
Materials and Methods

A f ie ld experiment w i th 14 genotypes was conducted in

randomized block design w i th three repl ications on

med ium black soils dur ing the postrainy season 2000/01

at the Sorghum Research Station, Marathwada Agr icu l tura l

Univers i ty , Parbhani, Maharashtra. The crop was sown

on 10 October 2000 and harvested on 27 February 2001 .

The crop was g rown on residual soi l moisture and was

not i rr igated. The spacing adopted was 45 cm between

rows and 15 cm between plants. The gross plot size was

2.7 m x 5.0 m and net plot size was 1.8 m x 4.4 m.

Recommended fert i l izer doses were g iven. Five plants

were selected f r om each plot for recording observations

on dif ferent physio logical characters.

Results and Discussion

The genotype RSP 1 and Sel 3 matured earlier than rest of

the genotypes (Table 1). The plant height differences

were not s igni f icant; however, M 35-1 recorded

max imum plant height. Leaf area index (4.21) at flowering

and total biomass product ion (696 g m
-2

) at physio logical

matur i ty was s igni f icant ly h igh in RS 29. Panicle

part i t ion ing was max iumum in PBS 2 (62.8%) fo l lowed

by CR 6 (62.2 %) and CR 9 (62.0 % ) .

A m o n g the 14 genotypes evaluated, CSV 14R

recorded s igni f icant ly higher grain y ie ld (1.58 t ha
-1

)

fo l l owed by M 35-1 and CR 4 (1.49 t ha
-1

). The genotype

RS 29 possessed signif icantly higher fodder y ield (4 t ha
-1

)

than rest of the genotypes except CSV 14R (3.8 t ha
-1

).

Relat ive water content (%) at panicle in i t ia t ion was

signi f icant ly h igh in Sel 3 wh i le at 50% f lower ing , it was

h igh in M 35-1 fo l l owed by CSV 14R and R S L G 383.

The genotype R S L G 241 had lowest ch lorophy l l stabi l i ty

index.

The dif ference in leaf stay greenness was not

s igni f icant; however, max imum non-senescence score

(%) at physio logical matur i ty was recorded in PBS 2. The

increase in grain y ie ld in PBS 2, CR 4, CR 6 and CR 9 

was due to increase in total biomass (520 g m
-2

, 541 g m
-2

,

505 g m
- 2

and 543 g m
-2

, respectively), panicle part i t ioning

(62.8%, 59.0%, 62 .2% and 62.0%, respectively), harvest

index (54.9%, 50.1 %, 53.1 % and 53.1 %, respectively) and

test weight (47.6 g, 41.8 g, 39.1 g and 38.4 g, respectively).

The same genotypes per formed better for drought

tolerance parameters l ike relative water content at f lower ing

(74.8%, 77.9%, 77 .8% and 70.9%, respectively),

ch lorophy l l stabi l i ty index at 5 0 % f lower ing (0.338,

0.299, 0.367 and 0.522, respectively) and leaf stay

greenness at physio logical matur i ty (44.7%-, 39.4%.,

3 1 . 1 % and 34.8%, respectively) in comparison w i th

checks M 3 5 - 1 , Sel 3 and CSV 14R. On the basis of the

above y ie ld and drought tolerance parameters studied,

the genotypes PBS 2, CR 4, CR 6 and CR 9 were found to

be h igh y ie ld ing w i th tolerance to drought.
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Introduction

Sorghum (Sorghum bicolor) is known to be relat ively

more tolerant to sal inity than other crops, such as maize

(Zea mays) or legumes and thus has the potential to

replace maize in saline soils (Igartua et al . 1994). The

existence of large interspecif ic (Yang et al . 1990) and

intra-specif ic (Maas 1985, Azhar and M c N e i l l y 1988,

De La Rosa-Ibarra and Ma i t i 1995) var iat ion for sal ini ty

tolerance offers a scope for integrating these tolerant

crop genotypes w i th appropriate management practices

to better explo i t the saline soils.

Mos t crops are sensitive to salt stress at all stages of

plant development, including seed germination, vegetative

stage and reproductive stage. In sorghum, seed germinat ion

and seedling establishment seem to be more sensitive to

soil salinity than subsequent development stages. However,

screening methods aimed at crop product iv i ty as a goal ,

need to concentrate on the quanti ty and qual i ty of the

y ie ld of either fodder (shoot biomass) and/or grain.

Var ia t ion in the whole-plant reaction to sal ini ty has been

considered as the best means to ident i fy sal inity tolerant

genotypes (Shannon 1984). Salt-tolerant plants at

vegetative stage are also less sensitive to stress at later

stages of g rowth . Therefore, the object ive of this study
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Table 1. Analysis of variance and its significance for salinity treatments, sorghum genotypes and their interactions for total

dry matter plant
-1

of samples at different days of sowing (DAS).

Mean sum of squares and significance level
1

Source of variation 14 DAS 25 DAS 32 DAS 39 DAS

Salinity levels (S)

Sorghum genotypes (G)

S x G 

Residual

12.500***

0.014***

0.011*

0.009

73.790***

0.120***

0.100***

0.06

189.250***

0.280**

0.290**

0.190

15275***

1.080**

063 INS

0.706

1. * = Signi f icant at P = <0.05; ** = Signi f icant at P = < 0 . 0 1 ; * * * = Signi f icant at P = <0 .001 ; NS = Not s igni f icant.

Table 2. Cluster group means of total biomass (g plant
-1

), the ratio of total biomass under 250 mM saline condition to that of

control at 18, 25,32 and 39 days after sowing (DAS) and the comparative reaction of the tested sorghum entries'.

Sorghum
18 DAS 25 DAS 32 DAS 39 DAS

entries Biomass Ratio Biomass Ratio Biomass Ratio Biomass Ratio Reaction

13

55

13

19

0.067

0.074

0.105

0.113

0.222

0.205

0.261

0.306

0.193

0.271

0.276

0.380

0.248

0.294

0.259

0.382

0.241

0.448

0.340

0.700

0.169

0.303

0.197

0.479

0.626 0.315

1.251 0.575

1.908 0.666

2.056 0.856

Sensitive

Tolerant

Tolerant

(needs confirmation)

Highly tolerant

1. Pair-wise analysis of means by mult ivar iate analysis showed that the clusters l isted were di f ferent at 0.001 probabi l i ty level .

was to screen a diverse set of improved hybr id parents

and germplasm lines of sorghum tor their abi l i ty to

produce higher biomass under saline soi l condit ions

dur ing pre-anthesis stage.

Materials and Methods

One hundred entries compr is ing popular varieties,

hybrids and improved lines of sorghum were screened in

a greenhouse at 20 -28°C in a randomized complete b lock

design ( R C B D ) w i th three replications at I C R I S A T ,

Patancheru, India. There were two sal ini ty treatments:

(1) Con t ro l : i r r igated w i t h deionized water; and

(2) Saline: i rr igated w i th 250 mM NaCl solut ion (EC

23.4 dS cm
-1

) once at the t ime of sowing and later

irr igated w i th deionized water. Sixteen seeds of each

entry were sown in one 12.5-cm diameter plastic pot on

29 March 2003 and irr igated w i th deionized water or

saline solut ion to f ie ld capacity previously estimated for

the soil (Krishnamurthy et al. 2003). To avoid water logging

dur ing subsequent i rr igat ions, the water needed was

determined by regular weigh ing of representative pots. A 

max imum of four plants pot
-1

 were retained after th inning

at 10 days after sowing ( D A S ) in the contro l . One plant

per pot was sampled at 18, 25, 32 and 39 D A S . Sampl ing

was done as described by Kr ishnamurthy et al. (2003).

The total plant biomass for each sample was subjected to

A N O V A as a two factor R C B D and the genotypic means

were obtained. A l l the four indiv idual sample genotypic

means of total biomass produced under saline condi t ion

and the four calculated ratios of total biomass under

saline condi t ion as that of the control were used for

clustering the entries into dif ferent classes using

Numer ica l Taxonomy and Mul t ivar iate Analysis System

(NTSYSPC) , version 2.1 f rom Exeter Software, New

York , USA. Simi lar i ty /d iss imi lar i ty matr ix was obtained

based on Euclidean distances and thus the entries were

grouped on the basis of U P G M A (unweighted pair-group

method of ari thmetic average).

Results and Discussion

Germinat ion and seedling emergence were delayed under

salinity stress. Seedlings emerged in 8 to 10 D A S under

salinity compared to 4 D A S in the control . The total plant

biomass of entries under salinity showed signif icant

variat ion at all stages of sampl ing. However the salinity x 

genotype interaction was signif icant in the first three

samples only (Table 1). The cluster analysis of the entries

on the basis of total biomass product ion under salinity in

al l stages and the relative product ion inclusive of all

g rowth stage samples has indicated at least 4 major
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Table 3. Sorghum entries grouped on the basis of pre-anthesis total biomass production under 250 mM saline water irrigated

condition and the ratio of biomass under salinity to that of control.

Group Entries

Sensitive

Highly tolerant

ICSV 96020, SP 20614B, ICSR 91012, ICSB 677, ICSB 678, ICSB 406, ICSB 89002, SP 20666B.

SPDM 94014 (ICSB 517), ICSB 415, ICSR 93033, ICSB 88010, SPDM 94024 (ICSB 218)

CSV 15, ICSB 766, ICSV 95030, NTJ 2, ICSV 145, S 35, ICSB 676, ICSV 112, ICSB 300, ICSR 196,

SP 40669, SPA2 94029 (ICSB 725), SP 40672, SPV 1022, SPDM 94006 (ICSB 203), ICSR 91005,

ICSR 89010, SP 40646, ICSR 93034

groups at a s imi lar i ty coeff ic ient of 6 0 % , excluding one

entry. The consideration of the relative biomass

product ion is expected to account for the var iat ion of the

entries in g rowth vigor. The genotypes that performed

consistently across al l the sampl ing stages can be

grouped into sensitive, tolerant and h igh ly tolerant

entries based on the group means of the total biomass and

its rat io relat ive to control plants, for all the sampl ing

dates (Table 2). A lmost al l entries that have only part ial ly

emerged under sal ini ty in al l three repl ications were

grouped under the sensitive category (Table 3). As in

pearl mi l le t (Pennisetum glaucum) (Kr ixhnamurthy et al.

2003), some of the elite germplasm lines of sorghum that

are part icular ly known for their specif ic desirable

characters also exhibi ted better tolerance to sal ini ty.

These putative sal ini ty tolerant entries have other

desirable characteristics: (1) stable across environments

(CSV 15 and ICSV 112); (2) stay-green after matur i ty

( ICSB 676, SP 40646 and SP 40672) ; (3) resistance to

grain mo ld ( ICSV 95030); (4) resistance to leaf b l ight

( ICSB 300); (5) resistance to downy mi ldew ( S P D M

94006); (6) resistance to Striga ( ICSV 145); and (7) h igh

grain and fodder y ie ld and qual i ty (CSV 15 and ICSR

93034).

A selected set of sorghum lines based on their

contrasting performance are being tested again for

conf i rmat ion. A lso , determinat ion of various ionic

composit ions of the plant tissues is being carried out to

delineate the mechanisms of salt tolerance. The same

material is being tested at the Internat ional Center for

Biosal ine Agr icu l ture ( I C B A ) , Duba i , U A E as part of a 

col laborat ive project on salinity tolerance.
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