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Effect of Silicon on ûhe improvement of wheat germination in salt and drought conditions
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Summary. The effeot of Silicon on germination in salt and drought conditions of durum wheat

(was studied) in a completely randomised block experimental design with four replications

for each stress level applied. Six NaCl concentrations (O,25,50, 100, 150 and 200mM) and

four concentrations of Poly Ethylene Glycol 6000 (PEG) (0, 20, 40 and 60 g/l) were used to

simulate salt and drought stress conditions with or without Silicon source in Ortho-Silicic Acid

form Si(OH4). The result obtained 10 days after seedingat25"C, revealed a depressive effect

of drought and salt on germination. Under salt and drought conditions, the presence of Silicon

at lmM concentrati n improved the germination responses. The differences due to Silicon

presence were greatgr when drought stress was important. The presence o1'ortho - silicic acid

àlso improved the germination rates in both stress conditions, This paper discusses the Silicon

roles and the mechanisms involved in the seed germination in relation to salt and drought

conditions. The effect of Silicon sources use on the improvement of germination and on the

crop establishment in saline areas (where only saline water is available)'
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Effet du Silicium sur I'amélioration de la germination du blé dans des conditions de

défïcit hydrique et de salinité

Résumé. L'effet du Silicium sur la germination du blé a été étudié en condition de déficit

hydrique et de salini té. Le dispositif expérimental utilisé est un bloc aléatoire complet avec 4

ràpétiiions (pour chaque stress appliqué) en présence et (ou) en absence de Silicium sous sa

forme active qui est I'Acide Ortho-silicique (Si (OH)4) à une concentration de lmM. Six

concentrations de Chlorure de Sodium NaCl ont été appliquées pour les conditions de stress

salin à savoir: 0,25,50, 100, 150 et 200mM. Le stress hydrique a été simulé par I'application

du poly Ethylène Glycol (6000) à 4 concentrations qui sont 0,20,40 et 609/1. Les résultats

obtenui, 10 jours upiè, g"r-ination à 25"C, ont montré un effet dépressif du stress sur la

germination aussi bien en condition saline que de déficit hydrique. En présence du Silicium,

ies caractéristiques germinatives du blé se sont significativement améliorées particulièrement

en concentrations élevées. La présente communication, en plus des résultats sur la germination

mène une discussion sur les différents rôles du Silicium en conditions de stress, et I'intérêt des

sources ou amendements silicatés dans I'installation des cultures au niveau des régions

affectées par la salinité.

Mots clés : Blé, Salinité, Déficit hydrique, silicium, Germination

Introduction

Germination is an important stage for crop establishment. ln arid and semi arid area, this

germination is widely affected by abiotic stresses mainly drought ant salinity. In these

situations, Silicon qan contribute to the alleviation of the stress effect. Silicon is one of the most

abundant elements in the crust of the eanh but it is mostly inert and only a slight soluble

mineral element. ln nature, Silicon is always coupled to an oxygen molecule and thereby forms
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SiO2. It is considerpd as a functional nutrient (Mengel and Kirkby,1982). ln the biosphere

Silicon exists mostly in three forms: amorphous (Si); silica gel and ortho silicic acid (OSA: Si

(OH4)). The OSA is a neutral, small molecule with low solubility (0.05 - 5 mg Si/L); its

stability depends on pH, concentration and temperature.

H4 SiO4
pH<6

H3 SiO4 -1 + H+
pH > 9.5
Silicate anionOrtho Silicic Acid (OSA)

OSA is also the moqt available form of (Si) to plants; it is the active form of (Si), (Iler, 1979;

Lefaucheur, 1988).

The application of $i to salt affected soils has a high impact on plant productivity because Si

optimises the use o{ the other nutrient, The optimisation of Si plant nutrition increases plant

tolerance to salt to4icity. Bouzoubaâ demonstrated the effect of the presence of Silicon on

water uptake and copservation in Wheat.

This study aims to ghow the effect of (Si) application in its active form Si (OH)4 on wheat

germination under sâline and drought conditions.

Material and methbds

. Plant material: bread wheat seeds cv Achtar;

. Treatments: twô applied stresses with or without Silicon (1mM concentration of Onho-

Silicic-Acid (OSA);
. Drought conditions were simulated by four concentrations of PEG (6000) (the poly

ethylene glycol), 0', 20 40 and 609/l;
. Salt conditions were simulated by six levels of NaCl: 0:25;50; 100; 150 and 200mM.
. All the experir4rents were conducted in Petri dishes with filter paper moistened by the

applied solutiori;
. Experimental dBsign is a completely randomized block design with four replications.

Results and discussion

Generally, all aspec(s of germination and seedling of wheat cv Achtar were affected by drought

and saline treatments. Figure I (A, B, C and D) and Figure 2 (A,8, C and D) show significant

depressive effect of drought and salt on wheat germination for all measured parameters.

Germination percerltage, root fresh weight, root dry weight and root length were significantly

reduced by both drQught and salt application as compared to the check or no stressed regimes.

It is obvious that the highest reduction in growth parameters was associated with the highest

concentration of PEG or NaCl applied (photol). Concerning salt effect, Levitt (1980) reported

that salt stress influBnced plant germination and growth in two ways: firstly, there is an effect

of plant water deficit due to the reduction in soil water potential, and secondly, the presence of
salt can affect the rfiptake of other essential nutrients and also the sodiurn and chloride ions

themselves may be phytotoxic. Wheat seedling seemed to be more tolerant to 20gll of PEG

(Fig. 1A. B, C and p), and 50mM of NaCl (Figz.A, B, C, D and photol: root length reduction

of seedling wheat i4r salt conditions).
As shown in figurejl and figure 2, both under salt and drought conditions, seeds subjected to
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Figure l. Effect of Silicon on the alleviation of drought stress in wheat germination
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Figure G. Effect of Sillcon on Seedling root dry weight
10 days afrer seeding in salt conditions
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Figure D. Effect of Silicon on seeding root lenght in salt
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Figure 2. Effect of Silicon on the alleviation of salt stress in wheat germination
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Photo I : Lensth root reduction of seedling vvheat in salt conditions

Photo 3 : Electronically microprobe analyses of Silicon accumulation in the endodermis of wheat, (at 6 days of age).

A: in the control; B: in lhe Silicon treated sample.

Photo 2 : Alleviation of salt effect on wheat seedling root length in presence of Si (OH4).
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Photo 4 : lncalization of Silica gel accumulation by electronic microprobe with dispersed energy at the

endodermis cell of wheat seedling root, (at 6 days of age)'

Photo 5 : Localization of Silica gel accumulation by electronic microprobe with dispersed energy at the

epidermis cell of wheat seedling root, (at 6 days of age).

297 
-



Deuxième paftie: Communicâtions en sessions parallèles

Photo 6. Localization of Silicon on the inner tangential wall of cell endodermis in wheat, (at 6 days of age)

by electronic microscope in a control A; and a treated sample B'
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Photo 7. The beneficial effect of Silicon on root system protection against pathogens.


