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leaves from sorghum [Sorgh
exhibiting Mmﬂhhtymthemmoldmmplox,mwuwudat&,cs,md
WhylaMenmpm(DAE)ofphnn. They were 1k

amlynd for i‘luv-n-4—oh. Methanol and acidified nm.lnnol extracts of leaves of mald-
ined at least 3-fold higher concentrations of flavan-4-ols than susceptible

bicolor (L.) Moench] germ plasm accessions,

d by acidified

accessions at 56, 63, and 70 DAE. The concentration of flavan-4-ols was monitored in the flag leaves
of mold-resistant accessions that had no testa at 77, 84, 91, and 98 DAE, and it decreased sharply at
or after 77 DAE. 'l‘hcunimmno! concentration of ﬂ;vun—#ohmmrghum leaves, therefore offers

scope for ng sorg!
INTRODUCTION
Bate-Smith (1969) d the p of luteoforol

inlholndmtoflouhumctdnvmwhwhwuchnuc-

mmdbyhpmdmoflblwmoolot'mmted

with mineral acid, but luteoforol was not detected in the

:\% W vuoflonhu?: Wattamn and Butlar
1 P

for their grain mold resistance.

the Semi-Arid Tropics (ICRISAT), Patancheru, India. The
resistance and susceptibility of these 10 sorghum accessions to
gmn moldmid-ntiﬂodbym.nin;awoﬂdeolhﬁiouo!

plasm (B dhyay et al., 1888).
Dmrhofthamhummmu.phnﬂnlp -ndothu
cultural were d otal,

1990, )
%0,

cyanidin in the leaves of 12 lines of sorghum [Sorghum
heobr&)Mmh]whwhthuyidenﬁMu:pﬁoml
but none of the leaves

Huhu and Gon (1986)‘lwdnd the i of leu-

of Leaf Tissues. Fully expanded and youngest

for 50% nmmmcmp).mnth-mhlwthnuh-m

in leaves, using two fonce
sorghums, and re that a single allelic pair was
primarily mpo:nihle far thnlcom:o! o!l leueo:nthobcr‘-‘

investigated, and a recent review (Butler, 1989)

iy

three plants were chosen
nndomlylmmthommdmmm The period of
collection was based on our earlier observations (Jambunathan
etal, 1908) Tomamtonhocomnmﬁonomam 4-ols in the
three yond 70 DAE, flavan-
G-ohmnnmuhdinmﬂukavuhtmeolmdn 3

describes in detail the ch y and the role of sorghum 84, 91, and 88 DAE as well. The leaves collected from one
polyphenols. rapl.wn mwipodtonmvstudmmm,mdnidﬂh
Band, dhyay et al. (1988) d 7132 Leaf blades were cut into small pieces (approx-
o!m;hum;armphmfonhmrumunuw‘rmmold ""Mﬂ“"""""""“‘"“‘““m The cut leaves
and identified 156 resistant accessions on the basis of their from one om“ i lete block A
mmmofmunmmm)m&:' similar . e out with all the repli M
tification of biochemical compounds that are asso- 15 g of fresh los mmly weighed into a so-nL
ciated with grain mold resistance would facilitate the poly‘.t.hy mvl:pwxh(w).mdloﬂolm
mm;olm;hummphammiomfotthh (Me) was added; the mixture was homogenized in a homogenizer
dina (Ki GmBH, Kriens-Luzean, Switzerland) using the
thUnmdSut-.me\mthmctd.(lm)npomd probe PT 20 ST at setting 6 for 30 5. The homogenate was
that leaves of mold-resistant centrifuged in a table-top Sorvall

concentration in the leaves of these plants at different
stages of leaf development.
:xmnmnrlocnwm
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centrifuge (Sorvall

Centrifuge 88-3 automatic) at 3000g for 5 min, and the super-
natant was saved. Tothounduwulddﬁdlﬁn!.oﬂh.lnd
the was h d and as described
above. mmucmwmpodtdlorudylh To the
residue was added 10 mL nlmthmolmtnnm(l% (v/v)
concentrated HCI (H* /Me), and th

centrifuged. The and the

for 80 s and supernatant was saved,
similarly with 16 mL of H*/Ms. The
together for

drying & e at 110 °C for 16 h.
concentration in )hudH’/ulmm

(PVP)
mmbyuwwamum) mmﬂh

brief is as follows: Too.bld?VPhlm tube was
added 0.5 mL of leaf extract, and the mixture was vortezed and
allowed tostand for 6 min. To remove 10mL of Me

was sdded, and the mixture was vortexed auﬁk:
spesd in a table-top centrifugs. Thesupernantant was
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Table L. Dy o A Days to 0% Flo Grain Color, and Muasell Color Coding
group® 50% grain color
CRT* (colored, resistant, with testa) 18 2826 51 reddish brown 25 YR/3/3
189353 61 reddish brown 25 YR/4/4
18 18780 52 reddish brown 25 YR/8/4
CST- (colored, susceptible, without testa) 18402 49 reddish yellow 5 YR/6/8
. 8417 56 reddish yellow S%&;’
CRT- (colored, resistant, without testa) 18 14376 72 red 25 YR/4/8
18 14380 7 red 2.5 YR/5/6
1814384 n red 25 YR/4/8
WST* (whits, susosptible, with testa) 1S 2433 54 white 10 YR/8/1
82516 50 white 10 YR/8/1
¢+ Based on phenotypic grain color, reaction to mold, and presence or absence of testa. * Munsell color coding denotes the hue (first value),
olor (second valus), and chroma (third value), respectively.
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Days Atter Emergence
v 1, Concentration of flavan-4-ols in methanol (Me)
sooomions o m“wm of the plant, IC-
at different
Gtm.rdnymlm value representa the
Mofi;hzngoldnﬂiuw anduchuuhnumaniodou;._
means of

Days After Emergence

l;?nn 2. Concentration of flavan-4-ols in acidified methanol

(H*/Me) extracts of leaves of mold-resistant and mold-susceptible
minultdlﬂmtduyuﬁormmeadthophm

ICRISAT Cm:_:l.d rainy uuon.::laﬁmguh

mean of three field replicates,

at least in dupli SE, standard error

groups.

Table IL. Concentration of Flavan--els in Methano! and
Acidified Mothanol Extracts of Leaves of the CRT- Group
Ex| d as Ratlos in C: with Other Groupe®
hanol H* /methanol
56 3 70 56 63 0
ratio DAE DAE DAE DAE DAE DAE

value upuunmh
was

mol

o:‘mdubunh Lmon:tenm
are
mn-khiath CST- showed &

at 56 DAE was the (38.3) the
groups and increesed more than 3-fold (131.6) at 70 DAE
ascompared with other groups. In the case

CRT-/CRT* 30 66 1222 3™ 61 81
CRT-/CST- 599 82 40 1268 80 34
CRT-/WST+ 256° 751° 1316 306 701> 6L4*

¢ Based on phenotypic grain color, reaction to grain mold, and
pmmuabumdum.'l‘

DAE Mmmm

other (Waller-Duncan K ratio test).
de of i b the 56 and 70 DAE values
«ﬂnwr was the highest among all the groupt

group
duwth.hctdnnltwnm&evdmuumb
low(o.s)umw‘dwlﬂlth’lobﬂm(ﬂl)
Among the four groups, WST* acces
sions, the graine of which have testa, exhibited extremely
MWM&%DAE(LQM:&WW(IM
flavan-4-ol in acidified



Flavan-4-ol Concentvalion in Sorghum Leaves

Table IIl. Concentration of Flavan-i-ols in the
Mold-Resistant Serghum (CRT-) Loaves at Differeat -
Btages of Plant Growth

daye flavan-4-ols (A ¢ of dry mam)*

after
emergonce’ solvent IS 14375 IS 14380

Me 505+212 2564696
H*/Ms 3524718 188424 2224513

Me 118741434 62341631 32224 18.56
H*/Ms 6734745 39841322 4634401

Mo 161441786 107.2416.23 126.1+11.33
H*/Ms 7664271 5604985 6981387

Me 3656+ 20.22 215.14283 264648.68
H*/Me 3854802 435£300 298%119

Me 10144281  77.6414.03 1454 41043
H*/Me 395£081 355£258 4794698

9 Me 6824107 5834149 8141001
H*/Me 281£104 228287 270£277

98 Me 54041399 05884450 869+ 14.62
H*/Me 2134288 2314221 3074329

* Means of three wm'u—nmx,ymmmuw
leaves. 77-98 DAE, flag lea

~showed a 4-fold increase between 56 and 70 DAE. This
'was due to a sharp increase in concentration of flavan-
4-ols in the CRT group, while there was a negligible
variation in the CRT* group during that period. The
CRT-/CST- ratio was very high (69.9) at 56 DAE due to
a very low value of the CST- as compared with CRT-, as
shown in Figure 1. However, the ratios at 63 and 70 DAE
mnduadtos.zmdu,mpccuvely, because of a
sharp increase in the levels of flavan-4-ols in the CST-
(11.2 at 63 DAE and 27.1 at 70 DAE, Figure 1), while the
increase in the CRT- group was relatively small during
the same period (91.8 at 63 DAE and 131.6 at 70 DAE).
The reason for the increase in the ratio of CRT-/WST*
from 25.6at 56 DAE to 131.6 at 70 DAE was a rapid increase
of flavan-4-ols in the CRT- (35.3-131.6) and a decrease in
the case of WST (1.4 to 1.0) during the same period. This
eotddahoheduetothec\muhuvuffoctauudbythe
Ay S h thess two groups.
Th.CR‘l“/CR‘!“ntloofthncidlﬁodmethmo!mmt
showed more than a 2-fold increase from 56 to 70 DAE,
as the increase in the concentration of flavan-4-ols in the
CRT- group was higher (from 25.4 to 67.5) than in the
DCR'!“poup(frome.Bws.a)dumn.lmpemd The
ratio of CRT-/CST-decreased drastically from 72.6 to 3.4
3 there was a sharp increase in CST- values from 0.4 to
20.0 (50-fold increase) in comparison to the CRT- values
during the same period. The ratio CRT-/WST+ increased
from 30.6 to 61.4 due to a small increase in the WST*
values (from 0.8 to 1.1) and a larger increase (from 25.4
to 67.5) in the CRT- values between 56 and 70 DAE.
We used the Waller-Duncan K ratio test (Shane, 1090)

IS 14384
28941216

£ 1 3 8 %

‘Me mdﬂ.«lupiﬁmnﬁy

and H*/Me extracts

uﬁﬁD’AE(’hﬂem. The ratio CRT-/WST* was also
i different from others at

significantly three stages in
bothuludﬂ’/lbcmm
The concentration of flavan-4-ols in the three mold-
resistant accessions IS 14375, IS 14380, and IS 14384 was
-ﬁ-mdau.es,vo,n 84, 91 and 98 DAE. The
comcentration of flavan-4-ols in Ms extract was highest at
ﬂMMhﬂnde‘/&mnmw
umm-nm-ma-m accessions (Table ITI).
Betwoen 77 and !Mhmwmhm

o Agric. Food Chem., Vol. 39, No. 6, 1981 1108

extract of three mold-resistant accessions showed a drastic
nduchmundlt%DAE.itmonbM% of the corre-
lpondm(vlluuﬂ'lDAE. Similarly, in the case of H*/

Mo extract, the mean value at 98 DAE was only 37% of
the value at 70 DAE.

CONCLUSIONS

The data obtained from sorghum crops grown under
tropical conditions during the rainy season showed that
leaves of mold-resistant accessions had a much higher
mmmdmmmwwbhm

firmed the observation reported from an earlier study
(Jambunathan et al., 1986). In the mold-resistant acces-
sions, the concentration of flavan-4-ols in the leaves
increased continuously from 56 to 77 DAE but declined
rather steeply after 77 days. This indicated that the
highest concentration of flavan-4-ols in the leaf was found
around the flowering period (77 DAE) for the CRT- group.
The role of grain color or testa can be better explained
only when data from groups such as WST-, WRT-, and
CST* become available. However, the data from the four
sorghum groups and the three resistant accessiona that
did not have testa suggest the higher concentrations of
flavan-4-ols in leaves may nve an mdlcmon of grain mold
can be used as a
pnhmmrymnincmthodwunhr‘enumhenof
germ plasm accessions and breeding lines, especially pho-
wpenod-unntive linu for which there is no screening
d at
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