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Salt Sensitivity of Two Wheat Cultivars at Different Growth Stages
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Abstract: To determine salt sensitivity for wheat at various growth stages, a factorial experiment arranged as
randomized complete block design was conducted in the ambient environment at the National Salinity Research
Center, Yazd, Iran. Treatment were two cultivars of wheat (Kavir & Roshan) and salinity imposed at emergence,
tillering, stem elongation, spike emergence and one week after anthesis. A control treatment was irrigated with
non-saline nutrient solution throughout the growing season. Result showed that the most significant reduction
of grain yield was observed when salinity imposed at emergence stage. Delay in imposing salinity in both
cultivars, reduced grain yield less than the earlier stages. Salinity effects appear most pronounced on those
component that are developing or growing at the time which the stress was imposed. In addition, both species
were more sensitive during emergence and tillering, sensitive during stem elongation and relatively tolerant
during grain filling period by the salinity. This study obviously showed that saline irrigation can not be used
during  the  entire  growing season of wheat crop. More grain yield can be achieved by using moderately or
non-saline water at sensitive stages.
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INTRODUCTION Wheat is more tolerant to salt stress at germination

To investigate the effects of the variations in Although, salinity stress during tillering and jointing
assimilate  supply  on  yield  and  yield  component, accelerated spike differentiation and spikelet
various  treatments  such  as  plant  density  [1,  2], development, therefore spikelet number decrease
shading  [3-7]  and  drought  stress  [8]  have  been markedly [17]. Grain-filling stage of wheat is least
imposed at various growth stages of crops. Furthermore, sensitive to salt stress than anthesis [8]. All data
salinity stress has been applied at various growth stages obviously indicate a clear increase in salt tolerance with
of crops to examine the effect  of  limited  source on the age in wheat [18].
economical sink growth [9-11]. However, it could be used Sensitivity of crop-growth stages often determines
to determine salt sensitivity  of the crops at various management options to minimize yield reductions. The
growth stages. If limited source (i.e. plant size) by salt objective  of this study was to determine salt sensitivity
stress at some growth stages had not significant on grain of two Iranian wheat cultivars (Kavir & Roshan) at
yield, so the saline water could be used at those growth different growth stages.
stages.

Various studies have shown that saline water could MATERIALS AND METHODS
be used successfully to grow crops without any
significant reduction in economical yield [12-14]. Most A factorial experiment arranged as randomized
crops are tolerant during seed germination, but the initial complete block design with three replications was
growth of the seedlings are susceptible to salt stress. conducted   in  the    ambient   environment   at  the
After the seedling establishment, all crops generally National Salinity Research Center, Yazd, Iran (Fig. 1).
became more tolerant during later stages of growth [15]. Treatments   were   two    cultivars    of    wheat,   Kavir
Therefore it is necessary to keep soil salinity from and    Roshan  (released   to   salt   condition)   and
exceeding a level at sensitive periods that would salinity imposed at emergence, tillering, stem elongation,
significantly reduced grain yield. spike   emergence     and    one     week     after    anthesis.

phase, than during seedling emergence [16, 8, 14].
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Fig. 1: Details of the experiment setup

Table 1: The amount of different elements in solution at different growth

stages [19]

µM Starter Solution Vegetative Refill Seed fill Refill

N 3 6 3

P 0.5 0.5 0.5

K 1.5 4.5 2.5

Ca 2 1 0.5

Mg 0.5 0.3 0.3

S 0.5 0.3 0.3

µM

Fe 10 2.5 2.5

Mn 3 6 3

B 2 9 0.2

Zn 3 1 1

Cu 0.3 0.3 0.2

Mo 0.09 0.03 0.03

Cl 6 12 6

A control treatment for two  cultivars was irrigated with
non-saline solution. Seeds  of each cultivar was sown
individually in fiber glass boxes (0.5× 0.45× 0.50 m deep)
contained washed sand having an average bulk density
of 1.3 g.cm . To have a non-saline medium all boxes were3

leached with non-saline  water several times. Seeds of the
cultivars  were  planted  in  four  rows  in  each  box.  Rows
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were spaced 10 cm apart with 15 plants per row. Boxes
were irrigated four times daily using a nutrient solution
(Table 1) added to local tap water before the start of each
stage. Plants salinized at the five different stages by saline
nutrient solution (EC =20 dS/m). Each irrigation cyclens

continued until the sand was saturated. After each
irrigation nutrient solution  was  drained  into  reservoirs
for recycling in the next irrigation. Water lost by evapo-
transpiration was replenished at each irrigation time to
maintain constant salinity in the solution. The pH of
solution was maintained between 5.5-6.5 by adding H SO2 4

as required. Saline nutrient solution achieved by adding
NaCl and CaCl  (2:1 by Mass). To prevent dilution of the2

medium salinity  by rainwater, a clear plastic was pulled
just roof of over the whole experiment.

Daytime  air  temperature  ranged from 9 to 35°C
(mean = 23.5°C); nighttime from –6.5 to 19.5°C (mean=
4.8°C). The phenological development of the plants from
seedling  emergence to maturity was rated with the
Zadoks et al. [20] scale. At maturity plants were harvested
to measure yield and yield components. The collected
date were subjected to variance analysis using SAS
software. Statistically significant differences among
means were determined by using Duncan’s new multiple
range test.

Table 2: Effect of salinity imposed at various growth stage on straw, biological and grain yield of two wheat cultivars

Straw yield (g/box) Grain yield (g/box) Biological yield (g/box)

---------------------------------------- ---------------------------------------- -----------------------------------------

Salinity imposed at: Kavir Roshan Kavir Roshan Kavir Roshan

Emergence 50.30d 31.07e 24.00d 16.87d 75.20d 47.93e†

Tillering 196.00c 205.50d 127.80b 117.20c 293.80c 322.70d

Stem elongation 189.90c 231.40d 96.47c 138.10c 286.30c 369.60d

Spike emergence 290.20b 327.20c 147.20b 186.60b 437.30b 573.80c

One week after anthesis 307.00ab 374.80b 148.60b 203.2b 455.60b 578.00b

Control 342.40a 432.20a 238.00a 278.5a 580.40a 710.7a

 Means followed by unsimilar letters at each column are significantly different (Duncan 5%)†

RESULTS AND DISCUSSION Later  salinity  imposed, reduced grain yield of Roshan

Straw yield of both Kavir and Roshan were markedly for grain yield of Kavir except when salinity was imposed
reduced  by  salinity imposed during emergence stage at stem elongation (Table 2). In addition, grain yield of
than the other stages (Table 2). Roshan in this study both cultivars is more sensitive by salinity imposed at
showed such a response in all salinity treatment, but emergence and tillering, sensitive during stem elongation
Kavir showed reduction in straw yield until salinity and relatively tolerant during grain filling period.
imposed at spike emergence (Table 2). For many cereal Many   reports   indicated   that   grain   yield of
crops, straw yield has been shown to be more sensitive wheat is  more reduced by salinity imposed at early
than grain yield [21, 22]. growth stages [9, 15, 18, 22]. Generally, grain yield in

The most significant reduction of grain yield was wheat is determined by harvest index and yield
observed  in  salinity  impose at emergence (Table 2). components [23, 24]. Harvest index, the ratio of grain yield

less  than  earlier  stages. The same trend was observed
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to biological yield, provides an estimate of the conversion observed  for  Kavir except that of salinity imposed at
efficient of dry matter to grain yield [23, 25]. Commonly, stem elongation. Generally, grain yield of wheat is
harvest index is sensitive to environmental stresses [22]. determined by   kernel  weight,  kernel  number  per  spike
As shown in Fig. 2, a similar significant reduction in
harvest index was observed by salinity imposed at each
phase in Kavir, but there  were not any significant
differences between salinity  imposed  treatments  and
control of Roshan in this  regard. Prihar and Stewart [26]
concluded that a given cultivar on a given climate may
result in different harvest index values. It seems that
harvest index in Roshan is more tolerant to salinity stress
than Kavir. However the reduction in grain yield of
Roshan more affected by reduction in biological yield
(Table 2).

Fig. 2: Effect of salinity imposed at various growth
stages on harvest index of Kavir and Roshan

In  fact  any  reduction  in biological yield reduce
plant size and then decreases photosynthetic rate [23].
Therefore not only the current photosynthetic rate
decreased but also small causes amount of current
photosynthate  probably  to be stored in stem. Due to
high demand during grain filling period for assimilate
(active sinks e.g. endosperm cells and kernels), grain yield
of both cultivars reduced by salinity imposed at each
phase especially at emergence by source limitation. These
finding are in agreement with the observation made by
Maas and Poss [9] and Francois, et al. [22].

As it will be mentioned earlier, delay is salinity
imposed was associated with small reduction in grain
yield of Roshan (Table 2). The same result was also
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Fig. 3: Effects of salinity at various growth stages on 1. Andrades, H.F., M.E. Oregui and C. Vega, 2000.
spike number, kernel weight and kernel number per intercepted radiation at flowering and kernel set in
spike of Kavir and Roshan maize. Agron. J., 92: 92-97.

and spike number per area unit [23]. Each yield component
is determined significantly in the period of phenological
development [24]. Salinity effects appear most
pronounced on those component that are developing or
growing at the time stress is imposed [9, 21].

According to our results, salinity imposed at stem
elongation  reduced spike number of Kavir more than
other yield components (Fig. 3). By salinity imposed at
stem  elongation,  spike number and kernel weight of
Kavir were reduced by 31 and 20 percent compared to
control, respectively. In the other hand by salinity
imposed at this growth stage, kernel per spike of Kavir
was increased (Fig. 3). It seems by salinity imposed at this
period, fertile spikes was more reduced.

The major determinate of grain yield in wheat is the
number of grain-bearing tillers per plant [22]. Any losses
of  fertile  tillers  can have a significant effect on final
yield. Since tillering has been reported to occur only up to
terminal  spikelet  stage  of growth [24], salinity stress
prior to this stage showed reduced tiller number. Our data
for  salinity  imposed at emergence and tillering confirm
the effects (Fig. 3).

Tiller abortion for both cultivars (especially Kavir)
also occurred by salinity imposed at stem elongation.
Gallagher and Bisco [27] stated that tiller abortion
generally begins when tiller appearance stops. It seems,
by  sadden  salinity imposed at stem elongation, tillers
that set a spike, were reduced significantly (Fig. 3). This
finding is in agreement with the observation made by
Francois, et al. [22].

Due to tiller abortion stops just before anthesis, if
salinity stress continued after spike emergence and later
kernel  weight and kernel per spike were more affected
than spike number in both cultivars (Fig. 3), because of
[27]. Finally, salinity imposed during early growth stages
(emergence and tillering) reduced the contribution of all
yield components in both cultivars. It is apparent that the
most reduction in grain yield by salinity imposed
(especially in Kavir) was caused by reduction in spike
number.

This study obviously showed that saline irrigation
can not be used during the entire growing season of
wheat crop. More grain yield can be achieved by using
moderately or non-saline water at sensitive stages.

REFERENCES



World Appl. Sci. J., 11 (3): 309-314, 2010

314

2. Otegui, M.E., 1997. Kernel set and flower synchrony 15. Maas, E.V. and S.R. Grattan, 1999. Crop yield as
within  the ear of maize: II plant population effecs. affected by salinity. Agric. Drain. Agron.
Crop. Sci., 37: 448-455. Monograph., 38: 55-107.

3. Andrade, F.H., S.A. Uhart and M. Frugone, 1993. 16. Ayers, A.D. and H.E. Hayward, 1948. A method for
intercepted radiation at flowering and kernel set in measuring the effects of soil salinity on seed
maiz: sahde versus plant deusity effects. Crop. Sci., germinition  with several crop plant. Soil Sci. Soc.
33: 482-485. Am. Proc., 13: 224-226.

4. Early, E., W.O. McIlarth, R.D. Seif and R.H. Hageman, 17. Maas, E.V. and C.M. Greive, 1990. Spike and leaf
1967. Effect of shade applied at different stages of development  in  salt-stressed  wheat.  Crop.   Sci.,
plant  development  on  corn population. Crop. Sci., pp: 1309-1313.
7: 151-156. 18. Maas, E.V. and G.J. Hoffman, 1977. Crop salt

5. Emam, Y. and G.H. Ranjbar, 2001. Dry matter tolerance - current assessment. J. Irrig. Drainage Div.
accumulation  and partitioning as affected by ASCE., 103: 115-134.
thinning  in a non-prolific maize hybride. J. Agric. 19. Bugbee, B., 1995. Nutrient management in recirulating
Sci., Technol., 3: 265-272. hydroponic culture. Proceedings of the Hyroponics

6. Willey, R.W. and R. Holliday, 1971a. Plant population Society of American. E.L. Cerrito. C.A.P., pp: 15-30.
and  shading  studies  in bruley. J. Agr. Sci. Camb., 20. Zadoks,  J.C.,  T.T.  Chang  and  C.F.   Kanzal,  1974.
77: 445-452. A decimal code for the growth stages of cereals

7. Willey, R.W. and R. Holliday, 1971b. Plant weed. Res., 14: 415-421.
population,  shading and thinning studies in wheat. 21. Francois,  L.E.,   E.V.   Maas,   T.J.   Donovan  and
J. Agr. Sci. Camb., 77: 453-461. V.L.  Youngs,  1986.  Effect  of  salinity  on  grain

8. Emam, Y. and G.H. Ranjbar, 2001. The effect of plant yield and quality, vegetative growth and germination
density and drought stress during vegetative phase of   semi-dwarf    and    durum    wheat.    Agron.  J.,
on grain yield, yield component and water use 78: 1053-1058.
effeciency  of  maize.  Iranian  J.   Agronomy  Sci., 22. Francois,   L.E.,    M.C.   Grieve,   E.V.   Maas  and
2(1): 51-63. (Abstract in Persian). S.M. Lesch, 1994. Time of salt stress affects growth

9. Maas, E.V. and J.A. Poss, 1989. Salt sensitivity of and  yield  component of irrigated wheat. Agron. J.,
wheat at varians growth stages. Irrig. Sci., 10: 29-40. 86: 100-107.

10. Maas, E.V., S.A. Poss and G.J. Hoffman, 1986. 23. Hay, K.M.R. and A.J. Walker, 1989. An Introduction
Salinity sensitivity of sorghum at three growth to the physiology of crop yield. Cambridge
stages. Irrig. Sci., 7: 1-11. University Press.

11. Pearson,  G.A.  and  L. Bernstein, 1959. Salinity 24. Kirby, E.J.M., 1974. Ear development in wheat. J.
effects  at  several growth stages of rice. Agron. J., Agric. Sci. Camb., 2: 437-447.
51: 654-657. Plant Physiol., 95: 628-635. 25. Baker, R.J. and G. Gebeyehou, 1982. Comparative

12. Oster, J.D., 1994. Irrigation with poor quality water. growth analysis of two spring wheats and one spring
Agr. Water Mgt., 25: 271-297. barley. Crop Sci., 30: 1127-1132.

13. Rhoades, J.D., A. Kandiah and A.M. Mashali, 1992. 26. Prihar, S.S. and B.A. Stewart, 1990. Using upper-
The use of saline waters for crop production. bound  slope thrush origin to estimate genetic
Irrigation and Drainage Paper. No. 48, FAO, Rome. harvest index. Agron. J., 82: 1160-1165.

14. Shalhevet, J., 1994. Using water of marginal quality 27. Gallagher, J.N. and P.V. Bisco, 1978. A physiological
for crop production: major issues. Agr. Water Mgt., analysis of cereal yield. 2. Partitioning of dry matter.
25: 233-269. Agricultural Progress, 53: 51-70.


