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INTRoDUCTION 

THE germination of photosensitive seeds is promoted by red and in- 
hibited by far-red light (Evenari, 1965). Nakata and Lockhart (1966) 
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tion were 
reporled that stem elongation. cell division and cell clongati. 
promoted by far-red light. There was virtually no difference eithe in the rate of leaf initiation or duration of growth of internodes r far-red. An explanation for the promotive etfects of high energy le vels of far-red has been advanced by Mohr (1962). 

The role of ascorbic acid in growth and metabolism has' hee studied by a number of workers (Reid, 1937, 1938, 1941 a, b, c, 1942. Aberg. 1958; Mapson, 1958; Arnon, 1961; Chinoy, 1962, 1967: Chinoy et al., 1967). This paper deals with ascorbic acid metabolism of germinating wheat under vary1ng conditions of light when treated with exogenous ascorbic acid and sucrose. 

MATERIAL AND METHODS 

Seeds of wheat (Triticum aestivum L. var. N.P. 748) were in- cubated in sterilized Petri dishes, lined with Whatman No. 1 filter papers moistened with distilled water, ascorbic acid (25 ppm) and sucrose (1%) separately and were exposed in eack case to normal day (ND), continuous darkness (D), red and far-red light. 
Red light (R) was obtained through a fluorescent light source with an interposed filter of 2 sheets of red cellophane (6 f.c.) and far-red (FR) with 2 layers each of red and blue cellophane papers (2 f.c.) as suggested by Hillman (1962). 
The substrates were changed twice a day. Samples were taken at different stages of germination (Fig. 1) separately for enmbryo axis and 

WHEAT 

9 
I I 

GERMINATION STAGES 
FIG. 1. The germination stages of wheat. II stage : Plumule just emerging. lII. coleoptile still colourless. IV stage: Coleoptile becoming green and lesS Than 

4 cm. 

stage: Coleorhiza just emegeine 
Stage: Two lateral roots emerging and 

V Stage: First leaf just emerged and about 1 cm long 



PHYSIOLOGY OF SEED GERMINATION-I 43 end8sperm and estimaticns in triplicate were carried out for ascorbic acid (AA), ascorbigen (ASG) and total ascorbic acid (TAA). These were expressed as mg/g fr. wt. as well as per cent ascorbic acid utili- zation (AAU) as described previously (Chinoy, 1962; Chinoy et al.. 1967). The data were analysed statistically using Fisher's method of 
Chinoy et al.. 

analysis of variance (1954 

OBSERVATIONS 
1. Free ascorbic acid (AA), ascorbigen (ASG) and total ascorbic acid (TAA) = (AA + ASG) contents as well as per cent ascorbic acid utilization (AAU) in seedlings are presented in Figs. 2 and 3. 

WHE A N.P 718 NORMAL LIGHT KNESS 7 REO LIGHT 
EMBAY0 LIGHT 

ADISTLLEDA 
B ASCOR BICACID (25 mg/W) 
C SUCROSE (4) 

C 

STAGES I 

FIG. 2. Effect of different light treatments, substrates and growth stages on 
ascorbic acid, ascorbigen and total ascorbic acid contents in embryo axis. 

At stage I, AA content in sucrose as well as AA substrates is higher 
under R, FR and ND than in dark. Put in water AA content is higher 
in dark and red light than in ND and FR light. The content decreases 
gradually with the advancement of growth and no effect of light treat- 

ments is descernible from stage III onwards. 

is the highest in dark in all the 3 substrates. 
At stage IIl the content 

Statistical analysis for AA content shows the effect of growth 
stages and substrate to be highly significant, while the same for the 

There is a significant decreaselight treatment is not significant. 
in AA content with ad vance of germination. Mean AA content in 

seedlings grown in sucrose is significantly higher than the same for dis- 

illed water. Also mean AA content in seedlings grown in 
AA as substrate is higher than in case of distilled water but the differ 

ence is not significant, More or less similar trend is obtained in the 
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accom 
case of ASG, cxcept that a highcr ASG content is generally a 
panied by a lower AA content and viee yarsa, The cffect of 

ligh treatment and substrate on AA content 1S not significant, whil"E the 
effect of growth stages is highly Signilicant on thc content. A signi 
ficant fall in the mean ASG contcnt is oblaincd from stagc I onwo vards 

TAA content also exhibits a trend similar to that of AA. 

WHEAT 
N.R 718 - EMBRYO 

8UC ROSt 
MORMAL LIGT 
ADA RK 

EO LIGMT 

TAR-RED LIGMT 

ASCORDIC ACID 

DISTILLED WATER 

HOURS 

STAGES 

o 

Fic. 3. Effect of different light treatments, substrates and growth stages on 
ascorbic acid utilization in embryo axis. 

Results of AAU are presented in Fig. 3. There is no difference
in AAU due either to light treatments or substrates at stage I. AAU 
increases in red light at stage III in all the substrates. Maximum 
AAU in red light is recorded affer incubation for 3 hrs. in case of 
distilled water and sucrose substrates, followed by far-red 
dark sets respectively. This value for all the light treatments is nearly the same in AA substrate. From this stage onwards, the activity is 
maintained at that level until stage V. 

ND and 

While the effect of light treatment is significant at 5% level. 
that of growth stages and incubation period is highly significant. The 
values are significantly higher in red, ND and far-red lights compareu 
dark The highest significant difference is under red light set. 
Alongwith advance of growth, mean AAU also increases significantUy 
throughout the duration of experiment as can be seen from the nean. 
es and their significant differences for growth stage. Mean AAU 

exhibits a significant multifold increase with the lengthening of the 
incubation period. 
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2. Data of free AA, ASG, total AA contents as well as per cent AAU in endosperm are presented in Figs. 4 and 5. 

NOAMAL LIGHT 
DARKNESS WHEAT N.R 7l8 RED LIGHT 
CU FAR AED L 1GHT 

A O1STILLED WATER 
ASCORBIC ACIO (25 m/) 
c sUCROSe (%) 

ENDOSPERM 

A 
A B C STAGES I 

FIG. 4. Effect of different light treatments, substrates and growth stages on ascorbic acid, ascorbigen and total ascorbic acid contents in endosperm, 
WHEAT N.P 718 ENDOSPERM 

SUCROSE 
- NORMAL LIGHT 
-DARK 

-RED LIGHT 
-FAR RED LIGHT 

ASCORBIC ACID 

DISTILLED WATER 

HOURS 
STAGES 

FIG. 5. Effect of different light treatments, substrates and growth stages on 
ascorbic acid utilization in endosperm. 

There is no significant diflerence in AA content of endosperm 
under different light treatments or substrates throughout the experi 
mental period except at stage III where ND (cspecially with AA and 

. 
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crose 
substrates) favours a higher biosynthesis of AA as cn 

to other light 
treatments. 

af all growth stages. 

sfage Il| in endosperm are consistent Wilh the correspondina 

ared Total AA remains almost at a similar level and TAA However, values of AA, ASG 
upto 

AA 
and its mobilization from the Cndosperm lo the seedlings 

findings are corroborated by the comparatively lower 

sperm than in the seedling (Fig. 5). At stages I and 

values in the secdlings, indicating a coptinuous bios ynthesi 

These 

gher 

AAU in the. ndo 
d II, AAU 

light not diffcer from diflerent reaction periods and substrates, Red . 
incubation perio 

tends to lower the activity with the prolongation off. 

in sucrose and AA substrates during stage 1. A similar trend i 

served in all the three substrates upto the second hour of incubati 

followed by an upsurge in the AAU activity at stage Il. From stage [i 
Ing 

ob- 

onwards the activity increases markedly in all cases and the enhaneind 

effect of FR especially in sucrose and both R and FR lights in all the 
three substrates for stage II is significant. The differehces in the 
values under different light treatments for stage TV under all the suh. 
strates are also significant. Interaction of sucrose substrate with R 
and FR lights brings about a significant upsurge in AAU after three 
hours of incubation. No marked diference in AAU is noticeable at 
stage V except that under R and FR, AAU is maintained at a 
slightly higher level. 

Statistical analysis shows that the effect due to light treatments 
and substrates is significant at 1% level. The effects of growth stages 
and incubation 
treatments, the positive difference in the mean values between FR 
light and darkness is_significant. From stage I onwards, AAU in- 
creases significantly. 
under the influence of AA and sucrose. An increase in the incubation 
period also significantly enhances AAU. 

period are also highly significant. Amongst light 

There is a significant enchancement in the AAU 

DISCUSSION 

Germination process begins with the imbibition of water by the 
seed. AA as well as ASG contents are maintained at a more or less 
similar level in the endosperm suggesting that a certain minimum level of AA is necessary in the endosperm for helping in the mobilization and transport of carbohydrates to the embryo. It is probable that this AA is being synthesized locally in the endosperm. progressive decrease in the AA as well as ASG contents in the embryo axis with a concomitant increase in AAU. This denotes that AA synthesized continuously in the embryo axis from carbohydrates, trais located tc it and is teing actively metabclized which supports carn findings of Chinoy et al. (1958, 1961). A part of AA is stored in bound from (ASG) and the of the embryo axis. 

There is a 

rest utilized in the IS growth 

The anabolic processes associated with synthesis and grow d 
localized in the embryo axis while the catabolic processes COn 



PH YSIOLOG Y OF SEED GERMINATION-I 47 

with nutrition are localized in the endosperm. This is further corro- borated witk 

there is & progressive decrease in catalase activity of the embryo axis 

which indicates that oxidative reactions decrease in the embryo axis 
luring the early period of germination whereas a progressive increase 
in endospermic catalase activity indicates an increase in its oxidative 
reactionns. 

the earlier findings (Res. Prog. Rep. No. VI) that 

None of the four light treatments had any effect on AA and ASG 
contents. Likewise a comparatively lower catalase activity 
Prog. Rep. No. VI) under R and 
oxidative activity proceeds at a lowe rate under these light treatments 
compared to ND and dark. 
suggests that more of the AA is being metabolised to maintain the 
redox balance and as a result the activities of the enzymes containing -SH 
roups is maintained at a higher level (loc. cit.). 

(Res 
FR light treatments suggests that 

Higher AAU under R and FR lights 

The present investigation shows that the germination percentage 
This of wheat is not affected materially by diferent light treatments. 

is not in conformity with the repcrts of Evenari (1965) and Mancinelli 

photoblastic seeds. From this it is con- and Tolkowsky (1967) for 
cluded that the classical photomorphogenic pigment (phytochrome) 
is not operative in wheat like majority of cases of seeds (Giese, 1964). 

The present investigations confirm the enhanced biosynthesis of 

ascorbic acid under the influence of exogenous application of AA and 

sucrose. This suggests an 

(Chinoy, 1962, 1967; Patel, 1967; Chinoy et al., 1967). 
inductive effects of AA shown earlier 

SUMMARY 

Changes in the ascorbic acid metabolism 

of germination of wheat seed have been studied under red, far-red and 

normal lights as well as under darkness. Ascorbic acid and sucrose 

were supplied exogenously and their effects compared with distilled 

water as control. t is observed that the reversible R-FR system is 

not operative in wheat because per cent germination and seedling 

growth as well as the metabolic changes studied show no reversible, 

inhibitory or stimulatory effect. 

strates effect favourably the various metabolic changes studied. Ascorbic 

acid associated with R and FR light accelerates the seedling growth 

as well as the metabolic processes investigated. 

during vaiicus stages 

Ascorbic acid and sucrose as sub 

We thank Profesor J. J. Chinoy, Principal Investigator, for his 

constant guidance, constructive criticism and valuable counsel through-

out the investigation. The financial assistance by U.S.D.A. under 

P.L. 480 Research Project No. FG. In-182 (A 7-CR-87) entitled

Physiology of seed germination in relation to the early production 

of ascorbic acid and ascorbic acid oxidase in wheat (Triticum) and 

peanut (Arachis) 1s gratefully acknowledged. 



ABRAHAM ET AL. 
48 

REFERENCES 

and transfor 
Ruhland (Ed.) 

1958. Ascorbic acid (formation, storage, mobilization ABERG, B. 
mation of carbohydrates). In Encvclopacdia Plant Physiology. W 

Springe-Verlag, Berln 6: 479-499. 

ARNON, D. I. 1961. Photosynthetic phosphorylation and the encrg 
process in photosynthesis. In Biological Structure and Function, T CTSion 
win, and O. Lindberg. 

co 
(Eds.), Vol. II: Academic Press, London. 339-4Y 

CuINOY, J. J. 1962. Fornmation and u'ilization and ascorbic acid in shoot . 
of wheat as factors of growth and development. Indian J. Pi. Physiol. 5: 172 201. 

1967, Role of ascorbic acid in crop production, Poona Agric. Coll 57: 1-6. Mag. 
R. GROVER, AND K. K. NaNDA. 1958. Sucrose as precursor for the regu- jatory substances in Avena coleoptile. In Proc. Seminar on Modern Develon. ments in Plant Physiology. University of Delhi. Aug. 26-30, 1057: 12-14. 

1961. Role of sucrose in growth reaction of Avena coleoptile sections. Flora 150: 1-10. 

R. B. PANDYA, 0. P. SAXENA, I. C. DavE, AND P. G. ABRAHAM. 1967. Pattern of ascorbic acid metabolism during vernalization of wheat. J. Indian 
bot. Soc. 46: 344-350. 

EVENARI, M. 1965. Light and seed dormancy. In Encyclopaedia Plant Physiology. 
W. Ruhland, (Ed). Springer-Verlag Berlin, 15: 804-847. 

FISCHER, R. A. 1954. Statistical Methods for Research Workers. 12th Ed., Oliver 
and Boyd, London. 

GIESE, A. C. 1964. Photophysiology, General Principles, Action of Light on Plants. 
Academic Press, New York. 1 A: 15-16. 

HILLMAN, W. S. 1962. The Physiology of Flowering. Holt, Reinhart and Winston,New York. 

MANCINELLI, A. L., AND A. ToLKoWSKY. 1967. Changes in the level of phyto- 
chrome during the germination of cucumber seeds. 
8-9. 

Pl. Physiol. (Suppl) 42: 

MAPSON, L. W._ 1958. Metabolism of ascorbic acid in plants. Part I. Function. 
Ann. Rev. Pl. Physiol. 9: 119-150.

MOHR, H. 1962. Primary effects of light on growth. Ibid. 13: 465-488. 

NAKATA, S., AND J. A. LocKHART. 1966. Effects of red and far-red radiation on cell division and elongation in the stem of pinto been seedlings. Am. J. Bor. 
53: 12-20. 

PATEL, H. D. 1967. Inductive Effects of Seed Hormonization as well as Varnalization upon Ascorbic Acid Metabolism, Growth and Developmnent of Some Crop Planis. 
Ph.D. Thesis, Gujarat Univ. 

REID, M. E. 1937. Localization of ascorbic acid in the cowpea plant at different 
periods of development. Am. J. Bot. 24: 445-447. 

1938. 
cowpea plants. 

The effect of light on the accumulation of ascorbie acid in young 
Ibid. 25: 701-711. 

Relation of vitamin C to cell size in the growing reg'on of the 
tbid. 28: 410-415. 

1941 a. 
primary root of cowpea scedlings. 

1941 b. Metabolism of ascorbic acid in cowpea plants. Bull. 7orre bot. Club 68: 359-371. 



PHYSIOLOGY OF SEEDD GERMINATION- 49 

RD. M.E. 194l c. Relation of temperature to the ascorbic acid content of cowpea. 

plants. Ibid. 68: 519-530. 

1943. Interrelations of calcium and ascorbic acid to cell surfaces and 

intercellular substances and to physiological action. Physiol. Rev. 23: 76-99 

Research Progress Report No. VI (April 1966-March 1967) P.L. 480 Research 

Project No. FG-In-182 (A7-CR-87): 
*" Physiology of seed germination in rela-

tion to the early production' of ascorbic acid and ascorbic acid oxidase in wheat 

(Triticum) and peanut (Arachis)." 
' Uni. School of Sciences, Gujarat University, 

Ahmedabad-9. 



{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

