Journal of Agricultural Science, Cambridge (1992), 118, 29-36.  Printed in Great Britain

Comparative productivity and drought response of
semi-tropical hybrids and open-pollinated varieties of

sorghum TA. 1359

A BLUM! G.GOLAN',J. MAYER', B.SINMENA' AND T.OBILANA?

Y nstitute of Field and Garden Crops, The Volcani Centre, PO Box 6, Bet Dagan, Isracl
ESADCC/ICRISAT SMIP, PO Box 778, Bulawayo, Zimbabwe

(Revised MS received 3 June 1991)

SUMMARY

While the relative advantage of hybrids over open-pollinated varieties has long been established for
temperate sorghums in developed countries, similar information for semi-tropicil sorghums used in
Africa and India is relatively scant, especially under conditions of drought stress. This study
compared 23 hybrids with 21 open-pollinated varieties, all developed in India and/or Southern
Africa. Materials were field-tested under conditions of stored soil moisture at two levels of drought
stress (dryland or one supplemental irrigation) at Bet Dagan, Isracl in 1989,

Irvespective of the water regime, grain yield and harvest index increased and leal arca index
decreased with o shorter growth duration of the genotypes. Hybrids were carlier, had a larger leaf
arca index, more than double the harvest index and produced more grain compared with varicties.
In spite of their longer growth duration, varietics were less water-stressed than hybrids, as judged by
their midday leal water potential, relative water content and the extent of leaf rolling. The relatively
poor plant water status of the hybrids could be partly ascribed to their Targer leal area index. Hybrids
produced more biomass per day than varietics under low stress while varieties produced more
biomass per day than hybrids under high stress. Thus, in terms of plant water status and mean daily
biomass production, varieties were more drought resistant than hybrids. However, the physiologcal
superiority of the varieties under drought stress did not result inahigher grain yield because o then
inherent rekatively poor harvest index, typical of the tall and late Afvican sorghums. The superion
physiofogical resistance 1o drought stress of these varieties could be translated into a yield advantape
under drought stress if their potential harvest index is improved.

INTRODUCTION

An important factor in the genetic improvement of
sorghum (Sorghum bicolor 1.. Mocnch.) 1o increase
and stabilize its production in semi-tropical environ-
ments is the assessment ol hybrids compared with
open-pollinated varieties. The problem is most urgent
in some developing countries, where the transition
from open-pollinated varicties (heneeforth referred to
as tvarteties) o hybrid seed production and utiliz-
ation can be hampered by certain technological,
ceonomie and social limitations. The comparative
studies of hybrids und varieties which led to the rapid
adoption of sorghum hybrids i developed conntries
were almost exclusively performed with temperate
sorghum varieties, typical of materials adapted to the
USA. This information is not necessarily relevant to
the semi-tropical sorghum which is commonly grown
in India and Africa and consists of different germ-

plasm than that utilized in temperate regions. This
material not only differs in genetic backyround but
also in terms of the selected traits, such s plant
phenology and height. Specific studies with this
material are therefore warranted in order (o establish
the relative merit of hybrids for semi-tropical con:
ditions.

Many considerations are involved in the decsion to
adopt hybrids rather than varietes in adeveloping
country. This work did not attenpt to addiess all the
issues, bul was done to investigate whether senn-
tropical hybrids have an advantage over improved
semi-tropical varieties under variable conditons ot
drought stress. This study was abso stimulated by oar
recent findings that some improved semi-tropical
varieties may yield us well as temperate hybrids (Blam
et al. 1989), while heterosis e temperate sorghum
hybrids may be ascribed o physiological stability m
response 10 environmental stress (Blum ez al. 1990)
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Table 1| Parentage, days to heading, plant height and dryland gram yield at Bet Dagan, Istacl, of

SADCC/ICRISAT sorghum hybrids Al hybrids were developed by the SADCC/ICRIS AT programme at

Zimbabwe and were based on female hines from 1C RIS AT (India) or Texas A&M Univarsiny (US 1) and sclocted
malc Imes from India or Zimbabw ¢

Days to Hught Gram yicld
Fntry Parentage heading (em) (g/m*)
SDSH 49 1CSAI9x1 ARSVYTIY 56 1S 68
SDSH 2 D2A xSDS2226 484 57 125 241
SDSH 6 D2A x SDS2850 56 125 240
SDSH & D2A x 5DS4261 60 140 239
SDSH 76 SPL177A x SDS2690 2 61 145 226
SDSH 38 ATXO23x SDS238 67 170 219
SDSH S D2A x SDS22 1 S0 125 204
SDSH 48 ICSAI2 x T ARSVYTIS 65 120 212
SDSIE /3 D2A % SDS323 55 L 196
SDSH 3 D2A x SDS3227 02 15 190
SDHSHE 4 D2A x SDSIBR0 67 170 193
SDSH 1 D2A xSDS22 56 135 [EX
SDSH 47 SPILT09A x SDS238 75 155 183
SDSIHT 65 M70079A x SIDS348 67 10s 176
SDSH S ICSA3YT x LARSVY 161 64 LS l6b
SHSH 35 MT70079A x SDS3423 71 1S 159
SDSHE 74 MA40079A x SIS2271 71 125 148
SDSIHE 6] SPL23A x SDS260 71 105 148
SDSH 28 SPLIOA ~ SDS318S 77 s 138
SDSH 4> SPLOA x SDSI107 79 95 131
SDSH 43 SPI 23A x SDSSTH 066 120 128
SDSH 59 SPI 23A x SDSI183S 65 120 1o
SDSHE S) SPLY9A x SDS183S 56 90 51

MATLRIALS AND MI THODS

Twenty-thice hybrnds and 21 open-polhinated vari-
eties developed by the International Crops Rescarch
Institute for the Sann And Tropwes (ICRISAT) in
India and m Zunbabwc (South Afnican Davelopment
Coordimation Confarence Sorrhum and Millat Im
provaent Programime - SADCC/ICRISA L) werg
tosted The avpanmiant woas parformed at Bot Dagean
(on the Coastal Plhan of Istach on docp and tarude
chromonaat with che b ovarhible Kocontent ind
aveddiant watar holdmye Gipaany Fatihza was ap
phad botore sommg at e of 120 kg b ol Noand
100 ke/hvol PO The axparmient was plhnted on 3
Apid TONO i asphitsphit plot desip nowithe 4 iepho s
(two varncties hd ondy 3 acphotes)  Lach plot
consisted ol threc tows S fong sparced 09 moapart
and planted to 20 saed pa metre of tow The mam
treatent consisted of two water regimes supplonen
Uil aneaton and diyvlond  cach divided mto o
groups of cnties hybnds and vancoes The diyland
trcatment consisted of arop growth on stored soil
monsture only whae drous hit stress progicssed with
the cason Total v ulable sotl monsture was 289 mm
as datcrnnoed gravimatically to a depth of 180 anat
sowmge  The nnpad ooument wis sprnkla
wngdated once at 3 dayatar anargence (DAL at

the rate of 100 mm This irnigation was not suthacnt
to attan stress free conditions throughout the scason
and the two trcatments were considerad to represent
two loveds of drought sticss

Haading date (detcrmmed when S0 of the stans
tully cxserted pamddes) and plant haeht o e by cot
the prondde ware recordad meall plot o acvimndos
(b AD wasdaammnmed maowh dinvboad p 8o hondm
by hncu moswoments ob all vible e 10
scction bem loneth Simede Lol
by mualuphyimg s fongth by e vadde by ooy
ontent of laat tothne (U = no tothn N
tolling )y was viouadly scorcdm b disban b pbo 0
wockhly mtervaly b g e 3o DAL

Fhe followmn dha ware tecorded mthe nud e
of all divland plor of ©cmdom o o
hybids and fnve victios i Bawadd by il
boginimy at 360 DAL (o day ttier uppl it |
iz ion wis apphed to the oz acd o oe v
Midd vy canopy tampa tare ware recorde b !
huid hedd mtrocd thamomar o gooadd NG
Fehiamp Corpooton Fuilcoton € alitcin o G
cuctoview onby the b b cmopn

ey oo oot d

b et crdium

wos approxmi ey 20 G Fhe thar nomae paove
4 meastre of Ciepy tomportute ow i ol
toan temperatare diftacnnd Cmop o g ot

of cach plotm a block was axpres od s cpoean
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of the mean canopy temperature of the block. Midday
leal water potential (LWP) was measured with a
pressure chamber (custom-made as described by Blum
et al. 1973) in four uppermost and fully expanded
leaves per plot. At the same time one 2 x 4 ¢cm section
was cut from each leaf and placed in a stoppered vial.
These samples were processed in the luboratory for
the measurement of midday relative water content
(RWC). Leaf sections were weighed and floated on
deionized water for 3 hat 10 °C, after which their wet
and dry weights were recorded. In the morning, four
additional top fully expanded leaf laminace were
sampled from cach plot of both treatments and placed
with their cut edge inowater. They were then
transferred to the laboratory and remained in water
at 10 °C overnight in order to regain full turgor. A
sample was then taken from the mid-section of cach
leat” excluding the midrib) and frozen at — 18 °C,
after which samples were thawed and measured for
their osmotic potential by the psychrometric method.
The ditference in osmotic potential at full turgor
between the dryland and the supplemental irrigation
teatment was tihen as an estimate off
adjustiment under dryland conditions.

The central row of cach plotwas harvested. Panicles
were counted, oven dricd and weighed before and
after threshing. Kernel weight was determined in
erain samples (rom each row section. The iemaining
stover was harvested at the ground surface and o
simple of ¢ 1 kg of cach row section was oven dried
at 85°C for 48 h. Total above-pround  biomass
included the dry matter of stover and whole panicles.

osmotic

Farvest index was caleulated as the proportion of

grain in the total biomass,

RESULTS

The detailed mformation on dryland  yield and
phenology tor all entries is presented in Tables 1 and
J0A comparative summary for hybrid and variey
means is presented in Table 30 For most traits
measured, main (water stress level) and secondary
(group) eflects were significant, while stress level by
vroup interactions were not (exeept tor grain yvield).
All following comparisons of “hybrids " and “varieties’
refer to the means of cach of the two groups.
Hybrids yielded more gram than varietics, though
varicties produced significantly more biomass than
hybrids, under both stress levels. Consequently,

hybrids had more than double the harvest index of

varicties. Hybrids tended to have a shorter growth
duration than varicties, Overall, grain yiclds signifi-
cantly inereased with shorter growth duvation across
all genotypes under both stress levels (Fig. 1), The
rate of increase in yield with shorter growth duration
did not dilter between hybrids and varieties but was
preater under low stress than under high  stress

conditions. No simple correlation was found between
days to heading and biomass, ncither for hybrids
(r = 0-16) nor for varictics (r = 0:09). At both stress
levels, hybrids had a greater number of panicles per
unit arca and a greater number of kernels per panicle,
as compared with varieties (Table 3). On the other
hand, varicties had heavier kernels than chybrids
under both treatments.

For any given trait, the value under high stress as a
percentage of that under low stress exprossed the nate
of change as drought stress increased and may be
considered a simple eapression of the relative
drought resistance tor the tested Tevel of stress (Table
3). In o this sense, varieties were more resistant thian
hybrids for plant height, biomass, grain yicld. keroels
per panicle and kernel weight. Hybrids were relativeh
more resistant for harvest index and number of
panicles per unit arca. However, while the yicld o
varicties tended 1o change less than the yicld ot
hybrids when stress increased, hybrids sl vielded
more than varicties because of their higher absolute
yields, which could be aseribed at least pantdy 1o then
high harvest index and large pamicles. The sigintican
stress level by group interaction for pram yickd ¢ fable
3y was aresult of the fact that four varictios (hut noae
of the hybrids) had  redoced vield when piven
supplemental irrigation. This could not beeeribad 1o
lodging (which did not occur we the traly nor o
mineral deficiencies under the good fernlity conditions
ol the trial. These varieties were also charactenized by
a reduction in harvest index with supplemental
irrigation, contrary to the general trend for an inercase
in harvest index with supplemental rigation (Labic
3). A representative example is oy BHE7 T which
under supplemental irvigation produoced as much o
1321 g/m* biomass with a harvest index of only 007
(0-09 under dryland). Apparently, such vancues were
meflicient, using the improved moisture conditions
tor the production of stover but not grain.

Leaf arca index mereased with dinvs 1o headiny @
Both hy brids and vancoes (b 20 The vanaion
LAT was greater among hybnds than amony vancties
However at almost any given growth duration, 1AL
was appreciably higher in hybrids thao i varicties, Tt
was ¢ 3an varieties and between 3 and 6 bvbinds,
The rate of increase in LAT with onger growth
duration was also greater in hy brids than m varicues

Plant water stress under drylund condimtons, as
exprossed by WP and RWC ereased m both
hybrds and varicties ws the season progressed by
). However, on most dates of measurement. meai
LWP and mean RWC were significantly lower
hy bricls than in varicties, indicating relatively greata
water deficits e hybnds, Mean canopy teipenatuig
over all genotypes mereased from 283 C (o 304 ¢
during the 4-weekly measurenent dates i the diyland
trial. These values corresponded with mean leat-to-an
temperature differentials of =31 °C w0 227 ¢

Cddi-



Table 2. Parentage, days to heading, plant height and dryvland grain yield at Bet Dagan, Israel, of ICRISAT
varicties of sorghum. All materials originated at ICRISAT (India) as germplasm lines or cross-bred lines and were

Entry

IS 18530 2
1822126
1S 2874 1
D 71390
SPV- 138
o7
IS 22343 |
IS 8564

I 1257
SPV K6

D ev707 2
1734 2
IS 10748
IS 1347 2
M3S |

IS 1347 1
IS 2871 2
IS 2871 1
D 09707 |
IS 22353 2

Source

IS 18530 1 DR* permplasm line from ICRISAT India

DR germplasm line from ICRISAT India
DR germplasm line from ICRISAT India
DR permplasm line from ICRISAT India
DR line from ICRISAT India

Indian varicty

DR line from ICRISAT India

DR germplasm line from ICRISAT India
DR germiplasm line from {CRISAT India
DR permplasm line from 1CRISAT India
Indian vanety

DR e from ICRISAT ludia

DR Iine from ICRISAT India

DR germplasm hne from FCRISAT India
DR germplasm line from ICRISAT India
Indian variety

DR germplasm line from ICRISAT ludia
DR germplasi line from ICRISAT India
DR permplasi line from ICRISAT India
DR germplasm line from ICRISAT India
DR permplasm hoe from FCRISAT India

Days to
heading
67
66
72
69
79
88
§0
83
70
71
76
91
76
79
86
S8
86
91
91
91
9t

* Classified as bemny “drought resistant’, based on past ficld performance tests

subsequently further selected in the SADCCJICRISAT programme ar Zimbabwe

Height  Grain yickl
(cm) (g/m¥)
2358 226
230 198
165 191
28 175
228 173
175 159
200 12K
200 12%
165 84
235 N7
125 WS
108 od
194 53
185 51
(R 43
165 40
175 30
130 17
105 15

DA 13
155 ]

Fable 30 Mean phenology, productivity and vield components (4 5.00) for hybrids and varicties of sorghim
subjected to nvo levely of drought stress (devland, high stress; supplemental ivvigation, fow stress)oat Ber Dagon.

Isracl, 1089

Drought resistance

Low stress High stress mden*
- - - Stress level
Hybrids Varieties Hybrids Varicties Hyvbrids  Varienes eflectt
Duays to heading 019 14 7954202 649 - 177 BO:S 1 |RS 1048 1013 1w
Plant height 172 4 60 2024193 1244 43 170 £ 102 721 Sl 2005
(cm)
Bromiiss oSS 4409 1230 1 740 T3 E220 1019 1598 (IR 82N QSRS
wimd)
Gran yield 208 160 1248 LN 1824 104 D44 152 oy 751 2744
(p/m*)
FLarvest index 02740010 01340011 025 10013 0:09 £ 0009 926 2 300
No.of punicles/ 143 048 1054 075 414066 Ned 068 986 800 R
m?
No. ol hernels/ 970 + 631 5474413 FARESNRIE B RIS R FARN SI0 906
panicle
Kerned weight 2314050 2454127 198 + 045 237 +1-04 857 967 S8
(my)

* Value at high stress expressed as a pereentage of valoe at low stress.
t # ritio. Stress level by group interaction was signiticant (2 =2 0-05) only for grain yield.

cating a general trend for an increase in plant water
stress with time under dryland conditions. On each
date of measurement, genotypes differed significantly

Group

et

Nore
20

1629
KO 70

11658
SO0

S0 00

90t

(P < 0-05) in canopy temperature. However, in spite
of the difference i ther leat water status, the two
groups did not differ in mean canopy teniperature,
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Low stress
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Fig. 1. The relationship between grain yield and days

from emergence 1o heading for 23 hybrids and 21 vincties
of sorghum subjected to high stress (dryland: hybrids,
W varictios, [ v 8215208, rf = 0070) and  Jow
stress (supplemental irrigation: hybrids, @ varicties, O
y o= 785 =B, r* = 0-70).

Leaf ares index

g

o
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Diys to heading
Fig. 2. The relationship between leaf arca index at heading
and days from emergence to heading for 23 hybrids,
W = 093400090\, »2 = 0-84) und 21 varieties, [7]
(v = [12400027, ¥ = 0:53) of sorghum, grown under the
drvland treatment.

expressed either as absolute values or as a percentage
of the mean of the block (Table 4).

Although osmotic adjustment differed significantly
among  genotypes, varictics were not statistically

33
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Days afier emergence
Fig. 3. Mean leafl water potential (LWP: hybrids. W
varicties, []) and mean relative water content (RWC
hybnds, @: vancties, O) under the dryland treatment on
five sampling dates. Except for data on the st date,
differences between hybrid and variety imeans for RWC qnd
LWP were signtficant at # < 0-05.
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Leaf water potential (MPa)
Fig. 4. The relationship  between  osmotic adjustinent
and leaf water potential for five varieties of sorghum over
four sampling dates  under  drylund  treanment, )
(3 = —452— 3326\, ¥ = 0:50), There was no such siginti
cant association for hybrids, .

different from hybrids (Table 4). However, in varictics,
osmotic adjustment increased lincarly with the re-
duction in LWP (Fig. 4). In some varicties and
hybrids osmotic adjustment reached ¢ 1S MPa at

Table 4. Comparison bevween hybrid and variety means (+5.8.) of sorghum grown at Bet Dagan. Iracl. 1959,
and the sunmnary of the analysis of variance benween the two groups for data on plant water velations in the drvland
treatment. Data are means over all sampling dates

Units

Variable

Mean canopy tanperature Yo*
cat rolling score (0 5)
1 wiater potential (LWP) MPa

Relutive water content (RWC) - %
Osmotic adjustment MPa

* Ay u pereentage of the mean temperature of the block.

Hybrids Varieties Foratio
99:94 0143 100-0 4 0-51 0-002
2284 028 154020 453

—~1.80 4 0-031 ~ 161 £0-019 19:6
8704 0-88 8§9-540:77 231
1-3

89 + 0046 077 £ 0073
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200

Feal tolhing score
Fig. S0 The relationship between grain yvield and mean leaf
rollmg score for 23 hybrids, B (0 = 249 300y, 7 = 0:04)
and 21 varicties, Do o B2 SN 6 S 0000y of sorghum,
grown under the dryland treatment.

W LWP ol o - 117 MPa. While 50% of the pooled
variation i osmotic adjustment among varieties and
amonyg dates of sampling within vareties could be
evplaied by LWP, i hy brids practically none of the
vintion i osmotic adjustment could be attributed
o LWP (bip. 410 Osmotic adjustment wis not
correluted dcross penotypes with deyland biomass
(= 008) o prain yield (= 0-30).

Leal rothng was quite evident as morstaie stress
ncreased. On average. Jeal rolhing was greiter i
hvbrrds thun mo vanetios (Fable ), which corre-
sponded with the respective mean ditference in plant

witler status between the two groups, However leal

rolliny could not be snply reliated o WP RWC ;o
ostotic adpustment actonss sl genotypes. though 1t
wus teasonably well related to pran vickd under the
divland treatment (hags S An merease i eal rodling
appeated tomdicate Jower deyvbind yields in both

Iybds and vancties: However. for the same rate of

leal rolhng. hybids yielded more tian varieties.,
apparently av a tunction ol the inherent ditference in
vichdimg abihits b e thie two groups (Table 3.

A peneral bnear model analysis of the efleet of

EWP. RWCO and osmotic adjustment on dryland
eravicld was pertormed separadely for varietios and
hybrids (ot shown), No o signihicant eliects were
eveaded, indicating that there was no signiticant
association between grann yicld and plant water status
ol the penotypes under dnyvland conditions.

DISCUSSION

Ruapid simple techmques for estimating genotypic
varitions in plant water status i sorghum nurseries
are constantly being souzsht. Canopy temperature was
found here to be of no value mopredicting varitions
i plant water stress among sorghum genotypes, Fhis
supports our previous results for sorghum (Blum
eral TOSO) but it in contrast with results of others

under different conditions of water stress and with
genotypes that could have been less diverse in thar
canopy structure than those tested here (Chandhun
et al. 1986).

Lcuf rolling is an established symptom of wilting in
cercals (Jones 1979) and delayed leat rolling undus
drought stress is being used s one component of o
selection index for drought resistance in rice (Chang
et al. 1982) and sorghum (Rosenow ez al. 1983). In
previous study, greater leal rolling was indicative of
reduced leaf water potential in ditferent sorgham
genotypes (Blum ez al. 1989). This was not confirmed
for the genotypes studied here, though reduced feat
rolling was assoctated  with higher drvland yield
within cach of the two groups studied. Morc recent
information for sorphum grown under harsh con
drions indicates that the predictne vadue of ead
rolling as 4 symplom ol water stress e vaniable
genetic materials may depend on the conditions o
stress. Flower e al. (1990) concluded that while
drought reststant sorghuim varicties had beter os-
motic adjustment and consequently Fess teat talling
under sticss as compared with suscepuble varete
these responses did not intiucnce provth under veis
dry and hot conditions. Matthews er o/ (1990a b
found that (wo sorghum lines sclected for bette
reconed

aftersevere drouphtsticss temdod to et
ereater lead rolling under siress as corapared aath ton
P
Tesults sugyest that leat rolhng duing sovere st
comducive o plant regromth upon reconery

ines selected for poor recovery under i

o
sticss, The condinons of deouelit s tess e ounr aads
wore completehy duterent fron thione ob Mande o
cOal (990G B whio subocred it o s su

and measured s cltect upon ecovers altor o ation
I our study Csorghume developed as sticas atcaeed
very eradually unul haervest, withour any recovers
phice. Padentdy. the impheations of venotypic var
atton e lead rolling vany witle the type of diog;
stresse ity severity wisd duranons Erader el
comditons of sty

f
bk
tay by

defasod ioat nthan

wsoaiated with wustned plaint gronth and peo
duction. However, under sevare dioughit wnd b
stress conditions, preater feal tolling nay be associmies
with better chances for regrowth upon seconen

thybids  yielded mone thun
tespective ol the water regnne cod despite bome uader
greater plant water stress than the varicties 1 brds
produced a greater number of berncds per panidde s
well as a larger number of panicles per unit arci thaa
varieties. This is a typical expression o dny bod vigon
inosorghum (Arnon & Blum 1963 One average.
hybrids and vavicties also differed i phenolesy 1AL
bromass, harvest index and plint water st and.s
drought stress,

Early heading allows better plant waier status
under condittons ol stored soil motstuie (Blane 1970,
Blum ezl T989) Howesar in thas i b by waeie

N Ve bcne
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Fig. 6. The relationship between number of days from
emergence to heading and hirvest index across all genotypes
under two moisture regimes (= 0731 000076, r* = 0-78).
(High stress: hybrids, B and vavieties, [ low stress:
hybrids, @ and vinicties, ().

under greater plant water deficit despite their relatively
carlier heading. Hybrids suffered o greater plant water
stress most probably because of their relatively Lurge
leal” area, as compared with varicties. Under con-
ditons of stored soil moisture and with the soil
surfice being dry and tilled, total canopy water use
would be eapected to be proportional to LAT during,
most of the growing season (Ritchie & Burnett 1971).
The expected greater daily water use in hybrids as a
function of their farger LAL should indecd decicase
their leaf” water status more than in varicties under
these stored sotl moisture conditions,

Despite their relatively  smaller LAL - varicties
produced more biomass than hybrds, either because
of their relitively better plant water status and/or
therr fonger growth duration. When biomass pro-
duction was adjusted for growth duration, a signifi-
cant (£ < 06s) ueatment by group interaction for
biomass per dav v revealed. With this interaction,
hybrds iod ey mean daly biomass production
than vivctios ander supplomentad irrigation (17:8 v
157 p/m* per day aespectively) while vancues had a
better mean daly biomass production than hybrids
under dryland conditions (1229 v S p/m? per day,
respectively). This interaction therefore reflects the
relatively greater drought resistance ol the varieties
and the greater potential productivity of the hybrids,
m terms of biomass.

Varicties were very ineflicient in partitioning. bio-
mass o grain, as compared with hybrids. Thus,
hybrids yielded more grain than varicties under these
stress conditions because of their larger harvest index
and in ospite of their relatively greater plant water
deficit and lower totad biomass production. Harvest
mdex appeared o have a magor etfect on grain yield
variion among genotypes i this experiment, where
drought stress progressed with the season. While Fig,
Findicates that the grain yield of ditlerent genotypes
increased with shorter growth duration, Fig. 6 shows

that harvest index was the main factor linked with
growth duration. Harvest index improved with shorter
growth duration, irrespective of the water regime or
the biomass production of the genotype. Deficiencies
in harvest index and assimilate partitioning 1o the
panicle appear to characterize the tall und late endemic
sorghums of Africa (Goldsworthy 1970 Willey &
Busiime 1973) and these deticiencies seem 1o persist,
at least partially, in most varicties studied  here.
irrespective of the water regime.

Osmotic adjustment has already been implicated as
an important component of drought resistance in
sorghum (Blum & Sullivan 1986). Recent work by
Ludlow er af. (1990) with six sorghum hybrids clearly
showed  that maximum  osmotic  adjustment  was
positively associated  with  genotype  yicld under
drought stress. In another study (Flower er ol 1990y,
sorghum lines defined as “drought resistant” had a
better capacity for osmotc adjustment than lines
defined as Csuseeptible’; though the effect of this
advantage on plant production could not be demon-
strated under severe stress. Inoour study. genotypic
LWP, RWC and osmotic adjustment could not be
directly related to dryland grain yickd or (o biomass.
ot least partly because of the negative association
between osmotic adjustment and LAWE in the varictios
and partly perhaps because of the Larpe diversin
among the genatypes in phenology D AT g potential
productivity. The dependence ol osimatic adjustinent
on eal water potential under ficld conditions has
alrcady been noted (Blum e ol 1989) and 1t poses o
problen in deriving an understanding ol the efieet of
plant water relutions on sorghum prodaction in fickd
evaluations of diverse genctic muatertal. Poidenthy
such cases, the importance of osmotic adjustment a-
a component of drought resistance cannot be ~hown
by a simple correlation with yield across penotap
Such 4 correlation could perhaps be derved wih
relatively similar genotypes (Ludlow er ¢l 1990) i
phenoloey plant siee wnd e v i components o
the plant water balunee 1 the tickd

In conclusion, the yield advantage ot the senu-
tropical sorghum hybrids over the semi-tropical
sorghum varieties under different conditions ol water
supply is a function of the greater poteatiad pro
ductivity o the hybrids resulting trom hy brnd vigour
and 1 spite of therr greater plant water deticn andey
drought stress. Certain components of this pro-
ductinaty, such as the Tarpe TAL may constitute a
disadvantage under more stresstul conditions. While
the varieties appeared (o be more dvought resistant
than the hybrids, this advintage was not translated
mto grain yield, prunarily because of the unproyed
state of the vanictes with respect to blomass pa
titionmg into prann, typical of the tadl and Lie Alvican
sorghums. Our results and those of others (Giolds-
warthy 1970 Willey & Basitme 1973) suppest that the
improvement ol harvestindey i these varienes shoubd
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