
• Two field experiments were conducted at University of Nottingham 

experimental station at Bunny Park, Nottinghamshire, examining 285 Nested 

Association Mapping  population landrace-derived lines (Paragon x landrace 

SSD lines) and Paragon in 3 replicates. The fertilizer N amount was calculated 

to supply a moderate N stress, with a target total from soil N supply and 

fertilizer N of 175 kg N ha1.

• Two glasshouse experiments were conducted at Sutton Bonington Campus 

using split-plot design. Two levels of fertilizer ‘main plot’ were applied at high N 

and low N, and 14 NAM landrace-derived lines and bread wheat Paragon were 

randomized at the ‘sub-plot’ level in 3 replicates.

• A 2D-hydroponic root seedling phenotyping experiment was conducted at the 

Sutton Bonington Campus using 30 landrace-derived lines and Paragon under 

HN and LN conditions. Root images at 9 days after emergence were processed 

using (RootNAV 2.0) software to extract the root system architecture traits.

• Genome-Wide Association Study (GWAS) analysis was conducted on field 

phenotypic data through TASSEL software using the 13,604 SNPs (co-

dominant marker) from Breeders 35K Axiom® array resulting in 11,748 SNPs 

after filtering to remove minor allelic frequency (< 1%) markers. To create 

chromosomal ideograms representing MTAs or co-located MTAs with 

appropriate annotations, PhenoGram visualization software was used. 
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Materials and Methods

• The global population is predicted to reach 9.1 billion in 2050 and the 

current rate of genetic progress in wheat yields is not sufficient to meet 

future demand. Increased grain yield has been associated with increased 

use of nitrogen (N) fertilizers. N fertiliser is a key determinant of yield and 

represents a significant cost for the grower and may also have 

environmental impacts through nitrate leaching and GHG emissions.

• Therefore, there is an increasing emphasis worldwide in breeding wheat 

cultivars with improving N use efficiency (NUE; grain dry matter yield  per 

unit of N availability) and for reducing excessive input of fertilizers, while 

maintaining an acceptable yield. 

• Domestication and modern plant breeding for high yield has narrowed the 

genetic base of bread wheat, threatening future crop improvement. 

Therefore, novel sources of genetic variation for NUE are required.

Landrace wheat lines may provide novel resources of genes to improve 

NUE of modern bread wheat.

• The genetic basis of NUE and it is components (N uptake Efficiency and N 

Utilization Efficiency) are still unclear so, the yield increases and savings in 

N fertilizer inputs associated with these traits are still relatively untapped. 

• The objectives are to identify novel traits and marker-trait associations for 

NUE and its components and to explore root traits for improved (N uptake 

Efficiency; above-ground N uptake / N available) in wheat landrace-

derived lines.

Introduction and Objectives

Figure 2: Grain yield versus a) N-uptake efficiency and b) N-utilization utilization efficiency for the wheat Paragon x landrace NAM
population in the field experiment in 2016-17.

Figure 1: Linear regression of a) above-ground dry matter (t ha-1) on grain yield,100% DM) under moderate N supply in a field expt. at 
Bunny station 2016-17 and b) above-ground DM (g plant-1) on grain yield (g plant-1) under HN and LN treatment in a glasshouse expt.

Table 1: Phenotypic correlation of RSA traits with NUpE, yield, plant height,
thousand grain weight, above-ground dry matter and anthesis date in the field and
glasshouse expt. under Moderate and Low N conditions for the landrace-derived
lines and Paragon. SRN, seminal root number; ALSR, average length seminal root;
ASTA, average seminal tip angle; TLSR, total length seminal root; SRA, seminal
root length; and TLAR, total length all root

• There was a significant positive association between grain yield(GY) and above-ground dry matter (AGDM) under 

moderate N supply in the field and under HN and LN treatment in the glasshouse (Fig. 1).

• Nitrogen-uptake efficiency (NUpE) explained relatively more genetic variation (40%) in NUE than N-utilization 

efficiency (27%) in the field experiment in 2016-17 (Fig. 2).

• Out of 24 traits using 11,748 filtered SNPs, a total of 127 significant MTAs including co-located MTAs, with a -log10 

(P) value > 4  in 2016-17 were detected. For NDVI rate of senescence the most significant marker was on chr (5A), 

for N-use efficiency two MTAs on chr (5A and 2B), for grain per ear on chr (5A) with -log10 P-value of 6.42, and for HI  

with -log10 P-value of 7.41 on chr (5A) (Fig.3).

• Correlation between root system architecture traits from 2D-root seedling experiments and traits measured in the field 

and glasshouse experiments was found. Seminal root tip angle (higher value = wider angle) was positively correlated 

with NUpE. Average seminal root length had a trend of significant positive correlation with NUE and GY. Under LN 

conditions, seminal root angle was positively correlated with above-ground dry matter and AGDM per shoot. Total 

length all root was positively correlated with plant height (Table 1).

Results

Fig 3: Manhattan plots generated using 11,748 co-dominant  SNPs for a) NDVI rate of senescence, b) N-use efficiency, c) grains per spike, 
and d) harvest index using GLM model with -log10 (p) value plotted against the chromosomes position.

• Landrace-derived lines performed relatively better under 

N limitation for root system architecture traits compared 

to Paragon compared than under HN conditions.

• Plant height was different between genotypes, the 

average height of paragon (84.2 cm) was shorter than all 

the landrace-derived lines while Paragon is non-semi 

dwarf variety.

• Genetic variation in seedling root traits  under low N 

conditions correlated with N uptake and biomass at the 

crop and plant scale in field and glasshouse experiments 

under N limitation.

• Significant genetic variation was identified in flag-leaf 

pre-anthesis and post-anthesis leaf photosynthetic rate 

in field and  glasshouse experiments. Several landrace 

lines had higher leaf photosynthetic rate compared to 

Paragon.

• Genetic variation for N uptake amongst 285 landrace 

derived lines and Paragon was observed; three lines had 

significantly greater N uptake than Paragon.

• Under HN and LN treatments, genetic variation and 

transgressive segregation among landrace-derived lines 

compared to Paragon found for NUE and it is 

components in glasshouse experiments.

• Co-located MTAs for four important traits (NUE/Yield/ 

/AD and NDVI rate of senescence) on chr 5A at 

503137755 bp was detected.

Discussion

i) Using moderate N supply which was 175 kg N ha-1  and which might represent how the UK farmers grow spring wheat in the next 5-10 years results showed the 

introgression of landrace-derived genes into bread wheat provided novel resources to improve bread wheat for high N-uptake efficiency at maturity ii) these pre-

breeding resources may allow breeders to develop new cultivars combining new traits to increase NUE by 10-20% leading to a reduction in excessive use of N 

fertilizers which cause environmental impacts like nitrate leaching to ground water and also to an increased productivity of wheat.

Conclusions


