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Introduction:

« The World Summit on Food Security stated that the
world will need to increase its food production by 70%
by 2050 in order to meet the demands of the growing

world population (Food and Agriculture Organization of the United
Nations, Declaration of the World Summit on Food Security, Rome, 16-18

Question:  How do modern maize varieties from different heterotic groups (HG) respond to applied nitrogen?

1) Identify the yield components that are most responsive to increased nitrogen within various heterotic
groups, and 2) identify where breeders should focus their efforts to Iimprove maize nitrogen use efficiency
(yield increase per unit of applied N).

Objectives.

Nov. 2009).
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five years is 8.2 Mg ha™l www.USDAgov, 2010, meaning that Check Plot Yield: How Was the Maximum Yield Achieved” : : :
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. C | . « The next step in improving NUE is to identify component
use. PHG35 4.12 1811 234 d h d th Id 6.5 e . _ _
LH82, and PHG47 achieved their yie traits that b d
. . PRGA7 4.73 2152 221 through high kernel number, PHG39 6.0 - ralts that can be improved.
 General combining ability (GCA) or the average parental PHG84 3.87 1721 225 through high kernel weight and PHZ51 e _— t_'l " N
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hybrld pOtentiaI ' SpeCifiC Combining ablllty (SCA)’ or Table 5: The check plot yield and yield component averages for the Figure 2: Grain yield at 252 kg N ha'! versus maximum yield response to N.

how a specific hybrid performs (non-additive genetic 32 hybrids created from combining the HG representatives. Each point represents an individual hybrid (n = 32). The colored points

: . . . represent hybrids from the HG combinations that were used in previous
effects), Is more true to hybrid genetic potential but can Check Plot Yield Kernel Number Kernel Weight examples. The vertical and horizontal lines represent the mean N response
: . Female Male (Mg hal) (m2) (mQ) and maximum grain yield, respectively.
be highly affected by the environment. L e heritabilities of the GCA vield S ThLaaTT e Sos S0
e heritapi |t|_es ot the yie components are B73  LH82 4.79 2451 194 . According to Table 6, B73 and PHG35 Table 6: Mean yield and yield component responses to applied N for the six discussed hybrids.
demonstrated in Table 5, which separates the . : L (Quartiles were calculated with the other 26 hybrids in the data set)
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fertility « It shc_JuId also be noted tha_t the highest yielding LH1  PHGA47 441 1897 231 Important notes:
' hybrids were also the hybrids that generally had the | LH1  PHGS4 3.20 1433 223 0 B73 hybrids seem to have an inability to add to their kernel O PHG39 x LH82 and PHG39 x PHZ51 both had a high
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Inter-mated nor were female inbred lines. This resulted PHG39 PHG35 4.45 1994 243 P,
i 4 fomales X 8 males for 32 F. hybride. . If the breeding objective is o breed for high yielding |pass e L 4ds Lo 243 Is There a Best Strategy for Future NUE Improvement”
hybrids in low N environments, it would be Egggg ';ﬂggf j-g igig ;gi Average Hybrid Yield Grouped by Male HGs « Figure 3 summarizes what we have identified as the best strategy
Table 1 Germplasm entries that span the genetic diversity of current advant_ageous to start with high kernc_el number 51140 LH1230T 5 e 7 10 for improving NUE based upon actual data.
US maize hybrids. potential on both sides of the heterotic pattern (€.9., |pnj4a0 LH8? 415 2154 192
_ B73 x PHGA47). PHJ40 Mo1l7 3.33 1478 224 9 1. Check plot yield: A high check plot yield is required to tolerate
Type Inbred Patentee _ Heterotic Group (HG) PHJ40 PH207 4.33 2150 201 spatial and temporal losses of N (e.g., LH82 hybrids). On average,
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PHG47  Pioneer Hi-Bred International Oh43 o5 yield. 3. Primary Yield Component: As illustrated in Figure 1 and Table 5,
PHG84  Pioneer Hi-Bred International ~ Oh07-Midland/848 Low check/High potentia Figh checidiigh potent S | o _ e e s kernel number and kernel weight characteristics should be
PHZ51 Pioneer Hi-Bred International 848 9.0 e | o o ° 0 B73x PHGA47 « Two of the hlgheSt yleldlng hybrlds (PHG39 X e B73 X PHG47 + PHG39 x PHG47 Optimized for maximum y|e|d and N use. Combining HGs that
° [ ) © B73x PHZ51 I I . . ..
851 o ® ® PHG39xLH82 LH82 and PH.GSg X PHZ51) were combinations Figure 3: The yield for the six hybrids of discussion were averaged over their have complementary yield components is a promising strategy.
) . o iggggiiﬂgg‘f between two inbred parents that had respective male HG for the 0 and 252 kg N ha! treatment levels.
- Two row plots, replicated three times were planted on 2 . : complementary yield components.
May 17th, 2011. The final plant density was approximatel 2 75 .’ T . .
79 gOO ha-l (32,000 acre'll)j y PP y N, « ° o ° « The lowest yielding hybrid (PHG39 x PHGA47)
’ ! ' - ) mbined two inbr rents with |
. : : 6.5 - ) * ggmblerer?e:\t;r bie?ccilI cl?c?me ct)ients however IS There d BenChmark Hybrld’)

« N fertilizer treatments consisted of ammonium sulfate | - PHGZ? e Ié’sﬁer kemef’numbe; AN | | | | o |
((NH,),SO,; (21-0-0-24S)) incorporated in a diffuse band 6.0 - . comonred to LL8o P Fr_om this population, PHG39 x LH82 would be a suitable benchmark hybrid to use as a check hybrid in future NUE screening
between the rows at V3-V4. Two N fertilizer rates were 5.5 |- Louchecklowpoental . e e P | trials.

. 2.5 3.0 3.5 4.0 4.5 5.0 5.5 . ) . ) .. ° i i T i i :
used (0 and 252 kg N hal) to characterize low N tolerance S . This highlights the importance of combining The hybrid is formed from combining HGs with complementary yield component traits.
. . g a : . :
(check plot yield) and maximum N response of each complementary yield components from - It has a high check plot yield.
. Figure 1: Average grain yields at 0 and 252 kg N ha! for each of the 32 appropriate HGs.
hybrld- hybrids. Each point represents an individual hybrid. The colored points e |t responds very well to app“ed N.
_ o _ represent the hybrl_ds from the_HG com_blnatlons that were used in previous _ o
« Kernel number per m?, individual kernel weight (mg), and examples. The vertical and horizontal lines represent the average yield at 0 * High kernel number appears to be a prerequisite. . These traits culminate with PHG39 x LH82 being the highest yielding hybrid in this trial.

and 252 kg N ha*, respectively. for higher yield, and the ability to add to kernel

weight becomes beneficial when there is enough
N supply to maximize kernel number.

yield were recorded. The yield of each plot was
harvested by hand. Yields are reported as Mg ha!
adjusted to 0% moisture concentration.

ANOVA Separation of Means:

Table 2: ANOVA table for grain yield at the different N Due to only the male and female main effects being significant,

rates. Data analyzed using PROC MIXED (SAS 9.3). the analysis indicates that GCA was more important at the 252 kg
N ha' rate.

It may be possible to improve NUE over the PHG39 x LH82 hybrid benchmark by identifying more modern germplasm from the
SSSS/Amargo/lodent and the Pioneer Hybrid 3558/Minn13 HGs in the most recently released Ex-PVP germplasm found on the
GRIN website.

Conclusions:

Differences in the average parental performance (GCA) can be detected at every N level, but individual hybrid (SCA)
performance is of greater importance at low N levels (Table 2).

Yield g ha-lz Type MSE P valuet
N Ratewgnnay Female  2.687272  0.0002

o) Male 1.990376  <0.0001
Hybrid 0.701708 0.0216
Female 5.616756 0.0007

Male 2.611127 0.0096
Hybrid 0.993134 ns

The hybrid main effect showed a significant difference at the 0 kg
N halevel suggesting that SCA was the most influential factor.

Based on the various GCA estimations, there was less changing of rank and more significant differences between the
male lines when compared to the female lines suggesting that there is less genetic variation found within the female HGs
than within the male HGs (Table 3).

252
This indicates that there are significant differences between the

HGs within the male and female heterotic pools.

Table 3. Significant differences between hybrids within the parental
genotypes at the two different N rates and their minimum and maximum
yields.

Yield and yield components are relatively heritable at low N (Table 5).

The significant differences found within each of
the female HGs indicates that there are significant
differences in SCA within every HG.

252 Kg N ha™
Hybrid Yield
Rangewg ha-1)
Min Max
595 10.40
5.25 9.48
594 10.01
5.72 9.58
572 10.40
5.77 9.91
5.94 9.05
5.94 8.50
5.25 8.71
6.42 8.78
5.75 9.82
6.77 10.01

0Kg N ha*
Hybrid Yield
Rangewg ha-1)
Min Max
3.07 6.38
2.30 4.89
3.13 6.00
2.85 5.40
2.79 5.64
3.76 6.00
285 472
3.05 5.18
2.48 5.88
4.05 6.38
2.30 5.40
3.69 5.32

There is a generally positive trend in the relationship between check plot yield and maximum yield (Figure 1).

Parental
Genotype
B73
LH1
PHG39
PHJ40
LH123HT
LH82
Mol7
PH207
PHG35
PHG47
PHG84
PHZ51

P Value
0.6155
0.0363
0.1187
0.1829
0.0408
0.0083
0.3034
0.3108
0.0973
0.7024
0.1518
0.8036

P Value
0.0409
0.0037
0.0146
0.0091
0.0206
0.2267
0.0635
0.0727
0.0018
0.1553
0.0579
0.3309

This indicates that there is more genetic

variation within the male side of the heterotic The hybrids with the largest N responses simultaneously increased kernel number and kernel weight (Figure 2 and Table

pattern than on the female side. 6)

There is also greater yield variability at the higher
N rate due to environmental influences, which
leads to an inability to separate means based on
genetic potential.

Focusing on these key aspects, breeders should focus on increased yield at low N, as well as optimizing kernel number
and kernel weight responses to N. Greater genetic variation for these traits may be present in male HG germplasm.

Lastly, hybrids with these ideal characteristics are already in the market. Now the goal is to improve them beyond their
current state.




