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Unraveling the Physiological Puzzle of Maize Yield
Formation and Plant Nutrient Uptake Processes
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Historical N and Grain Yield Changes

150 - 180
W bu/acre — y=1.8511x + 69.759R?*= 0.8636 170
140 =T T 2
¢ |bs N/acre & - 160
: : 0 o0 ¢ “ |
=120 - . I 140 D
— Q
Q
- 130 &
< 110 *® M 3
= ¢ - 120 =
g 100 T— I 110 @
81 >
S 90 - 100 £
= 90 &
80 |
- 80
(] I I
60 - 60

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
USDA Source; Pioneer Website
© IA Ciampitti, K-State Univ KANSAS STATE




Historical Plant Density Changes

(Corn Trends from 1983-2012)
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Plant Nitrogen Uptake Dynamics in Corn
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Ritchie et al., 2005

25-30% of total plant N uptake coming from post-
flowering period.
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Study of physiological changes over time:
~ Plant N Uptake - Scientific Knowledge Gaps.

GAP #1: Study of the grain yield and plant N

uptake relationship

L Grain N
- Uptake
Grain

GAP #2: Investigation of the association between oo Vield
plant biomass and N partition to the grain  Uptake

GAP #3: Evaluation of the N Use efficiency (NUE) | plantN
through its N Internal (NIE) component UPES

GAP #4: Quantification of the grain yield respo%‘igg
i and N uptake at different N rate levels %Ng
GAP #5: Is high-yielding corn related to NPK ratios?

GAP #6: Are grain nutrient removal values constant?

GAP #7: Post-flowering N uptake changes
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Relationship between aboveground biomass
and accumulated N at physiological maturity

y = 592x0-66
2=0.87

Aboveground biomass (Ibs/acre)

Aboveground plant N uptake (Ibs/acre)

Setiyono et al., 2010; Wortmann et al., 2009; 2011
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Gap #1: Relationship between Yield and N uptake

Review Paper: 100 reports (~3000 treatment means)
Hybrid Era (1940-1990 vs. 1991-2011)
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Gap #1: Relationship between Yield and N uptake

Review Paper: 100 reports (~3000 treatment means)
Hybrid Era (1940-1990 vs. 1991-2011)

Plant-Level, adjusted by plant density
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Gap #1: Relationship between Yield and N uptake

Review Paper: 100 reports (~3000 treatment means)
Hybrid Era (1940-1990 vs. 1991-2011)
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FLOWERING: Plant-scale Vegetative N vs. Grain Yield
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related to the final per-plant

grain yield achieved at maturity.
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Gap #2: Dry Matter and IN Fartitioning at Miaturity

Review Paper: Hybrid Era (1940-1990 vs. 1991-2011)
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Gap #3: Era Effects on NIE and Grain N Concentration
Review Paper: Hybrid Era (1940-1990 vs. 1991-2011)
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Gap #4: Yield and Plant N Uptake versus N rate
Review Paper: Hybrid Era (1940-1990 vs. 1991-2011)
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GAP #5: Is high-yielding corn related to balanced nutrition?
Total Plant N:K Ratio
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GAP #5: Higher yields requires a more balanced nutrition,
NP (5:1) and NK ratios (1:1), and more nutrients.
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GAP #5: Is high-yielding corn related to balanced nutrition?
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GAP #6: Grain Nutrient Removal Coefficients?
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GAP #7: Post-Flowering N Uptake

Effects on vegetative and reproductive N uptake versus the

reproductive shoot N remobilization?
Review Investigation

20
|

i 5 5 5 7
Maize Grain Yield @ I & 7 Maize Grain Yield @

1
(bubble size: Min=0.6-Max=19.3 Mg ha) oo I (btgle size: Min=0.6-Max=19.3 Mg ha™)

Y=0.60X-1.9 ®
R2=0.67; n=525

15
|

15

NEW ERA
o0 (1991-2011)

10
10

| NEW ERA
(1991-2011

5

|
5
|

0
|

(from silking till maturity)
Post-silking N Uptake (g m?)
(from silking till maturity)

Shoot N Remobilization (g m?)

Y=-0.39X - 6.7 ® ®
¢ | R2=0.17; n=525|

OLD ERA
(1940-1990)

1 | |
20

| | | |
0 5 10 15 20 25

Plant N Uptake at silking (g m?)

w
o

0 5 10 15
Shoot N Remobilization (g m)
(from silking till maturity)

GAP #7: Shoot N remobilization was more associated with
vegetative rather than with reproductive N uptake (# trends).
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Plant Nitrogen Uptake Dynamics in Corn

63% of plant N taken up by flowering 37% of plant N taken up post-flowering

Grain  62% from post- 38% remobi-
N: flowering uptake lized N

Pioneer website
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Conclusions: Most Striking Findings

* GAP #1: On per-plant basis, nutrient uptake at maturity had not changed
between Eras despite changes in modern hybrids.

* GAP #2: Nutrient harvest indices followed very closely the dry mass
partitioning (grain vs. stover).

* GAP #3: Improvements in NUE were primarily resulted from nutrient
dilution in the grain fraction of the plant.

*  GAP #4: Improvement in historical yield were also accompanied by greater
fertilizer N response.

* GAP #5: N:P and N:K balanced ratios => high-yielding corn.

* GAP #6: Grain nutrient removal varied with the yield production scenario
(not a constant factor).

*  GAP #7: Greater post-flowering N uptake for MODERN corn hybrids.
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General Conclusions
- From the REVIEW analysis:
- i) newer hybrids presented greater tolerance to N deficiency
and responsiveness as the N rate applied increased as
compared to older materials.

- ii) superior NUE (also NIE) for newer materials can be
explained by a lowering grain %N as compared to older
genotypes.

- Implications on the MANAGEMENT side:
- 1) As plant density increases, then dependency on N supply
(soil + fertilizer) is much higher.

- 1) greater post-silking N uptake is reflected to a greater N
demand coming after flowering, increasing N dependency
for high-yielding corn productivity.
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In the Path of finding the solution for the Puzzle
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