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ABSTRACT

Salt stressis one of the most severe environmental factorsthat reduces and limits
growth and development of plants. The aim of this experiment is to examine the
effect of NaCl on the germination, water content and seedling growth of Zea
mays L. Seeds of Zea mays were germinated in Petri-dishes which had been lined
with Whatman No 1 filter papers. The filter paper in each of the Petri-dishes
allocated to the control was moistened with ten milliliters of distilled water
while that of the Petri-dishes allocated to the other treatments were moistened
with ten millilitersof 10mm, 20mmand 30 mm concentrations of the NaCl solution.
The germination percentage, water absor ption of the seeds, water content of the
seedlings and the growth parameter s wer e deter mined according to conventional
methods. The germination and growth parameters of NaCl treated seedlings
were significantly inhibited at P < 0.05. The inhibition of the germination
percentage, germination rate, water content, growth and biomass accumulation
of the seedlings were observed to increase significantly with increasing NaCl
concentration.

Keywords: Zea mays, salt stress, inhibition, water content, germination, seedling
growth.

INTRODUCTION
Asasessileorganism, plantsoften experience abiotic stresslike salinity, drought, high or
low temperature, flooding, meta toxicity, ozone, UV-radiations, herbicides, etc., which
pose a serious threat to the crop production (Bhatnagar-Mathur, Vadez and Sharma,
2008; Ahmad and Prasad, 2012a, Ahmad and Prasad, 2012b). Zhu (2001) statesthat
nearly 20% of theworld'scultivated areaand nearly half of theworld'sirrigated landsare
affected by salinity. Accordingto Mahganand Tutga(2005), increased sdlinity of agriculturd
land isexpected to have destructive global effects. Baccio, Navari-1zzo and 1zzo (2004)
gtatethat theintroduction of salt tolerant plantsisoneof thewaysto utilizethewastesaline
water and lands. The salt tolerance of plants varieswith the type of salt and osmotic
potential of the medium (Kayani and Rahman, 1988). It isreported that plantsgrowing
under saline conditionsare affected in three ways: reduced water potential inroot zone
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causing water deficit, phytotoxicity of ionssuch asNa*and Cl-and nutrient imbalance
depressing uptake and transport of nutrients (Munns, 2002a). Maize (ZeamaysL..) isthe
third most important cereal intheworld after wheat and rice, and grows under awide
range of climatic conditions (Khodarahmpour, 2011). It is used as food for human
consumptionaswell asfood grainfor animals(Moussa, 2001). Itismoderately sensitive
to sdinity and considered asthe most salt-sensitive of the cereals(Ashraf and McNedlly,
1990). Among the stages of the plant life cycle, seed germination and seedling emergence
and establishment arekey processesinthesurvival and growth of plants (Hadas, 2004). It
iswell established that salt Stresshas negative corrdl ation with seed germination and vigor
(Rehman, Harris, Bourneand Wilkin, 2000).

According to Khan and Weber (2008), higher level of salt stressinhibitsthe
germination of seedswhilelower level of sdinity inducesastate of dormancy. Salinity has
many-fold effects on the germination process: it dterstheimbibitions of water by seeds
dueto lower osmotic potential of germination media (K han and Weber, 2008), causes
toxicity which changestheactivity of enzymesof nucleic acid metabolism (Gomes-Filho et
al., 2008), dtersprotein metabolism (Dantas, De SaRibeiro and Aragéo, 2007), disturbs
hormonal balance (Khan and Rizvi, 1994) and reducesthe utilization of seed reserves
(Othman, Al-Karaki, Al-Tawaha and Al-Horani, 2006). Seed germination, seedling
emergence, andtheir survivd areparticularly senstiveto substratesdinity (Badwin, Mckee,
and Mendelssohn, 1996). Grieveand Suarez (1997) observethat high levelsof soil sdlinity
can significantly inhibit seed germination and seedling growth dueto the combined effects
of high asmotic potential and specificiontoxicity.

Germination rate and thefinal seed germination according to Hadas (1977), dow
down with the decrease of the water movement into the seedsduring imbibitions. High
salinity may inhibit root and shoot € ongation dueto the lower water uptake by the plant
(Werner and Finkelstein, 1995). Demir and Arif (2003) state that the root growth was
moreadversaly affected ascompared to shoot growth by sdinity. Accordingto McKense
and Leshen (1994), theeffect of salinity on plant water reations, nutritional imbalanceand
iontoxicity areresponsiblefor theinhibition of growth and asaconsequencedecreasein
plant yield. Rehman, Harris, Bourneand Wilkin (1996) statethat intoleranceto salinity
may resultin physiologica and biochemical disorderswhich prevent or delay germination
or cause abnormal seedlings. Generdly thegrowth of plant isreduced by salinity but may
vary from speciesto speciesintheir tolerance (Munnsand Termaat, 1986). Therefore, the
objective of thisstudy isto examinethe effect of salt stresson the germination, water
content and seedling growth of ZeamaysL.

MATERIALSAND METHOD

The seedsof the test plant were sel ected randomly on thebasisof uniformity of size. The
el ected seedswere then soaked for five minutes separately in 5% sodium hypochloriteto
prevent fungal infection and they wererinsed for about five minutesin running tap water.
Ten of the seedswere placed in each of the clean oven dried Petri-dish which had been
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lined withaWhatman No 1filter paper. Thefilter paper in each of the Petri-dishesalocated
to the control was moistened with ten millilitres of distilled water whilethat of the Petri-
dishesdlocated tothe other treetmentswere moi stened with ten millilitresof thegppropriate
concentrationsof the salt solution. The Petri-disheswereincubated at room temperature
for two weeks. Emergence of onemillimeter of theradiclewasused asthecriterionfor
germination. Water uptakewasrecorded for 12 hours. Water uptake percent was ca cul ated
by theformulaaccording to Mujegb-ur-Rahman, Umed, M ohammad and Shereen (2008).

_W2_VV1

WU x 100

1

Where: W, =Initial weight of seed
W, =Weight of seed after absorbing water inaparticular time.

Germination percentage (GP) was cd culated according to the International Seed Testing
Association (ISTA) method:

_ number of normally ger min ated seeds
total number of seeds planted

Germination rate (GR) was determined by thefollowing equation (Sarmadnia, 1996):

X, = X - X -
GR:ﬁ+ 2 1+...X“ X, —1
Y, Y, Y,

n

Where X_isthe number of germinated seeds at the nth day and
Y . isthenumber of daysfrom sowing until thenth sowingtime.

GP x 100

Thetissuewater content (TWC) was cal culated according to theformulaof Black and
Pritchard (2002)

Freshweight — dry weight o
Freshweight

Theplumulelength, radiclelength, radiclefresh weight and plumulefresh weight of each

plant weredetermined according to conventional methods. Thedataobtai ned wereanadysed

by Analysisof Variance (ANOVA) to determinesignificant (P< 0.05) effects. Thesgnificant
differencesbetween meanswere determined using Duncan’'sMultiple Range Test DMRT.

TWC = 100

RESULTSAND DISCUSSION

The percentage germination of the control was 80% whilethat of the 10mm, 20mm and
30mm NaCl regimeswere 54%, 36% and 20% respectively. The percentage germination
increased asthe salt concentration decreased. ANOVA showed that the reduction of the
germination of the seedsby thedifferent salt solutionswas significant at P< 0.05. There
was significant difference among the germination of the seedsin the 10mm, 20mm and
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30mm NaCl regimes. Decrease and delay in germination in salinemedium havea so been
reported by Rahman, Kayani and Gul (2000) and Mirzaand Mahmood (1986). According
to Mujeeb-ur-Rahman, Umed, M ohammad and Shereen (2008), sdinity affectsgermination
intwoways. theremay be enough salt in the medium decrease the osmotic potential to
such apoint which retard or prevent the uptake of water necessary for mobilization of
nutrient required for germination; the salt constituentsor ionsmay betoxic to theembryo.
Cramer, Alberico and Schmidt (1994) suggest that ion ratiosareimportant in determining
relativetoxicitiesof variousionsand can provideinsght into ion antagonisms. According
toWilson, Lesch and Grieve (2000), theincreasein sdinity shortensthisratio and probably
caused injury to embryo. The control had the highest germination rate of 2.50 thiswas
followed by that of the 10mm NaCl regimewhich was 1.45. Water uptake by the seeds
decreased with increasein salinity of the medium. According to Khan and Weber (2008),
dinity dterstheimbibitionsof water by seedsduetolower osmoatic potentia of germination
media. The reduction in water absorption into the seeds could be responsiblefor the
decreasein the germination and germination rate of Zea maysobservedin thisstudy.

Theradicleand plumulelength were reduced by the application of the salt solution.
Thiswas consistent with the finding of Munns and Termaat (1986) who state that the
growth of aplantisgeneraly reduced by salinity. Theresult showed that the salt solutions
reduced thewater content of thetest crop. Water content of the seedlings decreased with
increasing salt concentration. Osmotic effectsof salt on plantsaretheresult of lowering of
the soil water potential due to increase in solute concentration in the root zone. The
accumulation biomassin the control test crop was significantly higher than that of the
seedlingsinthe NaCl regimes. Thiswas cons stent with thefinding of Gururgja-Raoet al.
(2005) who state that salinity decreased biomass production.

Table 1: Effect of NaCl on the Germination and Growth of Zeamays

Treatments % Germination Germination rate  Radiclelength (cm) Plumule length (cm)
Control 80 + 1.58* 250+ 0.16° 10.50 + 0.322 895+ 0.632
10mm 54 + 2.65° 1.42 + 0.09° 5.80 + 0.34° 6.60 + 0.31°
20mm 36 £ 0.63° 1.31 + 0.06° 350+ 0.32 4.00 + 0.32¢
30mm 20 + 0.63¢ 058+0.12°¢ 2.10 + 0.09¢ 3.60+0.32°

Values within columns followed by same letter are not significantly different at 5%
level of probability as determined by Duncan’s multiple rangetest + SE
Source: Experimentation, 2012

Table 2: Effect of NaCl on the water absorption and water content of Zea mays

Treatments Water absorption % Tissuewater content %
Control 30.33+ 1.58% 70.00 £ 0.63*
10mm 20.49 + 0.63° 62.64 + 1.15°
20mm 22.36 + 1.26° 45,15 + 1.58°
30mm 18.76 + 0.94b 34.69 + 1.26¢

Values within columns followed by same letter are not significantly different at 5%
level of probability as determined by Duncan’s multiplerangetest + SE
Source: Experimentation, 2012
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Table 3: Biomass accumulation in Zea mays as affected by the different concentrations of NaCl

Treatment Radicle fresh weight (g)
Control 117+0.31°
10mm 1.00+0.06°
20mm 0.32+£0.02°
0mm 0.10+£0.11°

Plumule fresh weight (g)

Radicle dry weight (g)

253+031a 0.10+0.022
2.25+0.33 0.06+0.01°
1.81+0.07 0.03+0.01°
124+0.11° 0.01+0.01°

Plumule dry weight (g)

0.28+0.012
0.21+0.01°
0.17+0.01°
0.11+0.02¢

Values within columns followed by same letter are not significantly different at 5%
level of probability as determined by Duncan’s multiple rangetest + SE.
Source: Experimentation, 2012

Table4: Analysisof varianceresultsto show the effect of NaCl on germination, water
absorption and water content of Zea mays

Parameter

Germination Percentage
Within Groups
Total

Germinationrate
Within Groups
Total

Water absorption
Within Groups
Total

Water content Between Groups

Within Groups
Total

Sourceof Variation of
Between Groups 3
16
19
Between Groups 3
16
19
Between Groups 3

BHEYBS5

Source: Experimentation, 2012

F
254943

65.684

19362

174429

Sig.
000

Table 5: Analysis of variance results to show the effect of NaCl on the growth of Zea mays

Parameter

Plumulelength
Within Groups
Total

Radiclelength
Within Groups
Total

Plumule Fresh Weight
Within Groups
Total

Radicle Fresh Weight
Within Groups
Total

Plumule Dry Weight
Within Groups
Total

Radicle Dry Weight
Within Groups
Total

Sourceof variation  df
Between Groups 3
16

19

Between Groups 3
16

19

Between Groups 3
16

19

Between Groups 3
16

19

Between Groups 3
16

19

Between Groups 3
16

19

Source: Experimentation, 2012

F Sig.
35508 000
164.232 000
4059 025
35450 000
56.622 000
20734 000
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CONCLUSION

Resultsof thisexperiment showed that different levelsof NaCl have significant effect on
seed germination and early seedling growth of Zea mays. Considering theretardatory
effectsof NaCl onthegermination and growth of Zeamays, important festureslikeincreased
germination capacity haveto be explored in programsto select and/or devel op tolerant
cultivarsthat are ableto remain productive at saline soilsto make possiblethe utilization of
wastesdinewater. Futureresearch should bedirected towardse ucidating thephysiologicd,
biochemical and molecular basisinvolved inregulating growth and carbon reallocation
during sdinity stress.
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