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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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eported that stem elongation, cell division and cel clongatio

Irgrgmoted by far-red Iight. There was virtually no difference eit]ff
in the rate of leaf initiation or duratlon_of growth of interno,dcs Und"r
far-red. An explanation for the promotive effects of high encrgy lc\/c?r
of far-red has been advanced by Mohr (1962). S

The role of ascorbic acid in growth and metabolism hyg" been
studied by a number of workers (Reid, 1937, 1938, 194] a, b, ¢, 194>.
Aberg, 1958; Mapson, 1958; Arnon, 1961;  Chinoy, 1962, 19657
Chinoy et al., 1967). This paper deals with ascorbic acid metaboljsm
of germinating wheat under varying conditions of light when treated
with exogenous ascorbic acid and sucrose.

MATERIAL AND METHODS

Seeds of wheat (Triticum aestivum L. var. NP, 748) were  ip.
cubated in sterilized Petri dishes, lined with Whatman No. 1 filter-
papers moistened with distilled water, ascorbic acid (25 ppm) and
sucrose (175) separately and were exposed in eact case to norma] 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 embryo axis and

WHEAT

)

GERMINATION STAGES

Fic. 1. The germination stages of wheat. [ stage: Coleorhiza just emegeLne.
II stage: Plumule just emerging. /1. Stage: Two lateral roots emerging and
coleoptile still colourless, stage:  Coleoptile becoming green and less than
4cm. V stage: First leaf just emerged and about 1cm long, ’
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endasperfn and estimationg ; inli

. _ S In triplicate were caryi .
3;/211 g/;nAr%ssi;co;Slaligen (ASG) and total ascorbic fcc}dm(l'trAf(X o
zation (AAU) as dzgggib:& \glt,é\?.s w]e'll s per cent ascorbijc ez)éidTlflt?]Si?
1967). The data were analysed 'S‘l’_us y (Chinoy, 1962 Chinoy ¢t af,

43

.analysis of variance (1954x atistically using Fisher’s method of
L ]
OBSERVATIONS

1. Free®ascorbic acid (AA :
acid (TAA):(AA+ASG() )9 aSCOfblgen

(ASG) and total ascorbic
acid utilization (AAU) in see

contents as well as per cent '
_ ascorbi
dlings are presented in Figs. 2 and 3. ’
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Fic. 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 hiéher
in dark and red light than in ND and FR light. The content decreascs
gradually with the advancement of growth and no effect of light treat-
ments is descernible from stage II[ onwards. At stage III the content
is the highest in dark in all the 3 substrates.

Statistical analysis for AA content shows the effect of growth
stages and substrate to be h‘ighly signiﬁczm_t. whilg‘ lhg same for the
light treatment is not significant. There is a significant decrease
in AA content with advance of germination. Mecan AA content in
seedlings grown in sucrose is significantly hlghcr thun.lhe same for dis-
‘illed water. Also mean AA content in seedlings grown n
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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case of ASG, except that a higher /\S('i content IS generally accom.
panied by a lower AA content and vice varsa. The effect of ligh:
treatment and substrate on AA content is not significant, whjje ™
effect of growth stages is highly .sl}_!l.ll'lcillll. on l]l,c content, A signi.
ficant fall in the mean ASG content is nh!umcd from stage | Onwar:

TAA content alse exhibits a trend similar to that of AA &
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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 after incubation for 3 hrs.in case of
distilled water and sucrose substrates, followed by far-red. ND and
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.

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 compared
to dark. The highest significant difference is under red light set.
Alongwith advance of growth, mean AAU also increases significantly
throughout the duration of experiment as can be seen from the rgean
values and their significant differences for growth stage. Mean AAU
?Xhlblts' 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
. , ; ¢ S as as pe t
AAU in endosperm are presented in Figs. 4 ands. pereen
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FiG. 4. Effect of different light treatments, substrat

) . , es and growth stages on
ascorbic acid, ascorbigen and total ascorbic acid conten

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

[ J
e There is no significant difference in AA content of endosperm
under different light (reatments or substrates throughout the experi-

mental period except at stage LI where ND (especially with - AA and
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) favours a higher biosynthesis of AA as oy _
sucmse'Sll'l?lit“‘111"(?;311:‘011\1::.”sTol:l'}:AA rcnmjns almos} at a sim”allplacrvgg
o Othel- ”f'th stages. However, values ‘." AA.ASG and TAA upt
at a”[ﬁ(‘l_‘n eﬁd(f\l’ﬂm are consistent WII!l the corresponding hi{zhc()
s in the scedlings. indicating a coptinuous biosynthesis of A/\r
,‘fﬂiue;ql 'mobilim[ionLfl'nm the cnd()spcml to the sccdh'ngs. Thc'\c
;‘::lding;‘ are corroborated by the compuanvicily l(‘)v_\icr' Ad/\H in the end.
sperm than in the scedling (Fig. 2 oL ag((i:b‘ bd‘lt) . AAU dogs
not differ from different reaction periods an ‘su fs rates, .Rcd light
tends to lower the activity with th_e prolongation of incubation Periog
in sucrose and AA substrates during stage I. A similar trend s o,
served in all the three substrates upto the second hour of incubatjop,
followed by an upsurge in the AAU activity at stage II.  From stage [y
onwards the activity increases markedly in all cases and the enhangin

d both R and FR lights in all the

effect of FR especially in sucrose and 0 .
three substrates for stage IIT is significant. The differehces in the
values under different light treatments for stage IV under all the syp.

strates are also significant. Interaction of sucrose substrate with R

and FR lights brings about a significant upsurge in AAU after three
No marked difference in AAU is noticeable at

hours of incubation. . .
stage V except that under R and FR, AAU 1s 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 period are also highly significant. Amongst light
treatments, the positive difference in the mean values between FR
light and darkness is significant. From stage I onwards, AAU in-
creases significantly. There is a significant enchancement in the AAU
under the influence of AA and sucrose. An increase in the incubation

period also significantly enhances AAU.
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DiscussioN

Germination. process begins with the imbibition of

s;:ed. AA as well as ASG contents are maintained at a“l;?;ilc; Ig 12?
(s)}mXeX level in the endosperm. suggesting that a certain minimum level
e al; neCfssafry in the endosperm for helping in the mobilization
o o s]_po% 0 carbohy_drates to the embryo. Tt is probable that
progressives dpemg synthesized locally in the endosperm. There is 4
Erie e ccrease in the AA as well as ASG contents in the embryo
ynthosim. Cg(l)jrli_comntant_mcrease in AAU. This denotes that AA is
located 1o i anéml}:)ul_sly in the embryo axis from carbohydrates, trans-
findings of Chinoy (’/e”/]g aflnvely metabclized which supports earlier

~ tal. (1958, 1961). A part of AA is stored in

bound from (AS .
of the embryo axisc,;) and the rest is utilized in  the growth

The anaboli
olic - e :
processes associated with synthesis and growth are

.

localized i
In the ¢ . .
mbryo axis while the catabolic processes concerned
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with nutrition are localized in the endosperm. This is further corro-
bdrated with lh»e_ carlier findings (Res. Prog. Rep. No. VI) that
there 1S a.p'rogrcssllx'c dgcrez}se in catalase activity of the embryo axis
which '%dlc‘ucls that “oxidative reactions decreasé in the embryo axis
'ﬂumrfiotspeerfgirgy Pfr;od of ge;mination whereas a progressive increase
in. €n > catalase activity indicates an increase in i G eas
rgactions. ase 1n its oxidative
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None of the four light treatments had any effect on AA and ASG
contents. Likewise a comparatively lower catalase activity (Res.
Prog. .Rep. ]_Vq. VI) under R and FR light treatments suggests that
oxidative activity proceeds at a lower rate under these light treatments
compared to ND and dark. Higher AAU under R and FR lights
suggests that more of the AA is being metabolised tc maintain the
redox balance and as a result the activities of the enzymes containing -SH
rroups is mfhintained at a higher level (loc. cit.).

The present investigation shows that the germinafion percentage
of wheat is not affected materially by different light treatments. This
is not in conformity with the reports of Evenari (1965) and Mancinelli
and Tolkowsky (1967) for photoblastic seeds. From this it is con-
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 enhanqed'biosynthesis of
ascorbic acid under the influence of exogenous application of AA and
sucrose. This suggests an inductive effects of AA shown earlier
(Chinoy, 1962, 1967; Patel, 1967; Chinoy et al., 1967).

SUMMARY

Changes in the ascorbic acid metabolism during varicus stages
of germination of wheat seed have been studied under red. far-red and
normal lights as well as under darlgness. Ascorbic acid z_md sucrose
were supplied exogenously and their effects compared with distilled
water as control. It is observed that the reversible R-FR system 13
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. Ascorbic acid and sucrose as S“b'\
strates effect favourably the vanous_metabollc changes studled. Ascorbu
acid associated with R and FR light accelerates the seedling growth
as well as the metabolic processes investigated.

We thank Professor J. J. Chipoy, Principal [nvesugut«l)r,ht.or lyllls
constant guidance, conslructivg criticism zn_1d valuable lc)ogngeAl mus 1-'
out the investigation. T'he financial assnstzm;ve by7 C.R. 8;7).6133155
P.L. 480 Research Project No. FG.In'—V-I8_ (/} - -l— i ed
‘i’hy.siology of seed germinafion In relation to lllc’ emTy",p..l(m,) .
of ascorbic acid and ascorbic acid oxidase in wheat (Tritic :
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