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Analysis of growth indices in six maize cultivars representing
Two Era of Maize Breeding in Nigeria.

F.A. Adebo, G. Olaoye* and O. B. Bello

Department of Agronomy, University of llorin, P.M.B 1515, Ilorin, Nigeria.

ABSTRACT: Growt, parameters syc o Seedling germination attributes crop growth rate (CGR), r elfzttve gr_owth
rate (RG{Q), net assimilatioy, Fate (NAR) and leaf area ratio (LAR).;vere investigated in six maize cultivars
representing IWo eras of mgjz, breeding iy Nigeria during the 2005 late and 2006 early cropp S AN
5 g betwee:.z Mmaize breeding erqg were significant for seedling emergence (E %) and emergence mdex. (&)
while genotypes within a particulqgy breeding era (G/E) differed significantly for E% and emergence rate t.ndex
(ER[): Seasonal (S) Yariation iy seedling parameters was also significant for E % and ERI with a 15% higher
seet_ﬂmg emergence in 2006 early season. CGR i, the genotypes i breeding era 1 was higher by seven percent (7%)
during vegetative growt}, Phase but loye, by 14% at flowering phase compared to genotypes in breeding era 2. N/AKR
on the othe ¥ hand Was consistently higher in varietics developed in 1970’5 by 15.2 and 13.8% compared to varieties
developed in 1 990_ S. Regardless of the breedin 8 era, varieties with higher values for LAR at flowering (except var.
TZPB-SR) were l?tgher yielding thap those with lower LAR. Overall, varieties developed in era 2 were superior to
those developed in erq | Jor E% and also had six percent (6%) Izig}zer values for LAR at vegetative growth phase
than those a_’eve‘IOPed inera | byt decreased by two percent (2%) at flowering phase. E% in the genotypes ranged
from 48.56 in ACR 9943 DMRsR 1, 79.33 in ACR99TZL COMP4 DMRSR, while EI and ERI ranged from 0.86 and
0_0]0.,';1 TZB-SR t0 0.96 and 0.014 in ACR 97 TZL CoMP]I-w. Grain yield was significantly higher in 2006 early
cropping season b)}i 0.3t/ha’ Iranslating to 14.78% than in late season and it ranged from 1.64t/ha™ in TZPB-SR
(era 1) to 2.94t/ha™ in ACR99TZLCOMP4DMRSR (era 2). Var. ACR99TZL COMP4DMRSR with the lowest values

Key words: Zea mays L., growth indices, maize breeding era, grain yield
Corresponding author: debolaoye @yahoo.com

Introduction 4.25t/ha! to 5.15t/ha™, representing an average of
22% yield advantage especially for the hybrids (Kim

Maize improvement for grain yield potential, et. al., 1993). Maize grain yield §ince then ha?
stability of ~yield including plant and grain 'w1tnef-ssed1'1ph_enomenz‘1 INCrease as high as 14.7t/ha’
Sisasierinios kave gone through several stages in in high ylfeldmg env1r0nments_ of the West and
Nigeria since 1950. The bereeding efforts which Central Afrlca' (WCA) fepresenting 20 to 40% yield
began with the introgression of genes for pest and advantag: (Itf]'m’ 19r9f7)' In a rec;ent Study  which
disease resistance (Fajemisin, 1985; Fakorede ef al., e s Wen paonce of maize OPVs

developed for WCA between 1970 and 1999 4¢ross
the West African Savannas, Kamara et qf (2004)
reported genetic gain in grain yield of 041% per

1993; 2001) to the development of maize genotypes
(open pollinated varieties and hybrids) with high

grain yield potential (Kim ef al., 1993) as well as
adaptation to different ecologies and stress factor;
(Kim, 1997), have resulted in the Qc:velopmcj,nt an
release of productive maize varietlles.for dllffe.relndl
agro-ecologies in Nigeria. Initial gains in grain I)/'le_'
by 1962 was estimated at between 1.5 and 2(.7/5 11.11] :
Or (43.71%) giving approximately 1.4 to 2.4% gl;l o
Per annum (Fakorede et al. 1993). .]ntrod;f\:/m)) .
high yielding open pollinated varieties (019 ;5 ;nd
hybrids into the Nigeria’s savanna between ! o
1990 resulted in further yield increase ranging

year".

Underlying the reported gains in grain yield, is the
improvement in characters such as tolerance to plant
population density stress, nitrogen (N) stress, cold
temperature stress, water stress and weed competition
(Castleberry et al., 1984; Duvick, 1997: Tollenaar ¢¢
al., 1994b, 1997, 2000; Tollenaar and Wu, 1999.
Ying er al., 2000; Edmeades et al., 2006; Campos et
al., 2000). Lee and Tollenaar, (2007) also noted that
changes in light interception due to increased leaf
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:;:;33;;%32 and in light utilization due to more
leaf phios nths’ _mamter.iance of green l'eaf area find
o inys' esis dunqg grain _ﬁllmg period,

I significant increase ip dry matter
accumulation (DMA) of up 1o 113% in ERA-hybrid
grain yield in the USA. Other attributes that have
Comnb‘fwd 00 gains in grain yield of newer
generation of maize cultivars include, kernel number
(Tollenaar e ., 1992) and greater partitioning of dry
matter to the kernels during the sensitive period of
kernel establishment (Echarte et al., 2004; Echarte
and Tollenaar, 2000).

However 35 plant breeding efforts result in
emergence of newer varieties with  increased
productivity and better adaptation to diverse
ccosystems as well as increased resistance/tolerance
to biotic and abiotic stress factors and changing
farming practices, so also js the possibility of changes
in growth parameters which may be morphological,
physiological or a combination of both. In other
words, the gains in grain yield attributable to maize
breeding in Nigeria (Kamara er al., 2004), may also
have been accompanied with changes which may
include seedling and early growth characteristics.

Growth is a vital function of plants and is an

indication of a gradual increase in number and size of
cells. Growth parameters such as germination, leaf
area index, relative growth rate and net assimilation
rate are very important in assessing crop growth and
may be an indication of potential productivity
especially since cultivars having balanced vegetative
growth under stress leads to better economic returns
(Khan et al., 2005). The authors further noted that
genetic diversity for growth between and within crop
species gives economic stability and enables to
choose the crops and their cultivars that are adapted
for a region or for the specific field conditions. This
study was therefore designed to assess performance
of six varieties representing two eras of maize
breeding in Nigeria and to investigate possible
changes which may have occurred in seed emergence
and crop growth characteristics between the two eras
of maize breeding in Nigeria.

Materials and Methods
Description of Genetic Materials

The materials used which comprised six Jate
maturing maize cultivars were obtained from (he
International Institute of Tropjcy) Agriculture (IITA).
Ibadan, Nigeria. Three of the yarjgjes (TZPB-SR
TZB-SR and ACR9943-DMRSR) were developed ir;
the 1970's while the other three (ACR96 DMR

LSRW, ACR 97 TZL COMP1-W ... en
COMP4DMRSR) were dch_!':p—;d in 195, - s f/
varieties are all late maturing, white . %€,

with endosperm attributes ranging from s

Denv/flint. T,

E,rperimemalion

aluas

[3Y)

The genetic materials were ev
2005 late and 2006 early<cropping ses
Teaching and Research (T & R) farm, Univery;, ©
Tlorin in the Southern guinea 5;‘-’3-’:-5 Zone (SCin
of Nigeria. Ilorin is Im the So..._i'—' G_;-_--—-, Savamg
ecology (Lat 8° 29'N & Long 4" 24°E 37 iy

the sea level) of Nigeria. Rainfall distrines:
location is bimodal with anr‘;ua;_ I
1400mm. However. t‘rfa. distribution
unpredictable. usually with false_s::—:: around A,
which may stop abruptly few weeks zfter -
not later than mid-October of every yezr. T =
were established on August 6. 2003 zn3 yr.. --
2006 respectively. The trals were Jzid o0
season in a randomized complste block e
(RCBD) with four replications and at 2z o);-o.
distance of 0.75m between the rows and 05q 5oee
the rows. Each plot was six rows z2nd the ouer 1=
were used for destructive sampliny i
observations were taken from the four middlz —- 5
Seeds were treated with apron plus befors plzms=-
for protection against seed bomne dis o
bomne pests. Three seeds were planted hill os L

thinned to two/hill two weeks after plantizs WAP
Agronomic  practices  includad pre-er
application of herbicide (stomp and atrazine) u
control weeds at the rate of 100ml to 20iex o
water, supplemented by hoe weeding as
Compound fertilizer (NPK 20:10:10) was 3Py
split-dosage at the rate of 80kgN/ha, 60K-Oha =i
60P,05 3WAP and ar anthesis (TWAP), using te
side placement method

Data Collection and Analyses

(]

Data were collected from the four O p—
seedling Cmergence and crowth characterissics
well as graip yield and \‘igld components. S
€mergence was collected ons. 7 _fj nine (
after Planting (DAP) respectively, Leaf ar
after plang - “'ffe also taken at 2. 4. 6 and \ weehs
: Planting (WAp). At each of these periods. 727
Plams PArLs (root, stem ang leaf) obtained from ¥*
g ';’:‘;Sl/glﬂ :ere Weighed in the laboratory and .';.;:_:
Obtained fro;st?;‘ ¥ Cl‘gh[.m the oven at 80 C.'\ g

€ periodic measurements were %7

used to com, . iy
Pute physiological ers of relan'e
growth rage (RGR) < parameters :

IR~ ]
|

). Det assimilation rate (NAR) 2
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leaf area ratio (LAR) using the followino
proposcd by Gardner et al. ( 1985),0 OwIng formulae
Relative Growth Rate (RGR) w
lyg”! from the oven dried weight
4, 6and 8 WAP as

as computed ip gkg
of samples between

RGR = [ll‘le —InWy/ T, - Tl]

Net Assimilation Rate (NAR) wag
! from the dry weight and lepf
intervals as

computed in gm?q-
area at specified

AR = [(WyW)) (In Ay
I\QVI)] W) Un Ar-InA)i(A, - A) (InW,-1n

Leaf Area Ratio (LAR) was alsg computed in m

*fkg-
this was computed as g

LAR = [(Az-Al)(lan-an])/(WrWl)(lnAz-lnAl)].
Where A, =Initial leaf area
A, =Final leaf area
W, = Initial dry weight
W, = Final dry weight
In = Natural logarithm
T,-T, = Time interval between two harvests

Other data collected included days to anthesis
(pollen shed) and silking, plant and ear heights (cm)
and tassel branch number. Anthesis—silking- interval
was computed as the difference between dates of
silking and pollen shed. Plant and ear heights were
measured as the distance (cm) from the base of the
plant to the height of the first tassel branch and the
node bearing the upper ear, respectively. Ear aspect
was rated visually on a scale of 1 to 5 where 1 =
clean, uniform, large and well-filled ears and 5 =
rotten, variable, small and partially filled ears. All
ears harvested from each plot were wgighed to
determine grain yield per plot (assuming 80%
shelling percentage) and was later converted to tones
per ha (Vha-') after adjusting to 12% monsturﬁ
content. 300 grain-samples were collgcted from eac
plot at harvest for the determination of ha{)\tf:is;
moisture. The samples werc first weighed to Oei:rht
initial weight followed by drying to 2 constant weig

g he
in the oven at 80°C in the [a-b?rdtory ozrlggdtas
£ two weights Tec .
difference between the ®data were also

moisture at harvest. Addi[ion:}l dat length (cm)
collected on yield components VIZ: CObkCIqﬁ:I depth
cob diameter (cm), kernel row number, K€t

(cm) and 300 kernel weight (gm)- compute
Data on seedling emergence v usege“j)ndex (ED)
emergence percentage (E %) emerg’eﬂwiy.

and emergence rate index (ERD) respee

" iaerid
eria, 27 - 30 September, 2009, Horin. Nigert

f seedlings

E % was computed as 100[Number ¢ nted

seeds pla
emerged 9DAP)/ Total number of see v
while EI was computed as described by Fakorede an
Ojo (1981)
EI = ¥ (Nx) (DAP)/Seedlings emerged 9DAP].
ERI = EI/E%. e
Nx is the number of seedlings emerged on day

d estimated were subj.ccft to
¢ on individual
asons

Data collected an ‘
analyses of variance (ANOVA) firs
season basis before combined ANOVA over 5€
using the SAS GLM Proc (SAS Inst. lnf:., 1997')
based on a randomized complete block design and a
model in which genotypes in each trial were
considered fixed effects and seasons as random.
Pertinent means were thereafter separated by means
of Duncan Multiple Range Test (Steel and Torre,
1980).

Results and Discussion
Seedling emergence characteristics

Seasonal (S) variation was significant for
emergence percentage (E %) and emergence rate
index (ERI) but not for emergence index (EI) which
is a measure of speed of emergence (Table 1).
Differences between breeding eras (E) were also
significant for E% and EI but not for ERI. Genotypes
within a particular breeding era (G/E) differed
significantly for E% and ERI but not for EI. The
interactive effect of season by era (S x E) was
significant only for E% but S x G/E interaction was
not significant for any of the seedling emergence
traits. Seedling emergence was higher in 2006 by
15%, consequently lower ERI value compared to
2005 late season, which was due to adequate
moisture during crop establishment in 2006 early
season as opposed to cessation of rains shortly after
planting during the 2005 late cropping season. Our
findings agree with earlier observation of Khan e al.,
(2005) who noted that favourable environmental
conditions and adequate availability of essential
elements increases the growth of crops. High
temperatures at the beginning of the crop cycle have
also been shown to have a positive influence on
seedling establishment (Valero et al., 2005).

Overall, varieties developed in 1990’s showed
superiority for seedling emergence compared to those
developed in 1970’s but they did not differ in speed
of emergence (Table 2). E% ranged from 48.56 in
ACR 9943 DMRSR to 79.33 in ACR99TZL COMP4
DMRSR, while EI and ERI ranged from 0.86 and
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developed in 1990°s also had bey,, .

0.010 in TZB-SR 10 0.96 and 0.014 in ACR 97 TZL variet® e (EI) than those developed in o7
COMPI-W. One variety in each era of breeding (‘)/faf”/]f(,!i{Q‘)TZL COMP4 DMRSR with the highe,,

(ACR 9943DMRSR and ACR96 DMR LSRW) had o had the highest EI suggesting superj,, .-
significantly lower E% than others within their E’,}/” al.sf{ = for seedling emergence Cl’l?ll’a{,’"_;,i.r/i:jf
respective groups, consequently higher ERI values. this variety e

ieties representing ty, €14 of
4

. 1roe i cix maize var
Table 1: Season and Era means for seedling emergence characteristics in S1X
maize breeding in Nigeria (Ilorin, 2005 & 20006).

Season Emergence percentage (E Emergence index (EI) (I;n;;gcncc rate  inde,
%)

2005 Late 58.71b 0.90 i

2006 Early 24,362 0.93 i

SE+ 0.70 ns -

Era

1970’ 63.30b 0.90b 0.013

1990°s 69.77a 0.94a 0.015

SE+ 0.71 0.069 Ns

F-Test

Season (S) 2938 44%% 0.013 52x10%

Era (E) 503.37#* 0.017* 2.0x10°

Genotype/Era (G/E) 1572.10%* 0.008 20x 10%

SxE 482.73%+ 2.9x 107 19 x 10°

Sx G/E 233.76 0.006 2.0x10°

%CV 18.37 7.05 22.45

*, **; significant F-test at 0.05 and 0.01 levels of probability respectively;
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ling emergence characteristics in six maize
var

o -
Emergence
P %) percentage (E Emergence  index Emergence rate index
(EI) (ERI)
SR 71.96b
fﬂ’B . .35 0.90 0.011
.38bc
B R 0.86 0.010
g9 IDMRS 48.56d
0.94 0.020
2( 1990’s)
R DMR LSRW 52.35¢ a0 —
| LCOMP1-W 77.64 ' '
g COMP 4 DMRSR » s 0,04
L 793
\RIITZ 3a 043 a1
e 66.54 o5 ol
sk — ns 2.0 107

Means in a column followed by the same alphabets are not significantly different.

Pin'siologicaf attributes

geasonal effects which may be related to
environmental factors (particularly rainfall amount
and distribution) had significant effects on almost all
e physiological attributes  except for net
sssimilation rate (NAR) during growth phase that
coincided with flowering (Table 3). Regardless of the
cropping season, the lowest crop growth rate (CGR)
walues were recorded during the early vegetative
growth stages and increased to the maximum during
the flowering stage. This was in line with the reports
of other workers (Awal and Khan, 2000; Valero ef
al, 2005). Differences between the two breeding
eras were significant only for CGR during flowering
and leaf area ratio (LAR) during the vegetative phase.
Differences between genotypes within a breeding era
were significant for relative growth rate (RGR)
during flowering phase and NAR at the vegetative
gowth phase. S x E interactive effects Were
sigificant also for RGR and NAR during the
f]_‘)“'efing phase while S x G/E interaction Was not
significant for any of the physiological aqnbutes.
CGR was better in 2005 late season than 1n
ealy season while the reverse was the casc for other
Mysiological parameters (RGR, NAR and LAR;
res,peCli\'ely. Samarraic, (1990) as well as Zalba a.r:h
Peinemann (1998) noted that CGR do vary ‘I‘“ A
eident solar irradiance. In this study: higher V¢ :C
"®orded for CGR which is the accumulation of dry

matter per day in 2005 late season compared to 2006
early season was probably due to better insolation
and lower incidence of biotic stress factors.
Conversely, RGR which is the rate of dry matter
production per gram of total dry weight per day
especially during the active flowering stage was
better in 2006 early cropping season than in 2005 late
cropping season. This was probably due to
availability of moisture in the early season as
opposed to disruption in rains at different periods
during the 2005 late cropping season.

NAR is a measure of the rate of dry matter
accumulation per unit leaf area. This attribute was
also significant higher during the vegetative phase
with values obtained in the late season higher than
that for early cropping season (Table 3). Low NAR
might be due to restricted availability of essential
nutrients, decreased photosynthetic efficiency (Datta,
1994) or lower rate of biomass production (Khan et
al., 2005). Although Valero et al., (2005) reported
higher values for NAR during early vegetative
growth but 2 decline during the latter stages, a
Gituation which the authors attributed to a general
decline in pholosymhetic efficiency with leaf age and
also perhaps 1© lack of nutrients in later_ stages, our
results revealed that NAR values were higher during
vegetalive phase than at ﬂo»‘venng. phase. The
difference between the two studies mlght be _due to
the fact that the authors extended their sampling till
harvest time while we stopped sampling at flowering.
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Table 3: Season and Fra means for
two era of maize breeding in Niperia (orin, 2005 & 20006). t Net assimilation rate o "j,..f
Crop growth rate Rcla_l,lVC 85""‘:”’ e (g cmday’) ey
_(gm”d") (gkg_day”) 42DAP SODAP
42DAP S6DAP 42DAP 56DAP ~—22hpg
Season 0.036a 0.0% 1
2005 Late 12.73a 37.40a 0.11b O'Ol,b 0.027b 0.07 5_,’;;'%‘
2006 Early 7.3 31.79h 0.13a 0.1a__ 51, 10 ns 0~
SE 036 0.57 Ns 26 ALY ' ™
Era ol 0.033 0.080 3.9
1970's 1037 3225 0.12 e 0.028 0060 4o
0.12 : ns \018\

1990°s 9.66 36.94 ns
Ns 0.57 Ns s T

SE+
¢ Teat s A5 13x 107
Season (S) 352.35%%  376,99* 4.6x 107 52x 107%* § '(3) : ;8-4 1.5x 107 317'3?
Era (E) 304.35 264.70* 2.1x10%  0.005 Ox .
ars ; 4
(GC;:/';-S;WPC/EM 11.38 319.70 1.9x 107 30x 10%#* 1.0 x 107#* 13%3 i l? 0 1 .
. . . ! W .
SxE 3.87 489.47 1L.o0x10*  27x10 0.0 i 25
; e 35x10* 019

- ! 0t 1.1 x107? 1.1 x 10 .

%CV 30.46 s Bl 26.47 34. — B2 =

¥, **; significant F-test at 0.05 and 0.01 levels of probability respectively; DAP =Days after planting,

’
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. Grain yield and physiologicy isti
. h:.m e 2006) n:mqmoﬁzm:nm in

si ize varief: i eedi
X Maize varieties representing two era of maize breeding
Crop growth rate

211 Relatjy :
(gm™d™) tae ¢ growth Net assimilation Leaf area ratio Grain
(gke! ool rate (m’m?) yield
g g ﬁ_m% v AWOE.NQN%.J Am\—._m|
42DAP 56D AP D AP 565 : 1)
GenoyPe AP__42DAP  S6DAP 42DAP 36DAP
gral (1970°S) "
! 28ab 282
3-SR 9226 27054 c._omw m;oo 0034 0079 3956 1.606a 1.64b
woohwbznwmw 163 a4 o 093 0.030 0.074 3.928 1.848a 2.02a
C : -4la
A 01242 0098 36 0.088 4004 1333b 1.67b
mawaooo.mv

ACRI6SDMRLSRW  9.71b

41.12a 0.1
A\CROTTZLCOMP1-  10.81ab i

0.1
36.78ab 0,129, B 0031 0075 4260 1631a 1.89%

9 0.098 0.030 0.064 4.093 1469 2.13a
ACR9ITZLCOMP 4
DMRSR m%wm 32.94ab  0.093b  0.098 0024 0068 4264 16182 294a
Mean & m.u 34.54 0.116  0.10 0.031 0.075  4.01 1.58 2.05
SE+ : 0.98 63 x ns ns ns ns 0.22 0.21
10°

Means in a column followed by the same alphabets are not significantly different.

Values for LAR were higher in 2006 early season era 1 relative to era 2 but lower by 14% at flowering.
regardless of the sampling period (Table 3). Increase NAR on the other hand was consistently higher by
in LAR, and consequently the increase in rate of dry

15.2 and 13.8% in varieties developed in 1970’s
when compared with those developed in 1990s.
Varieties developed in1990’s however had six
percent (6%) higher values for LAR at vegetative
growth phase than those developed in era 1 but

matter accumulation, is proportional to rate of dry
matter accumulation per unit leaf area (NAR).
However, values recorded for vegetative growth
phase were significantly higher than values obtained

for flowering phase. Soldati ef al., (1984) reported decreased by two percent (2%) at flowering phase.
that an increase in dry matter accumulation leads to Comparison between varieties for CGR revealed that
an increase in leaf area because proportion of dry genotypes with the lowest and highest ,km_cnm.ﬁNm-
matter allocated to leaves remain fairly constant SR and ACR9943DMRSR) were from Eaa&:m era
while an increase in leaf area leads to an increase in 1. Var. >Qﬂofuczmﬂm.m also had the highest value
e of dry matter accumulation because light for RGR at ?o.&mﬂm:é .c:mwm although the value
Interception is directly related to leaf area during :MM meﬂ %%%Wrﬂﬂﬁ%wﬁﬁﬁwmrnwzﬂwwam w_m”.\ (Mm.w n,%uam.
phase of sults however show 714 i

an 5<no;nm wnu_w_ﬁm_u%“”ﬂ.cwﬂ_“nws LAR and either CGR «Qn m_zzwmm%oq rm’%w wv__www,\mo%nszmw%as_.w _uswww

; ars.
or RGR during the different cropping seasons or ACR97TZLCOMPI1-W (era 2) had the least values
*1oUypes between the two eras of maize _uaoa:mummw for this parameter.
The genotypes differed significantly for _

RGR and LAR respectively but not for WAR M_.ﬁ,wﬂ”
§). CGR and NAR in the genotypes _=e.m=mng with
ssu_:_m time while RGR and LAR decrease

e B . ween eras for . ses between genotypes within a particular
v:dm_ﬁ”ﬂm. :_3 W Lo _”u%ﬁ consistent. For M__:nhw___”.“.:.mnm\mv Enm w_m_m_m_nn_: for grain yield but
7wological attributes were seven ree e breedi ‘
: : : aize breeding was non
Mm_sc_n. CGR in the genotypes was :_m—_ﬂ ann&:m differences between eras of m
TCent durine v i rowth phase !
g vegetative g

Grain yield

The effect of cropping season as well as
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sizgzc?gt t(hTable 3) Grail} yield was significantly
season b O; ca_rlly cropping season than in late
differency . l/ha. translating to 14.78%. Although

€ In grain yield between eras of breeding
»as not significant, “varieties developed in 1990
generally yieldeq higher than those developed in
1970°s with yield advantage of 0.55¢ha” which
translated 10 23 49, gain/era.

. Regardless of the era of breeding, varieties with
higher valyes for LAR at flowering except (var.
TZPB-SR) were higher yielding than those with
lower valyes (Table 4). Grain yield ranged from
L.6avha™ in TZPBSR (era 1) to 2.94tha’ in
ACR99TZLCOMPADMRSR (era 2). An increase in
NAR during the growing season is indicative of
Teésponse of the photosynthetic apparatus to -
increased demand for assimilates to afford rapid
growth of the grain fraction (Valero et al., 2005). In
our study, we observed that superiority of tf}e
varieties for any of the physiological attributes did
not translate to concomitant high grain yield. For
example, Var. ACR 9943DMRSR with the high.eSl
values for CGR at both vegetative and flowering
growth phases was also one of the varieties with the
highest value for RGR at vegetative phase had one of
the lowest grain yield. Conversely var. ACR99TZL
COMP4DMRSR with the highest grain yield had the
lowest values for CGR, RGR and NAR at vegctati\fe
phase. In other words, genotypic superiority for grain
yield is not particularly related to differences in any
of these traits but rather dependent on the inherent
genetic potential of the varieties themselves.
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