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Abstract: Molecular regulatory mechanism underlying efficient nutrient utilization in plants is an important subject for
theoretical research in plant science, and is also an important foundation to ensure national food security and ecological security.
Nitrogen, acting as an essential macronutrient for plant growth and development, is a key factor determining crop growth and
production. Along with occurrence of the first Industrial Revolution, a large-scale application of nitrogen fertilizer in agricultural
activities led to a gradually and steadily increasement of crop yield on a global scale, while posed a serious threat to ecosystem
security, such as soil acidification and compaction, anthropogenic eutrophication, and air pollution, etc. Recently, both the
theoretical research and applied research focusing on the molecular mechanism of plant nitrogen use efficiency (NUE) or crop
NUE improvement during breeding program become hot research topics for scientists around the world. Plant NUE is a complex
trait modulated by interactions of various genetic and environmental factors, involving in multiple metabolic processes including
uptake, transport, assimilation, and reutilization or remobilization of nitrogen. In this review, the key components and the
molecular networks controlling nitrogen uptake and transport, nitrogen assimilation, nitrogen remobilization or reutilization were
introduced, recent progresses in elucidating the genetic basis of crop NUE mainly made by Chinese scientists were summarized ,
and furthermore, the application potential of NUE genes in the program of high—-NUE and high-yield synergistic improvement in
staple food of rice, wheat, and maize was explored. Finally, strategies for breeding high-yield and high—efficiency cultivars in
future were proposed, and the necessity of genetic resources in crop NUE improvement was emphasized.
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Schematic routes of nitrogen uptake from soil for plants included absorption of ammonium and nitrate nitrogen, transportation, assimila-
tion, and remobilization or reutilization of nitrogen. The thicknesses of the arrows schematically represented the relative amounts of nitro-
gen or sugar inside the plant. Abbreviations: AMT, ammonium transporter; AS, asparagine synthetase; Asn, asparagine; Asp, aspartate;
GDH, glutamate dehydrogenase; Gln, glutamine; Glu, glutamate; GOGAT, glutamine— 2— oxoglutarate aminotransferase; GS, gluta-
mine synthetase; NiR, nitrite reductase; NR, nitrate reductase; NRT, nitrate transporter
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Fig.1 Molecular regulatory network of plant nitrogen metabolism
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Tab.1 Definitions and formulae used to describe nitrogen use efficiency in plants

H R TR 2% 30k

Term Formula Definition References
HEFRZE  Nitrogen use efficiency NUE=Sw/N N2 A Wy B [29]
REMAAES  Nitrogen usage index NUI=SwX (Sw/N) 2 A Wy i 3 [30]
REMHRG7H)  Nitrogen use efficiency (yield) NUE= Gw/Ns TR W SRR 14 1 7 5 [31]
AEWCRL . Nitrogen uptake efficiency NUpE=Nt/Ns S AR 2R R A B R IR [31]
RAEFERCE  Nitrogen assimilation efficiency NAE= Gw/Nt S WA ) B R A AT A LB [31]
fFFAH Agronomic efficiency AE=(Gwy—Gw:)/Ng S Wi 4R A B AL R e 1 R [32]
FMA HIFE  Apparent nitrogen recovery AR=(Ny,—N¢y)/NpX 100 W A 4 3 3 A 4 P R R [32]
AL E Physiological efficiency PE=(Gw;—Gwe)/(Npy—Ney) OB B R AL O 7= 5 1 R0% [32]

H AR, R 2R R AR, ZMAHZ Gw, 77 4 Gwe, 72t CRBEAR , X 88 s Gwpe, 723 AR ) 5 N, b 350 8 D Ny, L B 2 (OF
T AL , % B 5 N, BN Bt H 48 5 Ny, A 9 8 Ui GHEAE ) 5 N, it 03 (g/ 8k ) s N, B BR S0CRURE s NUE, B8R R 203 s NUTL 2R FIL 8 5
NUpE , &l # W % s NAE, B R FALR0R ; PE A BB0R ; Sw, L FHE &

Note: AE, agronomic efficiency; AR, apparent nitrogen recovery; Gw, grain weight; Gw,., grain weight of unfertilized control; Gwy, grain
weight with fertilizer; N, nitrogen in shoots; N, plant total nitrogen (no fertilizer, control); N, nitrogen fertilizer applied; Np,, plant total nitro-
gen (fertilizer); Ns, nitrogen supply (g per plant); Nt, total nitrogen in plant; NUE, nitrogen use efficiency; NUI, nitrogen usage index; NUpE,
nitrogen uptake efficiency; NAE, nitrogen assimilation efficiency; PE, physiological efficiency; Sw, shoot weight.
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