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Abstraet. Growth and ionic relations were studied in six triticale cultivars of different goo-
graphical origins grown in a greenhouse in nutrient solution with or without the addition of
100 mM NaCl In 21 d old plants of all the six cultivars growth was little affected in the salt
treatment, whereas in the subsequent three harvests during vegetative phase (after 31, 38 and
45 d), growth reduction effocts of salinity were progressively pronounced. Generally, shoots of
all the six cultivars accumnulated relatively more K+ as compared to Na* or Cl~. Differential
accumulation of K+, Na* and Cl~ by various cultivars was coupled with variable rates of Na*
and Cl~ transport from root to shoot which were — to some extent — related to cultivar differ-
ences in growth in saline root media. Chloride content of shoots of the six cultivars was regatively
correlated with the relative growth reduction due to salinity at the four harvests.

Triticale ( X T'riticosecale WITTMACK), & cross between the genera T'riticum
and Secale is recognized as the first successful ‘man-made’ cereal. Since it
combines yield and other critical characteristics equal or superior to those
of wheat with the tolerance of drought and poor soil and resistance to disease
typical of rye, it may occupy a very important place in marginal agricultural
environments. Higher grain yields of triticale compared to those of wheat
have been reported by many authors in different regions, e.g. in Mexico
(Worr 1976), in Australia (BROUWER 1977), in Pakistan (TAHIR 1978).

The drought resistance of triticale has been studied by various workers
(FiscEER and MAURER 1978, SurtoN and DuBBELDE 1980). However, the
response of triticale to salinity has not been so extensively studied and
reported in the literature. The effect of various concentrations of different
salts on germination has been reported by SzaBo (1972) and the effects of
soil salinity on growth and content of nitrogen, chloride and phosphate have
been reported by MASHHADY et al. (1982), NoRLYN and EPsTEIN (1984) and
TourAINE and AMMAR (1985). In the present study, six cultivars of triticale
from different geographical regions were surveyed for growth responses
and K+, Na+ and Cl- contents throughout seedling growth in 1/2 Hoagland
solution without or with 100 mM Na(Cl in the root medium.
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MATERIALS AND METHODS

The following six cultivars of triticale were used:

A — Drira (Mexico) D — 634-3-113 (France)
B — 8-A-432 (China) E — A-689 (Mexico)
C — AT-7-76 (Australia) F — 2038 (Canada)

Seedlings of all cultivars were germinated and raised in control 1/2 Hoag-
land solution (cf. SALiM and PrrMan 1983 for details). Five-day-old seedlings
were transferred to plastic buckets containing 9 1 of continuously aerated
control solution. Four seedlings were held with polythene foam plugs through
formica sheet lid in each bucket. When the seedlings were 15 d old, sali-
nization was started with 10 mM NaCl after every 3 h and a maximum of
50 mM NaCl in 24 h. Thus the salt treatment of 100 mM NaCl was complete
when the plants were 16 d old. Twenty four seedlings of each cultivar were
grown in 6 buckets in control solution and at each salt level. Four harvests,
6 plants of each cultivar at each salt level, were taken when the plants were
21, 31, 38 and 45 d old. The final harvest was taken just before the booting
stage.

'Ighe experiment was conducted in a glasshouse under day/night tempera-
ture of 22 °C to 28 °C/19 °C to 23 °C, and mean relative humidity of 35 9,
/90 9%,. Irradiance varied during the day from 300 to 1400 pmol m~—2s-1.
The nutrient solutions were completely changed after every 7 d in all the
treatments.

At each harvest, fresh and dry (80 °C for 74 h) masses of shoots and roots
were determined, the root samples being washed in distilled water for 30 s
to remove surface contaminations and blotted. For inorganic analyses, dried
samples were digested with boiling 1 M HNOj; followed by two extractions

TasLEe 1

Dry matter [g per plant] of six triticale cultivars grown in nutrient s>lutions without and with
100 mM NaCl at three harvests (21, 31 and 38 d old, plants)

Cultivar NaCl in rcot Plant age [d]

medium [mM] 21 31 38

A 0 0.50 1.94 4,17
100 0.59 1.57 3.13

B 0 0.64 2.64 6.31
100 0.53 1.71 3.34

C 0 0.44 1.83 4.31
100 0.45 1.42 2,94

D 0 0.34 1.65 3.40
100 0.36 0.88 2.17

E 0 0.69 3.03 5.74
100 0.567 2.00 3.50

F 0 0.46 1.92 4.54

100 0.52 1.27 2.62
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TABLE 2

Growth responses of six cultivars of triticale grown in nutrient solutions without and with 100 mM
NaCl at harvest 4 (45 d old plants)

NaCl in Plant dry Shoot Root FM/DM Shoot DM/
Cultivar root matter FM/DM root DM
medium [mM]  [g per plant]

A 0 16.28 + 1.34 8.9 4+ 073  21.9 + 2.13 2,18 + 0.22
100 8.23 + 0.77 6.4 L 058  19.2 + 1.97 1.37 + 0.11
B 0 18.33 + 0.97 8.4 + 0.70  20.8 + 2.35 1.90 £ 0.17
100 10.09 - 0.46 6.5 - 0.61  20.0 = 1.77 1.19 - 0.09
C 0 13.84 + 0.81 7.5 1 0.47 22,0 + 1.69 1.59 4- 0.14
100 7.50 & 0.93 5.9 L 0.49  21.5 + 1.88 1.26 4 0.08
D 0 12,62 + 1.39 9.2+ 111 23.2 4 2.61 1.92 4 0.17
100 7.69 4- 0.67 6.4 - 0.70 202 + 2.20 1.02 + 0.07
E 0 18.26 + 1.17 8.8 +£ 0.78  20.7 4 1.73 2.27 + 0.32
100 11.96 + 1.81 6.3 4+ 0.55 10.9 + 1.58 1.02 4 0.16
F 0 12.85 L 140 8.1 L 0.39 22,6 L 2.07 1.93 4 0.22
100 6.96 - 0.21 5.5+ 0.28  18.6 - 1.88 1.49 + 0.08

with boiling distilled water. In this extract, K+, Na+, Ca+* and Mg++ were
determined by atomic absorption spectrophotometry, and Cl- by coulombic
titration (see SALIM and Prrman 1983 for details).

RESULTS AND DISCUSSION

At the first harvest, in some cultivars slight improvement in growth was
observed in 100 mM NaCl treatment whereas in others there was no effect
of salt application in root media on plant growth (Table 1). Slight plant
growth improvements with relatively low salt concentration in the root
media have also been reported by GREENwWAY and MuNnNs (1980). However,
the growth retarding effects of 100 mM NaCl could be observed in the second
harvest and was more pronounced in the third harvest (Table 1). The fourth
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harvest of the 45-d old plants was made before the booting stage. The plants
had developed the maximum number of tillers which was significantly larger
in the control plants as compared to those in 100 mM NaCl grown plants.
Plant dry matter yields at 100 mM NaCl treatment ranged from 50 9%, to
65 9, of the control plant yield (Table 2). Salinity level of around 100 mM
NaCl (electrical conductivity of root zone solution = 1.3 S m~1) appears to
be the salt tolerance limit of some ecultivars studied, which is close to the
salt tolerance limits of some cultivars of wheat (QURESHI ef al. 1980). The
yield of cv. A-689 (Mexico) at 100 mM NaCl (11.96 g per plant) was the highest
among the six cultivars indicating its highest salt tolerance. Such differential
salt tolerances of cultivars of other cereals, like barley and wheat, have also
been reported (GREENwaY 1965, StoreEy and Wy~ JoxEs 1978, QURESHI
et al. 1980).

A decreased fresh'dry matter ratio in shoots and a decreased shoot/root
ratio was found in 100 mM NaCl treatment (Table 2) which is a typical re-
sponse of glycophytes to salinity (GREENWAY and Mux~s 1980). However,

TABLE 3

Rates of net Na' and Ci - transport from root to shoot of six triticale cultivars grown under 100
mM NaCl. Values are aversges and standard mean errors for the rates of net transport between
all harvests

Chirivar Rate of net transport [umol gt (root FM) h-1]
Nat Cl-
A 0.60 = 0.05 0.87 + 0.11
B 0.45 -+ 0,06 0.71 4- 0.08
C 0.54 4 0.04 0.75 - 0.08
D 0.53 4+ 0.056 0.80 4 0.07
B 0.40 -+ 0.05 0.65 4 0.06
F 0.61 4- 007 0.89 4 0.10
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the fresh/dry matter ratios of roots remained unchanged with salinity as
reported for mung bean by SarLim and Prrman (1983). Relative growth rates
(RGR) between the four harvests seemed to vary in different cultivars but
the differences were insignificant. In general, RGR for control plants ranged
between 0.12 to 0.14 g g~! d~! and for 100 mM NaCl grown plants between
0.08t0 0.10 g g~1 d~! between the four harvests of various cultivars. However,
for both control and salt grown plants RGR gradually decreased with the age
of plants due to plant development (SALiM and PrrMan 1983).

Some differences in various ion contents (K+, Na+, Ca2+, Mg2?+, Cl-) in
root and shoot samples of the six cultivars at the four harvests were observed.
However, data on K+, Na+t and Cl~ are more important for discussion (Fig.
1). Potassium was the principal cation in the control plant shoots in all
cultivars. However, cultivars B and E had the lowest K+ contents but both
these cultivars had the highest plant dry matter yields (Table 2, above).
Rather low K+ contents of these two cultivars may have been partly due to
the growth dilution effect (GREENWAY and Muxnxs 1980). When root zone
solution contained 100 mM NaCl, K+ in plant shoots decreased with ex-
ception of cultivar E. Na* contents of shoots of the six cultivars were lower
than the respective K+ contents. In fact in cultivars B, E and F, shoot Na+
contents were around 50 %, of the K+ contents of shoot whereas in the root
medium the ratio of Na : K concentrations was 20 : 1. This high selectivity
of K+ in cereal shoots is an important physiological mechanism for plant
survival in saline environment (Wy~ JoNEs ef al. 1979). In cultivars B
and E, Na* contents of shoot were the lowest among the six cultivars which
were presumably due to low rates of net Na* transport from roots to shoots
(Table 3). Similarly among the six cultivars the lowest shoot C1~ content of
cultivar E was associated with the Jowest net rates of Cl- transport from
shoot to root.

In 100 mM Na Cl grown plants Cl~ concentration in shoot tissue water in all
cultivars at the four harvests was negatively linearly correlated (r = -0.761)
with dry matter expressed as 9, of the control. This clearly indicates the
significant plant growth retarding effects of Cl- load in plant shoots and
supports the earlier report of SariM and Prrmax (1983) on mung bean.

Data discussed above indicate the existence of differential salt tolerance in
different triticale cultivars of different origins like in many other plant species.
In general, different triticale cultivars are as salt tolerant as some cultivars
of wheat. The cultivar A 689 proved to be the best biomass yielding in saline
root media followed by the cultivar 8-A-432. Comparatively higher salt
tolerance of these two cultivars seemed to be due to relatively higher K+
selectivity against Na* in their shoot and their ability to control Na+* and
Cl- flows.
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