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Vegetative growth of wlnter barley in relation to environmental
conditions and grain yield

By J. M. RAMOS, L. F. GA.RCIA DEL MORAL AND L. RECAIDE
Departartuenlo d,e ri.cialogla Vegebl, Facdtd, da Cionchc, anioerai.dad, d'e Gnna.da, Spain

(Retbc,tl MS. receioed, 17 Septamber lg84l

SI'MMARY

Tho objoct of this 8tudy was to invostigsto tho vogoiativo growth in 6ix berloy
v&ristios grown in southsrn Sp&in (Granoda) during 1979, 1980 ond 1981. The re€ultB
6how€d that crop dry weight (CDW) was dopondont on environmontal faators (mean
tempora,turo, rain, ond radiotion) which \dero tho doterminonts of tho two CDW com.
pononte, loaf aroa indor (LAI) and loaf aroa ratio (LAR). Ilofievor, the effects oftho8o
climetic fectom on crop grovrth rato (CGR) and on its componento, mea,n lsaf orea
index (LAI) snd nei assimilation r&to (NAR), wore podially obscured by ontogonoiic
drift. In addition, a highly signifcant rolationship was domonstrs'i€d bebroon CDW
(wh6n the LAI reaches ite marimum valuo) ond groin yield. This suggests thet tho
prc-anthesia p€riod has e gro6t iniuonce in tho dot€rminstion of grain yield variation
irt hot, dry aroas, whoro photos,'nthosis is vory limited &ftor oar omorgonce,

INIRODUCTION 720 plsnts (20-30 plsnts per plot) were collectod
from ono oryrorimontol field of 2400 m', complotoly

In 6 pr6\,ious paper (Romos, Garcia dol Moral & ot rendom. Loter in tho laboratory 144 reprosente-
Rocaldo, 1082) it was shorn th6t tho vegot&tivo tivo plsnis (6 per plot)\poro solocted to ostimate tho
poriod ha8 e docisivo influonce on grein yiold vario- moans of tho primory valuos. This wes repost€d ai
tio! ofbelloycropB, undorenvircrunent&l conditions intervale of about 16 deys during the principel
that lead io I shortor post-onthosis poriod. Tho developmontal stogos until &nthesis, on the Foekos'
objoct ofthid study waa to invoetigote the v6g6tative scalo ee modified by Large (1964) and adaptod for
growth in Bix rintor barloy voriotios grown in barloy by BriggB (1978). In 1979, five samplos si,oro
Grenade (southorn Spain) during 1979, 1S80 ond collectod from 6 March (Foekos stagos 6-6) to
1081. Messuromonts ofc.op dry voight (CDW),166f 24 April (6nihosis); in 1980, air sampleo from
area index (LAl),loafalso raiio (LAR), crop growth 13 Fobruary (Foekee steges 1-3) to 23 April
rote (CGR), moan loof oroa index (iE) and ner (anthosis); and finally, 6vo sompleo from 23 Fobru-
aseimilaiion lato (NAx,) have bosn u6od to d6ter- ary lg8l (Fooke€ 8tages 3-4) to 20 April (anthe8i8).

mino the rclationships botwoon dry woight accumu. on eech dst€ ihe following primary valuos woro

lotion ond climatic condition-e. " obtained: (o) totel dry matior, excluding rootB (Iy)
a,nd seperato dry woight values of leaves, tillom ond

MATERIALS AND METHODS oare (after drying ot 70-80 oC to consient voighi);

Fuu dotsils orthe oxporimoniar e"oa. varioti.s. i?X$,lx?'iiS8i'rtiflJ#.?#J"oil1[tJif;:
aoil, sowing and harvost aro given by Rs,fi)os et al. a.$limilatory surfoces oforgoDa othor than the l6avog
(1082). wero not takon into aacourt); (c) numbor of plarts

Two lovol8 of nitrogon fortilizor woro applied to gaoEr psr unit aros, (N) by using a woodon quadrst.
osch v6ri6iy both st soying and aa a top-drossing, Tho value3 of each growth iadox *'ore calculated
rc€ulting in four soparet€ tt€stmonte: 25+25, aal
26+10, 10+25 and 40+40k9 N/ha (in oach pair I
of N r6t€s, th6 ffrBL is appliod oi 6owing snd-tho CDW = LAI x f,Ei;

lflt;l 
.""t tho sir- voriotiee, iith r tot.l or Nw = Nex\

During all 3 years somplos of botwoen 480 and (Warren W'ileon, 1981).
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Fig. 1. Annual ch&ng$ in velue of (o) CDW (a-a), LAI (a, *a) and I/LAR (a..... O); and
(d) CGR (a-a), LAI (O,--- a) end NAR (O.....a). Th6 standald orrol (I) shown for each
indox is & mean for tho whole vegetetive p6riod.

Feb    Mar Apr.

CGR = IExNAR;

Nrw"-w':17u A"-A,
′2-`l b\ Ar- ln AL

lWz-'ll) (ln lr -ln .4r)

R,ESULTS

Changes in $otnh indeae,

Figuro l(o) Bhows tho vsluoe of CDW (g/mr),
LAI (mt/mt) sDd I/LAR (g/mr) throughout tho
pro-aDthesis poriod. It i6 worth noting thot in 1981,
CDItr and LAI progroeeivoly increasod until
antheeia, whoroas I/LAR rornainod relativety
atoblo. Ilorrov€r, il 1979 snd 1980 LAI Btert d to

(ι2-ι l)(И 2-И l)

(Williams, 1946; Wateon, l96E).
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doclino beforo enthosiE 6t 10 and 16 deys roBpec.
tivoly, whilo I/LAB, incr€asod from this poiDt,
thoroby incre&sing CDW. In addition, it haB boon
Bhown that in 1980 snd 1981 the m&ximum valuos
of CDW and LAI wero higher ihen during 1970 (2.6
ond 2.1 timo€ gr€otor for CDW ond 2.0 and 1.?
timo8 gr€st€. for LAI). Moximum I/LAR valuos
wero r€la,tively coirBtent from yoor to y6er.
JiCurc 1(D)ahows the v&luos of CGR (g/m!. dsy),
LAI (m,/mr) and NAR (g/m'.day). In 1979 and
1980, CGR, and LAI increaaod progrossivoly during
crop devolopment up to a, meximum, which co-
incidod in timo, boyond \rhich iho values of boih
begin to decroas€; in t981, CGR and f,II voluoe
incrossed until anthoBis. Ilorrovor, NAR sras very
cou8tsnt during all ths vogotoiivo dovolopment
thoughout the 3 yssre studiod.

E ndr onm* nlal conl,ilions
fn ordor to investigato th6 influence of environ.

montal conditions on thopro-&nthesis poriod simplo,
partiol and multiplo correlatioqa wero calculatod
botween growth indexe8 and tho following climatic
factors I meximum tomperaturo (?x, oC), minimum
tompor&turo (?L, "C), mea.n temperaturo (?_, .C),
roin (Rn, mm), deily inaol&tion (I, %) snd total
daily radiatior (Rad, 10 kJ/mr) during 1g?9, tg80
and 1981.

2]-, Rn and Red w.ero the only climatic dat6
u8od in the partial a.nd multiplo correlatioD6 boc&us6
they gsvo the groat€Et simple corr€lstion coomcionts.
Tho romai4ing faators .werc not takon into account
in tho pertial and multiplo corrolation8 owing to ths
very smoll eimplo corrolation coomcients obtainod.
Howover, using moen tomporaturss, it wa.s thought
advisablo to introduco tho dsily r6ngo botweon ?*
and 4 (47, 'C) in tho portial and multiple cor-
rslstiorre. Toble 1 shows th6 simplo, partiat and
multiplo corrolotion coomcionts of values of CDW,
LAI and I/LAR, comparod with tho climetic factorg
rrsod. It hes boon sho\rn that CDW and I/LAX, aro
signi-ficantly a,nd positivoly corolatod with ?to
and Rad; tho same ie truo for CDW 6nd LAI when
compared with ?_ snd Rn, olthough thoy wore
negotivoly conolated \p'ith AT.

In tho caso of Bimplo, parti&l &nd muttiplo cor-
rolatioDs bot\re€n CGR, ffi and NAR and environ-
montsl fsctors, it waa 6eon (Teblo 2) that the cor-
rcletion coofficionts obtainod w6r€ lowor than thoso
obtained with CDW, LAI and t/LA R. In addition,
it w,as only th€ Eultiple eoomcioots that ehon.ed any
statistical signiffc&nce,

Rela.t ionahiga betweeh, grou)th ind.e,res

To invsstigats the roletivs importence of LAI
and IAAX, on CDW and LAi and NAR on CGR,,
simpl€ powor rogr€saions wore fittod bot.weelr thom,

I4
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Tablo 3. Pouer con'elo,ti,on aoeltciarns (annual ard,
cotlined) bet@ee CDW, LAI anl, I/LAR did
CGR, LAI arul NAR

CDW LAI
CDヽ-1/LAR
No oF data

CGR―LAI
CGR―NAR
No of data

yeor by year a,nd for all 3 yoar8 togother (Tablo 3).
Tho velu€s of LAI and LAI wore highly corrol&tod
u'ith CDW and CGR rospectivoly in oach yoar
individually and combined, while I/LAR, end NAR
showed o emaller influenc€ respectivoly on CDIY
and CGR.

In addition, it ia worthnotingth&t the corroletion
cooffi cients betw€en LAI-CDW and 

-LAI-CGR 
were

highorthan betwesn 1/LAB,-CDW and NAR-CGR,
in all 3 youe.

Grain gield, and, oegetuth)e growth

As notod abovo, under tho onvironmontel condi-
tions prcvailing in Bouthorn Spein, the pre-onthesi8
period €xercisos & decisivo inausnce on grain yield.
For this roason, it would appoar roasonoble to
a8sume thot tho msgnitudo of crop growth during
this period ie relat€d to 6nsl $:ain production.
Thorcfore, to conilm this hJpothesis, a pov/or curvo
botweon grain yiold ( f, g/mt) and CDIV at 6 critical
point, i,o. whoo LAI roachod its roeximum valuo,
v/&s 6ttod. Figure 2 shows both tho rogrossion
oquation erld tho coEolotion coofficioDt obtsinod
for all 3 yeare combined,

DISCUSSION

Tho p&ttem of vogot&tivo groE-th in southom
Spain was vory similar to that describod for tom-
perate coloals in northorn Europ€ (Wot8on, Thomo
& Fronch, 1963; Stoy, 1963). CDW incroasod progres-
si voly during early stagos ofdev€lopment and rea,ch -
ed a, msximum &t an theais, a"s e result of th6 irendi in
itscomponents (LAI and l/LAR,).In l9?g and 1980
tho maxirnum values of LAI wsre obtained at l0
and 15 dey8, ro6p6ctivoly, beforo anthosie; howover,
in I 98 I tho ma,ximurn LAI values wero obtein€d
during snthosis, probably bocauso of greote. wstor
avail&bility in th€ eoil that year than in 19?O s,nd
1980, which oxtend€d tho groFth and dovolopmont
ofloafaro6. In faat, during tho 30 da1€ pr€vious to
snthosis, procipitation in 1981 (95.2 mm)was highsr
thar in 1979 (52 6 mm) and 1980 (37.9 mm) by 1.8
and 2.5 time8, respectively. On tho othor haod,
during 1970 and 1980 CGR showod infl€rion pointe

1979   1980   1981

087    091    099
046    077    098
5      6      5

Combhed

091
070
16

089
080

13

０。

９。

l t

ACS 104
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Crop dry weiSht CDW (g/mr)

Fic. 2. Relaiionship snd corr€Iation bets'oon grain yield and cDw (Y : 5,6 CDWaT; f = 0.98) during

l9?9 (A), l08O (a) snd 1981 (l)combined'
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which coincidod in time with thoeo of LAI T'his
woll-lsrown fect is due to tho ontogeuetic drift which
brings aboui a decline in grow th r&te whon tho crop

oppr:oaches maturity (Thorne, 1960, 1961). In l98l'
CCR continuod to increase unlil anthosis.

Tho influonco of onvironmontol condiiione on
grcwth indoxes, 68 shoE'n in this 8iudy, supporis tho
ionclusion of sovor&l suthors. LAI incressod with
both moan tomporoiure and procipitation, princip-
slly through an incroase in numbor of tillers (Gorcio

dei Moral, Remos & Rocalde, 1984), bocauso tho
nurnbor ofloavos por tillor romainod vory con8iani'
OlI ihe othor hsnd, LAI wa.s &freciod nogatively by
the daily range botq'een msximum and minimum
tempora,tur66. I/LAR woe more closely dopendent
on incoming rsdietion then oth€r environrnontal
factors, being diroctly cortol&ted with it. Thie is

oxpocted because 1/LAR coDstituto€ an estimote of
tho efdcioncy oftho photosJmthetic machinery -fo

6 lesser extont, m€&n temperature also influencod
I/LAR, since this factor regulotes phoioslmthesis
snd rospir&tion r&tos, both proce6sos boing tho
moet important ones in iho carbohydrate balance
(Thorno, 1960; Bt&ckmon, 1968). CDW'wo8 affoctod
by iho climotic factoE provailing upon it6 com-
pononts, LAI end I/LAR. Ae commonly obeorvod

in otho, studios (Evens, 19?2), the ofrect of onviroa'

montal conditions on CGR, LAI arrd NAR wag

obscured by tho oniogonotic drift.
Under our culiivetion conditions, tho vogototivo

gro$'th of bsrloy depende more cloeely on the Bizo of
ihu 

""rropy 
ihan on its smcioncy in dry'maiier

production; thi8 agreos with tho findings of Watson

itssz, leso;. rni" r"ct oppoors roasonable, since in
hot, dry aress (southern Spain)water, not rediaiion,
is tho main climstic fa.tor thot ost&blishes tho pro-

duction level fo! most croPs.
Tho close relotionship botweon CDW (whon LAI

roaches ite maximum) &nd grain yield conffrms tho
grcat importance of pro-anthoais ttoorvee for grain
filling in-dry, hot aroaE, as pointod out by sovs'&l
suth;rs (Austin€roJ. 1g80; Lswlor z, dJ. l9E I )' Undsr
tho8e conditions, thoreforo, agricultural trestments
should bo designod to incrooBe tho capocity for
cerbohydrate production ond Btorago in barlsy
pl&nts, ospecially by modifying LAI, tho indox
ihich exercisos tho grea,tost influonco on CDIS'

This invostiSstion wa.s suppodod by a grant from
Fundoci6n Ram6n Arocos. The outhors wish to
thank Dr Owsn T. Jones, Southampton Univo!-
sity, for hi8 sssistanco in drafting this Papor'
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