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tour sotphum (Soreduon bicolor 1 Moenchy hines were visually selected to represent the most e
sistant and most susceptible m tams of desiccation tolerance and ability to produce now leaves and
gramafter refcase from drought The hones representing carhv- and Late-maturing lines i both classes
wore grown durimg the summaor and part of the monsoon season at Patancheru Central Indae i a
study tomyestigate the phvsiologiaal basis of the visaal assessments A control treatment was itigated
throughout whilc a stress trcatment had watcr withheld from 20 to 84 davs attar sowinyg

Darmg cathyv growth i both nngation teatments the resistant hines had slowcr shoot and oot
prowth rates slower sorl water-cstraction tates bat hagher root shoot ratios than the susceptible lines
which may have been responsible for then hoghar © o watcr-potentials mothe stress treatment Dis-
mattar production per umtof watcr transpued was also los e the resistant hines As droupht became
mote severe there was groaten Jeat death in the susceeptible hines Inall hnes pamicde mimmation was
detaved by mad-scason drought stress but once 1t did start the Jength of the reproductive pornod was
imcteascd i the resistant hines but decreased i the susceptible In both nieatmonts the resistant hines
within cach matarty proup had mgher gram vield than the susceptble limes i the stiess teatmont
this was largchhy duc 1o better gram setand ullenimg

INTRODUC TION

In areas of the semi-arid tropics where sorghum 1s grown, drought at some
stage of crop growth 1s often the main factor causing low yields. To address
this problem. the International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT ) has initiated a research programme to study the broader
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aspects of drought resistance 1n sorghum. As part of this programme. the work
deseribed in this series of papers focuses on drought occurring during the in-
termediate stages of crop growth, Mid-scason drought stress, starting at about
the time of panicle inttiation, can interfere with reproductive development
and thereby severely reduce the final gram-yicld.

From a large number of sorghum accessions subjected to mid-season
drought. four lines were scelected on the basis of visual screening for resistance
or susceptibility to desiccation and the ability to recover and produce grain
after the onset of rains (Peacock et al, 1988) T'hese hines were 1o be used in
a detatled study to investigate the physiological basis of the visual assess-
ments, with the hope that any further traits 1dentified might potentially be
used also to ard selection of resistant hines 1n a drought-resistance breeding
programme Although a number of physiological measurements were made,
only those which showed difterences between the visually dentified suscep-
tible and resistant hines are reported This 1s done in two parts In this paper,
the relationships at the crop level between dry-matter production and alloca-
vion, water uptake, and reproductive development, are desceribed. and the rel-
evance of these to the assessed degree of drought resistance 1s discussed In
part I (Matthews et al | 1990, this volume). the contribution to drought re-
sistance by characteristics at the leaf level are investigated

I he close relationship between water uptake and dry-matter production has
been well documented for a number of crops. Simularly. the importance of the
uming of water uptake m relation to reproductive development and hence
final yvield, when water 1s hmuted. has been cmphasised by Passioura (1972)
Rates of water use and plant water status at each stage of crop growth are
influenced by the relative sizes of the evaporative leaf surfaces and the roots
Differences between lines in these relative sizes may result in patterns of water
use better or less suited for a given drought envitonment, 1in terms of both
survival and grain production, by mamtaiming a favourable plant water status
at critical stages of crop growth!

MATERIALS AND METHODS

Background

In 1983, 700 sorghum lines from a wide range of taxonomic groups were
selected from more than 24 000 germplasm accessions and advanced breed-
ing hines maintained at ICRISAT. Patancheru, Central India. These were
grown at Patancheru in th summer season (March to June). during which
water was withheld from emergence until the ramns n June. Lines were visu-
ally screened for desiccation tolerance, 1.e. the proportion of leaf area that
remained green or ‘unfired’. and for the ability to produce new leaves and
grain after release of stress. From these lines, 266 were selected. representing
those most susceptible and resistant to mid-season drought. For detailed study.
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TABLL |

Descniption ot the tour sorghum hines!

Line Origin Race Antude Ramfall Hewghtat Davs to Maturity

(m) (mm) matun - lass
(um) Pl PN

Susceptible

ES CIS12734) C hina (B na na 220 (med) S N carhy

IS (IST7605) Yemen D 1970 6000 350 (tally 13 174 late

Resistant

ER(IS1347) tgvpt (@3] nd na 95 (short) 449 7S carhy

IR (1820969) Kemva ( 1100 1500 255 (med) 11y 147 lat

"Line numbers are 1CRISAT accession numbers Race D Durnta ¢ Caudatum CBCaudatum hcolor
AMitude and ramtall refer to regrons of o (na not avadable ) Hewht ar matunity davs 1o S0%
pamcle mmation (PH and S0% physiological matuniny (PMy arc i the control treatment ot the present
wapetiment

an carly-maturing suscepuble (IS12739), a late-maturing  susceptible
(IS17605), an carly-matuning resistant (1S1347), and a late-maturing resist-
art hine (IS20969) were selected. These are referred to as ES, LS, ER, and
[LR. respectively. Details of the responsces to drought, the recovery on release
from stress, and the environments from which these lines origimated, are shown
in Table 1. Full details of the selection procedure are given by Peacock et al.
(198%).

Design and lavout

I'he four hines were grown during the summer and monsoon scasons
(March-August) in 1985, at Patancheru. Two treatments, one drought-
stressed and an irrigated control, were imposed with the four lines arranged
in a randomised-block design within cach treatment. There were four blocks
in the stress treatment and two 1n the control. Plot size was 9 mx9 m.

The soil, a sandy clay with a loamy surface. is defined according to United
States Department of Agriculture taxonomy as a fine mixed isohyperthermic
Udic Rhodustalf. Bulk density in the surface 10 cm was 1.55 g em ', and
below that, 1.65gcm *. A murram layer was present at depths varying from
50cmto 150 cm.

Experiment management

Before sowing, a basal dressing of 56:56:0 kg ha ' N:P.K was applied.
The plots were sown on 12 March 1985, in 60-cm rows at about 120 plants
m~°, and irrigated 2 days later. The day of this irrigation was taken as 0 days
after sowing (DAS). At 18 Das, plots were thinned to 12 plants m~*, and top-
dressed with urea (40 kg ha '). To control shootfly (Atherigona soccata),
Endosulphan (0.35%) was applied at 13, 20, 36, 43 and 64 pas. The plots
were hand-weeded at 12,43, 80 and 117 pas.
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Irrigation

To ensure uniform establishment, both treatments were lightly irrigated with
sprinklers approximately every four days until 20 pas. Thereafter, water was
withheld in the stress treatment until 84 Das. There was no rain during this
period The control treatment was furrow-irrigated at weekly intervals
throughout the season. Trenches were built around cach block to prevent
movement of water to the stress plots To minimise runoff, each irnigation
was split into two 1-h apphcations, one 1in the morning and one 1n the after-
noon. The amount of water apphed was not measured, but was assumed suf-
ficient to recharge the profile to near field capacity. When the onsct of the
rains was imminent, both treatments were 1rrigated at weekly intervals from
84 1AS 1o minmimise water stress due to erratic rainfall during the recovery
period.

Growth analysis

At weekly intervals from 18 Das, four plants were randomly harvested from
cach plot. For each plant, the green lcaf arca, total dry-weight and total grain-
weight were recorded. Later, after the onset of the rains at 84 DS, similar
mecasurements were made on tillers, 1f present Physiological maturity in each
line was taken as the black-layer stage, and the final harvest was made shortly
after this was observed On 19, 40, 62, 89 and 102 pas, roots were sampled
by taking soil cores of 20-cm diameter from the top 30 cm of the profile. and
10-cm diameter for the next 60 cm Four cores were taken from each plot,
from beneath the plants that had been harvested for growth analysis Cores
were divided into 30-cm segments and soaked overmight in water The roots
in cach segment were separated from the soil by hand-washing. then were
dried and weighed.

Leal firing

‘Leaf firing', or the percentage of desiccated leaf, was measured weekly on
the youngest fully expanded leaf of each line 1n the stress trecatment from 39
1o 81 DS Desiccated tissue was separated from green leaf tissue, and both
measured with a leaf area meter (Licor 3100', Lincoln, Nebraska)

W ater-uptahe measurements

Two neutron-probe access tubes were installed 1n ¢ach plot, one on a crop
tow and the other between rows, to a maximum depth of 150 ¢m. In some
plots, the murram layer prevented penetration to this depth. Soil water-con-
tent was measured at weekly intervals 1in both the stress and control treat-
ments during the drought period from 20 to 84 Das, and immediately before

'Reterence to commercidl products does not imply endorsement or recom aendation by 1€ RISAT
in preterence to other similar products
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and after each irrigation during the recovery period (84 pasto final harvest)
Water content 1n the upper 30 cm of the profile was determined gravimetri-
cally. and below 30 cm. at 15-cm depth increments, with a ncution probe
The probe was calibrated against gravimetric measurements from a single soil
core adjacent to the access tubes installed in border rows of the crop

As there was no irrigation or rainfall in the stress treatment during the
drought period, both drainage and evaporation from the soil surface were as-
sumed to be small in comparison to the total amount of water extracted by
the crops Thus, measured changes 1in soil water-content were assumed to be
due mainly to transpiration, E,, In this paper. the results using neution-probe
data refer only to the stress treatment during the drought period

The position of the water-extraction front was estimated from the time at
which there was a marked decline in the soil water-content in each layer, fol-
lowing the method described by McGowan (1974)

Lnvironmental measurements

Throughout the season, an automatic data-logger (Campbell Scientific, L o-
gan, Utah) recorded the hourly averages of ambient dry- and wet-bulb tem-
peratures and incident solar radiation Dry- and wet-bulb temperatures were
measured with copper-constantan thermocouples in a Stevenson screen at 2
m height Saturation deficit ( 1e¢) was calculated using the equation given by
Campbell (1977) Incident solar tadiation was measured with a Kipp en Zo-
nen (Delft, The Netherlands) solarimeter The thermal time experienced by
the crop from sowing until 7 days later was calculated as

n

Z ( [ [ Ih )
where 7,15 the mean daily air temperature, and 7, the base temperature for
sorghum, taken as 10 C (Harnset al., 1987)

Leaf water-potentials

Midday leaf water-potentials () were measured n all plots twice-weekly
throughout the experiment using a pressure chamber (PMS Instruments,
Corvalhs, Oregon). Within each plot, four plants were selected at random,
and the youngest fully expanded leaf and another leaf midway down the can-
opy were excised at a point midway along the leaf, and enclosed 1n a moist
cloth to minimise water loss during transfer to the pressure chamber

RESUL IS
Environment

Environmental conditions during the season are summarised in Fig. 1. Daily
irradiance, maximum saturation deficit and air temperatures were constantly
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Fig 1 Summary of the environmental conditions duning the pertod of the experiment

high for the first part of the season, but dechined after 70 pas duc to increased
cloud cover as the monsoon approached

Dryv-matter production

Shoot dry-weights at 39 pas (representing the first part of the scason ). 88
s (effect of mid-season drought), and final harvest, are shown in Table 2
In the stress treatment, drought delayed maturity considerably in all four lines

Up to 39 Dasan the control treatment, the susceptible lines had produced
more dry-matter than the resistant lines Thereafier, the growth of FS slowed.
so that at 88 DS 1ts dry-weight was not significantly different from those of
the resistant ines Line LS maintained the fastest growth throughout the ex-
periment After the onset of the monsoon, LR continued to grow, approach-
ing the dry-matter production of LS Having already reached maturity. the
carly lines ES and ER showed little increase in dry-matter after 88 nas.

In the stress treatment, the susceptible lines had again accumulated more
dry-matter than the resistant hines by 39 pas Growth then slowed 1n all lines,
espectally in ES in which there was a significant loss of dry-matter due to leaf
death This hine did not recover from the effect of drought. even when water
became available. Throughout the stress period, LS was able to maintain its
lead 1in dry-matter production gained early 1n the season. so that at 88 Das 1t
still had produced more than the resistant lines, despite having lost more leaf
tissue from leaf-firing (Fig. 3). After the onset of the rains, 1t recovered sub-
stantially. although not reaching the same level of dry-matter production as
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TABIE2

Shoot div-weights (gm 7)) at 39 DAy 88 DS and final harvest (1h)!

DAas Sorghum line I () 1SD (5%)
LS 1S ER IR

Control

3y 134 4 349 6 2104 1892 7033

& 892§ 17127 1090 6 960§ Iad (3 3)* 250 4

FH 1039 5 2851 6 1408 3 22940 14(313) -
[102] [179) [102) 1179

Stress

19 2122 1930 1178 1281 Y7(3I9)** 426

88 106 6 2062 18513 1950 25(39)

FH 1949 2454 6 16171 2464 1 233 (39 694 4

(116] 1179] [151] [179)

"] indicates DAs of final harvest 7-values from analysis of variance are shown I east signmiticance
difference (1sD)Y s given only where £-values are significant Levels of sigmiticance **- 001 *£- 005

in the control treatment. The resistant lines also recovered markedly after the
arrival of the rains, producing even more dry-matter at final harvest than n
the control treatment.

Tillers were produced only by ER and only during the recovery period, ac-
counting for 70% of the total dry-matter at final harvest in the stress treat-
ment. and 50% in the control treatment,

Roots

In the control treatment, the susceptible lines had greater root weights by
40 pas than the resistant lines (Table 3), although differences were not sig-
nificant. Shortly after this time, root growth slowed in the early-maturing lincs
as physiological maturity was reached, so that by 89 Das, the late-maturing
lines had significantly greater root weigths. After 89 pas, only LR continued
10 increase its root weight, to twice that of the other lines.

In the stress treatment, root growth appeared to be restricted at about the
same time as shoot growth, so that at 40 Das, 1001 weights were only about
half those in the control treatment. At this point, the resistant lines had lower
root weights than the susceptible lines, and the early-maturing less than the
later-maturing, reflecting the rankings of shoot weight (Table 2), although
again these differences were not significant. From 40 Das, there was little or
no increase in root weight in the two susceptible lines, but weights continued
10 increase in the resistant lines, so that by 89 pas there was little difference
in root weights between all lines. After 89 pas, in all lines except ES, there
was a substantial increase in root weights to values similar to or higher than
those 1n the control treatment.
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big 2 Rdlation between root and shoot div-weights over the whole season in the contiol (d4)

and the stiess tieatment (b)

[ABIL3

Root div waoights (g) recoverad from cores to 90-cm sotl depth at 40 Das 89 pas and final harvest

(i)

DAS Sorghum ling I (or) Lsh ()
ts LS [R LR

Control

40 I b4 | 64 159 KX 15(3 1) -

RO 310 5 46 393 5 60 667 (33)™ 042

T 443 448 322 9139 79(33) -

Stress

40 076 084 046 063 38(33) -

89 067 1 06 091 110 06(33) -

Hi - 449 6 88 721 07(33) -




SORGHUM RESPONSE TODROUGHT T GROWTH WATER USEANDYIELD 287

5
o
I
- 1
¢
ot :
. L}
r .
.
4 .
— e .
* " (( " u

g 3 Percentage desiccation o the voungest fully expandad leat o the tour Times between 39

and N poas - | 1S @- @ LR - B IR Moucal bars indicate Teast
sigmhricant ditterences (rsn /2 0.05)

In general, there was a strong correlation between root and shoot weight in
all himes betore root growth ceased atter flowering, although the slope of the
relation differed markedly between hines and treatments (Fig 3) Early in the
season there were clear differences in both treatments between resistant and
susceptible hines, the former having a greater root weight for a given shoot
welght Inthe control treatment (Fig. 2). root growth in FR ceased after flow-
cning. but this dedhine was not apparent in the stress treatment (big 3), al-
though 1t may have been masked by infrequent sampling around flowering
In any case, the resistant hines maintained a greater root shoot ratio through-
out Comparisons between treatments indicate that drought stress reduced
100t shoot ratios. particularly in the susceptible lines.

Leaf-firing

The percentage desiccation of the youngest tully expanded leaf for cach hine
1sshown in Fig 3 Desiceation was significantly nigher in both the susceptible
lines and was visible at 39 pasn LS. The onset of *firing’ was delayed until
about 60 Dys for the other three hines. Despite the delay 1in desiccation in ES,
the final amount was significantly higher. There was no significant difference
between the early- and late-resistant lines. In all lines, desiccation started at
the tip and moved progressively towards the base of the leaf

Water extraction

The cumulative water extracted by cach hine in the stress treatment 1s shown
in Fig. 4a. From the start of the scason, the susceptible lines extracted water
considerably faster than the resistant hnes. These rates declined towards the
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Fipg 4 (a) Cumulative sotl water extracted by cach inc and (b) movement of the watcr-extrac-
tion front down the soil prohile batween 20 and 80 DAS Symbols asin Fig 2

end of the drought period. especially in the susceptible hine ES. which ex-
tracted virtually no water after 55 Das, corresponding to 1ts dechine in dry-
matter production The other susceptible line, LS. dechined to rates similar to
thosce of the resistant hines, but due to 1ts higher imuial rate 1t had extracted
the most water of all the lines by the end of the drought period

Figure 4b shows the descent of the water-extraction front for each line 1n
the stress treatment. There was a faster descent in the susceptible than the
resistant lines. The extraction rates from each zone 1n the week following the
arrival of the water-extraction front at that zone are shown 1n Table 4, again,
the susceptible lines were faster at all depths. Thus, not only did the water-
extraction front of the susceptible hines descend faster., but extraction at any
particular depth was also faster. This faster extraction rate 1s consistent with
the pattern of root growth, which showed that early 1n the season there was
more root 1n the susceptible than the resistant hines (Table 3).

Dry-matter water ratio
The pattern of water extraction reflected that of shoot growth, with the
faster-growing susceptible lines also extracting water faster, implying that the
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TABLL 4

Rates ot water extracton' (mm day ') during the week following artval ot the water-extraction tront
(Fig 4b) g given protite laver

[avet (cm) Susceptible Resistant Py s ()
LS IS mean tR IR mean

TN-225 |10 093 102 100 067 0 4 07

225378 17 182 [ 1 66 090 1 2s [

37852y 137 I a" 162 112 114 113 22

52 8-67 5 (I (Nt 126 (0 88 0 &Y 087 38t 041

675 K2 On2 094 08N 081 083 (AN 1o

N N-0T N 07y 062 070 050 080 065 24 -

"Ditterences between means of the groups were sipnificant (£- 0 03) i the 375 52y amand 52y
67 S-cm lavers

dry-matter water ratio (¢) was conservative for all lines. However, the sus-
ceptible lines 1n fact produced more dry-matter per unit of water extracted
than the resistant hines. The mean values of ¢, based on regressions of shoot
dry-matter (biomass, B) on eatracted water, were 3,124 0.08, 2.91 + 0.01,
2262005, and 2.3520.04 g B kg ' water.( 2 st) for ES, LS, FR and LR,
respectively. Differences between the susceptible and resistant groups were
significant (P < 0.05). but not within cach group. Although root.shoot ratios
were higher in the resistant hines, their absolute root weights were smaller
(Table 3). which, if included 1n the analysis, would tend to increasce the dif-
ferences in g. Simiularly, 1t 1s unlikely that differences in ¢ were due to differ-
ences in sotl evaporation. In order for their values of ¢ to be equivalent, the
resistant lines would have had to lose about 15-20 mm more water from the
soil surface than the susceptible lines. Assuming only water 1n the top 20 ¢cm
of soil 1s lost by direct evaporation, and that 26 mm 1s contained in this layer
at field capacity (Russell, 1980). differences of 15-20 mm 1n soil ¢vaporation
are unlikely. Therefore, differences in ¢ between resistant and susceptible lines
appear to be real.

Leaf water-potential

Leaf water potential (y,) was lowest in the LS from the time measurements
started, and there was a marked decline in ES after 60 pas, so that by 75 Das,
both susceptible lines had lower y, than the resistant lines (Fig. 5). There was
no difference in , for all lines during the recovery period.

Effect of stress on maturity
Table 5 presents data on the reproductive period from the time of panicle
initiation to physiological maturity for each of the four lines in both treat-
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ments The effect of variable ambient temperature during the reproductive
period (Fig 1) 18 taken into account by using thermal time instead of chro-
nological time In every hine. panicle initiation was delayed by mid-scason
stiess, even in the late-maturing lines LS and I R, where mitiation in the con-
trol treatment occurred after the rains Fxeept in ER. panicle initiation in the
stress treatment was delayed until after the monsoon There was no relation
between the length of delay i panicle inttiation due to stress and whether or
not the hine was classed as resistant or susceptible In terms of thermal time,
the Iength of the reproductive pertod from panicle initiation to physiological
maturity (ri=rMm) was significantly shortened by drought stress in the two
susceptible hines. and lengthened 1n the resistant hines In both groups. these
differences were due marnly to changes in the length of the period from pan-
icle mitiation to flowening (ri-t ) and. to a lesser extent, from flowering to
physiological maturity (1=pm)

Gram production

Table 6 shows grain-vield for each line 1n both treatments acept for LR,
grain production was less in the stress than in the control treatment, although
in 1 8§ this difference was small Line ES failed to produce any grain at all In
this control treatment, within cach susceptibility group. the early lines out-
vielded the late lines Simuilarly, 1in both treatments, within each maturity
group, the resistant hnes out-yielded the susceptible lines by a factor of two
01 more

In the control treatment. the supernior grain-viela of the resistant lines tn
each maturity class was due to both increased mean grain weights and total
grain number per umit area. the latter in turn being due to significantly more
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IABIE 6

Components of gram-vield at final harvest

Sotghum hne I3y 18D (5%)
LS LS LR IR
Control
Total gramwt (gm ) 191 0 570 494 9 1230 118 0™ S1S
MS gramwt (gm =) 191 0 570 231 8 1230 26 1 13y
Tiller grain wt (gm ) ~ 2626
Pamcles m 14 30 215 57 6() v 3
Grams pamcde ! 10678 K814 10417 11566 07 -
Towl granno (m ) 120965 25684 222884 65777 107 §** 23746
Mean gramn wt (mg) 157 126 2107 1687 [REN 3
Stress
lotal gramwt (gm ) 46 1 138 4 123 6 13 9% 50 4
MSgramwt (gm ) 461 647 123 6 15 () 374
illergramm wt (gm 73 % -
Panmicles m 4793 18055 35329 21
Girams pamcle ! 4793 18055 16329 21 -
{otal gtamn no (m 18317 99624 99066 23 3 30835
Mcean gramwt (mg) 130 137 124 RIS had 39
"main stem

panicles per unit area rather than to the number of grains per panicle. In ER,
tillers contributed 53% of the total grain-yield in both treatments.

I'he higher grain-yield of the resistant hines in the stress treatment was
mainly due to their setting four to five times as many grains as the susceptible
lines. In contrast to the control treatment, this was in turn mainly from sctting
more grains per panicle rather than greater numbers of panicles. Both resist-
ant lines produced more grains per panicle under stress than in the control
treatment. Differences in mean grain weights in the stress treatment, though
significant, were small.

DISCUSSION

The slower initial growth of both shoots and roots in the resistant lines was
also reflected in their patterns of water uptake. Early in the season in the stress
treatment, the resistant lines extracted water later and more slowly from a
given depth than the susceptible lines. However, from about 50 pas, both
growth and extraction rates of the latter fell, and in the case of ES declined to
almost zero. It seems that the high initial growth rates and associated fast
rates of water extraction of the susceptible lines could not be sustained as
drought became more severe.

Although initial growth was slower in the resistant lines, their pattern of
allocation of dry-matter between shoots and roots resulted in higher root: shoot
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ratios A greater fraction of dry-matter allocated to the roots must necessarily
result in a slower development of leaf area, reduced light interception. slower
growth rates and therefore less dry-matter in both roots and shoots, as ob-
served However, 1t 1s likely that the higher root shoot ratio of the resistant
lines was responsible for their more favourable plant water status towards the
end of the stress period, by maximising the supply of water by the 100ts 1n
relation to 1ts loss by the leaves The data of Favis and Taylor (1979) reveal
a similar positive relation between the root-length leaf-arca ratio and leaf
water-potential However, the relationship between plant water status and
survival capacity s less clear The higher proportion of leat death in both
susceptible lines may have been due to their lower ., but whereas FS died,
LS survived and was still able to maintain higher shoot weights than both
resistant lines

It has been argued that leaf death 1s an adaptation to provide some flexibil-
1ty when soil water status 1s variable, in that a crop can maximise leaf arca
when water 1s not limiting, but can reduce its transpiring area to maintain a
favourable water status when water becomes scarce (Stout and Simpson,
1978) However, in the susceptible lines. leat death represented loss of dry-
matter that could have been more profitably invested in root tissue earlier to
give higher root shoot ratios (as in the resistant hines) Thus, rather than an
adaptation, 1t 1s more hkely that their higher leaf death was a penalty that the
susceptible lines had to pay for excessive leaf production carher in the season,
4 conclusion also reached by Wright et al. (1983). Indeed, despite reducing
the green leaf arca to below that of the resistant hines, leaf death still failed to
maintain leaf water-status when drought was severest (Fig 5)

I'he resistant hines had a significantly lower ¢ than the susceptible hnes.
Genotypic differences in ¢ have been reported before for sorghum (Facr and
Fereres, 1980 , Garnity et al., 1982, Owonub1 and Kanemasu, 1982) Various
authors have pointed out that drought resistance and water-use efficiency are
not synonomous (Hsaio and Acevedo, 1973; Reitz, 1974). It appears from
our results and those of Owonubi and Kanemasu (1982) that those lines with
higher water-use efficiencics also use the most water, and may therefore be
less suited to prolonged periods without rainfall. Selection for high water-use
efficiency may be desirable in maximising productivity under medium water
stress, but for many crops 1n the semi-anid tropics, survival from severe
drought stress during parts of their growing-season 1s the most tmportant con-
cern. It may be counter-productive, therefore, to select for plants with higher
water-use efficiency alone.

Drought stress delayed the onset of reproductive development in all lines,
and until after the rains 1n all except ER. Seetharama et al. (1984) observed
that, when the onset of drought occurred after panicle initiation, flowering
was delayed but physiological maturity was advanced. The timing of drought
1n relation to reproductive development 1s therefore important. It seems that,
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once reproductive development commences, the plant 1s committed to seed
production, and 1n order to produce some grain, maturity 15 hastened by stress
I, on the other hand. drought 1s imposed before panicle imitiation, as 1n the
present work, then the plant delays its entire reproductive development until
conditions become more favourable. These effects on maturity highhght the
nced to match hines to specific patterns of drought. Where water deficits occur
late in the scason, the selection of early-maturing hines has resulted in consid-
ctable improvements in yield (Turner, 1979), but these same hines may not
perform well when subjected to mid-season drought If reproductive devel-
opment s delayed until the release of drought. there would appear to be little
advantage in selecting for carly-maturing ines Indecd, the lines in which stress
had the least relative effect on grain production were the late-maturing lines
(Table 5)

In the control treatment, there was an inverse relation between the length
of the reproductive period ( C d from panicle imtiation to physiological ma-
tunity ) and the grain-yield at final harvest of the lines, 1n the stress treatment.
however, this relationship was positive - the longer the grain-filling period
the higher the yield. This 1s 1n direct contrast to the observation by Blum
(1970) that yield potential 1s proportional to grain-fill duration under non-
stress conditions, but inversely proportional under stress Comparing treat-
ments indicates that the length of the 1eproductive period ( € d) was in-
creased by drought in the resistant hines but decrcased 1in the susceptible, a
factor which may have been influential in determining their respective grain-
vields

The higher grain-yields of the resistant hines under stress were due not so
much to differences in the siz¢ of grain, but rather to the setting of more grains
per unit area, this in turn being due to more pamcles from tillering in the case
of L R, and more grains per panicle in both ER and LR. Indeed. tillers contrib-
uted 50% of the final grain-yicld in FR 1n the stress treatment The impor-
tance of uller production 1n compensating for reductions 1n grain numbers
has been pointed out by Wright et al (1983 ). while Mahalakshmi and Bidin-
ger (1986) showed that high tillering n pearl mullet 1s the mam mechanism
by which the crop overcomes loss of grain-yield due to drought stress during
pamcle development However, although drought stress during reproductive
development has been shown to reduce potential yields by inducing floral
abortion (Wright ¢t al., 1983: Morgan and King, 1984). 1n the present work
drought stress occurred i most lines before reproductive development be-
gan The reduction in grain numbers in the susceptible lines 1s therefore un-
likely to be a direct effect of drought on floral abortion. Nevertheless. 1t 1s
clear, from comparison of control with stress treatments, that subsequent re-
productine development under stress was 1n some way affected by the drought
that preceded 1t. It 15 possible that the higher root shoot ratios of the resistant
lines and resulting more favourable plant water-status towards the end of the
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stress period may have caused less meristem damage theteby influencing the
numbers of grains set later, although possible mechanisms must remain con-
jectural in the context of the present work

While there 15 a need to test a wider number of lines there can be hitle
doubt that, at least in the four lines studied the visual assessments of resis-
tance to mid-season drought on the basis of degice ot leaf desiccation are
supported by differences 1n a number of physiological traits This suggests
that visual screening tor mid-season drought stress on the basis of leal firing
dnd recovery potential mav be a reliable method of rapidly evaluating large
numbers of lines
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