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INTRODUCTION

Dur ing  Ap r i l  1991  and  Ap r i l  1992  the  In te rna t i ona l  C rop
Resea rch  Ins t i t u te  f o r  t he  sem i -a r i d  T rop i cs  ( ICRISAT)
col lected crop germplasm in Namibia (Appa Rao et  a l . ,1991 ,
1992a,  1992b) The main a im of  these miss ions was to
col lect  germplasm of  " t radi t ional  cu l t ivars"  of  pear l  mi l le t
(Pennisetum glaucum (L.) R. Br.) and sorghum (Sorghum
bicolor  (L. )  Moench subsp.  b ico lor)  in  the crop growing
reg ions  o f  no r the rn  Namib ia .  Pea r l  m i l l e t  t s  t he  mos t
i m p o r t a n t  s u b s i s t e n c e  c r o p  i n  N a m i b i a  a n d  N a m i b i a n
g e r m p l a s m  h a d  n e v e r  b e e n  u s e d  i n  p l a n t  b r e e d i n g
programmes.  Namibian landraces of  crops were at  that
stage not  conserved in any way,  and development  fo l lowing
indeoendence. was seen as a threat to the existence of these
tradi t ional  cu l t ivars (SlDA, 1989).  Namibia was a lso about
t o  l a u n c h  b o t h  i t s  n a t r o n a l  p l a n t  g e n e t i c  r e s o u r c e s
programme and cereal  crop improvement  programme, and
these collections were to become an important basis for both.

The resul t ing col lect ion.  which inc luded 123 accessions of
sorghum (Table 1) ,  is  probably not  fu l ly  representat ive of
t he  d i ve rs i t y  f ound  i n  Namib ia ,  bu t  un less  ma te r i a l  i s
adequate ly  descr ibed,  gaps cannot  be ident i f ied.  In  order
to ident i fy  fu ture col lect ing pr ior i t ies and make the mater ia l
more valuable to users.  i t  was decided to character ise a l l
accessions of  sorghum in the col lect ion of  the Nat ional  Plant
Genet ic  Resources Centre (NPGRC) The NPGRC also
received only smal l  amounts of  seed per  accession.  and
seed mul t ip l icat ion therefore was necessary.  For  the sake
of  cost-ef fect iveness,  i t  was decided to combine seed
mul t ip l icat ion wi th character isat ion.

MATERIALS AND METHODS

Seeds of  a l l  sorghum samples (124)  in  the col lect ion of  the
NPGRC were sown in an exper imenta l  f ie ld at  Mahenene
Research Stat ion.  Since successfu l  seed mul t ip l icat ion was
cr i t ica l .  Mahenene was chosen because the in f rast ructure
needed for  i r r igat ion was present  at  th is  s tat ion.

S e e d s  w e r e  p l a n t e d  i n  a  r a n d o m i z e d  b l o c k ,  i n  t w o
repl icat ions.  Each p lot  consis ted of  4 rows of  4 m length.
Spacing of  about  25 cm wi th in and 75 cm between rows
was used.  Al leys of  1m width were le f t  open between p lots.
Plant ing was done by a machine adapted for  the p lant ing of
smal l  exper imenta l  p lots .  The f ie ld was i r r igated pr ior  to
sowing on .1 5 December 1995.  Short ly  af ter  germinat ion.
i r r i g a t i o n  w a s  a p p l i e d  o n c e ,  r e s u l t i n g  i n  2 0 m m  w a t e r

addi t ionai  to  i l ie  ra inta l l .  In  November 1995 a basal  dose of
fer t i l izer  (3:2:1 (25%) N:P:K) at  150k9/ha was appl ied before
sowing.  On .1 9 January and mid-February 1996,  3Okg/ha
N in  f o rm  o f  u rea ,  we re  app l i ed .  No  p lan t  p ro tec t i on
measures were appl ied throughout  the season,  s ince pest
and d isease inc idence appeared to be low.

l so la t i on  o f  t he  d i f f e ren t  access ions  was  ach ieved  by
means  o f  po l l i na t i on  bags  wh ich  we re  used  to  cove r  t he
heads  j us t  p r i o r  t o  f  u l l  deve lopmen t  o f  sp i ke le t s .  The  bags
were  kep t  i n  p lace  un t i l  ha rves t ,  t hus  ensu r i ng  se l f  i ng  o f
t he  heads .  Ha rves t i ng  was  done  by  hand  f  r om 29  to  31
May  1996 .  Fu r the r  p rocess ing  o f  ge rmp lasm was  a l so
done  by  hand .

Data col lect ion according to the Internat ional  Plant  Genet ic
Resource Inst i tu te ( lPGRl)  a lso known as the Internat ional
Board for  Plant  Genet ic  Resources ( IBPGR/ICRISAT, 1993)
descr iptor  l is t  r .vas done both in  the f ie ld and af ter  harvest ing
at  the NPGRC. Data was taken f rom 5 randomly chosen
indiv iduals in  each p lot  and each repl icate.  For  quant i ta t ive
data,  averages,  s tandard deviat ions (s)  and coef f ic ients of
v a r i a t i o n  ( c v )  w e r e  c a l c u l a t e d ,  f o r  o t h e r  c h a r a c t e r s .
{ r a n r  r o n n i o c  n {  o e n h  a h -  r ^ ^ + ^ /  - + ^ t ^  ^ ^ r  . ^ ^ ^ ..arac ler  s la le pel  accesslon were
recorded.  For  easier  analys is ,  only  the most  f  requent  s tate
was used in this summary. Associations between characters
w e r e  d e t e r m i n e d  u s i n o  t h e  C h i - S q u a r e - T e s t  i n  r  x  c
cont ingency tables.

RESULTS

T h e  c l i m a t e  a n d  o t h e r  c o n d i t i o n s  u n d e r  w h i c h  t h i s
character isat ion was carr ied out ,  are summarized in F ig.1
and 2.  and Table 2.

Table 2:  Condi t ions at  Mahenene Research Stat ion

Lat i tude 17"26'30 S
Long i tude  14 '47 '20 'E
A l t i t ude  1100m
Soi l  texture sand
Soi l  pH 5.4 to 5.9,  average 5.7
F ie ld  spac ing :

wi th in row 25cm
between rows 75cm

Water ing

Fert i l izer :
oasal
s i de

Pol l inat ion method:

ra infed (348.3 mm) and
ir r igated (20mm)

150kg /ha  3 :2 :1  (25%)  N :P :K
2 x 3 0 k g / h a N ( u r e a )
sel f ing through bagging

TABLE 1 :  SORGHUM ACCESSIONS COLLECTED lN NAMIBIA BYICRISAT'

Reoion Kunene North Central Okavanoo Caprivi TOTAL

stze 1 36 549 54 526 42 771 18 s30 252 376

# accessions 5 66 22 30 t z J

to ta l  area under sorghum: 15 000 ha (Leuschner et  a l . ,  1993)
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Fig, 1: Rainfall data: 15i11/95 to 31/03/96
ft{aherene Research Station

FIGURE 1 :  RAINFALL DATA FOR MAHENENE RESEARCH
STATION DURING TH.E GROWING SEASON.
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FIGURE 2: TEMPERATURE DATA FOR MAHENENE RESEARCH
STATION DURING THE SEASON,

A summary,of the data which was recorded, is shown in
Table 3. Si,nce long smut (Tolyposporium ehrenbergii
(Kuhn)Pat.)'was observed on the accessions, it was decided
to soote unbagged heads on a scale of 1-10 for susceptibility
to long srnul (0 - not susceptible, 10 = highly susceptible).
This score was awarded according to number of heads
infested (out of 5 randomly chosen heads per plot) and
degree ol infestation per head.

DISCUSSION

Variability between accessions was found to be considerable
for most characters observed. All three of the quantitative
characters recorded, had coefficients of variation of above
20% (Table 3).
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Endosperm colour was found to be white in all accessions
and grain lustre was always absent. Only one accession
(NAM 1198) was found to have twin seeds,  as a l ready
reported b'y Appa Rao ef al. (1992a\. This accession
originated from a farmer's field in the Ohangwena.Region
at  Enyana,  near  Okongo (17 '28 'S,  17 '35 '  E) .

The major i ty  of  accessions (89,52%) were awn- less,  a
character probably selected for by farmers, since awned
sorghum heads are more d i f f icu l t  to  process manual ly .
Association between presence of awns and the region of
origin was a statistically significant (c'. = 8.66, significant
at P= 0,05). The presence of awns was positively associated
with the Okavango Region, where more awned accessions
were collected than expected. The majority of accessions
also had white midribs (82.11%) and white glumes (55.65%)
and dry plants were mostly tan-coloured (59.68%). lt is not
known, whether the latter characters are preferred by farmers
or are co-incidental.

Seedling vigour was low in 58.62% of accessions. This
could be a result of the less than optimum storage conditions
under which these seeds were kept from the time of collecting
in 1991/92 to incorporation into the NPGRC collection in
1993/94. Seeds were also threshed by machine, which is
known to have a negative effect on germination (Ell is el a/.,
1985;  Hong & El l is ,  1996).

Most of the accessions had white coloured grains (40.32%),
which is unexpected, since sorghum is grown in Namibia
mainly for beer,brewing, and red grains are preferred for this
purilose (Ledhftet, pers. com.; Lucas, pers. com.). In the
eastern regions of Caprivi and Okavango, white sorghum is
also used for porfidge to a lirnited extend. There is however
no significant association (c',0 = 8.65) between grain colour
and the three main regions (Caprivi, Okavango and North
Central, consisting of Oshikoto, Oshana, Ohangwena &
Omusati Regions). This result may however also be due to
the original collection not been done strictly at random.

Endosperm texture was mainly on the intermediate to starchy
side, a character which was probably selected for by farmers
who prefer starchy seeds for ease of processing and taste.
The waxy bloom for most accessions is slight to medium.
The latter observations however may have been taken too
late during the g,rowing season, thus affecting the true score.
I n f l o rescence  shapes  w i th  e rec t  b ranches  domina te
(79.O3"/.). This may be farmer selected, but reasons for
this selection are unknown. There is a significant association
between region and inflorescence shape ( c',u = 30.32,
significant at P = Q.95;. Inflorescence shape of category 4
of the descriptor tist, is positively associated with the Caprivi
Region, where rnore than double the number of accessions
were collected than would be expected. Grain covering is
mainly in the middle ranges from one third to three-quarters
covered (76.62'/.). Shattering was on the low side, whioh is
to be expected in a cultivated crop. There is no statistically
significant association between grain covering and shattering
(c'.u = 50.4). Grain plumpness is mainly from intermediate
to plump (88.71o/"), which is most l ikely the result of farmer
selection for large, well-rounded seeds.

The scoring for smut susceptibil i ty should be treated with
caution. Upon opening poll ination bags it was discovered
that infestation was far more severe than on unbagged
heads. This must be a result of the increased humidity and
protection from the elements inside the poll ination bags. A
properly designed experiment is needed to evaluate smut
susceptibil i ty.
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TABLE 3: SUMMARY OF MORPHOLOGICAL CHARACTERS OF NAMIBIAN SORGHUM ACCESSIONS (FIGURES FOR QUALITATIVE
CHARACTERS ARE PERCENTAGES OF N ACCESSIONS) .

p lan t  he iqh t  (cm)  |  11 |  |  
^ 'n  

, ,
max I mean

291 |  193.56
5

45.91
C V

23.72
No. ora ins ipanic le |  122 |  380 2936 1459.37 538.30 |  36.89
1 O O O - s e e d - w e i q h t ( q )  1 1 2 4  |  t S . Z O 57 .20 34.48 8 .48 24.60
seedl ing v igour t t o low intermediate h igh

58 .62 39 .66 1 . 7 2
midr ib colour 123 whi te dul l  green other

82 .11 1 7 . 0 7 0 . 8 1
waxy bloom 123 s l i qh t l v medium 75% mosl lv

37.40 39.02 0 . 8 1 22 .76
inf  lorescence
snape

1 2 4 very roose
erect

pnmary
branches

toose
erect

pr imary
branches

loose
drooping
pr imary

orancnes

semt-
loose
erect

pnmary
branches

semt-
compacr

el l ip t ic

compacr
oval

0 . 8 1 32.26 4.84 46.77 9 .68 5 .65
plant  co lour 1 2 4 oiomented t a n

40.32258 59.67742
grume corour 1 2 4 white manoqanv red purple b l a c k other

55 .65 1 0 . 4 8 0 . 8 1 7 .26 2 4 . 1 9 1 . 6 1
grain coverng 124 25%

covereo
33%

covereo
50%

covered
6 0 o o l 7 5 o o l g 0 o o

covered I covered I covered
100%

covered
7 .26 28.2 30 .6 4 .84  1  12 .90  1  8 .06 t _ o  I

AWNS 1 2 4 absent 
I 

oruiun

89 .52  |  10 .48
shat ter ing t z t very low 2 tow A intermedia

te
6

6 .56 1 3 . 9 3 39.34 1 5 . 5 7 20.49 4 . 1 0
grain colour 124 whi te Ve l low red orown buf f o lner

40.32 0 . 8 1 8 .87 21.77 15.32 12.90
grain lust re 1 2 4 aosenl presenr

1 0 0 0
grarn p lumpness 1 2 4 dimple A in termedia

I C

o plump

3 .23 8 .06 29.03 34.68 25.00
grain form 1 2 4 s inq le IWIN

9 9 . 1  9 0 . 8 1
enoosperm
IEXIU TE

1 2 4 mosry
corneous

4  |  i n t e r -  |  6  l m o s t l y l  8
I  mediate |  |  starchv I

c( mplete-
starchv

7 .26 8.06 1 27.42 1 20.16 1 20.97 1 8.87 7.26
endosperm colour 1 2 4 whi te Vellow

1 0 0 0
smut
suscept ibi l i ty
0 = l e a s t , 6 = m o s l

121 0 1 z 3 A 5 6

4 .96 36.36 25.62 1 4 . 8 8 1 1  . 5 7 5 .79 0 .83

CONCLUSION

From the characterisation of the sorghum accessions at the
NPGRC, some conclus ions can be drawn.  There is  s t i l l
considerable morphological variabil ity amongst the sorghum
land races  o f  Namib ia .  Th i s  va r i ab i l i t y  needs  to  be
conserved. A large proportion of the variabil ity is conserved
ex situ in the collection of the NPGRC, but further efforts
need to be made to add to th is  col lect ion.  The nat ional
p rog ramme a l so  needs  to  cons ide r  i n  s i t u  o r  on - fa rm
conservation of these landraces.
With the information known so far, some priorit ies for the
future can be identif ied. In the regions of Oshana, Oshikoto
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and Kunene,  more col lect ing needs to be done.  Dur ing
col lect ing miss ions,  at tent ion should be paid to character
states that are not well represented in the present sorghum
col lect ion,  eg.  twin gra ins,  lust rous gra in,  ye l low endosperm,
yellow grain. Some attention is als.o needed in identifying
types res is tant  to  long smut,  s ince th is  d isease seems to be
a problem in Namibia.  A proper exper iment  evaluat ing th is
character needs to be done. The accessions need to be
characterised for days to germination and days to flowering,
two important  characters in  the ar id condi t ions of  Namibia,
but  which could not  be scored dur ino th is  exerc ise because
of staff shortage.
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