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A-study on the maturity of grain in Sorghum
By B. W: X. PONNAIYA,
ﬂss;stanf in Mﬂiets, Agricultural Researc:h Institute, Coimbatore

Iutrndllﬂtmn The importance of sorghum as a major food snd fodder
c:-::np of Indla demands it efficient management, *In this crop, as in many
other- ceraa]s the date of flowering is much more definite than ripening. It
is desirable to know when exacily the crop becomes {it for harvest, steering
clear of immature grains and posr germination on the one ‘hand and loss
of grain by leaving the crop too long in the field, on the other. If the date
of maturity could be fixed definitely as so many days after flowering the
crop could bs harvested esrlisr and the straw would also be secured in a
greener and more palatable state. Bzing an exposed grain, sorghum gets
discalc_aﬁred if any rain is received after the dough stags. This reduces ils
market value: Moreover, if heavy rains are received at the time the grains
are In the 'waz' stage, they are liable to germinale in sifu, which means a
loss in the yield also.

Thus & knowledge of the exact date of maturity would help to prevent
an uqnacésrar_y_ delay in harvest. This paper presents the resulis of a
prelim{nai':,r sh’:’dy‘ on the ripening of sorghum grain,

Previous work Not much work seems to have been done on the
relative germination capazcily of seeds gaiherﬂd at ‘dilferent stages of
maturity.. The only work worth mentioning is that of Hermann, E. M. and
Hermann, W, (1939)' on the crested wheai-grass Agropyron cristotum (L)
(Gaertn). Being a forege crop the vield of grain. was not taken into con-
sideration in their sludy. The shattering stage of grain in this grass oceours’
about 48 days after ilowering. The seeds harvested 21 days after flowering
were able to germinate ; but-vigorous seedlings were secured only when
the ssed weas harvested siter the "hard douah stage’ (30 days aiter ilower-
ing). Thus these workars established the fzct that seed of this grase could
be collected without disadvanlage 30 days alter flowering ;.ie, nearly
three weeks before it'shows any signs of shatiering.

In & study of the effer! of immalure e=ed on the growth of the progeny
.it iz also pertinent lo know if the size of the seeds has any-influenca on the
gn:;wih of the succeeding crop For nearly 300 years bolanisis have
studied the eflect of ‘seed size on the succeeding crop and Cexemenn
(1242)° has summarised 8]l the previcus work on this agpecl. During ihis
century many of the earlier investigators like Delagsus (1211}, Cummings
(1914), Sehmidt (1924) and Kidesolbach (19%24) have reported that planis
raised from hecvier sedds show » more vigorous erowth and cive higher
yielde, Laler investigators, Ilke Gelincka (1528), Keotowski (1928), Vensel-
Yeswr (19“3! and Pﬂhmﬂd}er (l 839) have it:ur.cl hnwevﬂv th.. the ﬂ:-':c«:i:wc-ilgihi
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factor was signiticanl only during the early steges of plant gr::wih and
the growing season was long enough, this early superiority: n}ight Euran -::liﬂ
appeanr enlirely. Oexemann, in certsin- dicofvfadsneus plants, rec‘.ur*ad t’hf
gead pize in one sel by removing hall a colyladon and in a: Econd mt b}
removing a full colyledon, thus reducing the reserve food material to'thres
“fourlhs and half of the normal.  He has confirmed that planfs from: Tighiﬁl
geads aré poorer in their early stages of growth but undar fﬂvﬁurab?a gmen
house condilions the geedlings pull up later on and thers was pra-::h::ally
no difference by the time the plants reach the malure s{arc

Material and method Ii i uhvicus, that {ora study of the maturelisn
of grains the material should be a etanderd vailsly of the tract, w1..h the
longest possible duration. A long duralion is necessary to qiva the maxi-
mum chanea for the seadlings from immalure sseds. to makg‘up the early
puperiorily of the seedlings {from more wmalure grains.. The Pirgrfnmanju[
cholom strain A, S, 29 of the Millst Breading  Station, Qo’imb'éfn:rre was
chosen for this study, as it is the most popular vatiely of ti'éi;éi tracl, with a
lnnq duration of nezrly 130 days. The botanical group to which ‘this
variety belongs is Sorghum durra var, Coimbotoricun: *

The {irst step in this study was to find out at what particular atac:e of
maturity the seeds were capable of germinaiing. Ona thousand spikelets
were marked with pieces of white thread, in a bulk Clri:;'p cfA. S, 23 on the
5th November, 1940, This date was chosen as representmq the i'lc:werim
date of the bulk. From the next day énwards 20 spikelels were removac
daily in two groups of 10 each. The first set was kept on gaerminalion tray:
immediately and the other dried well, preserved in screw-topped bottle:
and tested for germination seven months later i e., at the time of sowinc
the succeeding Perioamanjal cholom crop No germination was obszervac
in seeds collected earlier than 14 days after flowering, even aiter sever
months of storage.

In the second year, 1941, one hundred plants i a bulk crop of the
same sirain which flowered on November 2nd, were marked fnr study.” In
the ligh! of i;ha pravious year's experience; five earhsads were harvested on
the 12ih day alter flowering. Every succeeding fourth day. a batch of five
morz was harvested till lhe 44th day after flowering, when the crop ‘as ‘a
whaole was considered ripe, ag judged by the briiﬂe nature of l‘m- grain, All
the spikelets in the sorghum panicle do not flow:r on the same day.  The
flowsring commences at the top of the panitle and it takes seven days for it
to raasch tha base.! The plant is said to have flowered when the anthesis
has reached the middle region of the panicle. - [t will thus be ceen that a
four- day interval between each harqest would ke the oplimum, when the
units of harvest are ear-heads as il is in actual field practice;

These ear-haads vere sun-dried and ulilised for recording characters
like grain size, grain weight, persistence of glumes ste. Germma‘hun tesls
were alsc made on sezds fmm these eatheads after storage for diilerent
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?':pemods viz, oné month, seven months, twelve months, nineteen months and
twenty -four monthsg’ ‘after harvest.

The seeds were also grown in pots and the leaf measurements of the
.eeedlmgs were recomed The pots wers all of the same size (15" in

diameter and 7" in height) filled with the 'same 'soil mixiure and watered
similarly,

From these qermmatxonxtests, the stages which had good. germmatlnq
capacity under suil were sown in the next season under replicated row
vield tesls on the field. The'stage- at which the seedlings from seed collec-
ted at various stages of maturity tended to be similar was -found -out from
the leaf measurements. This was sought to be confirmed under the field
cond itlons also by thinning out and weighing 10 se=dlings- at that time
from all the variants and analysing’ ihem statishcally

In the adult plants the date of flowering, the plant height, number of
internodes, the length and breadth of the tourth leaf and the. diameter of
the fourth internode were recorded and analysed statistically.

"o Ibwas possible to distinguish the following six stages in the pericd
intervening between flowering and the complefe ripening of the sorghum-
‘grain.

" Heads harvested on the

4th'and 8thday — ‘Pre-milk stage. ]
12th and 16th day, — Early milk stage.
20th and 24th day - Late milk stage. |
28thand 32ndday . - Dough stage. '
36th and 40th day - Wax stage. '
44th day after flowaring Horny stage.

Results The results obtained are presented in-the following tables.

Table 1 shows thazt even aller thorough drying and a resling
period of sevén months (corresponding to the normsl interval between iwo
successive crops of Periamonjol cholam) e minimum development period
cf feurteen days ziter flowering is required for the seeds o be sble to
germinegie,

,In the next year, 1941, the date of general flowering of the Periecmanjo!
cholam crop (A. S..29) ‘was 2—11—1941. Ear-heads were collected
evary fourth day, commencing from the 12th day alter flowering up to the
44th day. 'The differences noticesble on the colour, size, weight, volume,
percentage of grzin with glumes and cther characlers in the grains harvested
at difisrent stages of maturity are appended in Tables 11, 1il and IV. The
siza of each grain was determined by vernier: cclipnrs The weight was
tsken in grammes for samples of 100 grains szch. The voluma was fcund
by immersing 1C0 graine in liquid parcliin, - The increase in size of the
grain with the progress in malurily can be seen clearly from the phologra ph.
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TABLE 1 Stoges of maturity at which the secde are capable of gorminaton, .
(Ten seeds were kept in each group for germination on moist blotting: Dapar)
‘Senson— 1940 Movember

Perce tage oOf germination

Number of days : * -
after flowering Immediately after Seven monthe afte:

hanrest harvest
1—13
14 10
15
16 e 28
17 10
18 - 30
19 - 50
20 10 60
21 10 8.
22 - a0
22 20 8t
24 10 60
25 19 76
26 10 20
27 20 5
28 k(N g-n
25 20 80
30 20 o)
31 160 an
3z 20 S0
33 20 'éf?
34 20 éﬂ
35 20 =0
36 30 &5
a7 30 84
38 30 90
, 40 70
o 50 80
Pl -50 00
42 4{'} 90
43 -50 20

44 ) . 60 | Bﬂ
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Lenf measnrementa vera taken on plants grown in pols under ook-
Iroiled conditions and the data are given in the following table ATable V).
The figures are averanes ol ten measuremenis in each case:

TABRLE V tMnn:ur_nmr;nu in centimetors).

frirst Second Third Fourth - Fifth
leaf lenf Jeaf Jeaf o0 leaf s
Seeds en)lecind — " - D e =
(No. of days nfter - & = =] = = & dE s =
flowering) £ = v = T = % 2R OB
s £ 3 £ & 2 §. % .§ 2
3 8 4 & 3 =2 4 2758 =
20) 2 06 36 .06 63 07 119 10 2620 1'%
24 15 06 42 07 &4 07 1533 10 ..265 16
28 19 w7 47 06 89 06 146 -.10:.25% 14
az 20 07 49 07 91 g 151 097 259 15
a6 20 07 #£8 U6 S0 0F 158, 10" 273 't
40 19 07 50 06 8BR 07 159 1'0° 268 19
44 20 07 49 66 W0 O7 149 10 269 1%
Are the differences _
significont Yes No Yes No ¥Yes No. Yes No ~No No

Critical difference at _ .
5} level o2 i3 4 i1

The.table shows thal the differences in the breadth of lsaves are not signi-
ficant. In length, the differences are significant up to the stage when ihe
Mifth leat is put forth i. e, when the seecllings are seventeen dayseld.  After
this stage, the differences in leaf length also tend to cet oblilerated.

Having known i{rom the obssrvalions of the first yedr, . that seeds from
ear-heads harvested on the 12th and 16th days after flowering do not
germinate well under natural conditions, these iwo stages were 'omitted in
the replicated row yield trials of 1942 Main, A suitable held was chosen
and seeds were sown under rain-fed conditions in five r&phc}a‘hons of
-randomised rows—each 18 links long and 2 links apart. When the asad-
lings were 21 days old, 10 seedlinags from each replication were 'weighed
and the data analysed statistically to confirm the results observed in pot-
sown seedlings '

- ' TABLE VI Waight of seedlinge — 21 days old

Seeds coliected — (Davs niter flowering)

3 20 24 - 28 52 36 40 44
Averuge weight of 10 . - ' -
seedlings (gm.) - 272 . 200 2890 280 264 260 266
Expressed ss 7 of control ' '
(44 days) 102 98 105 105 99 9 100

.Conclusion: The differences in weight of seedlings are not statisticaily
significant.

When the plants were mature the crop was harvested.. The dry weight
of grain and straw were r*ecrd.ed and . ﬂﬁul‘?sed stalistically. The resulis
are given below.
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TABLE VII Yields of grain and straw

- L Seeds collected — (Days after flowering)
Yield expressed as percentage '

of control (44 days) 20 24 - 28 32 . 36 40 44
Grdin. S 104 100 103 101 104 . 10a 100
- Straw 97 . 98  in 99 98 97 .100
‘Conclusion: The differences in yields of grain and straw are not statistically
signiticant.

All the pIan{s ‘flowered on the same dﬂ]l" — 85 days after sowing. The
measurements of vegetalive characters indicaiing the vigour of the adult
plants are given.in the following table (Table.VIII)

) Teable ViII

, Seeds collected — (Days diter flowering)
Particulars 20 24 28 3z 36 40 44
Height (cm ) 300 305 305 300 305 305 305
Mo. of leaves 14 14 i4 14 14 14 14
Length. em. 753 720 76°5 734 750 76'7 73'5
Fourth leaf { gS08LL- €1 08 2 W% B 87 ‘86 &7

Fourth internode

{Diametér, cm.) 13 13 13 13 13 -1'3 13
. Length, em. 200 210 198 2003 210 206 202
Panicle { 5To8iY Som. . 85 85 &7 89 B9 90 86

Conclusion: The differences in all the above mentioned characters are not
statistically significant,

Discussion Grains harvested on the LZih and lbth days aiter iower-
ing are useless for seed purposes as they fail to germinate under field
conditions (Table 1V). Sseds collected on the 20th and' 24th days alter
{lowering have a slightly poor germination and the seedlings are small and
deficient in vigour (Tables V and VI) but they are able to give a normal
crop ultimately (Tables VIl and V1II). Seeds from the 28th day onwards
Have a normal germination and a normal yield (Tebles 1V, VIl and VIII),

This experien::a is in line with the results reporled by Hermann on
Agropyron cristatum, which gave a normal crop from the seeds EFHLI“ETE"q
st any stage beyond the 30th day after flowering, slthough the interval
‘between flowering ard full ripening was as much as 48 days.

' Oexemann’s (1942) work on a variety of other crops helps us lo inter-
pret the resulls of our experiments fo a certain extent. Sorghum sgeeds
collected on.the 20th and 24th davs produce emaller seedlings (Table V)
than sseds collected later on, indicaling that the food reserve in the seeds
iz nof r:;mta adeguate, But if optimum conditiong are given for qrnwih this
early sel back éan be made up by the time the seedlings ore three weaks
old and the planis are akle subseguently to produze a normal crop.

Seeds harvested from the 28th day onwards sre narmal for the purpose
of propagating the species. Trom the 28th'io the 40th day il is merely on
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addilion of reserve food malerial, which is uselul to man bul iz more Orjess.
superfluous (Tables VII and VIII) o the seedlings of the aucceedinggsnara-
lion.

The wild sorghums, untouched by humean influence gerve io’ gorro-
borale this conclusion. The grains which are small in these vwild: uﬂrghumn
sre shed along with the spikelels at the dovgh stage itgelf but, these  seed's
are able {o produce normal planls under natural conditions

Table 1l shows that by the time the seeds atlain the “wax ' slage:i. €.,
(40 days alter flowering) they have completed - their develnpment ‘and
'uubsequenlly the process seems . Le merely one of ﬂehydratinn. There-
fore lhere cen be no disadvantege in harvesling the ear—hends at. Fhis slage,
alithough they may reguire some further drying le facﬁitaie easy. ihreshmg

From the Table 1V il will be seen that only &0 to 90 per; i‘:eni of the
seeds which germinate on blotting paper by the thu‘d'da}r are- capable of
sprouting under field conditions. In the Iasa mature seéeds. _th;.qerq:_inut;;m
is delayad and the bulk of the seeds germinate from. the fourth to 'twelfth -
day, when tested in germination irays. Seeds with such delayed  germi-
nation seldom sprout when sown in the field.

There is also a slight indication that even the fully :n:u{uré_ seeds tend
te have a dalﬂyed_ germination. when stored for more than a vesr.

Acknowledgements The author is vefy gratetul . to Sri.C. Vijaya-
raghavan, Millet Specialist, for very kindly affording’ all fzcilities’ for con-
ducting this study.

Summary A study was made .on the. germinatién and growth of
Pertamanjal cholam plants (Sorghum durra var. Coimbataricum). raised
from seeds collected at ditferent stages of maturity, From. the, results
obtained it is possible to dislinquish six dislinct stages in’ the: process of

méaturation, from the fertilised ovary up to the ripe grain.. ‘These stages are
briefly described below.

(a) The Pre-milk stage This cmmpﬂses heads harvested .up to the

esighth day after flowering. Such. seeds do not have any germinating
capacity.

(b) The Early-milk stage succeeds the pre-milk stage and extends tc
the sixteenth day after flnwermq The seeds collecled durmg this stage
are able to germinate on trays. When tested on blotting paper. they ‘are

rather slow in germination and under-field conditions they have a poor
sprouting abilily.

(c) The iate-milk stage extends from the sixteenth up to the’ 241h day
after flowering and seeds of this stage have & slight delay on the tray and
anlf 60 per cent of the seeds sprout under field conditions as against 80
per cent with fully ripe grains. The seedlmga are rather deficient in’ vigour
during the early stages but pull up later on. Under field conditions. tha
qmwth becomes qulte normal by the tlma the seedlings are 21 days old.:
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SORGHUM GRAINS AT DIFFERENT STAGES OF MATURITY
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(d) T he dough stage extends up to the 32nd day after. ﬂéw&r‘iﬁg By
the time this stage is reached the devalopment of the embryrc is aompletﬂ
-and sufficlent Teserve jood material is stored in the ased fox the normal
developmen! of the seedlings. For seed purposes the :rcp cﬂu'i-d be
harvesied wilhout anyadisadvantagé as early as 28 davs afler ﬂc&wenng

(e) The wax stoge extends from the 32nd dsy up lo the '40th day
afler {lowering and during the firast-hall of thia siage the grains" contmu_. = {o
increase in size and weight. The increasze in size ceoses, hefare the- vand ot
the waxz slage.  Even for grain purposes the crop can ‘be harvested on  the
40lh day aflter tlowering.

(1Y The horny stage is the stage which extends from the' 40th day lo
the 44th day and in erdinary lield praclice the earliest harvest is done
only by the end of this-stage. It is not necessary to wait until this stags
for harvesting a2 sorghum crop.

The germination tests 'conducted during this experiment'give us some
interesting resulis, that the more immature seeds '-hi:i'n._ré - a.tendency for
delayed germination on trays and these seeds lack the vigour to sprou! up
over the goil.

Conclusion Seeds of periomanjal cholam (S. durra var. Coimbatori-
cum) are able to germinate well and produc& normal plants when harvested
as early as 28 days after flowering, ' For agrain purposes ear- heads can be
harvested at the wax stage itself (40 days after flowering), sbout 'a week
earlier than the usual time of harvest.
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