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Abstract

THE "C ISOTOPE DISCRIMINATION TECHNIQUE FOR IDENTIFYING DURUM WHEAT CULTIVARS EFFICIENT
IN UPTAKE AND USE OF WATER.

The water balance model using a neutron moisture probe and the "C isotope discrimination method were used
in this field to rank durum wheat genotypes for water use efficiency. The results presented focus on the first two years of
a five-year study. Eighteen durum wheat cultivars were used in the first experiment. The "C/I2C ratio was measured to
examine the correlation between this ratio and the water use efficiency. Total water consumption was calculated and the
grain and straw yields and other parameters were also recorded. The results show differences between cultivars with respect
to water use efficiency, "C discrimination and grain yield. From this experiment, four cultivars were selected for a detailed
study in the second year. The data from this study show that there is a positive correlation between grain water use
efficiency and A. Thus, it may be possible to use A as a tool for screening out water use efficient cultivars in semi-arid
regions.

1. INTRODUCTION

In Tunisia, only about 2% of the land is irrigated and the country has a semi-arid to arid

climate. Cereals are the main staple food crops. Even if all the irrigated land were to be cropped

with cereals, the needs of the population would still not be satisfied. This is the reason why

agriculture is based on rain fall. However, under these conditions, precipitation during the growing

season varies drastically from region to region and from year to year. Cereal yields follow the same

pattern [1]. Agricultural productivity is limited by water availability. The first solution to this

problem would be to irrigate, but this method has been eliminated because of the costs involved [2].

Therefore, this solution applies only to those areas that can be irrigated economically. Many other

solutions could be proposed, but they are related to the availability of water.

Because limited water availability is of major concern for the cultivation of crops and appears

to limit the productivity of most, if not all, of the indigeneous plants in Tunisia, the best solution in

rain-fed areas is to screen for genotypes that are efficient in water use. Water use efficiency (WUE)

has been defined by many authors [3,4]. It can be approached at many levels and care is needed in

defining its use. In the present study, TWUE and GWUE refer respectively to the ratio of the total

yield to the total consumption of water and the ratio of the grain yield to the total consumption of

water.

Although progress has been made in identifying genetic variation in drought response,

including WUE, among many species particularly peanuts, only a few attempts have been made to

select genotypes of durum wheat for improved WUE. It is believed that the main reason for so few

studies is the difficulty of making accurate measurements of water use in the field [3, 5]. However,

a new approach has recently been proposed for investigating variation in WUE in C-3 plants, namely

discrimination against 13C by leaves during photosynthesis [6 ,7 ,9] . Farquhar and Richards [7] have

shown good correlations between transpiration efficiency and the ratio of the carbon isotopes I3C/12C
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in plants; similar results have also been shown by Condon et al [8]. The main objectives of this study
were to screen out the genotypes that have high WUE, and to examine the correlation between WUE
and the 13C isotope discrimination in the plant and to determine the parameters responsible for high
WUE in different cultivars.

2. MATERIALS AND METHODS

During the 5 year programme, 3 successive experiments were conducted, and the results of

2 experiments are presented here.

2 .1 . Experiment 1

Primary objective of this experiment was to screen out genotypes with a high WUE. The

experiment was carried out at the field station of the Institut National agronomique de Tunisie

(INAT), which is characterized by a semi-arid Mediterranean climate. The mean annual rainfall in

the region is 459 mm. The soil is vertic xerochrept of fine texture (40% clay), and alkaline (pH 8)

with a 2% organic matter content. The experiment consisted of screening out 16 durum wheat

genotypes and two triticale cultivars for WUE. These were divided into two groups: low yielding

cultivars, which are indigenous to Tunisia, and high yielding cultivars, which have been introduced

to the country. The cultivars were sown in a randomized block design with four replicates. The

experiment consisted of irrigated and non-irrigated treatments. The plots, (2m x lm) contained three

rows, 2 m long and 50 cm apart. Seeding took place on 11 November 1989 at a density of 250

seeds/m2, with a 25 cm space on both sides. Ammonuim nitrate 33 fertilizer was broadcast twice at

the rate of 60 kg/ha at germination and tillering stages. Phosphate was not added because of its high

concentration in the soil (33 ppm).

At the beginning of the experiment, 16 core samples were taken every 15 cm to the depth of

110 cm to determine the water consumption. The bulk density was also measured. The rainfall data

and the irrigation supply were recorded each time they took place.

Plants were harvested at physiological maturity by cutting the shoots about 3-5 cm above

ground; the vegetative and grain parts were separated. Five grams of dried plant samples were

ground and analysed for 13C discrimination. The total and grain yields were recorded. Soil water

content was measured in the same manner as during crop installation and the water consumption was

calculated using the water balance model; finally, the WUE was determined.

2.2. Experiment 2

From the 18 cultivars studied during the first experiment, four cultivars were selected for

having high (Razzak), intermediate (INRAT 69 and Karim) and low (Chili) WUE. The objective of

this second experiment was to analyse the performance of these selected genotypes with respect to

water use and I3C discrimination. The plots (3m x 3m) were arranged in a randomized block design

with five replicates. Seeds were sown (broadcast) on 13 November 1991. The experiment was

designed for irrigated and non-irrigated condidtions, but as mere had been a good rainy season,

supplementary irrigation was not carried out. Fertilizer was added as ammonium nitrate 33. It was

broadcast twice at a rate of 75 kg/ha at the germination and tillering stages. Phosphate was added

as super phosphate 45 at a rate of 150 kg/ha. The soil moisture was monitored by a neutron probe

(CPN Model 503) through an access tube dug into the soil at the centre of each plot down to a depth

of 150 cm. The soil moisture and rainfall were recorded over the entire growing season. The
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volumetric water content was calculated using eight calibrated curves. The total water consumption

was calculated using the water balance model. The grain and straw yields, and other yield

parameters, were recorded in each plot. The I3C discrimination (A) was measured for each cultivar

in grain and in straw. The total and grain WUE were calculated and correlated with A to compare

the genotypes.

3. RESULTS AND DISCUSSION

3.1. Experiment 1

The initial water stock in the 110 cm depth was determined in two plots per replicate, one

week after germination. It was the same in all plots with a mean of 444 mm and a standard deviation

of+ 5.2 mm. Consumption of water between the first week of germination and the maturity stage of

each genotype varied between 374 and 436 mm (Figure 1). Two groups were distinguished: one with

high water consumption rate and the other had a lower water consumption rate and was composed

of some local and some high yielding cultivars. The reason for the high water consumption rate of

the first group was that it had a longer cycle. It should be mentioned here that the distribution of the

rainfall was homogeneous even though the most of it was of low intensity; altogether, after two

rainfalls, 78 mm was recorded, while all the rest was of very low intensity. As has been

demonstrated by hydrologists, less than 175 mm of rain is effective.
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FIG. 1. Histogram of water consumption ofthe 18 wheat cultivars.

Generally, all cultivars showed large differences in total yield between irrigated and non-

irrigated treatments (Fig. 2), except for cultivars 2, 7, 9, and 16, where no differences could be seen.

All these cultivars were local. As for grain yield, the cultivars that did not show any difference were

2, 7 and 9 (Fig. 3). The analysis showed that some cultivars are more affected by irrigation than

others.

In the non-irrigated treatment, some cultivars showed a higher WUE than others. Thus,

TWUE of five cultivars (1, 11, 13, 15 and 18) was higher than all the others; whereas, for GWUE

the cultivar 15 had a high WUE, while cultivars 11, 13 and 18 had an intermediate value.
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FIG. 2. Total yield in irrigated and non-irrigated treatments for 18 wheat cultivars (data for irrigated

treatment ofcultivar 13 were not available).
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FIG. 3. Grain yield in irrigated and non-irrigated treatments-for 18 wheat cultivars (data for

irrigated treatment ofcultivar 13 were not available).

The differences in A observed between cultivars were, in general, small. When A in straw

was considered, it allowed for 3 groups of cultivars to be identified: one with high A (cultivars 5 and

8), one with intermediate A (cultivars 3, 7, 9, and 16) and one with low A (cultivars 14 and 17).

Similarly, A in grain allowed for three groups to be identified: high (cultivars 7, 9 and IS),

intermediate (cultivars 3 and 8) and low (cultivars 6 and 17). Because, high grain yielding cultivars

were of interest, the A in grain was used for the rest of the analysis.

The correlation between grain yield and A in grain was negative, but the correlation

coefficient is low (r2=0.46). This negative correlation is different from what has been previously
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observed in pot experiment with wheat [7,12]. The correlation of TWUE (Fig.4) as well as GWUE
with A in grain were also fended to be negative. These results with respect to WUE and A are
similar to those refered by other investigators [3, 7,12] for wheat suggesting that the smaller plot size
and the large row spacing probably made these wheat plants as in pot experiment.
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FIG. 4. Relationship between total water use efficiency and A in grain.

3.2. Experiment 2

Seeds of different cultivars were sown on 14 November 1991 for this experiment. The

cultivars Rezzek, INRAT 69, Chili and Karim reached maturity on 10 May, 17 May, 17 June and

10 May, respectively. In the case of the cultivar Rezzak, the stock of water 4 months after sowing

varied from 434 to 466 mm with a mean of 439 mm. For the cultivar INRAT 69, it varied from 425

to 456 mm with a mean of 439 mm. Under Chili, it varied from 499 to 419 mm, with a mean of 499

mm. Finally, under Karim it varied from 478 to 432 mm, with a mean of 447 mm. This variability

in soil water content was due to both natural variability of the soil and that of water uptake by the

different cultivars, although the former was higher than the latter. The same conclusion could be

drawn from the final water stock, even though the maturity stage timing differed between genotypes.

The waterstock at the maturirty stage under Rezzek varied between 320 and 337 mm (mean of 330

mm). The same stock under INRAT 69 Chili and Karim varied between 310 and 370 mm, 274 and

354 mm and 309 and 359 mm, respectively. This spatial variability affects the yield for the plots that

had the same genotype. For this reason, a reasnable number of replications were needed.

Water consumption for each genotype and for each replicate during the period between 1

February and maturity stage was calculated. The mean consumption rates for Rezzek, INRAT 69,

Chili and Karim were 355, 307, 398 and 290 mm, respectively. Chili appeared to be a large

consumer while INRAT 69 and Karim consumed less water. In other words, Chili profited greatly

from the soil water. The same results were obtained in the first experiment [11]. The mean

consumption rate in replicates 5 and 6 for all the genotypes was less than that for the rest of the

replicates. This was because these replicates were protected by a windbreak and it is known that

under such conditions evapotranspiration is less [11].
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Between cultivars, there were variations in grain yield and total yields. The mean grain yields

obtained for Rezzak, INRAT69, Chili and Karim were 4.94,5.01,3.91 and 3.8 tons/ha respectively;

Rezzak and INRAT69 had the same yield, with a 5% confidence level, and Chili and Karim also had

the same yield. The mean total yields obtained for the same order of cultivars listed above were

12.07,15.16,15.63 and 9.68 tons/ha. INRAT69 and Chili also had the same total yield.

Regarding both yields, INRAT69 had high grain and total yield; Rezzak had a high grain

yield and low total yield; Chili had a low grain yield and a high total yield; and Karim had low grain

and total yields. The total and grain yields were high for all the cultivars in replicates 5 and 6, for

the reason mentioned above [11].

The mean TWUE values for Rezzek, INRAT69, Chili and Karim were 36.2, 51.7, 40.9 and

33 kg/m3 respectively. The GWUE values for these cultivars were 14.7, 17.4, 9.0 and 13.3 kg/m3,

respectively. There was a great variation between replicates in TWUE and GWUE, except for

replicates 5 and 6, for the reasons already mentioned. With respect to TWUE, INRAT69 had a high

WUE and ranked after Rezzek, Chili and Karim. Karim had the lowest WUE. For GWUE, INRAT69

still had the highest value, ranking after Rezzek and Karim; Chili had the lowest TWUE.

There was a high correlation between A in straw and A in grain. Therefore, only A in grain

was used for comparisons. In this experiment the correlation between GWUE and A was positive,

but with a small and significant correlation coefficient (Fig. 5). Similar observations have been made

by Bazza [10]. INRAT69 had a high WUE and high A in grain.

TABLE 1. LIST OF WHEAT CULTIVARS USED IN EXPERIMENTS AT INAT

Strain
No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

United States Department
of Agriculture No.

73

62

—

—

13

—

—

15

—

—

53

42

55

—

39

6

34

Cultivar

Mahmoudi

Medea AC3

Chili

Triticale

Adjini AC1

Ben Bechir

Triticale

Agili Glabrc

Karim

Louria

122 Chen/Altar

Jenah Khetifa

Hamira AC 16

Lebei Pubescent

Rezzek

Debassi

INRAT69

Biscri Glabre
RP2

Weight of
1000 grains

(g)

48.0

45.0

54.6

56.0

48.1

47.8

33.7

45.6

38.9

65.3

51.3

35.2

56.5

43.9

48.5

47.0

42.1

40.3

Plantation
dose

(kg/ha)

120

113

137

140

120

120

84

115

98

162

128

88

141

110

123

118

105

100
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FIG. 5. Relationship between grain water use efficiency and A in grain.

4. COMPARISON BETWEEN THE RESULTS OF EXPERIMENTS 1 AND 2

Data from experiments 1 and 2 show that the A in straw was always higher than that in grain.

The A increases from a dry year to a wet year. The difference between the A in straw in a dry year

and that in a wet year was the same as the A in grain in a dry year and that in a wet year, i.e. 1.315.

The difference between the A in straw and in grain of a dry year is the same as that between A in

straw and the A in grain of a wet year, i.e. 3.59. The same results have also been obtained by Bazza

in Morroco [10]. The A depends on the quantity of rain or on the supply of irrigation.

5. CONCLUSIONS

In this investigation, I3C isotope discrimination by the plant was used to rank genotypes for

WUE. A negative correlation was observed between grain yield and A, WUE and A. In the second

year experiment the results showed a trend opposite to those obtained in the first year. Those were

two main differences in the treatments during the first year and the second year. Firstly, the amount

of water available was different, rain fall was 330 mm in the first year and 480 mm in the second

year). Thus, the plants were less water stressed in the second year. Secondly, the plot size was

larger and plants were grown much closer together in the second year thus possibly leading to a

higher boundary layer resistance because of the larger canopy. This could explain the positive

correlation in WUE and A in wheat grown under semi-arid field conditions. Thus, whyle A can be

used a valuable tool in identifying cultivars of wheat high in WUE and yield, caution must be

exercised in the selection process as several parameters have to be taken into consideration particulary

the specific environmental conditions under which the experiment was conducted, those conditions.
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