Plants prefer ammonium as a N source
under elevated CO,: Implications @&
crop production.
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Nitrogen (N) uptake and preference

* Crucial nutrient for plant survival
* Inorganic forms used in agriculture

* Major inorganic forms include
ammonium (NH,*) and nitrate (NO;)

* Plants can show preference for
different N forms } i

* Key factors include environment, @ @
physiology and growth substrate




Plant growth at eCO,, under varying N nutrition
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Plant growth at eCO,, under varying N nutrition

* Reducing power

, ¢ T e diverted to fix
@ e \ additional C.
—_— o ° .
(9/ B2 . |nhibition of

Ire’i,f,zifzn | 1‘ | photorespiration
@ |_,< ...... | through altered

: €0,:0, ratio.

| | * Less reductant

available for NO;
reduction.

Fountain et al. (in prep.)



Plant growth at eCO,

Loblolly pine NO5~ Loblolly pine NH,*
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Measurifg N preference using 15N stable’ '
Isotopes

Fountain et al. (in prep.)

Growth
21 days

NFT hydroponlcs system

Isotope Ratio Mass
Spectrometry

v
v
\ 4

Dry shoot

) /\/\ 22

24 h

\'4 labelllng
N with®N

L

-ve value =
ammonium
preference

+ve value =
nitrate
preference



Lettuce N preference under hydroponic cultivation
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BSS — Black Seeded Simpson
Dra — Dragoon

Out — Outredgeous
WDG — Waldmann’s Dark Green

Heirloom
Grown in space

Groups not sharing a letter are significantly
different (p < 0.05, Welch’s t-test).



Lettuce N preference varies across varieties
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Lettlee cultivation under varying
ammonium : nitrate ratios

* Two NH,":NO; ratios.

* Two lettuce varieties;
‘Outredgeous’ and

‘Dragoon’ 0% NH,":100% NO3
’ Y» Strength Hoagland’s [control]

28 day growth cycle.

* Ambient (420 ppm)

and elevated (3000 Yield
ppm) CO,.

70% NH,;" : 30% NO3 NH.,"
NO;



NH," nutrition increases lettuce yield
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*Yield increase of ~¥28 % in : m
Dragoon, irrespective of ““ | * 5
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Yield (g)
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Summary

* Plants take up a small baseline amount of nitrate but display significant
ammonium preference when cultivated hydroponically.

* Degree of ammonium preference varies significantly across varieties, likely
linked to plant size and total nitrogen content.

* Plants with higher N demand typically source the additional N as ammonium.
* Ammonium preference may be further exacerbated by ISS-level CO.,.

* Ammonium-dominant nutrient solutions increase yield of hydroponically-
grown lettuce, though this is dependent on variety and CO, concentration.

Ammonium should be considered as a dominant N source for plants
grown hydroponically and/or at high CO, in future space crop
production scenarios.



Future Directions

* Determine advantages of NH,* provision in other candidate
space crops.

* Explore potential use of plant N uptake strategies to:
* Minimize nitrate accumulation in salad crops.
* Manage pH of hydroponic nutrient solutions.



cknowledgements

Advisors:

Gioia Massa

Elison Blancaflor e ‘
Ray Wheeler BEXI?EHD& P
Interns:

Kristen Saban

Annie Shelton

Tyler DeScenza

NASA KSC team
Work funded by NASA
Space Biology

NePeP

NASA Postdoctoral Program




R
Any questions? | ST

.,-\/‘ ~

\ ’

-

L
-




	Slide 1
	Slide 2: Nitrogen (N) uptake and preference
	Slide 3: Plant growth at eCO2 under varying N nutrition
	Slide 4: Plant growth at eCO2 under varying N nutrition
	Slide 5: Plant growth at eCO2
	Slide 6: Measuring N preference using 15N stable isotopes
	Slide 7: Lettuce N preference under hydroponic cultivation
	Slide 8: Lettuce N preference varies across varieties
	Slide 9: eCO2 increases lettuce preference for ammonium
	Slide 10
	Slide 11: Lettuce cultivation under varying  ammonium : nitrate ratios
	Slide 12: NH4+ nutrition increases lettuce yield
	Slide 13: Summary
	Slide 14: Future Directions
	Slide 15: Acknowledgements
	Slide 16: Any questions?

