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SUMMARY

Apex and car development in ninc spring barley genotypes wcre studied at two sitcs in southern Spain
in 1988. Thc genotypes were grouped into mcdium and early types, depending on the time lrom
sowing to anthesis. Medium genotyp€s had signilicantly more spikelet primordia than early ones at
both sites. Spikelet mortality was similar between genotypes and sites, resulting in a higher linal
number of grains/ear in the medium than thc early genotypes.

There was a positive correlation betwecn the maximum number of spikelet primordia and the
duration of three stages of apical development: lemma-, stamen- and awn-primordia. Negative
correlations were observed between spikelet mortality and the duration of certain dcvelopmental
phases of the ear.

INTRODUCTION
A cereal plant dcvelops through a series of phases,

whose timing dcpends on gcnetic and environmcntal
factors. Observation ol the shoot apex or developing
ear of a plant leads to the precise identilication of its
stagc of development. In reccnt years. numerous
attcmpts have been madc to predict the dcvelopment
of barley according to empirical critcria such as

temperaturc and photoperiod (Ellis & Russell 1984;
Jones & Allen 1986). Three mathematical models have
bccn constructed relating the duration ofdevelopment
phases to temperature and/or daylcngth (Wright &
Hughes 1987). This information is usclul in com-
parative studics between genotypcs and environmcnts
as well as in the timing ofcultivation operations, all of
which can lead to signilicant incrcases in yield (Kirby
& Appleyard 1984: Wright & Hughes 1987).

ln barley, thc final number of grains/ear depends
both upon the duration and mean rate of spikelet
ioitiation and thc proportion ofspikclcts that survive
to sct gmin. Thc flrst of these two factors has been
extensively studied, and may bc manipulated by
changing the photoperiod or by the application of
gibberellins (Dale & Wilson 1979; Nicholls 1982:
Cottrell el .r/. 1983). A relationship between thc

maximum numbcr ol spikelet primordia and thc
duration of the spikelet initiation phase has also b€en
reportcd (Kitchen & Rasmusson 1983). There is much
less data availablc on spikelet survival, although it is
well known that most losses occur from the awn-
primordium stage (maximum number of spikelet
primordia) to anthesis (Ellis & Kirby 1980: Russell
er al. 1982.: Ellis & Russell 1984; Jones & Allcn 1986).
During this period, the stem and rachis develop
rapidly. suggesting that demand for assimilates during
these processes is substantial and that spikelet abor-
tion could be lhe result o[ this intensc compelrlron
for mctabolites (Gallagher et al. 19'76; Kirby 1977;
Ellis& Kirby 1980; Cottrell e/ a/. 1985). Joncs & Allen
(1986) have also suggested that the timing of the
critical phase of spikelet survival is determincd by the
emergcncc of a spccific numbcr ol leaves. which can
only be allered in any particular variety by changiog
the number of leavcs through limes of sowing.

In this study. the development of the apex and ear
of the main stem was analyscd in relation to the linal
number of grains/car in ninc spring barlcy genotypcs.
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Table l. Mean
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values ol maximum d d fi[nimum temperatures, rainJ'all and sunshine hours duti g crop
devc'lopment ol spring barley at Mohtes and Colorneta, Southern Spain

Dccembcr 1987 January 1988 Itbruary 1988 March 1988

Montes Colomera Montes Colomera Monres Colomcra Montes Colomcra

Temperature ('C)
Maximum I l 3

Minimum 2l
Rainfall (mm) 154
Sunshine (%) 40

141

4S
66

44

101

09
81

36

121
-05
40
58

144
16
21

64
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April 1988 May 1988 Junc 1988

Montes Colomera Monles Colomera Monles Colomcra

Tempcrature ("C)
Maximum
Minimum

Rainfall (mm)
Sunshine (%)
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ω

242
92
32

70
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Sowing to maturity Sowing to anthesis Anthesis to maturity

Genolypc Monles Colomcra Monles Colomcra Montes Colomera

つ

　
　

・
３

Zaida

Bcka

2

123

Medium

Early

Tolal

1703
06
1703
08
1708
05
1723
05
1723
10
1608
05
1622
09
1630
05
1620
09

1712
●0
1620
08
16ワ l

19

1555
10
1558
07
1570
05
1585
06
tS8 0

09
1500
11

1503
09
1510
09
1513
05

1570
08
1507
06
1542
11

1200
09
1200
07
1215
05
1228
07
1230
09
1138
08
1138
08
!!53
10
1163
03

12●5

10
1148
09
1185
13

355
06
35,
07
357
10

1350
06
1340
06
1378
03
1403
08
1410

「
0
!243
03
1270
05
1275
07
1280
06

1376
07
!267
08
1328
!2

353      355
06       06
363      358
06        o8
330      355
03       05
320       357
08       08
313      350
09         05
365      362
03       09
352      365
08     05
355      357
09        08
340      350
05     05

336
07
353
06
343
09
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-fablc 3. Duration in days of detelopment stages ol nihe gehotypes of spring barley in Spain in 1988

Dcvclopment stages

Genolypc
Vegeta- Double

tivc ridgc

Glume
Triple prim-
mound ordium

Lemma Stamen Awn
prim- prim- prim-
or.linm ordium ordium

White Crcen Yellow
anther anthcr anther

Taida
Beka

2

3

23
I

t2
l3
r23
Medium
Early
Total

Zaid^
Beka

2

3

23
I

tt
ll
123
Medium
Early
Total

610
610
610
610
630
610
630
610
630

614
620
617

540
550
550
550
550
550
550
550
540

301
302
2,9
281
250
241
!93
252
230

283
229
259

168
151

168
179
190
138
129
16!
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MATERIALS AND M ETHODS

Thc c\pcrimcnts t\crc cJrried out at t$'o conlraslinF
sites in Granada, southcrn Spain: Monlcs (1000m
abovc sca lcvcl) and Colomcra (600 m abovc sea level)
(Table l). According to FAO classilication (1977). thc
soils of bolh areas are calcrc cambrsols. In a\\ociation
\r,ith calcarcous regosols in Montcs and $ith chromic
luvisols in Colomera. Both soils contain similar
quantitics of sand. loam. clay. organic mattcr and
organic N. although thc soil at Montes is higher in
assimilable P and assimilable K than at Colomera.

Nine spring barlcy lllonlrun r/rirrc/rort) genotypes
\lerc tcsted: Zaida. a variety bred by 'La Cruz del
Campo S.A.' in southcrn Spain and well adapted to
the area; Beka. another variety well adaptcd to semi-
arid Mcdilcrranean conditions: three singlc mutants:
genotypes I and 3, obtained from Bcka by irradiation
with gamma rays (as dcscribcd by Molina-Cano
1982). and gcnotypc: obtained by Molina-Cano in
e\acrl) the same \{ay and at the same lime a\
genotypes I and 3:three doublc mutants. obtained by
crossing gcnotypes l. 2 and 3 in all combinations.
excluding reciprocals (rccombinants I 2. I 3 and

109
132
121

118
131
10■

100
98
108

2 3), s€lected in F, and sclcctcd for apparent
homozygosity in F": and one triple mutant (l 2 3).
obtained by crossing recombinants I 2 and I 3, also
selccled in F! and selected for apparcnt homozygosity
in F,. The experimental dcsign at both sites consisted
of randomized blocks with four replicatcs. The plots
wcrc l0 m long and l 2 m wide with 6 rows. 20 cm
apart.

All the genotypes were sown to produce 350 viable
plants/m'z, on 20 December at Montes and on 22
December at Colomcra. Each plot received 45 kg
P,O./ha, 45 kg K,O/ha and 24 kg N/ha at sowing
and 30 kg N/ha at the beginning of tillcring (in mid-
February in Colomcra and at the end ol February in
Montes). The whole of each crop was harvesied in
mid-July in Colomcra and at the cnd of July in
Montes.

Twenty samplcs pcr plot were taken at cach sitc.
starting when thc lirst leaf unfoldcd and rcpcatcd
evcry 3 4 days until anthesis (awn tips just visiblc in
50% of the plants) and then cvcry 7 days until
maturity (when 75 7o of the glumes ofthe primary ear
had turned yellow in 5070 of the plants). At cach
sampling, ten homogeneous plants per plot werc
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examincd to establish thcir dcvelopmenl (Kirby &
Appleyard 1986) and growth stages (Zadoks r,I .r/.
1974). Thc following dala wcre recorded from the
main stcms of 6ve plants sclccted from each group of
ten plants: (a) maximum number of spikelet
primordia; (6) numbcr of florets at anthcsis: (c)
numbcr of grains/ear at maturityi and (d) numbcr of
grains/ear at harvest.

RES U LTS

Duroti,'n uf pernJ.lit'nt sowing to nMturitr

The genotypes with the carly-heading allelc marured
significantly faster than thc other genotypcs at both
sites (Table 2). Thc genotypcs were thus divided into
two groups: carly (1, I l. I 3 and I 2 3). which
maturcd from sowing in 160.8 163 days at Montes
and l50 l5l 3daysatColomera;andmedium (Zaida.
Beka, 2. 3 and 2 3), which matured from sowing in
l7O'3 l'12'3 days at Montcs and 155.5 158.5 days at
Colomcra. We also noted that thc differenccs in the
period lrom sowing to maturity between thc two
groups of genotypes at both sites (9 2 days at Montes
and 6l days al Colomera) rcsulted from the differ-
ences in duration from sowing to anthesis (10 9 days
at Montes and 67 days at Colomera) (Tablc 2).
During thc period from anthesis to maturity. there
was no diffcrencc bctwccn genotypes. Thc grcatcr
delay betwcen sowing and maturity at Montcs than at
Colomera (12 9 days) was also the result of a longcr
period from sowing to anthesis (14.3 days) (Table 2).

Duration ol apex and car development stages

Table 3 sho$s rhat the length of the rcgcratirc srage
of the apex of the main stem was similar lor all
genotypes at Montcs (61 63 days) and Colomcra
(5+55 days). The double-ridge stage was significantly
shorter in the early than in the medium gcnotypcs
(5 4 days less at Montes and 2.1 days less at Colomera).
At Montcs the double-ridgc s(age lasted on average
9 7 days longcr than at Colomera. Thc triplc-mound
and glume-primordium stagcs wcrc similar at both
sites lor all genotypes. Thc following stages. lcmma-
primordium. stamen-primordium and awn-primor-
dium were similar in length at both sitcs, although
their duration was longer lor the medium than thc
early genotypes. During the remainrng slages to
anthesis (whitc anther, green anthcr and yellow
anther) there were no statistical differences cither
between sites or genotypcs.

Maximum number of spikelet primordia and spikelets
lost

At botb sites the maximum number ol spikelet
primordia was significantly higher in the mcdium
than the early genotypes (Table 4). Mortality from
the awn-primordium stage until haNest was similar in
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both groups of gcnotypes and sitcs. so at harvest thc
medium gcnollpe\ had sipniticantlr more grains IL-r
main-stem ear than the early genotypes. Thcrc werc
no statistical differcnccs bctween sites. however. eithcr
in the maximum number of spikclet primordia or in
losses. and so thc final number of grains/ear did not
differ bctwcen sites. The numbcr ofspikclets lost from
the awn-primordium stage until harvest was 12.5
(33 1%) id Montes and I l 8 (11.2%) in Colomera.
Thc majority of these losses wcrc spikclcts at thc top
and bottom of the ear. and occurred between the end
of the awn-primordium stage and anthesis (104 and
9 3 spikelets lost in Montes and Colomem. respect-
ively) (Tablc 4).

Relationships hctyeen the duration o/ developntnt
stages. lht: narimunt nunh$ ol spikelets and their

/o.rses

Table 5 shows that the maximum number of spikclct
primordia was closely relatcd to thc length of time
from sowing to the awn-primordium stage at each sitc
taken separatcly. but whcn the data for both sitcs
were combined. this correlation coemcient was con-
siderably reduccd. This suggcsts that the dependencc
ol the maximum number of primordia upon the time
between sowing and the awn-primordium stage was
different at cach site. Neverlhelcss. when thc maxi-
mum number of primordia was correlated with thc
duration of cach individual stagc of dcvclopmcnt
(Table 5) it was clear that the maximum number of
spikelet primordia was closely and positivcly corre-
lated with thc duration of the lemma-- stamen- and
awn-primordia development stagcs, both for each
individual stage and lor all threc as a whole, in each
sitc independently and in both combined.

Wecalculatcd the relationships between thc numbcr
of spikelets lost and the duration of the lollowing
stages: white anther; green anther: ycllow anther:
days irom anthesis to maturity: and days liom
maturity to harvcst. The correlation coemcicnts thus
obtaincd wcrc. on the wholc. negative and not
statistically signilicant. This was expected, as thc
length ofthe stages after awn-primordium and spikclet
loss in all these phascs were similar at both sitcs and
among all thc genotypcs.

DISCUSSION

Takahashi & Yasuda (1970) maintain that at lcas(
three physiological factors are responsible lbr deter-
mining earliness in barley: (l) spring and wintcr
growth habit (i.e. vernaliza(ion requirement): (2)
photopcriodic response (i.e. sensitivity to short days):
and (3) minimal vegetativc growth (i.e. numbcr ol
leaves nccessary lor car [ormation. which is earliness
in a narrow scnsc). Our nine genotypcs were ofspring
habit. lt is also well known that. in a Mediteranean
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climate, barley gcnotypcs respond rclativcly uniformly
to short days (Yasuda 1982). Thus. the differences
between thc early and medium Scnotypes lrom sowing
to maturity seem to be due to differences in the
minimum vegetative growth necessary for thc form-
ation ofears. It is almost certainly for this reason that
the numbcr of days lrom sowing to maturily was
similar in carly and medium genotypes at either site
(9 2 days at Montes and 6 l days at Colomera).

The diffcrences between the early and medium
gcnotypcs from sowing to maturity depended wholly
on differenccs during thc pcrtod lrom sowing to
anthesis, as alter this time no appreciable differences
$ere seen. At Monles. thc phasc from sowing to
anthesis was on avcragc 143 days longer than at
Colomera. while no signilicant diffcrcnce was
observed from anthesis to maturity. These observ-
ations agrec with those ofothcr authors that the most
important differences in the duration of thc lifc cycle
of barlcy gcnotypes occur in the period from sowing
to anthesis (Takahashi & Yasuda 1970: Yasuda
1982).

The diffcrcnccs in the length ol time from sowing
to anthcsis between the early and mcdium geno-
types could be attributcd to unequal durations
of the double-ridge, lemma-primordium. stamen-
primordium and awn-primordium stages. Nevcrthe-
less, between sites, thc diffcrcnces between thc timc
from sowing to anthesis occurred primarily in the first
two phascs of apex developmcnt. i.c. the vegelative
and double-ridgc stages. According to Kirby er a/.
(1985), gcnotype, environment and wcathcr all
influence differences in the lcngth of the double-ridge
and awn-primordium stages. Our results agree only
partly with these conclusions. as the duration of the
double-ridgc stage did indccd depend both on
genotype and sitc, whereas the duration of thc awn-
primordium stage depended only on genotype. Fur-
thermore, under our experimental conditions thcre
were variations in the duration of the lemma-
primordium and stamen-primoridum stagcs accord-
ing to genotype.

The maximum number ofprimordia was far higher
on the medium genotypes at both sites, probably
becausc of the longer pcriod of spikelet initiation in
these genotypcs. Ellis & Kirby (1980) have suggested
that spikelet primordia havc the potential to form
larger grains ifthey are initiated more slowly and over
a longcr period. presumably b€cause therc is less
competition for limited resourccs ktween the organs
ofthe plant. The main resource which is limitcd is the
assimilate produced by photosynthesis. and its avail-
ability depends on both thc rate and duration of
photosynthcsis (Russell er a/. 1982).

The incidcncc of spikelet abortion was similar
between genotypcs and sites, the main losses occurring
during the period lrom the awn-primordium stage to
anthesis. This agrees with thc observations of Ellis &

Russell (1984) and Cottrell ?r d/. (1985). who found
similar spikelet losses in two-rowed barley planted at
diffcrcnt timcs in different years and at diffcrent sites.
This similarity in spikelet abortion in the various
genotypes is remarkablc. and sugSests that it may be

under gcnetic rather than environmcntal control. If
this is so, some spikelet death is inevitable, and
increasing the number of grains/ear by reducing
spikclct abortion may not be lcasiblc (Cottrell ?l a/.
1985). Spikelet formation at thc top and bottom ol
the ear coincides with thc maximum clongation ratc
of thc stem and the ear. which could well lead to great
compctition for assimilatcs, thcreby causing the death
of somc of the developing spikelets.

Russell et a/. (1982) havc indicatcd that in barley
the maximum number of spikelet primordia initiatcd
scts a limit to the number of gmins/m!. but grain
yield dcpends morc on thc numbcr of surviving
primordia. ln their study, thc numbcr of grains/m:
was rclated to the photosynthctically active radiation
(PAR) absorbed. thus plants with carlier anthesis
absorb lcss PAR. with a consequent reduction in thc
numbcr ofgrains/m!. Jones & Allcn (1986) have also
indicated that delaying anthesis would ensure that the
pcriod of spikelet survival coincidcd with more
favourablc conditions (higher irradiancc). In hot. dry
climatcs such as southcrn Spain, however, irradiance
is ncvcr a limiting factor at anthcsis. usually in April.
and so delay in the onsct of anthesis would probably
lead to a shortening of the grain-filling pcriod due to
the hcat and shortagc of rain during May, Junc and
July. This in turn would produce lightcr grains and
also possibly an increasc in spikclct abortion.

The close rclationship between the maximum
numbcr of spikclct primordia and thc lcngth of thc
various apex development phases indicates that in
southcrn Spain thc duration of the lemma-
primordium, stamen-primordium and awn-primor-
dium stages was rcsponsible for the diffcrcnces in the
maximum number of primordia betwcen the two
groups of gcnotypcs. The close relationship observed
belwccn the maximum number of primordia and thc
time that elapses b€tween sowing and the end of the
awn-primordium stagc is in fact somewhat deceptive,
as thc duration of the three stagcs mcntioned above
forms only part ofthc sum olall the othcr dcvelopment
stages (which arc similar within each site. but differ
betwcen sites). [t is for this reason that we have
obtaincd high corrclation coemcients between the
maximum number ol'primordia and thc time between
sowing and the awn-primordium stage at cach site
taken individually, but when the results lbr both sites
are poolcd. the correlation coemcient is considerably
lower. Kitchcn & Rasmusson (1983) have obtaincd
good correlations bctwccn the duration olthe spikelet
initiation period and thc maximum numbcr ofspikelet
primordia in ten barley varieties ofdiverse phenotypes
and origins; thc main differcncc with our lindings is
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lowcr. which accords with Ellis & Kirby's (1980)
Iindings. Wc suspect that these rcsults may be related
to thc increase of tcmpcrature aftcr anthesis in
southern Spain. affecting spikelct abortion in some
genotypcs more than in olhers, although furlher
investigation is needed.
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