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High Temperature Effects on Seedling Emergence 'Sh Go1 

and Embryo Protein Synthesis of Sorghum 
H. J. Ougham, J. M.  Peacock; J. L. Stoddart, and P. Soman 

ABSTRACT 
High soil temperatures (>4S°C) inhibit the field emergence of 

sorghum [Sorgihum bicolor (L.) hloenchl in the semiarid tropics. The 
objective of this study is to demonstrate that the measurement of 
embryo proteln synthesis (EPS) is a convenient and rapid technique 
for !he assessment of sorghum emergence at high soil tempenturn. 
Two experiments were conducted, one using four landrace accessions 
and another using 14 commrrcinlly available lines. Sndling emer- 
genie was measured in a large water bath containing a series of soil- 
filled clay pots. The temperature of the soil in the pots could be 
regulated (35-50'C) using infrared lamps. Protein synthesis w u  
measured by incubating embryo-containing half-seeds with "C-la- 
beled amino acids at different temperatures (35-40°C); the resulting 
labeled proteins were extracted for counting. The relative rnnkinps 
of the landraces with respect to EPS and emergence demonstrated 
that the EPS technlque clearly dijtinguished between lines that were 
able or unable to emerge at SOT. However, with the commercially 
available lines, despite the agreement between the ranking of EPS 
and emergence, two lines diverged from this relationship, which is 
attributed to the greater complexity of the overall emergence pro- 
cess. 

Additional Index Words: Emergence (seedlings), Establishmenl 
Protein synthesis (embryos), Soil temperature. Sorghum bicolor (L.) 
Moench. 

P OOR CROP establishment is one  o f  the  major prob- 
lems limiting the production o f  sorghum in the 

semiarid tropics. Soil temperatures >45"C are known 
t o  influence sorghum germination a n d  subsequent 
plumule extension, which affects seedling emergence 
resulting in sparse and  uneven stands (Peacock, 1982). 
I n  India, West Africa, a n d  southern Africa, soil surface 
temperatures in farmers' fields commonly exceed 45°C 
a n d  temperatures as  high a s  60°C have been recorded 
(Peacock a n d  Ntshole, 1976; Peacock, 1977; Soman e t  
al., 1981). Genetic variation in emergence capability 
under high soil temperatures has  been shown t o  exist 
(Peacock, 1982), and  lines capable o f  emerging through 
soil a t  temperatures o f  55'C have been identified (Wil- 
son et  al., 1982). T h e  various techniques developed t o  
study the  germination a n d  emergence responses o f  
cereals t o  high soil temperatures have recently been 
evaluated by Soman  a n d  Peacock (1985). In the s ame  
paper, a technique t o  screen sorghum lines for emer- 
gence ability through a hot  soil surface, where soil water 
a n d  surface crusting are  not  limiting, is  described. In 
the  same year, Ougham a n d  Stoddart  (1985) demon- 
strated that  the  capacity o f  sorghum lines t o  germinate 
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a t  high temperatures (>40°C)  was  clearly related to  
the temperature sensitivity o f  d e  novo protein syn- 
thesis in the embryo, as  is also the  case in maize (Zea 
mays L.) (Riley, 1981a, b; 1984). This  paper docu- 
ments that seedling emergence a t  high temperature is 
related t o  embryo protein synthesis (EPS), which of- 
fers a practical method to  distinguish sorghum lines 
for their ability to  emerge under  these adverse con- 
ditions. 

M A T E R I A L S  A N D  METHODS 
Plant Materials 

Two experiments were conducted in which EPS and xed-  
ling emergence percentage were determined at a range of 
temperatures. The seeds of all genotypes were from a con- 
temporary multiplication in the same field at ICRISAT Cen- 
ter, Patancheru, India, grown and harvested in the dry, post- 
rainy season of 1983. 

In Exp. I, four landrace lines (IS 1054, IS 2146, IS 2282, 
and IS 61 18) selected on the basis of contrasting perform- 
ance at high temperatures were screened. The first two lines 
are susceptible and the latter two lines are resistant to high 
temperatures during emergence. 

In Exp. 2, 14 commercially available breeding lines were 
used. These consisted of three cultivars ('SPV 354,' 'SPV 
386,' and 'CSV 5') and three hybrids together with their 
respective parents. In each case, the name of the hybrid is 
followed by first, its male parent; second, its female parent; 
and third. the associated B (maintained line: i.e.. 'CSHI.' 
IS 84, CK 60A, CK 60B; 'csH~,' CS 3541, 2 '077~, 20778; 
'CSH 6,' CS 3541, 22 19A, 22 19B. 

Measurement of Emergence at High Soil 
Temperatures 

The apparatus for measurement of emergence at high soil 
temperatures consisted essentially of a large water bath con- 
taining a series of soil-filled clay pots 30 cm long and 10 cm 
in diameter. This arrangement ensured that the soil in the 
pots was kept at an optimum moisture content at every tem- 
perature (Soman and Peacock, 1985). The soil in the pots 
was heated by infrared lamps fitted to a movable frame above 
the tank. The temperature of the soil surface was regulated 
by adjusting the height of the lamps, so that soil tempera- 
tures in the range of 35 to 50°C diurnal maximum (mea- 
sured at the 2 c m  depth) could be achieved. 

Ten xeds  of uniform size for each cultivar were sown at 
a 5 c m  depth in each pot. The experimental design was a 
randomized block with four replicates. Emergence of visible 
seedlings was recorded 4 d after sowing at 35, 40, 45, and 
50°C. 

Measurement of Protein Synthesis 
author. Ten embryo-containing half-seeds (see Ougham and Stod- 
Published in Crop Sci. 28251-253 (1988). dart, 1985) were surface-sterilized in sodium hypochlorite 
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elevated temperature, and are not applicable to an a b  
solute determination of the temperatures likely to re- 
sult in unacceptably poor performance under held 
conditions. 

Rankings for EPS determined on the basis of per- 
centage'decline in synthesis between 35 and 40°C 
showed the greatest variation between heat-suscepti- 
ble and heat-tolerant lines in this temperature range 
and have been discussed previously (Ougham and 
Stoddart, 1985). With respect to percentage emer- 
gence, lines were ranked according to mean emergence 
percentage at 50°C as a percentage of the maximum 
emergence obtained within the temperature range of 
35 to 50°C. 

Ougham and Stoddart (1985) showed that the de- 
gree ofcorrelation between temperature sensitivity for 
germination and that for EPS was very high. The work 
of Riley (1981a, b; 1984) demonstrated that EPS is 
also the heat-sensitive process limiting the germina- 
tion of maize at high temperatures. This correlation 
may prove applicable for all cereal crops where emer- 
gence at elevated temperatures is a problem. 

The rapid laboratory technique reported here for 
the measurement of protein synthesis by germinating 
sorghum embryos at a range of temperatures could, 
therefore, be used as a screening technique to assess 
the temperature susceptibility ofa  sorghum seed sam- 
ple during germination and thus to predict its likely 
field performance at elevated tempetatures. As shown 
in this study, seedling emergence and EPS correlate 
with each other. However, two lines (2077B and 
2219A) displayed highly anomalous behavior that re- 
flects the greater complexity of the overall emergence 
process compared with germination. Although suc- 
cessful germination requires a number of biochemical 
processes, emergence depends not only on the phys- 
iological process for germination but also on the ca- 
pacity of the seedling to elongate and emerge through 
the surrounding soil. During this phase, elevated soil 
temperatures may exert an additional adverse effect 
on a number of seedling emergence parameters. 

Experiment 1, which investigated four landrace lines 
selected on the basis of contrasting emergence per- 
formance at elevated temperature, demonstrated that 
the EPS screening technique clearly distinguished be- 
tween lines of sorghum that were tolerant or suscep- 
tible to elevated temperatures. 

Parent-Hybrid Comparison 
In Exp. 2, which compared emergence and embryo 

protein synthesising capacity by hybrid sorghums (CSH 
I ,  CSH 5, and CSH 6) and their respective parents, 
the performance of a given hybrid was generally in- 
termediate between those of its parents. This contrasts 
with earlier observations during the development of 
the screening technique (Ougham and Stoddart, 1985), 
that hybrids exhibited both a lower absolute level of 
EPS at all temperatures and also a greater suscepti- 
bility to elevated temperatures. The explanation for 
this apparent inconsistency may be due to the locat~on 
of seed production of the seed lots used for the two 
series of experiments. In the hn t  study, hybrid seed 

was obtained from commercial seed suppliers, whereas 
for experiments reported here, hybrid seed was pro- 
duced at the ICRlSAT Center, Patancheru, and har- 
vested simultaneously with seed of the parental lines 
grown under similar environmental conditions. Two 
consequences of this difference in location of seed pro- 
duction are apparent. First, the hand pollination of 
panicles used in the latter instance resulted in a low 
seed number per mature panicle compared with the 
seed number normally achieved during commercial 
hybrid seed production. Second, production of hybrid 
seed and seed of parental lines in the same environ- 
ment during the same growing season would mini- 
mize the variation between seed lots due to environ- 
mental factors. 

CONCLUSIONS 
The results of this study show that the sensitivity 

of EPS to elevated temperatures can be used as a con- 
venient and rapid screening technique for the assess- 
ment of sorghum emergence at high soil temperatures. 
However, despite the general agreement between EPS 
and percentage seedling emergence, two lines showed 
anomalous behavior. This finding emphasizes the need 
for further detailed study of the biochemical and phys- 
iological processes involved in sorghum seedling 
emergence before breeders and the seed industry ac- 
cept this as a practical screening technique. 
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