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PHYSIOLOGICAL EXPLORATION OF CERTAIN MAIZE IN-
BRED LINES AND HYBRIDS BY USING RAPID METHODS
TECHNIQUE
3. PREDICTION OF GRAIN YIELD IN BREEDING PROGRAMS

[7]

Abo-Shetaia' A.M.A.; A.A. Abdel-Gawad'; G.M.A. Mahgoub’
and MLB.A. El-Koomy’

ABSTRACT

Eight maize hybnids, L e four single crosses and four three way crosses, were
used to study the nature of associations among yield and some of the physiological
indices at 30, 45 and 60 days after planting (DAP), /. e. LAI, photosynthetic (photo)
efficiency, stomatal conductance (SC), chlorophyll {(Chl) content and specific leaf
area (SLA) under water deficit as well as to detect the relative importance of each
index in determining plant yield variation through path analysis and coefficient of
determination. Grain yield per plant of hybrids exhibited positive significant correla-
tions with the different physiological indices overall the three irrigation treatments.
Results elucidated clearly that maize breeder can select for high yielding plants at
early periods of growth i e. 30 DAP depending on LAl and photo. The suggested
mathematical equations revealed that it is possible to detect the expected grain yield
of maize hybrids at 30 DAP as well as 45 and 60 DAP depending on value of LAI,
photo, Chl, SC, CTD and SLA.

Key words: Maize, Hybrids, Leaf area index (L AI), Photosynthetic efficiency, Can-
opy temperature depression (CTD), Stomatal conductance (SC), Chio-
rophyll (Chi) content, Path analysis, Heritability, Yield prediction

INTRODUCTION

Correlations between grain yield and
physiological indices were investigated
under water stress conditions to deter-
mine the most important characteristics
related to yield which could be used as
rapid and accurate selection criteria for

selection under drought conditions. In
this respect, Kirkham ef al {1984) meas-
ured the canopy temperature of two
drought resistant and another two drought
sensitive maize inbred lines with their
hybrids under well-watered conditions in
the field over two seasons. From their
results, plants with lower canopy tem-
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perature tended to give higher grain yieid.
They concluded that measurements of
canopy temperature could be used to
screen maize genotypes for drought resis-
tance. Moreover, Harold (1986) found
that water deficits imposed 41 days after
planting reduced leaf area, stalk and ear
vields while those imposed 55 days after
planting reduced only stalk and ear
yvields. While, Hernandez and Munoz
{1988) found that drought had the most
sever effect on grain yield and this trait
had better association with ear number
per plants as compared to days to anthesis
and silking, degree of wilting and mumber
of green leaves per plant. Moreover,
Blum er al (1989b) revealed that the
mean difference between water stress and
irngated treatments in canopy tempera-
ture tended to increase with time (crop
development) where it reached about 7°C
on the last date of measurements. This
was assoclated with non-tolerant varie-
ties. However, Nigem (1989). found a
positive and significant correlation be-
tween maize grain yield and each of leaf
area index, ear length and number of ker-
nels/row under drought stress. Further,
Bolanos et al (1992} practiced selection
for grain yield under several drought
stress conditions in maize and reported
lack of direct and correlated changes in
chlorophyll per unit leaf area and plant
water status with grain yield. While, Za-
harieva er al (2001) indicated that chlo-
rophyll content was positively correlated
with biomass and grain weight per plant.
Plant temperature depression (the differ-
ence between air and plant temperature)
was positively correlated with chloro-
phyll content when ali the accessions
were considered. Highly significant cor-
relations were noted between.leaf area

and both biomass and grain weight per
plant.

Therefore, thus work was designed to
study. 1) The interrelationships between
grain yield and some of their contributors,
2) To identify the relative importance of
each contributor in vyield variation
through path anaiysis and 3) To formuiate
suitable selection criteria for grain yield
under water regime.

MATERIAL AND METHODS

The information of the experiment de-
tails is shown in the first paper of this
series (EL-Koomy et al 2605). However,
physiological parameters determined at
30, 45 and 69 days from planting overall
irngation regimes were used to predict
maize yield. Correlation matrix was used
to identify physiclogical parameters that
have high correlation coefficients with

.yield. The regression analysis was fol-

lowed to calculate the nature and magni-
tide of change in the associations be-
tween physiclogical parameters and
maize grain yield, and hence, mathemati-
cal equations were deduced.

The expected mean squares (EMS)
shown in Table (1) were used to estimate
the genetic (o°,) and genetic x year inter-
action (c’g,) variance components as fol-
lows:

2 M3"M2

2 M2 M1
O‘g P

G'H ’

Where, r = number of replications and y
= number of years. The pheno-
typic variance (o°.) and broad
sense heritability (h% estimated
as follows:
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Table 1. Expected mean squares (EMS) of the combined analysis of variance across two

years.
Df
5.0V Df MS EMS
Inbreds Hybrids
Years (Y) (y-1} =1 =
Y/rep’s y(r-1) =2 =
Genotypes (G)  (g-D) . =3 = My ety tryo,
YxG y-1)g-1 =5 =7 M; oltrody,
Pooled error  yxImg (r-1)(g-1) =30 =42 M &
2 2 Table 2. Comelation coefficients be-
2 2 oy  ae tween grain yield/plant and
oph~og T T . some physiological indices

2
kb =(62ph /az-ph) x 100 azph

RESULTS AND DISCUSSION

Correlation coefficients and heritabil-
ity estimates for grain yield/plant and the
physiological traits, i.e. chlorophyll (Chl)
content, canopy temperatwre depression
(CTD), leaf area index (LAI), specific
leaf area (SLA), stomatal conductance
(SC) and photosynthetic (Photo) effi-
ciency are presented in Table (2). These
estimates were done at 30, 45 and 60
DAP using the average data of 2001 and
2003 growing seasons. Data revealed
significant, correlation. coefficients be-
tween grain yield of maize hybrids and
Chi content, LAI, SLA, SC and photo, at
30,45,60 DAP (averages of 2001 and
2003 growing seasons).

(averages of 2001 and 2003

SEasons)
Traits Days after planting
30 45 60

Chl 0.830%*  0.765** 0.784**
CTb 0.295 03%% 0311
LAI 0.967** 0.854** 0.9507**
SLA 0.511*  0.795** 0.779**

sC 0.922**  (0.945** (.934*
Photo  0.932** 0.908** 0.930**

* ¥+ significance at P< 0.05 and 0.01
levels, respectively.

Correlation between yield of maize
grains and chiorophyll content being
0.830, 0.765 and 0.784 for plants at 30,
45 and 60 DAP, respectively. Moreover,
the same relationship was realized be-
tween grain yield and LA, SC, Photo and

Annals Agric. Sci,, 50(1), 2005




96 Abo-Shetaia; Abdel-Gawad; Mahgoub and EI-Koomy

SLA. On the other hand, insignificant
negative correlation but was found be-
tween grain yield and canopy temperature
depression at 30, 45 and 60 DAP. The
obtained results are in agreement with
those of Blum ez a/ (1989a) who reported
that canopy temperature under stress con-
ditions was negatively correlated with
grain yield and biomass. These results
elucidate clearly that maize breeder can
select for high yielding hybrids at early
stages of growth, :¢. 30 DAPand some
extent, depending on LAIL Photo, SC and
Chl in descending order. In this respect,
Nigem (1989) found positive and signifi-
cant correlation between maize grain
yield and leaf area index under drought
stress. However, Bolanos ef al (1992)
practiced selection for grain yield under
several drought stress conditions in maize
and reparted lack of direct and correlated
changes in chdorophyll per unit leaf area
and plant water status with grain yield.
Moreover, Zaharieva et al (2001) indi-
cated that chlorophyll content and LA
were positively correlated with biomass
and grains weight per plant.

Values of broad sense heritability es-
timated for different physiological traits
at the three dates from planting over the
three irrigation regimes are given in Ta-
ble (3).

Partitioning phenotypic correlation
coefficient between grain yield and
physiological traits at the three dates dur-
ing growth is presented in Tables 4 and 5.
It ts shown that chlorophyll content had
positive effect on grain yield variatton
either directly or indirectly through
Photo, LAI or CTD especially in the early
stage of growth. Considering the relative
importance of chiorophyll content, it is
apparent that variable had 2.2% as direct
contribution in addition to 5.42%, 8.97%

through LAI and photosynthetic effi-
ciency, respectively, with a total contribu-
tion of about 16.62% in the first date. In
the second and third dates of planting,
chiorophyll content had relatively low
contribution,

Table 3. Broad sense heritability values
(%) estimated for chlorophyll
content (Chl) canopy tempera-
ture depression (CTD) leaf area
index (LAI) specific leaf area
(SLA) stomatal conductance
(S8C) and photosynthetic effi-
ciency at 30,45 and 60 DAP (av-
erages of 2001 and 2003 grow-

Ing seasons).
i Traits Days after planting
30 45 60
Chl 76.6 740 740
CTD 12.5 6.6 35
LAI 97.7 842 929
SLA 88.1 70.3 78.6
sC 596 94.6 92.7
Photo 924 87.1 889

Regarding LAI, data in Tables (4) and
(5) indicate that this variable has a major
and notable effect on grain yield in the
early date, larger than its effect in the 2™
and the 3™ dates. Leaf area index had a
contribytion of about 12.66% as direct
effect in addition to 5.42%, 2.54% and
35.03% through chlorophyll content,
canopy temperature depression and pho-
tosynthetic efficiency, respectively with a
total of about 55.65%.

Photosynthetic efficiency also had
considerzble effect on grain yield varia-
tion especially in the early period of
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Table 4. Path analysis of grain yield/plant versus chlorophyll content {chl), canopy' tem-
perature depression (CTD), leaf area index (L.AI) and photosynthetic (Photo)

efficiency at 30, 45 and 60 DAP.

i Direct and indirect effects Days after planting
30 45 60
1.Grain yield/plant vs Chl
Direct effect 0.1494 0.0860 0.0694
Indirect effect via CTD 0.0293 0.1445 0.0520
Indirect effect via LAI 0.1815 0.3079 -0.0927
Indirect effect via Photo 0.3006 02206 0.5654
Total 0.6607 0.4699 0.490 l_
2.Grain yield/plant vs CTD
Direct effect 0.0714 0.1881 0.1239
Indirect effect via Chl -0.0613 0.0654 -0.0292
Indirect effect via LAI 01779 4288 0.1094
Indirect effect via Photo 4.2694 -0.2959 -0.9143
Total ‘ -0.5800 0.6000 07101
3.Grain yield/plant vs LA{
Direct effect 03558 0.5493 -0.1520
Indirect effect via Chl 06.0762 0.0482 0.0423
Indirect effect via CTD 0.0357 -0.1483 -0.0892
Indirect effect vig Photo 0.4923 0.5003 1.1789
Total 0.9510 0.9500 0.9801
4 Grain yield/plant vs Photo
Direct effect 05182 0.5380 1.2030
Indirect effect via Chi 0.0866 0.0352 0.0326
Indirect effect via CTD 0.0371 -0.1046 -0.0942
Indirect effect via LAI 0.3380 0.5430 -0.1489
Total 0.9710 0.9800 0.9925
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Table 5. Components of direct and indirect effects and their relative importance as con-
tribution percentage in the variation of grain yield per plant at three dates from

planting.
Days after planting
Source of variation 30 45 60
CD* RI%** C(CD* RI%** CD* RI%**
1. Chl (X)) 0022 223 0.007 0.46 0.005 021
2.CTD (X;) 0005 051 0036 2.26 0015 069
3. LAI X)) 0127 1266 0302 18.88 0.023 1.05
4. Photo (X 0269 2685 0289 18.08 1.447 6543
5% x X3 0.009 0.88 (025 1.55 0.007 033
6.X x X; 0.054 542  0.053 331 0013 058
7.X x Xy 0.090 898 0.038 237 0079 355
8. X; x X 0.025 254 0.163 10.19 0.027 1.23
9.X; x X, 0.038 385 0113 7.03 0227 1025
10. X5 x X, 0350 3503 0.551 3437 0358 l16.22
Residual effect 0.011 1.05 0024 1.50 0009 041
Total 1.000 100 1.601 100 2.210 100
* CD = Coefficient of determination.

** Ri% = contribution % (relative importance).

growth (Tables 4 and 5) with a relative
contribution of 26.9% as direct effect and
8.98, 3.85 and 35.03% as indirect effect
through chiorophyll content, canopy tem-
perature and leaf area index, sespectively
with a total contribution of 74.71%.
Bolanos and Edmeads (1996) showed
that, across all traits, linear phenotypic
correlations (P<0.01) between grain yield
under drought and agronomic traits were
existed. Genetic correlations were gener-
ally similar in size and sign.

From the obtained results path analy-
sis revealed that photosynthetic efficiency
and leaf area index appeared to be the

major contributors to grain yield varia-
tions especiaily in the early stage of
growth, suggesting that these two physio-
logical indices could be used effectively
in breeding programs as selected indices,
stnce both indices were highly positively
corrglated with grain yield (Table 2),
highly heritable (Table 3) and major con-
tributors to grain yield variation espe-
cially in the first period of plant growth
(Table 4). Thus, both indices could be
considered as a helpful task in screening
breeding materiais at early stage of
growth that save breeder’s time and ef-
forts.
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Prediction of grain yield

Results revealed that it is possible to
detect the expected grain yield of maize
hybrids early at 30 days from planting as

99

well as 45 and 60 days from planting de-
pending on value of LAI, Photo, Chi, SC,
and SLA. Regression equations to predict
the expected grain yield via the morpho-
physiological indices are shown in Table
(6).

Table 6. Yield prediction equations using some physiological critena at different dates

from planting.
Physiological criteria DAP Mathematical relationship
_ T30 Y = 220359 LAl + 33.027
Leaf :‘L";al;“de" 45 Y = 65588 LAI+ 104231
60 Y = 418TALAI+ 72.803
.. 30 Y = 8464 Photo + 38.245
Ph°‘°sy“(‘;,‘zgfo‘;ﬁ-’°'°“°y 45 Y = 9348 Photo + 16.131
60 Y = 9884Photo + 3342
30 Y = 775887SC + 72321
Stomatal conductance (SC) 45 Y = 828230SC + 55477
60 Y = 865147SC + 47458
30 Y = -91.334 CTD +267.052
Ca“;pr;‘sfo“f‘(’g“gf de- 45 Y = 55784 CTD +236.231
60 Y = 76,145 CTD + 251.655
30 Y = 0.647Chl - 93881
Chlorophy!! content (Chl) 45 Y = 0.514 Chl - 49.801
60 Y = 0.471Chl - 40.658
| 30 Y =16120.456 SLA + 44.039
Specific leaf area (SLA) 45 Y =13613.177 SLA + 80.024
60 Y =16418.793SLA +11.718
REFERENCES (1989b). The drought response of land-

Blom, A.; L. Shpiler; G. Golan and .
Mayer (19892). Yield stability and can-
opy temperature of wheat genotypes un-
der drought stress. Field Crops Res,
22(4): 289-296.

Blum, A.; G. Golan; J, Mayer; B
Snmena; L. Shpiler and J. Burra

races of wheat from the northern Negev
desert in Isracl Euphytica, 43(1-2): 87-
96.

Bolanos, I. and G. O, Edmeads (1996).
The importance of the anthesis-silking
interval and inbreeding for drought toler-
ance in tropical maize. Field Crop Res,
48:65-80.

Annals Agric. Sci., 50(1), 2005



100 Abo-Shetaia, Abdel-Gawad, Mahgoub and El-Koomy

Bolanos, J.; G.O. Edmeads and L.
Martinez (1992). Eight cycles of selec-
tion for drought tolerance in low land
tropical maize. I1I. Response in drought-
adaptive physiological and morphologicat
traits. Field Crops Res., 31(3-4): 269-
286.

El-Koomy, M.B.A.; A A Abdel-Gawad;
AM.A. Abo-Shetaia and G.M.A. Mah-
goub (2005), Physiological exploration of
certain maize inbred lines and hybrids by
using rapid methods technique 1. geno-
typic differences. Arab Univ. J. Agrie.
Sci., Ain Shams Univ., Cairo, 13(2):
297.307.

Harold, V. E. (1986). Effects of water
deficits on yield, yield compenents and
water use efficiency of irrigated corn,
Agron. 1, 78: 1035-1040.

Hernandez, J. H. and A. Munoz (1988).
Familial selection under drought in three
genetic sources of maize in Chiautia re-
gion, Puebla Agronomica (Mexico} 74:
283-295,

Kirkham, M.B.; K. Suksayretrup; C.E.
Wassom and E.T. Kanemasu (1984).
Canopy temperature of drought-resistant
and drought-sensitive genotypes of
maize. Maydica, 29: 287-303.

Nigem, S.A. (1989). Varietal response to
nitrogen fertilization in maize. J. Appl
Sci, 4(11): 127-139.

Zaharieva, M.; E. Gaulin; M, Havaux;
E. Acevedo and P. Monneveux (2001).
Drought and heat response in the wild
wheat relative aegilops geniculataroth:
Potenual interest for wheat improved.
Crop Sci., 41:1321-1329.

Yoo OV AmAY () f @) e i Al 0 e e Gt 0 Rl RS el ) pplall Sl e Al
b alddialy Laldl 3 M) e dlma ot g S a8l gaaadl) YWY
Aay pudd) (g

g il el (B @ gpad) Jgeaaay ) LY

[V]

=N gl dee deal mbiad) 8-l g aasl 3 geaa Jols

" s el 8 e g dgaaa = e aidl 48 dase Bla

s =5 AR —AaAd | b —guad Cp Aadla 4210 A8 —Jastaall aud L
ot =5 joad —dael 30 Sgaal 38 —Audiad Sualaal Gy sgaa — Al §dt Qigag aud LT

3..;\.—.-..35) él‘)_,\ft-—,l Ll-,lé_’JJE-“ _)——.‘S):"
Tew 80 Vo oy dlly A 4l I il
PRV - RE," IL P R R D

Jyeanadl o Bl ¥ bl 5 & el
s o day aad! Aga gl gaudll il
Js—ona pt Lyginay Loa ge Wals )

drnny i Ga gl SIS Gapal

Annals Agric. Sci., 50(1), 2005



Prediction of grain yield in breeding programs 101

B A g gl (BYAU Ll Wliaay Sy il
¢ anll bl iy el I Sy
Silieall 232 plasial (Sa 4 Je Jy lea
. E_}L\_ﬂ v acbud dylast JoYaS
S A0 sl Sl s
Lgag S dy e i Les iliall Slas
et s

g2y ‘;ks_“ _)\_\:xi}” Adalaa l;l_)g.L\
Joad pall b Jgeanddl 448y 42§l gl
Ve80T ) il ga a5 S0l
g s._,u'\‘_,J.;AS;,gL...(Z.cU)'hO‘L.x
a e A SeYy Jpandl 4.8 uml
i Jaae ¢ G ¥ dalwa Jis
JUCS RPN NIV PP
s s dabu AUS ¢ gy ) S0
Ll A0l gl Gy eaa e DS
paibiaall g 353l Cla G Jpanae Gn
' ¥- IS o) JI_..d:j J.:c—l_-‘la_,l)-_l-h-"_,sj_,-‘“
Aoyl g ey Ve

sl e I gl A s
T padiady apa gl oSa 4y )0
ety uleaS clivall ola e ST
i A il el yy (g8 ARy ns
On Ayl Gl Gl At ve Giliadl
rliadl Ledaad Cam e Zpalilll 5530
Uoalina &y il 3cUSH dad Jif S
s (Bl Gl dpidly %Y Y, 0 L
22l ey da iy W)yl s e a0
'l_.al}g‘l_.cl)j“o-b_,g"- e S,
e %70 ¢ 1,1 LN Al eda Cuals
e Aoyl gl iy 10 e
Gy gt 56l o et cuilSy ¢ s
gl (Bl Jaea Sial o Ll
CAY,8 il Cua (3! dalu. Qi
e ey e lug T oaie AV,Y
G AT e xie Cauali Laiy ¢ g gl
2 dlliy 47,90 ¢ AAA Ll cliay Sua
G leg Ve o t0)del il e g Yo

2l o S0 T e ally L (iei )

daaa (Blall 3e 2aal 2} caad

2 aal e...‘u!!.\p:.m.s.l

Annals Agric. Sci., 50(1), 2005





