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5.1 Introduction

Development of mustard .1s an Australian crop will depend chiefly on
whether it can produce larger oil yields than canola in marginal environments and
reach comparable oil quality, an objective that appears to be feasible (Kirk and
Oram, 1981; Love et al., 1990). Mustard's adaptation to drought conditions, at least
in terms of dry matter production {(Chapter 4), does appear to be greater than in
canola but it is necessary to establish further that this advantage is reflected in
higher seed yields. A yield advantage for mustard has been reported in drought
conditions in Australia (Angus and van Herwaarden, 1989) and in India (Kumar et
al., 1987; Singh et al., 1990a), bui in Sweden the opposite was reported (Ali et al.,
1988; Ohlsson et al., 1990). The rzports possibly conflict because the maturity of
the cultivars used in the comparisons were not matched. Furthermore, seed yield
was often the only parameter me:.sured, making it impossible to determine how
these differences arose.

A comparison of yield and yield components of mustard and canola, carried
out in northern NSW, for a range of soil moisture regimes is reported in this
chapter. Results form each experinient are presented followed by an analysis of the
response of the two species across all experiments. The mechanisms by which yield
componernts varied between the species zre discussed in relation to breeding for

higher yields under conditions of w.iter deficit.

5.2 Results

5.2.1. Experiment 1.

Maturity was not matched in this preliminary experiment as discussed in
section 4.3.1. Total dry matter pro luction was strongly influenced by days to final
maturity (Fig. 4.1) as was yield witt 74% (F<0.001) of yield variation being explained
by the number of days from sowing to maturity (Appendix 4.1). Direct comparison of
the results are, therefore, not valid as they are confounded with maturity.
Consequently no yield or yield comjyonent data are presented in this chapter but for

the sake of completeness they are available in appendix 4.1.

5.2.2. Experiment 2.

Yield and yield components are presented in Table 5.1. The crops did not
differ significantly in either dry matter production or seed yield. These two
components were severely reduced in both crops when water availability was limited
with a suggestion (P<0.1) that high water deficits reduced canola yield more than
that of mustard.

Harvest index increased in mustard at high water deficit and the reverse

occurred in canola. There were moi e pods plant'1 in mustard and more pods at the
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low compared to the high deficits. Seed number per plant was higher for both
species at the fully watered site : nd average seed weight was not influenced by
species or watering treatment. Seed number per pod was severely reduced by high
soil water deficit in canola but there was no such effect in mustard; however, under
low deficit conditions the numbcr of seeds pod'1 in canola was twice that in

mustard.

Table 5.1. Above ground dry matter (AGD M), seed yield (SY), harvest index (HI), number of pods per
plant (PN), number of seeds per plant (SN), number of seeds per pod (SN/PN) and seed weight (SW)

for Experiment 2 (glasshouse experiment). 1=3

Treatment AGDM sy# HI PN SN  SN/PN  Swi
(g plant'l) (gplant-l) (%) x1000 (mg)

Low deficit

B. napus 110 34 30.9 576 12.1 20.7 2.58

B. juncea 133 26 19.6 1024 10.4 9.9 2.82
High deficit

B. napus 42 8 19.4 269 3.0 11.9 2.71

B. juncea 46 14 29.9 389 4.1 10.8 3.46
Watering ik pa— ns - - * ns
Species ns ns ns * ns *E ns
Interaction ns t *oxk ns ns * ns
CV% 21 27 15 35 41 22 25

t P<0.1, * P<0.05, ** P<0.01, *** P<().005

¥ Corrected to 8% moisture

5.2.3. Experiment 3.

Mustard produced more dry matter than canola (P<0.1) irrespective of
imposed moisture regime, but this lid not result in increased seed yield (Table 5.2).
High rainfall during the season resulted in only small differences in dry matter
production between the sites and yields were close to those recorded in low deficit
environments, e.g. Tasmania (Mencham et al., 1984) and Europe (Mendham et al.,
1981). Trends in these data are si nilar tc those in Experiment 2. Mustard plants
had more pods (P<0.18) with fewe - seeds per pod (P<0.2). However, there was no
evidence of more seeds per unit ar:a. Differences in oil yield were not significant at
either moisture level. Mustard hac a lower harvest index, average seed weight and
oil concentrations at both moisturz levels. It had greater protein concentration in

the meal at both sites.
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5.2.4. Experiment 4

Mustard produced more dry matter than canola in Experiment 4 (Table 5.3).
It also yielded more seed, had a la ‘ger harvest index and produced more pods m-2
and seeds m~2. There were no significant difference between the species in seed
weight and a suggestion (P<0.1) that the number of seeds pod-! was greater in
mustard. No differences in oil or protein concentration were evident but mustard
produced more oil per unit area. [nsufficient seed was available to determine oil
concentration in the seed and protein concentration in the meal from all the
replicates of the canola cultivars. Hence, the values presented for canola may be
overestimates because they repres:nt an average for the best replicates only, with
no determinations being made from the worst replicates.

Some late season insect camage occurred in this experiment, however

damage appeared to be equal in both species.

5.2.5. Experiment 5.

Mustard produced 17% morz dry matter than canola at the irrigated site but
this was not reflected in seed yield because of mustard's lower harvest index (Table
5.4}). Mustard bore more pods m-2 but had fewer seeds pod‘l, with the net result
that there was no difference in the number of seeds produced by either species at
this site. Seed weights were less in mustard than in canola while oil concentrations
were greater. Protein concentration in the meal did not differ between the species.

At the rainfed site, mustard produced 51% more dry matter than canola but
again this difference did not translate into a significant difference in seed or oil
yield, because of mustard's lower harvest index. As for the irrigated site, mustard
produced more pods m-2 but fewer seeds pod'l. It also produced a greater number
of seeds than canola but these were lighter than canola seeds. Protein concentration
in the mustard meal was greater th.an in canola but the effect was small.

At the rain-exclusion site, mustard produced at least twice as much dry
matter, seed and oil as canola. It :1so had over four times as many pods m-2 and
just under three times the number of seecdls m~2. Oil concentration in the mustard
seed was also greater. No significant differences existed in the harvest indices of the
two species. Canola had more seeds pod‘1 and heavier individual seed weights. No

difference in protein concentration occurred.
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5.2.6. Relationships across experiments

The performance of mustarc and canola has been compared across sites and
experiments (Fig. 5.1) using the "si e mean total dry matter production” as an index
of the stress conditions at a particular site (Finlay and Wilkinson, 1963). A small
site mean dry matter production indicates water limiting conditions and a greater
site mean dry matter production indicates less limiting conditions. Using this
approach the field sites are ranked from the smallest soil water deficit to the largest
as follows; irrigated site Experiment 3, rainfed site Experiment 3, irrigated site
Experiment 5, rainfed site Experiment 5, rain exclusion site Experiment 5 and
Experiment 4. Data from the glasshouse experiment, converted to a per unit area
basis, are also included in Figure 5.1. The high level of productivity in the
glasshouse experiment suggests that edge effects were present; however, trends in
the data are similar to those in the other experiments and are included to allow a
general comparision across all exp¢ riments. The comparison is a relative one, using
the ratio of mustard to canola for cach component; e.g. a ratio above one indicates
that mustard has more of that component than canola at that site.

Factors other than water deficit, such as soil compaction, can influence site
mean dry matter production. However, care was taken throughout to limit such
extraneous influences. The extent to which: this was achieved can be gauged by the
fact that variation in a supply/demand stress index (water supply/pan evaporation)
accounted for 93 % of the variation in site mean dry matter (Fig 5.2) in those
experiments where relevant data were available (Experiments 4 and 5).

When comparing the two species, the response of components of yield to
different levels of soil water deficit can be classified into three types: (1) components
that favour one species across a'l conditions, (2) components that are similar
between the species regardless of the moisture regime and (3) components that
favour one species under one set cf soil moisture conditions but the other species
under other conditions.

Dry matter production of mustard is in the first group as it exceeded that of
canola at all sites. This advantage v-as largest (greater than twofold) at sites with the
highest water deficits (Fig 5.1a). Similarly, pod number (Fig. 5.1d) and total seed
number per unit area (Fig. 5.1e) were always greater in mustard with the exception
of seed number in the well watered treatment of the glasshouse experiment and, as
with dry matter, the differences were largest at the highest deficit sites. These
results suggest that mustard is be ter adapted to high deficit conditions. However,
there are other yield components that favour canola across conditions including
seed number per pod (with the exc:ption of Experiment 4, Fig. 5.1f) and individual

seed weight (except under glasshouse conditions, Fig. 5.1g). Components of yield
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that fall into the second group, shcwing no comparative advantage to either species
regardless of the moisture regieme, were seed oil (Fig. 5.1h) and meal protein (Fig.
5.1i). Harvest index (Fig. 5.1c) was the only component that fell into the third group
with canola appearing to have an advantage except under severe water deficits.

Seed and, ultimately, oil yield are the integrators of all these components and
both reflected an advantage to mu stard under high water deficits; this advantage
diminished to a similar performance at the lowest deficits tested in these
experiments (Fig. 5.1. b & j).

The importance of the different components of yield varied. Seed yield is the
function of seed number and seed weight. As discussed above, there was little
change in individual seed weight across sites despite large differences in seed yield.
Under field conditions, those differences can be almost exclusively explained by
differences in seed number, which accounted for 99% and 98% of the yield variation
in canola and mustard respectively, wher. data were pooled across the three field
experiments (Fig. 5.3).

In the field both canola and mustard yields can be related to the amount of
dry matter accumulated prior tc peak flowering (Fig. 5.4). Under low deficit
conditions a linear relationship c:n be fitted to these data with variation in dry
matter at peak flowering accounting for 77% of the yield variation in canola
(y=99.14+0.386x, P<0.001) and 90% in mustard (y=40.94+0.366x, P<0.001).
However, it is clear that these dat: are at extremes with no intermediate values of
dry matter at peak flowering hence -he extent of variation in yield explained by these
differences is likely to be overestimated. It is, nonetheless, clear that more dry
matter at peak flowering is associated with higher yield under low stress conditions.
Under high deficits, the slope of this relationship was lower and no difference could
be discerned between the species, with one regression line explaining the response
of both species (y=-0.23+0.121x, r2 = 0.35 ’<0.05).

The capacity to support seeds and pods was measured by the amount of dry
matter per pod (crop dry matter a'. peak flowering divided by the number of pods
assessed at maturity). Variation in :rop dry matter per pod explained 73% (P<0.001)
of the variation in seed number per pod in both species under low deficit conditions
using a curvilinear fit (Fig. 5.5). Tt ere was no evidence of a difference between the
species in this relationship. Undei high deficit conditions, seed numbers per pod
were still positively associated with crop dry matter per pod (y=6.597+0.0128x, r=
0.61, P<0.001, linear regression) in both species, with the exception of three canola

genotypes under the severest water deficits experienced (Experiment 4).
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5.3 Discussion

The results show that under high soil water deficits (rain exclusion site,
Experiment 5) seed yields in mustard were more than double those of canola. These
results agree with the reputed drought tolerance of mustard and studies both in
Australia (Angus and van Herwaar len, 1989) and India (Kumar et al., 1987; Singh
et al., 1990a). However they differ from Swedish studies (Ali et al., 1988; Ohlsson et
al., 1990} which found no evidence of differences between the species. These later
studies were carried out under rela :ively non-limiting conditions with mean monthly
temperatures not exceeding 16°C and a water table present at 1.2 m depth,
suggesting that these crops experienced relatively low water deficits. More seriously,
the genotypes used were not matched for maturity thus impairing the validity of the
species comparison.

Surprisingly, under low soi. water deficits the species have the same yield
(glasshouse experiment and the ir-igated site of Experiment 3 and 5). It would be
expected that yield potential in canola would be higher than in mustard under non-
limiting conditions since a substanial canola breeding program has been in place in
Australia for the last 20 years whi.e mustard has only recently received attention.
This is an important finding as the data show that under close to ideal conditions
(seed yields of 5 tonnes per ha) yields in mustard were as high as in canola. I know
of no published comparative studizs carried out under low stress where maturity
was matched. However, studies wl .ere maturity was not matched do provide some
general support for the presence of a high yield potential in mustard (Woods et al.,
1991; Woods, 1992). The present f ndings suggest that the breeding effort required
to produce high yielding and well-alapted mustard cultivars may be less than might
have been initially expected.

Oil concentration in the seed varied with stress level but both species
responded in a similar manner; hence the 0il yield per hectare mirrored that of seed
yield with mustard's oil production more than double that of canola at the high
deficit sites and at a similar level ¢t the low deficit sites. Again this is a surprising
result as lower oil yield could well he expected from a crop that has been subjected
to less intensive breeding for Aus ralian conditions. Protein concentration in the
meal appeared to be similar in both species though there was a slight tendency for
mustard to have a higher concent -ation. Given the strong association between oil
yield and seed yield the rest of this liscussion is based on seed yield.

In both species over 98% of he variation in seed yield across the range of soil
moisture regimes tested could be accounted for by variation in seed number (Fig
5.3). The trend for smaller seed vseights in mustard is reflected in the separate

regression lines relating seed yield 10 seed number for the two species with the slope
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of the relationship reflecting the overall mean seed weight across experiments and
treatments (3.3 and 2.6 mg for car ola and mustard respectively). Earlier studies of
canola have reported similarly close associations between seed yield and seed
number (Mendham et al., 1981). Tt.is does not imply that variation in seed weight is
unimportant. However, given the relative stability of the differences between the
species in seed weight over a wide 1ange of water deficits, factors that influence seed
number are likely to be more impor:ant in adaptation to high deficits.

In Brassicas seed number s clearly a function of the number of pods per
unit area and the number of seeds per pod. The yield structure of the two species
differed in that canola had fewer pcds and more seeds per pod than mustard. These
field results were supported by tlie glasshouse study. In a comparison of yield
structure in mustard and B. campestris, B. napus and B. carinata the same
association was noted with mustarl having the highest pod numbers per unit area
but the fewest seeds per pod (Bhargava and Tomar, 1990). The same structural
difference was also noted in a narrower comparison between B. campestris and
mustard (Chauhan and Bhargava, 986).

In canola, Mendham et al (1984) have argued that breeders should be
aiming to produce plants with fewer pods but with a higher potential number of
seeds per pod as this would maximise seed survival and thereby increase seed
number per unit area. A similar ideotype has been suggested for both canola and
mustard in India (Bhargava and Tomar, 1990). It might appear that the data
presented in this chapter argue agiainst such an ideotype as mustard, with more
pods and fewer seeds per pod, produced higher yields than canola under drought
and similar yields under low def cit conditions. However, before reaching this
conclusion it is necessary to establ sh if the differences found in seed number (and
hence in yield) arose from differences in yield structure or from other factors
particularly differences in dry matter production.

The relative importance of dry matter accumulation and yield structure is
examined in Figure 5.6. Pod nun ber, number of seeds per pod and total seed
number are plotted against the dry matter present at maturity with these
relationships being broken up into three phases. Phase one (I} contains plants with
final dry matter between 0 and 4C0 g m-~2, corresponding approximately to those
sites with high soil moisture deficits (Experiment 4 and the rain exclusion and
rainfed sites of Experiment 5); phase two (II) contains plants with final dry matter
between 400 and 1250 g m 2 corresponding to the moderate yields of the irrigated
site in Experiment 5, and phase thiree (III) corresponds to plants with high yields

(Experiment 3).
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Figure 5.6. Relationship between dry matte - at final harvest and a) pod number, b) number of seeds per
pod and c) seed number. Symbols as for Fig. 5.3. Each point represents a cultivar. Lines in (a) and (b)
are fitted by eye and in (c) by linear regizssion, canola y=-12367+112.1x (r2=0.98, P<0.001) and
mustard y=-10250+96.0x, (r2=0.96, P<0.001).
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The relationship between p>d number and final dry matter indicates that,
under low soil water deficits (Fig 5.6 a, phase III), canola and mustard plants
producing the same final dry mater carry the same number of pods. However,
under high or moderate water defizits (Fig. 5.6 a, phases I and II) mustard plants
with a similar final dry matter as cunola plants carry more pods. There is a different
relationship between number of szeds per pod and final dry matter. Under high
deficits (Fig 5.6 b, phase I) the nuinber of canola seeds per pod increases (1 to 15)
with increasing dry matter while he nuraber of mustard seeds per pod remains
relatively stable (approximately 8); n the second and third phase mustard plants of
the same weight have fewer seeds per pod than canola.

These differences in yield structure almost entirely cancel each other out,
under conditions of high or moclerate water deficits, resulting in canola and
mustard plants with the same final dry matter producing similar seed numbers (Fig.
5.6 c). Under low deficits, canola does have a slight advantage in seed numbers
because of its higher numbers of seeds per pod and its similar pod numbers. Hence,
the adaptation of mustard to drot ght conditions does not appear to be primarily
due to its different yield structure.

Fischer (1979) presented a framework for understanding yield and yield
components in wheat. The essence of this model is that seed number which sets
yield potential, is largely determiied by the end of anthesis and post anthesis
conditions subsequently determine to what extent the crop reaches that potential.
Despite the large differences in growth betwween canola and cereals, e.g. determinate
versus indeterminate plants, a similar understanding can be applied. Mendham et
al. (1981,1984) showed that cancla yielc potential is set by the amount of dry
matter accumulated before peak flowering (growth stage 4.3). The results for
mustard presented in this chapter. though sparsely distributed across a full range
of dry matter production under low deficit conditions, do fit this model (Fig. 5.4).
Under high deficit conditions this -elationship is clearly present with both species
behaving in a similar manner.

Mendham et al. (1984) furtl er showed that seed survival in canola is linked
to assimilate supply, with the cape city of the crop to maintain both seed numbers
per pod and total numbers of pods being related to the dry weight of the crop at
peak flowering per pod (e.g. dry weight at peak flowering divided by pod number at
maturity). Similar relationships we ‘e found in the experiments reported here under
low deficits (Fig. 5.5). The curviline ar relationship averaged across the species was
y=1.53+0. 194x-0.0004x2 which is very similar to that reported by Mendham et al.
(1984) for a range of canola cultivars. This indicates that there is little difference
between canola and mustard in their ability to support seeds or pods under low

deficit conditions. While the slope of the relationship is lower under high deficits
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there is still a clear relationship bctween assimilate supply and ability to maintain
seeds per pod. The only exception occured in canola at the very high deficits in
Experiment 4. Crop dry weights per pod were quite high but the numbers of seeds
per pod were low in three out of four canola genotypes, indicating seed abortion for
reasons other than assimilate shortage (Fig. 5.5). Canola lost turgor more readily
than mustard (Chapter 7) and this may have led to increased levels of abscisic acid
which in turn, increased seed abortion as is the case in wheat (Saini and Aspinall,
1983; Morgan and King, 1984). The similar efficiencies of using assimilate to
support seed numbers found here except under very severe water deficits, shows
that the different yield structure in mustard does not adversely affect this crop's
ability to support seeds.

The importance of dry matter (i.e. total assimilate) as a principal determinant
of yield is illustrated by the fact tliat across sites and treatments over 99% of the
variation in seed yield could be erplained in terms of dry matter accumulated at
maturity in both canola (y=-35.63+0.37x) and mustard (y=-24.15+0.27x). Differences
in slope between the two species reflect the lower overall mean harvest index of
mustard (27%) compared to canola (37%). This overall comparative inefficiency in
mustard in regard to harvest indices is reflected in the individual site and treatment
data. However, despite this inefficiency, mustard yields more seed under high deficit
conditions as the total assimilate accumulated in mustard is larger.

In a study comparing the adaptation of a range of temperate cereals to
rainfed environments, Lopez-Castaieda and Richards (1994a) found that barley was
the most suited to high deficit conditions. They concluded that the most important
factor in barley's adaptive advantage to water deficits was its consistently higher dry
matter production across environm snts. Similarly, it would appear that the adaptive
advantage of mustard to high d:ficits is primarily due to greater dry matter

production rather than to difference s in yield structure.

5.4 Conclusion

Surprisingly, mustard seed and oil vields, at least in northern NSW are equal
to those of canola under non droug 1t conditions. Under drought conditions mustard
has a seed yield advantage which increases with increasing severity of drought, with
a fivefold advantage found under tt e severest conditions tested. Oil yields followed a
similar pattern though the magnitude of the advantage was less being just short of a
threefold advantage under the severest conditions tested. Mustard's seed protein
concentration was found to be at east equal to that of canola and slightly higher
under low stress conditions.

It is concluded that the large differences in yield structure (mustard having a

greater number of pods but fewer seeds per pod) is not the primary cause of
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mustard's yield advantage under crought. The advantage is attributed, in terms of
growth, to mustard's greater dry inatter (assimilate) production which more than
compensates for mustard's lowe - individual seed weights and poorer harvest
indices.

The mechanism(s) underlyir g mustard's greater dry matter production under
water stress require further study. Despite lacking a clear understanding of these
mechanisms evidently mustard is comparatively well adapted to dry conditions and

as such is worthy of further develop ment in Australia.
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6.1. Introduction

Adaptation to drought conditions is clearly influenced by the efficiency with
which plants exchange water for carbon. In separate reviews, Fischer and Turner
(1978) and Sinclair et al. (1983) suggested that variation in this efficiency is unlikely
within species and variation betwecn species will occur only when the species differ
in their biochemical pathway (e.g. ( 3 versus C4). However, more recent studies have
shown within species variation in vheat (Condon et al., 1993), barley (Hubick and
Farquhar, 1989) and peanuts (Hutick et al., 1988; Wright et al., 1988a). There are
few available studies on the variation in this efficiency in Brassicaceae. I am aware
of only one comparing mustard an: canola (Lewis, 1992). In that study, conducted
under field conditions, no differe 1ces were found in their water use efficiency,
assessed as total dry matter production divided by total water use. However, this
assessment was based on only cne cultivar of mustard and two of canola. In
contrast, under glasshouse condit.ons, Lewis (1992) did find mustard to be more
efficient than canola. In the cuirent experiments large differences in growth
(Chapter 4) and yield (Chapter 5) occurred between these species under high water
deficits. In this chapter differences between the two species in water use efficiency
are discussed in relation to the obscrved differences in growth and yield as are other
factors that may influence the effici:ncy.

Some comment on terminology is required. Water use efficiency, as assessed

by total dry matter production diviced by total water use, is referred to as water use
efficiency of dry matter production (Wq). Similarly total seed yield divided by total

water use is referred to as water use efficiency of seed production (Wg).
Transpiration efficiency is used to -efer to (1) gas exchange measurements on a leaf
level (T, (2) the amount of dry matter accumulated over the season divided by total
water use, when water loss through soil evaporation has been minimised (Tq) and

{3) the seed yield divided by water use, again when soil water loss has been
minimised (Tg).

6.2. Results

6.2.1. Water use

In the glasshouse experiment (Experiment 2) mustard exceeded canola in the
total amount of water used under low delficits (Table 6.1) while no difference was
found under high deficits, where both crops used less water.

Water use data were not collectzd from Experiment 3. No significant
differences were found between the species in Experiment 4 (Table 6.2). In
Experiment 5, at the low deficit site, there was again no significant difference (Table

6.2) but at the high deficit site nustard used 57 mm less water than canola
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(P<0.005). No water use measurements were taken at the rain-fed site of Experiment
5. Most water was used at the irrizated site of Experiment 5 followed by the rain-
exclusion site with about half the vvater use of the irrigated site and lastly by water
use in Experiment 4 amounting to less than a quarter of that of the irrigated site of
Experiment 5.

Water use from emergence ‘o growth stage 3.1 (vegetative growth) and from
3.1 to 5.5 (reproductive growth) a-e presented for Experiment 5 in Table 6.3. No
differences were found for the vegetative: growth phase at the high deficit site.
However, mustard used 55 mm l:ss water than canola during the reproductive
phase. There were no differences ir water ase between the species at the low deficit

site for either growth phase.

6.2.2. Transpiration efficiency of dry matter production (Tq)

Because soil evaporation was minimised in Experiment 2 the data presented
approximate to those for canopy tr: nspiration efficiency (Table 6.4). There was some

weak evidence for mustard having a greater Tq than canola (P=0.26}, with a 12%

advantage at low deficits and a 16% advantage under high deficits.

6.2.3. Water use efficiency of dry matter production (Wq)
In Experiment 4, mustard had a greater (P<0.1) Wq than canola (Table 6.5).

This was also the case at both sites in Experiment 5 (Table 6.5), where the

advantage increased from 1.2 tc 2.8 times at the low and high deficit sites
respectively. The values of W( reported here are of a similar order to those reported

elsewere though they tend to be sligthtly lowerer eg. Taylor et al. (1991) has reported
W{ of canola ranging between 16 and 29 kg ha"!l mm-! while values between 31

and 44 kg ha-! mmlhave been reg orted fcr mustard by Ramakrishna (1990).
Wq was partitioned for different phases of growth in Experiment 5 (Table

6.6). At the low deficit site there were no differences in Wq for either phase of

growth. At the high deficit site, Wq n mustard's vegatative phase was 1.4 times that

of canola (P<0.01). The advantage increased in the reproductive phase with mustard
being more than five times as efficicnt as canola (P<0.005). At the low deficit site Wq

for vegative growth appeared to be less than for reproductive growth, whereas, at

the high deficit site, W3 for the reproductive phase was greater than for the

vegetative phase for both species.

6.2.4. Transpiration efficiency of seed production (Tg)

In Experiment 2, under low deficit conditions there were no differences
between the species in Tg (Table 6.”). At the high deficit site, mustard had 1.9 times
larger Tg than canola (P<0.01) anc was more efficient there than at the low deficit

site (P<0.01). There was no difference between the mustard's Tg at the high deficit

site and canola's at the low deficit site.



Water use and water use efficiency 79

Table 6.1. Total water use (mm) for glasshouse experiment (Experiment 2).

Treatment Total water use (mm)

Low deficit, B. napus 561b
Low deficit, B. juncea 839 a
High deficit, B. napus 264 ¢
High deficit, B. juncea 252c¢

Water HoA*

Species *

Water x Species interaction *

CV% 20.2

Means followed by the same letter are not significantly different (P=0.05)

Table 6.2. Total water use (mm) for field e: periments.

Experiment 4 Experiment 5 Experiment 5
-ain exclusion irrigated

B. napus

79NO13-364 85 246 514

82N128N9x36 98 261 462

Maluka 73 243 483

Taparoo 78 226 485
mean 84 244 486
B. juncea

CPI61680 86 183 486

JES8 103 207 491

WAS 66 187 486

ZE Skorospelka 119 172 486
mean 94 ns 187 *%#* 487 ns

CV% 38.2 19.2 6.1

1 P<0.1, * P<0.0S, ** P<0.01, *** P<0.00¢

Table 6.3. Water use (mm) for different periods of growth in Experiment 5.

Rain e <clusion site Irrigated site
Oto3.1 21t05.5 0to3.1 3.155
B. napus
79NO13-364 67 179 167 346
82N128N9x36 62 199 171 291
Maluka 64 179 166 317
Taparoo 60 166 161 324
mean 63 181 166 320
B. juncea
CPI161680 53 130 169 317
JES8 58 149 170 322
WAS 69 118 165 321
ZE Skorospelka 66 106 172 314
mean 62 ns 126 *** 169 ns 318 ns
CV% 18.3 27.5 5.5 9.0

1 P<0.1, * P<0.05, ** P<0.01, *** P<0.00°¢
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Table 6.4. Transpiration efficiency of dry natter production (kg ha"! mm-1) for glasshouse experiment

(Experiment 2).
Treatment Tianspiration efficiency
(kg ha-! mm'l)
Low deficit, B. napus 40.8 a
Low deficit, B. juncea 45.7 a
High deficit, B. napus 426 a
High deficit, B. juncea 49.7 a
Water ns
Species ns
Water x Species interaction ns
CV% 19.5

Means followed by the same letter are not significan-ly different (P=0.05)

Table 6.5. Water use efficiency (k ha-! mm'l) for field experiments.

Experiment 4 Experiment 5 Experiment 5
rain exclusion irrigated
B. napus
79NO13-364 2).8 7.9 9.5
82N128N9x36 17.7 6.8 15
Maluka 27.1 6.7 12.0
Taparoo 241 7.2 13.9
mean 224 7.1 10.7
B. juncea
CPI61680 3.1 18.2 122
JES8 23.6 17.2 9.2
WAS 331 23.7 11.9
ZE Skorospelka 227 19.5 17.1
mean 2.6t 19.7 *** 12.6 ¥
CV% 45.6 28.8 24.2

1 P<0.1, * P<0.05, ** P<0.01, *** P<0.005

Table 6.6. Water use efficiency (kg ha-l mi n'l) for different periods of growth in Experiment 5.

Rain e :clusion site Irrigated site
0to 3.1 3.1to5.5 0to3.1 3.1t05.5
B. napus
T9NO13-364 27.3 0.1 5.5 11.5
82N128N9x36 19.2 32 5.0 9.0
Maluka 18.1 29 7.8 14.4
Taparoo 149 4.7 7.4 17.2
mean 19.9 2.7 6.4 13.0
B. juncea
CPI61680 23.8 15.9 9.9 13.4
JES8 25.8 14.0 7.8 9.9
WAS 323 18.2 9.7 13.0
ZE Skorospelka 325 13.8 8.1 222
mean 28.6 ** 15.5 *%x* 8.9 ns 14.6 ns
CV% 36.3 85.8 47.3 32.5

T P<0.1, * P<0.05, ** P<0.01, *** P<0.00
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Table 6.7. Transpiration efficiency of seed sroduction (kg ha™! mm1) for the glasshouse experiment.

Treatment Tianspiration efficiency
(kg ha"l mm'l)

Low deficit, B. napus 12.7 ab
Low deficit, B. juncea 9.1a
High deficit, B. napus 8.0
High deficit, B. juncea 14.8 b

Water ns

Species ns

Water x Species interaction *x

CV% 234

Means followed by the same letter are not <ignifican:ly different (P=0.05)

Table 6.8. Water use efficiency of seed proluction (kg ha-! mm'l) for field experiments.

Exp:riment 4 Experiment 5 Experiment 5
rain exclusion irrigated
B. napus
79NO13-364 1.3 1.3 29
82N128N9x36 ).2 1.2 2.1
Maluka ).8 1.2 3.7
Taparoo 1.5 1.5 4.5
mean ).9 1.3 3.2
B. juncea
CPI61680 5.3 34 2.8
JES8 31 37 2.2
WAS 5.0 4.1 2.8
ZE Skorospelka 3.5 33 3.6
mean §.2 ook 3.6 *** 2.8 ns
CV% 71.3 48.5 27.6

T P<0.1, * P<0.05, ** P<0.01, *** P<0.002

6.2.5. Water use efficiency of see 1 production (Wg)

In Experiment 4, Wg of mus:ard was 4.7 times greater (P<0.005) than that of
canola (Table 6.8). At the rain-excl sion site of Experiment 5, mustard's Wg was 2.8
times greater (P<0.005), while at thz irrigated site there was no statistical difference
between the species. Water use efficiency of seed production found in these
experiments falls within the range of those reported elsewhere, such as 5.6 to 9.5
for canola (Bernardi and Banks, 1991; Taylor et al., 1991) and 2.4 to 9.6 for
mustard (Upasani and Sharma, 19¢6; Singh et al., 1991).

6.2.6. Relationships across exper ments.
The relative efficiency of watzr use in dry matter or seed production has been
plotted against site mean dry matter production (5.3.2) in Figure 6.1. The efficiency

of dry matter production increascd as water deficit increased in Experiment 5.
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However, under the greater deficits of Experiment 4, the relative advantage
diminished. In contrast, the efficiency of mustard seed production showed an

unambiguous adaptive response to stress with its Wg increasing with increasing

water deficit. Supporting evidence for this response can be seen in the data of

Experiment 2, where mustard's Ts ncreased with increasing deficit (Table 6.7).

0 i
0 100 200 300 400 500 600

Site mean dry matter (g m-2)
Figure 6.1. Relative water use efficiency (mustard/canola) of dry matter production (W{, open

symbols) and seed production (Wg, closed symbols) for different experiments (triangles for

Experiment 4, circles for rain exclusion sitc Experiment 5 and squares for irrigated site Experiment 5).

6.2.7. Transpiration efficiency on a gas exchange basis (T})

Field measurements of trans piration efficiency on an instantaneous basis are
presented in Table 6.9. In Experinient 3, these measurements were made prior to
the imposition of water treatments i1ence the data have been pooled across the sites.
Mustard was found to use water 1nore efficiently than canola on the selected day
{P<0.005). This was due to a comnparatively higher (P<0.1) photosynthetic rate
combined with lower (P<0.005) stomatal conductance. There were no differences
between the species in sub stom: tal CO9 concentration. In Experiment 4, T] of
mustard was greater (P<0.1) than -hat of canola. Photosynthetic rates were higher
(P<0.05), while there was no diff:rence between the species in either stomatal

conductance or substomatal CC9 concentration. In Experiment 5, data were

collected only from the irrigated site. For that site, on the selected day, no

differences in T}, Pn, gg or Cj were found.
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Table 6.9. Field measurements of transpira:ion efficiency (T]) on a gas exchange basis, photosynthesis

(Pn), stomatal conductance (gs) and sub stc matal CO7 concentration (Cy).

T Pn gs Ci
umol COp mol™! HyO pmol m2 571 mol m2 ¢! ppm
Experiment 3A
B. napus
79NO13-364 8.8 15.5 1.793 294
Maluka 6.9 14.4 2.373 329
Taparoo 6.2 13.2 2.077 366
mean 7.3 14.4 2.081 330
B. juncea
CPI61680 11.9 18.2 1.587 255
JES 11.1 18.2 1.626 310
WAS 10.5 14.7 1.383 316
mean 11,2 ok 17.02 1 1.532 *** 294 ns
CV% 29.2 20.1 22.3 24.8
Experiment 4B
B. napus
79NO13-364 23.6 12.9 0.608 173.2
Maluka 17.9 15.7 0.867 200.8
mean 20.8 14.3 0.738 187.0
B. juncea
CPI61680 25.1 21.7 0.982 218.4
WAS 333 16.4 0.615 201.8
mean 29.2 % 20.1 * 0.799 ns 210.1 ns
CV% 45.2 30.3 35.5 15.0
Experiment sC
Irrigated site
B. napus
79NO13-364 40.5 1¢.5 0.399 230
Maluka 32.6 16.9 0.546 260
mean 36.6 15.7 0.473 245
B. juncea
CPI61680 34.0 249 0.774 233
WAS 48.7 1.2 0312 238
mean 41.4 ns 19.6 ns 0.543 ns 235 ns
CV% 24.8 20.1 40.2 7.8

T P<0.1, * P<0.05, ** P<0.01, *** P<0.00¢

A 26/9/90, 110 days after sowing, measurements taken between 11.00 am and 1.30 pm. Uniformly

overcast day with an average PAR of 434+ 5 mmol m2s 1 (n=72 ) for the measurement period.

B31/10190, 57 days after sowing, measurerents taken between 10.30 am and 1.00 pm. Clear day with

an average PAR of 1832155 mmol m-2 1 (n=34) for the measurement period.

Cor10/91, 133 days after sowing, measurer 1ents taken between 11.30 am and 1.30 pm. Clear day with
occasional clouds and an average PAR of 1166286 rimol m2 s~1 (n=30) for the measurement period.
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6.2.8. Leaf conductance

In Experiment 5, leaf conductance was measured on three occasions using
porometry (Fig. 6.2). No significan: differences were found between the species at
either site regardless of the leaf surface measured. It is clear, however, from these
data that conductances of both leaf surfaces, at 118 days after sowing, were

substantially less in the high than in the low deficit treatments.

o

Stomatal conductance (mm s '1)

O = N W A W N 0 0 O
I o B S BEELAER B maen s aun o man g

L N I 2 i

40 50 60 70 80 90 100 110 120 40 50 60 70 80 90 100 110 120

Days after sowing
Figure 6.2. Change in stomatal conductance with time for a) adaxial and b) abaxial leaf surfaces (O
canola low deficit, @ mustard low deficit, A carnola high deficit, A mustard high deficit). Bars

indicated standard errors.

6.2.9. Epidermal conductance
Data from Experiment 2 Table 6.10) show that the species does not

influence epidermal conductance (ge) while water deficit does (P<0.005). Plants from

the low water deficit treatments hid an average ge of 0.242 mm s~ ! compared to

0.130 mm s~ for the high deficit tr :atments (CV% = 59.4).

Table 6.10. Epidermal conductance (ge, mn s~y of canola and mustard plants grown at different levels

of water deficit under the glasshouse conditions of Experiment 2 (£ s.e.)

Species Low deiicit High deficit
Canola 0.28+0.05 0.12+0.02
Mustard 0.2610.05 0.14+0.02

The influence of water deficit on ge was further examined by plotting ge

against the amount of available water in the profile (Fig. 6.3.). The data are quite
variable but nonetheless the geneial pattern is clear with ge increasing from less
than 0.1 mm s ! under high water deficits (TAW<50%) to approximately 0.4 mm s~ 1
under low water (TAW> 75%).



Water use and water use efficiency 85

N r r y y
—~ 6} O
g
£ 5t
g ° o
S 4} L
S . o
4
g 3l A O /—\
S .
= ‘. ° o
g 2 A (o) ®)
S , o)
& Ao
1
QSO 1
0 P S S S TR
40 45 50 55 60 65 70 75 80 85 90 95

lotal available water (%)

Figure 6.3. Effect of water deficit on epidermal conductance (O canola low deficit, @ mustard low
deficit, A canola high deficit, A mustard I igh deficit). This relationship is described by a curvilinear
relationship, y=-1.121+0.36x-0.00023x2, (r-'=0.466, 2<0.001).

6.2.10. Stomatal frequency

The data from Experiment 2 were analysed using a split-plot design with the
species and water treatments as v'hole plots, leaf surface as subplot and sample
position from the leaf as the sub-cub plot. No effect of water deficit was found in
these data, nor did position on the eaf have a large effect, hence the data presented
have been pooled across deficit and sampling position (the full analysis is presented
in Appendix 6.1). Both species had a similar number of stomata on the adaxial leaf
surface and both had a higher (P<0 05) number of stomata on the abaxial compared
to the adaxial surface (Table 6.11) However, mustard was found to have a higher
(P<0.05) number of stomata than c: nola on the abaxial surface.

The frequency of stomata proved to be slightly higher than those reported by
Major (1975) in B. napus, 92.3 and 124.8 per mm? for the adaxial and abaxial
surfaces respectively. However, the ratio for adaxial to abaxial stomatal numbers of
0.74 calculated from Major (1975) is in close agreement with the ratio of 0.72 found
in the current work. The differznce in absolute numbers probably reflects
differences in the size of leaves sainpled. The ratio was 0.61 in mustard reflecting
that crops higher number of stomata on the abaxial surface.
Table 6.11. Stomatal frequency (number mm‘2) sampled for adaxial and abaxial leaf surfaces of

mustard and canola in Experiment 2 (n=54)

Leaf surface Mustard Canola
Adaxial 180.5a 167.7 a
Abaxial 298.0 ¢ 232.6 b

Means with the same letter are not significantly different (P=0.05).



Water use and water use efficiency 86

6.3. Discussion

A comparatively high W{ a ises from either lower water use or greater dry
matter production or a combinat on of these. In the present field experiments,
mustard's water use was either lower thaa that of canola as at the rain-exclusion
site of Experiment 5 or was at a similar level as in Experiment 4, and also at the
irrigated site of Experiment 5. This actuality, combined with its consistently greater

dry matter production (Chapter 4) resulted in mustard's Wq being always greater

than that of canola under the conditions of these experiments. In Experiment 5, this
advantage in Wq was relatively gree ter at the high deficit site suggesting an adaptive
response in mustard. However, ir Experment 4, at even greater levels of water
deficit (5.2.6), the advantage was not as great as at the rain-exclusion site of
Experiment 5. This may have resulted frora late season insect damage affecting the

dry matter weights (5.2.4.). The eidence for an adaptive response in Wq is thus

weakened lacking positive support irom Experiment 4 data.

Lewis (1992) in the only put lished comparison of Wq in mustard and canola
that I am aware of, did not find significant differences with levels of 22.7 and 25.2
kg ha ! mm™! for canola and must.ird respectively. However, this finding was based

on only one cultivar of mustard and two of canola. He did report a significantly
higher Wq for mustard under glasshouse conditions. Hence, while the published

data are limited, it appears that the Wq of mustard is at least equal to that of canola

and often greater.

Better water use efficiency of seed production was unambiguously adaptive
in nature with mustard's advantag: in Wg increasing with increasing water deficit.
Clearly this arises from the interaction of dry matter production and harvest index
and reflects the fact that there are ndaptive differences in these parameters with the
relative advantage of mustard in d -y matter production increasing with increasing
water deficits and its disadvantage in HI decreasing (Chapter 5). Similarly, under
glasshouse conditions, mustard aad a higher transpiration efficiency of seed
production at the crop level under aigh deficits with no differences apparent under
low deficits.

A higher Wq does not necessarily imply a higher transpiration efficiency. It
may simply be the product of lowzr evaporation from the soil (Es) under a close
canopy with the result that more >f the total water is available for transpiration.
Though Es was not measured directly in these experiments it would be reasonable
to expect that it would be lower under a mustard canopy early in the season as this
species had a higher LAI (Chapter 4). Furthermore, when W( for the vegetative
phase was plotted against leaf arza index in Experiment 5 (Fig. 6.4) a positive

relationship was found.
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Figure. 6.4. Relationship between water u:e efficiency on a dry matter basis for the vegetative phasc
with the leaf area index at the end of the phase. (O canola low deficit, @ mustard low deficit, A canola
high deficit, A mustard high deficit). Undcr low deficit conditions y=7.00+10.19x, (r2=0.88, P<0.005)
and under high deficit conditions y=0.98+5 90x, (12=0.68, P<0.005).

However, there are two reasons why it is unlikely that Es more than partly

explains the differences in Wq four d in these studies. First, integrated estimates of

transpiration efficiency over the season show a trend, albeit a weak one, for a higher
Tq in mustard. Second, in rain-exclusion work, as the soil surface dries and is not
rewet Es will normally be only a small proportion of ET. Consequently a major
proportion of the water used in FExperiment 4 and at the rain-exclusion site of

Experiment 5 will have been by t-anspiration rather than from Es. At both sites
mustard had a better Wq than :anola, suggesting that, at least in part, the

differences arose from differences ir Tg.

Transpiration efficiencies a' a leaf level were measured only once in each
field experiment. As the measurements were taken at different stages of phenology it
is not possible to gauge to what ext=nt the differences in T] were adaptive in nature.
There is a further complication witl the leaf transpiration data in that differences at

leaf level are not always expressel at a canopy level (e.g. Frank et al., 1987 in

wheatgrass). Nonetheless, in the current experiments the T] of mustard was either
equal to or higher than that of canola, a fact that is likely to explain the greater Tg
of mustard.

When the W( data for differcnt phases of growth are examined against water
deficits, as assessed by site mean ¢ ry matter production, it is clear that there is no
adaptive response expressed for the vegetarive phase (Fig. 6.5) with mustard having
a similar advantage in Wq at both high and low deficit sites. This is not surprising
since there was little difference in 1rater deficit between the sites at this early stage

in the experiment (Chapter 7). Hov/ever, in the reproductive phase there is strong
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evidence for an adaptive response (Fig. 6.5). This can be taken as evidence
supporting adaptive differences in the Tq of the crops as the Es would have been
small in this phase. These differences may be influenced by the disparate yield
structure of the species. Singh et al. (1986) showed that the pods made a
contribution of 61.1% towards :anopy photosynthesis relative to the 35.2%
contribution by the leaves during late pod filling. Hence, pods are important sites for
water and carbon exchange late in the season and they must influence Tq and W{.
The canopy structure of mustard, with a relatively high number of small pods, may
give this crop an advantage in Tq u 1der high deficit conditions.

Dark respiration is another tactor that can influence whole plant Tq. Singh et

al. (1990b) reported it to be as hiish as 39% of the carbon gain by the canopy of

mustard under drought conditions. A variation in this rate between the species

would be reflected in Tq. However, . am not aware of any published comparisons of

the species for this factor. Nonetheless, the above comments remain valid as these

processes are integrated in the fnal Tq and Wq measurements. In general the

current work suggests that real diflerences in transpiration efficiency exist, both at

a leaf and canopy level.
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Figure 6.5. Relative water use efficiency (mustarc/canola) of dry matter production for vegetative
growth, open symbols and reproductive g-owth, closed symbols, for different sites of Experiment 5

(circles for rain exclusion site and squares for irrigated site).

Differences in instantaneous: T] can arise through differences in conductance

or photosynthetic rates or a combir ation of these. The gas exchange data (Table 6.9)

show that on one occasion out of three there were differences in conductance,

mustard having a lower conductiance than canola. When gg was measured by
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porometery no differences were fou nd between the species nor could differences in
epidermal conductance be shown. It would appear that the differences in T} are

predominantly a function of the higher assimilation rate of mustard. In work with
peanut cultivars, it was similarly :oncluded that the differences found in T] were
predominantly caused by variation in the assimilation capacity of the cultivars
(Wright et al., 1988a; Hubick et al., 1988). It does need to be stressed, however, that
T) is a ratio and, as such, the lowe - g5 observed in Experiment 3 contributed to the

increased T.

An association between high transpiration efficiency, as measured by low
carbon isotope discrimination, and poor early canopy growth has been reported in

wheat (Condon et al., 1993). This Jdoes not appear to be the case with mustard as

high Wq is associated with vigorous early canopy growth (Fig. 6.4). Some of this
difference arises from differences in Es and hence is unrelated to Tq. However, there
is some evidence, as discussed earlier, to suggest a greater Td in mustard, giving at
least a circumstantial indication that a negative association between Tq and canopy
growth is unlikely to exist in musta-d or canola.

Wright et al. (1988a) found a negative relationship between carbon isotope
discrimination and specific leaf vweight (SLW) in peanuts indicating a positive
relationship between T] and SLW. Measurements of specific leaf weight made the
present experiments represent a me:an SLW of the canopy as opposed to the SLW of
the individual leaf used for the gas exchange measurements. In Figure 6.6, T] has
been plotted against specific leaf weight. No relationship was apparent in
Experiment 4 (Fig. 6.6. a) but in Experiment 5 there was some evidence of a

positive relationship between T] and specific leaf weight for SLWs between 45 and
65 g m2 (Fig 6.6b). For SLW excezding 65 g m-2 the relationship breaks down. A

relationship between T] and SLW is to be expected as thicker leaves have more
photosynthetic machinery per unit leaf arca than have thinner leaves, assuming a
constant nitrogen to carbon ratio. The evidence for such a relationship, under the
field conditions prevalent in these experiments, is tenuous. This may reflect
difficulties in using a bulk mean o specific leaf weight for the whole canopy rather

than to suggest that no such relatic nship exists on an individual leaf basis.
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Figure 6.6. Relationship between transpir ition efficiency on a gas exchange basis and specific leaf
weight a) 57 days after sowing in Experim :nt 4 and b) 110 days after sowing for the irrigated sight of

Experiment 5. (O canola, @ mustard). “or specific leaf weights between 45 and 65 in b y=-
29.19+1.24x, (r2=0.40, P<0.05).

Leaf conductance values tended to be greater for the adaxial compared to the
abaxial leaf surface under irrigated conditions. Singh et al. (1982b) have reported a
similar finding for mustard and there are reports of corresponding findings in other
species, for example in wheat (Morgan, 1977b). Stomatal frequency on the adaxial
leaf surface was found to be simila) for mustard and canola. Both species had more
stomata on the abaxial than on the adaxial surface, a common feature in most plant
species (Blackmore and Tootill, 19¢ 8). Mustard differed from canola in having more

abaxial stomata. These differences 1n the number and distribution of stomata do not

appear to influence gg (or ge) which shows little variation between the species. When
some variation does occur, gg is 1>wer in mustard than canola, opposite to what

would be expected if there was a positive relationship between gg and stomatal

number (over the range measured 1ere). Hence differences in stomatal number are
unlikely to contribute to the adaptive advantage of mustard under water deficit
conditions.

Epidermal conductance represents the lowest water loss that a leaf can
sustain while still functional. Muchow and Sinclair (1989) showed that ge was
positively related to stomatal density in Sorghum bicolor, indicating that it is made
up of losses through incompletely sealed stomata as well as through the cuticle. The
values reported here are within a similar range to those reported by others
elsewhere, such as 0.03 to 0.17 mm s ! for four grain legumes (Sinclair and
Ludlow, 1986). There was no evidernce of differences between mustard and canola in

this trait with parallel reductions in ge in the presence of increasing water deficits

(Fig 6.3). Therefore, this trait does not appear to contribute to mustard's adaptive
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advantage under water deficits. It should, however, be noted that this conclusion is
based on work with only one cultivar of each species. The finding of declining ge
with increasing water deficit in mustard and canola concurs with findings in other
species e.g. Prunus laurocerasus (Meidner, 1986).

There is an interesting negz tive relationship between W3 and harvest index
in the data, at least for mustard (Fig. 6.7). In peanut a negative association between
harvest index and transpiration eff ciency has been noted (Wright et al., 1988a) but

it was absent in some cultivars sugigesting that the relationship may be associative

rather than causal.

35

30l pO

o R g

L |
s% ‘?\\A'

10 }

Harvest index

0 M . W . : .
5 10 15 20 25 30 35 40

W (kg ha'l mm1)

Figure 6.7. Association between water use cfficiency of dry matter production and harvest index across
three different sites. Open symbols represcnt canola and closed mustard, triangles for Experiment 4,
circles for rain exclusion site Experiment 5 and squares for irrigated site Experiment 5. y=26.25-0.37x,

(r2=0.74, P<0.005).

Differences in Wq, as discussed, probably arise from two main factors. First,

the greater early vigour of mustari reduces the amount of soil evaporation, thus
increasing the proportion of soil we ter available for transpiration. Second, mustard
uses the water transpired with greater efficiency than canola both at a leaf and a
canopy level. Mustard is able to maintain a greater leaf area duration and thereby
produce more dry matter than canola under stress conditions (Chapter 4). The
greater efficiency of water use in muastard is a factor in these differences. At a more
mechanistic level the differences in transpiration efficiency may arise from a greater
assimilation efficiency in mustard. o explain the large adaptive differences between
the species in growth and yield reqt.ires that this difference in assimilation efficiency

also be adaptive in nature. The da:a are not sufficient to indicate if this is the case



Water use and water use efficiency 92

but it may well be so. How musta-d could maintain assimilation efficiency under
stress levels that reduce the effic ency in canola is of interest and one possible

explanation is examined in Chapters 7 and 8.

6.4. Conclusion

Mustard has a water use cfficiency of dry matter production equal to or
greater than that of canola when th:zir phenology is matched. Its water use efficiency
of seed production is equal to that of canola under low deficit conditions and is
greater under high deficits. This is also likely to be the case for Wq, but, the
evidence for an increasing advantage with increasing water deficit is less conclusive.
As water use efficiency is a highly integrated character many factors play a part in
its determination. Some of the factc rs that were found to vary between mustard and
canola and are likely to influence tt eir water use efficiency are as follows:-

1) Vigorous early canopy developinent in mustard which is likely to reduce soil
water evaporation as a proportion of total water use and thereby allowing more of
the available water to be transpired

2) Higher leaf level transpiration efficiency in mustard. In large part this is probably
due to mustard's greater assimilation capacity rather than a difference in stomatal
conductance.

3) Higher leaf level transpiration efliciency of mustard expressed in a higher canopy
level Tq on some occasions.

4) Differences in pod transpiraticn efficiency may strongly influence water use
efficiency. This may be related to di ference in pod characteristics in the species.

Neither stomatal density no: epidermal conductance are likely to explain the
differences between mustard anc canola in water use efficiency. The negative
relationship found between harve:st index and water use efficiency of dry matter
production indicates that care necds to be taken to determine that this is not a
causal relationship if W were to be considered as a breeding criterion.

Mustard's ability to maintain leaf function under deficit conditions is likely to
be linked to its ability to maintain ¢ ssimilation rates over the season and it may also

help to maintain a higher assimilat on efficiency.



