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VARIETAL DIFFERENCES OF WHEAT FOR
13C-DISCRIMINATION AND 15N-UPTAKE AS AFFECTED

BY DROUGHT AND ITS RECOVERY

BY

A.R.A.G. MOHAMED

Dept. of Plant Researches, Nuclear Research Center
Cairo - Egypt

ABSTRACT

A Pot experiment was conducted to investigate the varietal differences of
wheat for shoot dry weight, 13C-discrimination, total N-yield and x^-uptake as
affected by drought and its recovery. Four wheat varieties were exposed to
different watering regimes (i.e., Wo as normal irrigation and Wi as water stress)
during the following growth periods : (i) from 3-leaf stage to 3rd nod stage, (ii)
from 3 nod stage to heading, and (iii) from heading to milk-dough stage. For
drought recovery study, the experiment included another three water regime
treatments induced by varying the irrigation of plants during the selected
growth periods (i.e., Wi0, W]Oo and WOio)- The results indicated that water
stress during the selected growth periods greatly decreased shoot dry weight, -
value, total N-yield and amount of nitrogen derived from fertilizer. The (i) and
(ii) are considered critical growth periods as far as the abovementioned
parameters are considered. Expression of any tested parameter under water
stress as percentage of that of the corresponding control indicated that
Dalcahue, Sakha-69 and Bonadur were less sensitive to water stress than the
other varieties at (i), (ii) and (iii) growth periods, respectively. On the other
hand, Bonadur at (i) and (ii) growth periods and Sakha-69 at (iii) growth
period were more sensitive than the other varieties. Exposing of wheat varieties
to water stress during (i) and (ii) growth periods resulted in severe injury with
regard to shoot dry weight, total N-yield and amount of nitrogen derived from
fertilizer. Re-irrigation of the stressed wheat varieties, resulted in drought
recovery with different magnitude depending on the variety and the growth
period in which the plants were exposed to water stress. Generally, the results
demonstrated that Bonadur has better capacity to recover from drought than the
other varieties. Therefore, Bonadur may be considered a possible candidate for
programs aimed at breeding wheat for drought recovery.



INTRODUCTION :

Wheat growth on semiarid region is frequently limited by a lack of water
at different periods of growth. Consequently, improved wheat varieties for
these areas must have adaptations that confer drought and allow to utilize
limited water efficiently. Because of the overriding influence of drought during
the different stages of growth, screening procedures in wheat improvement
programs for semiarid region must enable identification of wheat germplasm
that combine superior productivity with water use efficiency. However,
breeding for increased water use efficiency has been limited by the lack of
screening criteria and methods that could be used to select desirable varieties
from large population. Theory {Farquhar et ql, 1982) and supporting
empirical evidence {Farquhar and Richards, 1984; Hubick etql, 1986,1988;
Martin and Thorstenson, 1988; Wright etql, 1988; Hubick and Farquhar,
1989 and Kirda §1 ql, 1992) have shown that differences in intrinsic water-use
efficiency should be associated with differences in the extent to which C3 plants
discriminate against 13C compared with 12C (A) during CO2 fixation.
Potentially, measurements of the carbon isotope composition of plant parts
can provide an estimate of the integrated water-use efficiency of the plant
compared with other plants grown in the same aerial environment.

Drought has been reported to cause reductions in nitrogen uptake in
cereals (Stone et ql, 1986 and Wolf el ql, 1988). In general, decreased N
uptake in water deficit soils may result in N deficiency and poor plant growth
{Chaudhari and Bhatnagar, 1977; Hamissa etql, 1984; Nicolas etql, 1985
and Whitfield e± ql, 1989). The specie or variety which is efficient to extract
soil nitrogen, especially under drought condition, will naturally require less
amount of N-fertilizer to express their full yield potentiality. Such a variety
may be a good material for breeding an efficient variety to utilize soil N and
requiring less nitrogen fertilizer. However, finding appropriate screening tool
has proven difficult. This is because the nitrogen derived from added fertilizer
is chemically indistinguishable from mineral N absorbed from the soil pool.
Techniques involving the stable isotope of nitrogen, 15N, offer direct and
reliable means for measuring percent and amount of nitrogen derived from soil
or added fertilizer and consequently estimation of N use efficiency (Harmsen
and Moraghan, 1988).

Wheat plants exhibit different mechanisms of adaptation to water stress.
In recent years, research has concentrated on genotypic differences in osmotic
adjustment, whereas the differences between wheat genotypes in the ability to
recover from drought and still produce yields has found little attention. This
paper reports the effect of water stress during different growth stages of some
wheat varieties and its recovery on dry matter yield, 13C discrimination and 15N
uptake.



MATERIALS AND METHODS :

A pot experiment was conducted in 1993/1994 growth season at the
Agric. Dept. for Soil and Water Res. - Nuclear Res. Center in Inshas, Egypt.
Seeds of four spring wheat cultivars i.e., (Sakha-69 and Sakha-92), supplied
by the Agricultural Res. Center in Egypt, (Bonadur), provided by the
Probstdorf Seed Breeding Station in Austria and one cultivar from Chile
(Dalcahue), provided by Soil Science Unit, IAEA Lab. Seibersdorf, Austria
were used. ** • * '

Eight seeds were sown in plastic pots containing 17.39 kg air dry soil (8
% moisture). The characteristics of the tested soil are presented in Tables (1)
and (2). The pots had no drainage holes. Fifteen days after planting (DAP), the
seedlings were thinned to four per pot. Ammonium sulphate (1 atom % 15N
excess) solution was applied to supply 50.60 mg N/kg soil. Pots were arranged
in a completely randomized design with three replications,

Table (1)

Coarse
sand

%

3.06

: Physical analysis, field capacity and wilting of the soil

Fine
Sand

%

22.60

Silt

%

26.64

Clay

%

44.07

Organic
Matter

%

1.19

Calcium
Carbonate

%

2.44

Field
Capacity

%

38

Wilting
Point

%

12

Table (2) : Chemical analysis of the soil.

pH

8.25

ECe

(dsm-1)

2.50

Soluble ions (meq/100 gm soil)

Cations

Ca"

0.66

Mg

0.31

Na+

0.92

K+

0.37

Anions

Co"3

0.03

HCO~3

0.29

Cl

0.72

so4

1.22

All pots were irrigated regularly with tap water (to maintain available
water content between 100 and 60 %) until the 3-leaf stage at 26 DAP (Large,
1954). The experiment included two water regime treatments i.e., irrigation
after 40 % depletion of the available soil water content to field capacity (Wo) as
control treatment and irrigation with 50 % of the applied water to the control
treatment (W^ as water stress treatment. The two water regime treatments
were induced during the following growth periods (i) from 3-leaf stage to 3rd
nod stage, (ii) from 3rd nod stage to heading stage, (iii) from heading stage to
milk-dough stage. Irrigation (from the soil surface) was based on the soil water



characteristic curve determined using a pressure membrane extractor (Richard,
1949). The field capacity and the permanent wilting points of the soil were
established to be 38 and 12% WAV, respectively. Whenever the average of
available soil water content reached 60 %, 1800 cm3 of water was added to
bring the available soil water content to 100 % for the plants that were not
being subjected to water stress. For the water stressed plants 900 cm3 of water
(equal 50 % of the applied water to the Wo treatment) was applied at each
irrigation time.

For water stress recovery study, the experiment included another three
water regime treatments induced by varying the irrigation of plants during the
three specific growth periods ((i), (ii) and (iii)). According to the duration of
water stress, the three water regime treatments were classified into (1) Water
stress imposed during 1st period followed by normal irrigation during 2nd
period (Wi0), (2) Water stress imposed during 1st period followed by normal
irrigation during 2nd and 3rd periods (W]Oo), (3) Water stress imposed during
2nd period with normal irrigation during 1 st and 2nd periods

The plants were harvested at the end of each growth period. Shoot dry
weight was recorded. Plant shoot samples were analyzed for total N and N-
isotope ratio, as described by Zapata §1 ql (1987). The analysis of carbon
isotope ratio (Farquhar and Richards, 1984) was carried out at Soil Science
Unit, IAEA Lab., Seibersdorf, Austria using a " Tracermass " spectrometer
interfaced with a Carlo - Erba NA 1500 CNS analyzer (Europa Scientific, UK).
The carbon isotope discrimination (-) was calculated from measurements of the
difference in carbon isotope ratio of the air and plant material (Farquhar et ql.,
1989), taking the ratio in the air as 7 %o on the PDB (Pee Belemnite) scale
(HubicketqL, 1986).

The data were statistically analyzed using micro-computer statistical
program MSTAT (Michigan State University).

RESULTS AND DISCUSSION ;

- Effect of water stress on shoot dry weight:

The analysis of variance indicated that as the amount of applied water at
each irrigation time decreased from 1800 cm3 (Wo) to 900 cm3 (Wi), shoot dry
weight decreased significantly at different growth periods (Table 3). Although
water stress at the three growth periods greatly decreased shoot dry weight, the
reduction magnitude was quite higher at (ii) growth period comparing to (i) and
(iii) growth periods. While shoot dry weight at (ii) growth period decreased
35.72, the values were 26.55 and 14.12 % at (i) and (iii) growth periods,
respectively. Therefore, (ii) growth period is considered critical period as far as



response of shoot dry weight to water stress was considered. Water stress
between floral initiation and spike emergence has been reported to cause
reduction in number of tillers which survive to produce spikes (Beg and
Tunner, 1976) leaf area, leaf photosynthetic rates and net photosynthesis (Kaul
and Crowle, 1974) resulting in decreased dry matter production.

Comparison of shoot dry weight of four wheat varieties at three growth
periods (Table 3) shows that there were highly significant differences. The
highest shoot dry Weight of Dalcahue at (i) growth period differed significantly
from that of the other varieties. In respect of shoot dry weight at (ii) and (iii)
growth periods, Bonadur reached the highest one, significantly exceeding the
other varieties. On the other hand, Sakha-92 has the lowest shoot dry weight at
the selected growth periods.

Water regime treatments indicated that the tested wheat varieties reacted
differently to water stress. Significant varieties x water stress interaction for
shoot dry weight was observed (Table 3). Expression of shoot dry weight
under water stress (Wi) as percentage of that of the corresponding control (Wo)
indicated that, Dalcahue (about 83%); Sakha-69 (about 72%) and Bonadur
(about 96%) were less sensitive to water stress than the other varieties at (i) ,
(ii) and (iii) growth periods, respectively. On the other hand, Bonadur (about
66 and 58%) and Sakha-69 (about 81%) were more sensitive varieties at the
selected growth periods, respectively. Ranking of shoot dry weight under
water stress treatment (Wi) as percentage of that of the corresponding control
for the tested wheat varieties at three selected growth periods is as follows :
Dalcahue > Sakha-69 > Sakha-92 > Bonadur; Sakha-69 > Sakha-92 >
Dalcahue > Bonadur and Bonadur > Dalcahue > Sakha-92 > Sakha-69
at (i), (ii) and (iii) growth periods, respectively. Fisher (1979) reported similar
results while comparing ten wheat varieties under two water regime treatments,
he explained there differences may due to genotypic differences in their
phenology and morphology.

Effect of waterstress recover :

Exposing of wheat varieties to water stress during (i) growth period
resulted in sever injury with regard to shoot dry weight. Only about 66, 83, 70
and 74% of shoot dry weight of that of the corresponding (Wo) varieties were
obtained for Bonadur, Dalcahue , Sakha-92 and Sakha-69, respectively
(Table 3). Shoot dry weight of the re-irrigated wheat varieties with normal
amount of irrigation water during (ii) growth period recovered to about 90, 88,
80 and 82% of that of the corresponding (Woo) varieties for Bonadur,
Dalcahue, Sakha-92 and Sakha-69, respectively (Table 4). However, shoot
dry weight of the re-irrigated wheat varieties with the normal amount of
irrigation water during (ii) and (iii) growth periods was about 99, 93, 89 and



84% of that of the corresponding (WOoo) varieties for Bonadur, Dalcahue,
Sakha-92 and Sakha-69, respectively (Table 4).

The most sever reduction in shoot dry weight occurred when wheat
varieties were exposed to water stress during (ii) growth period. Shoot dry
weight was reduced to about 58, 64, 68 and 72% of that of the corresponding
(Woo) varieties for Bonadur , Dalcahue , Sakha-92 and Sakha-69 ,
respectively (Table 4). Re-irrigation of the water-stressed wheat varieties with
normal amount 'of irrigation water during (iii) growth period, resulted in water
stress recovery with different magnitude depending on the varieties. Shoot dry
weight at milk-dough stage was about 71, 69, 79 and 85% of that of the
corresponding (Wooo) varieties for Bonadur , Dalcahue , Sakha-92 and
Sakha-69, respectively (Table 4). Comparison of recovery % of four wheat
varieties at (ii) and (iii) growth periods (Table 4) show that there were varietal
differences in water stress recovery. These results demonstrate that variety
Bonadur has better capacity to recover from the effect of water stress than the
other varieties. Similar results were obtained by (Oertli, 1988).

Effect of water stress on 13C-discrimination (A):

The A values significantly (p < 0.05) decreased with decreasing irrigation
water for the two early growth periods (the most active growth periods) i.e., (i)
and (ii). Tissue obtained for the third growth period (iii) did not exhibit
significant variation in - among water regime treatments (Table 5). The largest
differences within a growth period occurred for the first growth period (i) where
- values differed by 1.58 %o between water regime treatments. Therefore, (i)
growth period is considered critical period as far as response of- to water stress
is considered. This pattern of lower — value with water stress has also been
reported for wheat (Farquhar and Richards, 1984) where conditions of low soil
moisture availability produced leaves with low ^ . Water stress resulted in
about 2 %o lower ^ compared to well- irrigated plants of chickpea (Winter,
1981). Martin and Thorstenson (1988) evaluated - responses in three
Lycopersicon species using three watering regimes and found that ^ declined
with decreasing water in all three species. Water stressed plants of Sedum
rubrotipctum R.T. Clausen, a plant that Fixes C primarily by the Crassulacean
acid metabolism (CAM) pathway, also had a 2 to 9 %o lower ^ than well-
watered plants (Teeri et al., 1989). Recent work with cowpea showed that
leaves sampled from field - grown plants in a dry treatment had about 1.5%o
lower discrimination than plants from a wet treatment {Kirchoffet al., 1989).
Leaf gas exchange data from the same plants indicated that plants in the drier
treatment had higher water use efficiency (WUE)than well watered plants,
consistent with the predictions based O n - . Ehleringer and Cooper (1988)
examined - values in 22 plant species occurring in various microsites along a
soil moisture gradient within a Sonoran Desert Community. They found thatA

was highest in the wet - wash microsite, intermediate in the transition site, and
lowest in the dry slope microsite. These consistent patterns observed in both



crop and widland species imply on overall decrease in intercellular CO2 levels
with decreasing water availability.

In our study, variability was detected for - among the four wheat varieties
at (i), (ii) and (iii) growth periods (table 5). the ^ value of Dalcahue was
significantly lower than that Of the other varieties at the selected growth
periods. However Bonadur had significantly higher ^ values comparing to the
other wheat varieties at (i), (ii) and (iii) growth periods. Ranking ofA value foe-̂ 'f
the tested whettt. Varieties at the selected growth periods is as Follows:
Dalcahue < Sakha-92 <Sakha-69< Bonadur. The variation in - value among
Dalcahue and Bonadur was 1.16, 1.60 and 0.8 %o at (i), (ii) and (iii) growth
periods, respectively. Therefore, selection for A would probably be of most
interest in the period of most active growth i.e., from 3rd nod stage to heading.
The expression of- appears to be under genetic control in a number of species.
Martin and Thorsttenson (1988) examined - in Lycopersicon esculentum Mill,
cv. UC82B (a common processing tomato cultivar), L. pennellii (Cor.) D'Arcy
(a drought-tolerant tomato species native to the desert of Peru), and their Fj
hybrid. Values of- for L. esculentum were considerably greater than those of
L. pennellii, and the Fi hybrid exhibited - values intermediate but closer to L.
pennellii. Genetic control of - has also been reported for wheat {Condon et
gL, 1987) where the genotypic ranking for - was consistent over two locations
and between field-grown and greenhouse-grown plants, and broad-sense
heritabilities ranged from 60 to 90%. Broad-sense heritabilities for-were 53
to 81% for peanut genotypes {Hubic etqL, 1988), and values of 71% for bean
(phaselous vulgaris L.) were reported by Ehleringer (1988).

Interaction between water regimes and wheat varieties was significant for
- values (Table 5) . Data clearly show that - value for the tested wheat varieties
under stressed condition (wj) was significantly lower than that for the
corresponding (Wo) varieties at (i) and (ii) growth periods, /the same trend was
obtained at (iii) growth period for sakha-92 and sakha-69 only, while ^ value
for Dalcahue under water stress treatment was significantly higher than that for
the corresponding control. As a result of water regime treatments, no significant
difference was obtained in - value of Bonadur at (iii) growth period, under well
watering condition (Wo), Dalcahue exhibited the smallest — value, while
Bonadur exhibited the largest ^ value at the selected growth periods. However,
under stressed condition (wj), variety Bonadur had the largest response of- to
water stress, while Dalcahue at (i) and (ii) growth periods, and sakha-92 at (iii)
growth period had the smallest response of- to water stress.
Effect of water stress recovery on 13C-discrimination (—) :

The - values consistently declined with decreasing irrigation water for
each of the four wheat varieties at (i) growth period. Water stress treatment
(wO resulted in 1.04, 1.82, 1.70 and 1.78%o lower ^ compared to well-
irrigated wheat varieties i.e., Bonadur, Dalcahue, Sakha-92 and Sakha-69,



respectively (Table 5). Re- irrigation of stressed wheat varieties with normal
amount of irrigation water during (ii) growth period (i.e., Wio treatment)
resulted in about 0.22 %o lower ^ for variety Bonadur and about o.43 , 0.33 and
0,43 %o higher * for Dalcahue, Sakha-92 and Sakha-69, respectively (Table
6). However, the differences in - values between wheat varieties under Wioo
treatment and the corresponding varieties under WOoo treatment were 0.04, 0.5,
0.27 and 0.45 %> for Bonadur, Dalcahue, Sakha-92 and Sakha-69,
respectively (Table 6). It is obvious that wheat variety Bonadur recovered
almost completely" from the effect of water stress comparing to the other wheat
varieties.

Exposing of wheat varieties to water stress during (ii) growth period
resulted in 1.59, 1.36, 1.48 and 1.01 %o lower ^ compared to the corresponding
well irrigated wheat varieties for Bonadur, Dalcahue, Sakha-92 and Sakha-
69, respectively (Table 5). Re- irrigation of the water stressed wheat varieties
with normal amount of irrigation water during (iii) growth period (i.e., Woio
treatment), resulted in 0.73, 1.03, 0.74 and 1.02 %o lower - comparing to the
corresponding wheat varieties grown under Wooo treatment for Bonadur,
Dalcahue, Sakha-92 and Sakha-69, respectively (Table 6). These data also
demonstrate that both Bonadur and Sakha-92 have better capacity to recover
from water stress than the other wheat varieties.

Effect of water stress on total N - yield :

Although, a single application rate of nitrogen fertilizer was used and
applied all at once (15DAP) in this study, exposingof wheat varieties to water
stress during (i) and (ii) growth periods has significantly affected total N-yield.
However, total N-yield did nod significantly affect by water stress which was
imposed during (iii) growth period (Table 7 ). In general, water stress during
(i) and (ii) growth periods, resulted in highly significant decrease in total N-
yield, as compared with normal watering treatment (Wo). Rate of decrease in
total N-yield was about 28 and 16% at (i) and (ii) growth periods, respectively.
Therefore, (i) growth period is considered critical period as far as response of
total N-yield to water stress is considered. Water stress, in general, reduces
nutrient uptake by roots and transport from roots to shoots because of restricted
transpiration rates and impaired active transport and membrane permeability,
resulting in a reduced root - adsorbing power of crop plants {Erlandsson ,
1975).

With regard to total N-yield for the four wheat varieties at three selected
growth periods, data clearly show that there were significant differences (Table
7). The total N-yield of Dalcahue was significantly higher than that of the
other wheat varieties at (i) , (ii) and (iii) growth periods. On the other hand,
Sakha-92 had the lowest total N-yield at (i) and (ii) growth periods, while
Bonadur reached the lowest one at (iii) growth period. Plant species and
genotypes within species, vary in their response to mineral uptake. These



variations may explain some of the differences observed that are attributed to
the reduced availability nutrients, especially within the root zone under water
stress conditions {Reddy etql., 1980).

With respect to irrigation regimes x varieties interaction (Table 7),
significant differences between Wo and W) treated wheat varieties were found
for all the tested wheat varieties during (i) growth period, Dalcahue and Sakha-
92 during (ii) growth period, and Dalcahue only during (iii) growth period. On
the other hand/ihe remaining two varieties at (ii) growth period, and the other
three varieties at (iii) did not show significant differences in total N-yield under
Wo and Wi treatments. Expression of total N-yield under stress (W^ as
percentage of the control (Wo) indicated that Dalcahue (about 83%), Bonadur
(about 100% ), and all the tested wheat varieties except Dalcahue (about 100%
) were less sensitive to water stress during (i), (ii) and (iii) growth period,
respectively. However, Sakha-92 (about 61% ) at (i) growth period, Sakha-92
(about 66%) at (ii) growth period and Dalcahue (about 84%) at (iii) growth
period were less tolerant to water stress. The different response of the tested
wheat varieties to water stress during the selected growth periods may be due to
the differences between them in pattern of N accumulation in plant shoot.
Comparing nitrogen accumulation in plant shoot with time for the tested wheat
varieties, one can investigate that Bonadur and Sakha-69 accumulate N till the
early stage of (ii) growth period , while Sakha-92 accumulate N till heading
stage (i.e., end of (ii) growth period). However, Dalcahue accumulate N even
after milk dough stage. Nitrogen accumulation with time in the whole plant
followed almost a sigmoid path in both triticale and wheat varieties. However,
some of the varieties continued to accumulate N even after dough stage
showing a little departure from the sigmoid curve (Pyare Lai etql., 1978)..

Effect of water stress recovery on total N-vield :

With respect to total N-yield of the tested wheat varieties, water stress
treatment initiated at 3-leaf stage and continued to 3 rd nod stage resulted in
severe injury. Only about 67, 83, 61 and 73% of that of the corresponding
control is obtained for Bonadur, Dalcahue, Sakha-92 and Sakha-69,
respectively,(Table 7). when the stressed wheat varieties re-irrigated with
normal amount of irrigation water during (ii) growth period, total N-yield
recovered to about 100, 98, 74, and 93% of that of the corresponding control
for Bonadur, Dalcahue, Sakha-92, and Sakha-69, respectively, (Table 8).
With further re-irrigation during (iii) growth period N-yield recovered to
about 100, 100, 92, and 97 % for the tested wheat varieties, respectively.

Exposing of wheat varieties to water stress during (ii) growth period
resulted in different responses, with regard to total N-yield, depending on the
variety and its pattern of N accumulation with time. Total N-yield for Bonadur
was the same under both (Wo) and (Wi) treatments. However, Dalcahue,
Sakha-92 and Sakha-69 exhibited only about 79, 66 and 94% of that of the
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corresponding control, respectively, (Table 7). Re-irrigationof the stressed
wheat varieties during (iii) growth period (i.e., WOio treatment) resulted in water
stress recovery with different magnitude depending on the variety. Total N-
yield at milk-dough stage was about 100, 74, 100, 100 % of that of the
corresponding control For Bonadur, Dalcahue, Sakha-92 and Sakha-69,
respectively, (Table 8).

Effect of water stress on amount of nitrogen derived fromjertilizer (Ndff):

Use of '^-labeled fertilizer in this study, made it possible to estimate
quantity of the applied N-Fertilizer that derived by wheat varieties during
different growth periods. Asa result of water stress treatment (Wi), amount
of nitrogen derived from fertilizer (Table 9) decreased significantly (P < 0.05),
with a reduction of 23.68, 12.15 and 8.85% at(i), (ii) and (iii) growth
periods, respectively. Therefore, (i) growth period is considered critical period
as far as response of Ndff to water stress is considered. Water stress has been
reported to cause reduction in Ndff by different wheat genotypes at stem
elongation and milk-dough stages (Mohamed and Abdel Monem, 1995).

With respect to the varietal differences in Ndff, significant differences
were observed at the selected growth periods. Highest Ndff was recorded for
the varieties Dalcahue, Sakha-69 and Dalcahue at (i), (ii) and (iii) growth
periods, respectively. However, lowest Ndff was recorded for the varieties
Sakha-92 at (i) growth period and Bonadur at (ii) and (iii) growth periods.
These differences within varieties may be related to the differentiated capacities

for reducing NO3 in root cells {Olsen and Kurtz, 1982 ).

The effect of water stress on Ndff of the four wheat varieties is shown in
(Table 9). It is clear that amount Ndff for Bonadur, Sakha-92 and Sakha-69
at (i) growth period and all the tested varieties at (ii) growth period decreased
in response to water stress. However, water stress has no significant effect on
Ndff for Dalcahue and the four wheat varieties at (i) and (iii) growth periods,
respectively. Expression of Ndff under water stress treatment (Wi) as
percentage of the control (Wo) suggest that Dalcahue (100%), Bonadur (94%)
and Bonadur (94%) were less sensitive to water stress than the other varieties
at (i), (ii) and (iii) growth periods, respectively. On the other hand, Bonadur at
(i) growth period and Sakha-92 at (ii) and (iii) growth periods were more
sensitive than the other varieties.

Effect of water stress recovery on amount of nitrogen derived from
fertilizer (Ndff);

The amount of nitrogen derived from fertilizer for Bonadur, Sakha-92
and Sakha-69 decreased in response to the early water stress treatment
(Table 9). At the end of water stress period, the Ndff was about 61, 64 and
82% of that of the corresponding control for Bonadur, Sakha-92 and
Sakha-69, respectively. Those plants of variety Bonadur that were re-irrigated
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during (ii) growth period derived almost the same amount of nitrogen from
fertilizer as the control. However, Sakha-92 and Sakha-69 derived about 88
and 84% of that of the corresponding control, respectively, (Table 10). When
the stressed wheat varieties at early growth period re-irrigated during (ii) and
(iii) growth periods, the Ndff at milk-dough stage was 100, 97.92 and 98.20 %
of that of the corresponding control for the abovementioned wheat varieties,
respectively.

As a result &f water stress during (ii) growth period, the Ndff for
Bonadur, Dalcahue, Sakha-92 and Sakha-69 at heading stage was 93.82 ,
83,99 , 83.65 and 90.93 % of that of the corresponding control (Table 9). When
the stressed wheat varieties re-irrigated during (iii) growth period, the Ndff at
milk-dough stage recovered to about 100, 84, 90 and 96 % of that of the
corresponding control for the abovementioned wheat varieties, respectively,
(Table 10).

CONCLUSION

The results clearly demonstrate that wheat plants can withstand a 4-week
period of water stress with less damage during early stages of development.
Although water stress during early stages (up to 3rd nod stage) has severe
consequences, but supplemental irrigation is not necessary as it is during the
growth stages from 3rd nod to heading. This is because the wheat plants have
better capacity to recover almost completely from water stress when it is
imposed at early stages of growth. There are differences between wheat
varieties in the ability to recover from water stress with Bonadur clearly
demonstrating more promising features with regard to shoot dry weight, 13C-
isotope discrimination and 15N-uptake. Variety Bonadur may be considered a
possible candidate for programmes aimed at breeding wheat for drought
recovery.
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3): Effect of water stress on shoot dry weight (g/pot) of four wheat varieties at
selected growth stages.

Growth period

\ ^ Water stress
^ \ ^ treat.

Wheat ^ \ ^
varieties ^ " \ ^

BONADUR

DALCAHUE

SAKHA-92

SAKHA-69

Mean

L.S.D. 1% water regime

L.S.D. 1% varieties

L.S.D. 1% interaction

1st growth period (i)

Wo

30.70

28.99

24.86

27.41

27.99

W i

20.39

24.15

17.42

20.28

20.56

Mean

25.55

26.57

21.14

23.85

0.54

0.76

1.07

2nd growth period (ii)

Wo

210.28

158.31

95.14

95.87

139.90

w.

122.13

101.82

64.27

71.50

89.93

Mean

166.21

130.07

79.71

83.69

1.28

1.82

2.57

3rd growth period
(iii)

Wo

228.61

239.31

190.85

203.60

215.60

w,

220.12

199.22

157..31

164.00

185.16

Mean

224.37

219.27

174.08

183.81

2.93

4.14

5.86
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Table (4) : Effect of water stress recovery on shoot dry weight (g/pot) of four

wheat varieties.

Growth period

"X Water stress
\ . recovery

^ \ treat.
Wheat \ V s ^
varieties N ^

BONADUR

DALCAHUE

SAKHA-92

SAKHA-69

L.S.D. at 1%

2nd gowth period (ii)

Woo

210.28

158.31

95.14

95.87

w 1 0

188.46

139.61

75.78

78.52

*
recovery

(%)

23.21

4.83

9.58

6.91

4.08

3rd growth period (iii)

Wooo

228.61

239.31

190.85

203.61

w 1 0 0

225.51

221.51

169.53

170.74

*
recovery

(%)

32.23

9.26

18.76

9.87

6.44

w 0 1 0

163.07

165.26

150.87

172.30

+

recovery

(%)

13.25

4.73

11.50

10.04

5.95

Shoot dry weight of recovery
Treatment.

* = {—

Shoot dry weight of
corresponding control.

Shoot dry weight of water stress
treatment.

Shoot dry weight of
corresponding control.

100
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Table (5): Effect of water stress on 13C-discrimination (A x 103) of four wheat varieties at

selected growth stages.

Growth period

^sVVater regime
^ v treat.

Wheat X .
varieties ^ v

BONADUR

DALCAHUE

SAKHA-92

SAKHA-69

Mean

L.S.D. 5% water regime

L.S.D. 5% varieties

L.S.D. 5% interaction

1st growth period (i)

Wo

20.74

19.97

20.27

20.47

20.36

19.70

18.15

18.57

18.68

18.78

Mean

20.22

19.06

19.42

19.58

0.15

0.24

0.34

2nd growth period (ii)

Wo

20.03

18.32

19.02

19.24

19.15

W i

18.44

16.96

17.54

18.23

17.79

Mean

19.24

17.64

18.28

18.74

0.11

0.18

0.22

3rd growth period (iii)

Wo

18.87

17.71

18.39

18.69

18.42

Wx

18.65

18.20

17.82

18.29

18.24

Mean

18.76

17.96

18.11

18.49

N.S.

0.27

0.37

N.S. = Not Significant at 5 %.
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Table (6): Effect of water stress recovery on 13C-discrimination (— * 10 ) of four

wheat varieties.

Growth period

\ v Water stress
^ \ recovery

^ \ treat.
Wheat \ ^
varieties ^ \

BONADUR

DALCAHUE

SAKHA-92

SAKHA-69

L.S.D. at 5 %

2nd gowth period (ii)

Woo

20.03

18.32

19.02

19.24

w 1 0

19.81

18.75

19.35

19.67

0.32

3rd growth period (iii)

Wooo

18.87

17.71

18.39

18.69

w 1 0 0

18.83

18.21

18.12

18.24

0.44

w 0 1 0

18.14

16.68

17.65

17.67

0.45
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Table (7): Effect of water stress on total N-yield (g/pot) of four wheat varieties at
selected growth stages.

ll
Growth period

^ ^ \ ^ Water regime
\ . treat.

Wheat ^ \ ^
varieties ^ \ ^ ^

BONADUR

DALCAHUE

SAKHA-92

SAKHA-69

Mean

L.S.D. 1% water regime

L.S.D. 1% varieties

L.S.D. 1% interaction

1st growth period (i)

Wo

1.23

1.32

1.04

1.18

1.19

w,

0.83

1.10

0.63

0.86

0.86

Mean

1.03

1.21

0.84

1.02

0.09

0.12

0.18

2nd growth period (ii)

Wo

1.75

2.16

1.94

1.74

1.90

w,

1.77

1.70

1.29

1.64

1.60

Mean

1.76

1.93

1.62

1.69

0.08

0.12

0.16

3rd growth period
(iii)

Wo

1.75

2.73

1.91

1.78

2.04

w,

1.74

2.29

1.98

1.74

1.94

Mean

1.75

2.51

1.95

1.76

N.S. at 5 %

0.10

0.14
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Table (8): Effect of water stress recovery on total N-yield (g/pot) of four

wheat varieties.

Growth period

^ \ Water stress
\ ^ recovery

^ v treat.
Wheat ^ ^
varieties ^ v

BONADUR

DALCAHUE

SAKHA-92

SAKHA-69

L.S.D. at 5 %

2nd gowth period (ii)

Woo

1.75

2.16

1.94

1.74

w 1 0

1.75

2.11

1.44

1.62

0.10

3rd growth period (iii)

Wooo

1.75

2.73

1.91

1.78

W 1 0 0

1.75

2.73

1.76

1.73

0.13

w 0 1 0

1.75

2.01

1.91

1.78

0.13



18

Table (9): Effect of water stress on amount of N derived from fertilizer (g/pot) by four
wheat varieties at selected growth stages.

Growth period

^ \ - Water regime
^ ^ \ ^ treat.

Wheat ^ - ^
varieties ^ \ .

BONADUR

DALCAHUE

SAKHA-92

SAKHA-69

Mean

L.S.D. 5% water regime

L.S.D. 5% varieties

L.S.D. 5% interaction

1st growth period
(0

Wo

0.410

0.380

0.360

0380

0383

w,

0.250

0.380

0.230

0.310

0.293

Mean

0.330

0.380

0.295

0.345

0.011

0.015

0.022

2nd growth period
(ii)

Wo

0.437

0.531

0.520

0.518

0.502

Wx

0.410

0.446

0.435

0.471

0.441

Mean

0.424

0.489

0.478

0.495

0.012

0.017

0.024

3rd growth period

(HO

Wo

0.515

0.609

0.577

0.557

0.565

Wt

0.483

0.562

0.503

0.512

0.515

Mean

0.449

0.586

0.540

0.535

0.015

0.021

N.S.

N.S. = Not significant.
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Table (10): Effect of water stress recovery on amount of nitrogen derived from

fertilizer (g / pot) by four wheat varieties.

Growth period

\ . Water stress
>v recovery

\ v treat.
Wheat x.
varieties \ .

BONADUR

DALCAHUE

SAKHA-92

SAKHA-69

L.S.D. at 5 %

2nd gowth period
(")

Woo

0.437

0.531

0.520

0.518

W 1 0

0.423

0.531

0.455

0.434

0.044

3rd growth period
(Hi)

W o o o

0.515

0.609

0.577

0.557

w 1 0 0

0.515

0.609

0.565

0.547

N.S.

W 0 1 0

0.515

0.511

0.523

0.537

N.S.

N.S. = Not significant.
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