CHAPTER FIVE

5. DISCUSSION

The specific objectives of this study were to evaluate genetic variation for drought tolerance
in finger millet from Zambia, and to measure genetic relatedness among germplasm
accessions collected in the country. The collection of accessions used for the study

represented all important finger millet growing areas in the country.

Twelve putative traits of drought tolerance were studied. In trials with 10 varieties Agalodia
et al. (1979) used grain weight and number of spikes per panicle to analyse parameters of
variability and relationship with grain yield. Additionally, Abraham et al. (1989) also used
effective tillers per plant, grain yield per plant and number of spikes per panicle also used in
the current study. Mnyenyembe and Gupta (1997) employed nine traits to study variability in
finger millet from Malawi and to identify accessions suitable for breeding. They included
number of days to flowering, plant height, spike length and width, number of spikes per
panicle, number of productive tillers, spike yield and finger blast severity [Pyricularia grisea

(Cooke) Sacc].

Withdrawing water for 5 days during flowering did not affect grain yield in this study. This
was consistent with findings of a similar study on phenotypic stability of yield in the crop in
India. Fourteen varieties were studied. Linear regression of yield on environmental means
indicated stability of a number of the varieties. Chandrasekharappa (1979) and Reddy (1977)
in separate studies have also used the same duration of moisture stress. In
Chandrasekharappa’s (1979) study, stress at tillering or flowering reduced leaf area and
number of productive tillers, and delayed flowering. In the same study stress at tillering had
the greatest effect on yield, effectively reducing it by 38 %. Five to six days of soil moisture

stress at flowering reduced grain yield by 21 %.
67



In studies on water requirements of finger millet, Rao (1978) found greatest values of growth
and grain yield at 25 % depletion of available soil moisture throughout the growing season..
The cons umptive use of water was found to be 379 mm. In a later study the same researcher
along with others confirmed Rao’s (1978) findings (Rao et al., 1981). In the current study soil
moisture was maintained at field capacity during the rest of the irrigated part of the growing

season.

In this study the imposed stress, however, significantly reduced spike length (3.4 %); highly
significantly reduced biomass (3.1 %), leaf area duration (10.5), amount of chaff (40.0 %),
pest and disease susceptibility (40.0 %), number of productive tillers (10.2 %) and spike yield

(48.5 %); and highly significantly increased plant height (4.3 %) and days to flower (3.1 %).

There was significant variation among accessions only in spike yield under optimal
conditions. In a study by Krishnasastry et al. (1982) on desirable plant characteristics for
rainfed conditions, variance analysis showed significant positive correlation between biomass
weight and yield. Average spike weight per unit was significantly correlated with yield.
Varieties in which primary tillers decreased and secondary ones increased with stress had low
yields. Varieties with high dry matter production, small leaf area and high average spike

weight were recommended for rainfed conditions.

Measurements were more widely distributed under stress in number of productive tillers,
days to 50 % flowering, spike and biomass weight. There was greater variability in number of
productive tillers, spike width, stay-green characteristic; and spike, grain and chaff weight
under stress. However, only variation in number of spikes per panicle was significant and in
susceptibility to pests and diseases highly significant. Most of the variation in spike number
and stay-green characteristic under stress was attributable to chance. There was greater

relative variability of accessions under stress in number of productive tillers, days to 50 %
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flowering, stay-green characteristic, spike weight and number, and biomass and chaff weight.
Mnyenyembe and Gupta found significant differences among accessions from Malawi in all
the nine traits studied. The same authors have cited Gupta and Mushonga (1992) who
reported significant differences among accessions from Zimbabwe in grain yield, spike
length, spike width at two locations, spike yield, days to flower, plant height and number of
productive tillers at one location. They have also cited Kempanna and Thirumalachar (1968),
Goud and Lakshmi (1977), Abraham et al. (1989) already cited in this report and Josh and
Mehra (1989) who individually and severally found significant variation in grain yield,

number of productive tillers, days to flower, plant height, spike length and number of spikes.

Three dendrograms depicting relationships among the 203 accessions and 4 check varieties

were generated.

Genetic divergence plays an important role in plant breeding programmes because hybrids
developed from diverse parents generally show more heterosis than those developed from
closely related parents. In fescue heterosis increased with genetic divergence in
morphological and phonological traits, and geographical origin of parents. In alfalfa and
cotton, heterosis was associated with genetic diversity of parents involved in the crosses. In
maize, greater difference between inbred lines resulted in greater heterosis their hybrids

(Singh 1983 citing Moll and Stuber 1974).

Accessions could be grouped into many clusters according to 12 putative morphological and
agronomic traits of drought tolerance. Jain ef al. (1981) in a study on genetic divergence of
30 geographically diverse populations of the species could assign the populations to 13
clusters on the basis of the D’ statistic and canonical analysis of 12 agronomic characters.
Swaminath (1979) has also studied genetic diversity in the African collection of the species

and their interaction with the environment. One hundred and seventy-five forms were
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evaluated for 15 agronomic and 2 morphological characters and compared with 21 Indian
forms. The African forms performed better in Kharif and winter seasons than, and equally in

summer with, the Indian forms.

All clusters in the current study could be read between Euclidean Distance 0.84 and 1.00.
There was obvious differentiation at both intercluster and intracluster levels. Clustering did
not differ much with growth conditions. Neither was it connected with geographical origin.
For example while the pattern of clustering in Figures 1 and 2 is similar, accessions at the
bottom of the Y-axis are different. Under optimal conditions ZM 153 and ZM 3813 are the
most divergent. On the other hand, under stress the most tolerant accession, ZM 3825 and
FMM 175 are the most diverse. In addition in Figure 3 ZM 3825, ZM 3824, ZM 3819, ZM
3834, ZM 3783 and ZM 3816 collected from Luapula do not occur in the same cluster at
shorter distances. They only occur in the same cluster together with accessions from other
provinces at Euclidean distance 0.92. Jain et al. (1981) also did not find any association

between clustering and geographical origin. They identified two highly divergent entries.

Placement in separate clusters showed wide divergence of the most tolerant accessions.
Divergence of the tolerant accessions may help in selecting drought tolerant parents for
crossing with high yielding mutant varieties developed by the national crop improvement

programme (Singh, 1983) and used to study further genetic divergence.

The most tolerant accessions were obtained from at least 4 different districts in 3 provinces,
and 6 of them were collected from the high rainfall region and 5 from the low rainfall region.
This indicates some level of geographical separation and possible reason for genetic

diversity.
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CHAPTER SIX

6. CONCLSION

There was significant reduction in spike length; highly significant reduction in biomass, leaf
area duration, chaff, susceptibility to pests and diseases, number of productive tillers and
spike yield; and highly significant increase in plant height and days to flower as a result of
withdrawing water for 5 days during flowering. The Wooden Box Augmented Randomised
Block Design detected significant variation in Zambian finger millet gene pool in spike yield
under optimal conditions; significant differences in number of spikes per panicle and stay-
green characteristic and highly significant variation in susceptibility to pests and diseases

under stress

Only 3 traits, namely spike yield, number of spikes per panicle and stay-green characteristic,
were sensitive to water stress and show significant variation at the same time. Since
significant variation exists in spike yield under optimum conditions, and the trait significantly
correlated with grain yield (Krishnasastry et al.,1982) and sensitive to water stress, it could
be used to improve the latter trait. Similarly, susceptibility to pests and diseases and the stay-
green characteristic were also sensitive to water stress and at the same time show significant
variation among accessions under stress. They will be useful in selecting lines tolerant to
water stress. The assumption that is being made here, nevertheless, is that less susceptible and

genotypes with longer leaf area duration will be tolerant.

The simple measure of change with stress in accession attributes was used to obtain values of
tolerance to water stress. The values were used to rank accessions according to tolerance to
the stress in all 12 traits studied. Overall ranking showed ZM 3825, ZM 3920, ZM 1459, ZM

3906, ZM 3819, ZM 3834, ZM 203, ZM 40122, ZM 3816, ZM 229, ZM 3685, ZM 154, ZM
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153, ZM 3824 and ZM 3783 to be more tolerant than the best check, Nyika. These accessions
could be used to introgress drought tolerance in improved lines or varieties of the crop.
Climate projections indicate that the environment in Zambia will be warmer and drier even in
the high rainfall areas of the country where finger millet is an important crop. In order to
ensure sustainable production of finger millet with climate change lines with tolerance to

drought should be developed.

Nearest neighbour analysis using the dissimilarity coefficient, Euclidean Distance, was
applied to generate 3 dendrograms depicting relationships among the 203 accessions and 4
check varieties evaluated based on 12 putative morphological and agronomic traits of drought
tolerance. The genotypes could be consigned to several clusters. All clusters could be read
between Euclidean Distance 0.84 and 1.00. Under optimal conditions ZM 153 and ZM 3813
were the most divergent. Under stress the most tolerant accession, ZM 3825, was the most
diverse. Among the most tolerant accessions ZM 3834 and ZM 40 122 were the most closely
related, and ZM 154 and ZM 203 the most divergent. There was obvious differentiation at
both intercluster and intracluster levels. There was wide divergence among the most tolerant
accessions. The maximum cluster distance was between the most drought tolerant accession
(ZM 3825) and the recently released mutant variety, FMM 175. This also showed extensive
divergence between the most tolerant and other accessions. The accession may be used to

introgress drought tolerance in the mutant variety (Singh, 1983).
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Annexe XI: Analysis of

Variate: PH

Variance of Accessions

in Optimal Experiment

Source of variation d.f. (m.v.) s.s. m.s. v.r. F pr.
Accessions 63(142) 24952.76 396.08

Residual 0(10)

Total 63(152) 24510.23

Variate: NPT

Source of variation d.f. (m.v.) s.s. m.s. v.r. F pr.
Accessions 199 (6) 357.516 1.797 1.76 0.161
Residual 10 10.205 1.021

Total 209 (6) 367.722

Variate: DTF

Source of variation d.f. (m.v.) s.8. m.s. v.r. F pr
Accessions 201 (4) 36819.3 183.2 1.60 0.208
Residual 10 1143.4 114.3

Total 211(4) 37962.7

Variate: SL

Source of variation d.f.(m.v.) s.s. m.s. v.r. F pr
Accessions 202 (3) 29238.2 144.7 1.25 0.373
Residual 10 1161.4 116.1

Total 212(3) 30399.6

Variate: SW

Source of variation d.f. (m.v.) s.s. m.s. v.r. F pr.
Accessions 202 (3) 144.493 0.715 0.55 0.943
Residual 10 13.085 1.308

Total 212(3) 157.578

Variate: SN

Source of variation d.f. (m.v.) s.s. m.s. v.r. F pr
Accessions 202(3) 468.629 2.320 0.47 0.976
Residual 10 49.444 4.944

Total 212(3) 518.072

Variate: SY

Source of variation d.f. (m.v.) s.s. m.s. v.r. F pr.
Accessions 183(22) 158.3968 0.8656 3.42 0.032
Residual 8(2) 2.0267 0.2533

Total 191 (24) 159.6587
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Variate: GW

Source of variation d.f. (m.v.) s.s. m.s. v.r. F pr.
Accessions 194 (11) 0.0146422 0.0000755 0.53 0.953
Residual 10 0.0014340 0.0001434

Total 204 (11) 0.0160762

Variate: PDS

Source of wvariation d.f. s.s. m.s. v.r. F pr.
Accessions 205 526.093 2.566 0.97 0.583
Residual 10 26.500 2.650

Total 215 552.593

Variate: SGC

Source of variation d.f. (m.v.) s.s. m.s. v.r. F pr.
Accessions 105(100) 111.5716 1.0626 4.25 0.209
Residual 2(8) 0.5000 0.2500

Total 107(108) 102.1852

Variate: BW

Source of variation d.f. (m.v.) s.s. m.s. v.r. F pr.
Accessions 144 (61) 117.5005 0.8160 1.99 0.194
Residual 6(4) 2.4583 0.4097

Total 150(65) 118.2550

Variate: CW

Source of variation d.£. s.s. m.s. v.r. F pr.
Accessions 205 289.6792 1.4131 2.04 0.105
Residual 10 6.9306 0.6931

Total 215 296.6098

Variate: CGW

Source of variation d.£f. s.s. m.s. v.r. F pr.
Accessions 205 2607.113 12.718 2.04 0.105
Residual 10 62.375 6.238

Total 215 2669.488
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Annexe XII: Analysis

Variate: BW

of Variance of Accessions in Stressed Experiment

Source of variation d.f. (m.v.) s.8. m.s. v.r. pr.
Accessions 198(7) 222.0613 1.1215 1.51 .241
Residual 10 7.4167 0.7417

Total 208(7) 229.4780

Variate: DTF

Source of variation d.f. (m.v.) sS.s. m.s. v.r. pr
Accessions 205 46058.7 224.7 0.94 .609
Residual 9(1) 2151.9 239.1

Total 214 (1) 48153.5

Variate: GW

Source of variation d.f. (m.v.) s.s. m.s. v.r. pPr
Accessions 194 (11) 0.0146422 0.0000755 0.53 .953
Residual 10 0.0014340 0.0001434

Total 204 (11) 0.0160762

Variate: PH

Source of variation d.f. (m.v.) s.s. m.s. v.r. pr
Accessions 199(6) 19552.3 98.3 0.66 .864
Residual 10 1488.7 148.9

Total 209 (6) 21041.0

Variate: NPT

Source of variation d.f. (m.v.) s.s. m.s. V.r. pr
Accessions 200(5) 412.686 2.063 1.58 .214
Residual 10 13.039 1.304

Total 210(5) 425.725

Variate: SL

Source of variation d.£f. (m.v.) s.s. m.s. v.r. pr.
Accessions 195(10) 20976.73 107.57 1.61 .205
Residual 10 667.43 66.74

Total 205(10) 21644.16

Variate: SW

Source of variation d.f. (m.v.) s.s. m.s. v.r. pr.
Accessions 195(10) 124.3232 0.6376 0.66 .860
Residual 10 9.5888 0.9589

Total 205(10) 133.9120
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Variate: SN

Source of variation d.f. (m.v.) m.s. v.r. F pr.
Accessions 195(10) 177.5843 0.9107 3.62 0.014
Residual 10 2.5167 0.2517

Total 205(10) 180.1010

Variate: PDS

Source of variation d.f. s.s. m.s. v.r. F pr
Accessions 205 349.093 1.703 1.67 0.185
Residual 10 10.167 1.017

Total 215 359.259

Variate: SGC

Source of variation d.f. s.s. m.s. v.r. F pr
Accessions 205 172.9583 0.8437 1.81 0.150
Residual 10 4.6667 0.4667

Total 215 177.6250

Variate: CW

Source of variation d.f. s.s. m.s. v.r. F pr
Accessions 205 229.7792 1.1209 2.52 0.053
Residual 10 4.4415 0.4441

Total 215 234.2207

Variate: CGW

Source of variation d.f. s.s8. m.s. v.r. pr
Accessions 205 2068.013 10.088 2.52 0.053
Residual 10 39.973 3.997

Total 215 2107.986
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