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The effects of conslant and fluctuating substrate salinity on ffag leaf photosynthesis and grain yield of wheat were
investigated. Plants exposed to salinity fluctuating around a mean integrated value of 25 mol m- ' NaC! (0-50 mol m- 1)
and around 50 mol m-1 NaCI (25- 75 mol m-') had yields 36 and 38% higher, respectively, than those receiving the
corresponding constant salinity. Plants treated with salinity fluctuating from 50 to 100 mol m-' NaCI had a 14% lower
yield than those receiving 75 mol m- \ NaCI. Flag leaf photosynthes is did not vary between treatments and during salinity fluctuations. suggesting that differences in flag leaf longevity caused the observed differences in yield. Resu lts suggest plants grown under constant sa linity are unlikely to behave in the same way as those in field situations. where
fluctuating rather than constant salinity occurs.
Die invloed van konstante en wisselende substraatsaliniteit op fotosintese en graanopbrengs van koring is ondersoek.
Plante wat blootgestel is aan salin ite it wat gevarieer het rondom gemiddelde ge'integreerde waardes van 25 mol m-;
(0- 50 mol m-") en 50 mol m- 3 (25-75 mol m- '). hel opbrengste van respektiewelik 36 en 38% hoe r gehad as plante
wat aan konstante saliniteit blootgestel was. Plante blootgestel aan sa liniteit wat gevarieer het van 50 tot 100 mol m- l
NaCI het egter 'n 14 C1/o laer opbrengs gehad as plante blootgestel aan 75 mol m- l NaCI. Aangesien vlagblaarfotos intese nie tussen behandelings gevarieer het nie, kan die verskille in opbrengs moontlik toegeskryf word aan verskille in
die lewensduur van die vlagblare . Die resultate dui aan dat plante wat onder konstante saliniteit groei, nie op dieselfde
wyse sal reageer nie as plante in die naluur waar die saliniteil wissel.
Keywords: Triticum aestivum, salinity stress, fluctuations .
• To whom correspondence should be addressed.

Introduction
In areas prone to excess su bstrate salinity stress, the conce ntration of sa lts in the soil i s oftcn not constant but can fluctuate considerably with time (e.g. Mool man ef at. 1983 ; Singh & Narain

1980). Tomar and Gupta (1985) showed that wi thin one year the
conductivi ty o f the water table of an Indian so il varied between
equivalent salinities of 10 and 230 mol m-~ NaCl. Under se miarid conditions soil salinity may increase considerably during the
irrigation cycle, especially when plants arc irrigated with saline
water (Melri 1985). The rate of suc h an increase will vary with
the extern al climatic co nditions and the physical properties of the
soil. D espite this , in most investigations into the effects of substrate salinity on plants. workers have grown plants at constant
average salinity. Little work has been carried out on the effects of
fluctuations in substrate salinity on plants. Ball and Farquhar
(1984). Clipson (1987). Ewing ef al. ( 1989). Flanagan and leffer-

ies (1989) and Plaut and Federman (1991) have studied the
effects of a single increase in salinity on photosynthesi s. However, little i s known about the long-term effects of salinity fluctuations on plant growth. The aim of the present study was to test
the effects o f fluctuations in substrate salinity on the growth and
flag leaf photosy nthes is of w heat, and to compare results with
plants grown at average constant salinity.

Materials and Methods
Growth of plants
Spring wheat (Triticum aesti\lu',1 L. cv. SST 66) was grown in acid
washed sand. six plants per 450-cm-J plastic pot. Two experiments
were carried out. In the first. the yiel d parameters and th e nutrient
4

concentrations of the plants were determined. In the second, flag leaf
photosynthesis was measured. In both ex periments, plants were
grown in naturally li t thermostaticall y controlled glass phy totrons.
The first was carri ed out at the University of Natal, Pietermaritzburg.
RSA. and {he second at Rhodes University, Grahamstown. RS A. For
the first experiment, the mean minimum and maximum dilily temperatures were 13.5 and 33.2°C respectively. an d for the second, 22.7
and 29.0°C. The transmittance of the phytotrons to solar radiation
was greater than 80%. and day length was approximate ly 12 h for
each experiment. Each treatment comprised at least 4 pots arranged
in a randomi zed block design.
Pl an ts were watered daily wi th 250 ml of 20% Hoagland 's nu trient
soluti on (Hewi tt 1966) amended with 0, 25. 50, 75 or 100 mol m- '
NaCI. The concentration of nutrient s in the solution was as follows:
N. 3.0 mot m-': P, 0.2 mol m-'; K. 1.2 mol m-\ Ca. 1.0 mol m-\ Mg.
0.4 mol m - ~: S. 0.4 mol m-\ Fe (supplied as FeEDTA), 3. 0 mmol
m- 1 ; S, 9.4 mmol m-'; Mn, 1.82 mm ol m-\ Zn. 160 ~mo l nr' : Cu,
30 )J.mol m-'; and Mo. 22 limol m-'. The void volume of the pots
was 240 ml. The volume of nutrient solution used was intentionally
much greater than the water requ irements of the plants to prevent
NaCi acc umulation in the pots. I n the first experiment. five constant
salinity treatments (0. 25. 50. 75 and 100 mol m--' NaCI) and four
fluctuati ng treatments (0-50 mol m 25- 75 mol m- ' , 50-100 mol
m-' and 0- 100 mol m-' NaC!) were used. In the second experiment.
four constant salinity treatments (0, 25. 50 and 100 mol m-' NaCI)
and two tluctuating salini ty treatments (0--50 mol m41 and 0-100
mol m- ' NaCl) were used. After an initial len-day peri od of gradu ally preconditioning appropriate Ireatmems to sali nity. changes in
salt concentrations were carried out over an eigh t-d ay cycle. For
example, in the 0-50 mol m- ~ fluctuating treatmem. plants received
4
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250 ml of 0 mol m-" Nnel daily for the first four days , and then 250
ml of 50 mol m-~ Nael daily for the next four days.

Determination of yield parameters and tissue nutrient
concentrations
In the first expe ri ment. plants w~ re grown to maturity (1 12 days),
and the ears and the senescent flag and penultimate leaves excised.
All plant parts were dried at 80°C to constant mass and then
we ighed. Grain from all the plants in onc pOl were co mbined . a sa mple taken and grain N determi ned using micro-Kje ldahl d igestion
foll owed by steam distillation and titration of the ammonium co1h!cted. Th e Na and K concentrat ions of the flag and penu ltimate
leaves we re determined by atomic absorpti on spect rophotometry
usi ng an air/acetylene flame. About 50 mg o f material was diges ted
in 2 ml of H NO~, dri ed. and the res idue dissolved in 10 ml of I mol
I-I HNO •. All standards and samples were spiked with I g kg- l Cs to
prevt;nt ionization of Na and K.
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Determin ation of photosynthetic rates
In the sec ond (!xperimcnt, flag kaf photosynthesis was determined
using an ADC Mark III portable IRGA. The Parkinson leaf chamber
was modifi ed by the attachment of a cool ing unit. Light was provided by a high-pre ssure sodium lamp. Preliminary expe riments
showt;d that the optimum conditi ons for photosynthesis were a temperature of 25°C, with photosynthetically active radiation at 1000
).l mo l m- 2 s-J. The relati ve hu mid ity was maintained at 50% throughou t all experi ments . Pl ants were pretreated for at least 30 min under
these conditions, and then five replicate readings were taken for each
leaf. Two eight-day ex periments were carried out. In the fi rst, the
phmosynthetic rates of four rando mly se lected plants from each
treatment of constant salinity of 0, 2S and 50 mol m- 3 and a flu ctuating salinity of 0--50 mol m-' NaC I, were measu red dail y. In the second, the photosynthetic rate s of fo ur random ly se lected plants fro m
treatmt!Ols of constant salinity of O. 50 and 100 mol m- 3 and a fluctuating salinity of 0- 100 mol m-' were measu red dail y. The first experiment was started approx imale ly one week afte r the plants started
ant hesis (71 days after sowing) and the second immediate ly after the
cnd o f the firs t. Measu rements were thus made when grain growth
was maximal (Herzog 1986). Alt hough photosyntheti c rales were
always measu red on green leaf tissue. by the end of the second eightday experiment. the tips of the leaves of the plants receiving t OO mol
m-·l NaCI had started to senesce. In both ex periments , for plants
receivi ng a fluc tuating sali nity treatmem , the first fou r days of each
experiment corresponded to a low concentration of NaCI in the flu ctu at ing sali nity cycle, and the second four to a high concentrati on of
NaCI. The rate of net photosynt hesis, A, was determined using the
equ at ions given b y Post! and Bolhar-Nordenkampf ( 1993). Data
were analysed using the Spline program of Hunt and Parsons ( 1974).
Data points in Figures I and 2 are fitled valu es with the 95 % confidence limi ts for the highest and lowest point at each time.

Results and Discussion
Table 1 g ives the effect of salinity on the yie ld co m ponents, grai n
N and the Na and K co ncentrat io ns of the flag and penultimate
leaves at final harvest o f wheat. Under the growth conditi ons
used , little tillering occurred , and most pl ants produced a sing le
culm . None of the plants ever disp layed any obv io us nutrient
deficiency sy mptoms. Despite using small pots to fac ilitate fluc tuations in substrate salinity, yields per e ar were typical of fie ldgrow n pl ants. Data in Table I for grain number and g rain mass
refer to the main stem. while the data for yields include g rain
from all tillers that th e plants produced .

Salini ty of 25 and 50 mol m-1 Nael reduced yield mainl y by
reducing mean grain mass. Salinity o f 75 and 100 mol m-:\ NaCI
reduced yi eld by red ucing both grain number and grain mass.
Plants exposed to sa linity flu ctuating around 25 mol m -~ NaCI

°

Figur e 1 The effect o f constan t sali ni ty of mol m-.l, 25 mol m-\
50 mol m -~ and salinity fluctuating from 0 to 50 mol m- ' on net
photosynthesis of the flag leaf of wheat. Points plotted are fitted
values (32 data points per treatment). with the 95% confidence limi ts
for the highes t and lowest point at each time. The arrow rep resents
the time when the sal inity was increased for the tluctuating-salinity
treatment.
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Figure 2 The effect of constant salinity of 0 mol m-\ 50 mol m-l,
lOa mol m-~ and salinity flu ctuating from 0 to 100 mol m-' on net
photosynthesis o f (he fl ag leaf of wheat. Points plotted are fitted
values (32 data poi nts per treatme nt), with the 95% confidence limits
for the highest and lowest point at each time. The arrow represents
the time when the salinity was in creased for the fl uctuating-sal ini ty
treatment.

(0-50 mol m-') and around 50 mol m-3 Nael (25-75 mol m-')
had yields of, respectively, 36 and 38% higher than those receiving the corresponding constant salinity. Increased grain mass
rather than g rain nu mber caused the improved pe rformance of
pl ants grown with flu ctuating salin ity. The yie ld paramete rs of
plan ts treated with fluctuation s from to 100 mol m-] NaCI were
inte rmediate between those of plants receiving a constant 50 mol
m- 1 and fluctuations from 25 to 75 mo l m- 3. H owever, plams
treated with salinity fluctuating from 50 to 100 mol m- 3 NaCI

a

had a 14% lower yield than those rece iving 75 mol m-) Nael.
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Table 1 The effecl of constant and fluctuating salinity on yie ld, yield components, N concentration and amount in grain,
, and the Na and K concentrations of the flag and penultimate leaves of wheat at final harvesl '
Mass of nag
and penuhi -

Grain N co n-

INa l of nag and [ KJ ofnng and
penulti mate
penu ltimate
leaves ()...IOla l l leaves ( ~Imol l

Yield

Gra in

Straw mass

mate leaves

central ian

(mg )

number

Mean grain
mass (mg )

Amount of
grain N (mg

(mg)

(mg)

(% )

per plant )

g dry mass )

g dry mass)

0

1647

43.8

37.8

1368

138

3.08

50.7

2

60.3

25

533

40. 3

12.9

1226

138

4. 11

20.7

218

46.3

0- 50

726

39.0

18.4

1291

14 1

3.79

25.4

195

55.4

50

325

31.4

11.0

903

11 2

4.27

13.7

233

58.3

25-75

448

28.6

15.3

857

99

3.92

16.7

237

63.5

0- 100

389

28.2

13 .1

852

93

4.28

16.4

245

54.5

75

293

15.7

17.8

400

47

3.51

10. 3

259

50.8

50-100

251

18.9

12.3

497

56

3.83

9 .3

251

61.5

100

52

7.8

6.0

220

21

4.17

2.3

217

52.3

L.S.D.

127

4.7

3.0

275

17

0.5 1

11.4

33

8.3

NaCi (mo l m -.l)

,

For the yield components and the calion data, 11 = 24 and the res idual mean square had 207 degrees of freedom. For the N data,
residual mean square had 27 degrees of freedom. L.S.D. = Least sig nificant difference (P = 0.05) .

The lower yield was caused by a significant reduction in mean
grain mass. These results agree with the limited data available,
suggesting that varying salinity is better for plants than cons tam
salinity when the mean salinity is low. but that the reve rse is true
when the mean salinity is high (Bernstein & Pearson 1954; Me iri
1985; Lin & Sternberg (993). Recently, Naresh el al. ( 1993)
compared the effects of irrigating wheat with a mi xture of highand low-quality water wi th plants receiving alternating applications of high- and then low-quality water. Plants irrigated wit h
water of nuctuating salinity had slightly higher yields than those
receiving a constant average salinity, but this di fference was not
sig nifi cant. It is difficult to compare the results of Naresh el af.
with the data presented here, as even plants exposed to wal er of a
constant salinity had yields that were reduced by less than 10%
compared with unsalinized controls. However, the effec ts of
fluctuating substrate salinity on plants can clearly be different to
those of constant average salinity.
Salinity stress reduced the mass of the straw and the fl ag and
penultimate leaves (fable 1). Plants receivi ng fluctuating salinity
had straw and leaf masses similar to plants grown at corresponding constant salinity. Salinity st ress increased the co ncentration
of grain N, but decreased the amount of grain N per plant. Salinity f1u ct.uat ions changed the N concentratio n of the grain in the
reverse direction to yield. Thus, a fluctuation of 0- 50 mo l m-;\
Nae l increased yie ld and decreased the co ncentration of N in the
grai n compa red with plants recei ving 25 mol m-·1 Nae!. Salinity
stress tended to reduce the K concentrations of the flag and
penultimate leaves. Plants treated wi th fluctuating salini ty tended
to have higher K concentrations compared with the co rresponding cons tant salinity.
Visual observation s and the much greater effect of NaC I on
grain mass rather than grain number, suggest that premature
senescence of the flag and penultimate leaves caused most of the
salinity-induced yield reductions in our experiment. In wheat, the
flag and penultimate leaves usually provide about 80% of the
carbohydrates used to fill the grain (Austin el (II. (977 ). The Na

11

= 4 and the

concentrati ons of the flag and penultima!e leaves at harvest were
similar for all treatments (Table 1). This suggests that Na accumulated to a certain critical concl!nt ration in the leaves and then
senescence occurred.
IL is not possible to expla in diffe rences in yield between the
various treatments based on flag leaf pho(Qsy nthes is (Figures 1
and 2). Photosy nthetic rates were similar in plants grown at 0,
25, 50 and 100 mol m-' NaCI. U nsalinized plants tended to have
lower photosynthetic rates than those treated wit h Nael.
although at any given time this was not significant (Figures 1 and
2). Table 2 gives the mean photosynthetic rates for the four treatments in the two eight-day experi mems. Plants from the 0 and 50
mol m-1 treatments photosy nthesized slightly slower during the
second eight-day experiment. In the second experiment, plants
ex posed to 50 mol m-1 NaCI photosy nthes ized at a significantly
faster rate that those exposed to 0 mol m-' Nae l. Visual observati ons suggested that the lower leaves of the salinized plants
se nesced prematurely, and a compe nsatory increase in flag leaf
photosynthesis to maintain grain filling may have occurred.
In plants grown at fluctuating sali nity, photosynthetic rates
were si milar to those of plants grown at constant salinity. and did
not change during the salinity fluctuation cycle (Figures I and 2,
Tabl e 2). Other workers (Ball & Farquhar 1984 ; Clipson 1987;
Ewing et af. 1989; Flanagan & Jefferies 1989; Plaut & Federman
199 1) have shown that a single increase in salin ity ca n reduce
photosynthesis in a variety of plant species. In the present experiment, photosynthesis in the wheat had clearl y accl imati zed to
both salinity and to salinity fluctuati ons. Preliminary results (not
show n) suggest that wheat grown at a constant salinity of 0 mol
m-~ Nael displayed a large drop in photosynthesis when suddenly salinized. These results agree with the view of Munns
(1993) that salinity affects carbon assimilation per plant by
reducing leaf surface area rather than reducing the rale of photosynthesis. Rates of photosynthesis during grain filling alone canIlot explain the effect of Nael on the yie ld parameters.
The most like ly explanation for the improved performance of
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Table 2 The effect of constant and fluctuating salinity on
net flag leaf photosynthesis in wheat'

Experiment 1

Nnel (mol m - 1)

Net photosynthesis
(J.lmol CO2 m-:? s-'

0

23.5 a

25

24.7 a

50

24.2 a

0-50

23.9 a

L.S.D.

Experiment 2

L.S.D.

2.0
0

21.0 a

50

22.H b

100

22.2 ah

O· 100

2U b
2.0

Each figure is the mean of four readings taken daily for eight days: thus
II = 32 and the residual mean $q uare has 127 degrees o f freedom.
Withm each experiment, figures followed by the same letter are not
liignificanl ly different us ing Duncan's multiple-range test (P = 0.05).
L.S.D. = Lt!ust signficant differe nce (P = 0.05),

plants grown at tluctuating salinity is that the leaves of these
plants took longer to accumulate critical leaf Na concentrations.

Certain ly, Schacht man and Munns ( 1992) ha ve shown that sahtolerant accessions of TriticlIm species had lower rates of leaf Na
accumulation than salt-sensitive accessions. It is possible that
wheat may remove some leaf Na in the phloem during Ihe low
phase of the salinity fluctuation cycle (Hodson et al. 1985; Lessanl & Marschner 1978), but more work is needed to test this.
In co nclusion, the reaction of wheat to fluctuating substrate
salinity differs from that of plants exposed to constant average
salinity. The response of plants to flueruating sal init y stress
lieserves furt her investigati on, particularly as plants in the field
frequently experience fluctuming rather than constant substrate
salinity.
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