Recherche Agronomique (1997), 1, 9-19 9
INRAA

Growth analysis and selection of wheat varieties for
drought resistance using cluster analysis

A. Kameli ' & D.M. Losel 2

! Departement de Biologie, Ecole Normale Superieure, Vieux Kouba, Alger, Algerie.
“ Department of animal and Plant Sciences, University of Sheffield, Sheffield S10 2TN.

AR LN PR A NP I L UL Oa\iia 12 s R 50 BV B 4 - el
Colmitn) AR et ey Gl A ey ANy Claaad W g dadauy )
3 Jha S Gy @ai (13 511573 51 G ) Ade pa Rty AN (gany
Cna Se AN (e e panatic 3ga g anl AN B80S 32 Gia) ¢ A Glady
A QAad hcaband o8 3t et Gl (e (e pana iy Sy ARG adim)
Sl i paad s (12,111,301 Gd A OANVRe g s L (55.0)
Qs 3 Jaw S5 4508 G A Can ) B Jeain Ao Al eBdsa v A
LS el 512 el G uaadly pAADN G 5 ) R gaad) G gy aliz)

i ol A ey b A a5 Watied G e e e SN
ayad A j0 Al ga 53 a\ea (S 5D Canad S A deY) Gyl ) SRR
ABaS ) By (e S

Claanl By a | o) | (A AN | sad B

Abstract- The growth of 12 varieties of wheat was analysed under the effect of water stress.
The results were analysed using Cluster analysis in order fo select varieties of contrasting
response. Some varieties (e.g. 1, 3, 11 & 13) maintained relatively higher percentages of
growth under water stress than others (e.g. 5 & 2). The dendrogram Fig 1(b) based on 4
variables showed several groups of varieties at a high coefficient of similarity. Only two
groups staved separate down to a low similarity coefficient of 55.0. The first of these
contains four varieties (1, 3, 11 & 12), the second group conlains the rest of the varietiey.
At higher coefficients, the two groups are divided into sub-groups that are less distinctive.
The low levels of similarity were recorded between varieties in group (I) and othey
varieties. The lowest coefficient was between vars 12 & 5. Although the number of varieties
used in this experiment was rather low for selecting varieties with contrasting responses,
some varieties differed considerably in their growth responses under water stresy (eg 3 &
S), thus justifying further investigation of their possible biochemical differences, '
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INTRODUCTION

The selection of plant species or
varictics with an ability to withstand
drought conditions is certainly one
important way of optimizing and
improving productivity in semiarid
cnvironments. The methods on which
anv sclection is based differ widely
and depend on  which criteria are
regarded as more important  in
identifving resistant  and susceptible
varietics.

Growth analysis has been used to
separate varietics of differc hardi-
ness in wheat (c.g. Clarke et al. 1984).
Since growth is an integral result of
many parameters both morphological
& biochemical. selecting the important
growth parameters. which best with
represent the cffect of the environmen-
tal condition and distinguish between
ditferent varictics, is of great practical
importance.

It is widely recognised that in the
sclection and breeding of varictics for
a particular cnvironment. any  (ests
should be rapid and sufficiently sensi-
tive to detect important differences.
The lack of good corrclation between
specific morphological characters &
drought resistance. ¢.g. in Clarke ct al.
(1984). and the laborious and time
consuming work involved in using all
growth parameters in sclecting varic-
tics of diffcrent hardiness. led to the
scarch for other tests. involving phy-
siological &  biochemical  criteria.
some of which arc rapid and casy to
measure

It was concluded by Fowler ct al
(1982) that critena  for sclecting
varictics should have a lmgh correla-
ton with ficld performance cg. the
corrclation with ficld survival under

low temperature (as in Fowler et al.
1982), the correlation between sced-
lings' osmotic adjustment and high
vield under water stress (Morgan ct
al.1986) and between field stability
index and proline level under water
stress (Singh ct al. 1972).

The study of the biochemical respon-
scs of plants under water stress the
view to identifying characters of
resistance. often involves the usc of
two or more varictics, known to have
diffcrent  abilitics to  withstand
conditions of water stress  (c.g.
Kameli. 1990: Johnson ct al. 1984:
Wright ct al. 1983: Drossopoulos ct
al. 1987). These characteristics have
often been recognised as a result of
ficld obscrvations or agricultural
practice.

The work presented here is an
investigation of the growth responscs
of 12 varictics of wheat belonging to
two species (Triticum acstivum & T.
durum). The aim was to sclect two
varictics  showing  different  growth
responses to water stress. to be used
for further biochemical study in future
work. The importance and adaptive
values of some biochemical responscs
are dealt with in other work (Kameli &
Loscl. 1993 &1996 ) as well as the
corrclation  between  growth  and
biochemical responscs.

MATERIELS AND METHODS

Twelve varicties of wheat including
both  Tritrium durum L. (durum
wheat) and T. castivum L.  (bread
wheat) were used. The seeds were
soaked for 24 hours and germunated n
vermiculite for 6 days. The seedlings
Twelve varietics of wheat including



both Tritrium durum L. (durum
wheat) and T. castivum L. (bread
wheat) used in the imtial sclection
experiment, are listed in (Table ). The
varictics grouped in the first half of the
table are widely cultivated in different
parts of Algeria. some having
originated there and some having been
intro-duced. The seeds were soaked
for 24 hours and germinated in
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yermiculite for 6 days. The scedlings
were then transplanted in pots of sand.
cach containing a singlc plant. A total
of 180 pots. representing 12 varieties
x 5 replicates x 3 trcatments (stress 1.
stress 2 & control) were laid out in a
completely  randomised block using
random digits from tablcs (Fisher &
Yates. 1963).

Table I : The wheat varictics uscd in the sclection experiment.

Spicies Variety Abreviation  Source
(Triticum durum) Oued Zenati 368 674 ITGC (Algicrs)
Hedba 3 H3
Mohamed Ben Bachir 8037 MBB
(Triticum aestivum) Flaurence Aurorc FA
Mahon Dcmias MD
Siete Cerros SC
(Triticum durum) Capdur CAP NIAB
(Combridge)
Regal R
(Triticum aestivum) Wembley W
Minaret Mi
Galahad G
Mcrcia Mc

At 17 days after gerination when
the plants had two fullv-cxpanded lecaves.
water stress was applied by withholding
irngation for different periods of time.
Three treatments were used: 5 day cyeles
(stress 1). 10 day cyeles (stress 2) and a
control treatment watcred daily. In order
to cnsurce a uniform supply of mincral
nutricnts to stressed and control plants.
all the pots were watered every 10 days
with full strength Rorison nutricnt
solution.

The watering  of  control and
modcrate stress treatments during the 10
days period was made using delomized

water. After 8 weeks from germination.

the plants werc harvested and

following growth mecasurcments  were

madc:

Number of dead leaves (NDL)
Number of green Ieaves (NGL)
Plant height (PH)

Maximum lcaf width (LW)

Total length of dead leaves (LDL)
Total Iength of green leaves (LGL)
Shoot dry weight (ShW)

Root dry weight (RDW)

Spikelet dny weight (SDW) when present

Total dry weight (TW)
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RESULTS & DISCUSSION

The results of growth measurement from
stress 1, stress 2 and control plants are
presented in (Table I) .

Analysis of variance was carried out
for each variable and the least

significant difference (LSD) bctween
treatments was calculated at the 0.05
level. All the variables in stress 2
treatment were significantly different
from control plants but only a few from
stress 1 treatment differed from controls.

Table I1 : Growth analysis wheat varieties (Triticum durum L). and (Triticum
aestivum L). LSD was calculated at 0.05 % level

vars treat NDL NGL PH Lw LDL LGL ShW RW ™
(an) )  (@m) (am) g G (mg)
VAR1 C 38 48 388 083 9118 1606 596 434 1030
©2) s1 40 48 408 084 1137 1374 500 346 846
S2 44 28 218 049 1227 788 330 280 610
LsD 056 139 761 0122 2775 4355 1221 6171 174.09
VAR2 C 30 5.8 53.94 725 1555 622 478 1100
(H3) S1 40 5.0 50.70 1026 1276 598 470 1070
S2 5.0 18 26.40 1355 0440 316 199.4 5154
LSD 0.79 156 625 1950 3286 1378 1148 2342
VAR3 C 30 58 57.6 69.7 1635 690 429 1119
(MBB) S1 36 5.0 4.1 96.3 1390 628 428 1056
S2 36 38 358 928 8272 356 209 565
LsD 0.61 093 9.77 2896 2192 1546 1121 2069
VAR4 C 26 46 465 540 1063 556 410 966.6
® S 34 40 380 746 818 399 331 819
S2 4.6 20 23 877 370 196 166.6 3629
LsD 1.34 1.86 7.38 2029 2847 1042 844 203.2
VARS C 30 56 343 51.8 131.2 3766 5544 931
© sl 38 5.20 338 794 107.7 4240 3720 795
S2 5.2 140 20.14 1115 202 2270 167.6 3946
LsSD 1.56 163 574 2684 249 6603 170.0 179.8
VAR6 C 34 48 53.68 821 1381 620 3642 9842
(FA) S1 38 50 46.10 139 1233 656 339 995
S2 46 20 25.36 28.7 44.7 300 1834 4834
LsD 0.69 141 9.44 2291 2933 1678 9543 240.1
VAR7 C 40 42 60.22 289 1562 7533 364 1117
MD) §S1 4.2 40 56.0 29.2 1291 7040 330 1038
S2 48 18 26.50 632 544 3080 1612 4692
LsD 1.09 174 1145 30.6 4905 1495 1149 2238
VARS8 C 3 4 46.7 538 811 541 2298 7708
S0 S1 40 30 433 : 84.6 61.0 6935 262 955
S2 58 12 246 0.60 1173 221 2130 1228 4360
LSD 1.29 1.29 632 0178 2331 250 78.7 5686 1306
VAR9 C 28 52 488 094 624 1436 5852 3882 9734
(Mi) S1 4.0 40 4856 088 1134 951 516 368
S2 38 28 193 046 949 613 3326 1222 4548
LsD 109 134 504 024 3925 3621 1164 1308 236.1
VAR10 C 2.8 46 392 084 498 1165 3482 453 8012
w) Si 30 38 294 080 740 91.8 336 493 829
S2 4.6 14 180 050 1033 307 1858 177.2
LsD 1096 119 984 0126 219 21.23 7950 1155  86.63
VAR11 C 3 4.2 3136 084 683 1410 3422 5164 8588
MB S1 38 40 259 078 965 1313 446 509 955
S2 28 34 145 046 706 93.1 212 194 406.0
LSD 0.49 0.65 6.35 0.167 1776 1632 594 1399 1806
VAR12 C 3 38 315 0.79 67.8 1015 3308 4224 7532
) S1 26 4.0 280 078 640 1064 347 472 820
S2 36 26 12.3 043 881 63.7 2286 2682 4964
LSD 127 147 9.02 0.188 3093 3994 9279 9129 1412




Growth was considerably affec-
ted by the severe water stress in all
varieties, as indicated by the signifi-
cant reduction in all growth parame-
ters measured. Leaf number & leaf
length werc highly affected in some
cases, making a better contrast bet-
ween the varieties studicd. Leaf area
was not measured in this experiment,
since the appropriate instrument (area
meter) was not available at the time of
the experiment.

The measurement of leaf length
and leaf width, however, give a good
indication of leaf area For both leaf
number and leaf length, the measure-
ments of dead and green leaves were
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indication of the ability of the plants to
maintain green tissue under severe
water stress (i.e. ability to survive).

Although dry weight is a good
indication of dry matter production
and the state of the plant, it may not
show the full extent of the effect of
water stress, since in this experiment
the dry weight of dead and green tissue
were not separately measured. In order
to quantify the effect of water stress
on the main growth parameters
measured, the number, length, width
of green leaves and dry weight of
stress 2 treatment were expressed as
percentages of the mean values for
control plants.

made separately which gave an
Table 111 : Growth parameters of stressed plants (S2) as percentages (%)
of those in control plants.

Variety NGL LGL LW TW

VAR 1 58.33 49.06 59.03 59.22
VAR 2 31.03 28.29 56.52 46.28
VAR 3 65.51 50.59 64.28 50.50
VAR 4 43.47 34 .80 46.98 . 37.54
VAR 5 25.00 15.39 48.75 42 .38
VAR 6 32.36 32.36 49.39 49.11
VAR 7 42.28 34.82 48.31 41.99
VAR 8 30.00 27.25 65.21 56.64
VAR 9 53.84 42.86 48.93 46.72
VAR 10 30.43 26.35 59.52 45.30
VAR 11 80.95 66.02 54.76 47.27
VAR 12 68.42 62.55 54.43 65.90

It was observed that some stress, a classification of the varietics

varieties (¢.g. 1,3,11 & 13) maintained
relatively  higher percentages of
growth under water stress than others
(e.g. 5 & 2). The varicties with high
percentages may be regarded as more
resistant to water stress than those
with low percentages.Since the aim of
this experiment was to sclect varicties
showing different responses to water

using cluster analysis from a computer
pro-gram (Genstat release 4.04B
1984, Lawes Agricultural Trust,
Rotham-stead Experimental  Station)
was made from the data in Table 5.
The results of the cluster analysis
arc presented in a number of
diagrams, most of which arc based on
the similarity between units (in this
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casc between varicties of wheat),
analysed according to the variables
measured (in  this case growth
parameters), and the level at which
they can be grouped together. Two
diagrams arc chosen here to show the
similarity  between the  varictics
studicd:

1- Similarity matrix: which is a table
showing the percentage  difference
between any two varictics. The very
similar varicties have a similarity
coefficient ncar 100. whereas low
cocfficicnts  indicatc  less  similar
varieties. The classification is done on
onc or morc variables (growth
parameters) which can be qualitative
(c.g. presence or  absence) or
quantitative as in this study (length &

weight). Quantitative variables are
scored according to  absolute
difference. whcrcas quantitative

variables score either 0 or | and pro-
vide morc contrast. The variables
included in the classification arc given
cqual weights.

2-Dendrogram: which is a graphical
representation based also on a simila-
ritv cocfficicnt scalc from zcro to one
(often multiplicd by 100 to avod
decimal places. as in this casc). The
dendrogram shows the classification of
units (varictics) into groups according
to how similar they arc. The points of
junction between the dotted lines read
against the scale displaved at the top
of the diagram. gives an indication of
the similarity between the two lines at
the similarity cocfficient indicated by
the scale (c.i.v,. Fig 1) The very similar
grouped at  high
cocfficients.  while  dissimilar  oncs
come together at low  cocfficients.
Contrasting or distinct groups can be

varictics  are

obtained by choosing units clustcring
at low similarity cocfficients.

The cluster analysis in this ex-
periment was carried out, firstly using
variables NGL. LGL. LW. & TW.
then taking the first threc of these
variables (i.c. NGL. LGL & LWwW)
only, and the output compared. In cach
case. the analysis was donc on all
varicties (i.c. two specics. durum &
bread wheat) and on cach spccics
scparately (i.c. 5 & 7 varicties). When
looking at thc ability to survive under
severe water stress. the first three
variables may be more important
since they include only living tissue.

RESULTS OF CLUSTER
ANALYSIS

The dendrogram Fig 1(b) based on 4
variables showed scveral groups of
varietics at a high cocfficient of simi-
larity. Only two groups stayed scpa-
ratc down to a low similarity cocftici-
ent of 55.0. The first of these contains
four varictics (1.3.11 & 12). the
second group contains the rest of the
varictics. The varicetics in group | as
indicated in Table 4.3 showed high
pereentages of growth under water
stress which suggests that they repre-
sent the morce resistant varictics. com-
pared with varictics in groupll.

At higher cocfficients. the two
groups arc divided mto subgroups
which are less distinct. It is of interest
to note that the varictics in group |
were  divided into two  subgroups
containing varictics | & 3 which arc
durum wheats and are the only
varicties originating in Algeria (semi-
arid climate). The other subgroup
contains two winter wheat varictics
(11& 12).



**24¢ SIMILARITY MATRIX *****  (A)

VARO! ----

VAR02 624 ----

VARO3 814 59.2 --..

VARO4 504 704 47.2 ----

VAROS 392 76.8 36.1 75.5 ----

VARO6 619 81.0 58.7 B4.5 774 -

VARO? 55.6 76.7 52.4 93.7 81.7 90.8 ----

VAR08 65.5 78.0 65.9 484 568 639 54.7 ----

VAR0? 69.6 71.9 66.5 80.7 69.6 86.7 86.0 50.6 ---—
VARIO 63.1 93.8 61.2 660 74.8 74.8 72.2 B1.6 657 -—
VARI1L 65.1 554 69.3 489 37.8 572 54.1 352 68.2 492 .-

VARI2 76.8 46.1 65.6 39.8 28.7 51.3 45.1 424 59.1 39.9 76.2 ----
1 2 3 4 5 6 7 8 9 10 11 12

*** DENDROGRAM **+ (B)

LEVELS 95 85 75 65 55

VAROl 1

VARDS 3 :I_I
VARI1 1 | Group |
VARI2 12

VARO2 2

e —
VARO8 8 |
VAR 4

VARO?7 7

VARO6 6 Groupll
VARO9 9

VAROS §

fig 1 : Using 4 variables (NGL.. LGL. LW, TW) From the data in table 5. The analysis is presented in

the Torm of similarity matrix (a) and dendrogram (b) .

This classification suggests that
tolerance of winter conditions (winter
wheat) or drought (durum wheat) may
involve  similar  mechamisms.  The
similarity: matrix (Fig 1a) clarifics the
analysis by computing  similarity
cocfficicnts between any two varictics
(1.c. all the¢ combinations). The low
levels of similarity were  recorded
between varictics in group (1) and
other varctics. The lowest coctticient
was between vars 12 & 3.

It was clear from the dendrogram
(Fig 1b ) that if two varictics with
different responses are to be selected.
it is likely to be from group (I) & (II)
(i.c. onc from cach group). The \'arigt_\‘
3 showed also low similarity with
varictics 1. 3 & 11. This gave a first
indication that varicty 3 which showed

low pereentages of growth under water
stress may be a possible choice as a
Iessresistant  or  drought-susceptible
varicty to be compared with a variety
from group (I).

On the basis of the 4 variables.
varictics 12 & 5 may be classified as
the most dissimilar or distinct among
the varictics uscd. these varictics be-
long to two diffcrent species (1.c. T.
durum & T. acstivum) when the clus-
ter analysis was repeated for cach
specics (Fig 2 & 3). using the same
varables. varictics 1 & 3 showed low
smularity and appeared in a different
group from var 5 among durum
wheats. Among bread wheat varictics.
low similarity was found between
varictics 11 & 12 and 8 & 10. On the
basis of 3 nanables (TW ot
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included), the cluster analysis (Fig 4, 5 larity coefficient with var 5 (3.4)
& 6) revealed similar results, except among- durum wheat varieties.
that var 3 showed a very low simi- :

#s#es SIMILARITY MATRIX #++++

VAROl -

VARO02 494 ----

VARO3 77.3 468 —

VARO4 37.9 63.8 352 —-

VAROS 208 714 182 66.7 -
1 2 i3 4 5

+¢+ DENDROGRAM ***
LEVELS 80 70 60 50 40 30
VARO1 1 1
VARO3 3 .
VAROZ 2
VARDS $ :—I
VARO4 4
Fig 2: cluster analysis on S varictics of dgmm wheat
using 4 variables (NGL, LGL, LW, TW),
sse9¢ SIMILARITY MATRIX *##*+
VARO6 ----
VARO7 89.1 —--

VARO3 59.8 48.9 --.-

VAR(09 843 836 441 -

VARIO 71.7 688 789 61.1 ----

VAR!l 49.6 463 253 62.7 41.1 ----
VARI2 427 35.5 33.1 520 294 71.8 ----

1 2 I 4 5 6 7

#+¢ DENDROGRAM ***
LEVELS 90.0 800 700 600 500 40.0

:LI

1
1

VARO6
VARO07
VAR0O9
VARO8
VARI0
VAR1]
VARI12

SNSANWE N -

Fig 3: Cluster analysis on 7 varieties of bread whe( T. aestivum ) including two
winter wheats (11&12) using 4 variables (NGL, LGL, LW, TW).
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VARO1 —

VAR02 651 —
VARO3 855 50.6 —
VARO4 59.3 709 44.8 ----

VAROS 388
VARO6 61.1
VARO7 6L.1
VAR08 57.1
VAR09 74.3
VARI0 67.1
VARIL 675

73.7 243 730 —-

78.0 46.6 929 77.7 -

74.0 46.6 96.8 76.1 96.0 ----

82.8 61.8 53.7 59.1 60.8 56.8 ---—

63.1 59.8 85.1 64.5 85.1 86.8 45.9 ----

929 544 63.7 69.9 708 669 88.7 55.9 ----
41.8 62.8 43.3 22.8 45.1 45.1 246 583 34.6 ----

VARI2 77.0 51.2 72.2 53.1 326 54.8 54.8 34.0 68.0 44.1 50.2 ----

1

2 3 4 s 6 7 8 9 10 11 12

«+» DENDROGRAM ***
LEVELS 100.0 90.0 80.0 700 60.0 50.0

VAROL
VARO3
VARII
VARI2
VARO02
VARIO
VAR08
VARO4
VARO7
VARO06
VARO09
VAROS

NOANBRRGSN G DWe—

group I

group Il

FJ“J

Fig 4 : Cluster analysis repeated on the same 12 varieties
- this time using 3 variables (NGL, LGL, LW, TW).

¢+esr SIMILARITY MATRIX ***+

VARO]l ----

VARO2 52.5 ----

VARO3 83.1 356 ----

VAR04 50.5 652 33.6 ----
VARO5 20.3 679 3.4 630 ---

1 2 3 4 5

*** DENDROGRAM ***

LEVELS
VAROl |
VARO3 3
VARO2 2
VAROS 5§
VARO4 4

85 75 65 55 45 35

-

=

Fig § : Cluster analysis on 5 durum wheat varieties using 3
variables (NGL, LGL, LW).
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sraxk SIMILARITY MATRIX *****

VARO6 ----

VARO7 954 -

VAR08 56.9 52.3 -—-

VAR09 82.5 84.6 39.3 ----

VARIO 67.6 63.0 87.7 50.1 —-
VARI1 354 358 135 512 24.2 -

VARI12 47.0 474 238 62.7 34.5 884 ----

1 2 3 4 5 6

=#+* DENDROGRAM ***

LEVELS 1000 900 800 700 60.0

—

50.0 40.0

1
2
4

VAR08 3"'""""'—'
5
6—-—-——-—-—-—1
7

Fig 6 : Cluster analysis on 7 varieties of T. aestivum using 3 variables (NGL,

LGL, LW).

In order to carry out further
biochemical studies on two varieties,
differing in their responses to water
stress and, based on the results on
Table 4.3 and cluster analysis, two
durum wheat varieties (3 & 5) were
selected, since most previous studies
have concentrated on Triticum
aestivum , whereas little information,
especially on the biochemical side, is
available on Triticum durum which is
widely grown in semiarid and
mediterranean climates, such as, in
Algeria and is reported to have
originated in such conditions.

Although the number of varieties
used in this experiment was rather low
for selecting varieties with contrasting
responses,some varieties differed con-
siderably in their growth responses
under water stress (e.g. 3 & 5), thus
justifying further nvestigation of their

possible biochemical differences. No
study of the response of var 5 to water
stress has been encountered. The local
Algerian varieties (i.c. var 1 & 3)
which showed characteristics of

~resistance in this study, were also

classified as resistant among 19
varietiecs of wheat studied by
Monneveux & Nemmar (1986). The
metabolic responses of variety 3
(MBB) and 5 (Capdur) is being
investigated (Kameli & Losel, 1993;
1995 &1996), in order to look for
possible  biochemical  differences
between them.
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