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Physiologic Maturity in Grain Sorghum' 

Jerry D. Eastin, Joe H. Hultquist, and C. Y. Sullivan2 

ABSTRACT 

External visual+iation of the apparent dark closing 
layer in the placental area near the sorghum [Sorghtmi 
bicolor (L.) ,Moenhl kernel attathment point coincides 
closely with ti1t citoff of radioattive assimilate transloca-
tiolt to the kernel. Dark la er detcmination permits 
identification of Physiologic lmatu itN or (late of maximumn 
dry% weight accumulation. This judgment is neaningful 
because yield is a fuin(tion of both time and imetabolic 
efficiency. Gcnotyptes can be iharacterizcd in tel,.ts of 
grain filling-period duiration by noting he dates of bloom 
and dark layer formation. Yiel data plls physiologic 
maturity data permit 
time and metabolic e

direct 
ffiicn 

ficld 
(onp

(joualitation 
onenlts of grain 

of the 
dry 

weight accumulation. 
,Idditiololhe)' word,: I)ark (losing la)er, Grain-filling 

period, Physiologic maturity, "Fraslocation. 

G RAIN yi-ld is essentially a futiwion of both the 
length of tile grain-lilli'ig period and the meta-

bolic or synthetic ellicieiuy during that period, pro-
vided that sink (apatit\ is it I limiting lactor. Pre-

cise, rapid (letern, inaitioil of plhioogi, Iaitnit\ is of 

interest because it pertits an atuitrtate ineastre of tile 
grain-filling period or time factor oi \iehl. The deter
ruiation of 1)11siologie ntatltuil\ ill sorgIhut ISot-
ghmin bicolt," (L.) Woenth I alipartcl\lis heen (nite 
largely oil the basis of lleasurimig ittaitnllliit (Irv weight 
(late deterittiiud ),y el itated sauldittlo and (Irvinghi 
(Pautli, Stikler, titni I awless, IPhil: (Xllir, 196;3:

aitii 
Clegg, Webster, and Grahiotiski, 1958: \\ikner and At-
kills, 1960: Kersting. StihkIer. anti l'anli, 191). This 
approach is rather tedious and tilmle-contsmllitg anld 
is titlsatisfactorv" ht roiltine hit eder use. (olseue(t- ttiddt 

ly, the praciie iil the lield has been to tise blol 
dates as inlites t) ph)lsitllogi( it lity as rcported 
by )alton (1967). 

I)aynid and )utntan (1919), rellectiitg oil earlier 
work by Johann (1935) and Kiesselbach aini Walker 

Published with the approal of tielDirector as l'aper No. 
338.1 Journal Series. Netiaskat Agr. Exp. .la. Finaicial support 
for this tuk was hi) '1 Ie Rockefilhr Folnlt ion, The t)eKalb 
AgReseaich FIoti dattioi, andi he I.S. l)ep.tlltelit of Ag icill tire. 
Meltion itt trade lialln s dots tol illply eill lselitilit by these 
agencies or tile 'nit .crsity' of Nehraska. Rcci ed May 25, 1 )72. 

"Professor, Agt loiittl l) epatlielli, 'tt eisil (if N trska; 
Agronoitisi, Agricultural Researcherlire, USI)\: aInd Associate 
Professor, lhullieltittl e att1l loirestry l)eparlinci , University of 
Nebraska. 

(1952), proposed using the fornation of a dark dos
ing layer ill the ew of (Zenplacental rgion (orn noa.ys 

.) kellels as anOilli(atol oft iillo(a;iiOll (itofll and 
heitte p)ltvsiologi( nattmlit\ or ltine of Inaxiiull ker
ntel I weight. midt( )uIncani (1971)ul l)a;tind. "Ittintte, 

sJe(oa ' ;i pproa 
lor. jidgill lethgi i o %li;illIltilng peliod alld lop d 
it wouldiI (olh late well vitli \iehi. Ritelld i and Shaw 
(11971) hi\e hwii lim initial dai k (losing h;IVeT 

int rthe i that this Illa%" fesil lAiie ]li 

l 

f oilioI (rtilatts well wit miunllnll glaila (l'iv 
\\eight ill Corl. .loit i \;iticd (oisiderahlv allong 
their getopes.. hoIwvi. ;it the ini of (dark laser 

l trt il . 
Mat.\ i(le (197() ml d Quiny ( 1 9 71 ) I onsidered tise 

of Ite Ilit k laifer foita, ion il sol iall indi iatioli 
of p)siilogit lialttritl. \\e also iolleiled dark laver 

sa elim toe. fow ere,nofp a;p 
tife el(Iimee itti s Ie his rleoahIeathiad to bequa 
data o sctielal , s othi 

-
' lifted. The ourpost ofl his re,larch was to attempt 

i of a,.teinl iual dalatitr apptearancecorrelatio 
with ol ;s,inilit tiansio(mion tutollIo the kernel 

tsiig li(: lahelleil assitilate as I marker. 

MATERIALS AND METITODS 
Sorghum test plaits, htiid 'RS fi2fi' (a single cross), were 

chosen in 1971 fot itic fit, ipliinit \tti vxteriial evidence 
of iic itaikeiiiit Iiii taioi\a, othion, Ii kvitiels renosed 

hlitillhe lip. \11 plitls uidtill hi, let welc ill field 
stands ;i 200.1000 plants i:i. Six plais wirte td t(! /ICi of "'CO, 
in a iplesiglias;s leaf thilic ai 10 \xt in Il(' flag tvai ;iid were 
left 21 "thc 1ii%,,I'O. g iaed h)addinghou's bItfoie ,a' 
acid to Nall"CO. (A\iunoff, t9,; . t'anihtint;ies from the 

t f he hese \,I !' ctIcd fo alwiigt tC, (onte t of 

omohe iniid',itiil ii26licad,ihfiiiix I 
\ secolldt cxptl nctol \n'is Iiii Il'lie "(O: nis fl toihe flag 

I'a es of RS 626 and lhKAh El ''7 (.I ingle Ci'-s. Tei heads 
if (.;icl g-IIol"pvt i tic ia i,,twi 21 homi, titi. I ', tindonil
chownI kci-llnu] hlotl c'm(h of tI\m p),l itle' Jlwtlo~(ics Imated ill tile 

lips, id,+ortio,, Illd ta ii tiiiloti, i ih l wici ;allziedfiprs C.i Kcrt tiiikl, ilh I't l,.%tii n wl.de (vilietitlotiiit 

it il. lil ll i alt Idgi ill' , il l i ll Ih mliddtle and 
t i I oioti oll 14. 100ih1 Iloxtc vi. i.iiith,11th sth'tld keit-rIs 
tti t llio i ih I lot Iiik li\ci. Ihv It s 621 hii .ml, tvii ,liglltl 
iniot, iaitcil, th i lit I. ht'id, Ilit hliltei is ; Iolgeri,7 si(a 
st.liil t ii . 

lit4.itital i, .tittt ililitt, .Mi lcl 31, Itackard tIli
a tl tlel t \lilit . litc ( . 1 Itolhc(lit ill (.-litttilalllille.h , 

I ie samphit ona'itittid in .i itki.il ( oisilitig of 9 lil if I''O 
soltioit (15 g 2,-I ii sttt~,xiitht I tof Io lticte). 5 lilt of 
etliatolamiiiiu , aidil lil t Iiiithaiol ill a t'ilx 11 Nuclear 
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SEED FROM PANICLE BRANCH TIP TC BASE (T - B) 

Fig. 1. Dry weights/I000 kernels tLSI) 2.2 g/1000) and "C labeled assimilate transported 
to seeds located between tile tip (1) and base (8) of a maturing IkS 626 sorghum panicle 
branch.
 

Chicago Scintillation Conitic. )ata were corrected for counting
efficiency by the channels ratio method. All dala %Nereconverted 
to disintegrations/nnin'x g dry weight (dpu/ing}. 

RESULTS AND DISCUSSION 

Results from the first experiment follow. Kernels 
analyzed from the 13 rcplicatiolns of R(S 626 require 
further description. Four kernels chosen from the 
tip toward the middle of the paiiicle branch had ex-
ternal visible evidence of the dark la,-er. Kernel num-
ber I had a pronoutnced dark la\er aind the point of 
attachmeint was indlied from desict ation. Sone dcesic-
cation was olbviots ii ile sC(ond( kernel chosen. The 
third and the hmrtlh kernels had little evitence of 
desiccation. l)ark laer was just appareit in the fourth 
kernel. The fifthh through eighth kernels (progressing 
froni the middle to Iasal portions of the panicle 
branch) had no apparent (lark layer oil the basis of 
external vistial j id giient. 

Since 1hotogralphs of dark-layered kernels iii 1971 
experiments werc not good, a single plant of Prairie 
Valley 710' was led "(:0., in 1972 and treated the 
same as in 1971. Photogra phs taken again are illus
trated in Fig. 2. lie fourth kernel from the left shows 
a faint arkening at the point of attachment and cor
respond to kernel I inFig. 1. O, kernel of five tested 
containeld a siall ainiotit of ralio-carl)onl. Kernel 3 
from the left (Fig. 2) illustrates the first clear cvi
dience of dlehydrat io antd represents about a I-day

lark layer. Ap
time lapse after appcaratn(c of the faint 

preciable water loss has m(tirred iii the left kernel 
(21.41it;, moisture) (ompalretd to a relatively high water 
content (30.(0, ltoistur() ili kernel 1. 

Dry weight and radiocarbotn uptake in the 8 RS 626 
kernels, selected within individual panicle branctes 
on tile lasis o are' illutst rated inlof progressiveSor-external vistial evidencedark layer format iot, 	 Fig. I. 

gh till pollinates flOim the tip to the base of the ]iead 

and matures in the same directional fashion. A com
plete cutoff of assimilate movenent into kernels 1, 
'2, and 3 (p-rountticed dark layer) is clear. Only 2 of 

the 13 kernels classified as number 4 (faint dark lay

er) containei radlioisotlope. A progressive trend toward 
increasing traltisport of 1( into the kernels is noted 
between keinels 5 to 8 (no a )parit dark layer). Ker
nel 8 was prestinialyIhe most ininat re kernel being 
situated at the base of tile paiiicle branch. Table I 
contains the iial'sis of vari'cc for dplm tng (lry tis
stI' Weight anid illustrates unequal variances for ker
nils 1, 2, 3. and .I (ompared to 5, 6, 7, and 8. Ortho. 
gonAl compatrisons were made within the treatment 
categor. to (oilt)are seeds 1, 2, 3, and .1 (dark layer 
visible) vs 5, 6, 7, and 8 (dark layer not visible). Note 

Fig. 2. Externial visnalization of the apparcnt dark layer in 
Prairie Valley 700t)sorghurt. Thre fourth kernel from the left 
I reached assimilate (tilof point.has just tile 
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Table I. Analysis of variance for "C content (dpm mg- 1 dry .40
 
wi) RS 626 seeds selected within a panicle branch. Seeds I * • me"
 
through 4 had a visible dark layer at the point of kernel %H20
 
attachment. Seeds 5 through 8 had no visible dark layer.
 

W400. 	 30 0 
Soure,. if M-n squre F1 

T.l 	 33fi)12 ,0. 3 
"3'r.7lii 	 i I i.54h. 73 00. 85
 

1,2,1,r ., e5,,1 .,d I IHII,447.117 17.I9'
 
Anong 1. 2,1 and I 1 105, Vii 1,47
 

Anrong 5,. 7 and 8 (1 1534.51 4.24- 200.
 
Ii, "( , 4i . 54
 

C,- I 17 2,717.97 10 
C 1, I 20,.59 
c' - it 13 1,h23.0in 

Signil wn0 . i Ih, . 

the f value relating to the obvious difference in as- Tip Mddle Bottom 

sinilate transport. The conparison for testing varia- PANICLE B LOCTION II 

tion aiong tile kernels thatI had1 a dark layer was ion- Fig. 3 Assinuilate (1C alwhd) ai(inmIation in RS 626 sorghum 
grain where thc blalk laer Wsits fonnied in tip kernels only.

sigIliiI However, tile signlificnt f vahLe for ilonlg "C:O., was fed io lhe flag hal. i971. 
kernels 5, (i, 7 and 8 points to the variation in amOiuint 
of carbon uptake ill those kernels. The most label 800 40 

appeared in tile niost innature kernels. These data . id e N 
suggest quite clearly that visilbility of the dark closing 
layer in RS 62(i coincides with the cutoff of assimilate 0 tls 
translocation to individual kernels. A 

Dry weights of the seeds analwied for 1'C are re- i 
ported in Fig. 1. Interestingly, dry weights of the ima- 40_. 
matture kernels (black layer absetl t ill 5, i, 7, and 8)
 
did not vary conpared to sizabh, variation (Fig. 1)
 
among the (lark-layered kcrnels (1, 2, 3, and .1). Weights 10
tile inmmatureof the first-naattircd kernels and most 

kernels were 17.7 and 23.0, respectivcly, for i range of 
5.3 g/ 1000 kernels. The LS) for dry weight is 2.2 g/ 
1000 seeds. Possibly ile weight loss" was (ie to post- Tip Iddie Bottom 

dark layer respirationl prior to kernel drv down. PANICLE RANCH lNHow- LOCATION HEAD 

ever, this ex)erimnent was iiot desIgiied to exclide the Fig. 4. Assimilate ('C labeh'd) accumulation in E 57 sorghum 
possible cotifotiliding effc(t of a secd weight gradient grain where the black lascr was (irlnitd in tip kernels only.
due to kernel positioilo the panicle braiclih. There- 1CO2 was fed to the flag leaf. 1971. 
fore, no firi stateiiti regarding catises of the weight 
(Iifferen(es Call be liade. A weight gradient may 
nornially existor a;iriv ert\ (f reasonsslien all kerniels The analysis of variaioe for assimilate transport 
have dried in the lieid to the poilt where respiratory to resjp(ivc sec(liolis of lieads ill both genotypes 
iechanisns no hoigetr titiction. [he relatitnship b~e- showed that ticalitlittls wcte sigiificant, indicating 

Iween post-dark Ia'.er respiralor\ Isses andillthe weight that tle dark layer a]peiani cointided whh cessa
differences anioig kernels necds iitlier ilivesiigatiIig. tion of assihnilate tiansport Io kcrnc. lack of sig-

A second portioni of the exleriment vas d(esigined niticance in illit ,c ttllct ()I tleatltilelite X geiio
to check the atinotiit of ai tiits' in getieral areais of types suggests that dark la\cr ftill( lioti is colisisteilit be
the E 57 and RS 626 heads that had i (lark Liver coin- tweell tile thlre gttlitj)ts ;tth oir(i,.Ih)h (;111 he safely 

pared to those that did tot. Ktilicls scected il'l a head tsed as all intlicator () i)siNti~ogii l i;tiillity and the 
section were not (lie(ked individutally for I dark layer. reali/atio if inaitittitti thr wei-ht, 
Activities in tile tip, Itiddle, itid bottolli sections of 
RS 626 atid 1 57 lieads ire illtstrated ill Fig. 3 and REFERENCES 
4, respeclively. .\so, the )er(ilit of Vater is illus- ,t\iolff, Saii. 1976. Tc(Iiitii of ratliolioche'nistry. Iowa 
trated. W hile li(st ketiels ill il ti p i])n )oth get o- stall I' tiversits l'ic,.. \llic"'. hona. 
types had ;i (lark la er, loe ihit ;i sin;ll aitiitiit of Clegg, NI. D.. 0. ). W cls i, ;ilid 1. II. (ialbouski. 1959. Per
activity was fotilld ill ca' lhi hte;d, suggestili IhaI tfw forllllle, (if glai h liiii ;hiiiil %;iiicti'sit) Nebraska.sigloi 
kernels had io dark laei iid lhiat Ihe progiessioi of 1957. OllSta!c Inlcihig (ic(. fi7. 

lark layeri i i () I1se not etel Collier, W. Cii\oli lop iin several graintr I to is (olllh I illiforll. .. 1963. dcl (nilcn, , ~~solighilll %aiic~, anid h~biillk. Cijop Sci..I..119 .! . 

While occasiontal i ti(i ilk lastei radioactive keriIels D talton.LI. (;. 196i7 \ Iloit i i ,1i (21 ',I i niatrity 
were fo nd, Ihe l i(ifll apipcals (1uite shalil ) otl IhIe i oiglui. top Si. 7:271.f 

averlg e. Cilolf was (Itlietiited (luite prcisely where linati, I. It.. itid W. (,. iii(ini. 19WU9.' Ie Ilaek laser and
 
kernels were jilIgedI ittdisidila l\ for (iak laeras inl ainltiih iii (oin. (:1i3 I ci. 9:173-176.
 
Fig. I. The ildle Iorlilils wile (jltite raivi(iie. - .--- . V, Taiiiti, a3nd WV.(. l)ill(;ili. 1971. Duralion of
 
The bases (oiltaiieih thei I(- iihvi ls ilatt e keriiels atnd the griiin fillilg pi(iid .o3id its itclhlioii io tiii )iel iii corli,
 
wvere tile Inlosl iadiomiiivc, 'l'hc iRS fi2fi hklbrhdul ws Z'a m5 I. Ciop Sci. 11:1,.17. 

'olaun, Ile n. 19:13. ti(, llikolgp ,ff ihe cai'yopsis of yellow 
more Inatuirc till E 57 and the moisture (ontent of ' dit corn ill ltfttttii .t lcislaillie Iiliuldsuscepl)ility to 
the tip kernels was the lowest (Fig. 3). kernel rols. ., Agi. Re',. .,:855.88:. 
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