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Extended abstract

Introduction

Maize is one of the three leading cereals that feeds the world. Indeed, maize plays a versatile and dynamic role in food
systems and food/nutrition security. Water deficit stress is considered as one of the most important environmental
factors that adversely affects maize production. An ideal maize genotype should have a high average yield and a high a
biotic stress tolerance. Considering the importance of maize production and the impact of water deficit stress on
reducing the maize yield, estimating the genetic components and heritability of traits to choose the breeding method for
hybrid production under water deficit stress is essential. The knowledge of gene effects for maize or any other crop is
important to selection and breeding procedures for different characters. Many researchers revealed that importance of
additive and non-additive effects in the inheritance of quantitative traits in maize. Generation mean analysis as the best
biometrical technique, determine the genetic parameters including additive and dominant effects, and non-allelic genetic
interactions using mean genotypic values of families and generations. To this end, we attempted to analyze the
generation mean using seven basic generations of a cross between B73 and MO17 to explore how genes and trait
interactions could lead to identifying better maize genotypes able to survive under water-deficit stress.

Materials and methods

The generations derived from a cross between two inbred lines of maize including B73 (maternal line) and
MO17 (paternal line), SC704 (F1) as well as F2, BC1, BC2 and F3 generations. The genetic effects and
heritability of yield, yield components and morphological traits were studied using the generations mean
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analysis under the full irrigation, mild and severe water deficit conditions. Irrigation regimes were applied at
5-6 leaf stage until the silk emergence stage. The experiment was conducted in the form of randomized
complete block design with 20 replications per experimental unit during two cropping seasons (2018-2019)
at the Agricultural Research Station of University of Tabriz. It should be noted that plants were grown in the
same conditions in terms of soil type, light, temperature. Also, the experimental station was protected from
the rainfall by a plastic cover throughout the cropping seasons. No differences were found between plants in
each experimental unit.

Results and discussion

The results of two-year combined analysis of variance and mean comparisons under three different irrigation
regimes showed that water deficit stress significantly reduced all of the studied traits (except root/shoot ratio).
Since the genetic control method for each trait was different, the selection and unique breeding program for any
trait should be considered. The contribution of non-additive gene effects (dominance and epistasis effects)
compared to the additive effects was estimated. The generations mean analysis showed that the high contribution
of non-additive gene effects for grain yield, ear diameter, number of kernel row, ear weight (in full irrigation
conditions), 100 grain weight, plant height, fresh shoot weight and biological yield traits. According to results of
the present study, selection in the advanced generations and the breeding method based on hybridization can be
effective to improve such traits. Also, the significant contribution of additive gene effects in controlling the
inheritance of ear length, ear weight (in both stress conditions) and root/shoot ratio traits indicated that selection
in early segregating generations and inbred parents can be effective for breeding such traits taking advantage of
additive variance. Hybrid SC704 and inbred MO17 compared with the inbred B73 showed the lowest variation
percentage under the water deficit stress conditions, suggesting a high yield potential and stability in the stress
conditions.

Conclusion

The grain yield of different maize genotypes depends on their genetic structure and the response of the favorable
traits under both well-watered and stressed conditions. Increasing in non-additive genetic effects, especially the
main effect of dominance and dominance x dominance, can be attributed to the environmental effects and
generation x irrigation interactions. The change of gene action and heritability of some traits at different levels of
irrigation revealing the interaction effect of gene(s) in response to water deficit stress and the complexity of the
genetic mechanism of maize under the water deficit stress. The findings this study will help plant breeders to
improve the selection strategies for the development of new genotypes or varieties with better responsiveness to
deficit irrigation.
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Table 1. Combined analysis of variance for grain yield and yield components of maize generations under full and deficit irrigation.
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Y xW
Ll ix e/ 1SS
& )Lj 114 344.25 0.22 8.47 5.32 633.80 30.80 439.77 1777.11 888.81 89.51 0.0010
Replication/ Y x W
JM 6 34840.53™ 9.02™ 429.40™ 55.22™ 70043.16™ 586.98"™ 6115.61™ 53695.77" 77952.60™ 1309.91™ 0.020™
Generations (G)
L .
b x JM 6 281.41™ 0.69" 7.82™ 28.83™ 5600.46™ 153.04™ 2183.55™ 31721.06™ 12900.08™ 1099.64™ 0.0061"
GxY
Gl Ll b x Ju " " " " " " "
T 12 1449.22 0.27™ 8.88™ 1.35™ 3850.38 25.27 479.34" 2245.89 3530.11 218.58 0.0044
GxW
Ll oox Jl x J...;
LT 12 437.98™ 0.33™ 2.39m 1.98™ 956.79" 13.55" 729.68™ 1886.93" 2903.77" 310.67" 0.0028™
GxYxW
o
684 332.26 0.31 6.85 4.39 458.57 14.40 296.74 1056.79 972.00 89.89 0.00080
Error
GEoves) >
(A0 3) bl v 2 14.98 15.24 17.50 16.82 14.92 14.05 11.69 17.14 14.55 17.14 35.32

Coefficient of variance (%)

M):\)OJL‘,:;JCEM):)!; e Gl gre b L ja T

# NS

"s,* and **: non-significant, significant at 0.05 and 0.01 probability levels, respectively.
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Table 2. Mean comparison and percent reduction of grain yield and its contributing traits under full and deficit irrigation.

b S5l
Means
T N Ll 50 s
bl kol o . INJ . C e el P05 s Shes 2Ll
N JJ'Q“; Sle) IO J.EB ' jl’ 3y dldas I 055 sl O3 5 CLB)‘ iy o
Water o e : ) i g ? . =l K s 2
treatment (p.5> < (e “(’” ols S ) (el -9 (‘ - - ( ) Sl o
Geramlggteld Ear diameter ' N. of E’arht 100 grain hF:.‘""”htt Fresh of JS. 202 Root/shoot
P £|gnt.1)(g (cm) Ear kernel row W(ég weight (g) (clr%) shoot Biological Harvest ratio
: . -
length weight (q) yield (g) index (%)
J=s 150.34a 4.37a 16.93a 13.78a 174.99a 32.89% 164.53a 214.98a 259.84a 57.72a 0.082a
Control
b e o 120.98b 3.64b 15.16b 12.33b 138.29b 27.22b 150.64b 191.31b 202.50b 57.19a 0.079a
Mild stress
L 93.48¢c 2.92¢ 12.86¢ 11.33c 117.18c 20.94c 129.14c 162.03c 179.51c 51.79b 0.078a
Severe stress
B73 41.33 32.86 31.26 21.03 39.60 35.33 21.73 21.59 42.61 6.03 -32.58
py:\ALs M)}
Percent MO17 33.32 32.67 23.33 12.12 23.90 31.95 18.62 22.74 32.34 14.50 14.09
reduction
SC704 39.99 29.73 22.61 19.42 36.54 36.04 19.83 22.32 30.86 10.87 -0.95

sl ls e ogle (10 Jlez Cb.w 23) oSSl Osa3) bl iz Gy glyls sla  Sile

The different letters mean significant differences according to the Duncan test (P < 0.05).
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Table 3. Scaling tests (£SE) for grain yield and its contributing traits of maize generations under full and deficit irrigation.

¥ Lol Lol
s Sl S A B C D
Traits Water treatment
B Control -48.20 + 6.84™ 14.60 + 6.25™ 7.68 +12.73" -73.94 + 14.38™
((’JS) Y S QJ_{W
Grain yield per plant Mild stress -11.33+552 -1.04 +7.33™ 1.33 +12.89™ -53.69 + 12.65
-1
(g plant®) Severestress  -9.46 +5.93" 4.22 +5.64m 1883 +11.67°  -68.21 +11.04™
- oL _
(o) ok S5 -0.38 % 0.24" -0.34 +0.22™ -0.58 + 0.48" -0.98 +0.39™
Ear diameter (cm)
- ".Lw
(rasl) Ik 5 -1.47 +1.21m -2.007 £ 1.32" -4.85 +2.77" -3.82 + 2.54m
Ear length (cm)
als sy slass ox
- -1.28 +1.00" -2.56 +0.86 -1.14 +1.87" -0.79 £ 1.72m
N. of kernel row
Control 4234 +£11.03"  27.88+12.79™  -19.81+2455"  -76.35 + 26.35™
(f5) Ik O3 Mild stress 2222 £#11.017  -0.11 +7.29" 4587 +20.82"  -28.51+16.66™
Ear weight (g)
Severe stress -0.16 + 7.28" -18.47 £ 9.002* 37.48 +18.23™ -62.001 + 15.55™
Control -7.26£19.77"  -10.09 + 2.74™ -5.47 £ 1.92™ 3.06 +1.27™
<) wilsds O . - - -
(¢5) @l 05 Mild stress -13.82 + 3.55 -11.59 + 3.01 -7.61+153 -1.95 + 1.61™
100 grain weight ()
Severe stress -6.98 + 2.54™ -7.91+2.76™ -6.99 + 1.15™ -0.33+1.63"
2o 5l & sl
(o l) 6 gl -6.35 + 6.52" 8.42 +6.33™ -26.03 £ 12.22™ 3.90 +11.73™
Plant height (cm)
Lom sl 51 Control -29.26 + 8.26™ -1.48 £ 9.62" 87.57 £20.19"  -33.13 +21.40™
s el 20
(.5 Mild stress -36.34 + 10.16™ 6.82 + 9.41" 74.76 + 21.90™ -4.23 +21.26™
Fresh shoot weight (g)  Severe stress ~ -27.94 + 13.41™  -10.21 + 12.07™ -7.73 £ 24.99" -26.51 + 25.86"
S5 55 Control -26.66 + 10.62 -11.86 + 11.52" 9.60 + 22.13" -92.91 + 22.59
(¢.5) Mild stress 2.67 +11.86"™ 46.38 + 12.49™ 42.99 + 24.86™ 25.29 + 27.84"
Biological yield (9) Severe stress 12.99 £8.71"  -11.81+11.22" 97.27 +£19.99™  -48.58 + 20.79™
- o Control -9.32 £ 3.69™ -9.58 +2.62™ 12.99 + 6.03" -14.51 + 7.63"
[QEPSY] >J‘f Ja)-
(1o 3) Mild stress 2.74 +2.48" -4.74 +3.32™ 7.39 + 5.54" -10.83 £ 7.57™
Harvest index (%) Severe stress -3.49 + 3.44" -0.13 +3.31™ 4.94 + 6.55M -23.63+7.20™
Control -2.06 £0.25™ -2.35 +0.53" 1.29 + 0.95M -9.26 + 151"
St s
W 4 ) e Mild stress -2.20 +0.98™ -3.16 +0.54" -2.20 +1.87™ 2.12 +2.30"
Root/shoot ratio
Severe stress -6.65 +1.14™ -5.38+0.67™ -8.24 +2.04™ -2.70 + 2.66™
Aeos3) 50 el s 3 Sl pme ls gne b s M S

ms,*and ™: Non-significant, significant at 0.05 and 0.01 probability levels, respectively

\a

. .(severe stress) Lz i, (Mild stress) L. sz 2 «(Control) L s LT
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Table 4. Estimates of genetic parameters (+SE), 2% and its degree of freedom (D.F.) for grain yield and its contributing traits of maize generations under full and deficit
irrigation using generation man analysis.

i Solel Ll 5 m d h [ j [ x D.F.
Traits Water treatment
(R G5 S5 5 ,5das Control 12033617 449= 175" 6058 + 17.98™ 137386227 6144 +8.71" 572 £ 13.11 19.55" 1
Grain yield per plant (g Mild stress 90.1145.51 -6.44+1.54 70.98+16.87 17.68+5.56 -13.037+8.52" -12.99+12.711 5.82n 1
plant) Severe stress 62.017+4.77" -8.17+1.45™ 77.94+14.76™ 22.13+4.83" -13.072+7.64" -27.87£11.22% 1557 1
9“’67’“’ L ks Control 3.11+0.09™ -0.22+0.06™ 0.99+0.14™ 0.41+0.11* -0.01+0.31" - 1.34m 2
Ear diameter (cm)
Cretle) P b Control 13.63+0.25™ -1.77+0.26™ 3.85+0.52"™ - - - 10.19m 4
Ear length (cm)
Gl 3 sl Control 11.52+0.45™ -0.130.21" 2.02£0.66™ 0.64£0.31" 1.79£1.48™ - 6.19™ 2
N. of kernel row
() I o5 Control 118.96211.30 5.19+2.72" 129.23+32.96" 30.94+11.38™ 71.42+1559™ -22.29%24 .37 1.14™ 1
fr/ 0o Mild stress 116.70+7.08™ -9.02+1.81™ 48.18+23.09™ -5.85+7.15" -16.06+11.96™ 16.17+18.19™ 8.65M 1
Ear weight (g) Severe stress 91.27+6.56™ -15.18+1.86™ 58.13+20.75™ 11.15+6.64" 15.02+10.80™ -5.81+15.81" 13.11™ 1
(05) w13 05 Control 26.49+1.85" -1.91+0.39™ 12.6845.12° 5.36+1.85 8.90+2.16~ -2.18+3.53™ 0.79™ 1
o/ @32 005 Mild stress 21.10+0.85™ -1.96+0.45™ 9.57+1.14™ 6.46+0.98™ 5.88+2.10™ - 2.46™ 2
100 grain weight (9) Severe stress 17.33+0.68™ -1.78+0.31" 5.87+1.05™ 3.73+0.75™ 7.84+1.67" - 3.13m 2
£ J g anlsl
Continued from Table 4
Sdo Sl Ll m d h i i | «*  DF
Traits Water treatment
(ol 5 plis ) 138.33+2.95" -5.31+1.58"™ 21.24+4.20™ 4.24+3.38" -15.02+8.55M - 2.49m 2
Plant height (cm)
(5) alpm Il 503 Control 20277531 -12.58+1.66 20.43x7.12" -10.20%5.61™ 344811.71 - 2581 2
£/ s g1l 2O0s Mild stress 175.81+5.05" -6.81+2.55™ 5.93+6.20™ -13.4245.77* -40.69+13.40™ - 16.35" 2
Fresh shoot weight (g) Severe stress 139.99+6.60"™ -8.70+3.19™ 48.006+9.48" 9.47+7.40"™ -14.59+16.62" - 3.03™ 2
(0 2) s 5 Control 219.99+9.84™ -15.16£2.36 81.82£29.55 21.03£9.917 -16.45+14.39™ 1.04+22.31 10.00™ 1
£/ s Ses Mild stress 168.07+3.26™ -7.00+3.32™ 119.61+16.20™ - -43.75+16.44™ -48.77+15.50™ 0.23" 2
Biological yield (g) Severe stress 149.1249.02"™ -21.94+2.30™ 105.25+26.91™" 2.04+9.09" -4,77+13.03" -44.80+20.17  14.31™ 1
(1o 13) 2ls L Control 63.88.43.26" -2.87+0.75" 21.27+9.25" 7.02£3.277 3.22+4.13™ 19.2626.70 18.94™ 1
D3/ P oA Mild stress 52.46+0.71" -2.24+0.73" 12.63+1.26™ - - - 6.86M 4
Harvest index (%) Severe stress 46.89+1.81" -0.17+0.87" 8.71+2.57™ 4.19+2.03" -3.32+4.43" - 6.71m 2
Bl w At s Control 9.15+0.59™ 0372007 -4.35+1.50" 0.23+0.50™ -0.61+0.53™ 3.07x1.00" 49.38" 1
e Mild stress 11.49+0.95™ -0.50+0.16™ -12.04+2.54™ -2.37+0.95" 1.04+1.05" 7.59+1.74™ 0.18m 1
Root/shoot ratio Severe stress 11.65+1.09™ 1.80+0.23™ -16.85+2.94™ -1.46+1.10" -0.97+1.22m 13.01+2.03™ 1.47m 1
s mild stress « Control.cJle x w5 codle x 2l il lx bl wudle ol ol il cs s ol 5] d * s

hd o oSle M ds 3 ) 50 Jlaz] CEM): S sme s pme g 54
s A5 s hege 25 LIS L] L 5 « SEVere stress

ns, * **: non-significant, significant at 0.05 and 0.01 probability levels, respectively .m: mean of the generation, d, h, i, j and I: additive, dominance, additive x additive,
additive x dominance and dominance x dominance effects, respectively.
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Table 5. Estimates of genetic variances components, broad-sense and narrow sense heritability and average degree of
dominance for grain yield and its contributing traits of maize generations under full and deficit irrigation.

Slis Ll Ll . .
= GOl Ve Va Vb Vap hy, hp a
Traits Water treatment
(3w s Slas Control 110.98 12.89 179.70 12.65 0.63 0.042 5.28
rjs_ _ﬁ Mild stress 99.80 35.84 208.52 -59.21 0.71 0.10 341
Grain yield per plant
(g plant™) Severe stress 85.39 53.68 103.67 5.77 0.65 0.22 1.96
o l) IS Led
(ol Iy s 0.12 0.17 0.16 0.040 0.73 0.38 1.37
Ear diameter (cm)
- ".Lw
(o) Pl I 3.81 7.70 1.25 -1.36 0.70 0.60 0.57
Ear length (cm)
als sy slass
- 2.14 0.85 3.78 0.73 0.68 0.12 2.98
N. of kernel row
(o.,5) I 03 Control 352.82  309.77 425.63 -118.12 0.67 0.28 1.66
f o i Mild stress 200.30  489.69 51.79 200.028 0.73 0.66 0.46
Ear weight (g) Severe stress 151.64  390.83  39.55 -59.78 0.74 0.67 0.45
( ;) Slsds O Control 5.33 0 33.72 -5.18 0.86 0 -
f _ _ o Mild stress 6.72 0.17 8.90 0.99 0.57 0.011 10.18
100 grain weight (g) Severe stress 5.53 0.28 6.23 3.54 0.54 0.023 6.67
o olu) & Ll
(o) 650 18 97.14 9803 14560  -27.06 0.71 0.29 1.72
Plant height (cm)
ISR Control 122.03  163.85 12582  62.97 0.70 0.40 1.24
Mild stress 148.48 74.37 216.06 -15.52 0.66 0.17 241
(¢ S
Fresh shoot weight Severe stress 43261 7252 58722  85.07 0.60 0.066 4.02
@)
5 s 5 Shas Control 302.06 104.17  539.30 -42.43 0.68 0.11 3.22
s Mild stress 348.82 343.07 532.04 -45.04 0.71 0.28 1.76
9]
. . DS . Severe stress 253.66 85.15 411.39 -126.67 0.66 0.11 3.11
Biological yield (g)
Cils g el Control 26.32 0 59.12 17.31 0.64 0 -
' Mild stress 23.29 0 37.11 -11.12 0.58 0 -
(M)>)
. Severe stress 31.02 1.52 40.79 211 0.58 0.021 7.32
Harvest index (%)
Gl b At s s Control 0.33 1.13 0.32 -0.55 0.81 0.63 0.75
) ) Mild stress 1.02 2.91 0.12 -1.64 0.75 0.72 0.28
Root/shoot ratio Severe stress 2.01 4.44 0.89 2.11 0.73 0.60 0.63

il s amadle x ol bl S cedle bl (ol bl bl Jaoee 3l sls C5 S a ,hy by Vap Vb Va Ve

s 55 s bawsme (25 el o)Ll s 5« severe stress ; mild stress Control . e wr s 5 ot (0l s o ges

VE, Va, Vp and Vap: environment, additive, dominance and additive x dominance co-variance respectively; hi
and h3: broad sense heritability and narrow sense heritability; a: average degree of dominance.

v L s idss s .(Mathew et al., 2018)
o g b A 5t Bl iy e S5
23 X ol bl g L L‘_;_JVS ey
J.«lS ASJL;-'T -E“‘JJ 33 2 2 Clo UJ«‘ Q)l)j JJ:_S
Hassan et al., ) ol eas 5,158 J.Trs S
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boloes o dblo a aly) Cd 5 K55 5m 0 Shas (ol50 op Sl 4 amg b Log oyt 4l 5 Shes
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Olpr 5 05 Jos oo i il o (bl il x s ool Gl il 55 ol GV
Al il sl 53 Slio Sl S g p bl ol 13 S 3osT 3 a Cod (55!
sl S 5 gleS 25 4l > ()05 e 2 oS gl Slis s s Sl sl
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