.33 t
ha! (late planting to 1.99 t ha (early planting) in well-watered experiment and from 0.81 t
ha! (Late planting) to 1.32 t ha* (early planting) in the limited irrigation experiment. Range 4
& 5 had similar grain yield (1.75 t ha') & (1.73 t ha') which was higher, respectively
compared to Range 1(1.61 t ha') & (1.07 t ha!), Range 3 (1.62 t ha') & (1.05 t ha') and
ICCV9901 (1.39 t ha') & (0.90 t hal) in experiment | & I, respectively. Biomass was higher
in early sowing (4.83 t ha) & (3.70 t ha') compared with late sowing (4.04 t ha') & (2.69 t
ha) in experiment | & Il, respectively. Range 4 & 5 had similar biomass (4.92 t ha') & (1.15
t hal) which was higher, respectively compared to Range 1(4.35 t ha') & (2.72 t ha?) ,
Range 3 (4.24 tha') & (2.82 tha) and ICCV9901 (4.01t hal) & (2.48 t ha) in experiment
I & Il. The results clearly indicated that early planting date is the optimum sowing date for
chickpea in the region. However, further evaluation of this date is important to make definite

conclusions.
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4.1 Introduction
Chickpea (Cicer arietinum. L), also known as garbanzo (Saxena and Singh, 1987; Van der

Maesen, 1987), is an important grain legume that is ranked third amongst legumes after dry
bean (Phaseolus vulgaris) and field pea (Pisum sativum) (FAO, 2016). The diploid legume
belongs to the genus Cicer, tribe Cicereae, family Fabaceae, and subfamily papilonaceae
(Saxena and Singh, 1987; Singh and Diwakar, 1995). The crop is grown in about 63
countries (FAO, 2016) and now constitutes 20% of the world pulses production. India is the
largest producer, followed by Australia and Pakistan (FAO, 2016). In the year 2016,
chickpea was grown on 12.2 million ha worldwide, with a total production of 11. 3 million
tonnes (FAO, 2016). The average seed yield per hectare varies with production regions but it
ranges from 0.6 to 2.3 t ha. The world average seed yield is 0.86 t ha (FAO, 2016). This
yield is low compared with average seed vyield that has been reported from research trials
across the world (Siddique and Sedgeley, 1986; Kabir, 2009; Thangwana and Ogola, 2012).
The biggest challenge facing chickpea researchers is to improve chickpea grain yield at farm

level to the levels that have been reported in research trials.

The low seed yield in chickpea may be a result of several factors such as temperature stress
(Krishnamurthy et al., 2011; Devasirvatham et al., 2012), poor fertilizing, pest and diseases,
moisture stress (Leport et al., 2006) and genotype (Siddique and Sedgeley, 1986). Use of
optimum planting date is one management option that may lead to (Tsimba et al., 2013;
Fiwa, 2015) improved grain yield through environment x genotype interaction. Several
studies have reported the significance of planting date and genotype selection on biomass
and grain yield of chickpea (Bahal et al., 1984, Dixit et al., 1993, Hussain et al., 1997, Kabir
2009). For example, in Bangladesh, Kabir et al. (2009) observed that sowing time had a
significant effect on chickpea growth parameters, yield and yield components. Similar reports
have been given across the world and in different crops (Tsimba et al., 2013; Fiwa, 2015).
Planting date affects acquisition and utilisation of resources such as water and radiation in
crops (Andrade et al., 1993; Soltani et al., 2006), and influences crop source — sink balance
and the progression of how available assimilates from plant leaves (source) are translocated

to flowers or growing pods (sink) (Tsimba, et al., 2013).

Variation in planting dates may expose crops to different environmental conditions
(temperature, photoperiod and moisture) at various stages of growth and consequently affect
biomass accumulation and partitioning. For example, an early planting date in Southern
Africa during winter may expose the crop to extremely low temperatures (less than 8 ° C)

during the early reproductive stage (Nayyar, 2005; Viatcheslav et al., 2007) which may affect
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flower retention and pod abortion. In contrast, late planting of chickpea during the winter
season may result in flowering stage coinciding with high temperatures during early
reproduction period which may affect fruit set and hence chickpea yield (Wang et al., 2006).
Moreover, exposure to high temperatures in late planting will reduce chickpea growing
season length as potential evapotranspiration exceeds plant available water and because
chickpea phenology is often highly temperature responsive (Devasirvatham et al. 2012;
2013). Reduced growing season length is likely to reduce vyield. Furthermore, high
temperatures coupled with increasing day length may reduce growing cycle period by
shortening vegetative and reproduction stages (Veghis et al., 1999).

Studies also show that planting date determines the period when critical stages will take
place in plants, for example when to flower or when the crop switches over to podding stage
(Veghis et al., 1999). Knowledge of optimum planting date that minimises extreme
temperature and water stress conditions during reproduction period may increase Yyield.
Production of high and stable seed yield strongly depends on maximising yield components
with a stable harvest index (HI) (Veghis et al., 1999). However, HI for chickpea has been
reported to vary considerably with genotype and cultivars (Veghis et al., 1999) due to genetic
instability, emanating from genotype by environment interaction (Chijoke et al, 2010;
Krishnamurthy et al., 2011). Because of this instability, yield components such as number of
pods per plant, pod weight and 100 seed weight have remained low. Whether manipulation
of planting date may stabilize HI, improve yield components and increase biomass and grain
yield is not known. Although a number of studies have reported on the effect of planting date
on biomass accumulation and partitioning in chickpea in different regions (Chetia and
Kumar, 2005; Singh et al., 2005; Tenguria and Tikle, 2005; Confalone et al., 2009), hardly
any study has reported optimum planting date for chickpea that may improve and stabilize
grain yield in the region. Where planting date has been reported to affect chickpea vyield
(Tenguria and Tikle, 2005; Confalone et al., 2009), it has been difficult to separate whether
the effects were caused by temperature stress, water stress, genotype or normal seasonal
variations. We hypothesised that planting date may affect chickpea grain yield and yield
components indirectly by influencing the level of moisture and temperature conditions during
crop growth. Thus, this study was designed with two separate experiments (Exp | and Il),
one well-watered and the other one watered only three times (at planting, first flowering and
first podding stage). The overall objective was to assess the effect of planting date and

genotype on biomass and yield of chickpea crop under different water regime.
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4.2 Materials and methods

The study site, experimental design, treatments that were evaluated and agronomic
practices are described in detail in Chapter 3. In summary, two separate experiments were
conducted over two consecutive seasons at the University of Venda’s experimental farm,
which is situated at Thohoyandou (22° 58.081'S, 30° 26,411'E and 595 m asl), Limpopo
Province, South Africa.

4.2.1 Experimental design
Two separate experiments were laid out in a split-plot design, with main plots comprising of

planting date (1%, 14" and 28™ of May for early, control and late planting date, respectively).
Chickpea genotypes were assigned to sub-plots; four desi genotypes (Range 1, Range 3,
Range 4 and Range 5) in 2014, and 4 desi types and one Kabuli genotype (ICCV99010) in
2015 season. Range 1 is early maturing and has a bushy canopy structure, Range 3 and
ICCV9901 are medium maturing and have erect canopy, and Range 4 and Range 5 are late
maturing and display a prostate and an erect canopy structure, respectively.

Experiment one was well watered throughout the season, and experiment two was watered
three times (at planting, flowering and pod formation). The total amount of water applied
(including rainfall) in 2014 was 430 mm in experiment one and 175 mm in experiment two,
whilst 435 mm and 235 mm was applied in 2015 in Experiment one and two, respectively.
Variation in the total amount of water applied in 2014 and 2015 was caused by differences in

initial soil moisture.

4.2.2 Data collection
The following parameters were determined: grain yield, aboveground biomass, harvest

index, 100 seed weight, and pod weight per plant.

Aboveground biomass was measured at 14-days interval starting from 28 days after crop
emergence (DAE) until harvest maturity (HM) using destructive sampling method. At each
sample collection, all the plants from a quadrat of 0.36 m? were cut at ground level, chopped,

and oven dried at 80°C for 48 hours before recording sample dry weight (kg m).

For grain yield, all the plants from the two innermost rows of each experimental unit (2.4 m?)
were harvested (cutting the main steam at ground level) at harvest maturity and pods were
manually removed from all the harvested plants and weighed using a digital scale, to
determine pod weight per plant. The pods were subsequently threshed by hand and the
seeds were air-dried, cleaned and weighed to determine grain yield (kg ha). Sub-samples
of the seeds for each treatment were used to determine 100 seed weight (100-SW). Harvest
index was determined at harvest maturity as the ratio of grain yield to total aboveground

biomass.
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Sub-samples of the seeds for each treatment were used to determine 100 seed weight (100-
SW).

All data were subjected to analyses of variance (ANOVA) using GenStat 16" Edition.
Significant difference between treatments was determined at 5% level, using Standard error
of means (S.E.D).

4.3 Results
4.3.1 Weather data: Weather data was presented in paragraph 3.3.1

4.3.2 Pod weight

Planting date (P< 0.001), genotype (P< 0.001) and season (P< 0.001) affected pod weight in
the well-watered experiment (Table 1.3). Pod weight was 43.8% and 15% greater,
respectively in early planting compared to normal and late planting in experiment | (Table
4.1). Pod weight was lower in ICCV9901 (14.2 g plant®) compared with Range 1 (17.0 ¢
plant?!) and Range 3, 4 & 5 (average of 19.5 g plant?), and season | had 14.7% greater pod
weight compared with season 2 (Table 4.1). Similarly, the effect of planting date (P< 0.001)
and season (P< 0.001) on pod weight was significant in the drier experiment (Table 4.1).
Pod weight was 16.9% and 46.8% greater, respectively in early compared to normal and late
sowing, and season | had 30% greater pod weight compared with season 2 (13.4 vs 10.3 g
plant?) in experiment Il (Table 4.1). Neither genotype nor the interaction between treatments
affected pod weight in experiment Il (Table 4.1).

4.3.3 100 seed weight.

Planting date (P< 0.001), genotype (P< 0.001) and season (P< 0.001) affected 100 seed
weight (100-SWT) in the well-watered experiment but in the drier experiment only the effect
of season was significant (Table 4.1). 100-SWT varied from 17.7 (late sowing) to 21.0 g
plant? (early sowing), 15.3 (ICCV9901) to 19.5 g plant® (Range 4), and 17.2 (2015) to 19.8 g
plant® (2014) in experiment I, and from 14.0 (2015) to 17.5 g plant™ (2014) in experiment ||
(Table 4.1).
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Table 4.1 Effect of planting date and genotype on Pod weight per plant (grams) and 100 seed weight (grams) of chickpea.
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Experiment  Treatment P(F-ratio)

EPD NPD LPD R1 R3 R4 R5 ICCV9901 S1 S2 PD G SPDXG PDxS GxS PDxGxS
Pod weight per plant (grams)
Expl 23.02 16.0¢ 20.06 17.06 19.08 19.08 20.08 14.2¢ 20.32  17.7° = ok * ns ns ns ns
ExplIl 13.82 11.8° 9.4¢ 10.7 111 119 115 98 13.42  10.3° ** ns ok ns ns ns ns
100 seed weight (grams)
Expl 21.02 19.6° 17.7¢ 18.4° 1922 1952 1942 153¢ 19.82  17.2b ** ok ok ns ns ns ns
Expll 174 172 155 171 173 183 180 17.0 17.5° 14.02 ns ns ok ns ns ns ns

S.D.E

(experiment 1) CV% PD G S PDx G PD x S GxS PD x G x
S
100 seed weight 16.2 1.34 0.42 2.57 4.73 3.38 3.56 9.47
Pod weight 22.6 2.34 1.25 2.10 3.35 471 5.83 12.08
(experiment II)
100 seed weight 211 1.67 1.74 2.80 6.45 4.61 8.27 10.79
Pod weight 19.4 1.78 2.60 2.97 4.28 6.85 3.70 9.22

EPD, NPD and LPD refer to Early planting date, Normal planting date and Late planting date respectively; PD and G refer to Planting date and Genotype,

respectively; R1, R3, R4, R5 are Range 1, Range 3, Range 4, and Range 5 desi varieties

Means in the same row followed by the same letter are not significantly different. Means in the same row followed by the same letter are not significantly

different. *, **, and *** were used to show statistical significance at 0.05, 0.01, and 0.001 levels, respectively.
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4 .3.4 Aboveground biomass.

The effect of planting date (P< 0.001), genotype (P< 0.001) and season (P< 0.001) on
aboveground biomass was significant but the interaction between the treatments was not
significant in both experiments | & Il. Biomass was higher (by 4.3% and 19.8%), respectively
in early sowing (4.83 t ha') compared with the control (4.63 t ha) and late sowing (4.04 t
ha') in experiment | (Table 4.2). Similarly, early sowing produced greater crop biomass
(3.70 t ha*) compared with control (2.99 t ha*) and late (2.69 t ha) sowing in experiment |
(Table 4.2). Range 4 & 5 had 13.1%, 16.0% and 22.7%, respectively greater biomass
(average of 4.92 t ha') compared to Range 1 (4.35 t ha?), Range 3 (4.24 t ha') and
ICCV9901 (4.01 t ha?l) in experiment I. Similarly, aboveground biomass varied with
genotype in experiment Il from 2.48 t ha* (ICCV9901) to 3.38 t ha* (Range 5) (Table 4.2).

4.3.5 Grain yield

Grain yield varied with planting date (P< 0.05), genotype (P< 0.001) and season (P< 0.05) in
both experiments. Grain yield was higher in early sowing (1.99 t ha & 1.32 t ha'*) compared
with control (1.91 t ha' & 0.96 t ha') and late sowing (1.33 t ha? & 0.81 t ha') respectively,
in experiment | & Il (Table 4.2). ICCV9901 recorded the lowest grain yield in experiment | &
I (1.39 t ha! & 0.90 t hal, respectively), and Range 4 & 5 had highest yield in experiment |
(average of 1.75 t ha) and experiment Il (1.16 t ha') (Table 4.2). Grain yield decreased by
68% (2.81 vs 1.67 t ha') and 63% (1.34 vs 0.82 t ha') in experiment | & Il, respectively in
2015 compared with 2014 (Table 4.2). The interaction between the treatments did not affect
grain yield in both experiments (Table 4.2).

4.3.6 Harvest index

The effect of planting date (P< 0.01) and season (P< 0.01) on harvest index (HI) was
significant in both experiments (Table 4.2). HI was greater in early sowing (43 & 36%)
compared with the control (39 & 32%) and late sowing (38 & 30%) in experiment | & I,
respectively, and in 2014 (44 & 34%) compared with season 2015 (34 & 30%), respectively
in experiment | & Il (Table 4.2). Neither genotype nor the interaction between the treatments
affected HI (Table 4.2).
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Table 4.2 Effect of planting date and genotype on aboveground biomass (kgha™) and grain yield (kgha™) of chickpea crop.

Experiment  Treatment P (F-ratio)

EPD NPD LPD R1 R3 R4 R5 ICCV9901 S1 S2 PD G S PDXG PDxSGxS PDxGxS
Grain Yield (t ha)
Exp | 1992 191 133 1.62° 1.61° 1.768 1.742 1.39¢ 1912 1.67° * = * ns ns ns ns
Exp Il 1.322 096> 0.81¢ 1.07° 1.05° 1.16% 1.158 0.90° 1.342  (0.82b * = * ns ns ns ns
Biomass (t ha?)
Exp | 4832 4.63* 4.04c 4.35° 4.24> 4,892 4942 4.01° 458 313> * * il ns ns ns ns
Exp Il 3.708  2.99° 2.69.c 2.72° 2.82° 3.242 3.382 2.48c 3.232  2.14b  Awk ek % ns ns ns ns
Harvest Index (%)
Exp | 432 39b 38P 39 38 41 40 37 422 34b **ns * ns ns ns ns
Expll 362 320 30¢ 36 36 38 39 35 34a 300 ** . ns * ns ns ns ns

S.D.E

(Experiment 1) CV% PD G S PDx G PDx S GxS PD x G x
S
Grain Yield (t hat) 17.3 0.07 0.11 0.20 0.54 0.31 0.44 0.76
Above ground biomass (t hal) 25.1 0.12 0.37 0.26 0.64 0.45 0.52 0.90
Harvest Index % 131 3.0 5.0 6.0 8 11 15 10
SED (Experiment Il)
Grain Yield (t ha?) 15.5 0.14 0.07 0.12 0.28 0.20 0.23 0.41
Above ground biomass (t ha?l) 18.3 0.23 0.31 0.33 0.89 0.57 0.73 0.12
Harvest Index % 12.8 1.5 7.0 3.0 12 16 11 13

EPD, NPD and LPD refer to Early planting date, Normal planting date and Late planting date respectively; PD and G refer to Planting date and Genotype,
respectively; R1, R3, R4, R5 are Range 1, Range 3, Range 4, and Range 5 desi varieties. Means in the same row followed by the same letter are not
significantly different. Means in the same row followed by the same letter are not significantly different. *, ** and *** were used to show statistical significance

at 0.05, 0.01, and 0.001 levels, respectively
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4.4 Discussion

4.4.1 Grain yield
Grain yield varied with planting date in both the well-watered and the limited irrigation

experiments but the magnitude of the variation was not consistent across the experiments.
Delayed sowing led to a yield penalty of 41.4 kg ha* d!, and early sowing led to a yield gain
of 5.5 kg ha! d%, relative to the control in the well-watered experiment. In contrast, delayed
sowing led to a vyield penalty of 10.6 kg ha' d! (74% lower than the well-watered
experiment), and early sowing resulted in a yield gain of 26.2 kg ha* d* (3.8 times greater
than the well-watered experiment) in the drier experiment. These results suggest that the
benefits of early sowing, relative to the control, at the site of the current study are relatively
greater in water-limited compared with well-watered situations while the penalty for late
sowing is more severe under more moist conditions. The variation in grain yield with planting
date was associated with a similar variation in harvest index in line with previous studies that
show that grain yield in chickpea and other pulses is a function of dry matter accumulation
and partitioning (Davies et al., 2000; Fotiadis et al., 2017). The early sowing resulted into
larger leaf canopy, longer growing season, greater cumulative intercepted radiation and
thermal time which likely led to higher dry matter accumulation, and lower ambient
temperatures during the reproductive stage of growth which was associated with greater
flower retention. Earlier, Thangwana and Ogola (2012) observed huge differences in grain
yield between winter and summer sowings which was attributed mainly to differences in the
length of the growing season between the two sowings. In addition, the lower grain yield in
late sowings could partly be attributed to higher respiration losses since the ambient
temperatures during the reproductive were higher in late sowings (Evans, 1993; Fotiadis, et
al., 2017). Our results are comparable to the findings of Fotiadis et al. (2017) that planting
date may affect crop biomass by affecting the crop growth rate (CGR) and the length of the
growing season. Earlier, Tollenaar and Dwyer (1999) reported that the total annual dry
matter accumulation of a crop canopy is equal to the sum of the daily CGR during the

growing season.

The greater grain yield observed in Range 4 & 5 compared to the rest of the genotypes
could be attributed to their longer growing season and hence longer duration of dry matter
accumulation (Davies et al., 2000; Fotiadis et al., 2017). Range 4 & 5 are late maturing
cultivars, and they recorded greater accumulated degree days, total intercepted radiation,
and larger leaf canopy during the reproductive stage compared to the rest suggesting that

Range 4 & 5 not only accumulated dry matter over a longer duration but they also had higher
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dry matter accumulation during the reproductive growth stage. Similarly, Fotiadis et al.
(2017) concluded that dry matter accumulation after the onset of seed filling appears to be
crucial in determining the overall dry matter of chickpea at maturity. Genotypic variation in
grain yield of chickpea has previously been reported at the site of the current study
(Madzivhandila et al., 2012; Thangwana and Ogola, 2012).

Grain yield was greater in 2014 compared to 2015, possibly because of lower ambient
temperatures and hence longer growth duration in 2014 compared to 2015 (Turner et al.,
2005; Regan et al., 2006; Kalra et al., 2008; Thangwana and Ogola, 2012). Grain yield was
greater in the well-watered (432.5 mm) compared with the drier (205 mm) experiment across

the two seasons as expected.

4.4.2 Aboveground biomass
Aboveground biomass was affected by planting date and season in experiment Il. Biomass

production was reduced with delayed planting, whilst early planting improved aboveground
biomass. The low biomass in late planting may have been due to shortened growing season
length which resulted in plants accumulating inadequate temperature for biomass
accumulation (Chijioke et al., 2010). For example, the plants from late planting had lower
canopy cover, fewer sink sites and lower pod weight, indicating a hastened growth and
development process (Chaturvedi and Dua, 2003). Even their grain yield and weight of 100
seeds was low, clearly suggesting the penalty of delayed planting on biomass accumulation.
In support of this, similar reports were given by Singh et al., (2005) and (2011), who
suggested that lower biomass in late planting may be a consequence of short growing

season length.

The variation in aboveground biomass with genotype in both experiments was possibly
caused by variation in physiological days to maturity between genotypes. For instance the
greater aboveground biomass observed in late maturing Range 4 & 5 genotypes compared
to early maturing Range 1, and medium maturing Range 3 and ICCV9901 in experiment | &
Il was probably caused by their differences in growing season length. Genotypes with a
longer growing season length have been reported to accumulate greater biomass
(Chaturvedi and Dua, 2003).

The variation in aboveground biomass with season may possibly have been due to variation
in temperature between the two seasons. Season 2 experienced 10% higher maximum
temperatures than season 1 and this may have caused variation in yield. Indeed, variation in

aboveground biomass with temperature has been reported extensively in literature (Singh et
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al., 2005; Wang et al., 2006; Kalra et al., 2008; Singh et al., 2011; Devasirvatham et al.
(2012; 2013).

4.4.3 Harvest index
Harvest index was affected by planting date in both experiments, possibly because of the

differences in grain yield and biomass that was observed amongst planting dates. For
example, the lower harvest index in late planting compared to early and normal planting may
have been caused by greater biomass and lower grain yield. Even the pod weight and 100
seed weight in late planting was low, clearly indicating lower grain yield per total dry matter.
In contrast, early planting had higher harvest index and this was supported by greater pod
weight and grain yield in early planting. In support of the study results, Ganguly and
Bhattacharya (2000) reported variation in harvest index as a result of staggering planting
dates and suggested the the greater grain yield to be responsible for higher harvest index.
Indeed, a positive association of harvest index with grain yield have been reported (Sign,
1976), clearly suggesting that improvement in chickpea grain yield will improve harvest
index. Likewise, improvement in pod weight and 100 seed weight will improve grain yield

and hence harvest index.

Harvest index was also affected by planting season in both experiments possibly because of
variation in temperatures experienced by the crops in season 1 and in season 2. Season 2
experienced maximum temperatures that were 233 °C, whilst season 1 had =30 °C.
Temperatures greater than 32°C have been reported to affect flowering and pot setting
(Devarstrasthratum et al., 2012), whilst subnormal temperature has been reported to affect
harvest index (Prasad et al., 2006).

The variation in harvest index between experiment | and experiment Il could partly be due to
moisture variation between the two experiments. Experiment | had large plants with greater
biomass and many primary and secondary branches with reproductive sink sites, capable of
sustaining a larger grain yield. Similar findings have been reported in studies where
contrasting water regime has been evaluated in chickpea (Veghis et al., 1999; Anwar et al.,
2003).

Harvest index results in this study are comparable with earlier studies in chickpea (Veghis et
al., 1999) and in other crops (Prasad et al., 2006). This validate the results and make them
possibly a correct finding. However, the low harvest index observed in the study confirms the
behavior of legumes of having sufficiently high aboveground biomass, but very low grain
yield (Hay, 1995). The variation of harvest index across planting date and season clearly
indicate the instability in the parameter and suggest the existence of inconsistences in

partitioning of assimilates to the sink areas. However, the fact that genotype did not affect
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harvest index rules out genetic instability amongst the genotypes. Moreover, the results
seem to indicate that early planting date is the optimum date for chickpea in the region so as
to improve harvest index in both well-watered and moisture stress conditions. However,

further evaluation of this date is important to make definite conclusions.

4.5 Conclusion

This study aimed at determining the effect of planting date and genotype on biomass and
yield of chickpea crop under different water regime. In agreement with the study hypothesis,
planting date affected chickpea grain yield and yield components. Grain yield was higher in
early planting compared to normal and late planting in both experiments. Season 1 had
greater biomass, grain yield and harvest index compared to season 2 in both experiments.
Genotype and interaction between treatments did not affect grain yield in both experiment |
and experiment Il. Furthermore, aboveground biomass was affected by planting season in
experiment |, whilst in experiment Il, it was affected by planting date and season. Harvest
index was higher in early planting compared to normal and late planting in both experiments.
This study identified early planting date as the optimum date for planting chickpea in the
region so as to improve grain yield, pod weight and harvest index in both well-watered and
limited moisture conditions. However, aboveground biomass may not have optimum planting

date in the region and so is 100 seed weight as they were not affected by planting date.
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Chapter 5

The response of water use and water use efficiency of five genotypes of chickpea
(Cicer arietinum |.) to planting date

Abstract
This study assessed the effect of planting date and genotype on water use

(WU) and water use efficiency of grain yield (WUEg) and biomass (WUE)
production of chickpea. Two separate experiments were laid out in a split-plot
design, with main plots comprising of planting date (1, 14 & 28 May being early,
control/normal, and late planting date, respectively) and chickpea genotypes
(Range 1, Range 3, Range 4, Range 5 and ICCV99010) as the sub-plot factor.
Experiment | was well watered throughout the season, and experiment Il was
watered three times (at planting, flowering and pod formation). In comparison
to the control, late sowing decreased grain yield (by 41.4 and 10.6 kg ha* d?),
and WUEg (by 1.1 and 1.7 kg ha? mm™) in experiment | & I, respectively.
However, WU was, on average, 16% greater in late sowing compared with the
control in the well-watered experiment but this response varied with genotype
and season. In contrast, grain yield and WUEg was, on average, greater with
early sowing (1.7 t ha® & 7.7 kg ha* mm™) compared with the control (1.1 t ha*
& 7 kg hal mm™?), respectively but the differences were more pronounced in
the well-watered experiment. Clearly, sowing at the beginning of the month of
May has potential of improving chickpea productivity in this environment but
there is need to investigate the possibilities of earlier sowings.

Keywords: Planting date; Chickpea, Water use, Water use efficiency; Grain

yield.
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5.1 Introduction

Chickpea grain yield is affected by availability of moisture at various stages of growth and
development (Siddique and Sedgley, 1986; Leport et al., 2006), and the effects of moisture
stress on chickpea and other legumes vary with genotype (Siddique et al., 2001) and
planting date (Anwar et al., 2003a). Planting chickpea early or late in the season may result
in crops experiencing variation in moisture regime depending on the daily pattern of weather
elements such as temperature, Vapour Pressure Deficit (VPD) and evapotranspiration
(Siddique and Sedgley, 1986). For example, in NE South Africa where chickpea is grown
during winter, a delay in sowing, coupled with high temperatures may retard canopy growth
and promote high evaporation early in the season at the expense of transpiration during the
late stages of plant growth (Siddique et al., 2001). In contrast, early planting may allow the
crop to take advantage of residual soil moisture and promote a faster and early canopy
growth.

Therefore moisture availability for crop transpiration may potentially be increased through
early sowing which is likely to lead to a dense canopy early in the season that reduces direct
evaporation of water from the soil beneath the crop canopy (Esc). A decrease in Es, and a
concomitant increase in transpiration, is likely to lead to increase in grain yield and water use
efficiency (Ogola et al.,, 2002 & 2005). However, the effect of planting time on canopy
growth, yield formation and water use efficiency may vary with genotypes (Ogola et al.,
2013; Ogola and Thangwana, 2013) and their interaction with the environment (Tsimba et
al., 2013) partly due to variation in canopy structures and rooting depth with genotypes
(Zhang et al., 2000). Also, planting date may affect root length density and rooting pattern
and this is likely to affect soil water extraction (Benjamin and Nielsen, 2006).

Moreover, canopy and root growth as well as sink-source balance in chickpea genotypes
with indeterminate growth are generally more complicated than in determinate ones because
vegetative growth continues during reproductive development and young vegetative tissues
compete with developing seeds for assimilate supply (Turner et al., 2005). Furthermore,
manipulation of planting date provides crops with an opportunity to adapt to environmental
moisture challenges by either allowing the crops to escape, avoid or tolerate moisture stress
without a compromise on final grain yield. Also, temporal variation in assimilate supply and
partitioning, which depends on plant development and environment, has been reported in
chickpea (Turner et al., 2005; Fotiadis et al., 2017). Indeed, early maturing chickpea

genotypes may escape or avoid heat and water stress during seed filling, through better
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timed crop phenology, with early sowing resulting into greater grain yield (Siddique et al.,
2001).

However, water extraction, water use and water use efficiency in any crop may vary with
season. For example, cooler and more humid seasons with greater VPD may lead to a
decrease in crop water use and an increase in grain yield and water us efficiency (Ogola et
al., 2002). Therefore it is important to isolate the effect of planting date and genotype on
water use and water use efficiency of chickpea from the seasonal effect.

Planting date has been shown to be an important agronomic practice affecting chickpea
growth and development (Anwar et al., 2003b), productivity (Saxena et al., 1990; Singh et
al., 1997; Fotiadis et al., 2017), seed size (L6pez-Bellido et al., 2008), and water use and
water use efficiency (Anwar et al., 2003a) in the Mediterranean regions. However, there is a
dearth of information on the response of chickpea yield and water productivity to sowing time
in the sub-tropics where the crop is grown during the dry winters. Also, quantitative
information regarding the effects of chickpea planting date on soil water extraction patterns
by the crop, especially under different watering regimes is limited. Moreover, it is expected
that plants sown at different planting dates will be exposed to different temperature and
moisture regimes during the critical periods of growth. However, the documented studies (i)
did not analyse the effects of these variations on patterns of soil moisture extraction,
cumulative crop water use and the efficiency by which the crop utilizes water, and (ii) were

based solely on kabuli chickpea types.

Therefore we hypothesised that moisture regime and temperature pattern would affect water
use and water use efficiency. Thus we designed the study to have two separate
experiments, one well-watered and the other one watered only three times (at planting, first
flowering and first podding stage) repeated over two seasons. This study investigated the
effect of planting date on water use and water use efficiency of 4 desi and 1 kabuli chickpea

genotypes grown under well-watered and dryland conditions in NE South Africa.
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5.2 Materials and method

5.2.1 Study site

The study was conducted at the University of Venda’s experimental farm in Thohoyandou
(22°58.08°S and 30°26.4E, and 595m above sea level), South Africa during 2014 and 2015
winter seasons. The area receives an annual rainfall of £ 500 mm that falls predominantly in
summer; and only rain drizzle during winter which is often insignificant for crop growth and
development. The total rainfall received during the growth period of the crop was 0.21 mm
(2014) and 0.29 mm (2015). The average maximum and minimum temperatures are 31 and
18°C, respectively (Tadross et al., 2006). The site is characterised by a deep well-drained
clay soil, classified as Leptic Cambisols (Fey, 2010), and low pH, low levels of organic
carbon, total carbon (C), nitrogen (N), available phosphorus (P), low C:N ratio (Lusiba et
al.,2016). A crop rotation system that includes maize, cassava and legume is normally
practised on the farm.

5.2.2 Experimental design

Two separate experiments were laid out in a split-plot design, with main plots comprising of
planting date (1% of May being the early planting, 14" of May as the control / normal planting,
and 28™ of May being the late planting date). These planting dates were selected based on
previous studies (Mathews et al., 2009). Chickpea genotypes were used as sub-plot factor;
four desi genotypes (Range 1, Range 3, Range 4 and Range 5) were sown in 2014, and the
4 desi types and one Kabuli genotype (ICCV99010) were sown in 2015 season. Range 1 is
early maturing and has a bushy canopy structure, Range 3 and ICCV9901 are medium
maturing and have an erect canopy, and Range 4 and Range 5 are late maturing and

display a prostate and an erect canopy structures, respectively.

Experiment | was well watered throughout the season, and experiment |l was watered three
times (at planting, flowering and pod formation). The total amount of water applied (including
rainfall) in 2014 was 430 mm in experiment | and 175 mm in experiment Il, whilst 435 mm
and 235 mm was applied in 2015 in Experiment | and Il, respectively. Variation in the total
amount of water applied in 2014 and 2015 was caused by differences in initial soil moisture

in the soil.

Sowing was done manually in rows that were 30 cm apart to achieve a planting density of 33
plants m2 (Thangwana and Ogola, 2012) in both experiments and seasons. Nitrogen (N)
was applied in the form of Limestone Ammonium Nitrate (LAN 28 % N) at a rate of 40 N kg

ha and phosphorus (P) was applied in the form of Single Superphosphate (SSP 20.3 % P),
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at a rate of 50 kg P ha! (Madzivhandila et al., 2012). The experiments were kept free from

weeds throughout the season.

5.2.2 Measurements
5.2.2.1 Weather records

An automatic weather station that is approximately 100 m from the experiments was used to
record relative humidity (%), rainfall (mm), maximum and minimum air temperatures (°C),
reference evapotranspiration (mm) and solar radiation (MJ m2d?), for each day during crop
growing season. These recorded data were compared with long term average climate data
for the area. Vapour Pressure Deficit (kPa) was calculated from relative humidity and the
maximum and minimum air temperatures (°C) (Allen et al., 1998) and was used to nhormalise
WU with the aim of eliminating the effects of different seasons (Tolk and Howell, 2009). The

normalisation equations used in the study are presented in Table 5.1.
5.2.2. 2 Soil water extraction, water use and water use efficiency

Volumetric soil water content (Ve): In both experiments, soil moisture content was measured
at 7 days interval between 28 and 105 days after crop emergence (DAE) in 2014, and 28
and 102 days DAE in 2015. Measurements were conducted using a neutron probe (Model
503DR Hydroprobe, CPN International, and Martinez, California, USA). On each occasion,
the neutron probe was lowered into the access tubes that were inserted centrally in each plot
at a depth of 1.2 m. Count readings (16 seconds) were taken at soil depth of 30, 60 90 and
120 cm. Standard counts were taken before and after taking measurements and was used to
determine count ratios. Ve was calculated using the site-specific calibration equations (Ogola

and Thangwana, 2016) as shown below:

0.30 m depth: Ve = 0.0818 x + 0.0268 (5.1)
0.60 m depth: Ve = 0.3227 x - 0.2733 (5.2)
0.90 -1.20 m depth: Ve = 0.3736 x - 0.3297 (5.3)

Where x is the count ratio.

Soil moisture extraction: Soil moisture extraction was determined following the method used
by Djaman and Irmak (2012). The method assumes that in the absence of heavy rainfall and
irrigation, water extraction is indicated by the behavioural pattern of soil moisture content
during the growing period. A sudden change in soil moisture content within the root zone
depth may indicate water being extracted by plant roots. Thus in the study soil moisture
extraction was calculated at weekly time step, for each soil layer (0-30 cm, 30 — 60 cm, 60-

90 cm and 90 — 120 cm) by calculation the differences between two successive weekly soil
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moisture content recordings. The computed weekly soil moisture extraction values were then
summed up throughout the growing season to determine the seasonal total soil water

extraction, and was expressed as a percentage of the soil layer.

Water use (WU): Water use was determined using the standard water balance equation:
WU=AS+P+1+U—-D-R (5.4)

Where AS is the change in storage (difference in volumetric water content of the entire profile
between the first and last neutron probe readings), P is precipitation (mm), | is irrigation
(mm), U is upward capillary, D is drainage and R is the surface runoff (Allen et al., 1998;
Anwar et al.,, 1999). Considering the flatness of the field (less than 2% slope), negligible
rainfall and earlier studies from the same site (Ogola & Thangwana, 2013; Ogola, et al.,
2013), rate of infiltration, drainage, capillary rise and surface runoff were assumed to be
negligible. Therefore, WU was estimated as a function of change in storage, irrigation and
precipitation. The total amount of water applied in 2014 was 430 mm in experiment | and 230
mm in experiment Il, whilst 435 mm and 235 mm were applied in 2015, in Experiment | and

I, respectively.

Vapour Pressure Deficit (VPD) was used to normalise water use values (Table 5.2). VPD for
each planting date was defined as the average VPD measured during peak biomass
accumulation (Tolk and Howell, 2009); daily VPD values were regressed against interpolated
daily water use values to give the equations and the corresponding R? values shown in
Table 5.1.

Table 5.1. Equations and R? values from regression of VPD against interpolated daily WU

Experiment Regression equation R?
2014 Experiment | WU = 2.1762 VPD -1.823 0.9999
2014 Experiment Il WU = 2.0964 VPD +7.893 0.9921
2015 Experiment | WU = 2.2955 VPD -4.0004 0.9915
2014 Experiment Il WU = 2.2788 VPD -3.635 0.9830
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Water use efficiency of grain yield and of biomass (WUEy) and (WUE), respectively were

determined using equation 5 and 6.

GrainYield
WUE, = = —— (5.5)
WUEb _ Total biomass (5.6)

wu

All the collected data (soil moisture content, WU, and WUE) were subjected to analyses of
variance (ANOVA) using GenStat 17" edition, and significant differences between
treatments were evaluated at 5% level, using the Standard error of means (S.E.D). Graph
plots of water extraction were determined by excel software. Pearson’s product moment
correlation and linear regression analysis using AXLSTAT software (Addinsoft 1995-2018)

was used to evaluate the relationship between grain yield and WUE4 and WUE, and WU.
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5.3 Results

5.3.1 Summary of weather data at Thohoyandou, during the winter 2014 and 2015
cropping seasons.

The 2014 and 2015 temperature and relative humidity data for the experimental station did
not show major deviations with long term historical average, but there was a significant
decrease in rain-drizzle (90% in 2014 and 86% in 2015) over the past 24 years (Table 5.2).
During the growth period of the crop, the average maximum temperature was 27 °C and the
lowest temperature was 10 °C in the two years of study. Average VPD for the two seasons
was 2.24 kPa and 2.17 kPa in 2014 and 2015, respectively.
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Table 5.2 Weather data recorded during the trial period (May —October 2014 and 2015),
compared with 24 year average historical weather data for the trial station.

2014
Month Temp Rainfall Solar) Wind speed VPD
(°C) (mm) radiation (MIm?*day?! (ms¥?) (kPA)
May 19.56 0.02 16.98 0.43 2.23
June 17.59 0.00 15.72 0.49 2.24
July 16.81 0.03 13.88 0.43 191
August 19.17 0.02 17.78 0.67 2.31
September 21.49 0.37 20.89 0.78 2.54
October 22.06 0.83 23.75 0.88 2.25
2015
Month
May 21.11 0.00 14.84 0.36 2.14
June 17.27 0.03 12.48 0.40 1.98
July 18.36 0.02 13.05 0.53 1.99
August 19.77 0.05 15.22 0.59 2.26
September 21.63 0.75 17.98 0.45 2.27
October 22.58 0.90 17.98 0.45 2.38
1983-2007
Month
May 18.95 0.53 - - 2.19
June 18.16 0.46 - - 2.12
July 16.53 0.45 - - 1.97
August 18.33 0.25 - - 2.26
Sept 20.63 0.75 - - 2.35
October 22.18 2.22 - - 2.30

The total amount of water applied in 2014 was 430 mm in experiment | and 230 mm in
experiment I, whilst 435 mm and 235 mm were applied in 2015, in Experiment 1 and I,
respectively.*Temperature was presented as the mean temperature for the month; rainfall
was presented as cumulative totals.
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5.3.2 Soil water extraction

Planting date (PD) affected the pattern of soil water extraction in both experiments over the
two seasons (Fig 5.1 and 5.2). The late sowing extracted greater soil water (by 4% and
7.2%), respectively compared with early sowing and the control in the 0-30cm soil layer,
whilst in the 30-60cm soil layer, early sowing recorded greater soil water extraction (by 4.8%
and 4%), respectively compared to normal and late sowing in experiment in both seasons
(Fig 5.1a&c). In contrast, PD did not affect water extraction in the 60-90 cm and 90-120 cm
soil layers in experiment | in both seasons (Fig 5.1a&c). In the drier experiment, late planting
and the control extracted 4% greater water from the 0-30 cm soil layer than the early
planting (Fig 5.1b&d) in both seasons. In contrast, the early planting extracted 4.5% and
2.9% more water in the 30-60 cm soil layer, and 3.5% and 4.5% in the 60-90 cm soil layer,
respectively compared to normal and late planting (Fig 5.1b&d). PD did not affect soil
moisture extraction at the 90-120 cm depth (Fig 5.1a-d). The drier experiment extracted
more water from the 30-120 cm depths compared with the well-watered experiment (Fig
5.1a-d).

The effect of genotype (G) on soil water extraction varied with soil depths in both
experiments in 2014. Range 1 and Range 3 extracted more water than Range 4 & 5 in the O-
30 cm (by 4%) and 30-60 cm (by 3.5%) soil layers (Fig 5.2a&b). In contrast, in the 60-90 cm
(by 5%) and 90-120 cm (by 3.5%) soil layer Range 4 & 5 cultivars extracted greater water
compared to Range 1 & 3 cultivars in season (Fig 5.2a&b). In the limited irrigation in 2015,
Range 1 extracted 3% greater amount of water compared with ICCV9901, Range 3,4 & 5 in
the 0-30 cm soil layer (Fig 5.2d). In contrast, in the 30-60 cm soil depth, Range 4 & 5
extracted 3.5% more water than Range 1, 3 and ICCV9901, and in the 60-90 cm soil depth,
Range 3, 4 & 5 extracted 3.5% more water compared to Range 1 and ICCV9901 (Fig 5.2d).
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5.3.3 Crop water use

Cumulative crop water use was affected by PD, G, season (S) and the interaction between
PD & G, PD & S, and G & S but the three way interaction (PD x G x S) was not significant in
experiment | (Table 5.3). Late sowing increased WU of Range 1, 3, 4 & 5 but decreased WU
of ICCV9901 relative to the control in experiment | (Fig 5.3a). Similarly, early sowing
increased WU of Range 1, 3, 4 & 5 but decreased WU of ICCV9901 relative to the control in
experiment | but the magnitude of the differences were lower than with late sowing (Fig
5.3a). The effect of PD on WU varied with seasons; late sowing decreased WU, relative to
the control, in season |. In season I, in contrast, late sowing increased WU compared with
the control (Fig 5.3b). Also, WU was greater (by 6.4%, 5.8%, 2.4% and 4.1%, respectively in
Range 1, 3, 4 & 5) in season Il compared to season | across all genotypes but the
magnitude of the difference varied with genotypes (Fig 5.3c).

In experiment Il in contrast, only main effects of PD and S had a significant effect on water
use (Table 5.3). Early sowing recorded 1% greater WU (237 mm) compared with the control
and late sowing (Table 5.3). Also, WU was 13.9% greater in 2014 (254 mm) compared with
2015 (223 mm) (Table 5.3).

5.3.4 Water use efficiency of grain yield.

WUE, varied with PD, G, S, and the PD x S and G x S interaction in experiment | (Table
5.3). WUE4 was 11% greater in the control compared with late sowing in 2014 but there was
no significant difference in WUEg between the control and late sowing in 2015 experiment |
(Fig 5.4a). Also, early sowing increased WUEq4 by 68% compared with the control in 2015
but not in 2014 (Fig 5.4a). Genotype affected WUEg in experiment | but this effect varied with
season; WUE4 decreased in season 2 in all genotypes but the magnitude of the decrease
was greater in Range 1 (110%) compared to the rest (Fig 5.4 b).

In contrast, only G and S affected WUEy in experiment Il; WUEy was much lower in
ICCV9901 (3.0 kg ha* mm™) compared with the rest of the genotypes (average 7.7 kg ha'
mm-?t), and WUEg was 83% greater in 2014 compared with 2015 (Table 5.3).
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Table 5.3 Effect of planting date and genotype on water use efficiency of grain and biomass production

¢

0

@""““f"‘

Experiment  Treatment P (F-ratio)

2014 EPD NPD LPD R1 R3 R4 R5 ICCV9901 S1 S2 PD G S PDXGPDxS GxS PD x G x

S

WU (mm)

Expl 174> 162¢ 1882 1792 1822 1822 178> ...... 1730 1773+ ik * ik ik ik ns

ExpIl 237° 2392 2392 238 240 239 237 153 254a 2230 = ns ok ns ns ns ns

WUEg (kg hal mm?)

Expl 8.02 6.80 5.7¢ 7.32 7.0b 7.32 7.1 L 7.92 5.8b *x *x il ns *x il ns

Expll 7.4 7.2 55 7.142 832 7.3 8.0 3.0° 5.5b 3.02 ns * ok ns ns ns ns

WUE; (kg ha? mm?)

Exp!l 189 196 164 20.7 178 166 166 ...... 182 183 ns ns ns ns ns ns ns

Expll 11.8 10.8 8.3 11.82 1242 11.02 11.92 46" 13.92 8.7b ns *x il ns ns ns ns
S.D.E

(experiment 1) CV% PD G S PDx G PD x S GxS PD x G x

S

wu 5.3 2.38 3.07 1.94 5.32 3.36 4.34 7.52

WUEq 12.4 0.75 0.18 0.61 1.67 1.06 1.36 2.36

WUEb 25.6 1.68 2.17 1.37 3.76 2.38 3.07 5.32

(experiment II)

WU 11.3 0.78 1.01 0.64 1.75 1.10 1.43 2.47

WUEg 21.6 1.07 1.38 0.87 2.39 151 1.95 3.37

WUEb 22.8 1.73 2.23 141 3.87 2.45 3.16 5.47

EPD, NPD and LPD refer to Early planting date, Normal planting date and Late planting date respectively; PD and G refer to Planting date and Genotype,

respectively; R1, R3, R4, R5 are Range 1, Range 3, Range 4, and Range 5 desi varieties

Means in the same row followed by the same letter are not significantly different. Means in the same row followed by the same letter are not significantly

different. *, ** and *** were used to show statistical significance at 0.05, 0.01, and 0.001 levels, respectively.
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5.3.5 Water use efficiency of biomass production.

Water use efficiency of biomass production (WUE,) was not affected by PD, G and S in
experiment | (Table 5.3). In experiment Il in contrast, WUE, was lower in ICCV9901 (4.6 kg
hal mm™) compared with the rest of the genotypes (11.0 to 12.4 kg ha' mm?), and 60%

greater in season | compared with season Il (Table 5.3).

5.3.6 Correlations and regression relationships amongst grain yield, water use and
water use efficiency of biomass.

Grain yield and water use efficiency of grain yield and of biomass showed a strong positive
correlation, whilst water use had no correlation in both experiments | and Il (Table 5.4).
Similarly, the linear regression analysis showed that grain yield had a strong relationship
with water use efficiency of grain yield and biomass. However, the strength of the
relationships were stronger in well-watered experiment compared with experiment Il (limited
irrigation) Table 5.4).

Table 5.4 Person’s correlation and linear correlation analysis between grain yield and
WU, WUEb and WUEg under different planting dates.

Treatments Experiment | Experiment Il
Relationship r R? r R?
wu ns -0.503 ns -0.567
WUE, 0.980** 0.960 0.606** 0.662
WUEy4 0.948** 0.899 0.679** 0.712

Person’s correlation is denoted by r and linear correlation by R?. * 0.05, ** 0.01, 0.001***
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5.4 Discussion

5.4.1 Water extraction between planting dates

Soil water extraction followed a normal conical shape, particularly in the well-watered
experiment. The greater soil water extraction in late planting compared to early and normal
planting in the soil layer 0-30 cm was probably due, in part, to greater Esc since late planting
had lower canopy cover during early crop growth and indeed throughout the crop growth
period. Although water use was not partitioned into transpiration (T) and Esc in the current
study, the association of larger leaf canopy with lower Esc has been reported in chickpea
(Choma et al., 2018) and other crops (Ogola et al., 2002; 2005). In contrast to the 0-30 cm
soil depth, soil water extraction was greater in early sowing compared with the control and
late sowing in the 30-90 cm soil depth in both experiments, albeit more pronounced in the
well-watered experiment. The greater biomass and canopy cover recorded in early planting
clearly suggests that more water was required for greater dry matter accumulation (Ogola et
al. 2013; Ogola and Thangwana 2013). Soil water extraction did not vary with planting date
and was comparatively lower in the 90-120 cm in probably due to lower root density down
the profile (Merrill and Rawlins, 1979; Benjamin and Nielsen, 2006) and lower specific free
energy of the water near the surface that makes it more available than water deep in the

profile (Durieux et al., 1994).

It is not clear why Range 1 & 3 (early and medium maturing) extracted more water from the
0-30 cm depth compared to the late maturing genotypes, Range 4 & 5 as this could not be
explained by the variation in crop canopy cover. Range 1 & 3 had greater canopy cover early
in the season (up to about 49 DAE), while Range 4 & 5 had greater canopy from 63 DAE
until physiological maturity. However, the greater water extraction from the 60-90 cm soil
depth in Range 4 & 5 could be attributed partly due the larger crop canopy during the period

of maximum biomass accumulation (Ogola et al. 2013; Ogola and Thangwana 2013).

5.4 3 Water use

Cumulative crop water use varied with PD, G & S in the well-watered experiment but the
effect of PD was not consistent across genotypes and seasons. With the exception of
ICCV9901, WU was greater with both early and late sowing compared with the control in the
rest of the genotypes. The greater cumulative water use in early sowing was likely due to the

observed greater extraction of moisture from the 30-90 cm soil depth which has been
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attributed to large crop cover over a long duration (Miao et al., 2016) as well as the greater
biomass. In contrast, the increase in WU in late sowing relative to the control was probably
due, in part, to the observed greater soil water extraction in the 0-30 cm soil depth which
was associated to greater Esc since late planting had lower canopy cover during early crop
growth and indeed throughout the crop growth period. Indeed, any management practice

that increases Esc, T or both Esc and T increases crop WU (Ogola et al., 2002).

The greater water use in late sowing in season 2015 compared to 2014 was probably due to
lower crop canopy cover in the late sowing in 2015 suggesting that there was greater loss of
water through Esc (Ogola et al., 2002; 2005). In support of this, both grain yield and total crop
biomass was lower in late sowing compared with the control despite the greater WU. The
non-consistent variation in WU with genotype over the two seasons could also be partly
attributed to variation in canopy cover; although all genotypes had greater WU in season 1
compared to season 2, the late maturing genotypes (Range 4 & 5) which had larger crop
canopy cover recorded minimum WU between the two seasons. Variation in WU with
planting dates (Anwar, et al., 2003a), genotypes (Ogola et al., 2013; Ogola and Thangwana,

2013) and seasons (El-Mageed and Semid, 2015) have been reported in literature.

5.4 4 Water use efficiency of grain yield (WUEg) and biomass (WUEyp)

The relationship between biomass accumulation or grain yield and water use (Equation 5.5
& 5.6), and the assumption that the two components of WU, T and Es, are independent and
additive (Denmead, 1973) shows that WUE may be increased by increasing: the amount of
dry matter or grain yield produced per unit of water transpired; the amount of water
transpired relative to Es; and/or the total amount of water used to produce extra growth or
yield provided that this results in increased transpiration rather than simply increasing Esc
(Sinclair et al 1984; Ogola et al., 2002). In the current study, late sowing increased WUEg,
relative to the control, in 2014 but not in 2015 in the well-watered experiment. This
interactive effect was probably because late sowing increased grain yield in both seasons,
increased WU enormously in 2014, and decreased WU slightly in 2015. This suggests that
the increase in WU due to late sowing was largely due to the increase in the wasteful Esc
rather than T (Ogola et al., 2002). Although the effect of planting date on WUEG( in the drier
experiment was statistically non-significant, WUEg generally increased with early sowing,
and decreased with late sowing relative to the control; this could be attributed to the

respective increase and decrease in grain yield in early and late sowing, which was

98

© University of Venda



7S
>

(o

&5 ) university of Venda
C

accompanied by a decrease in WU in early sowing and no effect in late sowing, compared

with the control.

The generally greater WUE4 across all genotypes in 2014 compared to 2015 was likely due
to the similarly greater grain yield and lower WU in 2014. However, there was greater
decrease in WUEQ in Range 1 in 2015 compared with 2014 which was likely due to the
relatively higher increase in WU in Range 1 compared with the rest of the genotypes. The
lower WUEg in ICCV9901 compared with the rest of the genotypes in the drier experiment
could be attributed partly to the observed 18.7% lower grain yield in ICCV9901 compared
with the other genotypes, which was however, not accompanied by any genotypic
differences in WU (Table 5.3). ICCV9901 is a kabuli and the other genotypes are desi
chickpea types. Although only one kabuli compared to 4 desi genotypes were evaluated in
the current study, the lower productivity of ICCV9901 particularly under water deficit, was
probably due to relatively shorter vegetative growth time (calendar days), lower shoot
biomass and a less developed root due to the less adaptability of kabuli genotypes to
tropical environments (Purushothaman et al., 2014). However, Ogola and Thangwana

(2013) reported greater WUEg in kabuli than desi genotypes at the site of the current study.

5.5 Conclusion

This study evaluated the effect of planting date and genotype on water use and water use
efficiency of grain yield and biomass production of five chickpea genotypes. Water use,
WUE4 and WUE; varied with planting date, genotype and season but the effect of planting
date on WU was not consistent across genotypes and seasons. Clearly, manipulation of
management practices like sowing time and genotype selection may improve water and crop

productivity of chickpea.
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Chapter 6

Planting date effects. Resource use in chickpea (Cicer arietinum. L): Il Radiation use
efficiency.

Abstract
Radiation use efficiency is a crop parameter that may be used for analysing

crop productivity across diverse environments. Two field experiments, to
assess the effect of planting date on canopy cover, intercepted radiation (IR),
and radiation use efficiency of grain yield (¢g) and biomass production (&) of 5
chickpea genotypes, were conducted in 2014 & 2015 in NE South Africa.
Planting date (1, 14 & 28 May being early, control/normal, and late,
respectively) was allocated the main plots and chickpea genotypes (Range 1,
Range 3, Range 4, Range 5 and ICCV99010) the sub-plots. Experiment | was
well watered (close to field capacity) throughout the season, and experiment I
was watered three times (at planting, flowering and pod formation). Relative to
the control, late sowing decreased total IR by 12.2% (5.1 MJ m2d?) and 3.2%
(1.1 MJ m2d?) in experiment | & Il, respectively. In early sowing in contrast,
total IR was greater by 25.5% (10.6 MJ m2 d?) in experiment | and 33.5%
(11.2MJ m2d?) in experiment Il compared to the control. In comparison to the
control, €, was 13.2% lower (0.17 g MJ) and 6.2% greater (0.08 g MJ™?) in late
and early sowing, respectively in experiment |. The response of g to planting
date varied with genotype in experiment Il but was, on average, greater in early
(1.06 g MJY) compared with control (0.96 g MJ!) and late (0.90 g MJ?) sowing.
€p varied with genotype in experiment | and was subjected to the interaction
between sowing date and genotype in experiment Il. On average, Range 4 & 5,
had greater €4 (0.97 g MJ!) compared to ICCV9901 (0.90 g MJ?) and Range 1
& 3 (0.84 g MJY) in experiment I. The response of g to genotype in experiment
Il varied with planting date but was generally greater in the late maturing
varieties, Range 4 & 5. Clearly, manipulation of planting date may be used as a
tool to enhance radiation interception and the efficiency of conversion of the

intercepted radiation to yield of chickpea in this environment.
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Keywords: Canopy cover; Chickpea Genotypes; Intercepted Radiation; Kabuli,

Early and late maturing cultivars.

6.1 Introduction

Crop productivity may be analysed based on the relationship between yield and total
intercepted radiation, or that between yield and cumulative water use, categorised as solar-
driven and water-driven productivity, respectively (Steduto, 2003). Yield may be economic
(grain yield) or biological (total crop biomass) yield. Albrizio and Steduto (2005) concluded
that the relationship at the biomass level properly captures and synthesizes the optimisation
of underlying processes occurring during growth. Chapter 5 of this study focussed on the
water-driven growth. In this chapter, the focus is on solar-driven growth as illustrated in
equation 1 (Ogola, 2015).

DM = | Qiedt (6.1)

Where Q is daily incident radiation, i is fraction of incident radiation intercepted, ¢ is radiation
use efficiency (the slope of the graph representing the relationship between crop yield and

total intercepted radiation), and t is time.

It is clear from the solar driven-growth (equation 6.1) that any management practice that
increases daily incident radiation, fraction of incident radiation intercepted, radiation use
efficiency, and the duration of radiation interception will increase crop yield. Although ¢ is
considered to be fairly constant for a given crop species at a given environment, huge
variability in radiation use efficiency values under optimal conditions have been reported
(Sinclair and Muchow, 1999) and thus there is need for more comprehensive investigations
of the relationship between dry matter accumulation and radiation capture under different
management and environmental conditions. Earlier, Gullagher and Biscoe (1978) reported a
direct relationship between Y; and Photosynthetically Active Radiation (PAR), harvest index
(HI) and € (equation 6.2).

Y; = IR x €+ HI (6.2)
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Although harvest index (HI) tends to be constant and genotype-dependent (Gifford et al,
1984; Hay and Walker, 1989), some studies show that manipulation of management
practices affects biomass patrtitioning into grain yield in chickpea (Thangwana and Ogola,
2012; Fotiadis et al., 2017; Lusiba et al., 2018). Also, IR and &€ can be manipulated for yield
improvement using several management strategies such as the choice of planting date
within a season (Tsimba, 2011). This does not contradict the conclusions of Sinclair and
Muchow (1999) because changing the sowing date essentially changes the environment

under which a crop grows.

Planting early or late in the season may affect radiation capture depending on climate factors
such as temperature (Andrade et al., 1993; Soltani et al., 2006), rainfall and vapour pressure
deficit (VPD) (Kiniry et al., 1998). For example, in the southern hemisphere, early crop
growth in late sowings during winter normally coincides with winter solstice, when the sun is
furthest away from the earth, sunshine hours are shortest, and temperatures are very low
(Nautical Almanac office, 1999). In contrast, early sowing of chickpea may allow the crop to
take advantage of available radiation when winter solstice is at least 55 days from planting
date. In support of this, early plantings of chickpea in winter at the site of the current study
experienced higher temperatures (by 2 °C — 3 °C) during vegetative stage compared with
late plantings.

Also, earlier reports have shown that radiation capture is directly affected by temperature
(Muchow et al., 1990), and that low temperatures may reduce total intercepted radiation in
plants (Andrade et al., 1993; Soltani et al., 2006). Therefore manipulation of planting date
not only affects the radiation regime to which a crop grows but the temperature regime as
well. Furthermore, early sowing may result into longer growing season and hence a longer
duration of radiation interception and allow the crop to take advantage of residual moisture in
the soil (Siddique and Sedgley, 1986) and hence promote a faster and early canopy growth
which ensures greater radiation capture. Also, manipulation of sowing date may affect the
daily incident radiation, Q, indirectly by influencing the radiation regime to which a crop is

exposed.

Despite the overwhelming evidence in literature on the relationship between radiation
interception and crop growth, as illustrated in equation 6.1, large variations in €, have been
reported (Sinclair and Muchow, 1999; Albrizio and Steduto, 2005; Ogola, 2015). Therefore
there is need for further investigation of the relationship between biomass accumulation and
radiation interception and the influence of various management practices on this

relationship.
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The study hypothesised that incident radiation, moisture regime and temperature pattern
would affect radiation capture and the efficiency of utilization of the captured radiation to
produce yield. Thus we designed the study to have two separate experiments, one well-
watered, close to field capacity, throughout crop growth and the other one watered only
three times (at planting, first flowering and first podding stage). Consequently we
investigated the effect of planting date on radiation use and radiation use efficiency of five
chickpea genotypes grown under (i) well-watered conditions, and (ii) deficit-irrigation.

6.2 Materials and method

6.2.1 Experimental design

Field experiments were conducted at the University of Venda’s experimental farm in
Thohoyandou (22°58.08°S and 30°26.4'E, and 595m above sea level), South Africa in 2014
and 2015 winter seasons. The experimental details including climatic and soil characteristics
of the study location, experimental design and cultural practices have been reported in
chapter 3 but a brief description of the experimental design is given below.

Two separate experiments were laid out in a split-plot design, with main plots comprising of
planting date (1, 14 and 28 May representing early, control and late planting date,
respectively), and four desi chickpea genotypes (Range 1, Range 3, Range 4 and Range 5)
in 2014, and 4 desi and one kabuli genotype (ICCV99010) in 2015 season were assigned to
sub-plots. Range 1 is early maturing and has a bushy canopy structure, Range 3 and
ICCV9901 are medium maturing and have erect canopy, and Range 4 and Range 5 are late

maturing and display a prostate and an erect canopy structure, respectively.

Experiment | was well-watered throughout the season with the aim of keeping the plots close
to field capacity, and experiment Il was watered three times (at planting, flowering and pod
formation). The frequency of irrigation, and the total amount of water applied at each
occasion, in experiment | was based on soil moisture content that was measured periodically
using a neutron probe as explained in chapter 5. The total amount of water applied
(including rainfall) in 2014 was 430 mm in experiment | and 175 mm in experiment two,

whilst 435 mm and 235 mm was applied in 2015 in Experiment | & II, respectively.

6.2.2 Measurements
6.2.2.1 Weather records

An automatic weather station that is approximately 100 m from the experiments was used to
record relative humidity (%), maximum and minimum air temperatures (°C), and solar

radiation (MJ m2d1), for each day during crop growing season (Table 6.1).
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6.2.2.2 Biomass and grain yield

Aboveground biomass and grain yield determination are described in chapter 4.

6.2.2.3 Intercepted radiation and radiation use efficiency
The proportion of intercepted radiation (Fj) by the canopy was approximated based on the

method presented by Gallagher and Biscoe (1978) as shown in equation 6.3.
Where T; is fraction of incident radiation transmitted by the canopy (equation 4):

T, =1- (‘mwk’w) (6.4)

PARgpove canopy

The total amount of Photosynthetically Active Radiation (PAR) intercepted (IR) was

approximated using equation 5 (Anwar et al., 2003; Szeic, 1974; Jahansooz et al., 2007).
IR=F;%Q (6.5)
Where Q is daily incident radiation

PAR above and below the canopy was measured mostly at 7-day intervals between 28 and
91 days after emergence (DAE) in both 2014 and 2015. The measurement dates in both
years encompassed the vegetative as well as the reproductive (flowering, podding and
physiological maturity) stages of crop growth. The measurements were taken between 11.00
h and 13.00 h (solar noon) on clear, cloudless days using AccuPAR ceptometer (model LP-
80, Decagon Devices Ltd., Pullman, USA. When measuring PAR below the canopy, the
ceptometer was positioned between the rows in such a manner that it ran perpendicular to
the rows. PAR was taken as 50% of the incident solar radiation (Monteith and Unsworth,
1990).

Radiation use efficiency for biomass production (€») and grain yield (¢4) was calculated as
the ratio of total above ground biomass or grain yield to total intercepted radiation (equations
6 and 7).

Total aboveground biomass (g m—2)

£ (g MJY) = (6.6)

Total intercepted radiation (M] m—2)

108

© University of Venda



7S
>

(o

&5 ) university of Venda
C

& (g MJ'l) - Grain yield (g m-2) (6.7)

Total intercepted radiation (M] m—2)

6.2.3 Data analysis

Analyses of variance were performed, using the GenStat statistical package 17™ edition, to assess
the effect of planting date and genotype on proportion of radiation intercepted (Fi), the total
amount of intercepted PAR (IR), and radiation use efficiency of biomass production and grain yield
were performed. Significant differences among the treatment means were separated at 0.05
probability level using the Standard error of difference of the means (SED). Linear regression analysis
was used to evaluate the relationship between intercepted radiation and biomass as well as grain

yield.
6.3 Results

6.3.1 Summary of weather data at Thohoyandou, during winter 2014 and 2015
cropping seasons.

The maximum temperatures during vegetative growth in experiment | varied with planting
date from 25.6 °C (late sowing) to 26.6 °C (early sowing) in 2014, and 26.4 °C (late sowing)
to 27.5°C (early sowing) in 2015. Similar trend was observed in experiment Il (Table 6.1). In
contrast, maximum temperatures during reproductive growth in experiment | was greater in
late sowing (33.0 & 33.1 °C) compared with the control (30.2 & 32.4 °C) and early sowing
(30.3 & 31.2 °C), respectively in 2014 and 2015. Similarly in experiment Il, maximum
temperatures during reproductive was greater in late sowing (33.1 °C & 33.8 °C) compared
with the control (30.3 & 32.2 °C) and early sowing (30.4 & 31.6 °C) in 2014 and 2015,
respectively (Table 6.1).

The average incident solar radiation during vegetative growth in experiment | was greater in
late sowing (15.9 & 16.2 MJ m d!) compared with the control (15.6 & 15.4 MJ m2 d') and
early sowing (14.7 & 15.8 MJ m?2 d?), respectively in 2014 and 2015. Similar trend was
observed in experiment Il (Table 6.1). In contrast to vegetative stage, incident solar radiation
during reproduction stage was lower in late sowing (15.8 MJ m? d') compared with the
control (16.2 MJ m2 d?!) and early sowing (16.4 MJ m2 d?) in experiment | in 2014 but the
converse was the case in 2015 (16.2, 16.6 & 17.3 MJ m2 d?, respectively in early, the

control and late sowing) (Table 6.1). In experiment Il, however, incident solar radiation
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during the reproductive stage was lower in early sowing (14.8 & 15.9 MJ m2 d) compared
with the control (16.7 & 16.4 MJ m2 d?) and late sowing (15.4 & 17.1 MJ m?2 d!) in 2014 and
2015, respectively (Table 6.1).

Table 6.1. Maximum, and minimum temperatures recorded during vegetative and
reproductive Stages of the crop.

Crop development Tmax Tmin Solar radiation
Stage (°C) (°C) (MIm-=2day?)
2014
Experiment [ Il I Il [ Il
Vegetative stage
Early planting 26.6 264 11.1 10.8 147 139
Normal Planting 259 259 109 10.6 156 154
Late Planting 25.6 254 10.5 10.2 159 156
Flowering and podding
Early Planting 30.3 304 10.0 9.8 16.4 148
Normal Planting 30.2 30.3 10.5 10.3 16.2 16.7
Late planting 33.0 331 111 11.0 158 154
2015
Experiment |
Vegetative stage
Early planting 275 26.9 11.1 109 15.8 15.5
Normal Planting 26.9 26.6 109 10.6 154 151
Late Planting 26.4 26.2 10.5 10.3 16.2 15.9
Flowering and podding
Early Planting 31.2 316 10.0 9.9 16.2 159
Normal Planting 324 322 105 104 16.6 16.4
Late planting 33.1 338 11.1 109 173 171
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6.3.2 Proportion of intercepted radiation

The proportion of intercepted radiation (F;) varied with planting date in both experiments but
the variation was more pronounced in the well-watered than the drier experiment (Fig 6.1a &
b). Early sowing recorded greater F; compared to the rest of the dates between 49 and 91
DAE in experiment | (Fig 6.1a) and between 63 and 84 DAE in experiment Il (Fig 6.1b). The
proportion of intercepted radiation was lowest in late sowing in both experiments (Fig
6.1la&b). The maximum F; was recorded in early (92 and 60% in experiment | & II,
respectively) compared with the control (60 and 55% in experiment | & Il, respectively) and
late (51 and 46% in experiment | & Il, respectively) sowing (Fig 6.1a & b).

Also, genotype affected the proportion of IR in both experiments but the variation was
greater in experiment | compared to experiment Il; Range 4 recorded the highest peak F;in
experiment | (65%) and 1l (60%), and Range 1 (54%) & Range 3 (49%) the lowest peak Fi in
experiment | and Il, respectively (Fig 6.1c & d).

The main effect of planting date (PD), genotype (G) and year (Y) on total IR was significant
in both experiments but in experiment Il the effect of PD varied with year (Table 6.2).
Compared to the control, total IR was 25.5% (148 MJ m) greater in early sowing and 12.2%
(71 MJ m?) lower in late sowing in experiment | (Table 6.2). Similarly, relative to the control,
total IR was greater (by 33.5%; 157 MJ m?) in early sowing and lower (by 3.2%; 15 MJ m?)
in late sowing in experiment Il (Table 6.2). Also, in experiment Il, total IR was subjected to an
interaction between planting date and year; with early sowing total IR did not vary from 2014
to 2015 but with the control and late sowing, total IR was lower in 2015 compared to 2014
(Fig 6.2).

Range 4 & 5 had, on average, 19.9% (113 MJ m) greater total IR than Range 3 and

ICCV9901, and 29.1% (153.5 MJ m™) greater total IR than Range 1 in experiment | (Table
6.2). Similarly, Range 4 & 5 intercepted 9.7% (49.8 MJ m) greater total IR compared to the
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rest of the genotypes in experiment Il (Table 6.2). Also, total IR was greater by 9.7% (62 MJ
m-2) in 2014 compared to 2015 in experiment I, and by 20% (115 MJ m2) in 2014 compared
to 2015 in experiment Il (Table 6.2).
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6.3.3 Total intercepted radiation

The total intercepted radiation (IR) was 25.5% and 43.0% greater, respectively in early
planting compared with normal and late planting in experiment | (Table 6.2). Range 4 and
Range 5 had similar IR, which was however 20.7%, 18.8% and 29.0% greater, respectively
compared with Range 1, Range 3 and ICCV 9901. Furthermore, season 1 had 10.8%
greater IR compared with season 2.

In contrast, the interaction between planting date and season affected IR in experiment 1.
Season 1 and 2 had similar IR in early planting (624 MJm™) but IR was however 64.2% and
76.8% greater, respectively in season 1 compared with season 2 in normal and late planting
date, respectively (Fig 6.2). In addition, the genotype Range 5 intercepted greater IR by an
average of 25.1 %, 11.9 %, and 10.5 %, compared to ICCV 9901, Range 1, Range 3 and
Range 4 cultivars, respectively in experiment Il (Table 6.2). Experiment | had 17.7% greater
IR (606 MJ m?) compared to experiment Il (515 MJ m?).
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6.3.4 Radiation use efficiency of biomass.

Radiation use efficiency of biomass production (g,) was significantly affected by the PD
(p<0.001), G (p<0.01) and the PD x G interaction (p<0.05) in experiment | but since the main
effects of PD and G were more significant than the interactive effects, only the main effects
of PD and G are described. Relative to the control, €, was 6.2% (0.08 g MJ?) greater and
13.2% (0.17 g MJ?) lower in early and late sowing, respectively in experiment | (Table 6.2).
Also, €, varied with genotype from 1.13 g MJ* (Range 1) to 1.44 g MJ* (ICCV9901) in
experiment | (Table 6.2).

In experiment Il in contrast, €, was subjected to the interaction between PD & G (p<0.001),
PD & Y (p<0.001), and G & Y (p<0.001) (Table 6.2). The interaction between PD & G was
such that €, varied from 1.09 g MJ* (ICCV9901) to 1.39 g MJ* (Range 5) in late sowing, and
1.36 g MJ? (Range 3) to 1.83 g MJ? (Range 5) in early sowing (Figure 6.3). In addition,
there was no significant difference in €, between early sowing and the control (Figure 6.3).
Also, the effect of genotype on ¢, in experiment Il varied with year; Range 5 recorded greater
€ in 2014 compared to 2015 while the converse was true for Range 3, and no significant
differences in &, between 2014 and 2015 were observed in Range 1, Range 4 and
ICCV9901 (Figure 6.4b). Also, €, was greater in 2014 compared to 2015 in early sowing and
the control, while the converse was the case in late planting (Figure 6.4a).

116

© University of Venda



University of Venda
Creating Future Leaders

)

<o

OICCv9901 ORange 3

HRange 1

@ERange 5

M Range 4

S.E.D

(b)

B e 00 0 e 0 e 0

T_I_

B B e 1 1 1 1 A e e i
i, i, sl i i e . . ..l . . ., . . . ., . . .o, e, e, . .o, s, i, i A A

T_I_

4f‘:fc:ffc:fc:fc:ffc:fc:ff44‘:fc:ffc:fc:ff4ffififiifiiifiififiifiiiu

T_I_

T_I_

wn < o o~ — o

(i-NN8) ssewolq Jo Aduaidiysa asn uonelpey

Late Planting date

Normal Planting date

Early Planting date

Planting date

Fig 6.3 Interaction effect of planting date and genotype on radiation use efficiency of

biomass

117

ty of Venda

IVErsl

© Un



8
° (b)
S.E.D=0.173
(a) m Season 1 ;
! OSeason 2
%6
<6 S
=2 [=)]
= Y
= @
5
I o
S 4
o]
>
Y 54
>
(&)
3 =
[&) [<5)
= <7}
53 g3
= s
g 2 87
o
[¢]
24
1 1
0 0
Early Planting date  Normal Planting date  Late Planting date Range 1
Planting date

S.E.D=0.141

ICCV9901

Rang 3
Genotype

M Season 1

O Season 2

Range 4 Range 5

Fig 6.4 Interaction effect of planting date & season (a), genotype & season (b) on radiation use efficiency of biomass in experiment II.

118

© University of Venda




o]
-_—\e
University of Venda

6.3.5 Radiation use efficiency of grain yield (RUEy).

Genotype and year affected radiation use efficiency of grain yield (&g) in experiment | (Table
6.2). Range 4 & 5 recorded the highest €4 which was, on average, 7.2% (0.07 g MJ?) greater
than ICCV9901, and 15.6% (0.13 g MJ?) greater than Range 1 & 3, and g4 was 13.4% lower
in 2015 compared to 2014 (Table 6.2). In experiment Il in contrast, there was significant
main effects of PD & G (Table 6.2). Across genotypes, €5 was greater in early sowing
compared to the control and late sowing (Table 6.2). The interactive effect between PD & G
was such that no significant difference in ¢ among the genotypes was observed in the
control and late sowings but Range 4 & 5 recorded greater ¢4 compared with the rest of the

genotypes in early sowing (Table 6.2).
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Table 6.2. The response of total intercepted radiation, and radiation use efficiency of grain yield (gg) and biomass production (eb) to planting date and
genotype in 2014 and 2015

Experiment Treatment P (E-ratio)

EPD NPD LPD R1 R3 R4 R5 ICCV9901 2014 2015 PD G S PDXGPDxS GxS PDxGxS
IR (MJm?2)
Expl 728 580° 509 5286 573® 681* 682  564° 63728 5750 Hxx *ek ** ns ns ns ns
Exp Il 6252 468° 453P 505° 513° 5582 5732 529° 5732 458P kel kel el ns el ns ns
& (b gMJ?Y)
Expl 1.37% 1.29° 1.12°¢ 1.13% 1.26% 1.29®> 1.19°¢ 1.44%2 131 1.21 Fkk Hx ns * ns ns ns
Exp Il 1.56* 154 1.21° 1.32¢ 1.35¢ 150° 1.67*% 1.34° 1.45 1.42 Fkk Fkk ns Fxk Fxk Fxk ns
gg(g MJY)
Expl 0.99 0.89 0.84 0.84° 0.83° 0.94* 0.99* 0.90° 0972 0.84° ns faleed *x ns ns ns ns
ExpIl 1.06% 0.96° 0.90° 0.84°> 0.89% 0.87% 0.94*% 0.87°2 099 096  ** falalel ns ns ns ns ns

S.D.E

(experiment 1) CV% PD G S PDx G PDxS GxS PDxGxS
IR 53 30.5 39.3 24.9 68.1 43.1 55.6 96.4
&b 20.3 0.066 0.085 0.054 0.148 0.094 0.121 1.432
&g 25.6 0.078 0.101 0.064 0.175 0.111 0.143 0.609
(experiment 11)
IR 11.3 21.20 27.37 17.31 47.40 29.98 38.70 67.03
o 8.8 0.033 0.042 0.027 0.073 0.046 0.060 0.831
&g 22.8 0.083 0.080 0.068 0. 186 0.118 0.152 0.263

EPD, NPD and LPD refer to Early planting date, Normal planting date and Late planting date respectively; PD and G refer to Planting date and Genotype, respectively; R1,
R3, R4, R5 are Range 1, Range 3, Range 4, and Range 5 desi varieties.
Means in the same row followed by the same letter are not significantly different. Means in the same row followed by the same letter are not significantly different.

*,** and *** were used to show statistical significance at 0.05, 0.01, and 0.001 levels, respectively.
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6.3.6 Correlation and linear regression between IR and biomass and grain yield.

Aboveground biomass and IR showed a strong positive correlation in both experiment | and
Il (Fig.5a & b). Similarly, the linear regression analysis showed that aboveground biomass
had a strong relationship with IR. However, there was a slight variation in strength of the
relationships amongst the two experiments, with experiment | showing greater correlation
and regression slope compared to experiment Il (Fig.6.5 a & b). For example, the strength of
the correlation and regression slopes as measured by r and R?, respectively in experiment |
was 0.8510 and 0.8043 in experiment |, respectively (Fig 6.5 a), and 0.606 and 0.723 in

experiment Il, respectively.
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6.4 Discussion

6.4.1 Intercepted radiation

The greater total IR observed in early compared to normal (control) and late sowing was
partly due to the greater proportion of intercepted radiation that was recorded in the early
sowing (Figure 6.1), and the longer growth period; both days to flowering and physiological
maturity were greater in early compared to the control and late planting. The greater
proportion of intercepted radiation in early sowing was perhaps, in part, due to the observed
greater plant height and canopy size with early sowing. Although xcwe did not measure
canopy size directly in this study, it is clear from equation 6.7, famously known as the Monsi-
Saeki (1953) equation, and Figure 6.1a & b that canopy size was greater in early sowing
compared to the control and late sowing. Moreover, early sowing recorded higher peak
values of F; and also reached peak values of F; almost 14 days later than the control and late
sowing, suggesting that the early sowing recorded greater leaf area duration (Albrizio and
Steduto, 2005; Ogola, 2015).

I=le " (6.7)

Where | is light flux at any level of the canopy, |, is light flux incident to the top of canopy, L
is LAI, and K is the light extinction coefficient.

The study results are comparable to previous reports that IR is a function of incident solar
radiation, canopy size and the duration of radiation capture (Monteith and Unsworth, 1990;
Muchow et al., 1990; Haverkort, 2007). However, the early sown chickpea crop in our study
was exposed to slightly lower Q compared to the control and late sown crop (Table 6.1) but
this was more than offset by the considerably longer period of growth, hence radiation

capture, in early sowing.

The late maturing genotypes (Range 4 & Range 5) recorded greater total intercepted
radiation compared to the early (Range 1) and medium maturing (Range 3) desi genotypes
as well as the medium maturing kabuli (ICCV9901) genotype. This variation in total IR was
probably due to the variation in period of radiation capture, canopy size and plant height and
hence variation in leaf area duration (LAD). In support of this, the late maturing genotypes

reached the peak of radiation interception a week after the early and medium maturing
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genotypes suggesting a longer LAD in the late genotypes. The effect of management
practices on LAD in chickpea has been reported previously at the site of the current study
(Ogola, 2015). Earlier, Anwar et al. (2003) attributed the variation in total intercepted
radiation amongst chickpea genotypes to a similar genotypic variation in days to

physiological maturity.

The greater total IR in 2014 compared to 2015 was likely, in part, due to the 18.7% greater
incident solar radiation (Table 6.1) and the 1.6% greater growth duration in 2014 in line with
equation 6.1. Also, total IR was 44% greater in the well-watered compared to the deficit-
irrigation experiment as expected. Earlier, Azam et al. (2004) reported that irrigation

increased radiation interception in chickpea by 80%.

The correlation and regression slope showed that total intercepted radiation had a strong
positive effect on aboveground biomass, and this confirmed earlier findings by Monteith
(2977), who reported that aboveground biomass is linearly related to total intercepted
radiation. The greater correlation strength observed in well-watered experiment | compared
with the drier experiment that was irrigated three times only was expected and could have
been due to the differences in canopy cover, which varied between the experiments.
Moreover, the strength of the relationship indicated that any management strategy that

improves total intercepted radiation may also improve aboveground biomass.

6.4.2 Radiation Use efficiency of grain yield (RUEy) and of biomass (RUEy).

Radiation use efficiency (¢» & €5) was greater in the early sowing, and lower in the late
sowing, compared with the control, in both experiments. This variation in € with planting date
was similar to the observed variation in cumulative IR (Table 6.2), and biomass, grain yield
and harvest index with planting date. Likewise, Confalone et al. (2009) attributed the
variation in € with planting date to variation in intercepted radiation across planting dates.
Our results suggest that manipulation of planting date may be a useful tool in improving
grain yield of chickpea at the site of current study through its effect on cumulative intercepted
radiation, the efficiency of utilization of the intercepted radiation to assimilate biomass, and
the partitioning of the assimilated biomass into grain yield (Montheith, 1977, 1990; Kiniry et
al., 1989) as illustrated in equation 6.1. Also, the variation in € with planting date could partly
be attributed to the variation in the number of cloudy days that the different sowings were
exposed. Albrizio and Steduto (2005) concluded that the percentage of diffuse radiation,
which leads to more efficient penetration of radiation into the canopy (Hammer and Wright,

1994; Sinclair and Muchow, 1999b), is higher on cloudy days. However, we did not
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determine the number of cloudy days each sowing date was exposed to in the current study

and this needs further more comprehensive investigation in subsequent studies.

Although early sowing increased both cumulative IR and grain yield, and late sowing
decreased cumulative IR and grain yield, relative to the control, no significant differences (p<
0.05) in g5 were observed between sowing dates in the well-watered experiment. The non-
significant effect of planting date on g4 could partly be attributed to the differences in the
magnitude of the effect of PD on grain yield and total IR. For example in experiment |, early
sowing increased total IR by 25.5% (Table 6.2), and grain yield by only 4.2%, while late
sowing decreased total IR by 12.2% (Table 6.2), and grain yield by 30.4%.

The variation in g4 with genotype in both experiment | & I, could be attributed partly to similar
variation in grain yield and cumulative IR (Table 6.2) with genotype; this is in agreement with
observations from previous studies (e.g., Jha et al., 2012). However, the effect of genotype
on & in experiment | was in contrast to its effect on biomass and cumulative IR (Table 6.2).
Although the late maturing genotypes, Range 4 & 5, had 13.1 — 22.7% greater biomass
(Mubvuma et al., 2018) and 19.9 — 29.1% greater cumulative IR (Table 6.2) than the rest of
the genotypes in experiment I, they did not record the highest ¢ in this study. This suggests
that in the well-watered experiment, the greater cumulative IR in the late maturing genotypes
(which also had greater plant height and larger crop canopy) did not translate into
correspondingly greater biomass probably because part of the IR were at lower canopy

levels where irradiance limited photosynthesis (Acciaresi et al., 2014; Ogola, 2015).

In experiment Il, in contrast, the effect of genotype on ¢, was influenced by planting date.
The late maturing genotypes (Range 4 & 5) generally had greater €, in early and normal
sowings. In contrast, late sowing decreased ¢, of all genotypes but the decrease varied with
genotype; from 2.9% (0.04 g MJ?) in Range 3 to 30.1% (0.49 g MJ1) in Range 4 and was on
average (27.1%; 0.47 g MJ?) greater in late maturing genotypes. This is consistent with our
observations and earlier findings in chickpea (Jha et al., 2012) and other crops (Tsimba et
al., 2011) that late sowing leads to a reduction in the length of the growing season. A
decrease in the length of the growing season would have greater adverse effect on the late

maturing genotypes than the medium and early maturing genotypes.
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The wide variation in ¢, observed across treatments and years suggests the lack of
robustness in using the solar-driven productivity in crop growth models. Therefore further
and more comprehensive investigations on the relationship between intercepted radiation
and biomass across diverse environments are recommended. However, the linear
relationship between IR and biomass accumulation (Figure 6.5), indicates the possibility of
using the solar-driven growth engine to analyse the effects of various management practices
on chickpea productivity.

6.4.3 Conclusion

This study investigated the effect of planting date on radiation use and radiation use
efficiency of five chickpea genotypes grown under (i) well-watered conditions, and (ii) deficit-
irrigation. The proportion of intercepted radiation, total intercepted radiation and radiation
use efficiency varied with planting date and genotypes but these effects were not consistent
across the two experiments. Early sowing and the late maturing genotypes, Range 4 &
Range 5, performed better than the rest of the sowing dates, and the early and medium
maturing genotypes, respectively. Clearly, manipulation of management practices like
sowing time and genotype selection may improve radiation capture and utilisation of
chickpea.
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Chapter 7

Thermal time for development of chickpea (Cicer arietinum): response to genotype

and planting date.

Abstract
Temperature is one of the most important factors affecting chickpea yield across the world.

Therefore any management practices that manages the impact of extreme temperature
stress may improve chickpea yield. This study aimed at evaluating the effect of planting date
and genotype on thermal time for of chickpea. Two separate experiments were laid out in a
split-plot design, with main plots comprising of planting date (1% of May being the early
planting, 14" of May as the control and normal planting, and 28" of May being the late
planting date) and chickpea genotypes as the sub-plot factor. Chickpea genotypes
comprised of four desi genotypes (Range 1, Range 3, Range 4 and Range 5) planted in
2014 and five genotypes comprising of 4 desi types and one Kabuli genotype (ICCV99010)
planted in 2015 season. Experiment | was well watered throughout the season, and
experiment Il was watered three times (at planting, flowering and pod formation). AGDD was
14% and 27% greater, respectively in early planting compared with normal and late planting
date. Highest HUE4 was observed in normal planted crops (0.99 Kg ha' MJ m?) and (1.06
Kg hal MJ m), whilst the late planted crops had the lowest HUEq (0.84 Kg ha* MJ m?) and
0.90 Kg ha MJ m™), respectively in experiments | and II. Early planting recorded 16.1% and
33.3% greater plant height, respectively compared to normal and late planting in experiment
I. In contrast, plant height was affected by interaction between planting date and genotype in
experiment Il. Range 4 cultivar recorded 17% and 29% greater plant height, respectively in
early planting compared with normal and late planting. Moreover, plant height was greater in
normal compared with early and late planting in ICCV 9901 (15% and 46%, respectively),
and in Range 3 (29% and 37%, respectively). Furthermore, experiment Il had 29.4% greater
number of primary branches compared with experiment I. Clearly, management of planting

date and selection of genotype may affect thermal time of growth and fecundity in chickpea.

130

© University of Venda



7S
>

(o

&5 ) university of Venda
C

7.1 Introduction

Temperature is one of the most important abiotic factors that affect chickpea yield across the
world (Summerfield et al., 1990; Clarke and Siddique, 2004; Devasirvatham et al., 2012). It
is anticipated that impacts of climate change will be felt in form of extreme temperatures and
these may have detrimental effects on chickpea growth and yield (Koocheki et al., 2006;
Singh et al., 2014). Studies have shown that in semi-arid parts of South Africa, temperature
is expected to increase by 1.5 to 4.8 °C by 2100 (IPPC, 2014). Such increases may
substantially affect chickpea growth pattern and ontogeny (Siddique and Sedgley, 1986).
Moreover, chickpea growth and development depends on a specific amount of heat units
accumulated over time from emergence until physiological maturity (Parthasarathi et al.,
2013), thus a delay in planting chickpea could shorten its growing season length and may
perhaps result in some plants accumulating insufficient thermal units to reach physiological
maturity. The amount of heat energy chickpea accumulates over a period of time has been
found to range from 1678-1802 °C day, respectively using a base temperature range of
between 0 ° C (Soltani et al., 2006) and 8 ° C (Thangwana and Ogola 2012; Parthasarathi et
al., 2013). However, the expected increase in temperature under climate change may
ensure sufficient thermal units for crops to reach physiological maturity, even under late
planting conditions, but high temperatures are likely to hasten chickpea life cycle, and hence
lower biomass and grain yield (Summerfield et al., 1984; Clarke and Siddique, 2004;
Devasirvatham et al., 2012; Wahid et al., 2007). The highest potential yield of chickpea crop
may be achieved when growing season length is long and characterised with relatively low
temperatures (Summerfield et al., 1984). Thus manipulation of planting date to improve

growing season length may be one of the simplest ways of increasing chickpea vyield.

Planting chickpea under different dates within the same season may expose the crop to
varying temperature and water regime during critical stages of growth and development
(Siddique and Sedgley, 1986). For example, late sowing in winter season (Southern
Hemisphere) may be associated with effects of low soil temperatures which causes uneven
and slow seedling emergence (Chaturvedi and Dua 2003), reduced plant growth and poor
canopy development (Soltani et al., 2006). In contrast, early planting may expose the crop to
relatively warm temperatures during early seedling emergence stage that improves seedling
vigour, growth and development. Moreover, the rate of canopy development and leaf
expansion during early development are influenced by ambient temperature (10°C -25°C)
(Khanna-Chopra and Sinha, 1987). High temperatures at reproductive stage, experienced by
late planted crops during winter season may reduce chickpea growing season length and
consequently yield as potential evapotranspiration exceeds plant available water in the

absence of irrigation water supply. However, there is dearth of information in literature on the
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interaction of planting date and genotypes on heat use efficient and consequently the final

yield.

Tsimba et al. (2013) argued that genotypes that tolerate early temperature stress or are
adapted to cool conditions may have some comparative advantage in late sowings. In
addition, Siddique and Sedgley, (1986), reported variation in chickpea grain yield between
early and late maturing varieties and attributed that variation to temperature and moisture
conditions experienced by the crops. More recently, Chijiike et al. (2017), found that late
planting was associated with insufficient thermal time for biomass accumulation because of
reduced growing season length, particularly to late maturing genotypes. Thus, the interaction
of planting date and genotypes may affect accumulated growing degree days and heat use
efficiency in chickpea due to differences in temperature regime. Moreover, although the
effect of temperature on chickpea plant height, and number of primary and secondary
branches is well documented in literature (Siddique and Sedgley, 1986; lannucci et al., 2008;
Keatinge et al., 1998; Papastylianou et al., 2011), the magnitude of the effect of temperature
on chickpea crop yield sown on diverse dates within the same season has hardly been

reported.

The effect of planting date and genotype on AGDD, HUE, plant height and number of
primary and secondary branches has been reported in cotton (Gudadhe et al., 2013), forage
legumes (Papastylianou et al., 2011), and wheat (Ottman et al., 1997), but, there is little
evidence in literature on the effects of planting date and genotype on AGDD, HUE, plant
height and number of primary and secondary branches per plant in chickpea.

We hypothesised that sowing chickpea at different dates within the same winter season
under different watering regimes may affect accumulation of growing degree days, heat use
efficiency, plant height, number of primary and secondary branches because; (i) late planted
crops are often affected by late summer high temperatures which are likely to reduce their
plant height and nhumber of primary and secondary branches; and (ii) late planted chickpea is
normally affected by low temperatures at seedling stage which decreases accumulation of
heat units and plant height development. Chickpea winter planting season window at the
current study site is very narrow, because the crop is planted in the field that is made free
soon after harvesting the summer crop in early month of April, and this leaves out end of
April and the whole month of May as the possible sowing window for chickpea in the study
area. Although this window appears short, a wide range of variation in mean temperatures is
experienced by the crop during vegetative, and reproduction stages when planted early (1
May), normal (14 May) or late (28 May) in the study area, thus representing a good spread

of temperatures for investigation. Therefore the objective of the study was to determine the

132

© University of Venda



7S
>

(o

&5 ) university of Venda
C

effect of planting date and genotype on accumulation of growing degree days, heat use
efficiency, plant height, and number of primary and secondary branches per plant of

chickpea.
7.2 Materials and method

7.2.1 Background
The study site, experimental design, treatments and planting details are described in

Chapter 3. In summary, two separate experiments were laid out in a split-plot design, with
main plots comprising of planting date (1% of May being the early planting, 14™ of May as the
control / normal planting, and 28" of May being the late planting date). These planting dates
were selected based on previous studies (Mathews et al., 2009). Chickpea genotypes were
used as sub-plot factor; four desi genotypes (Range 1, Range 3, Range 4 and Range 5)
were sown in 2014, and 4 desi types and one Kabuli genotype (ICCV99010) were sown in
2015 season. Range 1 is early maturing and has a bushy canopy structure, Range 3 and
ICCV9901 are medium maturing and have an erect canopy, and Range 4 and Range 5 are
late maturing and display a prostate and an erect canopy structure, respectively.

Experiment | was well watered throughout the season, and experiment |l was watered three
times (at planting, flowering and pod formation). The total amount of water applied (including
rainfall) in 2014 was 430 mm in experiment one and 175 mm in experiment two, whilst 435
mm and 235 mm was applied in 2015 in Experiment one and two, respectively. Variation in
the total amount of water applied in 2014 and 2015 was caused by differences in initial soll

moisture.

7.2.2 Experimental Data Collection

a) Weather records: An automatic weather station that is already established at the
experimental site (approximately 100 m from the experiments) was used to record rainfall
(mm), maximum and minimum air temperatures (°C), Heat units (°C day?), cold units (°C

day?) and relative humidity (%) for each day during the trial period.

b) Number of primary and secondary branches per plant and plant height were all
determined at physiological maturity. 10 plants in each plot were selected at random for
these measurements. Plant height was measured in centimetres using a garden tape
measure. The measurements were conducted from the ground level up to the shoot apex
(Heady, 1957).
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7.2.2.1 Calculation of growing degree days
Growing degree days (GDD) was calculated using maximum and minimum temperatures
recorded during the study period from a weather station established at the experiment

station as shown in equation 7.1 (Allen et al., 1998).

TmaxtTmin
GDD = mex—min T, ., (7.1)

Where, Tmax is the maximum temperature for the day, and T min is the minimum temperature
for the day, Toase IS the temperature below which no growth takes place and was taken as
8°C for this study (Thangwana and Ogola 2012). GDD units were calculated for each day
from the date of planting until date of physiological maturity and summed up to give one

cumulative heat units value (AGDD).

7.2.2.2 Calculation of heat use efficiency (HUE)

Heat use efficiency was calculated using equation 7.2 (Rao etal., 1999).

GrainYield (kg ha™")
Growing Degree days (oc_day—l)

Heat Use Ef ficiency = (Kg ha! °C day?) (7.2)

Grain yield data presented in chapter 4 was used use to ¢

7.2.3 Data analysis

Analysis of variance was performed using the GenStat statistical package 17" edition.
Significant differences among the treatment means (plant height, number of primary and
secondary branches, GDD, and HUE) were evaluated at P<0.05. A Pearson’s product-
moment correlation test was conducted to evaluate the relationship between grain yield and

plant height, number of primary and secondary branches, AGDD and HUE.
7.3 Results

7.3.1 Weather data

At flowering stage, early planting experienced lowest mean temperatures (20.2 °C and 21.4
°C, respectively in season one and season two) (Table 1), whilst late planting experienced
highest mean temperature (21.8 °C and 22.5 °C in season one and season two, respectively)
in experiment one. Similarly, in experiment two, early planting experienced lowest mean
temperatures (20.2 °C and 21.6 °C, respectively in season one and season two), whilst late
planting date experienced highest mean temperature (21.9 °C and 22.4 °C in season one
and season two, respectively). Maximum temperatures at flowering stage were <30 °C in

season one, whilst in season two they were <33 °C in both experiments. Similarly, mean
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minimum temperatures at flowering stage were <11 °C in early planting, whilst in late
planting they were <10°C in both experiments.

During the podding stage, highest maximum temperatures were recorded in late planted
crop in experiment one (33.2 °C) and experiment two (33.1 °C) (Table 1). The early planting
date had the lowest maximum temperature of 29.2 °C and 28.5 °C in experiment | and I,
respectively. The lowest minimum temperatures in experiment | and Il, respectively ranged
from 13.5 °C to 13.8 °C in early planted crops, and 11.0 °C to 11.9 °C in late planted crop.
The mean temperatures were highest in late planted crop, being 22.6 °C in experiment | and
22.1°C in experiment Il. In contrast, lowest mean temperatures were 21.4°C and 21.2 °C for
experiments | and Il respectively, recorded in early planted crop.

Furthermore, there were variations between day and night temperatures in both experiment |
and Il (Fig 7.1 a & b). Season Il had greater temperature differences between day and night
(by 5.8%, 6.0% and 6.0%), respectively in early, normal and late planting in experiment I,
whilst, in experiment Il season Il had greater temperature difference (by 2%, 4.6% and

4.6%), respectively in early, normal and late planting in experiment Il.
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Table 7.1. Average temperatures recorded during flowering and podding stages

Tmax (OC) Tmin (OC) Tmean (OC)
Experiment One Two One Two One Two
Flowering Stage
Season 1
Early Planting date 28.7 27.9 11.7 12.5 20.2 20.2
Normal Planting date 30.1 30.6 11.1 11.0 20.6 20.8
Late Planting date 33.3 33.5 10.0 8.7 21.8 21.9
Season 2
Early Planting date 29.9 30.0 13.3 12.7 21.4 21.6
Normal Planting date 32.0 31.2 10.8 11.4 21.7 21.3
Late Planting date 33.0 33.1 10.0 9.7 22.5 22.4
Podding Stage
Season 1
Early Planting date 29.2 28.5 13.5 13.8 21.4 21.2
Normal Planting
date 31.4 31.2 12.6 12.3 21.9 21.8
Late Planting date 33.2 33.1 11.9 11 22.6 22.1
Season 2
Early Planting date 30.1 31.8 14.1 13.9 22.1 22.9
Normal Planting
date 31.8 30.9 134 12.6 22.6 21.8
Late Planting date 33.7 33.4 12.5 11.7 23.1 22.6
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Fig 7.1 Temperature differences between day and night during vegetative stage. Graph a. experiment |, b. experiment II.
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7.3.2 Plant height at physiological maturity stage.
Plant height varied significantly with planting date, but was not affected by the main effects

of genotype and season as well as the interaction between treatments in experiment | (Table
7.2). Early planting recorded 16.1% and 33.3% greater plant height, respectively compared
to normal and late planting in experiment |. In contrast, plant height was affected by the
interaction between planting date and genotype in experiment Il (Fig 7.2). Range 4 cultivar
recorded 17% and 29% greater plant height, respectively in early planting compared with
normal and late planting (Fig 7.2). Similarly, plant height was 29% and 37% greater,
respectively in early planting compared with normal and late planting in Range 5 cultivar. In
contrast, Range 1 recorded similar plant height in early and late planting which was however
19% greater compared with normal planting. Plant height was greater in normal compared
with early and late planting in ICCV9901 (15% and 46%, respectively), and in Range 3 (29%
and 37%, respectively).

On average, experiment | had 58.3% greater plant height compared to experiment Il.

7.3.3 Number of primary branches at physiological maturity stage.

Planting date, genotype and season did not affect number of primary branches in experiment
| (Table 7.2). In contrast, the number of primary branches was affected by the interaction
between planting date and genotype, genotype and planting season in experiment Il (Fig 7.3
a & h). Range 5 cultivar had 33% and 100% greater number of primary branches,
respectively in early planting compared with normal and late planting (Fig 7.3 a). Similarly,
number of primary branches was greater in early planting compared with normal and late
planting in Range 4 (63% and 160%, respectively), and Range 3 ( 33% and 33%,
respectively). However, in early maturing genotype (Range 1), the number of primary
branches was 80% and 50% greater, respectively in normal planting compared with early
and late planting. Primary branches in ICCV9901 did not vary with planting. Furthermore, the
genotypes, Range 1, ICCV9901, Range 3 and Range 4 and Range 5, respectively had
significantly 75%, 11%, 80%, 100% and 60% greater number of primary branches in season
1 compared with season 2 (Fig 7.3 b). Experiment Il had 29.4% greater number of primary

branches compared with experiment I.
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Table 7.2 Effect of planting date and genotype on plant height, and number of primary and secondary branches (per plant).

Experiment  Treatment P (F-ratio)

2014 EPD NPD LPD R1 R3 R4 R5 ICCV9901 S1 S2 PD G S PDXGPDxS GxS PD x G x
S

Plant height (cm)

Expl 462 41° 27¢ 43 40 43 44 38 39 37 b ns ns ns ns ns ns
Expll 282 302 200 23 23 25 25 24 25 23 ok ns ns fid ns ns ns
Number of primary branches

Expl 5 6 6 6 6 5 6 5 5 6 ns ns ns ns ns ns ns
Expll 6 8 8 6 9 7 8 7 8 7 ns ns ns *x ns *x ns

Number of secondary branches

Expl 10 9 9 9 8 9 10 8 10 9 ns ns ns ns ns ns ns
Expll 5 7 7 1d 5¢ 92 7° 102 7 6 ns * ns ok ns * ns
S.D.E

(experiment 1) CV% PD G S PDx G PD x S GxS PD x G x
S
Plant Height 20.8 3.3 4.3 2.7 7.5 4.7 6.1 10.6
Primary Branches 20.1 1.0 1.3 0.8 2.3 1.4 1.8 3.2
Secondary Branches
(experiment 1) CV% PD G S PDx G PD x S GxS PD x G x
S
Plant Height 27.5 25 3.3 2.07 5.7 3.4 4.6 8.0
Primary Branches 6.3 1.1 1.4 0.9 25 1.6 21 3.6
Secondary 10.0 1.8 1.3 15 4.0 25 3.3 5.7
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EPD, NPD and LPD refer to Early planting date, Normal planting date and Late planting date respectively; PD and G refer to Planting date and Genotype,
respectively; R1, R3, R4, R5 are Range 1, Range 3, Range 4, and Range 5 desi varieties. Means in the same row followed by the same letter are not
significantly different. Means in the same row followed by the same letter are not significantly different. *, **, and *** were used to show statistical significance
at 0.05, 0.01, and 0.001 levels, respectively.
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Fig 7.2 Interactive effect of planting date and genotype on plant height in experiment Il.
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Fig 7.3 Interactive effect of; (a) planting date x genotype, (b) genotype x season on number of primary branches per plant.
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7.3.4 Number of secondary branches at physiological maturity stage.

Genotype, planting date and season did not affect the number of primary branches in
experiment | (Table 7.2). In contrast, the effect of genotype, planting date x genotype and
genotype x season was significant in experiment Il (Table 7.2). ICCV 9901 cultivar had 63%
and 117% greater number of secondary branches, respectively in early planting compared
with normal and late planting in experiment Il (Fig 7.4 a). Similarly, number of secondary
branches was greater in early planting compared with normal and late planting in Range 3
(11% and 67%, respectively), Range 4 (70% and 143%, respectively), Range 5 (71% and
143%, respectively). In contrast, the number of secondary branches were greater in normal
planting compared with early and late planting in Range 1 (50% and 200%, respectively) (Fig
7.4 a). The early maturing cultivar (Range 1), together with medium to late maturing cultivars
Range 3 and ICCV9901 had similar number of primary branches per plant, respectively in
both seasons, whilst the late maturing cultivars (Range 4 and 5) had 160% and 71% greater
number of primary branches in season 1 compared with season 2 (Fig 7.4 b). In addition,

experiment Il had greater number of primary branches compared with experiment I.
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7.3.5 Accumulated growing degree days of chickpea.

AGDD was affected by the main effects of planting date, genotype and planting season in
experiment |. The interaction between treatments was not significant (Table 7.3). AGDD was
14% and 27% greater, respectively in early (2194 °C days) compared with normal (1917 °C
days) and late sowing (1757 °C days). Range 4 and 5 cultivars had the highest AGDD (2003
°C days), which was however 5%, 4% and 3% greater, respectively compared to Range 1
(1916 °C days), Range 3 (1920 °C days) and ICCV9901 (1935 °C days). Season 1 (1988 °C
days) had 3% greater AGDD compared to season 2(1922 °C days).

In experiment Il, in contrast, planting date (P< 0.001), genotype (P< 0.001), season (P<
0.001) as well as planting x genotype (P< 0.001), planting date x season (P< 0.001) and
genotype x season (P< 0.001) affected AGDD (Table 7.3). AGDD was greater with early
compared with normal and late planting in Range 1 (8% and 27%, respectively), ICCV 9901
(6% and 24%, respectively), Range 3 (7% and 27%, respectively), Range 4 (9% and 33%,
respectively) and Range 5 (10% and 33%, respectively. AGDD varied with all genotypes in
early and normal planting but was similar in late planting date (Fig 7.5 a). Moreover, AGDD
was 5% and 23% greater in early compared to normal and late planting, respectively in
season 1 (Fig 7.5 b). In contrast, AGDD was 23% and 29% greater in early planting
compared with normal and late planting, respectively in season 2. Also, Range 3, Range 4
and Range 5 had greater AGDD (by 7%, 7%, 10%, and 8%) in season 1 compared with
season 2, whilst Range 1 had greater AGDD by 7% in season 2 compared with season 1
(Fig 7.3 ¢). Experiment 1 had 18.6% greater AGDD compared with experiment Il.

7.3.6 Heat use efficiency of grain yield

The effect of planting date (P< 0.001) and genotype (P< 0.001) on HUE4 was significant in
both experiments | & Il. HUEy was greater (by 11.2% and 17.9%), respectively in normal
sowing (0.99 Kg hal MJ m?) compared with early (0.89 Kg ha! MJ m?) and late sowing
(0.84 Kg ha' MJ m?) in experiment | (Table 7.3). Similarly, normal sowing produced greater
HUE, (1.06 Kg ha! MJ m2) compared with early 0.96 Kg ha® MJ m?) and late 0.90 Kg ha
MJ m2) sowing in experiment Il (Table 7.3). Range 4 had the highest HUE4 1.30 Kg ha* MJ
m2), which was greater (by 75.7%, 85.7%, 56.7% and 54.8%), respectively compared to
Range 1 (0.74 Kg ha* MJ m?), Range 3 (0.70 Kg ha MJ m?2), Range 5 (0.83 Kg ha® MJ m
2) and ICCV9901 (0.84, Kg ha MJ m) in experiment I. In contrast, All genotypes (Range 1,
3, 4 and 5) had similar HUE,, (0.88 Kg ha* MJ m) which was 15.8% greater than cultivar
ICCV9901 (0.76 Kg ha' MJ m) in experiment Il. The interaction between treatments did not
affect HUE4 in both experiments. Season 2 had greater HUEy, (0.97 Kg ha! MJ m?)
compared with season 1 (0.84 Kg ha® MJ m?) in experiment I, whilst season 1 had greater
HUE,, (0.99 Kg ha* MJ m?) compared to season 2 (0.96 Kg ha' MJ m?) in experiment II.
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Table 7.3. Effect of planting date and genotype on AGDD (oC days) and HUE (Kg ha'°C days™).

Experiment Treatment P (F-ratio)

2014 EPD NPD LPD R1 R3 R4 R5 ICCV9901 S1 S2 PD G S PD X G PD x S G x S
PDxGxS

AGDD (°C days)

Expl 21942 1917° 1757¢ 1916°¢ 1920°¢ 20042 20022 1935° 19882 19220 *xx ok ko ns ns ns ns

Exp Il 18532 1622° 1469° 1636° 1648° 16632 16652 1637°¢ 1587° 170923 *** *kk rkk rkk rkk rkk ns

HUE, (Kg ha'°C days™?)

Expl 0.89> 0.992 0.84° 0.74° 0.70° 1.30® 0.83> 0.84° 0.84° 0.973 *** *kk ns ns ns ns ns

Exp Il 0.96° 1.062 0.90¢ 0.892 0.882 0.85% 0.882 0.86% 0.99% 0.96° ** *kk ns ns ns ns ns

S.D.E

(experiment 1) CV% PD G S PDx G PDx S GxS PDxGxS

AGDD 1.3 6.3 8.2 5.2 14.1 8.9 115 20.0

HUE, 11.1 0.015 0.043 0.073 0.041 0.80 0.90 0.60

(experiment II)

AGDD 18.7 3.4 4.4 2.8 7.7 4.8 6.2 10.8

HUE, 12.9 0.04 0.03 0.02 0.5 0.6 0.8 0.9

EPD, NPD and LPD refer to Early planting date, Normal planting date and Late planting date respectively; PD and G refer to Planting date and

Genotype, respectively; R1, R3, R4, R5 are Range 1, Range 3, Range 4, and Range 5 desi varieties

Means in the same row followed by the same letter are not significantly different. Means in the same row followed by the same letter are not
significantly different. *, ** and *** were used to show statistical significance at 0.05, 0.01, and 0.001 levels, respectively
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7.3.7 Correlation and regression relationships between grain yield and plant height,
number of branches per plant, AGDD and heat use efficiency of grain yield.

Heat use efficiency and AGDD showed a strong positive correlation with grain yield in
experiments | & Il (Fig 7.6), whilst plant height and the total number of branches per plant
had a fair correlation with grain yield (Fig 7.7). The strength of the correlation and regression
slopes as measured by r and R?, respectively in experiment | was (0.8160 & 0.7865) for heat
use efficiency of grain yield, (0.7951 & 0.7400) for AGDD, (0.6441 & 0.6926) for plant height,
and (0.6601 & 0.6376) for total number of branches per plant. Likewise, r and R? values,
respectively in experiment Il was (0.8160 & 0.7865) for heat use efficiency of grain yield,
(0.6832 & 0.6511) for AGDD, (0.5372 & 0.5622) for plant height, and (0.6528 & 0.6209) for
total number of branches per plant. Furthermore, the associated increase in Plant height,
total number of branches, AGDD and heat use efficiency of grain yield resulted in an

increase in grain yield in both experiments.
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7.4 Discussion

7.4.1 plant height.

The variation in plant height with planting date was partly caused by temperature fluctuations
between day and night, which also varied with planting dates. The greater temperature
difference between day and night observed in early planting compared to late planting may
have resulted in highest plant height in early planting compared to the rest, with late planting
recording the lowest height (Berghage, 1998). In addition, the lower plant height in early
maturing genotypes (Range 1) could partly have been due to the cultivars’ shorter days to
maturity. In support of this, much earlier, Yadav et al. (1999) reported reduced plant height in
late planting and suggested shorter days to physiological maturity as the probable cause of
poor height. Similar findings were also reported by Devasirvatham et al, (2012b).

In the limited irrigation experiment, the interaction between planting date and genotype also
affected plant height. The nature of the interaction was in such a way that all genotypes
except ICCV9901 had greater plant height in early planting compared to normal and late
planting, whilst ICCV9901 had greater plant height in hormal planting date. This interaction
was probably due to a combination of day and night temperature variations between planting
dates and variation in genetic factors amongst the genotypes. For instance, the greater
plant height in normal planting compared to other planting dates recorded in ICCV9901
could be due to genetic factors (e.g. plant hormones) responsible for plant height in plants.
Plant height is genetically influenced by genotypes but may also depend on environmental
factors such as temperature (Berghage, 1998), moisture and growing season length (Singh
et al., 1997).

Moreover, the variation in plant height between experiment | and experiment Il was possibly
due to variation in moisture availability in the two experiments. Experiment | had 86% greater
water use compared to experiment 1l because of added irrigation water (430 mm in season 1
and 435 in season 2). Thus, the limited water application in experiment Il may have caused
low growth in plants, leading to low plant height. In support of this, Sharma and Piri (2006)

reported that irrigation application improved plant height compared with non-irrigated crops.

7.4.2 Number of primary and secondary branches.
The greater number of primary branches observed in early compared to normal (control) and

late sowing in experiment |l was partly caused by differences in temperature experienced by
in different planting dates. For example, the early and late planting dates experienced a
temperature variation of between 2-3 °C during the vegetative stage, which could have

substantially affected branch initiation and development (Auld et al, 2011). Indeed,
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temperature is an important factor in the formation and development of branches in plants
(Kunshal et al, 2011; Kiran and Chimmad, 2015).

The late maturing genotypes (Range 4 and Range 5) recorded greater number of primary
branches compared to the early (Range 1) and medium maturity (Range 3) desi genotypes
as well as the medium maturity Kabuli (CCV9901) genotype. This variation in primary
branches was probably due to variation in bud dormancy, a condition that is partly promoted
by water stress and hence greater concentration of ethylene hormones. Although we did not
measure concentration levels of hormones in the plants, the greater temperature coupled
with water stress justified accumulation of ethlyne hormones and dormancy of buds. The role
of temperature in bud dormancy and branch development in plants has been reported in
literature (Kiran and Chimmad, 2015). In addition, variation in number of branches per plant
in chickpea grown under different planting dates has been reported in literature, and genetic
variation and differences in temperature amongst planting dates have been suggested as
some of the causes of the variation (Brar et al., 2004; Kiran and Chimmad (2015;
Krishnamurthi et al., 2010).

It was quite intresting to note that cultivars which produced greater number of primary
branches had lower number of secondary branches and vice versa. This condition was
probably as results of problems in partitioning of photo assimilates between primary and
secondary branches (Berghage, 1998). For example, plants with greater primary branches
failed to sustain greater number of secondary branches whilst plants with lower number

primary branches were able to sustain greater number of secondary branches.

The greater number of secondary branches in experiment | compared with experiment Il and
vice versa for the number of primary branches was possibly due to variation in moisture
availability in the two experiments. The results are consistent with earlier results in other
crops (mustard), where application of irrigation was shown to reduce primary branches and

increase the number of secondary branches per plant (Sharma and Piri, 2006).

7.4.3 Accumulated growing degree days (AGDD)
The significant variation in AGDD amongst planting date treatments in experiment | may

suggests that different planting date treatments received different temperature conditions
during their growth and development phases. It was evident from temperature results that
each planting date treatment experienced at least 1.5°C to 2°C different temperatures during
vegetative and reproductive stages of growth. Thus, higher temperatures experienced by
late planted crop during reproductive stage compared to early and late planting may have
hastened crop growth, and consequently resulted in the crop reaching physiological maturity

too early without having accumulated enough heat units to sustain greater grain yield.
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Krishnamurthy et al., (2011) and Devendra et al., (2012a) reported hastened flowering and
maturity in late planting as a result of variation in temperature which was directly associated
with differences in planting dates. The current study results support earlier views by Kiran
and Chimmad, (2015) who suggested that planting date may affect AGDD. In addition, the
14% and 27% greater AGDD, respectively observed in early planting compared with normal
and late planting date in the study is comparable to observations by Rao et al (2006), who
reported greater AGDD in early compared to late planting, and suggested variation in
growing season length as the possible cause of AGDD variations. In previous studies,
Chand et al (2010) and Karan and Chimmad (2015), it was reported that AGDD had a
significant effect on grain yield and yield components. Thus the current results are in
agreement with previous studies and this confirms the reliability of these findings.

Furthermore, the variation in AGDD amongst genotypes, may have been the consequence
of differences in days to physiological maturity amongst genotypes. The genotypes used in
the study had different days to physiological maturity. Range 1 was early maturing variety,
Range 3 and ICCV9901 were medium maturing cultivars and Range 4 and 5 were late
maturing varieties, thus their differences in days to physiological maturity meant that they
would accumulate different heat units in their life cycles. Moreover, the planted genotypes
could have been with different themotolerence characteristics, hence responding differently
to temperature stress (Krishnamurthy et al., 2011). For instance, Range 1 attempted to
escape high temperature stress by hastening reproduction stage and reach physiological
maturity stage early. This ability of chickpea to shorten its life cycle under conditions of
temperature stress has been identified as an escape mechanism (Wang et al., 2006;
Devasirvatham et al., 2012a; Krishnamurthy et al.,, 2011; Upadhyaya et al., 2011), but is

done at the expense of HUEy which was evidently low in the study.

Moreover, the variation in AGDD between the seasons was perhaps caused by variation in
temperature observed between the seasons. For instance, during the study, season 2
experienced maximum temperatures that were 233 °C, whilst season 1 had 230 °C. Thus,
the variation of 3°C may have caused variation in AGDD with seasons. Seasonal
temperature variations and their effect on crop heat units have been reported in literature
(Kalra et al., 2008).

The interaction between planting date and genotype may possibly have been caused by a
combination of differences in growing season length by planting date treatments and
variation in days to physiological maturity amongst genotypes. For example, AGDD was
greater with early compared with normal and late planting in all genotypes because of a

longer growing season length in early planting which allowed all genotypes to reach their
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genetic potential life span and hence accumulated greater heat units. The similar AGDD
recorded in late planting was possibly due to a short season length which forced all
genotypes regardless of their days to maturity to reach physiological maturity at the same

time, hence accumulating similar heat units.

Furthermore, the marked variation in water application between experiment | and Il may
have caused variation in days to maturity between the two experiments and consequently
resulted in differences in AGDD. The well-watered experiment | had greater days to
physiological maturity, implying that they would have greater window to accumulate more
heat units compared with experiment Il. Piri and Sharma (2006) observed that variation in
water application reduced days to physiological maturity by between 15 and 19 days in water
stressed crop, whilst Sigh et al (2005) reported of a strong correlation between days to
physiological yield and AGDD. Thus by varying days to maturity, application of irrigation
water improved AGDD in experiment I.

Moreover, the close positive correlation between AGDD and grain yield may suggests that
any management strategy that improve heat units may also improve grain yield in chickpea.
The similarity of correlation between AGDD and vyield across planting dates in the study
confirms the robustness of HUE,, thus, we therefore recommend use of HUE, in crop growth

models to estimate yield.

7.4.4 Heat use efficiency (HUE)
HUE, was affected by planting date in both experiments probably because of the variation in

AGDD and grain yield with planting date. AGDD and grain yield are the two main factors that
principally affect HUEy; (Chand et al.,, 2010). Girijesh et al (2011) reported an inverse
relationship between HUE, and AGDD, and linear relationship between HUE, with grain
yield. Thus the lowest grain yield that was observed in late planting (results presented in
chapter four) may have resulted in lowest HUE; compared to all other planting dates.
Although early planting had greater yield compared with normal planting, it accumulated
greater heat units which consequently lowered its HUEq. The late planting had the lowest
AGDD, but this was complemented by lowest grain yield, hence resulting in lowest HUE,.
The greater HUEy in normal planting in both experiments clearly suggests that the
accumulated heat energy was efficiently utilised for grain yield production. HUEg4 in normal
planting in this study are comparable with observations made by (Chand et al (2010), who
reported HUEy of 1.06 (kg ha °C.day) and attributed the result to variation in planting date.
Similar response of HUE, to the effect of planting date was reported in maize (Girjesh et al

2011), where early planting had greater HUEg whilst late planting had lowest HUE.
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Furthermore, HUE, was affected by genotype in experiment | & II, perhaps because of
variation amongst the genotypes in grain yield and AGDD. The greater HUEy in Range 4
compared to the rest of the genotypes was probably caused by its greater grain yield in
experiment |. Although it accumulated greater heat units, its grain ensured the highest HUE,,.
The lowest HUEg recorded on ICCV9901 in experiment Il was partly due to its lower grain
yield since its AGDD was fairly low.

The variation in HUE4 with season in both experiments was possibly caused by variation in
AGDD, which showed similar variation with the seasons. For instance, the lower HUEg in
season 1, in experiment | was caused by greater AGDD, whilst the greater HUE, in season
1, in experiment Il was caused by lower AGDD. Similarly, the greater HUE4 in season 2, in
experiment | was caused by lower AGDD, whilst the lower HUEg in season 2, in experiment
Il was caused by greater AGDD.

The variation in HUEy between experiment | and 1l was possibly caused by differences in
grain yield and AGDD between the two experiments. The variation in grain yield and AGDD
was caused by variation in moisture as expected. Experiment | was well watered (430 mm in
season 1, and 435mm in season 2). In contrast, Experiment Il was only irrigated three times
(at planting, flowering and podding) giving a total of 175 mm in season 1, and 235mm in
season 2.

In general, the results are in agreement with earlier findings that the efficiency of converting
heat energy to grain yield is a function of growing degree days, genetic factors, crop type
and planting date (Rao et al., 1999; Rao et al., 2006). The results from the current study
shows that manipulation of planting date and genotype may be used to improve HUEq of
chickpea crop, however, its effect on crop may depend on the availability of moisture.
Normal planting date was the most suitable sowing date in this environment to improve
chickpea HUEg.

7.5 Conclusion

Planting date, genotype and season affected heat use efficiency of grain yield (HUE) in both
experiments over the two seasons. Highest HUE; was observed in normal planted crops,
whilst the late planted crops had the lowest HUE4 in both experiments. Similarly, AGDD,
number of primary and secondary branches and plant height were affected by planting date
X genotype, planting date x season and genotype x season interactions, suggesting that the
differences between planting dates were not consistent amongst genotypes and seasons.
Clearly, normal planting date may be the most suitable sowing date for chickpea in this

environment but this may vary with availability of moisture.
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Chapter 8

AguaCrop model calibration and validation in chickpea (Cicer ariethum) in Southern
Africa.

Abstract
The study parameterised and validated performance of AquaCrop model, to simulate

attainable yields in chickpea crop in response to effects of planting date in the North Eastern
Region of South Africa. Model calibration data were obtained from two field experiments of
contrasting water regime, planted in 2014 winter season at University of Venda, South
Africa, whilst data for model validation was obtained from 2015 planting season from same
station. The model performance was satisfactory, with a good match between the simulated
and observed canopy cover (CC), Soil water content (SWC), biomass (B) and grain yield (Y).
All the statistical indicators (R?, RMSE, and MAPE) used to compare field observed and
model predicted parameters, showed good model performance. For example, the regression
plot of simulated and observed yield showed a good relationship with R? values of 0.949,
0.928 and 0.990 for early, normal and late planting dates, respectively, whilst RMSE was
0.135, 0.143 and 0.031 for early, normal and late planting dates. Similarly, SWC had strong
regression relationship (R? = 0.982, 0.949, 0.954, respectively and a RMSE of 0.226, 0.696
and 0.310, respectively in early, normal and late planting date). The results indicate that the

model could be used for evaluating the effects of different planting dates on chickpea yield.
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8.1 Introduction
Chickpea (Cicer ariethum) is a fairly drought tolerant legume crop that is widely cultivated in

tropical and subtropical regions of the world (FAO, 2013). Production of chickpea is growing
in many countries because of its multiple uses as a source of food, livestock feed, fuel, and
fertilizer (Gaur et al., 2010). The crop is currently being introduced in the dry and hot
environments of north eastern region of South Africa to ameliorate problems of climate
change and food insecurity. Despite chickpea’s ability to tolerate moisture stress, possible
negative effects of climate change on future productivity of the crop has been documented
(Koocheki et al., 2006, Singh et al., 2013). Climate change in the form of increase in intensity
and severity of drought, frost and heat waves may seriously alter the current planting dates
in the region and consequently affect future yield of chickpea. Climate change is expected to
cause a decrease in the length of the growing season in the Lowveld regions and the
converse in the Highveld regions of Southern Africa (Tadross, et al., 2009).

Amid challenges of climate change, use of planting date has been reported as an important
management strategy to improve yield under climate change conditions (Mhizha et al.,
2014). Likewise, over the years manipulation of planting date has been reported to improve
biomass and grain yield of chickpea (Bahal et al., 1984, Dixit et al., 1993, Hussain et al.,
1997, Kabir 2009). For example, in Bangladesh, Kabir et al. (2009) observed that planting
date had a significant effect on chickpea growth parameters, yield and yield components.
Similar reports have been given across the world and in different crops (Tsimba et al., 2013;
Fiwa, 2015) and in Southern Africa (Mathews et al., 2011).

Whilst several authors seem to have a consensus on the importance of planting date,
guidelines and procedures on when to plant chickpea in the region have not been
developed. Hardly any study has reported planting dates for chickpea particularly in
Southern Africa region. AquaCrop model is a crop simulating software that may be used to
develop chickpea planting date guidelines for farmers and extension staff using climate data
(Steduto et al., 2009). AquaCrop model as a decision-support tool, may be used to assess
the effect of different planting dates on evapotranspiration (ET), crop canopy cover (CCC),
biomass and grain yield of chickpea. Other than AquaCrop, several crop simulation models
such as CERES (Jones and Kiniry, 1986), CropSyst (Stockle et al., 2003), Cropwat (FAO,
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1992), DSSAT cropping system (Jones et al., 2003), APSIM (Keating et al., 2003) and
ELCROS (de Wit, et al., 1970) have been developed over the years.

Although these models may be used for determining planting dates for farmers, the models
are complex and thus rarely used by farmers, extension personnel, and planners.
Furthermore, the use of these models requires a large number of variables and input
parameters which are not easily available for the diverse range of crops and sites around the
world. Therefore there is need for a crop simulation model that is sensitive enough to predict
the response of biomass and grain yield to different planting dates under climate change

scenario, but yet is simple to run and requires limited number of input parameters.

The Food and Agriculture Organisation (FAO) developed AquaCrop model in an attempt to
address the weaknesses of the earlier developed models. AquaCrop has the advantages of
sufficiency, transparency, simplicity, accuracy and robustness (Steduto et al., 2006, 2009,
and 2012). The model simulation process is water-driven and requires a relatively low
number of parameters and input data to simulate the yield response of crops to water
(Steduto et al., 2009). For AquaCrop model to be used for a specific crop, it needs to be
calibrated and validated using field crop data and weather records. AquaCrop model has
been calibrated and validated for maize (Hsiao et al., 2009, Garcia-Vila and Fereres, 2012),
soybeans (Steduto et al., 2009), sorghum, sunflower (Stricevic et al., 2011), teff (Araya et al.,
2010), tomatoes (Rinaldi et al., 2011, Kateriji, et al., 2013), wheat (Xiangxiang et al., 2013,
Jin et al.,, 2014), sugar beet (Stricevic et al., 2011), potatoes (Casa et al., 2013), rice
(Shrestha et al., 2013), cotton (Farahani et al., 2009) and barley (Araya et al., 2010).
However, no published information is readily available on the calibration and validation of
AquaCrop for chickpea. Therefore the objective of this study was to calibrate and validate
the performance of AquaCrop model in simulating attainable yields in chickpea in response
to varying planting dates at a representative site of the dry environments of North Eastern
South Africa.

8.2 Description of the AquaCrop model

AquaCrop is a water driven crop yield simulation model (Raes et al., 2009; Steduto et al.,
2009). The model has been used in multiple herbaceous crops for simulating biomass and
yield under varying field conditions in different locations across the world. The model can be
used to develop optimum planting period for different crops to increase and stabilize crop
yields. The model simulate aboveground biomass for each day during crop cycle as a
function of temperature stress coefficient, water productivity and the summation of the ratio

of crop transpiration to the reference evapotranspiration (equation 8.1).
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Where K, is the temperature stress coefficient. WP* is water productivity and is normalised
for place and climate. T, is crop transpiration and is normalised for climate by reference
evapotranspiration for each day of transpiration.

Grain yield (Y): AquaCrop simulate grain yield as a product of above ground biomass and

the harvest index as shown by equation 8.2.
Y = fHI.HIO B 82

Where fy is a multiplier factor which considers various stresses that may affect harvest index
(HI) from its reference value. Hl is the ratio of grain yield to total dry matter of the crop and is
affected by water and temperature stress before the beginning of yield formation, at
flowering and during yield formation. Thus HI is constantly adjusted during yield formation
(Raes et al, 2011) and is affected by water stress during various stages of crop

development.

Transipiration (Tr): AquaCrop calculate transpiration as a product of crop coefficient (Kcb)
and the evaporative power of the atmosphere (ETo). This calculation is done by considering
water stress factor (Ks) as shown in equation 8. 3. In circumstances where water shortage

provokes closure of stomatal openings, a stress coefficient (Kssi) is considered.

Tr = K. (Kopy. CC*).ETo 8.3
Where CC* is crop canopy cover adjusted for interrow micro-advection.

The operation of AguaCrop, its interface between organs and climate factors and how it

determines several parameters for crop growth is shown in Fig 8.1 below.
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Figure 8-1 AgquaCrop flow chart. The dotted arrows indicate the processes (a - e) affected
by water stress. CC is simulated canopy cover, CCpot the potential canopy cover, Kssto the
water stress for stomatal closure, Kc,tr the crop transpiration coefficient, ETo the reference
evapotranspiration, WP* the normalized water productivity for ETo and air CO2
concentration and HI the harvest index (Raes et al., 2009; Steduto et al., 2012).

8.3 Materials and methods

8.3.1 Background
AquaCrop model has not been calibrated for chickpea. Thus the model does not have files

for chickpea. So this study entalled a full calibration process. However, we adopted soybean
files from the model as a starting point and changed the files with newly developed chickpea
files. Soybean files were chosen because it was the only crop closer to chickpea amongst
calibrated crops in AquaCrop model. All parameters that specify the crop (conservative,
cultivar specific and variables) were calibrated for chickpea. Chickpea values for the
parameters were either determined from field experiments, previous studies in region or by

iteration. Soybean files were only kept when we had no bases to improve their calibration.

8.3.2 Field experimental design
The study site, experimental design, treatments and planting details are described in

Chapter 3. In summary, two separate experiments were laid out in a split-plot design, with
main plots comprising of planting date (1% of May being the early planting, 14" of May as the
control / normal planting, and 28" of May being the late planting date). These planting dates
were selected based on previous studies (Mathews et al., 2009). Chickpea genotypes were
used as sub-plot factor; four desi genotypes (Range 1, Range 3, Range 4 and Range 5)
were sown in 2014, and 4 desi types and one Kabuli genotype (ICCV99010) were sown in
2015 season. Range 1 is early maturing and has a bushy canopy structure, Range 3 and
ICCV 9901 are medium maturing and have an erect canopy, and Range 4 and Range 5 are
late maturing and display a prostate and an erect canopy structure, respectively. Experiment
one was well watered throughout the season, and experiment two was watered three times
(at planting, flowering and pod formation). The total amount of water applied (including
rainfall) in 2014 was 430 mm in experiment one and 175 mm in experiment two, whilst 435
mm and 235 mm was applied in 2015 in Experiment one and two, respectively. Variation in
the total amount of water applied in 2014 and 2015 was caused by differences in initial soil

moisture.
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8.3.3 Data collection

8.3.2.1 Climate data

Climate data for the period May to October for each winter season (2014 and 2015) was
recorded from an automatic weather station that was already established at the experimental
site (approximately 100 m from the experiments). The recorded data needed by AquaCrop
model included rainfall (mm), maximum and minimum air temperatures (°C), and reference
evapotranspiration (mm) (calculated according to the FAO Penman-Monteith equation using
ETo calculator version 3.2 software (FAO, 2012)). This data set was for each day during the
trial period. Carbon dioxide data for the experimental period was adopted from the model
default file of Mauna Loa atmospheric CO, concentration (USA) from 1902-21009.

8.3.2.2 Soil data

Soil characteristics data was adopted from previous studies conducted in the study area
(Mzezewa and Rensburg, 2012; Soil Classification Working Group 1991; Fey, 2010). The
soil parameters needed by AguaCrop model included soil textural classes, water content
(Volumetric) at permanent wilting point (PWP), saturation point (SAT) and at field capacity
(FC), total available water (TAW) (mm), soil physical and hydraulic properties (Ksa). A
summary of soil data that was uploaded into the model is shown in Table 8.1. Analysis of soil

water content across the profile showed a maximum rooting depth of 2 m.

8.3.2.4 Crop data

Field measurements were conducted on parameters that included above ground biomass
(measured at 14-days interval), number of plants per hectare, time from planting to 90%
recovery (days), maximum canopy cover, (CCX) (%), time from emergence to start of
senescence (days), time from planting to harvest maturity (days), time from planting to
flowering (days), length of flowering stage (days), maximum effective rooting depth (m), time

from sowing to maximum rooting depth (days), harvest index and grain yield.

Above ground biomass was measured at 14-days interval starting from 28 days after crop
emergence (DAE) until harvest maturity (HM) using destructive sampling method. All the
plants from a quadrant of 0.36 m? were cut at ground level, chopped, and oven dried at 80°C
for 48 hours before recording sample dry weight (kg m). For grain yield determination, 20
plant samples at harvest maturity stage, from a quadrant of 0.6 m?2 were collected from the
two innermost rows of each experimental unit and the pods were manually removed,
threshed by hand, cleaned, air-dried, and weighed to determine grain yield (kg ha). Harvest
index was determined as the ratio of grain yield to total above ground biomass.

Canopy cover was determined from the measured photosynthetically active radiation (PAR)

using equation 8.4 (Farahani et al., 2009):
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cC=(1- (M>) %100 (8.4)

PARgpove canopy

The proportion of intercepted radiation by the crop canopy was measured at 7-days intervals
between 28 and 105 DAE in both experiments using an AccuPAR, model LP-80 ceptometer
(Decagon Devices Ltd., Pullman, USA). The measurements were taken between 1100 and
1300 h on clear, cloudless days. The ceptometer was placed horizontally above the canopy
when measuring PAR above the canopy. When measuring PAR below the canopy, the
ceptometer was positioned between the rows in such a manner that it ran perpendicular to

the rows.

Soil moisture content was measured at 7-day interval using a neutron probe. Measurements
were taken between 14 and 105 DAE. On each occasion, the probe was lowered into access
tubes that had been inserted in each experimental plot at sowing and 16 seconds counts
readings (Nsoi) were taken at 30, 60, 90 and 120 cm depth. Standard counts (Nsw) were
taken before taking any soil moisture readings; these readings were used to calculate count
ratios, X (X=Nsi /Nstg). Volumetric water content (QV) at each depth was calculated using
the calibration equations that have already been developed for the site (Thangwena and
Ogola, 2016).

Crop Transpiration: transpiration (Tr) was determined from equation:
T,=ET —E (8.5)

where E is evaporation from bare soil surface and ET is evapotranspiration from the crop.

ET was determined using the standard water balance equation:
ET=AS+P+I1+U—-D-R (8.6)

Where AS is the change in storage (difference in volumetric water content of the entire profile
between the first and last neutron probe readings), P is precipitation (mm), | is irrigation
(mm), U is upward capillary, D is drainage and R is the surface runoff (Allen et al., 1998;
Anwar et al., 1999). Considering the flatness of the field (less than 2% slope) and following
earlier studies (Ogola & Thangwana, 2013; Ogola, et al., 2013; Thangwana and Ogola,
2016), rate of infiltration, drainage, capillary rise and surface runoff were assumed to be
negligible. Therefore, ET was estimated as a function of change in storage, irrigation and
precipitation. The total irrigation amount of water applied in 2014 was 430 mm in experiment
I and 230 mm in experiment Il, whilst 435 mm and 235 mm were applied in 2015, in

Experiment 1 and Il, respectively.
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Evaporation was mostly from the wetted soil surface unshaded by the canopy and was
measured at a depth of 5 and 15 cm on daily basis using a hygrotech probe soil moisture
sensor (Decagon Devices Ltd., Pullman, USA). Water productivity (WP*) was determined as
a ratio of biomass to cumulative normalised transpiration (equation 8.7). Transpiration was
normalised using ETo calculated by Penman-Monteth equation (Allen et al., 1998) from the

weather station.

Wp* = L}] 8.7
[E(ﬁ) &

8.3.4 Creating model input files

AquaCrop model requires soil, crop, climate and field management data for a specific area
and time in order for it to simulate biomass and yield of crops. This data is uploaded into the
model as files. Thus, soil, crop, climate and field management files were developed to
calibrate/parameterise the model. Because AquaCrop model has not been parameterised for
chickpea, the study used default parameter values of soybean crop on few parameters that
were difficult/impossible to measure using the available materials. This soyabean crop file is
from AquaCrop model software, which contains crop parameters that were calibrated and
validated by FAO.

The soil data file was developed by specifying local soil type, texture, soil depth and number
of soil horizons, slope, soil water content at field capacity and at permanent wilting point,
total available water, saturated hydraulic conductivity, bulk density and the type of land use
(Table 8.1). From this input specification, the model was able to generate a set of complete
soil parameters, which are adjustable to the site specification. Developing a climate data file
involved creating small sub-files of rainfall, temperature, reference evapotranspiration (ET,),
and carbon dioxide for the study area during the experimental period. Creating the sub-files
involved uploading daily whether data into the model (including specifying the time and
range of data). A collection of these sub-files was used to form a climate file for the study
area. Carbon dioxide data was adopted from the model default file of Mauna Loa
atmospheric CO, concentration (USA) from 1902-2109. This adopted CO; file is a global
average represented by measurements at a station in Hawaii (Mauna Loa) and already
uploaded as a default file within AquaCrop. CO, concentration is rarely measured weather

station at study site and so the data could not otherwise be found for local conditions.
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Table 8.1 Soil physical properties of the soil at the University of Venda experiment
station.

Soil property Soil Depth (mm)

0-300 300-600 600-900 900-1200 1200-1500
Type of sail Clay Clay Clay Clay Clay
Field capacity 49.5 % 48.2 % 47.7 % 47.6 % 47.7 %
Permanent wilting point 29.3 % 28.6 % 28.2 % 28.2 % 28.2 %
Total available water 123mm 120 mm 121 mm 122 mm 125 mm
Ksat (nmday?) 24.2 24.2 24.2 24.2 24.2
Bulk density (g cm) 1.11 1.14 1.12 1.13 1.20

(Mzezewa and Rensburg, 2012; Soil Classification Working Group 1991; Fey, 2010),
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The reference evapotranspiration, ETo was collected from experimental weather station, and
had already been calculated according to the Penman-Monteith equation using ETo
calculator version 3.1 software (Allen et al., 1998). Similarly, rainfall, maximum and minimum
temperatures were recorded from experimental weather station. The crop inputs to the
model were made up of three types of parameters (conservative, management and cultivar
specific). The conservative parameters do not change with geographic location, time or
management practices (Steduto et al., 2009). However, because there were no
predetermined parameters for chickpea crop in AquaCrop model, adopted conservative
parameters for soybeans were fine-tuned to match values for chickpea crop. The soybean
conservative parameters that were fine-tuned included: base temperature, upper
temperature, crop coefficient when canopy is complete but prior to senescence, water
productivity normalized for ET, and CO, (gram m2), possible increase (%) of harvest index
(HD) due to water stress before flowering stage and during yield formation, coefficient
describing negative impact of stomatal closure during yield formation on harvest index,
allowable maximum increase (%) of specified HI, soil water depletion factor for canopy
expansion — upper threshold, soil water depletion factor for canopy expansion — lower
threshold, soil water depletion fraction for stomatal control — upper threshold, soil water
depletion factor for canopy senescence — upper threshold and minimum growing degrees
required for full biomass production (°C.day), heat stress temperature for pollination and cold

stress temperature for pollination.

The cultivar specific parameters are less conservative and may vary with soil characteristics,
field management or climatic conditions (Steduto et al., 2009). Therefore, these cultivar
specific parameters were uploaded into the model for it to assume the characteristics of the
study area. During the development of the crop data file, the following subcomponent files
were created: phenology, green canopy cover, rooting depth, crop transpiration, soll

evaporation, above ground biomass production and harvestable yield.

The field management file was created; it specified the description of the soil conditions
during planting stage of the crop (a wet soil with an average volumetric water content of
30%, a sub-soil of 25% as measured from the field was used, whilst a ground water of
varying depth and salinity was assumed from model default files because of its difficulty to

measure). The management file also specified the field condition at planting, which was free

169

© University of Venda



)
o

&5 ) university of Venda
C

from mulching and was with soil bunds of less than or equal to 0.3 metres in height as
measured from the field. An irrigation data file was created by specifying the irrigation
method and irrigation events (irrigation time, water quality and net application amount) for
each experiment (I and Il) (Table 8.2). The study used sprinkler irrigation method.

Table 8.2 Irrigation events recorded for 2014 and 2015 planting seasons

Date Amount of irrigation application (mm)
2014 season 2015 season
Experiment | Experiment I Experiment | Experiment I
1 May 25 65 30 80
14 May 30 30
28 May 30 30
03 June 40 30
10 June 40 55 40 80
17 June 40 40
24 June 30 30
01 July 40 40
08 July 40 55 40 75
22 July 40 40
29 July 30 30
12 August 30 30
19 August 15 15
Total (mm) 430 175 435 235
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8.3.5 Model parameterization
Parameterisation refers to high level adjustment of specific model parameters (Farahani et

al., 2009) and is more than just calibration. There were no predetermined parameters for
chickpea crop in AquaCrop model 5.0. However, we adopted soybean files from the model
as a starting point and changed the files with chickpea files during parameterization.
Soybean crop was chosen because it was the only crop closer to chickpea amongst all
calibrated crops in AquaCrop model, however the challenge was that soybean is a summer
crop whilst chickpea was being parameterized for winter cropping. Thus, the following
conservative parameters were parameterised to suit chickpea crop: base temperature, upper
temperature, crop coefficient when canopy is complete but prior to senescence, water
productivity normalized for ETo and CO; (gram m2), possible increase (%) of harvest index
(HI) due to water stress before flowering, and during yield formation, coefficient describing
negative impact of stomatal closure during yield formation on harvest index, allowable
maximum increase (%) of specified HI, soil water depletion factor for canopy expansion —
upper threshold, soil water depletion factor for canopy expansion — lower threshold, soil
water depletion fraction for stomatal control — upper threshold, soil water depletion factor for
canopy senescence — upper threshold and minimum growing degrees required for full
biomass production (°C.day). Field data from 2014 was used for parameterisation of the
model.

The decision criteria in the parameterisation process was an objective method of measuring
the parameter in the field and comparing it with model default values for soybean before
replacing them. However, in very few parameters that were difficult or impossible to measure
in the field, a trial and error method was also used to parameterize them. These parameters
include soil water depletion fraction for stomatal control — upper threshold and coefficient
describing negative impact of stomatal closure during yield formation on HI. The trial and
error method was by iteration method of changing the model threshold values repeatedly
until a value corresponding to when the model grain yield matched the measured grain yield
in the field. A base temperature of 8°C instead of a default value of 10°C was used. This
base temperature was adopted from previous studies for chickpea in the study area
(Thangwana and Ogola, 2012). Upper temperature threshold for chickpea was changed from
a default value of 35 °C to 32°C. This change was following upper temperature threshold for

chickpea reported by Devarsirvathum et al. (2012).
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8.3.6 Model validation

The parameterised AquaCrop model was tested using field data recorded during 2015 winter
season. This involved uploading the necessary climate data for the 2015 growing season
without changing any other files and comparing the model simulations with field

observations.

8.3.7 Model quality assessment

The model evaluation criteria involved comparing experimental data that was measured from
the field with the model simulated results. Performance of AquaCrop model was assessed
using linear regression analysis (R?), the Root Mean Square Error (RMSE), and the Mean
Square Regression Error (MAPE). The choice of this assessment criterion was adopted
following earlier studies (Geerts et al., 2009; Katerji et al., 2013; Xiangxiang et al., 2013;
Antonio et al., 2013; Mhizha, et al., 2014). All the statistical tests were conducted using
XLSTAT version 2016. 04.32310 Addinsoft USA. The model was considered to be excellent
when the RMSE was less than 10, good when the RMSE was between 10 and 20, fairly
acceptable when the RMSE was between 20 and 30, and poor when the value of RMSE was
greater than 30 (Jamieson et al., 1991, Katerji et al., 2013).

8.4 Results and discussion

8.4.1 Weather conditions during the experimental period

In 2014, monthly maximum temperatures varied from 33.0 °C in October to 31.4 °C in
September (Table 8.3). Monthly minimum temperatures ranged between 9.0 °C in June and
15.3 °C in October. Lowest mean monthly temperature, recorded in July, was 16.8 °C. Total
cold units (CU) were calculated from hourly data and were highest (22 °C day™?) in July.
Average heat units (HU) per month was 268 °C day. Highest HU was recorded in October
(363.4 °C day™), whilst the lowest units were observed in July (190.7 °C day?). In 2015, the
monthly maximum temperature range was between 33.8 °C, recorded in September, and
33.6 °C, recorded in October. The lowest minimum monthly temperature was 8.4 °C,
recorded in June, whilst the highest minimum monthly temperature was 15.7 °C, recorded in
October. Highest mean monthly temperature was 22.2 °C, recorded in September and
October. Average heat units per month was 284.9 °C.days. Highest HU were recorded in

October, whilst the lowest HU were recorded in June.
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Table 8.3 Summary of meteorological conditions recorded during the trial period (May
—October 2014 and 2015).

2014
Month Trmex Trmin Tmean CU HU Rn  VPD
(°C) (°C) (°C) (*Cday*)(°Cday™)  (mm) (KPa)
May 27.0 11.6 19.3 0 287.7 0.02 223
June 26.2 9.0 176 14 2233 0.00 2.24
July 24.7 9.1 16.8 22 1957 0.03 1.91
August 28.0 10.0 17.7 2 293.5 0.02 231
September  31.4 13.6 215 0 365.4 0.37 254
October 33.0 15.3 225 0 383.8 0.83 225
Mean 28.0 11.4 19.2 63 2916 0.211 2.24
2015
Month Timax Trin Tmean CU HU Rn  VPD
(°C) (°C) (°C) (*Cday*)(°Cday?)  (mm) (KPa)
May 29.4 12.8 211 0 324.7 0.00 214
June 25.1 9.4 17.3 13 2496 0.03  1.98
July 26.1 10.6 184 15  228.0 0.02  1.99
August 30.0 11.6 19.8 2 293.2 0.05 2.26
September  33.8 13.5 217 0 368.7 0.75  2.27
October 33.6 15.7 222 0 395.1 0.90 2.38
Mean 29.7 12.3 201 5 309.9 029 217

"Tmax — daily maximum temperature, Tmin is the daily minimum temperature, Tmean is the mean
temperature, CU is the cold units, HU is the growing degree days, Rn if the rainfall and RH is
the relative humidity. The total amount of water applied in 2014 was 430 mm in experiment |
and 230 mm in experiment I, whilst 435 mm and 235 mm were applied in 2015, in
Experiment 1 and Il, respectively.*Temperature was presented as the mean temperature for
the month; rainfall was presented as cumulative totals.
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8.4.2 Parameterization of AquaCrop for chickpea
Canopy cover: During parameterization of canopy cover, the first stage was to determine the

crop response to the environmental conditions and water balance in the root zone for
AquaCrop model. This was performed through determining four water stress indices.
Amongst the indices, three of them affected canopy cover and crop transpiration, whilst the
other one had an impact on harvest index (HI). Data for field capacity (FC), available soil
water content (SW) and total water content in the root zone (TAW) were extrapolated using
graphs to represent daily data. Thus parameterisation of soil water depletion factor (P) was

conducted on daily basis, following equation 8.8 below.

_ FC—SW
T oTAW

(8.8)

P (which included Pupper and Piower) is defined as, the ratio of actual to total available soil
water (Raes et al., 2009). Pyyer represents the upper threshold limit where no stress may
affect the crop as long as water extraction does not exceed this threshold. Conversely, Piower
represents lower threshold, where depletion of soil water may increase water stress, though
it will depend on crop characteristics such as sensitivity of the crop to water stress.
Therefore, the calculated P thresholds were used as stress indices to parameterise the
model. This enabled the model to simulate canopy cover. Canopy cover (CC) that expresses
growth potential for chickpea crop was determined following equations 8.9 and 8.10, whilst
canopy decline phase was determined following equation 8.11.

CC =CC,.e“C*t (8.9)

CC =CC,— [CC, — CC,] x e~CGCxt (8.10)

CDCxt ]

CC = CC, [1—0.05] [e—CCx ~1 (8.11)

Where CC is canopy cover at time t, CC, is the initial canopy cover at time t = 0, CGC is the

canopy growth rate per day and CDC is canopy decline coefficient.
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By adopting a trial and error approach, chickpea canopy development was better simulated
when a value of 8.5% increase per day for CGC and a value of 6.5% for daily decline was
used. Furthermore, calculations for leaf expansion in P ypper, P iower @nd f shape, respectively
using equation 8.8 were 0.3, 0.65, 4.0. The soil depletion threshold for canopy senescence
(upper threshold) was 0.87, 0.85 and 0.82, respectively for early, normal and late planting

date. The f snape had a value of 0.30, 0.70 and 0.4, was also calculated using equation 8.8.

After parameterisation of CC, evaluation of graph plots of the simulated CC were able to fit in
well to plots of the field observed measurements of CC in all planting dates Fig 8.2(a-f).
However, the model overestimated CC between the days from 42 DAE and 70 DAE and
under estimated CC from 77 DAE until physiological maturity in early and normal planting
dates. Similarly, the model overestimated CC between the days from 35 DAE and 63 DAE
and under estimated CC from 70 DAE until physiological maturity in late sowing. Although
the overestimation and under estimation of CC was observed in all planting dates at different
periods of growth, these variations were not significant as shown by error bars. Moreover
comparison of liner regression analysis (R?) (0.948, 0.887, 0.942), Root mean square error
(RMSE) (6.689, 7.619, 4.937), and MAPE (15.166, 12.449, 18.620) (Table 8.5) in early,
normal and late planting, respectively showed excellent model performance in simulating
CC.
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Table 8.4 Statistical evaluation for model parameterisation

Statistics
Planting date Parameter n R? RMSE MAPE Pr>F
Early Planting CcC 36 0.948 6.689 15.17 <0.0001
Biomass 36 0.985 0.256 37.88 <0.0001
ETa 36 0.959 2.543 11.20 <0.0001
SWC 36 0.946 0.350 0.505 <0.0001
Yield 36 0.976 0.076 10.100 <0.0001
Normal Planting CcC 36 0.887 7.619 12.449 <0.0001
Biomass 36 0.998 0.093 40.170 <0.0001
ETa 36 0.937 2.841 15.42 <0.0001
SWC 36 0.893 0.401 0.63 <0.0001
Yield 36 0.969 0.121 11.82 <0.0001
Late Planting CcC 36 0.942 4.937 18.62 <0.0001
Biomass 36 0.965 0.235 15.41 <0.0001
ETa 36 0.952 2.73 13.95 <0.0001
SWC 36 0.950 0.329 0.56 <0.0001
Yield 36 0.992 0.052 7.642 <0.0001

Where n is the sample size, R? is the linear regression model, RMSE if the root mean square
error, MAPE is the mean absolute percentage error, Pr > F is a probability of F statistic, CC

is the canopy cover, ET is the evapotranspiration, and SWC is the soil moisture content.
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Figure 8.2 Comparison of model simulated and field observed canopy cover. a, b and ¢ are graph plots of early, normal and late planting dates
respectively, whilst d, e and f are regression of model simulated canopy cover verses field observed canopy cover for early, normal and late
planting date respectively.
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8.4.3 Soil water content
Water balance algorithim in AquaCrop is based on water storage capacity of the soil layers

(Raes et al., 2011). These soil layers were described by Raes et al (1982), and (1986) in the
BUDGET model and by Smith et al (1990) in CROPWAT model. Parameterisation of soll
profile consisted of defining the total number of soil layers as 5 layers. The layers had an
approximate soil thickness of 0.3m, PWP was 21.0%, FC was 33.3%, SAT was 50.0%, TAW
was 121 mm/m, the shear soil properties (Tau) was 0.26 and a soil restrictive layer of 3 m
was used for the study (Table 8.1). All these soil profile characteristics presented above
were adopted from field calculations in the study area by Mzezewa and Rensburg, (2012).
Qualitative reliability of this data was confirmed by comparing the data with reports from Soil
Classification Working Group (1991) and Fey (2010).

Soil capillary was not measured in the study and therefore default values: a = -0.5686 and b
=-1.831942 corresponding to red clay soil was adopted from the model. In addition all stress
thresholds in AquaCrop that have been parameterised above have a direct function on soil

water.

After parameterisation, evaluation of graph plots of the simulated SWC were able to match
with the graph plots of the field observed measurements of SWC in all planting dates Fig
8.3(a-c), However, the model overestimated SWC between the days from 42 DAE and 70
DAE but estimated SWC well from 77 DAE until physiological maturity in early and normal
planting dates. Similarly, the model overestimated SWC during the days from 35 DAE to 63
DAE and under estimated SWC from 70 DAE until physiological maturity in late planting
date. Although there was overestimation and under estimation of SWC as shown in Fig
8.3(a-c) at different periods of growth, these variations were not significant as shown by error
bars. Moreover comparison of regression analysis (R?) (0.948, 0.887, 0.942), Root mean
square error (RMSE) (6.689, 7.619, 4.937), and mean absolute percentage error (MAPE)
(15.166, 12.449, 18.620) (Table 8.4) in early, normal and late planting, respectively showed

excellent model performance in simulating SWC.
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Figure 8.3 Comparison of model simulated and field observed Soil Moisture Content. a, b and ¢ are graph plots of early, normal and late

planting dates, respectively.
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8.4.4 Evapotranspiration, water productivity and biomass
AquaCrop model is water driven (Steduto et al., 2009). Thus, accurate prediction of water

that is lost by evapotranspiration is important for model biomass prediction. AquaCrop
simulate biomass directly using the parameterised water productivity function (WP*) that is
normalised for climate and place by ETo and carbon dioxide (Steduto et al., 2009). Equation
8.7 was used to determine WP*. Moreover, since chickpea is rich in proteins, WP* was
multiplied by an adjustment factor of 0.2 and a WP* value of 7 kg ha® mm* was obtained for
the study. Furthermore, parameterisation for ET. and biomass depended on the
determination of threshold Pypper and Piower fOr stomatal closure. Because of unavailability of
equipment to measure stomatal closure, a trial and error (lteration method) was conducted
until a suitable Pypper for stomatal closure of 0.55 and an f shape Of 0.4 was determined for ETa

prediction.

After parameterisation, evaluation of graph plots of the model simulated WP and B were able
to match with the graph plots of the field observed measurements of WP and B in all planting
dates Fig 8.4(a-c). However, the model overestimated B between the days from 42 DAE and
70 DAE and under estimated B from 77 DAE until physiological maturity in early and normal
planting dates. Similarly, the model overestimated B between the days from 35 DAE to 63
DAE and under estimated B from 70 DAE until physiological maturity in late planting date.
Although the overestimation and under estimation of B was observed at different periods of
growth, these variations were not significant as shown by error bars. Moreover comparison
of regression analysis (R?) (0.948, 0.887, 0.942), Root mean square error (RMSE) (6.689,
7.619, 4.937), and MAPE (15.166, 12.449, 18.620) (Table 8.5) in early, normal and late
planting, respectively showed excellent model performance in simulating B. Furthermore, the
simulated ET,, compared well with the measured ET, in both experiments although the
model ETa, was slightly higher than the field measurements. The greater model ETa could
possibly have been due the estimation of Ppper for stomatal closure. ET, is strongly affected
by Pupper for stomatal closure. Thus accurate calculation of of Pyper fOr stomatal closure will

improve ETa simulation.
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Table 8.5 Comparison of model simulated versus measured ET

Experiment Measured ET, Simulated ETa Measured WP Simulated WP.
I 682 686 9.4 7.0
Il 475 484 8.6 6.7

ETa is Evapotranspiration, WP* is normalised water productivity function.
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Figure 8.4 Comparison of model simulated and field observed above ground biomass. a, b and ¢ are graph plots for early, normal and late
planting date, respectively.
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8.4.5 Grain yield
AquaCrop simulate grain yield as a function of biomass and the harvest index. Biomass,

simulated according to equation 8.1 is partitioned into grain yield (Y) with the help of harvest
index (HI). HI is constantly adjusted during yield formation (Raes et al., 2011) and is affected
by water stress during various stages of crop development. Thus accurate prediction of yield
in AquaCrop is based on good parameterisation of the effect of water stress on HI at
different stages of growth such as before flowering, during flowering and physiological
maturity. The effects of water stress on HI before flowering was calculated as a percentage
decrease / increase in HI as a function of total biomass measured at peak vegetative stage.
Similarly, the effect of water stress on HI during flowering was estimated as a percentage
decrease/increase in HI as a function of total flowers aborted between well-watered and
water stressed crop. However because of difficulty in measuring Ks for stomatal closure, a
default class of moderately tolerant to water stress corresponding to soil water depletion
fraction (P) for failure of pollination of 0.88 and a range of 0.87-0.90 was used for the study.
Likewise, a positive stress effect on HI was 2 and in the range of 1.5 - 2.9, whilst a negative
stress effect on HI was 5 and in the range of between 4.1 and 7.0. The excess of potential
fruits suffered due to water stress was calculated as the differences in pod abortion
percentages between well-watered and water stressed crop. A class corresponding to this
pod abortion variation between the two water regimes was selected from the model default

values. Thus, excess of potential fruits was small (above 50).

After combining various effects of water stress on HI, HI was further adjusted by iterative
method so that it matches field calculated HI at physiological maturity. This involved
adjusting the maximum possible increase of HI. The extent of reduction in HI caused by
extreme temperature or severe water stress during pollination time was calculated as the
differences in flower abortion between well-watered and moisture stressed experiment. A
class corresponding to this flower abortion variation between the two water regimes,
selected from the model default values was small and in excess of 50. In general, the model
was able to predict crop yield for all planting dates. The regression plot of simulated and
observed yield showed a good relationship with R? values of 0.949, 0.928 and 0.990 for
early, normal and late planting dates, whilst the RMSE was 0.135, 0.143 and 0.031 for early,
normal and late planting dates (Fig 8.5 and Table 8.5). This low RMSE clearly show that the

model error in predicting yield was low and gives confidence of a reliable simulation results.
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Figure 8.5 Comparison of model simulated and field observed yield. a, b and ¢ are regression model of simulated yield verses field observed
yield for early, normal and late planting date, respectively.
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8.4.6 A summary comparing default model conservative parameters values and the
new parameterised values
A summary comparing default model conservative parameters values and the new

parameterised values is shown in Table 8.6. Since there were no old parameters for
chickpea, the study adopted default values for soybeans. The choice of soybeans is mainly
because it comes from the same family group with chickpea. These crops have similar
physiology and yield development system though they vary in their telerence to water stress.
However the biggest challenge is that chickpea was calibrated for winter planting whilst
soybean is a summer crop. Using default values of soybean which varies from chickpea on
water stress may compromise the results but soybean was chosen because it was the only
crop that is parameterised in AquaCrop model which is closer to chickpea in terms of growth
and development characteristics. Data that was used for parameterisation was not used for

testing the model.
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Model Default values

Planting Date (soybeans)
EP NP LP

A. Conservative crop parameters
Base temperature 8 8 8 10
Upper temperature 32 32 32 40
Crop coefficient when canopy is complete but prior to senescence 2.8 2.8 2.8 3.0
Water productivity normalized for ETo and CO2 (gram m-2) 16 16 16 17
Possible increase (%) of HI due to water stress before flowering
Growth during yield formation on Hi 0 0 0 0
Coefficient describing negative impact of stomatal closure during
Yield formation on HlI 0.42 0.42 0.42 0.42
Allowable maximum increase (%) of specified HI 12 12 12 10
Soil water depletion factor for canopy expansion — Upper threshold 0.3 0.3 0.3 0.25
Soil water depletion factor for canopy expansion — Lower threshold 0.65 0.65 0.65 0.60
Soil water depletion fraction for stomatal control — Upper threshold 0.5 0.5 0.5 0.5
Soil water depletion factor for canopy senescence — Upper threshold 0.85 0.85 0.85 0.85
Minimum growing degrees required for full biomass production (°C-day) 1354 1354 1354 1295
Heat stress temperature for pollination (°C) 32 32 32 40
Cold stress temperature for pollination (°C) 8 8 8 10
B. Non-conservative parameters
Plant density (no. of plants per hectare) 333333 333333 333333 -
Emergence (days after sowing) 12 13 13 -
Senescence (days after sowing) 116 112 105 -
Maturity (days after sowing) 133 125 114 -
Maximum canopy cover (%) 93 70 64 -
Flowering (days after sowing) 56 50 42 -
Maximum effective rooting depth (m) 2 15 15 -
Reference harvest index (%) 55 47 36 -

*EP is early planting date, NP

planting date and
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8.4.7 Validation of the model

Validation of the model was done using field independent data observed during 2015 winter
season. Graphical plotting of the simulated and observed parameters showed that AquaCrop
model was able to predict CC, Biomass and SWC and yield and showed a strong correlation
between observed and simulated parameters in all planting dates (Fig 8.4, 8.5, 8.6 and
Table 8.6).

The model was able to predict crop yield for all planting dates. The regression plot of
simulated and observed yield showed a good relationship with R? values of 0.949, 0.928 and
0.990 for early, normal and late planting dates, whilst the RMSE was 0.135, 0.143 and 0.031
for early, normal and late planting dates (Table 8.6). This low RMSE clearly show that the

model error in predicting yield was low and gives confidence of reliable simulation results.

The simulated ET,, compared well with the measured ET, in both experiments (Table 8.7
and 8.8), although the model ET. was slightly higher than the field measurements. Despite
the slight over-estimation, the results are consistent with earlier reports by Katerj et al.
(2013) who reported that AquaCrop is less accurate in predicting Eta under water stressed

crop.

Furthermore, SWC was simulated well in all planting dates. A good match between the
observed and simulated SWC was observed during the first 42 DAE and from 70 DAE until
physiological maturity stage in early and normal planting date. The late planting date had a
good match between the simulated and observed SWC during the first 35 DAE and from 63
DAE until physiological maturity. The model struggled to simulate SWC during 42-70 DAE in
early and normal planting and 35-63 DAE in late planting date. This period coincided with
peak reproduction stages in all planting dates and may have resulted in peak water demand
which was not well simulated by the model. During that same period SWC was observed to
fall and almost approached PWP, suggesting that the model may have problems in
simulating SWC under water limiting conditions. The over-estimation of SWC observed in all
planting dates during the peak reproduction stage may have been responsible for the
overestimation of CC. AquaCrop model is water driven (Steduto et al., 2009), thus an
overestimation in SWC may result in overestimation in CC and all other crop physiological
parameters that are water driven. In addition, the model also overestimated biomass during
the same period, indicating that the problems experienced by the model in simulating SWC
may also have affected simulating of biomass during the same period. Indeed, biomass is
calculated as a function of water productivity and transpiration in AquaCrop (Steduto et al.,
2009; Raes et al.,, 2009). Therefore overestimation in SWC may have resulted in

overestimation of CC and biomass during the peak reproduction stage. However, a
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comparison of liner regression analysis (R?) (0.982, 0.949, 0.954), Root mean square error
(RMSE) (0.226, 0.696, 0.310), and MAPE (0.466, 1.364, 0.665) (Table 8.6) in early, normal
and late planting, respectively showed a good model performance in simulating SWC in all
planting dates. The match between observed and simulated SWC may indicate good model
performance in simulating soil water fluxes in the root zone and also evaporation and

transpiration of the crop.

In general, AquaCrop simulated above ground biomass well. The simulated above ground
biomass development followed the normal growth curve and a graphical plotting of simulated
and observed biomass fitted well (fig 8.5). However, the model was less accurate in
predicting above ground biomass during the period from 37 DAE until 91 DAE in early
planting and from 21 DAE to 71 DAE in late planting, whilst normal planting date had the
best model prediction. Significant variations between the model simulated and field observed
above ground biomass was observed during the period from 56-63 DAE in early planting and
from 49 -60 DAE in late planting date, whilst no significant differences between simulated
and observed was observed in normal planting. Field visual inspection of the late planted
crop during first 30 DAE showed that the crop was less tolerant to low temperatures and
experienced poor early growth during the coldest month of June. Whilst temperature is well
taken care of in AquaCrop (Steduto, et al., 2009), this problem may have caused variations
between the observed and simulated biomass during early growth stages in late planting
date. Above ground biomass in all planting dates was similar during the first 21 DAE,
possibly because of the way AquaCrop calculate initial CC during early stages of growth.
Initial CC calculated as a function of plant density and mean canopy size per seedling
(Steduto, et al., 2009). However, the slight variation in CC though not significant observed
amongst planting date during the early stages of growth may have been possibly due to
differences in rate of mobilisation of seed reserves and partially heterogeneity of germination
(Steduto et al., 2009). Despite the significant variations between simulated and observed
above ground biomass in early and late planting, a comparison of liner regression analysis
(R?) (0.893, 0.995, 0.982), Root mean square error (RMSE) (0.736, 0.130, 0.236), and
MAPE (38.604, 26.675, 38.311) (Table 8.6) in early, normal and late planting, respectively
showed a good model performance in simulating above ground biomass in all planting dates.
The results of this study, regardless of different crops used, are comparable to earlier
studies in Quinoa (Geerts et al, 2009), winter wheat (Xiangxiang et al., 2013), in corn (Katerji
et al., (2013). The good quality of the model simulation results in canopy cover implies that
AquaCrop model was able to pick out any significant differences for canopy cover that were

caused by variation in planting date. Therefore the model may also simulate canopy cover

188

© University of Venda



7S
>

(o

&5 ) university of Venda
C

variations fairly well if the model is used to investigate scenario assessment of the effect of
climate change on planting dates of chickpea in the same area of study.

Table 8.7 Comparison of model simulated versus measured ET

Experiment Measured ET, Simulated ET. Measured WP* Simulated WP*.
I 694 705 9.5 7.2
Il 468 498 10.4 8.3

ET. is Evapotranspiration, WP* is normalised water productivity function
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Table 8.8 Statistical evaluation for model validation

Statistics
Planting date Parameter n Adjusted R? RMSE MAPE P (F-ratio)
Early Planting CcC 36 0.979 3.948 8.59 < 0.0001
Biomass 36 0.893 0.736 38.60 < 0.0001
ETa 36 0.951 3.670 17.84 <0.0001
SWC 36 0.982 0.226 0.47 < 0.0001
Yield 36 0.949 0.135 16.62 < 0.0001
Normal Planting CcC 36 0.986 2.514 7.49 < 0.0001
Biomass 36 0.995 0.130 26.68 < 0.0001
ETa 36 0.968 4920 15.47 < 0.0001
SWC 36 0.949 0.696 1.36 < 0.0001
Yield 36 0.928 0.143 21.12 < 0.0001
Late Planting CcC 36 0.978 2.948 9.03 < 0.0001
Biomass 36 0.982 0.236 38.31 < 0.0001
ETa 36 0.943 5.230 20.33 < 0.0001
SWC 36 0.954 0.310 0.67 < 0.0001
Yield 36 0.990 0.031 6.01 < 0.0001

Where n is the sample size, R? is the linear regression model, RMSE if the root mean square
error, MAPE is the mean absolute percentage error, Pr > F is a probability of F statistic, CC

is the canopy cover, ET is the evapotranspiration, and SWC is the soil moisture content.
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Figure 8.6 Comparison of model simulated and field observed canopy cover. a, b and ¢ are graph plots of early, normal and late planting dates

respectively, whilst d, e and f are regression model for canopy cover in early, normal and late planting date, respectively.
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8.5 Conclusion

AquaCrop was well calibrated and validated for simulating attainable yields in chickpea crop
grown under different planting dates, in a representative site of the dry environments of
North Eastern South Africa. All the statistical indicators used to compare field observed and
model predicted parameters showed good model performance. The model predicted CC,
SWC, and B and yield fairly well and picked out differences attributed to planting date in
North Eastern South Africa. The validated model can be used for evaluating the effects of
different planting dates on yield.
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Chapter 9

Effect of climate change on chickpea (Cicer arietinum) winter planting date in North
Eastern part of South Africa.

9.0 Abstract

Climate change, in the form of a significant increase in carbon dioxide and temperature, and
a decrease in rainfall, may alter the current planting date for chickpea crop (Cicer arietinum)
in Southern Africa. This study aimed at determining the likely effect of climate change on
winter planting date for chickpea crop. Daily temperature and rainfall data for chickpea winter
growing season (May —October) were simulated using 15 Global circulation models (GCMSs)
from the coupled Model Intercomparison Project phase 5 (CMIP 5). The simulated dataset
had baseline data ranging from 1950 to 2015 and projections of future climate ranging from
1950 to 2100. Dataset was generated in accordance with CMIP 5 agreement of medium
mitigation representative pathway scenario (RCP 4.5) and high representative pathway
emissions scenario (RCP 8.5). Possible optimal planting dates based on temperature for
each year (1950 to 2100) were generated using a calibrated and validated AquaCrop model
5.0 for chickpea in the Region. Assessment of climate change using temperature, rainfall,
Evapotranspiration (ETo) and planting date, in the years 1950 to 2100 was performed using
a non-parametric Mann-Kendall test. Furthermore, the cumulative sum test was used to test
the presence of a change point in the simulated data. The level of variability in simulated
temperature, planting date and rainfall was evaluated by the variability test. The simulation
results indicated a significant increase in temperature in the study area, under both RCP 4.5
and 8.5 (by 4.2 to 5.5 °C). This increase in temperature will lead to a concomitant increase in
ETo and AGDD for chickpea. Moreover, the results from the GCMs show that optimal
planting date for chickpea could have shifted from mid-month of April during 1950 to end of
May in 2100. This will reduce chickpea growing season from 140 days to 85 days.
Therefore, there is need to determine the effect of a shift in planting date on biomass and

yield of chickpea crop under RCP 4.5 and 8.5.
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9.1 Introduction
Projections of future climate place the Southern Africa region at the forefront of climate

change vulnerability, with negative impacts on revenue from dryland farming (IPPC, 2007).
The fifth Assessment Report from the International Panel on Climate change (IPCC) gave
projections of surface temperature increase of between 3.7 °C and 4.8 °C compared to pre-
industrial levels (IPCC, 2014). It is largely expected that under climate change, many areas
in Southern Africa will experience a decrease in the length of the growing season (Fiwa,
2015), while in some highland areas, rainfall changes may lead to prolonged growing season
(Tadross, et al.,, 2009). Amid such negative projections, agricultural activities, particularly
chickpea production, will be affected by changes in temperature and precipitation conditions
in large parts of sub-Saharan Africa (Muller et al., 2011; Waha et al., 2012).

Evaluation of a collective insight of climate change impacts in Southern Africa by
Zinyengerere and Crespo (2013) suggested the need to develop adaptation strategies, into
the future, that consider carbon dioxide fertilization. Moreover, it is viewed that impacts of
climate change on chickpea crop may substantially be reduced with improvement of field
management strategies. Therefore the farmers’ choice of planting date, amongst other field
management strategies, might be an important adaptation strategy to changing climate
conditions (Waha et al., 2012). Omotosho et al. (2000) and Odekunle (2003) suggested that
a reliable understanding of rainfall onset and cessation times will greatly assist in timely
preparation of farmlands, mobilization of seed and will reduce the risk involved in planting
too early or too late. Waha et al. (2012), working with historical data from 1971-2000 and
GCM model projections from 2070-2099, reported that planting dates in sub-Saharan Africa

were changing with changes in the start of the rainy season.

Planting date as a management strategy, together with a good choice of crop cultivar has
been reported to improve yield in chickpea (Siddique and Sedgley, 1986; Siadat and
Hemayat, 2009), in other legumes (Confalone et al., 2009) and in other crops (Tsimba et al.,
2013). Mahomed et al (2016), recommended planting date as a tool that could be used as
an adaptive management strategy to improve yield under climate change conditions.
However, it is not clear whether the current planting dates for chickpea crop will remain
useful when climate has changed. Hardly any study has projected chickpea planting date
response to changes in climate in South Africa. Where studies on climate change have
been conducted (Hajarpoor et al., 2014; Birthal et al., 2014; Ehteramian et al., 2012), the
studies have not followed CMIP 5 agreement. In some reports (Hajarpoor et al., 2014, Birthal
et al., 2014; Koocheki et al, 2006; Waha et al., 2012), very few GCMs were used and hence

compromising the credibility of the conclusions. Therefore, this study aimed at determining
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the likely effect of climate change on winter planting date for chickpea crop in North Eastern

Region of South Africa.
9.2 Materials and methods

9.2.1 Study sites

This chapter is about modelling climate data and planting dates. The University of Venda
was used as a research station from which weather data and site characteristics were used
as inputs. The meteorological coodinates from which the datasets was measured and
simulated are as follows: Latitude-22.97783, Longitude 30.4415 and Altitude 712, comp #
30720 and the weather station is the Universty of Venda.

9.2.2 Experimental design

The study design incorporated a combination of modelling and manipulation of historical
meteorological data for the years (1984-2015). Daily temperature and rainfall data for
chickpea winter growing season (May —October) was simulated using 15 Global circulation
models (GCMs) from the coupled Model Inter-comparison Project phase 5 (CMIP 5) (Taylor
et al., 2011).The output from GCMs was downscaled to local level of Thohoyandou using
self-organised maps (SOM) approach (Hewitson and crane, 2006). The simulated dataset
had baseline data ranging from 1984-2015 and projections of future climate ranging from
1950-2100. Dataset was generated in accordance with CMIP 5 agreement of medium
mitigation representative pathway scenario (RCP 4.5) and high representative pathway
emissions scenario (RCP 8.5). Possible optimal planting dates based on temperature for
each year (1950-2100) were generated using a calibrated and validated AquaCrop model
5.0 for chickpea in the Region.

9.2.3 Generation of future climate data

The simulations used 15 different models: BCMZ, GGMR, CNCM3, CSMK3, CSMD,
GFCM21, GIAOM, HadCM3, HADGEM, INCM3, IPCM4, MIHR, MPEH5, NCCCS, and
NCPCM (see Table 1 for full names). All the selected models are members of phase 5 of the
Coupled Model Intercomparison Project (CMIP 5) and have completed all core simulations
within the suit of long term experiments and some prioritised tier 1 and 2 experiments that
are aimed to determine simulations forced with specified concentrations that are consistent
with medium mitigation representative pathway scenario (RCP 4.5) and high representative

pathway emissions scenario (RCP 8.5).

9.2.3.1 Determination of future Evapotranspiration (Eto) (1950-2100)
Evapotranspiration (ETo) for all the 15 GCMs was calculated from maximum and minimum

temperature datasets using the ETo calculator (Allen et al., 1998). The simulated ETo for the
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years from 1950 — 2100 was used as input in AquaCrop model to develop planting date

simulations.

9.2.3.2 Determination of planting dates (1950-2100) using AquaCrop model

To develop future winter planting dates, simulated climate datasets from 15 GCMs were
used as input climate data in the AquaCrop model 5.0 that was parameterised and validated
for chickpea in the study area. The model simulated planting dates from the years 1950 to
2100 based on optimum temperatures for germination. Selection of optimum planting date
for each year was based on maximum yield obtained from iterative process using different

planting dates options availed by the model (Mhizha et al., 2014).

9.2.3.3 Determination of future growing degree days (1950-2100)

Accumulated growing degree days for chickpea crop based on the developed planting dates
in paragraph 9.2.3.2 and a base temperature of 8 °C (Soltani et al., 2006, Biabani et al.,
2011, Ogola and Thangwana, 2012). was calculated according to equation 9.1 (Allen et al.,
1998):

GDD = mecTmin T, (9.1)
Where, Tmax is the maximum temperature for the day, and T min is the minimum temperature
for the day, Trase is the temperature below which no growth can take place. GDD units were
calculated for each day from the date of planting until date of physiological maturity (When
80% of leaves had turned yellow) and summed up to give one cumulative heat units value
(AGDD).

9.2.4 Data analysis

Autocorrelation tests of temperature, rainfall, AGDD, ETo and planting date datasets was
conducted using the Pragmatic Approach to Statistical Testing and Estimation model 3.0
(PASTE) (Leppink, 2018) to detect the existence of serial correlation at 95% confidence
interval (Von Storch, 1995). Assessment of the existence of effect of climate change on
temperature, rainfall, ETo, AGDD and planting date was done using a non-parametric Mann-
Kendall test. Furthermore, the cumulative sum test was used to assess the presence of
periods of sudden change amongst planting dates (Tabari, et al., 2014). The level of
variability amongst temperature, rainfall, ETo, AGDD and planting dates was evaluated by
the variability test. The regression relationship between planting date and temperature,

rainfall, ETo, AGDD and planting dates was determined by regression plots.
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9.2.5.1 Mann- Kendall test (MK test)

Assessment of the existence of effect of climate change on temperature, rainfall, ETo,
AGDD and planting date was done using a non-parametric Mann-Kendall test. Statistical
correlation in temperature, rainfall, ETo, AGDD and planting dates was evaluated using the
Kendall's tau, where, a value > + 0.6 was considered to have a strong positive relation,
whilst < - 0.4 was taken to have a weak relation (Hennemuth et al., 2013). MK test was
selected for use in the study following recommendations from earlier studies: where
Ngongondo et al, (2011) reported that the MK test has the advantage of being simple, robust
and is less sensitive to outliers and missing data. MK test is less sensitive to abrupt changes
in data trends that may be due to non-homogeneity or linearity in dataset (Hennemuth et al.,
2013). In addition, the World Meteorological Organisation (WMQO) recommends the MK test
for assessment of trends in meteorological datasets (WMO, 1998). MK test is computed as
as shown in equation 9.2.

s—1

NCTTE ifs>0
Zyk = 0 ifs=0 9.2
s+1 .
Foar if s<0
Zmk is the normalised MK test statistic, S is the MK test statistic and is defined as shown in
equation 9.3.
S = X YT sign (x5 — x;) 9.3

The variance of S in the x values is given as as shown in equation 9.4.

Var () = —[n(n—1)2n+5) - X2, — 1(2t; +5)] 9.4

1
18
Where xj and xi are sequential data values (Kendal, 1975; Mann, 1945). m is the number of
tied groups (a tied group is a set of sample data having the same value), ti is the number of

data points in the ith group and n is the length of data set (Kendal, 1975; Mann, 1945).
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Xlstat (2016) software was used to perform the MK test. The null hypothesis was tested at

95% confidence level for all parameters under evaluation.

9.2.5.2 Variability test

The variability test was performed by computing the coefficiency of variance (CV) as follows:

CV== x100% (Hennemuth et al., 2013) 9.5

il @«

Where S is the standard deviation and X is the statistical mean.

9.2.5.3 The cumulative sum test (Cumsum)

Cumsum test was performed to determine the period (years) sudden changes in
temperature, ETo, AGDD and planting dates. The test was conducted only in datasets where
Mk test showed significant trend. The cumsum test was computed as follows:

Sk =Yk (x,—%),k=(1,2...,n) (Hennemuth etal., 2013) 9.5
Where t is time in years, k is dataset.

The possible sudden change in temperature, ETo, AGDD and planting dates was observed

when Sx was at maximum (Navares and Aznarte, 2017).
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Table 9.1 List of GCMs and their grid resolutions used in the study.

Model acronym used Research centre Model full name

Grid resolution

Reference

BCM2 Bjerknes Centre for Climate Research BCM2.0 L1 1.9x1.9°
CGMR Canadian Centre for Climate Modelling and Analysis CGCMS33.1(T47) L, U2 2.8 x 2.8°
CNCM3 Centre National de Recherches Meteorologiques CNRM-CM3 L, U 1.9x1.9°
CSMK3 Commonwealth Scientific and Industrial Research CSIRO-MK3.0L,U 19x1.9°
CSMD (2005) FGOALS Institute of Atmospheric Physics FGOALS-g1.0L 2.8x2.8°
GFCM21 Geophysical Fluid Dynamics Laboratory FGFDL-CM2.1L,U 2.0x2.5°
GIAOM Goddard Institute for Space Studies GISS-AOM L, U 3x4°
HadCM3 UK Meteorological Office HadCM3 L 2.5x3.75°
HADGEM UK Meteorological Office HadGEM1 L 1.3x1.9°
INCM3 Institute for Numerical Mathematics INM-CM3.0 L 4 x5°
IPCM4 Institute Pierre Simon Laplace IPSL-CM4 L, U 2.5x3.75°
MIHR National Institute for Environmental Studies MRI-CGCM2.3.2L, U 2.8 x 2.8°

MPEHS5 Max-Planck Institute for Meteorology ECHAM5-OML, U 19x1.9°

NCCCS National Centre for Atmospheric Research CCSM3 L 1.4x1.4°
NCPCM National Centre for Atmospheric Research PCML, U 2.8x2.8°

Déqué et al. (1994)
McFarlane et al. (1992)
Déqué et al. (1994)
Gordon et al. (2002);
Wang et al. (2004)
Anderson et al. (2004)
Russell et al. (1995)
Gordon et al. (2002)
Martin et al. 2006;
Galin et al. (2003)
Hourdin et al. (2006)

Hasumi and Emori (2004)
Roeckner and Arpe (1996)

Collins et al. (2006)
Kiehl and Gent (2004).
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9.3 Results

9.3.1 Autocorrelation results

Autocorrelation tests of daily rainfall, temperature, and planting dates for Thohoyandou from
15 GCMs did not show serial correlations (Fig 9.1). The regression evaluation of the data
sets for Thohoyandou from all 15 GCMs revealed no autocorrelation and was random at
95% confidence interval. Therefore the simulated datasets from all 15 GCMs was taken as
independent from the observed data and there was no need for pre-whitening before running
the MK test. Results shown in Fig 9.1 are only a sample of rainfall, temperature and planting
date but other parameters such as ETo and AGDD were tested for serial correlation and the

results did not show autocorrelation.
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Figure 9.1 Autocorrelation tests of daily temperature (a and b), rainfall (c and d), and
planting dates (e and f). The plots are averages from all 15 GCMs.

9.3.2 Time series analysis of temperature, rainfall, ETo, AGDD and planting dates

Table 9.2 depicts MK test results on temperature, rainfall and planting dates datasets that
were computed as average from 15 GCMs. Time series analysis of mean temperatures
revealed statistically significant (P value <0.0001) increase for the years 1950 to 2100 (Table
9.2). Both representative pathway emission scenarios (RCP) showed a temperature
increase, with the high representative pathway scenario (RCP 8.5) showing a greater

temperature increase. The average mean temperatures from 15 GCMs under the RCP 4.5
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for the study area revealed a 4.4% temperature increase from 20.6 ° C to 21.5°C at a
period from 1950 to 2010 (Fig 9.2 a), and was expected to increase sharply by 4.7% to 22.5
°C in 2030. Furthermore, the temperatures are expected to increase by 4.3% to 23.5 °C in
the 2070s before slowing down and finally reach 24.3 °C in 2100. Similarly, an average of
mean temperatures from 15 GCMs under RCP 8.5 revealed a temperature increase of 7.7%
from 20.9 °C to 22.5 °C between the years 1950 and 2010 (Fig 9.2 b), and is expected to
increase by 2.2% to 23 °C in 2030, and further increase by 5.2% to 24.2 °C in 2060 and by
9.5% to 26.5 °C in 2100. In general, for all representative pathway emission scenarios,
temperatures are expected to increase by a magnitude of between 4.2 and 5.5 °C in the
study area.

Moreover, the variability test revealed a low co-efficient of variation of 4.9 % in RCP 4.5 and
7.1 % in RCP 8.5, whilst the cumulative sum test depicted abrupt changes in temperature in
the years 2029, 2066 and 2094 in RCP 4.5 and 2032, 2060 and 2087 in RCP 8.5 (Table
9.3).

However, average rainfall from all 15 GCMs did not show a significant trend (P value
=0.166) for RCP 4.5 (Fig 9.2 ¢) and (P value = 0.094) for RCP 8.5 (Fig 9.2 d and Table 9.2).
Furthermore, rainfall exhibited a greater variability which was indicated by a co-efficiency of
variance of 62.2% and 62. 8% in RCP 4.5 and 8.5 respectively (Table 9.3). Although the
trend was not significant, rainfall simulations under RCP 4.5 showed a slight decline as was

depicted by a negative slope of -0.817, whilst RCP 8.5 had a slope of -0.681.

Just like temperature, time series analysis of potential evapotranspiration (ETo) revealed
statistically significant (P value <0.0001) increase in ETo for the years from 1950 to 2100
(Fig 9.2 e — f and Table 9.2). Both representative pathway emission scenarios showed an
increase in ETo over time. The average ETo from 15 GCMs under RCP 4.5 for the study
area revealed an ETo increase from 1366 mm per year to 1399 mm per year for the period
from 1950 to 2010 (Fig 9.2 e), and was expected to increase sharply to 1420 mm per year in
2030. Furthermore, the ETo was expected to increase to 1473 mm per year in the 2070s
and finally reach 1480 mm per year in 2100. Similarly, an average ETo from 15 GCMs under
high mitigation representative pathway emission scenario (RCP 8.5) revealed ETo increase
from 1377 to 1418 mm per year between the years 1950 and 2010 (Fig 2 f), and is expected
to increase to 1450 in 2030, 1521 in 2070 and 1608 mm per year in 2100. In general, for all
representative pathway emission scenarios (4.5 and 8.5), ETo is expected to increase by a

magnitude of between 114 mm and 231 mm respectively, in the study area.

Moreover, the variability test revealed a low co-efficient of variation of 2.9 % in RCP 4.5 and

5.0 % in RCP 8.5, whilst the cumulative sum test depicted abrupt changes in ETo in the
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years 2029, 2066 and 2094, and in RCP 4.5 and 2032, 2060 and 2087 in RCP 8.5 (Table
9.3).

Table 9.2 MK test results for mean temperature, rainfall, ETo, AGDD and planting
dates

Parameter Kendall’'s S Var(s) P (F-ratio)
Tau

alpha Test
Interpretation

Temperature
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(RCP 4.5) 0.883 10951 442373.67  <0.0001 0.05 Accept
(RCP 8.5) 0.912 11307 442373.67  <0.0001 0.05 Accept
Rainfall

RCP 4.5 -0.076 -861 386308.33  0.166 0.05 Reject
RCP 8.5 -0.092 -1041 386308.33  0.094 0.05 Reject
ETo

(RCP 4.5) 0.786 8666 371208.67 <0.0001 0.05 Accept
(RCP 8.5) 0.792 8685 371208.67  <0.0001 0.05 Accept
AGDD

(RCP 4.5) 0.860 9478 371208.67  <0.0001 0.05 Accept
(RCP 8.5) 0.924 9637 371208.67  <0.0001 0.05 Accept
Planting date

RCP 4.5 0.862 9677 385980.33  <0.0001 0.05 Accept
RCP 8.5 0.834 9241 378401.67  <0.0001 0.05 Accept

Kendall’s Tau is the rank correlation coefficient, S is the slope, variance of S in x values, Var
(s) is the variance of dataset, P value is the probability, alpha is the level of significant.
The null hypothesis (Ho) was that the parameters (temperature, rainfall, ETo, AGDD and

planting date) varied with time.

Table 9.3 Cumsum test and variability test for daily mean temperatures, rainfall and
planting dates.

Parameter Ccv Cumsum

Year Year Year
Temperature (RCP45) 49% 2029 2066 2094
Temperature (RCP 8.5) 7.1% 2032 2060 2087
Rainfall (RCP 4.5) 62.2% 0 e e e
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Rainfall (RCP 8.5) 62.8% 0 e e e
ETo (RCP 4.5) 2.9% 2029 2066 2094
ETo (RCP 8.5) 50% 2032 2060 2087
AGDD (RCP 4.5) 51% 2029 2066 2094
AGDD (RCP 8.5) 8.1% 2032 2060 2087
Planting date (RCP 4.5) 10.8 % 2031 2065 2093
Planting date (RCP 8.5) 12.4 % 2033 2061 2088

CV is the coefient of variance, ETo is the evapotranspiration, and AGDD is the accumulated

growing degree days.
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Figure 9.2 Time series graphs for temperature, rainfall and ETo under 4.5 and 8.5
representative pathway emission scenarios.

Time series analysis of accumulated growing degree days per season (May —October)
(AGDD) revealed statistically significant (P value <0.0001) increase in AGDD over the years
from 1950 to 2100 (Table 9.2). Both representative pathway emission scenarios showed
AGDD increase, with the high representative pathway scenario (RCP 8.5) showing a greater
increase (Fig 9.3 a and b). The average AGDD from 15 GCMs under the medium mitigation

representative pathway emission scenario (RCP 4.5) for the study area revealed an AGDD
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increase from 1675 °C. days to 1755 °C. days per winter season at a period from 1950 to
2010 (Fig 9.3 a), and is expected to increase sharply to 1796 °C. days per season in 2030.
Furthermore, the AGDD is expected to increase to 1861 °C. days per season in the 2070s
and finally reach 1913 °C days per year in 2100. Similarly, an average AGDD from 15 GCMs
under high mitigation representative pathway emission scenario (RCP 8.5) revealed AGDD
increase from 1701 to 1831 between the years 1950 and 2010 (Fig 9.3 b), and is expected
to increase to 1902 °C days per season in 2030, 2134 °C days per season in 2070 and 2267
°C days per season in 2100. In general, for all representative pathway emission scenarios
(RCP 4.5 and 8.5), AGDD is expected to increase by a magnitude of between 793 and 1422
respectively, in the study area.

Moreover, the variability test revealed a low co-efficient of variation of 5.1 % in RCP 4.5 and
8.1 % in RCP 8.5, whilst the cumulative sum test depicted abrupt changes in AGDD in the
years 2029, 2066 and 2094 in RCP 4.5 and 2032, 2060 and 2087 in RCP 8.5 (Table 9.3).
Furthermore, time series analysis of average planting dates from 15 GCMs for the years
from 1950 to 2100 revealed statistically significant (P value <0.0001) change of planting
dates (Table 9.2). The planting dates shifted from the month of April into the month of May in
both representative pathway emission scenarios, RCP 8.5 showing a greater change or shift
of the planting dates. The variability test revealed a low co-efficient of variation of 10.8 %
under RCP 4.5 scenario and 12.4 % under RCP 8.5 scenario, whilst the cumulative sum test
depicted abrupt changes in planting dates in the years 2031, 2065 and 2093 under RCP 4.5
scenario and 2033, 2061 and 2088 under RCP 8.5 scenario (Table 9.3).

Moreover, trend analysis of average planting dates that were computed from all 15 GCMs
under the RCP 4.5 emission scenario revealed a shift in planting date from 5" of April to the
13" of May over the period from 1950 to 2010 (Fig 2 e), and the planting date is expected to
increase to 17 May in 2030. Furthermore, the planting date is expected to shift to 21 May in
the 2070s before slowing down and finally reach to 25 May in 2100. Similarly, the average
planting date from 15 GCMs under high mitigation representative pathway emission
scenario (RCP 8.5) revealed a shift in planting date from 9" of April to the 15" of May over
the period from 1950 to 2010 (Fig 2 f), and the date is expected to shift to 19 May in 2030.
Furthermore, the planting date is expected to shift to 23 May in the 2070s before slowing

down and finally reach 31 May in 2100.
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Figure 9.1 Time series graphs for accumulated growing degree days (AGDD) and
planting date under different representative pathways.

Figure 9.3 Time series graphs for accumulated growing degree days (AGDD) and planting
date under different representative pathways.

9.3.3 Relationship between planting date and temperature, AGDD and ETo
The linear regression analysis of planting date against temperature, AGDD and ETo showed

a strong relationship in all parameters (Fig 9.4 a-f). Planting dates shifted into the growing
season with each successive year as temperature, AGDD and ETo was increasing.
However, there was a slight variation in strength of the relationships amongst the

representative pathways, with RCP 4.5 showing greater regression slope compared to RCP
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8.5 in AGDD and ETo and vice versa in temperature. For example, the strength of
regression slopes as measured by R? in RCP 4.5 and RCP 8.5, respectively was 0.7694 and
0.8168 for temperature (Fig 9.4 a & b), 0.8624 and 0.8158 for AGDD (Fig 9.4 ¢ & d) and
0.8200 and 0.7496 for ETo (Fig 9.4 e & f).
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Figure 9.4 Regression analysis between planting date temperature (graphs a and b), ETo
(graphs c and d), AGDD (graphs e and f).

9.4 Discussion

Time series analysis using MK test revealed significant changes in temperature, ETo, AGDD
and chickpea planting dates. The observed significant changes in these parameters may
indicate climate change in the study area. The average temperature from all the 15 GCMs
projected a temperature increase of the magnitude between 4.2 and 5.5 °C in the study
area, whilst the IPCC, (2014) projected a temperature increase of between 3.7 and 4.8 °C in
the whole Southern Africa Region. Several studies have confirmed that climate change is
taking place in the region, however, the magnitude of change in temperature have been
reported varyingly in literature (Battisti and Naylor, 2009; World bank, 2011; IPCC, 2014)
and is possibly due to the methods of downscaling used in computing climate datasets

(Tadross et., al 2005). Therefore, the small variation between our study results with earlier
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reports may partly be due to differences in scale of resolution and experimental approaches
used. Moreover, the several abrupt changes in temperature observed in the study may
indicate that temperature stress events will be more common in future. The results clearly
confirms earlier speculation by Dreccer et al (2018) that current hottest seasons on record
will be similar to normal temperatures of the future. Temperature above 32°C have been
reported to affect chickpea production (Devasirvatham et al., 2012). Thus chickpea yield
may be affected in future by increase in temperature.

Insignificant changes observed in rainfall amount may indicate that the amount of rainfall
received may not change for the period up until 2100. Studies have confirmed that rainfall
amount may not vary significantly with time up until 2100 but the pattern of distribution may
vary spatially and temporally (World bank, 2011; IPCC, 2007 & 2014). The variability in
rainfall observed in the study may be felt inform of drought and extreme precipitation or
water stress events (Challinor and Wheeler, 2008; Sage et al., 2008) and this may affect
chickpea productivity.

The significant changes observed in ETo and AGDD are expected due to the involvement of
temperature in calculation of ETo (Allen et al., 1998) and AGDD (Allen et al., 1998).
However, the significant increase in ETo clearly show that the atmosphere will have a higher
demand for water vapour, leading to great water use. This may negatively affect chickpea
yield (Dreccer et al., 2018) unless irrigation water is added to reduce water stress. Moreover,
the increase in AGDD may imply a hastened crop development and maturation in future
(DaMatta et al., 2010). This may result in lower biomass and grain yield owing to less time

spent by plants to accumulate heat units.

The results clearly show that planting date for chickpea in the study area shifted markedly
from mid-month of April in the 1950s to mid-month of May by the year 2010. Projections are
that planting dates will shift even further to end of May by the year 2100. The shift in planting
dates may be explained by the expected variation in temperature. The influence of
temperature in determining planting date of crops was explained by Raes et al., (2004).
Moreover, in the current study, field experiments showed that temperature has a significant
effect on planting date for chickpea. However it is not clear whether the shift in planting
dates will significantly affect chickpea growth, development and vyield. From the field
experiments that were conducted as part of this study, optimal planting date was found in the
early-month of May, whilst end of May was observed to produce suboptimal yields and was

considered to be a late planting date in the region.

It is suggested that the extension of planting period to end of May could possibly and partly

be due to warming of winter temperatures expected under climate change. Furthermore, the
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expected extension of planting date to end of May may widen the planting period for
chickpea and this positively will provide famers with ample time to grow the crop. In addition,
the increase in temperature may have the advantages of improving germination rate from
the current 85% observed in the study and reduce seedling emergence period (Mubvuma,
2018). The projected rise in AGDD coupled with an extension of the planting period into the
season may suggests a reduced growing season length for chickpea in future. Because of
the observed shift in planting dates, growing period cycle for chickpea will fall from 140 days
to 85 days. The results confirms earlier suggestions that the expected temperature rise will
reduce the current crop growing cycle. In support of this, Fiwa et al., (2015) reported a
projected shortening of the growing season and growing cycle for maize in Southern Africa

due to temperature increase under climate change.

The close association depicted by the regression relationship between temperature, ETo
and AGDD with planting date (Fig 4) clearly indicate the importance of temperature in
determining planting dates for chickpea. The increase in temperature of the magnitude of
between 4.2 to 5.5 °C, coupled with greater rainfall variability may suggests that the impact
of climate change may be felt in form of extreme temperatures and uneven rainfall
distribution. This view was shared by Koocheki et al (2006) and may affect crop yield in

future.

The results also revealed that projections for temperature, ETo, AGDD and planting dates
will vary with representative carbon dioxide concentration pathway scenarios. The high
representative pathway emission scenario (RCP 8.5) showed more increase in temperature,
ETo, and AGDD compared to RCP 4.5. Such increase was reflected in a greater shift in
planting dates for chickpea crop under RCP 8.5. The effect of a rise in carbon dioxide
concentration under climate change to crops has been reported by several authors and is
expected to benefit chickpea biomass and yield because of its inefficiency Cz photosynthetic
pathway system (Jablonski et al., 2002).

The variability test revealed a low co-efficient of variation in temperature, ETo, AGDD and
planting date, indicating reliability and consistence of study results. However relatively lower
co-efficient of variation was observed in RCP 4.5 compared to RCP 8.5, possibly due to the
effect of carbon dioxide in absorbing greater longwave radiation in RCP 8.5. Cumulative sum
test depicted abrupt changes in temperature, ETo, AGDD and planting dates in the years
2029, 2066 and 2094 in RCP 4.5 and 2032, 2060 and 2087 in RCP 8.5. The effect of such
abrupt changes on crops is beyond the scope of this study and has hardly been studied but
intuitively may have significant effect on chickpea growth and development and therefore

warrant further study on their likely effect on chickpea biomass, and yield.
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9.5 Conclusion

Planting dates for chickpea were shown to change significantly by the year 2100. Projections
for temperature, ETo, AGDD and planting dates varied with representative carbon dioxide
concentration pathway scenarios. The high representative pathway emission scenario (RCP
8.5) showed greater shift in planting dates, increase in temperature, ETo, and AGDD
compared to RCP 4.5. The results answers positively to the general question: will there be a
future for chicpea in the study area? However, it is not clear whether the shift in planting
dates will significantly affect chickpea growth, development and yield. Therefore, there is
need to determine the effect of a shift in planting date on biomass and yield of chickpea crop

under RCP 4.5 and 8.5 climate change scenarios.
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Chapter 10

The effect of planting date on aboveground biomass and grain yield of chickpea crop
(Cicer arietinum) grown under future climate scenarios.

Abstract

This study aimed at determining the likely effect of planting date on chickpea biomass and
yield under climate change scenario in North Eastern Region of South Africa. FAO
AquaCrop model 5.0 that was calibrated and validated in Chapter 8 was used for simulating

future heat use efficiency (HUE), water use efficiency (WUE), Carbon dioxide productivity
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(CP), and biomass and grain yield of chickpea crop for the years 1950 to 2100 The model
used daily climate datasets that were computed as averages from 15 Global circulation
models (GCMs) from the Coupled Model Intercomparison Project-phase 5 (CMIP5). Dataset
was generated in accordance with CMIP 5 agreement of medium mitigation representative
pathway scenario (RCP 4.5) and high representative pathway emissions scenario (RCP 8.5).
Aboveground biomass increased from 2.0 & 2.05 t ha' in 1950 to 4.3 & 4.57 t ha?,
respectively in RCP 4.5 and 8.5, in 2100, when planting dates recommended by AquaCrop
model were used, whilst it increased from 1.95 & 1.94 t ha* in 1950 to 2.16 & 2.31 t ha,
respectively under RCP 4.5 and 8.5, in 2100, when late planting date was used. Similarly,
grain yield increased from 1.07 & 1.08 t ha' in 1950 to 1.68 & 2.21 t ha?' in 2100,
respectively under RCP 4.5 and 8.5, in 2100 when planting dates recommended by
AquaCrop model were used, whilst it increased from 0.72 & 0.69 t ha™ in 1950 to 0.74 &
0.81 t hal, respectively under RCP 4.5 and 8.5, in 2100 when late planting date was used.
The yield improvement was caused by sustained increase in WUE, and HUE. The findings
clearly indicate the possibility of using planting date as a management strategy in improving

chickpea biomass and grain yield under climate change conditions.

10.1 Introduction
The North Eastern region of South Africa is largely semi-arid and characterised by low crop

productivity which is likely to be exacerbated by anticipated climate change ; IPCC, 2014.
Predicted changes in climate, in the form of increase or decrease in temperature, carbon
dioxide and rainfall conditions may alter the current planting dates and affect chickpea (Cicer
arietinum) productivity (Koocheki et al, 2006; Kalra et al, 2008; Singh et al., 2014). It has
been reported that by the end of the 21 century, the global average surface temperatures
will warm at a magnitude of between 3.7 and 4.8°C, and global rainfall patterns will change
considerably and affect crop yield (Kharin and Zwiers, 2000; Viatcheslav et al., 2007; IPCC,
2014; IPCC, 2007). In India, a decrease in chickpea yield of 53 kg/ha was observed per 1°C

rise in seasonal temperature (Kalra et al, 2008). Therefore, management strategies such as
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manipulation of planting date and cultivar selection may be important ways to improve

chickpea yield under climate change conditions.

Furthermore, attaining sustainable chickpea yields not only requires a better understanding
of the response of the crop to current climate conditions but also a reliable crop yield
prediction tool under different projected climate scenarios. Several studies have proposed
combining the Global Circulation Models (GCMs) and crop simulation models to determine
the possible effects of climate change on crops when grown under different management
strategies e.g. choice of planting dates (Jones and Kiniry, 1986; Stockle et al., 2003; FAO,
1992; Jones et al., 2003; Keating et al., 2003; de Wit, et al., 1970). Where studies have
explored the possible range of climate change impacts on chickpea crops, contrasting
results regarding yield variability have been reported (Koocheki et al., 2006; Kalra et al.,
2008; Singh et al., 2014). Some predictions have shown a yield increase (Hajarpoor et al.,
2014; Mahomed et al., 2016) possibly due to anticipated increase in carbon dioxide
concentration levels (DaMatta et al., 2010), whilst others have shown a yield decrease
possibly due to high temperatures off-setting the carbon dioxide advantages (Koocheki et al,
2006).

Planting date as a management strategy together with a good choice of crop cultivar has
been reported to improve chickpea yield (Siddique and Sedgley, 1986; Siadat and Hemayat,
2009), and recommended as a possible adaptive management strategy to improve yield
under climate change conditions (Lehmaan et al., 2012). However, it is not clear whether the
current planting dates for chickpea crop will remain relevant with climate change. Hardly any
study has assessed biomass and yield response of chickpea crop to changes in planting
date that may be expected under different future climate scenarios in South Africa. Where
studies on the effect of climate change have been conducted (Hajarpoor et al., 2014; Birthal
et al., 2014; Ehteramian et al., 2012), the studies have been found at times not following
CMIP 5 agreement. In some reports (Hajarpoor et al., 2014; Birthal et al., 2014; Koocheki et
al, 2006; Waha et al., 2013), very few GCMs have been used in the studies and hence
compromising the validity of the conclusions. Therefore, this study used 15 GCMs that are
members of the phase 5 of the Coupled Model Intercomparison Project (CMIP 5) and have
completed all core simulations within the suit of CMIP 5’s long term experiments and some
prioritised tier 1 and 2 experiments aimed to determine simulations of forced with specified
concentrations that are consistent with medium mitigation representative pathway scenario

(RCP 4.5) and high representative pathway emissions scenario (RCP 8.5).

Differences in environmental factors amongst planting dates may expose crops to different

conditions (temperature and moisture) during their vegetative and reproduction stages,
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which consequently may affect water use efficiency (WUE) (Hajarpoor et al., 2014), heat use
efficiency (HUE), radiation use efficiency (RUE) and carbon dioxude productivity (CP),
aboveground biomass and grain yield. For example, an early planting date in Southern
Africa during winter may expose the crop to extremely low temperatures (less than 8 ° C)
(Nayyar, 2005; Viatcheslav et al.,, 2007) which affects biomass development , flower
retention, pod abortion, and grain yield and consequently affects WUE, HUE, RUE CP. In
contrast, late planting of chickpea during the winter season may result in flowering stage
coinciding with high temperatures during early days of the month of reproduction stage,
which may affect fruit set and hence chickpea yield (Wang et al., 2006). The study aimed at
determining the effect of planting date on biomass and yield of chickpea crop grown under
medium and long term climate projections in North Eastern region of South Africa.

10.2 Materials and methods

10.2.1 Study site

This chapter is about modelling WUE, HUE, CP, aboveground biomass and grain yield of
chickpea crop. University of Venda was used as the research station from which weather
data and site characteristics were used as inputs. The average monthly rainfall totals and
mean monthly temperature for the period from 1984 to 2015 in the study area is depicted in
Fig 10.1.
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10.2.2 Experimental design

The FAO AquaCrop model 5.0 of 2015 that was calibrated and validated using data
collected in 2014 and 2015 respectively at the University of Venda’s Experimental Station,
Thohoyandou was used for simulating future biomass and yield of chickpea crop for the
years ranging from 1950 to 2100. Future heat use efficiency and water use efficiency were
calculated from grain vyield, accumulated growing degree days and transpiration,
respectively, which were simulated by AquaCrop model. The model used daily climate
datasets that were computed as averages made from 15 Global circulation models (GCMs)
from the Coupled Model Intercomparison Project phase 5 (CMIP 5). Datasets were
recommended in accordance with CMIP 5 agreement of medium mitigation representative

pathway scenario (RCP 4.5) and high representative pathway emissions scenario (RCP 8.5).

10.2.3 Development of AquaCrop simulations

The model was run based on the following planting date conditions:

i) Using the planting dates that are currently being used by farmers in the region for
growing chickpea, i.e. 1 May, 14 May and 28 May representing early, normal and
late planting dates respectively.

ii) Using futuristic optimal planting dates that were recommended by AquaCrop
model 5.0 developed using future probabilistic climate data. These planting dates
are presented in Fig 10. 2

The first simulation scenario was designed to investigate the impact of climate change on
chickpea biomass and grain yield, using the current planting dates. The second scenario
was designed to test the usefulness of the recommended planting dates (by the model) as

adaptive strategy to climate change.

10.2.3.1 Development of planting date recommendations by AquaCrop model
The crop parameters for chickpea already calibrated in Chapter 8 were used for determining

planting dates. A medium maturity (Range 3 cultivar) with 130 days life cycle was used for
the simulations. A temperature criteria in the AquaCrop crop file was used for determining
the planting dates. This involved selecting a chickpea base temperature of 8 °C in the model
and uploading the start search date and month (from April to end of June). Selection of
planting date within this range was based on “a day with daily minimum air temperature in a
14-day period; of at least 8 °C”. The 14 days relate to time from planting to seedling
emergence, whilst 8 °C is the base temperature for chickpea. Fig 10.2 depict a series of

planting dates that were recommended by the model from 1950 until 2100.
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10.2.3.2 Calculation of water use efficiency of grain yield (WUEy)

This study adopted the physiological definition of WUE as the ratio of grain yield to crop
transpiration (Sinclair et al., 1984; Anwar et al., 2000). Thus, WUE4 was calculated for RCP
4.5 and 8.5 in all the planting date treatments according to equation 10.1 below (Sinclair et
al., 1984; Anwar et al., 2000). The simulated transpiration and grain yield from AquaCrop
model were used to calculate WUE in the study.

Grain yield (t ha™1)
transpiration rate (mm)

WUE = x 100 % 10.1

Transpiration (Tr): AquaCrop calculates transpiration as a product of crop coefficient (Kep)
and the evaporative power of the atmosphere (ETo). This calculation is done by considering
water stress factor (Ks) as shown in equation 10. 2. In circumstances where water shortage
provokes closure of stomatal openings, a stress coefficient (Kssiw) is considered.

Tr = K. (K.py. CC*).ETo 10.2
Where CC* is crop canopy cover adjusted for inter-row micro-advection.

Grain yield (Y): AquaCrop simulates grain yield as a product of above ground biomass and

the harvest index as shown in equation 10.3.

Where fy is a multiplier factor which considers various stresses that may affect harvest index
(HI from its reference value. Hl is the ratio of grain yield to total dry matter of the crop and is
affected by water and temperature stress before the beginning of yield formation, at
flowering and during yield formation. Thus HI is constantly adjusted during yield formation
(Raes et al, 2011) and is affected by water stress during various stages of crop

development.

The model simulated aboveground biomass for each day during crop cycle using equation
10.4 (Raes et al.,, 2011). The aboveground biomass was calculated by the model as a
function of temperature stress coefficient, water productivity and the summation of the ratio

of crop transpiration to the reference evapotranspiration.

B = Ko WF' 3= 10.4
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Where Ky, is the temperature stress coefficient. WP* is water productivity and is normalised
for place and climate. T, is crop transpiration and is hormalised for climate by reference

evapotranspiration for each day of transpiration.

10.2.3.3 Calculation of Carbon dioxide productivity (CP)

CP was defined as the fraction of grain yield (kg ha?) per unit volume of carbon dioxide
concentration. CP is not calculated in AquaCrop model and hardly any literature has defined
this parameter. Thus CP was calculated for RCP 4.5 and 8.5 in all the planting date
treatments, according to equation 10.5 below. The simulated grain yield from AquaCrop
model for the years 1950-2100 together with carbon dioxide concentration adopted from
measurements made at Mauna Loa observatory in Hawaii (USA) was used to calculate CP.

Grain yield (t ha™?)
Carbon dioxide concentration ( ppm)

CP = 10.5

10.2.3.4 Calculation of Heat use efficiency (HUEy)

AquaCrop model does not calculate HUE but computes growing degree days (GDD) using
equation 10.6; is based on the parameterised base temperature and upper temperature
threshold for the crop. In this study, a base temperature of 8 °C (Thangwana and Ogola
2012) and an upper temperature threshold (32 °C) adopted from experiments by
Devasirvatham et al., (2012) were used.

GDD = mecTmin T, 10.6

Where, Tmax is the maximum temperature for the day, and T min is the minimum temperature

for the day, Trase is the temperature below which no growth takes place.

GDD units were calculated for each day from the date of planting until date of physiological
maturity and summed up to give one cumulative heat units value (AGDD). HUE, was
calculated for RCP 4.5 and 8.5 in all the planting date treatments using equation 10.7 (Rao
et al., 1999). The simulated grain yield together with accumulated growing degree days, both

from AguaCrop model for the years 1950-2100, were used to calculate HUE,.

Grain yield (t ha™1)
Accumulated growing degree days ( oc.day)

HUE = x 100 % 10.7
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10.2.4 Data analysis

The non-parametric Mann-Kendall test was used to assess a significant trend in biomass,
grain yield, heat use efficiency and water use efficiency of chickpea over the years 1950 to
2100. The cumulative sum test was used to determine the presence of change point in

simulated data. The level of variance in simulated yield was evaluated by the variability test.

10.2.4.1 Mann- Kendall test (MK test)

MK test was used for trend-detection for biomass, grain yield, heat use efficiency and water

use efficiency of chickpea. MK test is computed as follows:

(== ifs>0

Jvars
ZMK:i 0 ifs=0 10.8
s+1 .
) ifs<0

Zvk is the normalised MK test statistic, S is the MK test statistic and is defined as follows:
S= YN sign (x5 — x;) 10.9
The variance of S in the x values is given as follows:

Var () = —[n(n—1)(2n+5) - X%, — 1D(2t; +5)] 10.10

L
18
Where xj and xi are sequential data values (Kendal, 1975; Mann, 1945). m is the number of
tied groups (a tied group is a set of sample data having the same value), ti is the number of

data points in the ith group and n is the length of data set (Kendal, 1975; Mann, 1945).

Xlstat, (2016) software was used to perform to the MK test. The null hypothesis was tested

at 95% confidence level for all parameters under evaluation.

10.2.4.2 Variability test

The variability test was performed by computing the coefficiency of variance (CV) as follows:

CV== x100% (Hennemuth et al., 2013) 10.11

il »

Where S is the standard deviation and X is the statistical mean.
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10.2.4.3 The cumulative sum test (Cumsum)
Cumsum test was performed to find out in which year was an abrupt/sudden change in
temperature, ETo, AGDD and planting dates. The test was conducted only in datasets where

Mk test showed significant trend. The cumsum test was computed as follows:
Sk =YK (x —%),k=(1,2...,n) (Hennemuth etal., 2013)  10.12
Where t is time in years, k is dataset.

The possible abrupt change was observed when Sx was at maximum (Navares and Aznarte,
2017).
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10.3 Results

10.3.1 Aboveground biomass.
Chickpea biomass varied with planting date and with the representative pathway emission

scenario. The results showed a significant (P value <0.001) increase in biomass for the
years from 1950 to 2100 in both representative pathway emission scenarios (RCP 4.5 and
8.5). Planting dates that were recommended by AquaCrop model recorded highest biomass
compared to early, normal and late planting dates (Fig10.3). The late planting date recorded
the lowest biomass. RCP 8.5 had higher biomass compared to RCP 4.5.

In all planting dates, biomass gradually increased during the 1950s up until 2010, and
started falling until the year 2040, before it sharply increased up until the year 2100
(Fig10.3). In RCP 4.5 scenario, planting dates that were recommended by AquaCrop model
showed a 24.5% increase in biomass from 2.0 t ha' in 1950 to 2.49 t ha* in 2010, where it
fell by 3.8% and stabilized at 2.4 t ha! in 2040, before rising by 79.2% to 4.3 t hain 2100
(Fig10.3 a). Biomass in early planting date increased gradually by 19% from 2.1 t halin
1950 to 2.5 t ha! in 2010 but fell by 4.2% to 2.4 t ha in 2040, before increasing by 45.8% to
3.5t halin 2100 (Fig10.3 c). Similarly, biomass for normal planting date was 1.67 t ha in
1950s and slightly increased by 18.6% to 1.98 t ha in 2012, where it fell by 13.14% and
stabilized at 1.75 t ha in 2040, before it rose by 31.4% to 2.3 t ha' in 2100 (Fig10.3 e).
Biomass for the late planting date fell by 4.3% from 1.95 t ha in 1950s to 1.87 t ha! in
1980, where it rose by 15.5% to 2.16 t ha' in 2010 before falling steadily by 16.8% and
stabilized at 1.85 t ha! in 2040, but finally rose steadily by 16.8% to 2.16 t ha' in 2100
(Fig10.3 g).

Under RCP 8.5 scenario, planting dates recommended by AquaCrop model (Figl10.3 b)
showed a similar increase in biomass by 20% from 2.05 t ha in 1950s to 2.46 t ha* in 2030,
but remained stable until 2040 before it finally rose by 85.8% to 4.57 t ha' in 2100. Biomass
for the early planting date was slightly above 2.1 t ha'' in 1950 and sharply rose by 14.3% to
2.4 t ha' in 1955, before falling slightly by 4.3% to 2.3 t ha in 1970, where it remained
steady until 1980 and rose sharply by 8.7% to 2.5 t ha' in 2010 (Fig10.3 d). From this
period, biomass started falling and got stable at 2.3 t ha 2040 where it increased steadily
until it reached 2.8 t ha! in 2100. Biomass for the normal planting date was 1.67 t ha in
1950s, increased by 5.3% to 1.76 t ha' in 2030 and finally rose by 63.6% to 2.88 t ha! in
2100 (Fig10.3 f). Biomass for the late planting date fell by 6% from 1.94 t ha* in 1950s to
1.83 t hal in 2030 but finally rose by 26.2% to 2.31 t ha' in 2100 (Fig10.3h).

The variability test showed different coeffient of varience (CV) in biomass in all planting
dates (Table 10.1). RCP 4.5 had lower CV compered to RCP 8.5. Lowest CV (6.6, and
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8.8%) for RCP 4.5 and 8.5, respectively was observed on late planting date, whilst highest
CV of 17.3% was recorded in AquaCrop recommended planting dates in RCP 4.5 and in
early planting date (27.3%) in RCP 8.5. Cumulative sum tests on biomass depicted (Table
10. 3) abrupt changes in RCP 4.5 scenario, in the years 1960, 1980, 2010 and 2040 in
aquaCrop recommended planting dates, and in the years 1995, 2010, 2040 and 2060 in
early planting date, 1975, 1995, 2010, and 2040 in normal planting date and 1975, 2010,
2040 and 2065 in late planting date. In RCP 8.5, abrupt changes were noted in the years
1960, 1980, 2010 and 2040 in aquaCrop recommended planting dates, and in the years
1980, 2000, 2027 and 2040 in early planting date, 1980, 2000, 2010 and 2040 in normal
planting date and 1980, 2010, 2040 and 2070 in late planting date.
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Figure 10.3 Effect of planting date on chickpea Biomass.
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Table 10.1 Variability test results for WUE, HUE, biomass and grain yield.

Coefficient of Variance

Grain Yield Biomass WUE HUE CP
RCP 4.5 8.5 4.5 8.5 4.5 8.5 4.5 8.5 4.5 8.5
AquaCrop planting dates 17.2 26.0 17.3 25.6 20.3 29.8 9.2 13.8 6.7 13.8
Early planting date 9.6 28.8 9.3 27.3 20.8 29.7 9.6 16.3 129 16.3
Normal Planting date 11.3 18.5 10.7 17.3 22.3 29.3 11.2 18.5 129 174
Late planting 7.2 9.5 6.6 8.8 145 216 7.3 9.4 204 27.8
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Table 10.2 Cumulative Sum test for WUE, CP, HUE, Biomass and Grain Yield

Planting date WUE, HUE CP Biomass Grain Yield

RPC 4.5

AgquaCrop planting dates 2020, 2030 1980, 2010 1995, 2010 1960, 1980, 2020, 2035
2035, 2060 2040, 2070 2040, 2070 2010, 2040 2035, 2060

Early planting dates 2020, 2035 1955, 1990 1995, 2010 1955, 1970 2020, 2035
2035, 2060 2040, 2070 2040, 2060 2010, 2040 2035, 2060

Normal planting dates 2020, 2035 1975, 2010 1975, 1995 1980, 2000 2020, 2035
2035, 2060 2040, 2060 2010, 2040 2010, 2040 2035, 2060

Late planting dates 2020, 2035 1970, 1990 1975, 2010 1970, 2000 2020, 2035
2035, 2060 2010, 2040 2040, 2065 2010, 2040 2035, 2060

RCP 8.5

AquaCrop planting dates 2020, 2030 1980, 2010 1995, 2010 1960, 1980 2020, 2035
2035, 2060 2040, 2070 2040, 2070 2010, 2040 2035, 2060

Early planting dates 2020, 2035 1955, 1990 1960, 2010 1980, 2000 2020, 2035
2035, 2060 2040, 2070 2040 2027, 2040 2035, 2060

Normal planting dates 2020, 2035 1975, 2010 1975, 1995 1980, 2000 2020, 2035
2035, 2060 2040, 2060 2010, 2040 2010, 2040 2060

Late planting dates 2020, 2035 1970, 1990 2000, 2010 1980, 2010 2020, 2035
2035, 2060 2010, 2040 2040 2040, 2070 2035, 2060
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10.3.2 Effect of planting date on chickpea grain yield.

Chickpea grain yield showed a significant (P value <0.001) increase with time in the years
from 1950 to 2100 in both representative pathway emission scenarios (RCP 4.5 and 8.5).
Grain yield varied with planting dates and with the representative pathway emission
scenarios (Fig 10.4). AguaCrop recommended planting dates recorded highest grain yield
whilst late planting dates had the lowest yield. The high representative pathway scenario
(RCP 8.5) showed a greater yield compared to the medium representative pathway scenario
(RCP 4.5) for the period from 1950 to 2100.

In RCP 4.5 scenario, grain yield in planting dates that were recommended by AquaCrop
model was 1.07 t ha! in 1953 and fell by 8% to 0.99 t ha' in 1961 (Fig 10.4 a). From this
period, the yield rose gradually by 26.3% until it stabilised in 2010 at 1.25 t ha* before it rose
sharply by 34.4% in 2040 until it reached a yield of 1.68 t ha* in 2100. In early planting date,
grain yield was 1.08 t ha' in 1955 and gradually increased by 17.6% and stabilized at 1.27 t
ha! in 2010 (Fig 10.4 c). From this period the yield fell steadily by 10.4% to 1.15 t ha? in
2040, where it rose sharply by 46% to 1.68 t ha* in 2100. In normal planting date, grain yield
was 0.77 t ha'l in 1954, and slowly fell by 5.5% to 0.73 t ha in 1977 before rising steadily by
15.1% to 0.84 t ha' in 2010 (Fig 10.4 e). From this period, the yield fell gradually by 12%
and reached a yield of 0.75 t ha in 2040, before it rose sharply by 33.3% to 1.0 t ha* in
2100. In late planting date, grain yield was 0.72 t ha* in 1954, slowly fell by 7.4% to 0.67 t
ha in 1966 and remained stable until 1985 when it rose by 16.4% to 0.78 t ha* in 2010 (Fig
10.4 g). From this period, the yield fell sharply by 23.8% to 0.63 t ha in 2040, where it
stabilized and rose by 17.5% to 0.74 t ha* the year 2100.

In RCP 8.5 scenario, planting dates recommended using AquaCrop model recorded a yield
of 1.08 t ha? in 1954, which further fell by 8% to 1.0 t ha* in 1961 (Fig 10.4 b). From this
period, the yield rose gradually by 24% and stabilised at 1.24 t ha in 1992, before it began
to rise steadily in 2040 until it reached a yield of 2.21 t ha? in 2100. In early planting date,
grain yield was 1.04 t ha' in 1955, and rose by 19.2% to 1.25 t ha' in 1995, remained stable
for years until 2040 when it rose steeply by 66.4% to 2.08 t ha in 2100 (Fig 10.4 d). In
normal planting date, grain yield was 0.75 t ha' in 1954 and rose by 12% to 0.84 t ha in
2010 (Fig 10.4 f). From this period, the yield fell by 13.5% to a yield of 0.74 t ha' in 2040
before it rose steadily by 64.9% to 1.22 t ha' in 2100. Furthermore, in late planting date (Fig
10.4 h), grain yield was 0.69 t ha in 1952, remained stable from that period until 1977
where it began to rise and reached a yield of 0.77 t ha* in 2010. From this period, grain yield
fell by 26.2% until it stabilized at 0.61 t ha in 2040 before it rose persistently by 32.8% to
0.81t ha'in 2100.
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The variability test showed different CVs in grain yield amongst all planting dates (Table
10.1). RCP 4.5 had lower CVs compered to RCP 8.5. Lowest CV (7.2, and 9.5%) for RCP
4.5 and 8.5 respectively was observed on late planting date, whilst highest CV of 17.2% was
recorded in AquaCrop recommended planting dates in RCP 4.5 and in early planting date
(28.8%) in RCP 8.5. Cumulative sum tests on grain yield showed (table 10.2) abrupt
changes in RCP 4.5 scenario, in the years 1960, 1980, 2010 and 2040 in AquaCrop
recommended planting dates, and in the years 1995, 2010, 2040 and 2060 in early planting
date, 1975, 1995, 2010, and 2040 in normal planting date and 1975, 2010, 2040 and 2065 in
late planting date. In RCP 8.5, abrupt changes were noted in the years 1096, 1980, 2010
and 2040 in aquaCrop recommended planting dates, and in the years 1980, 2000, 2027 and
2040 in early planting date, 1980, 2000, 2010 and 2040 in normal planting date and 1980,
2010, 2040 and 2070 in late planting date.
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Figure 10.4 Effect of planting date on chickpea Grain yield. . a & b are planting dates
generated by AquaCrop model, ¢ & d are early planting dates, e & f are normal planting
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dates and g & h are late planting dates. All the trends were significant at P-value 0.001 and
a=0.05

10.3.3 Water use efficiency

Fig 10.5 depicts graphs of MK test results on the effect of planting date on water use
efficiency of grain yield, computed as annual averages from 15 GCMs datasets. Time series
analysis of mean water use efficiency (WUE) revealed statistically significant (P value
<0.0001) increase in efficiency for the years from 1950 to 2100 in both representative
pathway emission scenarios (RCP 4.5 and 8.5) (Fig 10.5). However, RCP 8.5 showed
greater water use efficiency compared to the medium representative pathway scenario (RCP
4.5). Highest WUEg in both RCP 4.5 and RCP 8.5 was observed in planting dates that were
recommended by AquaCrop model. Whilst lowest WUEg in both RCP 4.5 and RCP 8.5 was
observed in late planting dates. In RCP 4.5, WUE, increased by 33% during the period from
1950 to 2030 using planting dates recommended by AquaCrop (Figl0.5 a), whilst the
increase was 20% using early planting dates (Fig10.5 ¢) and 19% using normal planting
dates (Figl0.5 e). The late planting date showed WUE, to increase by 26% from 1950 to
2030 (Fig10.5 g).

Furthermore, planting dates that were recommended by AquaCrop model showed 100%
increase in WUEq for the period between 2030 and 2100, whilst early planting date had
123%, and the normal planting date had an increase of 82%. The late planting date showed
WUEgto increase by 49% from 2030 to 2100.

In RCP 8.5, WUEy increased by 19% during the period from 1950 to 2030 using planting
dates recommended by AquaCrop (Figl10.5 b), whilst the increase was 29% when using
early or normal planting dates (Fig 10.5 d and f). The late planting date showed WUE4 to
increase by 36% from 1950 to 2030 (Fig10.5 h). Furthermore, planting dates that were
recommended using AquaCrop model showed 38% increase in WUEq for the period
between 2030 and 2100, whilst early planting date had 123%, and the normal planting date
had an increase of 47%. The late planting date showed WUEg4to increase by 22% from 2030
to 2100.

The variability test showed different co-efficient of variation (CVs) for WUE amongst all
planting dates (Table 10.1). Lowest CV (14.5 - 21.6%) for WUE was observed on late
planting date, whilst early planting date and planting dates that were recommended using
AquaCrop model recorded highest CVs (20.3%- 29.7%). Cumulative sum tests on WUE
time series depicted abrupt changes in efficiency in the years 2020 and 2035 under RCP 4.5
and in the years 2020, 2030 2035 and 2060 under RCP 8.5 (Table 10.2) in all planting

dates.

241

© University of Venda



N

s University of Venda
Creating Future Leaders

RCP 4.5 RCP 8.5
1.89 1.89
E 169 {  AquaCrop planting date E 169 - AquaCrop planting date
H.E 1.49 «.E 149 +
© ©
£ 129 £ 129
g 1.09 g 1.09 | b
So S 089 +
g 0.89 g
g 0.69 g 0.69
; 0.49 | ; 0.49 +
£ 0290 1 P value = 0.001, a = 0,05 £ 029 | P value = 0.001, a = 0,05
= S
0.09 e 0.09 e
1950 1970 1990 2010 2030 2050 2070 2090 2110 1950 1970 1390 2010 2030 2050 2070 2090 2110
Time (Years) Time (Years)
1.89 1.89
169 1 E 169 T Early Planting date
T 149 = 149 +
£ o
4 F=1
_I‘E 129 Early planting date £ 129 ¢ d
21,09 1 g 1.09
>.0.89 - S 089 +
g £
2069 ® 069 4
S g
% 0.49 E 0.49 +
@ 3 1 P value =0.001, a = 0,05
5029 ¢ P value = 0.001, a = 0,05 g 029
£009 +——r — 0.09 _—
= 1950 1970 1990 2010 2030 2050 2070 2090 2110 1950 1970 1990 2010 2030 2050 2070 2090 2110
Time (Years) Time (Years)
-~ 18 189
E 169 1 ) £ 169 1  Normal Planting date
1.49 -+ Normal planting date £
% o 149
©
£ 129 + lue = _ £ 1
= P value =0.001, a = 0,05 = 1.29 P value = 0.001, a = 0,05
g 1.09 + e Z 100 |
- (7]
& 089 S 089 + f
@ 0.69 £
Pt  0.69
8 049 3
2 3 049
£ 029 g
5 ® 029
2 009 +—— : : : — : = ‘ ‘ ‘ ‘ ‘ ‘ ‘
1950 1970 1990 2010 2030 2050 2070 2090 2110 0.09 -+t
1950 1970 1990 2010 2030 2050 2070 2090 2110
Time (Years)
1.89

169 1.89
1.69 +
1.49 +
129 + P value =0.001, a = 0,05
1.09 +
0.89 + h
0.69 |
0.49 ,w
0.29 +
0.09 t t t t t t t

1950 1970 1990 2010 2030 2050 2070 2090 2110

Time (Years)

1.49 +
1.29 +
1.09 +
0.89 +
0.69 +
0.49 +
0.29 +
0.09 t t t t t t t

1950 1970 1990 2010 2030 2050 2070 2090 2110

Time (Years)

X Late Planting Date
Late Planting Date g

P value =0.001, a = 0,05

Water use efficiency (tha™ mm-)

Water use efficiency (tha mm-)

242

© University of Venda




)
o

&5 ) university of Venda
C

Figure 10.5. Effect of planting date on chickpea water use efficiency. a & b are planting dates
generated by AquaCrop model, ¢ & d are early planting dates, e & f are normal planting dates and g &
h are late planting dates.

10.3.4 Carbon dioxide productivity (CP)

CP showed a significant decreasing trend (P value <0.0001) with time from 1950 to 2100 in
all planting dates. CP was observed to vary with planting date and also with the
representative pathway emission scenario. The early planting date and planting dates that
were recommended using AquaCrop model recorded highest CP, whilst the late planting
date had the lowest CP. In RCP 4.5 scenario, planting dates that were recommended by
AguaCrop model (Fig10.6 a) had a CP of 0.360 t ha! pmm™ in 1950s and it decreased by
9.1% to 0.330 t ha* pmm™ in 1995, but eventually increased by 12.1% to 0.370 t ha* pmm™?
in 2010, before decreasing sharply by 32.1% to 0.280 t ha' pmm™ in 2040. CP for the early
planting date was 0.350 t ha® pmm™ in 1950 and remained stable until 2010 before it
eventually fell by 29.6% to 0.270 t ha* pmm™ in 2040 and remained stable at that value until
2100 (Fig10.6 c). CP for the normal planting date (Fig10.6 e) was 0.240 t ha! pmm? in
1950s and slightly fell by 4.3% to 0.230 t ha pmm™ in 2012, where it fell sharply by 27.8%
and stabilized at 0.180 t ha'! pmm™ in 2031, before it slowly rose by 27.8% to 0.230 t ha*
pmmin 2100. CP for the late planting date was observed to slowly fell by 15% from 0.230 t
ha' pmm?in 1950s to 0.200 t ha' pmm? in 2010, where it sharply fell by 37% to 0.145 t ha*
pmm in 2040 and remained stable until 2100 (Fig10.6 g).

In RCP 8.5 scenario, planting dates that were recommended by AquaCrop model (Fig10.6 b)
had a CP of 0.345 t ha! pmm™ in 1950, fell by 7.8% to 0.320 t ha* pmm™ in 1965 and rose
by 10.9% to 0.355 t ha* pmm™ in 2010, before falling by 26.8% and stabilized at 0.280 t ha*
pmm?in 2040, where it remained stable until 2100. Furthermore, CP for the early planting
date was 0.330 t ha* pmm™ in 1950 and slowly rose by 6.1% to 0.350 t ha* pmm™ in 2010,
where it fell sharply by 34.6% to 0.260 t ha* pmm™ in 2040 and started falling slowly over
the years until it reached a CP of 0.220 t ha* pmm™ in 2100 (Fig10.6 d). The normal planting
date had a CP of 0.240 in 1950 and gradually fell by 2.1% to 0.235 t ha! pmm™ in 2010
before it fell sharply by 38.2% to 0.170 t ha* pmm™ in 2040, where it slowly fell by 7.6% to
0.158 t ha* pmm™ in 2100 (Fig10.6 f). Moreover, CP for the late planting date (Fig10.6 h)
was 0.226 t ha! pmm™ in 1950, but gradually fell by 12.4% to 0.201 t ha* pmm™ in 2010,
where it sharply fell by 39.6% to 0.144 t ha! pmm™ in 2040, and gradually fell by 3.6% to
0.139 t ha* pmmin 2100.

The results showed different co-efficient of variations (CVs) in CP amongst all planting dates
(Table 10.1). RCP 4.5 had lower CVs compered to RCP 8.5. Lowest CV (6.7, and 13.8%) for
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RCP 4.5 and 8.5, respectively was observed on AquaCrop recommended planting dates,
whilst late planting dates recorded highest CVs (20.4%, 27.8% for RCP 4.5 and 8.5,
respectively. Cumulative sum tests on CP time series depicted (Table 3 abrupt changes in
efficiency in RCP 4.5, in the years 1995, 2010, 2040 and 2070 in AgqauCrop recommended
planting dates, and in the years 1995, 2010, 2040 and 2060 in early planting date, 1975,
1995, 2010, and 2040 in normal planting date and 1975, 2010, 2040 and 2065 in late
planting date. In RCP 8.5, abrupt changes were noted in the years 1995, 2010, 2040 and
2070 in AguaCrop recommended planting dates, and in the years 1960, 2010, and 2040 in
early planting date, 1975, 1995, 2010 and 2040 in normal planting date and 2000, 2010, and
2040 in late planting date.

10.3.5 Heat use efficiency of grain yield (HUE)
Averaged across 15 GCMs, HUEy was generally shown to increase in all planting dates.

Time series evaluation of mean HUEg for all planting dates showed a significant (P value
<0.0001) increase in HUEq for the period from 1950 to 2100 in both RCP 4.5 and 8.5. HUE,
was observed to vary with planting date and also with the representative pathway emission
scenario. Planting dates that were recommended using AquaCrop model recorded highest
HUEy compared to early, normal and late planting dates. The late planting date had the
lowest HUEg.

In all planting dates, HUE; was observed to follow a sinusoidal periodic motion,
characterised by a gradual increase in HUE4 during the 1950s up until 2010, and started
felling until 2040s before increasing sharply up until 2100 (Fig10.6). In RCP 4.5 scenario,
planting dates that were recommended by AquaCrop model (Fig10.6 a) showed a 13.9%
increase in HUEq from 0.072 t ha' °C.day? in 1950s to 0.082 t ha* °C.day* in 2010 where it
fell by 9.3% and stabilized at 0.075 t ha °C in 2040, before rising sustainably by 60% to
0.12 t ha* °C.day? in 2100. HUE, for the early planting date (Fig10.6 c) increased gradually
by 10% from 0.07 t ha! °C.day? in 1950s to 0.077 t ha °C.day? in 1995 and slowly fell by
6.9% to 0.072 t ha °C.day? in 2040s, before increasing sharply by 48.6% to 0.107 t ha'
°C.day! in 2100. HUE, for the normal planting date (Fig10.6 €) was 0.053 t ha* °C.day* in
1950s and slightly increased by 9.4% to 0.058 t ha! °C.day! in 2012, where it fell sharply by
23.4% and stabilized at 0.047 t ha* °C.day? in 2031, before it rose by 34% to 0.063 t ha'
°C.day? in 2100. HUE, for the late planting date (Fig10.6 g) was observed to fell by 4.5%
from 0.070 t ha °C.day? in 1950s to 0.067 t ha °C.day? in 1960, where it rose by 19.4% to
0.08 t ha' °C.day! in 2010 before falling steadily by 14.3% and stabilized at 0.07 t ha'
°C.day? in 2040 and finally rose by 27.1% to 0.089 t ha °C.day* in 2100.
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Similarly, in RCP 8.5 scenario, planting dates that were recommended by AquaCrop model
(Fig10.6 b) showed a 16% increase in HUEg from 0.075 t ha °C.day* in 1950s to 0.087 t ha-
L oC.day? in 2010 where it fell by 14.5% and stabilized at 0.076 t ha' °C in 2040, before
rising by 31.6% to 0.1 t ha! °C.day? in 2100. HUE, for the early planting date (Fig10.6 d)
increased gradually by 9.1% from 0.055 t ha! °C.day?! in 1950s to 0.06 t ha! °C.day? in
1990 and fell slowly by 11.1% to 0.054 t ha™* °C.day™* in 2040s, before increasing by 66.7%
to 0.09 t ha! °C.day? in 2100. Furthermore, HUE4 for the normal planting date (Fig10.6 f)
was 0.055 t ha! °C.day? in 1950s and slightly decreased by 3.8% to 0.053 t ha* °C.day* in
1960, before it rose by 3.8% back to 0.055 t ha °C.day™ in 2009 and fell sharply by 17% but
stabilized at 0.047 t ha! °C.day? in 2031 and finally rose steadily by 19.1% to 0.056 t ha*
°C.day? in 2100. HUE4 for the late planting date (Figl0.6 h) was relatively constant at
around 0.054 t ha' °C.day* during the period between 1950 and 1970s and gradually rose
by 13% to 0.061 t ha °C.day* in 2010, where it fell by 13% and stabilized at 0.054 t ha*
°C.day? in 2040 and finally rose steadily by 37% to 0.074 t ha °C.day* in 2100.

The variability test showed different co-efficient of variation (CVs) in HUE amongst all
planting dates (Table 10.1). RCP 4.5 had lower CVs compered to RCP 8.5. Lowest CV (7.3,
and 9.4%) for RCP 4.5 and 8.5 respectively was observed on late planting date, whilst
normal planting date recorded highest CVs (11.2%, 18.5% for RCP 4.5 and 8.5 respectively.
Cumulative sum tests on HUEgy time series depicted (Table 10.2) abrupt changes in
efficiency in RCP 4.5, in the years 1960, 2010, and 2040 in aquaCrop recommended
planting dates, and in the years 1960, 1995, 2012 and 2040 in early planting date, 1960,
1975, 2010, 2030 and 2060 in normal planting date and 1960, 1970, 1975, 2010, 2030 and
2060 in late planting date. In RCP 8.5, abrupt changes were noted in the years 1980, 2010,
2040 and 2070 in aquaCrop recommended planting dates, and in the years 1955, 1990,
2040 and 2070 in early planting date, 1975, 2010, 2040 and 2060 in normal planting date
and 1970, 1990, 2010, and 2040 in late planting date.
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Figure 10.6. Effect of planting date on chickpea heat use efficiency and carbondioxide
productivity. a & b are planting dates recommended by AquaCrop model, ¢ & d are early planting
dates, e & f are normal planting dates and g & h are late planting dates. All the trends were significant
at P-value 0.001 and a = 0.05

A Pearson’s product-moment correlation was run to assess the relationships between
chickpea grain yield and biomass, WUE, HUE, and CP for each planting date treatment
(Table 10.3). In RCP 4.5 scenario, the results for the AquaCrop recommended planting
dates showed a significant (P< 0.001) strong positive correlation (r > 0.9) between grain
yield and biomass, WUE and HUE, whilst a no correlation was observed between grain yield
and CP. Biomass explained about 98%, WUE 86%, and HUE explaining 85% of the variation
in grain yield. Early planting date showed a strong positive correlation (r > 0.8, and p <
0.0001) between grain yield and biomass, WUE, and HUE, whilst a fair correlation (r =
0.384, and p < 0.0001) between grain yield and CP was observed. Biomass explained about
97%, WUE 63%, and HUE 99% and CP explaining 15% of the variation in grain vyield.
Similarly the normal planting date showed a very strong positive correlation (r > 0.8, and p <
0.0001) between grain yield and biomass, WUE and HUE, whilst CP had a weak negative
correlation (r = -0.259, and p = 0.002 Biomass explained about 96%, WUE 64%, and HUE
99% and CP explaining 10% of the variation in grain yield. The late planting date showed a
strong positive correlation (r > 0.9, and p < 0.0001) between grain yield and biomass and
HUE, whilst WUE had a weak negative correlation (r = 0.407, and p< 0.0001. No correlation
was observed between grain yield and CP. Biomass explained about 96%, WUE 17%, and
HUE explaining 99% of the variation in grain yield.

In RCP 8.5 scenario, AquaCrop recommended planting dates showed a significant (P<
0.001) strong positive correlation (r > 0.9) between grain yield and biomass, WUE and HUE,
whilst a negative correlation (r = - 0.519, and p < 0.0001) was observed between grain yield
and CP. Biomass explained about 99%, WUE 93%, HUE, 93% and CP explaining 27% of
the variation in grain yield. Early planting date showed a strong positive correlation (r > 0.6,
and p < 0.0001) between grain yield and biomass, WUE, and HUE, whilst no correlation
between grain yield and CP was observed. Biomass explained about 75%, WUE 62%, and
HUE explaining 77% of the variation in grain yield. Similarly the normal planting date showed
a very strong positive correlation (r > 0.9, and p < 0.0001) between grain yield and biomass,
WUE and HUE, whilst CP had a good negative correlation (r = -0.557, and p <0.0001.
Biomass explained about 99%, WUE 82%, and HUE 99% and CP explaining 31% of the
variation in grain yield. The late planting date showed a strong positive correlation (r > 0.9,

and p < 0.0001) between grain yield and biomass and HUE, whilst WUE had a weak
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negative correlation (r = 0.361, and p< 0.0001. No correlation was observed between grain
yield and CP. Biomass explained about 98%, WUE 13%, and HUE explaining 99% of the

variation in grain yield.
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Table 10. 3 Correlation between grain Yield and biomass, WUEy, HUE4 and CP

Planting date r R? P value

Biomass WUE HUE CP Biomass WUE HUE CP Biomass WUE HUE CP
RCP 4.5
AquaCrop recommended 0.995 0.926 0.923 -0.014 0.989 0.858 0.852 0.001 <0.0001 <0.0001 <0.0001 0.871
Planting date
Early Planting date 0.984 0.794 0.999 -0.384 0.968 0.630 0.999 0.147 <0.0001 <0.0001 < 0.0001 < 0.0001
Normal Planting date 0.980 0.798 0.999 -0.259 0.960 0.637 0.999 0.067 <0.0001 <0.0001 < 0.0001 < 0.002
Late Planting date 0.978 0.407 0.999 -0.015 0.956 0.165 0.997 0.001 <0.0001 <0.0001 < 0.0001 0.855
RCP 8.5
AquaCrop recommended 0.998 0.963 0.963 -0.519 0.927 0.927 0.270 0.001 <0.0001 <0.0001 < 0.0001 < 0.0001
Planting date
Early Planting date 0.753 0.618 0.766  -0.007 0.567 0.382 0.587 0.001 <0.0001 <0.0001 < 0.0001 0.932
Normal Planting date 0.993 0.903 0.999 -0.557 0.986 0.816 0.999 0.311 <0.0001 <0.0001 < 0.0001 < 0.0001
Late Planting date 0.987 0.361 0.999 -0.014 0.975 0.131 0.999 0.001 <0.0001 <0.0001 < 0.0001 0.872
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10.4 Discussion

Planting dates that were recommended by AquaCrop model recorded the highest increase in
biomass and grain yield under both RCP 4.5 and 8.5, suggesting the importance of using
decision support tools when determining planting dates for chickpea. The increase in
biomass and grain yield across all planting dates was caused by better water use efficiency
(WUE) and heat use efficiency (HUE). Carbon dioxide productivity (CP) decreased with
climate change as expected because of increase in carbon use.

Although the negative effects of high temperature on chickpea productivity are well
documented (Siddique and Sedgley, 1986; Clarke and Siddique, 2004; Wang et al., 2006;
Thakur et al., 2010; Devasirvatham et al., 2012), the results of the current study show that
both aboveground biomass and grain yield of chickpea will increase with the predicted

increase in temperature.

Perhaps, the negative impacts of temperature were off-set by carbon dioxide increase,
leading to vyield increase. Indeed, it has been reported that the possible increase in
atmospheric carbon dioxide levels will improve grain yield in Cs crops due to improved
photosynthesis (Chart-zoulakis and Psarras, 2005; DaMatta et al., 2010). Chart-zoulakis and
Psarras (2005) reported that the synergistic benefits of increased carbon dioxide
concentration levels together with WUE may offset temperature effects in Cs plant; WUE is
directly related to grain yield (Sinclair et al.,, 1984). The current study results are in
agreement with some earlier studies who have reported that chickpea yield will improve in
future (Hajarpoor et al., 2014; Mahomed et al., 2016).

The increase in WUE shown in the study may consequently have been a result of increase
in biomass and grain yield that was also recorded in the study. WUE is affected by yield and
transpiration ((Sinclair et al., 1984). Although WUE is negatively affected by temperature
stress since high temperatures may increase transpiration rate (Ogola et al., 2002), the
results show that WUE will improve with increase in temperature. This condition may
possibly be due to increase in grain yield which offset the increase in transpiration rate. The
increase in HUE was partly caused by sustained yield increase. The results seem to suggest
that the increase in temperature will not affect yield possibly until temperatures exceed
cardinal temperatures for growth and reproduction (26°C to 32 °C) of chickpea (Summerfield
1990).

However, Taiz and Zeiger, (1991) argued that future increase in temperature will enhance
respiration/photorespiration and suggested higher temperatures to have an adverse effect
on net photosynthesis and consequently lower crop yields. Koocheki et al, (2006) reported a

likely fall in chickpea yield with climate change in India and attributed the fall to shorter
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growth period and reduced leaf area index. In addition, Damatta et al., (2010) argued that
the increase in temperature above optimal level may reduce biomass and yield but
nevertheless suggested that the rise in temperature may facilitate increased biomass and
yield through facilitating more energy for translocation of photo assimilates. Chalinor et al.,
(2007) argued that when optimum temperature is exceeded, the strategy of increasing
growing season length may still increase crop yield. However, in the study area, both the
planting window and the growing season length increased with climate change and this may
strengthen the case of expecting biomass and grain yield increase under climate change

scenario.

Furthermore, WUE, HUE, biomass and yield from planting dates that were recommended by
agua Crop model recorded the highest coefficient of variation compared to other planting
dates, suggesting a high level of variability in WUE, HUE, biomass and yield of chickpea in
future. Therefore, although future yield may improve under climate change, the yield levels
will not be stable and may affect planning. However, the CV for all planting dates including
planting dates that were recommended by aqua Crop model were reasonably lower
indicating stable findings, and thus strengthen credibility of our conclusions.

The study findings clearly indicate the possibility of using planting date as a management
strategy in improving chickpea biomass and grain yield under climate change conditions.
However the method of determining optimal planting dates for chickpea that may be used in

future has always been a limiting factor in chickpea agronomy.

10.5 Conclusion

Chickpea biomass and grain yield were observed to improve with climate change. Planting
dates that were recommended using AquaCrop model recorded highest grain yield, whilst
late planting date had the lowest yield. The variation in water use efficiency (WUE), heat use
efficiency (HUE) and carbon dioxide productivity (CP), biomass and grain yield observed
under different planting dates was possibly due to differences in temperature and moisture
patterns that were experienced by crops grown in different planting dates. Clearly, the
results from the study indicate the possibility of using planting date as a management
strategy in improving chickpea biomass and grain yield in the current period and also under
climate change scenario. We recommend the need to work on development of a sowing
(planting date) criteria for chickpea in the region given the potential importance of planting

dates in improving future productivity of chickpea
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Chapter 11

General discussion

Planting chickpea genotypes at different dates within the same season may expose the crop
to different environmental factors (temperature and moisture) during their vegetative and
reproduction stages. The variation in temperature and moisture may consequently affect
water use efficiency (WUE), heat use efficiency (HUE), and radiation use efficiency (RUE),
and carbon dioxide productivity (CP), biomass and grain yield. For example, an early
planting date in Southern Africa during winter may expose the crop to extremely low
temperatures (less than 8 °C) which affects WUE, HUE, RUE CP, flower and pod abortion
during the early reproductive stage of chickpea. In contrast, late planting of chickpea during
the winter season may result in flowering stage coinciding with high temperatures during
early reproduction days which may affect fruit set and hence chickpea vyield. High
temperatures experienced in late planting during reproduction stage may cause moisture
stress as potential evapotranspiration exceeds plant available water. Moreover, the high
temperatures may hasten crop development and shorten growing season length of the crop.
Reduced growing season length and moisture stress are likely to affect WUE, HUE, and

RUE and consequently reduce biomass and yield.

Likewise, the increase in global average temperatures and reduction of rainfall expected
under climate change may result in crops planted on different dates showing variation in
WUE, HUE, RUE, CP, biomass and grain yield in the same way as explained above. Thus
manipulation of planting date and genotype may affect biomass accumulation and grain yield

of chickpea under climate change conditions.

Therefore, the objective of the study was to determine the effect of planting date and
genotype on biomass and yield of chickpea under climate change scenario in North Eastern

Region of South Africa. The hypothesis tested was that planting date and genotype has an
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effect on biomass and yield of chickpea under climate change scenario in North Eastern

Region of South Africa.

The simulation results, using 15 GCMs indicated that there is going to be a significant
increase in temperature in the region of the current study under both RCP 4.5 and 8.5 (by
4.2 to 5.5 °C). This increase in temperature will lead to a concomitant increase in ETo and
AGDD for chickpea. Moreover, the results from the GCMs show that optimal planting date
for chickpea shifted from mid-month of April during 1950 to end of May in 2100. This will
reduce chickpea growing season from 140 days to 85 days. The climate change scenario
described above was shown to improve aboveground biomass and grain yield of chickpea.
Planting dates that were recommended by AquaCrop model recorded the highest increase in
biomass and grain yield under both RCP 4.5 and 8.5, suggesting the importance of using
decision support tools when determining planting dates for chickpea. The increase in
biomass and grain yield across all planting dates was caused by better water use efficiency
(WUE) and heat use efficiency (HUE). Carbon dioxide productivity (CP) decreased with
climate change as expected because of increase in carbon use.

Although the negative effects of high temperature on chickpea productivity is well
documented (Siddique and Sedgley, 1986; Clarke and Siddique, 2004; Wang et al., 2006;
Thakur et al., 2010; Devasirvatham et al., 2012), the results of the current study suggest that
both aboveground biomass and grain yield of chickpea will increase with the predicted

increase in temperature.

Perhaps, the negative impacts of temperature was off-set by carbon dioxide increase,
leading to vyield increase. Indeed, it has been reported that the possible increase in
atmospheric carbon dioxide levels will improve grain yield in Cs crops due to improved
photosynthesis (Chart-zoulakis and Psarras, 2005; DaMatta et al., 2010). Chart-zoulakis and
Psarras (2005) reported that the synergistic benefits of increased carbon dioxide
concentration levels with WUE may offset temperature effects in Cs plant; WUE is directly
related to grain yield (Sinclair et al., 1984). Our results are comparable with earlier studies

that chickpea yield will improve in future (Hajarpoor et al., 2014; Mahomed et al., 2016).

The variation in aboveground biomass and grain yield with planting date clearly showed the
importance of manipulation of planting date as a management tool for improved and
sustained chickpea productivity under climate change scenario. Similarly, results from the
field experiment showed that planting date and genotype significantly affected biomass and
grain yield of chickpea. Planting early, particularly under well-watered conditions appeared to
be the most suitable for chickpea in this region. In contrast, late planting had lowest biomass

and grain yield. The high grain yield in early planting was supported by greater yield
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components (seed weight and pod weight, number of pods per plant and harvest index).
Moreover, plant phenological factors such as plant height and number of branches per plant
(total of both primary and secondary branches) were also greater in early planting, with late
planting recording lowest values in all the measured parameters. In addition, the greater
grain vyield in early planting compared to the other sowings was caused by greater
intercepted radiation, improved flower retention and minimised water use and pod abortion.
Similarly, a number of studies have reported significant effect of planting date and genotype
on biomass and grain yield of chickpea (Bahal et al., 1984, Dixit et al., 1993, Hussain et al,
1997, Kabir 2009).

Furthermore, the greater yield in early planting was attributed to better resource use
efficiency. For example, water use efficiency (WUE), heat use efficiency (HUE) and radiation
use efficiency (RUE) of both grain yield and biomass were greater in early planting
compared with normal planting and late planting, particularly where water was not limiting.
The results on resource use efficiency were comparable to earlier studies (Anwar, et al,
2003; Jha et al., 2012; Lake and Sadras, 2017; Toyota et al., 2017),

Clearly, the results from the study indicate the possibility of using planting date as a
management strategy in improving chickpea biomass and grain yield in the current period
and also under climate change scenario. Therefore, planting date may be an important
adaptation strategy to ameliorate the effects of climate change, especially amongst resource
constrained smallholder farmers. However, given the potential importance of planting dates
in improving current and future productivity of chickpea, there is need to work on
development of a sowing (planting date) criteria for chickpea in the region. The criteria
should clearly state sowing management options as decision support tools for smallholder
farmer in the region. For example, minimum soil moisture and temperature thresholds at

seed planting period need to be developed in the region.
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Chapter 12

Conclusion and Recommendetions

12.1 Objective 1
To assess the effect of planting date on chickpea flower retention and pod abortion and

identify suitable planting date and genotypes for the North Eastern part of South Africa.

12.1.1 Hypothesis 1
Planting date and genotypea has an effect on chickpea flower retention and pod abortion.

12.1.2 Conclusion on objective 1
Number of pods per plant varied with planting date, genotype and year, whilst flower

retention and pod abortion varied significantly with genotype and year of planting but was not
affected by the main effects of planting date or by the interaction between the treatments in
the well watered experiment. In contrast, flower retention and pod abortion were affected by
interaction between planting date and genotype and planting date and year and genotype
and year in the drier experiment, which was only watered three times (at planting, flowering
and podding stage). ICCV9901 recorded the highest flower retention in both early and late
planting. Clearly early planting date may be the most suitable sowing date for chickpea in
this environment but this may vary with availability of moisture. However, we recommend

further investigations using a wider range of sowing dates.

12.2 Objective 2
To assess the effect planting date on aboveground biomass and grain yield of chickpea and
identify suitable planting date and genotypes with greater aboveground biomass and grain

yield in the North Eastern part of South Africa.
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12.2.1 Hypothesis 2
Planting date and genotypes have an effect on biomass and yield of chickpea genotypes.

12.2.2 Conclusion on objective 2

Planting date and genotype affected aboveground biomass and grain yield of chickpea in
both well watered and in the drier experiment. Planting early, particularly under well-watered
conditions appeared to be the most suitable sowing period for chickpea in this region. In
contrast, late planting had lowest biomass and grain yield. The high aboveground biomass
and grain yield in early planting was supported by greater yield components (seed weight
(13.8 gm?) and pod weight 23 gm?), number of pods per plant (75 pods plant®) and harvest
index (43 %). Late maturing genotypes (Range 4 & 5) showed greater aboveground biomass
and grain yield compared with ICCV9901, and Range 1 & 3, but this depended on soil

moisture availability.

12.3 Objective 3

To assess the effect of planting date on chickpea water use, water use efficiency and identify
suitable planting date and genotypes with greater water use efficiency in the North Eastern
part of South Africa.

12.3.1 Hypothesis 3
Planting date and genotype have an effect on chickpea crop water use, water use efficiency
(WUE).

12.3.2 Conclusion on objective 3

Water use was, on average, 16% greater in late sowing compared with the control in the
well-watered experiment but this response varied with genotype and year of planting. In
contrast, grain yield and WUEg was, on average, greater with early sowing (1.7 t ha' & 7.7
kg ha' mm?) compared with the control (1.1 t ha® & 7 kg ha® mm™?), respectively but the
differences were more pronounced in the well-watered experiment. Late maturing genotypes
(Range 4 & 5) showed greater WUE of grain yield (7.3 & 7.1 kg ha* mm?). Clearly, sowing
at the beginning of the month of May has potential of improving chickpea productivity in this

environment but there is need to investigate the possibilities of earlier sowings.

12.4 Objective 4
To assess the effect planting date and genotype on chickpea radiation use, radiation use
efficiency and identify suitable planting date and genotypes with greater radiation use

efficiency in the North Eastern part of South Africa.

12.4.1 Hypothesis 4
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Planting date and genotype have an effect on chickpea crop radiation use and radiation use
efficiency (RUE).

12.4.2 Conclusion on objective 4

The proportion of intercepted radiation, total intercepted radiation and radiation use
efficiency varied with planting date and genotypes but these effects were not consistent
across the two experiments. Early sowing and the late maturing genotypes, Range 4 &
Range 5, performed better than the rest of the sowing dates, and the early and medium
maturing genotypes, respectively. Clearly, manipulation of management practices like
sowing time and genotype selection may improve radiation capture and utilisation of

chickpea.

12.5 Objective 5

To assess the effect of planting date and genotype on thermal time of chickpea.

12.5 1 Hypothesis tested

Planting date and genotype have an effect on thermal time of development of chickpea.

12.5.2 Conclusion on objective 5
Planting date and genotype affected themal time of development and heat use efficiency of

grain yield of chickpea crop. AGDD was 14% and 27% greater, respectively in early planting
compared with normal and late planting date. Highest HUEg was observed in normal planted
crops whilst the late planted crops had the lowest HUE, in experiments | and Il. Early
planting date may be the most suitable sowing date to improve thermal time, whilst normal
planting date may improve heat use efficiency for chickpea in this environment, but this may
vary with availability of moisture. The late maturing Range 4 genotype had the highest HUE,
which was greater (by 75.7%, 85.7%, 56.7% and 54.8%), respectively compared to Range 1,
Range 3, Range 5 and ICCV9901 patrticulary in the well watered experiment.

12.6 Objective 6
To parameterise and validated AquaCrop model to predict chickpea crop biomass and grain

yield in the North Eastern part of South Africa.

12.6 1 Hypothesis tested
AquaCrop model may be parameterised to predict chickpea crop biomass and grain yield in

the North Eastern part of South Africa.

12.6.2 Conclusion on objective 6
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The model performance was satisfactory, with a good match between the simulated and
observed canopy cover (CC), Soil water content (SWC), biomass (B) and grain yield (Y). All
the statistical indicators (R?, RMSE, and MAPE) used to compare field observed and model
predicted parameters, showed good model performance. For example, the regression plot of
simulated and observed yield showed a good relationship with R? values of 0.949, 0.928 and
0.990 for early, normal and late planting dates, respectively, whilst RMSE was 0.135, 0.143
and 0.031 for early, normal and late planting dates. Similarly, SWC had strong regression
relationship (R? = 0.982, 0.949, 0.954, respectively and a RMSE of 0.226, 0.696 and 0.310,
respectively in early, normal and late planting date). The results indicate that the model
could be used for evaluating the effects of different planting dates on chickpea yield.

12.7 Objective 7
To determine the effect of climate change on winter planting date for chickpea crop in the
North Eastern part of South Africa.

12.7 1 Hypothesis tested
Climate change will affect winter planting date for chickpea crop in the North Eastern part of
South Africa.

12.7.2 Conclusion on objective 7
The simulation results, using 15 GCMs indicated that optimal planting date for chickpea

could have shifted from mid-month of April during 1950 to end of May in 2100. This could
reduce chickpea growing season from 140 days to 85 days. The shift in planting date was
caused by a significant increase in temperature in the study area (by 4.2 to 5.5 °C), under
both RCP 4.5 and 8.5. This increase in temperature will lead to a concomitant increase in
ETo and AGDD for chickpea.

12.8 Objective 8
To assess the effect of planting date and genotype on biomass and grain yield of chickpea

crop under future climate scenarios.

12.8.1 Hypothesis tested
Planting date and genotype have an effect on biomass and grain yield of chickpea crop

under future climate scenarios.

12.8.2 Conclusion on objective 8
Chickpea aboveground biomass increased from 2.0 & 2.05 t ha' in 1950 to 4.3 & 4.57 t ha'

in 2100, respectively in RCP 4.5 and 8.5, whilst grain yield increased from 1.07 & 1.08 t ha
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in 1950 to 1.68 & 2.21 t ha in 2100, respectively under RCP 4.5 and 8.5. Planting dates
that were recommended by AquaCrop model recorded the highest increase in aboveground
biomass and grain yield compared with early, normal and late planting dates. Late maturing
genotypes (Range 4 & 5) showed greater grain yield and biomass, whilst early and medium
maturing genotypes had low biomass and grain yield. Clearly, planting date and genotype

could affect on biomass and grain yield of chickpea under climate change scenario.

12.9 Recommendations
e The study recommend early planting date together with late maturing chickpea

genotypes (Range 4 and 5) in the region so as to improve water use efficiency,
radiation use effiency, heat use effiency and aboveground biomass and grain yield of
the crop. The early maturing genotype (Range 1) and medium maturing genotypes
(Range 3 and ICCV9901) may only be recommended under normal or late planting
although there will not be any significant yield advantages compered with late
maturing genotypes.

¢ The study also recommend the use of planting dates generated by AquaCrop model
so as to improve biomass and grain yield when chickpea is grown under climate
change scenario in Southern Africa. The yield improvement using this AquaCrop
planting date is caused by greater water use efficient, radiation use efficient, heat use
effiency and corbon dioxide productivity.

e Given the potential importance of planting dates in improving current and future
productivity of chickpea shown in the study, there is need to work on development of
a sowing (planting date) criteria for chickpea in the region. The criteria should clearly
state sowing management options as decision support tools for smallholder farmer in
the region. For example, minimum soil moisture and temperature thresholds at seed

planting period need to be developed in the region.
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