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Abstract--Gram dry weight accumulation, soluble sugars, starch, protem, fat and ash contents were studied in 
developmg grains of eight sorghum cultivars. The dry matter mcreased gradually from fertilization up to 35 days after 
flowering. Variation in sugars and starch accumulation was observed for the cultivars. The starch contents of high lysme 
mutant P-721, and high lysme lines IS-l 1167 and IS-l 1758 were comparatively lower and then protein contents were 
hrgher, suggesting a possible mechamsm for protein accumulation at the expense of starch accumulation. RY-49 had a 
higher protem accumulation rate at various phases of maturation. The fat content also tended to increase up to 28 days 
and the rate of accumulation was higher for RY-49 and IS-l 1167 

INTRODUCTION 

A better understanding of the pattern of accumulation 
and mechanisms by which various assimilates are ac- 
cumulated m the grain after fertihzation is important in 
any plant-breeding program Further, characterizatton of 
components in developing gram can help m identifymg 
cereals with desirable composition and overall quality [l]. 
High protein varieties of oat had greater ability during 
grain filling to remobilize nitrogen as compared to 
carbohydrate, indicating genotypic variation for the ca- 
pacity to accumulate chemical constituents [2]. Increase 
of starch content with simultaneous decrease m free 
sugars in developing grams of two sorghum varieties, has 
previously been reported [3]. It IS essential to determine 
the concentrations of the assimilates m the developing 
grain m order to understand the control mechanisms 
associated with metabolism during seed development 
Studies on the biochemical aspects of sorghum gram 

development are few. This paper reports the changes that 
occur in sugars, starch, protein, fat and ash contents 
during gram maturation of different sorghum genotypes 

RESULTS AND DISCUSSION 

A descrtption of the eight cultivars chosen for the study 
IS given m Table 1 The cultivars represent a local type 
(M 35-l), an improved variety (CSV-3) hybrids (CSH-6 
and CSH-8), high protein and high lysme, shrivelled gram 
land races from Ethiopia (IS-l 1167 and IS-l 1758) a high 
lysme line from Purdue Umversity, US A. (P-721) and a 
high protein bold gram type (RY-49) from Ethiopia The 
concentrations of various constituents as percent of whole 
gram at different stages of maturation m the eight 
culttvars are given m Tables 2 and 3 The quantity present 
m mg/gram of each constituent for five selected cultivars 
IS given m Figs 16. 

Gram dry wt accumulatron 

*Submitted as Journal Article No 249 by the International The dry wt of grams increased gradually from fertihz- 
Crops Research Institute for the Semi-Arid Tropics (ICRISAT) ation up to 28 days for all the cultivars except IS-l 1167 

Table 1 Basic description of the cultlvars used m the study 

Cultlvars Basic description and origin 

Gram weight 

(g/ 100 seed) 

M 35-1 
csv-3 

CSH-6 
CSH-8 
P-721 
IS-11167 
IS-1 1758 
RY-49 

A popular post-rainy season cultlvar m India 

Variety released for rainy and post-rainy seasons m 

India 
Hybrid released for ramy season m India 

Hybrid released for post-ramy season m India 
High lysme lme from Purdue Umverslty, U S A 

High protem and lysme land races from Ethiopia, 

shrivelled gram type 

High protein land race from Ethiopia, plump and bold 

gram type 

3 43 

247 

3 2.5 

3 59 
2 35 

1 89 

1 58 

406 

1097 
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Table 3 Fat and ash contents m sorghum gram at different stages of development 

Days after 50 “/, flowermg 

Fat (“/,I Ash ( 7:) 

Cultlvars 7 14 21 28 35 42 49 7 14 21 28 35 42 49 

18 2Q 2% 2% 29 2% 25 28 18 15 14 I_4 tT 15 
21 II 31 33 31 32 29 33 18 14 14 17 1% tx 

14 24 31 II 33 34 31 1 9 18 14 13 13 13 13 
In_ 23 24 26 3Q 3Q 29 24 17 14 13 13 14 15 

20 2Q 31 37 34 34 33 2 1 1% 1% 17 19 17 17 

32 55 43 44 43 48 47 28 25 28 27. 27. 2x 30 

53 42 4 1 5Q 59 57 - 25 28. 28. 25 29 27 ~ 

22 27 31 38 3 8. 34 - 21 20 18 19 18 19 ~ 

which declined after 21 days (Fig 1) Little change in dry 
wt was observed beyond 35 days Variation in the rate of 
dry matter accumulation existed among the cultlvars. 
Water loss may precede the completion of dry matter 
accumulation m sorghum [4] as reported for wheat and 
barley grams [5] 

Soluble sugars and starch 

The cultlvars RY-49, CSH-8, CSV-3 and CSH-6 had 
lower soluble sugars than others between 7 and 14 days 
after flowering (Table 2). In general there was a reduction 
m the concentration of soluble sugars beyond 21 days and 
only little change was observed at later stages with the 
exception of P-721 which showed a decreasing trend 
towards maturity. In RY-49 the percent sugar concentra- 
tion remained fairly constant with development The high 
lysme Ethiopian lines (IS-l 1167 and IS-l 1758) produced 
high sugar concentrations throughout then development. 
Wrmkleness of kernels in the Ethiopian lines may be 
associated with high sugar content as reported for maize 
[6]. The quantity of soluble sugars per gram increased in 

45 

t o-0 CSH-6 

4o 
m-m IS-Ill67 

t A-A RY-49 
s-o M 35-l 

35_D-o P-721 

z 
6 30- 
b 

8 
7 25- 
0? ,---o------o 

; 
6 zo- 
B 
B 

f D 15- 

IO- 

I I I / I I I I 

7 14 21 28 35 42 49 

Days after flowenng 

Fig 1 Gram dry wt at different stages of maturation. 

all the cultlvars up to 21 days with the exceptlon of CSH-8 
(Fig 2). A decline m the content of sugars was observed m 
the later phase of development This decrease m accumu- 
lation of sugars m the developing gram at later stages did 
not affect the rate of starch accumulation (Fig 3). Thus, 
the observed changes m starch accumulation are unlikely 
to be attributable to the supply of sugars alone, as 
reported m wheat [7] 

Starch IS the major component m sorghum which 
accounts for ca 43-66 TO of total dry matter even during 7 
days after flowering in the cultlvars studied (Table 2) The 
amount of starch, as percent of sample on a dry wt basis, 
increased slowly up to 21 days (Table 2) except for IS- 
11167 which showed a decrease Very little change was 
observed for starch concentration beyond 21 days. This 
indicated that starch synthesis was completed during the 
very early stage of gram development m these lines (Fig. 3) 
All the three high lysme types (P-721, IS-11 167 and IS- 
11758) contained a comparatively smaller amount of 
starch both as percent of sample and as total quantity per 
gram (Table 2; Fig 3) The greater accumulation of sugars 
m these cultlvars durmg the early stages of development 
and the smaller accumulation of starch indicate that 
starch synthesis was altered m these cultlvars. It has been 
proposed [8] that reduced starch synthesis m high lysme 
barley mutants may be due to an enzymatic deficiency m 

O-O CSH-6 
m-m IS-11167 

I I I I I I I 
7 14 21 28 35 42 49 

Days after flowermg 

Fig 2. Soluble sugars content at different stages of gram 
maturation 
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the pathway of starch synthesis A slmllar mechanism may 
be present m the high lysme sorghum cultlvars a\ nell 
Sorghum lines with bold grams contained more starch, 
unlike wheat [9] &here kernel weight differences were 
!.~rg~!:J attr;bt;-tz%_ to_ eo-ns;i:‘~~~ts isi~,~p trivia s~ai_s(r 

The protem percentage decreased after 7 days for all the 
cultlbars except in IS- 11167 and IS-l 175X (Table 2) There 
was a further shght increase m the t-o lines up to 28 days 
after flowering In other cultlvars. a decrease from 7 to 21 
days was observed followed by little change thereafter 
(Table 2) This perhaps contrasts with the results ofearher 
WGikH3 [3. :Oj &kiG noted that ihc potem percentage 
dCC!iiiiU diiiiiig kii2T Siap Of pplrr de5eiopment Aa a 
consequence of the protem Increase in gram. starch 

percentage was reduced m IS- 11167 and IS- 11758 w hlch 
have a larger quantity of protcm per gram The trend m 
protem accumulation per gr,lm remained slmllar in dll 
cultlvars. except RY-49 (FIN 3) where the rate of dccumu- 
:.a.~ro.n s:-i~,--~-ed- s sie-~d~ rr,~1_e-~so “p t-U or: d_~~s ~ifier 

flowering Earher aorkers [4] obscrked that the mtrogen 
&as translocated into sorghum grams db long as the dry wt 
increased It was also evident that protem synthesis 111 the 
three Ethiopian hnes mdy be much more efficrent than m 
other cultl\ars because of dInerent rate\ of protein 
accumulation (Fig 4) It was observed thnt CSH-6, uhlch 
recorded 3 I mg protem gram. yielded 9 5”,) protem m 
the flour. while IS-I 1167. with a blmtlar prot*xn content 

(3 7 mg ‘gram). ylclded 19 h”,, protem ‘it maturity 
Similarly, high yrioiein oat \arIetrLT had n more cihclent 
iTlc~~TaniS~ for tire rcnrubiilrdt~un of mirugen from rhc 
straw to the gram [l I] C‘ultl\ars alth lob protein (e g 

Days after fiowerlng 

1 

Fig 3 Starch content at dlfferent 5tageb of gram maturdtlon 

5 0 -.-. CSH-8 
.-. IS-11167 

A+ RY-49 
c_ r, 3 -0-Q M 35-l 

? D-C P-721 

Fig 4 Protem content at dlfferent stage\ of grain mdturdtlon 

L-0 CSH-8 
1-m IS- 11167 A’A\A 

L-A RY -49 I 

.+ CSH -8 

.-. IS-11167 
A-A RY-49 
C--C, M35-I 
D-0 P-721 

Days after flowemg 
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CSH-8 and M.35-1) contam more starch (Table 2); the rate 
of starch accumulation was also high in these cultlvars 
(Fig 3). It IS assumed [ 121 that any increase m the protein 
percentage of the gram will be associated with a pro- 
portionate decrease m the carbohydrate percentage 
However, the quantltles of starch and protein were higher 
m RY-49, indicating genotyplc variation for starch and 
protein accumulation. 

Fat and ash contents 

The percentage of fat in the grams tends to increase 
slowly m all cultlvars from 7 days to maturity (Table 3). 
Slmllarly the lipid content of wheat gram Increased during 
maturation [13]. This increase may be associated with the 
development of aleurone tissues and other parts of 
endosperm containing a high level of lipids [ 141 The rate 
of accumulation was rapid until 35 days after flowering 
and thereafter little change was observed (Fig. 5). The rate 
of accumulation was much greater m RY-49 and IS-l 1167 
than m other cultlvars The increase m quantity per gram 
was similar to changes observed m dry matter accumu- 
lation Lipid deposltlon IS likely to be coupled with 
reduction m water flow into the gram during develop- 
mental stages [15]. 

The ash content, expressed as a percentage, showed 
some varlatlon up to 21 days (Table 3), after which It 
remam unchanged The quantity of ash per gram m- 
creased up to 35 days, except m IS-11167 and RY-49 
which decreased from 21 and 28 days, respectively (Fig. 6). 
Beyond this stage the cultlvars showed little variation for 
mineral contents with the exception of RY-49 Mineral 
accumulation was almost completed durmg the early 
phase of maturation (Fig. 6). Similar observations were 
observed earlier for sorghum [14], tnticale, wheat and rye 

1161 

EXPERIMENTAL 

Eight sorghum cultlvars (Table 1) selected for the study were 

grown in the 1977 post-ramy season at ICRISAT Center, 

Patancheru (near Hyderabad), I&a The genmypeswere planted 

m plots arranged at random m three replications Each plot 

conslsted of eight rows each 6 m long The rows were spaced 

75 cm apart and plants w:thm the rows were t~mned to ! 1 cm 

spacmg A basal application of fertilizer (60 kg N/ha and 60 kg 

P,O,/ha) was Included m the seed bed, a top dressing of 40 kg 

N/ha was given at 3 weeks after planting Individual sorghum 
panicles were tagged at the 50% flowering stage, three panicles 

were harvested from each of the genotypes, at weekly intervals 

starting from day 7 after flowermg until day 49. Grams were 
quickly separated from the whole panicles manually and freeze- 

dried Equal weights of freeze-dried grams from each of the 

replicates were pooled and were ground in a Udy cyclone mill to 

pass through a 0 4 mm screen The meal was defatted using n- 

hexane m a Soxhlet apparatus and used for further blochenncal 

analysis All analyses were carried out m duphcate 

Gram weight Five replicates of each genotype contammg 100 

freeze-dried whole grams were weighed and the mean weight was 

determined. 
Protem content Total N m sorghum meal was determmed by 

the micro-KJeldahl method [17] and the crude protem was 

calculated (N x 6 25) The mean coefficient of variablhty for 
protein determmation was 1 4”,, 

Soluble sugars and starch Soluble sugars from sorghum meals 

were extracted with SO;,, EtOH m a Soxhlet apparatus After 

evaporating the contents in bacuo, the residue was &solved m 

H,O and made up to a known vol Total sugars were estimated by 

the PhOH-H,SO, method [18] Starch was estimated using the 

enzyme glucoamylase (Sigma) accordmg to the procedure of ref 

[19] The mean coefficients of varlabihty for soluble sugars and 
starch were 2 4 and 3 4 ?,>. respectively 

Fat and ash Determined according to the method m ref [ 171 

The coefficients of varlablhty for fat and ash determmations were 

I 9 and 0 7 :,,, respectively 
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