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1. INTRODUCTION

4

Nonhost resistance (NHR) is a durable form of resistance exhibited by an entire plant species to a specific pathogen. Studies of this phenomenon often use biotrophic pathogens that penetrate plant cells and form
intracellular feeding structures. In contrast, Zymoseptoria tritici - the causal agent of the foliar disease Septoria tritici blotch (STB) of wheat! - is a hemibiotroph that invades the host through stomata and remains
extracellular during its entire life cycle?. While the molecular nature of Z. tritici virulence has been investigated on its natural host (wheat), NHR against Z. tritici remains poorly understood.

o
2. PREV'OUS RESEARCH FINDINGS} Bright light UV light Bright light UV light
I .
. . - -y s S Silenced NbBAK1 SllenC-ed NbBAK1
A previous study by Kettles et al. (2017)3 at Rothamsted have identified that: (A (B) — j Untreate __ via ViG>
)
® A number of Z. tritici secreted effector proteins triggered cell-death defence response when transiently expressed ) .
in the nonhost tobacco species Nicotiana benthamiana (Figure 1A) o A
® Cell-death triggered by some of these effectors were shown to be dependent on BAK1 and SOBIR1, well-known co- e — -»"*NO
receptors for many plant cell surface immune receptors (CSIRs) (Figure 1B) Cell-death Cell-death
. e c e . . Figure 1:
ThIS suggests that the recognltlon Of Z. tritici effectors INn a non-host N. benthamlana plant occurs at the plasma (A) Numerous Z. tritici effector protein (such as Zt14 shown) trigger cell-death (red arrows) when transiently expressed in N. benthamiana leaves. (B) Cell-
membrane_apoplast interface 3 nd is ||ke|y to be mediated by CSIRs death triggered by expression of some Z. tritici effector proteins, such as Zt9 shown, in N. benthamiana is dependent on the co-receptor NbBAK1. Image in
) (B) is from Kettles et al. (2017).
(B) Treatment with
effector proteins
(A) Transient expression YK X ) (C) Complex formation (D) Co-IP with
of BAK1-GFP @ CSIR-BAK1-GFP anti-GFP antibodies
o Yo 9799 N '
| | o ) | | U I b b L B !
Identify and characterize CSIRs facilitating recognition of Z. tritici effectors in N. benthamiana — ‘ ) | 14 \ "l \
OBJECTIVES: e % e ‘@ C@ n
BAK1-GFP
® Perform proteomic screen to identify N. benthamiana receptor proteins interacting with BAK1 upon recognition of cognate Z. tritici . | T m—
effecto IS (F|gu e 2) 5 @ Apoplastic Effectors |?, Kinase Domain cég GEP Spectrometry
Figure 2:
Confirm the identified interacting proteins as CSIRs that detect Z tritici effectors using Virus-Induced Gene Silencing (VIGS) (Figure 3) In brief, N. benthamiana leaves transiently expressing BAK1-GFP (A) will be infiltrated with the purified Z. tritici
effector proteins (B) leading to formation of CSIRs-BAK1-GFP complexes (C). These complexes will be isolated by (D)
Assess whether other nonhost plants (i.e. Arabidopsis thaliana) could recognise the same or a different set of Z. tritici effectors (Figure 4) co-immunoprecipitation with anti-GFP antibodies. The recovered proteins will be identified by liquid

chromatography-mass spectrometry (LC-MS/MS) on a Discovery Proteomics Orbitrap Fusion Platform. This approach
relies on the knowledge that BAK1-CSIR complexes are formed only in the presence and upon recognition of the
corresponding ligands (i.e. Z. tritici effectors in our case).

Test the transferability of effector recognition between species (Figure 5)

o

| 4. POTENTIAL IMPACT

Transient/stable expression of Score for recognition capability

Silenced (via VIGS ) individual CSIRs Treatment with Z. tritici effectors Score for loss of cell-death Nonhost model plant Arabidopsis Score for appearance of cell-death
CSIRs between the plants (appearence of cell-death)

Treatment with Z. tritici effectors

O v)
. pe . . . e . - ~ TN © N Og S
|dentification of CSIRs recognising Z. tritici effector g o @
proteins in N. benthamiana could be used to: reamentuih £ frfeiefector
. . AT
® |dentify homologues genes in wheat plants OSIRs o,
® Being directly introduced as transgenes into
susceptible wheat plants Figure 3: Figure 4:
o . L ] . Candidate CSIRs will be functionally characterised using a rapid functional A panel of selected Z. tritici effector proteins will be transiently expressed
Provide fundamental InSIghtS into NHR mechanism to genomics tool such as VIGS. Silencing of the bona fide receptor in N. benthamiana in a model plant Arabidopsis thaliana and scored for appearance of cell-
extracellular pathogens is expected to result in the loss of defence (i.e. no cell-death) in response to death phenotype. Here, the hypothesis is that the same Z. tritici effectors ~ CSIRs with effector-recognising capability will be transferred between the two
p g specific Z. tritici effector. are recognized in the different nonhost species by orthologous CSIRs. nonhost model plant species via transient expression assays or stable genetic
transformation and tested for recognition capability (i.e. appearance of cell-death)
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MILLERS, SAVING YOU TIME AND MONEY! CREATING WHEAT VARIETIES
WITH CONSISTENT AND HIGH BREADMAKING QUALITY

ROHAN RICHARD?, LUZIE WINGEN?2, MERVIN POOLE?, PAOLA TOSI%, SIMON GRIFFITHS?, ALISON LOVEGROVE?!, AND PETER SHEWRY"
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[ Abstract [ Objectives J

A significant part of the variation in wheat breadmaking quality remains unexplained and intrinsic

1. Maximizing cultivar response to nitrogen inputs to

quality is also strongly affected by the environment.
To this end, the present study uses two sets of lines from the cross Malacca x Hereward to explore the 26 » Cordiale reduce fertiliser costs and environmental footprint
effects of quality-related QTLs and of genetic variation in grain protein deviation and stability using field ‘ ) R A population of 104 double haploid. lines from thf? cross of
trials grown in 3 environments (sites or years) 44 ” Malacca and Hereward is being grown in three
For the first set is 72 near-isogenic lines differing in 8 QTLs for 5 breadmaking traits (loaf volume, cell 4 N L Istabrag environments (Rothamsted 2019 and 2020, Reading 2020)
number and wall thickness, crumb colour and firmness). These are being grown in three environments in - N\ _ wiaees | WIth 150 kg/haN and a seed rate was 350 seeds/m?.
the UK (John Innes Centre in 2017 and Rothamsted in 2019 and 2020). Three treatments are considered: & %
QTLs (8), alleles (2) and lines (5) which will allow us to compare allelic effect for each QTL. The lines are B : Y varksman | This population will be used to carry out a genetic study for
being randomised for each treatment with three replicates. QTLs showing effects on the phenotypic Tl % i19 the traits grain protein deviation (GPD) and stability . GPD
variance in the three environments will be studied further to identify candidate genes and molecular 1.6 .: \, s the deviation. from the linear relationship between grain
mechanisiie 1 e o i:ﬁ_’rlulm yield and pro-tem content (Left chart).
The second experiment uses 104 double haploid lines. Only one treatment (line) is considered and the ) ) \unear (200 | TNe population was selected because Hereward shows
lines are being grown in replicated yield plots in three environments (Rothamsted 2019, Reading and 12 kg/ha) consistent positive GPD and Malacca zero or negative GPD.
Rothamsted in 2020). QTL analysis will be carried out on each field trial to control environmental effects. i:;";luw . The population has been mapped with high density
1 markers so the identification of favourable alleles for GPD
5 7 ? 1 13 15 in Hereward will allow the development of linked markers
Volumeter: Measure the volume of a bakery product in cm3 | grain yield (t/ha @ 85% DM) for breeding.
Provide information about the product: = CIooe Chtom Trait Flanking B rkets
Density of the bread crumb {
Strength of the gluten flour Bread is a staple food in the UK providing calories, vitamins, (MH100 x Malacca®) 1B Number of cells gwm264 and barc8
Enzyme activity | proteins and minerals to our diet. During breadmaking wheat dough is (MH58 x Hereward?®) 2B firmness wmc257 and wmc317
expanded by carbon dioxide produced by yeast to give gas cells which (MH9 x IVIaIacca3) 2D Loaf vol swm102t,wmcl8,gwm129t
result in the porous structure of the baked loaf. This expansion is . .
Coarse —— permitted by the viscoelastic properties of the dough that result largely (MH1 x Malacca®) 4D No cells L b98,8dm125t
seed coat Fine seed coat i from the structures and interactions of the gluten proteins (Shewry and (MH19 x He reward3) 4D L* b98,gdm129t
Reomixer: provides practical, rapid small- Tatham, 1999). Numerous studies have shown that both total gluten (MH70 x Malacca3) 6A No of cells 334-b3
scale wheat protein quality measurements protein content and variation in gluten protein composition contribute
derived from dough mixing characteristics. to quality. However, a significant part of the breadmaking variation (MH60 x Malacca®) 7A  Wall thick Cell diam/vol. Loaf vol Psp3001
— Estimation of: 1|l remains unexplained and may resul.t from | contributions of o’Fher (MH39 x Hereward3) 7B loaf vol gwm537t,gwm577,barc182t‘
- Gluten strength components such as non-gluten protein, arabinoxylan polysaccharides | =3 qentifying novel stable determinants of breadmaking quality — a genetic approach
- Extensibility and lipids. For example, surface active components such as lipids| A yrevious genetic study performed of breadmaking traits using the DH population of Malacca x Hereward identified
- Stability stabilise the gas cells in the dough. favourable alleles for 5 traits related to bread characteristics: dough colour, loaf volume, crumb structure, firmness
Break Reduction flour The cultivars Hereward and Malacca were highly successful and gas cell wall thickness (Above tab).
flour breadmaking wheats, but in both cases the quality does not appear to This led to the development of a set of Near-Isogenic lines (NILs) to confirm the effects of the alleles by comparing

Farinozranh be determined bY gluten protein composition. Analyses of a ¢ross | them in the same genetic background by backcrossing with the Malacca parent. Several sister lines were developed
srap between these lines show that both have QTLs for aspects of

Estimation of: . ) : . _ . for each allele resulting in 72 Near-Isogenic lines (NILs) which are being grown in three environments (JIC 2017,
breadmaking quality while Hereward also has higher grain protein Rothamsted 2019 and 2020). Robust allelic effects (i.e. detected in at least two environments) will be identified and

- Gluten strength

- Extensibility compared to yield, a pher.10menon kn'own as grain protelr'l deviation related to grain composition.
- Stability (GPD). | am therefore using two series of lines from this cross to
- Water absorption explore these traits: a populatlc?n of 104 doublc-ed haplmql (DH) lines to Determination of processing properties
e C Cell Colour s an advanced dieital pap, (T for GPD and a 2V Of 72 near-isogenic lines (NIL?’) 0|  small scale analyses of dough rheology will be carried out using a Reometer. This small scale (10g) recording mixer
| maging system & determine the effects of allelic variation at 8 mapped QTLs for quality. measures dough strength and stability by recording the energy required during mixing.
- vt - Shape (important for packaging) ' References Large scale analyses will be carried out on bulked sets of sister lines using industry standard methods at Heygates
“ . - Distribution of gas cells, area, volume : Shewry, P. R., & Tatham, A. S. (1997). Disulphide Bonds in Wheat Gluten Proteins. Journal of ! Ltd. _ _ . \ ,
e - Colour of Crumb and crust (consumer . Cereal Science, 25(3), 207-227. https://doi.org/10.1006/jcrs.1996.0100 . The samples will be milled on a Buhler MLU-202 to produce white flour and the water absorption determined by
”"ﬁk"‘ﬁfr perception) é Chart of GPD: Shewry, P. R., Wan, Y., Chope, G., Penson, S., Mosleth, E. F.,, & Hawkesford, M. J. i Farinograph. Dough elasticity and extensibility will be determined by Extensograph and bread quality by test baking.
AR ' (2013). Project Report No. 521 Sustainability of UK-grown wheat for breadmaking. 87. !
¥ - University of Lol ROTHAMSTED ot .h ro—
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. Ancient and wilid v:/h'eat ' Domestlcated wheat
IntrOductlon s — == & — eSS - O ST S8 1 ==

Triticum monococcum Triticum dicoccum j T /cum aest/vum

Aphids are a major wheat pest, inducing damage by reducing nutrient . BV /A8 M This project aims to further understand the aphid resistance
and assimilate availability via phloem feeding, by viral transmission (ex. ' | ’ mechanisms in T. monococcum MDR045 and MDR049 and Aegilops
Barley yellow Dwarf Virus) (fig.1) and by reducing photosynthesis due to longissima 2150002, focusing on the secondary metabolites (SMs)
aphid honeydew enabling saprophytic fungal growth on leaves.! used by these accessions.

i Project Aim

This will be done by observing how SMs from these accessions,
compared to aphid susceptible accessions, change with increasing
b aphid density infestations and across feeding time. By sampling
_Veldand palatability 4 different parts of the plant, the systematic response by the plant to
o aphid feeding will also be investigated.

Additionally, insecticide resistance and the banning of working
insecticides makes controlling aphid infestations harder.?

The low genetic diversity in modern wheat results in a lack of aphid

resistance>* (fig.3), therefore ancient and wild wheat species are being Figure 3: Loss of genetic diversity and resistance genes with the domestication of modern
I I I I I I I I I wheat. Left to right: Triticum monococcum, Triticum dicoccum and Triticum aestivum. Base ) . . A
L”e‘"zzt;szee‘:et;’iL‘iz”r:‘;ydzf;scvbggaafh'd CHEET AR Gl el N TR i How will abiotic factors effect aphid resistance?
Aphid resistance in related grasses Abiotic stresses characteristic of both climate and soil nutrient
depletion prime aphid susceptible plants against aphid*3(Fig.6). This
* Aphid Resistant Maize adopt the same resistance mechanisms as has not been investigated in aphid resistant wheat. This project will
ancient wheat??. aim to observe whether a combination of abiotic stresses effects the
* Mazie produce antifeedant benzoaxinoids (BXs) °. aphid resistance mechanisms in ancient wheat.

e The BX DIMBOA also plays a signalling role, inducing callose
deposition® (Fig.4,5).

Figure 6: Abiotic stress

Figure 1 : Sitobion avenae feeding on wheat (A) (obtained defence priming. 1: plants

P, . . 10 o .
from Rothamsted VCU database), Rhopalosiphum padi Aegilops speltoides also produces these BXs-. ABA T are exposed to abiotic
feeding on wheat (B) (obtained from Rothamsted VCU . ) : : . stresses. 2: ABA pathway is
database), Wheat with Barley yellow dwarf virus (C) < As aphid resistant ancient wheat and some Aegilops species lack BX [ Abiotic ] /5 l induced  (abiotic  stress
(obtained from Syngenta.co.uk) productioni®!! other secondary metabolites may be employed that stressors @ A/SA " deoi;ence re;ponse), inO| turn

! ' . ) [ [ A A
. . _ . provide aphid resistance. Of interest are T monococcum MDRO045 L)natrncl\'/gss = (;est - aid
Aphid resistance in ancient wheat and MDR049% and Aegilops longissima 215000210 as they have high \) e R oniaes]

aphid resistance yet lack BXs.

% priming against aphid attack.
v 3: ABA, JA and SA related
VOCs released by the plant.
4: The VOCs repel aphids and
attract aphid predators. 5:
VOCs prime defence
response of nearby plants,
attracting aphid predators.
Base image®3.

Screening studies show

o, I

r

Abiotic
stressors

that ancient diploid wheat () Callose

@ :DIMBOA

—> [ vocs _> “

have the highest aphid
resistance34,

-_AL

Resistance mechanisms
include phloem occlusion
and pre- and post-alighting
cues (fig.2) >,

/ : " OIOH DIMBOA 3

C OH This will highlight links between the abiotic stress response and

aphid resistance mechanisms and will help predict whether these
defence mechanisms will be effective under certain soil conditions
and changing abiotic factors due to climate change.

Aphid predator attraction
is also observed in Triticum
monococcum

Figure 5: Maize (A) (obtained from
Europa.eu), Aegilops speltoides (B) (obtained
from kew.org), Chemical structure of DIMBOA
(C), DIMBOA induced callose deposition (D)% References

. Rabbinge R. et al. (1981)Neth. J. P. Path. 87(6):217-232. 8. Schroder ML. et al. (2015). Entomol Exp Appl. 157(2):241-253.

Figure 2: Aphid resistance in ancient wheat. 1: VOCs released by the plant prevent aphid . Pickett JA. (2013). Food Energy Secur. 2(3):167-173. 9. AhmadS. et al. (2011). Plant Physiol. 157(1):317-327.
. Aradottir Gl. et al. (2017). Ann Appl Biol. 170(2):179-188.  10. Elek H. et al. (2013). Bull Insectology. 66(2):213-220.

1
2

alightment. 2: Aphids feed on the plant. 3: Aphid feeding induces VOC release. 4: Aphid induced . ° o . L _

. - _ . . . ) . ogl N . . 4 . 4 A : | 4. Migui SM, Lamb RJ. (2004). Bull Entomol Res.94(1):35-46.  11. Elek H. et al. (2009). Comm Agric Appl Biol Sci. 74(1):233-241.
VOCs repel aphids and attract aphid predators. 5: aphid feeding induces phloem callose  Figure 4: DIMBOA activity in maize during aphid feeding. 1: aphid feeding induces callose 5. Greenslade AFC. et al. (2016). Ann Appl Biol. 168(3):435- 12. Foyer CH. et al. (2016). J Exp Bot.67(7):2025-2037.
4
6
7

deposition, blocking sap flow. 6: The blocked phloem prevents aphid feeding. Base image®3. deposition and DIMBOA release into the phloem. 2: DIMBOA induces further callose 49, 13. Pickett J.A., Khan Z.R. (2016). New Phytologist, 212(4):856-870.

deposition. 3: Aphid ingestion of DIMBOA acting as an antifeedant. . Simon AL. et al. (2019). bioRxiv.
. Di Pietro JP. et al. (1998). Plant Breed. 117(5):407-412.
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FERTILIZER FORMULATION HOW FERTILIZER ADMIXTURES AFFECT PHOSPHATE
FOR AFRICAN AGRICULTURE

Author: Jemima Amielle Ramarolahy . - S
. . . . | ' #- :’ a .
Address: Cranfield University, Bedfordshire MK43 DAL ‘ ‘I"' - /

SOLUBILISATION IN THE RHIZOSPHERE?

Phosphate (P) deficiency, a major constraint for agnculture in sub-
Saharan africa, where soils are highly weathered, extremely low in 'METHODOLOGICAL APPROACHES

available P, and fertilizer inputs are very low.

To maximise use of a small amount of P fertilizer, plant external I- Parameterise P uptake and solubilisation model
efficiency mechanisms can be manipulated by the combmation of

compounds in the fertilizer and the placement of the fertilizer.

Liquid

e _ IR
IR [ | [ 1|
1 "33

Ll1..4

Figura 1: Propery formwlated fertiizer, jocaliced dose to the developing root
system increcses P uptake. Howewver, this wall not hoppen i the fertivzer
produces g wary ooidic or alkelne environmaent

Overall aims: to understand the processes controlling phosphate
use effickency in crops in highly-weathered low-P soils, and thereby
to provide a basis for developing improved fertilizer formulations Figura 3- Modal of solubilisation by pH changes Figure 4: SIMROOT modai

relevant for agriculture in sub-Saharan Africa. Nype (1872} ) Zoil Soi 23, 82-32 Postmo at.al (2017 New Phytol 215: 12741286

Objective 1: To test 3 model allowing for root grometry and P solubilisation effects _ o .
o | o o II- Test different fertilizer admixture and management
Objective 2: To test the hypothesis that P efficency in band applications can be

improwved by manipulating the combination and forms of P and N in fertilizer across a - Controlled-environment pot experiments
range of P levels - Field experiment in highly weathered sub-5aharan African soils

Objective 5: To dras condusions for developing fertilizer formulation and

manazement technologies Improve understanding of P uptake and use efficiency in rice genotypes in highly weathered soils, and how It is affected by fertilizer formulations
and management

Objective 3: To assess P fertilzer response of noe genotypes

Objective 4: To identify P uptake and assimilation genes in nce indicatrve of P fertilizer
response and P nutrtional stetus

support the development of novel compound fertilizer formulations for African cropping systems
Contact: Jemima.Ramarolahy@rothamsted acuk 7., .= Ll



Identifying novel variation in Nitrogen Use Efficiency (NUE) and its physiological and genetic
basis in wheat

The University of

Nottingham
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Division of Plant and Crop 5ciences, S5chool of Biosciences, University of Nottingham, Leicestershire LE125RD, UK
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Introduction e Results g
MNitrogen (N}-use efficiency can be defined as the grain 1 E I
vield per unit of nitrogen supplied (from N fertilizer and g = I ] - |
coil) and is dependent on the two key components N- ﬁ E ! 2 - T u T n . - ! I
uptake efficiency [(MUpE) and N-utilization efficiency .#::T“ l ; ; E % % ; = E E z E ! T % i § E
(MUtE). The excess use of N fertilisers causes serious M - : 2 g = " E s % 3 B E G E : 8§ E
environmental impacts including nitrate leaching into —tboeee il oz % & 3 i 4 3 a E g L
ground water, eutrophication of water bodies, and - L J mma i a -
global warming (emission N,O; and CO, in manufacture e N _,:J,'i E — . Fig. 1 Percent yield difference between paragon and NILs having NUE traits OTLs, where paragon yield is taken as reference.
of M fertilizers) (Foulkes, 2009. Therefore, a key breeding Hawkeslord et al., 2011 a0 NDVI
target in wheat is enhancing NUE. In bread wheat, there a0
is relatively small genetic variation in NUpE and NutE in e PSR SR AL DEATOMERATW
field investigations within adapted elite germplasm. This E“" PSR- -L L
study therefore aims to identify novel variation for NUE E:E PWI32-22-9-1-03A-COMSTR-W
by screening diverse wheat germplasm (landrace and im PIWZO29.5-6-0HB-GFPTTW  ©—
synthetic derivative hexaploids) for NUE and associated 00 PIAL41-58-7-10-07 D-AGDRM-W
traits and biomass and to understand its genetic basis. 00 Paragan
ard
R et - . o T - o e o
Materials and Methods S E ST TS S A . 3 NDVI at anthesis (17 sune] for NILS with Watkins landrace sleies (W)
Two field experiments in 2018-19 were carried out at HRothamsted m Mottingham for OTLs for aboveground DM (AGDM), straw DM{COMSTR) and grain filling
Nottingham University and Rothamsted Research. The Fig. 2 Grain t/ha @100% DM in DFW BTK lines at Nottingham and thermal time (GFPTT) compared to paragon at Nottingham
BBSRC Designing Future Wheat [DFW) Breeder's ; R - . i
=0 TP

LA | ) OOes e

Diversity Toolkit of hexaploid wheat including near- -
isogenic lines (NILs) derived from landraces backcrossed am
to Paragon was screened in three replicates at each site. ; 3
The NILs were developed at John Innes centre by &
selecting for QTLs for NUE and related traits identified o
in the previous BBSRC WISP project. These NilLs are ::
being used for identifying the genetic variation and its o

genetic basis in wheat. Second field trail was carried out L m———— ;fj"#}ﬁﬂﬁﬁﬂf'r*ﬁh;fﬁfﬁ*ﬁfﬁ#ﬁ}i}f&; fffﬁfﬁffffffffffﬁ:ﬁ:ﬁ*

frree (el v

at Rothamsted with 20 selected NiLs. Physiological & Mear | I
measurements were carried out described in Table 1. Mear lsogenic lines _ _ ; _
Table 1. Ph'fsinlngi:al measurements on BTK lines conclusions Fig. 4 Flag leaf Photosynthesis rate at Anthesis [Nottingham) Fig. 5 NDVI for MiLs Anthesis (17 June, Nottingham)
Growth MiLs with W allele and having NUE related traits OTLs had significantly higher grain yield than paragon (Fig. 1). NILs incorporating QTLs
Dmmlqmm't Fhlﬂﬂngh:il Senescence Root related to NUE traits aboveground DM (AGDM), straw DM and grain filling thermal time [(GFPTT) with alleles from Watkins landraces

Kinetics  phenotyping

Normalized

had Normalised Difference Vegetative Index (NDVI) significantly above Paragon (Fig. 3 and 5). The grain yield at Rothamsted site was
higher (1-1.8 t/ha) as compared to Nottingham site (Fig. 2); and yield at the two sites was correlated among genetic lines (P = 0.01;

: data not shown). No significant variation for flag-leaf photosynthesis for the NiLs compared to Paragon was observed (Fig. 4).
NIy gruunc

dey it Ongoing work
S A subset of NiLs with NUE-related QTLs is being grown in a field experiment at Rothamsted Research in 2020-21. Transcriptomics
A — experiments will be done on selected NILs with promising NUE QTLS to identify the candidate genes for NUE QTLs with a focus on N
|straw, grain) remobilization and senescence-related traits. In-silico gene/s identification from QTLs is being carried out by using online databases
N remabilization and tools.

Difference

: Leaf photosyrthess

Establishment
ctapli=nment rak

el Chowel pmacs

.1'|'g||'_ roof .,

[Licor 6400

Flugrpen FP100] fire Bartar (MY

ot lEngtng

posl-hareest

rowth stage

Hyperspecira
ceeire-radiometar chinraphwyll

content {SPAD)]

o
efficency
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FUNCTIONAL CHARACTERISATION
OF FUSARIUM GRAMINEARUM b
CANDIDATE EFFECTORS |

gN
Clalre Kanja12 Ana I\/Iachado Wood! Karen Irawan3

1
.L—Iammo@ Kosack F

1 Dept. of Biointeractions and Crop Protection, Rothamsted Research,
Harpenden, AL5 2JQ, UK

2 School of Biosciences, University of Nottingham, Sutton Bonington, LE12
5RD, UK

3 Imperial College London ,South Kensington Campus, London SW7 2AZ, UK,

CHARACTERISATION IN N. BENTHAMIANA

Recombinant expression of FgSSPs using Agrobacteria mediated
transient expression (ODg,, = 1). FgSSP53 but not FgSSP34 expressed
from pEAQ-HT-DEST3? vector leads to induction of Fig.1 (A-D) necrosis
and E+F) Reactive oxygen species (ROS) production.

FeSSP53

FeSSP34

Figure 1) Photos were taken at 5dpi following agroinfiltration with vectors containing
FgSSP53 (A,C,E) or FgSSP34 (B,D,E) viewed under A+B) normal light and C+D) UV light.
E+F) images at 4 dpi following staining with 3,3'-Diaminobenzidine (DAB) to detect ROS

O 100%
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O 80%

(O

4 60%

Q

2. 40%

e

= 20%

O

o %
BAX (+ve GFP (-ve FgSSP53 FgSSP34
control) control)

Figure 2) The necrosis induced by heterologous expressed proteins in N.
benthamiana can be quantified by measuring the electrolyte leakage of leaf disks 4

dgys after agro-infiltration.
N
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Fusarium graminearum is the causal agent of the global economically important wheat disease Fusarium Head
Blight. FHB reduces both grain quality and yield and results in grain contaminated by harmful mycotoxins. During the

fungal-floral interaction F. graminearum differentially upregulates a subset of genes encoding small secreted proteins
(SSPs).

Two candidates identified by bioinformatics FgSSP34 and FgSSP53 are upregulated in the symptomless phase of the F.
graminearum-wheat floral interaction!. These proteins are predicted to be paralogues and share no sequence

homology with known proteins except each other.

_ngsp34 &
1200bp region
CHARACTERISATION IN WHEAT CONCLUSIONS

Using the Barley Stripe Mosaic Virus-mediated overexpression system
(BSMV-VOX)3, overexpression of FgSSP53 but not FgSSP34 in wheat
floral tissue was shown to significantly decrease F. graminearum
disease severity.

* FgSSP53 and FgSSP34 have different phenotypic effects in planta
despite being paralogues suggesting neofunctionalization.

e Although FgSSP53 is expressed during the symptomless phase of

No-Virus \ :

FHB this effector induces defence responses in both N.

benthamiana and wheat.

FUTURE WORK

Figure 3) Representative F. graminearum disease symptoms on wheat ears
expressing individual FgSSPs or the iLOV control. Photographs were taken 12
days post F. graminearum infection. MCS- multiple cloning site

* Explore the FgSSP induced immune response in N. benthamiana
using RT-qPCR

Batch

AUDPC raw values and mean from the LMM * Generate £ graminearum knockout mutants of FgSSP53 and

with 95% CI per Treatment and grouping letters

[u]
—h

& 10 FgSSP34 and double mutants
= + 1
12 * Explore possible interactions between FgSSP34 and FgSSP53
H <13
— ” B using protein-protein-interaction assays such as BiFC
: 2 @ 2
*# 3
= & 4
2 — B ACKNOWLEDGEMENTS + REFERENCES
= im
=L ) - B 7
20 . " g PhD funded by the BBSRC and Lawes Trust as part of the Doctoral
= _ Training Partnership programme between Rothamsted Research
Treatment and the University of Nottingham. Studentship with Kl funded by
ssuvresseas | the BSPP.
samvresses: 4 Brown, Neil A., et al. Molecular Plant
0- =3 Bswv: : -
1 A I 1 | | Eg:::gﬂﬂpg Path.ology 18.9 (2017): 1295-1312.
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Treatment

G.P. Plant Biotechnology journal, 7(7), (2009)
pp.682-693.

3 Lee, Wing-Sham, Kim E. Hammond-Kosack, and
Kostya Kanyuka Plant Physiology 160.2 (2012):
582-590.

Mo Virus

Figure 4) The estimated means and 95% confidence intervals for the area under the disease progression
curves (AUDPC) values predicted using the linear mixed effectors model. For each treatment all individuals are
plotted, and the symbols indicate batches. The letters correspond to significance groups calculated using Tukey’s
method (p<0.05).

claire.kanja@rothamsted.ac.uk

@KanjaClaire
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THE NITROGEN ECONOMY OF RICE-PASTURE-
LIVESTOCK SYSTEMS IN URUGUAY.

ROTHAMSTED  Names: Jesus Castillo!, Guy Kirk?, Jordana Rivero3, Stephan Haefelel

RESEARCH Addresses:! Rothamsted Research, Harpenden. % Cranfield University. 3 Rothamsted Research,
North Wyke

INTRODUCTION

In Uruguay, rice production is considered in an integrated rotation with perennial pastures
for direct cattle grazing. Country productivity has stabilised 8 Mg ha* with the application of
only 75-80 kg N ha™l. Because on average, about 100 kg grain per kg N added are obtained
(Pittelkow et al. 2015), which at least doubles reported values for the major producer
countries (Lahda et al. 2005), it is believed that this rice-pasture rotation and the animal
effect has allowed the rice sector to minimise the use of N through the preservation of soil
qguality. The aim of the study was to quantify the country-level Full Chain NUE and the N
balance (inputs-outputs) of the rice-pasture-livestock system of Uruguay, based on an N
budget approach.

METHODS

. A national scale database for the last 16 year was constructed for the rice (0.165 M ha) and
livestock (8.25 M ha) system.

. Records considered: rice grain and bi-products rice production and N crop use, livestock
production (final food and total from bovine and ovine cattle), pasture production and
pasture type composition. Local and regional literature data for atmospheric N deposition,
pasture N fixation, and N losses (gasses and leaching), animal N efficiency were used.
Calculous of total N animal recycling and N animal direct deposition from livestock to rice
sector were conducted based on previous data.

. N balance was calculated as de difference among all the inputs and the outputs of the
system at a farm gate level.

. Full chain NUE was analysed as: N in food products/ New N inputs (fertilisers, N fixation,
atmospheric deposition, following EU Nitrogen Expert Panel (2015) proposal.

L s L L s L L
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Average N inputs (99 kg hal) for the rice system were fertilisers (65%) and animal direct
deposition (ADD) (24%), while for the livestock sector (13 kg ha?), 41, 46 and 13% | = e
corresponded with pasture biological N fixation (BNF-P), atmospheric depositions (AD) and
rice bran (RB), respectively. Main output in the rice system was the N retained in the grain
(GR) (86%). Of 11.5 kg ha' as N livestock output, 78 and 14% corresponded with | S50¢
environmental losses (denitrification=DEN and leaching=LE) and N in animal products (AN), 1000 m
respectively (Figure 1). For the entire combined system a slightly positive balance was T &

Full Chain NUE was 74, 12 and 23% for the rice, livestock and complete system respectively
for the entire period. These values were higher (rice), and similar compared with
international published information but with less N addition in both systems, possibly,
because a high direct total N recycling (61%) in the entire chain.

105 Rice-Country 18 Livestock-Country 18 r System-Country

TR CONCLUSIONS
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This well-integrated system achieved for the entire
system, and for each sector, N balances (kg N ha' year)

AD
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5 — BNEe vot i B close to the neutrality.
oo e b oputs  Oupws  Balance oputs  Outputs  Balance Cross-benefits as the animal direct deposition (ADD)
2 . from the livestock to rice sector can be identified as an
Rice NUE country level UN 290% Livestock NUE country level . . .
160 TR z. ’ important N input source to the crop. In the opposite
2120 T e E s T18Ures 1 and 2. Country rice, livestock way, the rice bran (RB) contributed in 11% of the N
2 S i g NS 24 T and entire system N balance (1) and . he i K
:g T i//;f// Min. N productivity g ———————————/::rﬁ/———wn:Nproducmuy NUE (2) of Uruguayan rice-livestock- Inputs to t e_ lvestock sector. .
gaw 3% - Z=kwS-ewa% pasture system between 2004/5 to Compared with other producer systems, the rice sector
0 L= e o ber - 2019/20. In (B) numbers in series reached a high NUE and the livestock sector, NUE's
0 40 80 120 160 0 5 10 15 . .
N inputs (kg ha yr-1) N inputs (kg ha yr-1) Liﬂ;ﬁ;:l ::'aens?t‘:::‘ber of study year around international reported values.
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The influence of supplement source (organic vs. Inorganic) of selenium,
copper, zinc, and manganese on micronutrient excretion and partitioning
between urine and faeces in sheep

Research background

Forage plays a key role in ruminant nutrition and the quality
of animal-products. However, frequently forages lack
sufficient micro-minerals for ruminant requirements.

Direct mineral supplementation to the diet of ruminants is
commonly adopted to improve ruminant nutrition.

The excessive minerals are excreted mostly through urine
and faeces, which contains higher concentrations of
micronutrients than feed and is a major source of
micronutrients in pasture system.

The major factors influencing micronutrient flux in manured
pasture systems are unclear.

We started from a sheep experiment

Study factor: mineral supplement source and level
¢ Forms: organic vs. inorganic of Se, Zn, Cu and Mn
¢ Levels: 100% vs. 80% of level regulated by National
Research Council of US (NRC)

BT EREERy IEllllllllllﬂlllllllll“lllll.!_

K Faeces
collection diaper &

Pellet 2 \
N feeding |} J
bucket |HE——
J Urine go down through the slat

‘Figure 1. (left) the biocontrol system Tor automatic Teed| 2

recording; (right) methods of collecting separated urine and faeces.

Data collected:
v’ Total excretion of urine and faeces
v’ Macro- and micro nutrient concentrations in the
feed, urine and faeces

Key findings

. Within NRC levels, basal diet (nutrients not from supplements) is a major
source of micronutrients, especially for Mn, and can dilute the effects of

mineral supplements.
Table 1. Portions in total element intake of the micronutrients from different sources

Element sources Se n Cu Mn
Mineral supplements 53%-77% 47%-55% 42%-51% 16%-23%
Concentrate 19%-38% 28%-31% 25%-28% 17%-19%
Silage 4%-10% 17—23% 24%-31% 58%-66%

Il. Both the level supplemented and form had no influence on partitioning of
micronutrients between urine and faeces within the NRC supplementing level.
Table 2. Partitioning of micronutrients between urine and faeces

Treatment Se (w/w %) Zn (w/w %) Cu (w/w %) Mn (w/w %)

Urine Faeces Urine Faeces Urine Faeces Urine Faeces

Inorganic-low 17.7 82.3 5.1 94.9 0.4 99.6 0.1 99.9

Inorganic-high 17.1 82.9 7.0 93.0 0.4 99.6 0.1 99.9

Organic-low 15.7 34.3 6.6 93.4 0.4 99.6 0.1 99.9

Organic-high 21.1 78.3 4.7 95.3 0.4 99.6 0.1 99.9
folyza [ 0.8279 0.2279 0.0906 0.4383 0.8279 0.2279 0.0906 0.4383
Lyl (k2) 0.1674 0.4468 0.3579 0.7323 0.1674 0.4468 0.3579 0.7323
F1xF2 0.2205 0.5464 0.9161 0.8558 0.2205 0.5464 0.9161 0.8558

lll. The ratios of Se and Sulphur in urine and faeces were significantly different,
which might influences Se availability to forages post excreta application in soil.
Table 3. Selenium and Sulphur content and ratio change in urine and faeces after supplementation

- 'u'rilnhe (cnonc./conc.) - Faelcr:\es (nconc./conc.)

Treatment Seuay1‘4/ Day0 A D§€\_//354 SLeJay1‘4/ Day0 A %/gél_
Inorganic-low 1.33 3.19 1.47E-05 2.50 0.97 9.55E-05
Inorganic-high 1.77 2.72 2.48E-05 4.16 0.92 1.63E-04
Organic-low 1.14 2.91 1.55E-05 2.24 0.97 8.74E-05
Organic-high 0.96 1.61 2.05E-05 4.30 0.97 1.64E-04

F1 P-values 0.0088** 0.2095 0.3353 0.797 0.5327 0.2815
F2 P-values 0.4308 0.1154 <0.001*** <0.001*** 0.634 <0.001***

F1xF2 0.0836 0.4508 0.1663 0.3875 0.6485 0.2413
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INTRODUCTION

Soil Spectroscopy and Crop

Modelling for Precise Fertilizer Understanding the sensitivity and robustness of spectral analysis methods in the
Application In Morocco laboratory and in the field will improve applicability of spectral techniques for precise

Authors:'Tadesse Gashaw Asrat, 1Dr Ruben fertilizer management through soil-crop modelling. Soil spectral libraries can be
Sakrabani, Prof Ron Corstanje, 2Prof Fassil Kebede,
3Dr Stephan Haefele, 3Dr Kirsty Hassall

Addresses: 1Cranfield University, Cranfield, UK; timing of the entries which could reduce chemical tests for calibration meanwhile
’Mohammed VI Polytechnic University, Ben Guerir,
Morocco; 3Rothamsted Research, Harpenden, UK.

developed at a scale using statistical models by optimizing the quantity, location and

improving the predictive power for new samples.

Instrumentation

METHODS ==
RESULTS o o
» Target crop: wheat under rainfed production, ¥ N B
» Auxiliary environmental variables that will be considered to . , .. , _ , , = B K 3253555 IR
: Y . . » Six soil types were identified for the pot experimentation which will be sampled P — :..:.-6
explain the variations and uncertainties, sesecs
» Various machine learning algorithms and soil-crop modelling
techniques will be studied once primary data are generated.

from 5-6 sites differing in slope and agroecology.

» The spatial datasets deployed to identify these soils were Soil groups (FAO
GeoNetwork Team), Infrared rainfall estimation (CHIRPS), crop coverage (African
land cover viewer), and Digital elevation model of 30 m resolution (Earth Explore).

On-station NPK Experimentation at one site for two consecutive years > These datasets were collated and processed using ArcGIS Pro software to get the
to catch variability within a farm scale and evaluate level of precision of spatial distribution and area coverage of the soil type.

the new methods at field condition using crop response. > These soils include Calcic Kastanozems, Calcic Cambisols, Chromic Luvisols , DF e chemmtal compositon re— -
Vertisols, Eutric Planosols and Luvic Phaozems which represent more than 85% of 02 Picser e N
the areas where wheat is being grown in rainfed production in Morocco.

FTIR for a range of properties
Tensor 1| & Alpha {Bruker)

Figure 1: Soil spectral analysis instrumentation at
RRes.

eo _100 _90 _80 _70 _60 _50 _40
“ N = ymep =2,Kénitra e

Field wheat production assessment and employment of Hand- ‘ e
. . . o A Lgs Domaines Agricole Farms =2,Meknés r:a’ /;’
Held NIR to evaluate diverse soil-environmental condition at B s e LREAR CONCLUSIONS

36°

. . O Douiet (Sais) =2,Taounate ">\
country level through representation of Mega- environments of B Ghart =361 Jadida J1 RS , . :
v I : £ Makt s e ¥ et » Soil spectral sensing techniques should be
Wh eat prOd u CtIO n. in prci)mzr:vyay =3,Sidi Bennour Mo R g (1Y o S D57 _caaath . . . .
secondary ShYousoua evaluated for their ultimate use in-field and
Target Province - 'orocco ounca .
= Leriman Balleme, with crop response.

=1,Béni Mellal = Calcic Kastanozems

=iFphBensn Sl Vg Mgt » Developing soil spectral libraries could reduce
=i vertisole o g the cost of chemical analysis for calibration and
prediction of new soil samples

3%°

Pot experimentation for major soil types representing wheat
growing areas in rainfed condition for in-depth study and
precise evaluation of crop response.

34°

FUTURE WORK

33°
33°

Soil samples of the identified soils will be collected
to carry out the pot experimentation and identify
the possibility of existing and/or newly developed

Developing frameworks for the
best use of soil spectral library at
field and Country levels.

320
30

| R W o | 0 ~ — soil spectral libraries to predict soil properties of
Figure 2: Experimentation flow chart. o > T = o * S the samples at a scale.
Figure 3: Spatial distribution of the major soil types. -
Onversity \ EICEDJEIAAI‘RI\(/:ETED Acknowledgements: The research project and studentship are financed by OCP Group via the Mohammed VI Polytechnic MOH:A‘;:A‘;';W »‘Q.‘:i‘d
University, Morocco, under the overall project -‘Next generation of agricultural research scientists for Africa’. UNTVERSITY ocP




A Cereal Killer’'s Mask: What Triggers 3LysM Effector Expression in a Fungal
Wheat Pathogen?

Luca Steel™?, Hongxin Chen?, Kirstie Halsey?, Kostya Kanyuka?, Matthew Dickinson?, Paul Dyer? and Jason Rudd? .
1, Rothamsted Research, Harpenden. 2, University of Nottingham

- We investigated 3LysM expression using Z. tritici strains expressing GFP under
L / : control of the 3LysM promoter (3LysMP::GFP).

Expression of important Zymoseptoria tritici effector
3LysM may be regulated by:

1) A glycosyltransferase 2) An upstream regulator
* AGT2 and WT strains show differential GFP * GFP is affected by 3LysM promoter length.
expression. * Adds evidence for an upstream regulator.
Click numbered headings 3) Nutrient availability 4) Infection stage
to'find out more --> » GFP varies with nutrient availability/ » GFP upregulated as
* expression generally strongest in plant- early as 24 hpi on
WT ASLysM derived and weak nutrient sources. wheat leaves.
INTRODUCTION ..'? | ‘ * Stronger expression in hyphae than spores. * 3lysM may be
Zymoseptoria tritici causes Septoria Leaf Blotch on wheat: It RO
eUp to 50% yield loss  +70% of EU fungicide usage a,? [ YPD Water Wheat leaf broth Preg
= | specific Infection
During initial asymptomatic phase, 3LysM effector is secreted. ! stages.
Chitin binding <——w__ 31ysm ——— A3LysM avirulent 3
proten SR |
Prevents chitin- Regutated by GT2 ¥
induced defence glycosyltransferase? =
3LysM, allowing plant chitin receptors to recognise Z. mhau':uwdmum ;mmwmhuhdmw et s S Sl s o S A 45 o Sl A IO
fungal development stages St . R, &, sy £ Mno g &, Lo 4, Mmmand nmd, £, e 6 Akt OB, el mets
¢ identify putative regulators of 3LysM using Y1H and fungal o e Gt
A\WMSTED - BBSRC Doctoral niverity of mutagenesis r .
2?;;/{51’: ;{ru O | Notting * Validate these results in knockout strains and explore <, luca.steel@rothamsted.ac.uk

¢ Training Partnerships Nottinghan

orthologous regulators in other phytopathogens W @Iluca_steel




TECHNICAL AND PRACTICAL
INNOVATIONS TO REDUCE SOIL AND
WATER LOSSES BY IMPROVING SOIL

PHYSICAL PROPERTIES

Authors: Sophio Bahddow®, Prof Wiilfred Otten’, Prof Jane Ricksor®, Dr
Richard Whalley”, Dr Ho-Chul Chin®, Dr Mohamed El Gharous™

Addresses: 'Cranfield University, Cranfield, UK: *Mohammed VI
Pohytechnic University, Ben Guerir, Morocco; *Rothamsted Research,
Harpenden, UK

METHODS

v Review the different erosion processes, factors affecting
<0il erosion, erosion measurements and existing soil

conservation technigues

[ A
v Conduct laboratory-based experiments
' using the rainfall simulator to simulate
erosion by water

e

|
—
 Develop and test an  innovative -.'

system that integrates a wind tunnel ==
and rainfall simulator to simulate :
the effects of soil erosion due to
bath wind and rainfall

using tension infiltrometers and a

mini-rhizotron camera to monitor
changes Iin soil hydraulic and

physical properties

v" Test the soil-plant systems in a newly built facility to

understand their impact on reducing wind and water
erosion, and their resistance to extreme climate events.

test the hypotheses developed in
the project under local climatic

and soil conditions

Acknowledgements: The research project and studentship are fimanced by OCF Group as part of the programme ‘Next generation of agrnicultural research -1 n:r:- v

meleEritiete fer Sfre’

INTRODUCTION

In Morocco, soil erosion is a serious agro-environmental threat considered as major constraint to

plant and crop productivity. This project is directed at reducing soil and water losses in Morocco by
developing novel methodological approaches and practical measures that will improve soil physical

properties. This approach uses a better mechanistic understanding of the processes of erosion by

water and wind, and their impacts on soil and water resources.

PROGRESS TO DATE CONCLUSIONS (INTELLECTUAL CONTRIBUTION)

S50il preparation:

Gie a clear vision of what needs to be developed in the

p i .
Test 4 different types of soil experimental capabilities in s0il erosion studies

surface roughness under the
rainfall simulator to simulate

water erosion Understand the erosion processes and the practical field
based techniques to reduce soil and water losses

Improve environmental protection by focusing on both
wind and water erosion, separately and combined

Rainfall simulator set-up:

v Time taken for runoff generation (min)

FUTURE PLAN
v Total Infiltration and runoff (mil)
v Splashed material (g)
sept 2023
v Eroded sediment (g) :
Thess submisdian | | MW7 -2073

Fir o experments
n BMomocoo

Provisional results:

2021 - 2022

v Sediment concentration is higher at the - 2all-plant-watar
beginning of the rainfall event. B

v Random roughness generates more and water ercsion
runoff and soil loss.

v Oriented roughness across-slope
doesn't always give better erosion

control.

Ciata amalysis - Water engsion
sdprrumaE s

Wird Tunnel corstruction anc
resling

- Wi erosion expetimierts

Comdbination of vind and wate:
EFOS T Expermmerls
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Introduction Novel QTLs for High Dietary Fibre in the Watkins Landrace Collection
Wheat is an important source of dietary fibre (DF) in the UK diet, with James A Brett, Noam Chayut, Simon Griffiths, Peter Shewry and Alison Lovegrove

bread alone providing about 20% of the daily intake (Lockyer and Soiro,

2020). Almost all DF comes from plant sources with the majority of DF Dietary Fibre (DF) has a number of recognized health benefits however few people eat the
coming from plant cell walls. The main DF component of wheat grain . .. : . . . . . .
cell walls is the pentose sugar, arabinoxylan (AX). With 70% of the UK recommended daily minimum intake. Using the Watkins Landrace Collection this project aims

population preferring to eat white bread we aim to increase the fibre
content in wheat endosperm to deliver health benefits without
changing eating habits and at no extra cost.

to characterise novel genes and alleles for high fibre.

= TN | T

Correlating specific viscosity with relative viscosity ‘ CONCLUSIONS

Paragon x Watkins mapping populations

Phenotyping the lines

« PxW 145 . :
e PxW 471 > populations grown over 3 o 96 randomly selected lines were screened for soluble AX o . .
. PyW 694 consecutive years. ,‘/ content .+ Strong positive correlation between relative
. 1.2 viscosity and specific viscosity
PxW 007 — y =0.4505x-0.4161
* PxW 032 ‘_ . 10 R? = 0.6555 . .
b | - -HPSEC-MALS suitable for screening large number
5 § S ”g? 0.8 of lines for AX.
‘ % 0.6 N | ’
— E * A weak, but positive correlation between WE- -
- g 04 pentosan and specific viscosity.
§§§ i 0.2 \
: . -These methods measure different but related o
s !g \ T . 0 S e -0 . parameters, which could result if different QTL ;
e . \ Relative viscosity E
. * This could provide novel and different QTLs for |
\ Specific/intrinsic viscosity (HPSEC-MALS) against relative viscosity the high DF trait.

(Capillary viscometry)

* Relative and specific viscosity of aqueous wholemeal
flour preps for each line- a proxy for soluble
arabinoxylan content

_»

FUTURE WORK

Correlating specific viscosity with WE-pentosans _
e All lines will be screened using HPSEC-MALS and f

1.20 pentosan methods. '3

y =0.1992x+0.7346
R*=0.3042

* HPSEC-MALS = intrinsic/specific viscosity
 Capillary Viscometry= relative viscosity.

1.00

* Phenotypic data input into R/qtl and will perform }
0.80 2P A .}’l'f_ oo’ QTL analysis using Axiom 35k marker data for all

_ t_
e W
A 2
T.:'
3

* KU Leuven partners determine soluble-AX with 2 060 1 PxW populations in this study.
colorimetric ‘pentosan’ assay . . . . .
0.40 e Resulting QTLs will be refined using exome capture
- data.
ROTHAMSTED 4
\ RESEARCH 0.00 * The QTLs will be further interrogated for causal '
’ e o e s ' e N genes or alleles within these regions. “
Specific Viscosity #

| DFW |
John Innes Centre

Biotechnology and
Unlodong Nature's Diversity FLANDERS’ g:sl:g;gzl gg:jenncc;;es

FOOD

WE-pentosan data from Leuven, plotted against specific

viscosity S - J
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PLANT-BASED VACCINES FOR PREVENTION OF
POULTRY VIRAL DISEASES: NEWCASTLE DISEASE

s Nurzijah'2, Kostys Kamyuka', Janet Daly®, Stephen P. Dunham®

‘Bicimturactions And Crop Protection, Rothamsted Research, Harpenden, United Kingdom
Bcheal Of Veterinary Medicine And Science, University Of Nottingham, Sution Bomington Campus,
Leicestershire, College Road, Loughborough LE12 SRD, United Kingdom

BACKGROUND AND AIMS

o The devwicpment of plant vus-Bases tramert saprmsion syl providen &
rolsunt tool 10 persvate & hgh peid of cecomberumt protens with sepencr speed
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NOVEL BRASSINOSTEROID DWARFING GENES AS ALTERNATIVES FOR IMPROVING WHEAT GRAIN YIELDS
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Introduction

* Yield is an outcome of the plant’s capacity to capture light energy
and utilize it to fix carbon dioxide into complex organic compounds.
* Smarter canopies with upright leaves on upper stem nodes, less
erect on the medium and horizontal on lower nodes are more
radiation use efficient (RUE).

* Leaf angle in cereals is a hormonally regulated architectural trait
which is determined by the differential cell size of the collar region.
* Brassinosteroids are steroidal hormones which are extensively
reported as key regulators of leaf angle in various cereal crops

(Sakamoto et al 2006).
 Studies in rice and barley have demonstrated that lesions in the BR

A field based screen to identify novel TaBRI1 alleles

Hexaploid wheat contains three homoeologous BRI1 genes that are functionally redundant. We have demonstrated that tabril double
mutants are phenotypically comparable to Cadenza whereas the triple mutant is severely dwarfed. To identify novel tabril dwarfing
alleles that alter canopy architecture, we are taking advantage of the double tabrilbd mutant and conducting EMS mutagenesis, to
identify mutations in the TaBRI1A gene. It is also likely that other genetic loci controlling this trait will also be identified in this screen.

TILLING to identify novel BR mutants with increased leaf erectness

We intend to characterize TaBRI1, TaDWF1 and TaDWF4 genes. Loss-of-function mutations in these BR genes in rice and barley
(Sakamoto et al 2006 and Dockter et al 2014) were used successfully to tailor crop canopy architecture. We aim to identify these in
wheat, produce and characterise mutants. Cadenza TILLING lines developed by Krasileva et al 2017 will be exploited to identify
deleterious mutations in these genes followed by backcrossing and phenotypic characterization.
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Identification of orthologues of BRI1 and DWF1
genes in wheat followed by construction of
phylogenetic trees to study relatedness to other

Identification of the deleterious mutations (marked in red)
in the Cadenza TILLING population using Ensembl wheat
database

Followed by intercrossing between identified

tabrilbd Cadenza tabrilabg mutant lines to stack the mutations and initiate

biosynthetic and signalling pathway result in a more erect stature
that can produce improvements in grain yields (Sakamoto et al

2006 and Dockter et al 2014).
* We are trying to replicate these effects in wheat by targeting
various genes in the BR pathway (as shown in Figure 1).

BR biosynthetic pathway

Acetyl COA mmip wmwlp Mevalonate wap mml AZ_1PP/ A% - IPP

Figure 1: Shows the reduction of leaf
angle in TaDWF1 triple mutant (plate
A) as compared to Cadenza (plate B)

tabrilbd mutant displays a wild
type phenotype and was subjected
to EMS treatment.

M1 generation was sowed in the field in 12
independent plots.

M2 individuals selected in field were classified into 4 classes based on
final plant height (i.e. <20, 20-40, 40-60 and >60 cm) and were scored
visually for altered leaf angle. Approximately 450 out of 600,000 M2
individuals were shortlisted from the field.
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Cad. AABBDD AAbbDD AABBdd aaBBDD AAbbdd aaBBdd aabbDD aabbdy

Various combinatorial mutants of TaBRI1 and TaDWF1 at BC2F2 generation. Very high level of functional

redundancy is observed in these genes
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We then design KASP primers for high-
thoughput genotyping of BC2F2 generation.

. B
Farnesyl pyr:hosphatate G Geranyl pyrophosphatate @ T DWF1 T BRI1
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Squalene = Cycloartenol \/
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:' Cad. tabrilbd Pl No. ) tab;'ilbd Pl No. 2 géaf angle (SOft Leaf angle (SOft
24- ethylidenslophenc! <= [BES methy;‘ SISRHEES] Followed by backcrossing to reduce : it o T ds t M3 individuals were sown in the glasshouse and the leaf angle was ED g)o u%'ﬁ #i*l i I - dough StagE)
& 8 genetic noise and characterise individuals beqduenmfng ° ‘I,SNP (,;;‘ene needs to measured with the aid of protractor. Lines having angle less than that < :
&8 . B at BC2F2 generation € done for nove iscovery of Cadenza were shortlisted. @ Q) Q, Q) 6 « 5
I1sofucosterol 24- methylenecholesterol 6 % % % 6 w 8 0 | [ ] [ | [ ] [ ] ||
i - i— Py PP e .
e Camp{ste,o. R > c Dol ol ol el
e 8 « 450 M2 individuals were selected from the field having . Genotype
T - : : Leaf angle (Anthesis A A
s s altered leaf angle (scored visually) and plant height and .
- T T were grouped in 4 classes. Stage) wleaf angle Castastero
o- deoxocasaserone —>  Furthermore, a subset of 74 M3 individuals (from 40-60 100 ~ " T T 7T 29(2nd leaf) ne
-—,,—,—,e—,—————— —— — — — . . . —
S and >60cm class) were sown in duplicates. 13 lines | < 50 . . 8.00 . .
e A A T displaying reduced leaf angle (recorded at anthesis stage :T)o 0 bisddasidbifal i O © E U ®©
: : e — M NN A N T Genot \ Genoi
— S— with protractor) were identified. = SIS B \1 P B o
* These ShortIISted llnes were re-sowed In 2020 In .E Genotype Plate A shows leaf angle (at soft dough stage) recorded in the BC2F2 generation. There is Plate A shows leaf angle (at soft dough stage) recorded at BC2F2 generation. We don’t
. o g . . s e . . . . . c c 2 2 — approximately 80% reduction in the leaf angle in dwflabd as compared to Cadenza. In observe a substantial reduction in the leaf angle in various combinatorial mutants but the
Castasterone is produced at the end of pathway which is the required by BRI1 to initiate BR signalling pathway in wheat. This ultimately results gIaSShouse In ra ndom |Sed com plete bIOCk dGSIgn Wlth 8 LSQS%)- 6.61 contrast at the seedling stage a 50% reduction in the leaf angle is observed in triple triple mutant is severely affected (as seen in plate C). Additionally we observe very high

in developmental changes.

e omees g uurewonc R e o

biological replicates (figure 2).

Figure 2: Describes that there are significant differences in the
leaf angle in the shortlisted M4 lines w.r.t the controls.

mutant as compared to Cadenza (B and C). This confirms the effectiveness of these genes
in controlling leaf angle architecture.

levels of Castaterone accumulates in this mutant as compared to wild-type indicating
there is blockage in BR signalling (as shown in B).

We ar rgeting BR hw velop new allel nferrin more er rchi re th I 1. We will perform netic analysis on BC1F2 plan lish if the m ions are r ive or

© 3 ‘.e ta get 5 -pat ay to de gop © .a eles conterring a more erect a.c tect.u et at.cou d © . perform a genetic analysis on BC plants to establis the mutations are recessive o 1. We will quantify the anatomical differences (if any) in the dwflabd mutant compared to Cadenza in the
potentially improve yields. Two strategies are being employed to develop mutants in BR biosynthetic and dominant. o o I . .

: : : . : . . lamina joint (as it is primarily involved in determining leaf angle).
signalling pathway as follows: 2. BRresponse assays will be conducted to establish if the mutations affect this signalling pathway. . .. : : : : : :
. . . . : . 2. As there is reduction in leaf angle, we will conduct field trials with selected mutants at different planting

1. Afield based screen to identity TaBRI1 alleles that alter wheat architecture. 3. Targeted sequencing of the TaBRI1A gene will be performed. densities to assess if thy can be blanted at higher densities to imorove vields
2. TILLING to identify novel BR mutants with increased leaf erectness. 4. Other strategies, including exome capture will be used to identify mutations at other loci. Y P 8 P Y '

manpartik.gill@rothamsted.ac.uk

References: Dockter, Christoph, et al. "Induced variations in brassinosteroid genes define barley height and sturdiness, and expand the green revolution genetic

toolkit." Plant physiology 166.4 (2014): 1912-1927.

Sakamoto, Tomoaki, et al. "Erect leaves caused by brassinosteroid deficiency increase biomass production and grain yield in rice." Nature biotechnology 24.1 (2006): 105.
Krasileva, Ksenia V., et al. "Uncovering hidden variation in polyploid wheat." Proceedings of the National Academy of Sciences 114.6 (2017): E913-E921.
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Smart Detection of Airborne Diseases During Tomato Production
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INTRODUCTION

The UK produces approximately 92 000 metric tonnes of tomatoes per vear.

The industry 1s plagued with recurning fungal infections of powdery muldew (Pseudoidium
neolycopersici).

To prevent loss of vields, the plants are treated prophvlactically, as well as when fungal
infections are detected. with crop protection product. This can be costly.

The aim of this project 1s to be able to detect pathogens before they infect the plant. The model

1.

Lid

KEY FINDINGS DURING THE PHD

P neolvcopersici travels further than 4m with wind speeds of 2m/'s and get dislodged at 0 .>m/s
wind speeds.
Dispersal of spores 15 directly related to how many spores are released.

. Developed a loop-mediated 1sothermal amplification (LAMP) assay to detect P neolyvcopersici

Spore traps closer to the source of inoculum detect spores faster and before visible symptoms
spread to other plants

. Spore traps at lower levels detect spore traps faster than spore traps at the top of the glasshouse

organism used in this study 1s P neolycopersici.

/ DISPERSAL OF P neolvcopersici
(

P neolycopersici 1s dispersed by wind.

An expenment in the wind tunnel was conducted too

see what windspeeds are required to dislodge P |
neolycopersici from imfected tomato plants. |

Effect of different windspeeds on P meolpcopersio spore distrnibubion
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/ MOLECULAE DETECTION METHOD \

|
A LAMP (Loop-mediated 1sothermal amplification) assay has
been developed that targets actin.

The standand curve created by the LAMP assay

.
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( GEEENHOUSE EXPERIMENTS H\
T The spore traps sample the airborne particles onto sticky

surfaces over a short/long peniod of fume or over a long
period of fume.

| think | detected something in 1
the greenhouse!

Conducted a pilot study to understand whether spore trap

placement will have an effect on the speed at which we
detect P neolycopersici in a glasshouse.

Comgaring the differences between spore count calecied by rotor
noacks at tha botioen and top of & glasshousa
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TRANSCRIPTOMIC DATAAND PHYTOHORMONE ANALYSIS PROVIDE INSIGHTS INTO WHEAT
TILLERING CONTROL IN RESPONSE TO NITROGEN SUPPLY
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Introduction

= The main responses of plants to nutrient-deficient conditions include changes in root and shoot

architecture.

= Above ground plant architecture is highly influenced by changing tillering patterns.
= Tillering is known to be regulated by the interaction between 3 classes of phytohormones, auxin,

cytokinin (CK) and strigolactones (SLs).

= |t is well established that low P triggers SL production leading to tillering suppression. Similarly,

SLs are required for tiller suppression under low N.

Material and

M

ethods

= Even though N is the main limiting nutrient that affects cereal growth and productivity, there is .

limited information about the molecular mechanism of tillering control by N levels.

SL biosynthesis (Left)

(

\

Plastid

B-carotene
D27

v

9-cis-B-carotene

carlactone

strigolactones

(SLs)

(TaD27)

cytochrome P450

SLs are

Cytosol\

B-carotene

CCD7
(TaD17)
9-cis-B-apo-10’-carotenal different
ccps orobanchol.
| (TaD10a-b)

steps

carotenoid
DWARF27 (D27) catalyses the conversion of all-trans-
9-cis-B-carotene.
CCD7/D17 and CCD8/D10 are working in concert to
produce carlactone, the precursor of bio-active SLs.
The conversion of carlactone to bio-active SLs is
catalysed by a cytochrome P450 encoded by MAXI.
Monocots have multiple MAX1 paralogues involved in
carlactone

into

of

cleavage

SL signalling (Below)

(TaMAX1.1-1.5)

/

pathway.

v
&D —

IPA1/SPL14

IPA1/SPL14

IPA1/SPL14

In presence of SLs, D14 receptor binds SLs triggering a
conformational change which allows D14 to form a
complex with D3. D14/D3 complex leads to the
ubiquitination and degradation of D53. D53 is the
main repressor of SL signalling pathway which could
physically interact with SPL14 and suppresses the
transcription of downstream genes. TB1 has been
shown to be among the downstream genes of this

Downstream
genes (TB1)

Downstream
genes (TB1)

D53

IPA1/SPL14 I

products. Firstly,

Subsequently,

conversion to

8 days after

10 days old hydroponically
grown T.aestivum var Cadenza
plants were subjected to N or P
limitation for 8 days.

For nutrient limitation, plants
were supplied with 1% of the
control conc. of N or P.

8 days after nutrient limitation,

root, shoot and basal nodes
were collected for
phytohormonal and

H?@SBHW(?W&&%QRMQ%%W@S was performed by UHPLC-MS/MS -

DAS 10
1st tiller bud
outgrowth

Ly

~.—.

Control LowN Low P
T0mM N 0.TmMM N 1T0mM N
TmM P TmM P 0.0TmMMP

_—

Triple Quadrupole Linear lon Trap, QTRAP 4500+ (SIEX), Mass

Spectrometer.

For RNA-seq, total RNA was extracted from basal node samples and
sequenced with lllumina sequencing (Genewiz Ltd).

nutrient
limitation
(18 DAS)

~ -
-~
-
-
-

RNA-seq data analysis

On average each sample had 39M paired-end reads. HISAT tool was used for mapping reads to

alignment rate of 85%.

-
-
-
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-an="
-

v

Counting and Differential
gene expression

featureCounts and
DESeq2

ABA
Auxin (I1AA)
GAs
Phytohormone > CKs
Sy (tZ(R), cZ(R), iP(A))
RNA-seq | Homogenised
Basal nodes ground node

samples
3trt x 4 reps

‘ Total RNA
extraction
QC and Mapping f |
of reads " \ S
Paired-end reads (FASTQ)
@A01174:19:HNWNLDMXX
TCAGGATTGGGTAATTTGCGCTGCCTT....
.
FFFFFF:FFFFF:FFFFFFFFFFFFFF:FFF. .. ‘
HISAT
— lllumina
—_— sequencing

Assembled sequence

the RefSeqvl.0 with overall

Mapped reads were assigned to genes with featureCounts (avg. 23.2M) based on RefSeqvl.1. Pseudo-alignment was also
performed with kallisto 0.46.0.4 for calculating the number of transcripts per million reads (TPM).

Differential expression analysis was performed with DESeq2 tool.

g.Profiler (https://biit.cs.ut.ee/gprofiler/gost) was used for enrichment analysis.

Results

Up-regulated

padj < 0.01 FC>1.5
Low N

Control

TaD27-7A*
TaD27-7B*
TaD27-7D*
TaD17-2A*
TaD17-2B*
TaD17-2D
TaD10a-3A*
TaD10a-3B*
TaD10a-3D*
TaMAX1.3-6A
TaMAX1.3-6B
TaMAX1.3-6D
TaMAX1.4-7A
TaMAX1.4-7B*
TaMAX1.4-7D
TaD3-7A
TaD3-7B
TaD3-7D
TaD14-4A
TaD14-4B
TaD14-4D*
TaD53-4A*
TaD53-48B
TaD53-4D
TaSPL14-7A
TaSPL14-7B
TaSPL14-7D

Down-regulated
padj < 0.01 FC<-1.5

KEGG enrichment
analysis

Transcription factors |

Plant hormone signalling

]
Carotenoid biosynthesis [T

]

]

0 2 4 6

MAPK signaling pathway

Starch and sucrose metabolism

8 10
-log (p-adj)

Top 5 significantly enriched up-regulated
KEGG in N deficient nodes. Enrichment
analysis was performed using a custom build
KEGG reference containing more than 46000
genes.

Discussion

= N limitation had a stronger effect on both transcriptomic
and metabolic changes. This also supported by the
developmental changes recorded under low N (data not
shown).

mean Z-scores of TPM from 4

asterisks.

= Down-regulated genes under low N are related to
housekeeping functions and metabolic processes, whereas
upregulated genes are involved in signalling pathways and
transcription regulation.

= The phytohormonal analysis suggested that most of the
changes occurred in low N nodes. Decreased CKs and IAA
content, whereas ABA conc. found significantly higher.

= As highlighted by RNA-seq, (apo)-carotenoid biosynthesis
(SLs, ABA) is among the top upregulated KEEG and GO
enriched terms (GO:0016106).

= The identification of TF families significantly affected by low
N and their relation with TB1 provide candidate genes for
the molecular regulation of tillering.

= Future work - The d17 triple knock-out mutant generated
using TILLING mutant lines as part of the project will be an
important tool for further functional studies.

SL related genes

Low P

Heatmap comparison of SL-related gene expression
in basal nodes under Low N and Low P. Data are

Significantly DE genes are in bold and with

-logyo(p-value)
.

replicates.

asterisks.

Volcano Plot Low N vs Control

p<0.05

log,(FC)

Volcano Plot Low P vs Control

p<0.05

log,(FC)

6

SBP (24)
HD_PLINC (24) *
Whirly (6)
ABI3/VP1 (128)
bHLH_TCP (50)
C2C2_Dof (66)

C3H (90)
GARP_G2-like (56) *
TAZ (18) *
AP2/EREBP (208)
BES1 (14)

RWP-RK (28)

HD (33)

WRKY (111) *

EIL (12)
CCAAT_HAP2 (19) *

~ 2535 TF expressed
— 192 DE under low N
150 Up-regulated

2 Down-regulated

T

|

= Down-...

0.0% 20.0%40.0% 60.0% 80.0%

iPA*
CZ
CZR
tz*
tZR*
DHZR
ABA*
PA*
DPA*
IAA*
GA1
GA9
GA8

Basal Nodes

Low N Low P

Control

L © =

Percentage of expressed TF that were significantly DE in N deficient
nodes per TF family. The number of TF expressed (TPM>0.5) per
family is in brackets. Only families with significantly DE members
are included. Significantly enriched families are indicated with

(Left) Volcano plot Low N vs Control and Low P vs Control of UHPLC-MS/MS targeted
phytohormones in all tissue with p-value threshold (y) 0.05. (Right) Heatmap
comparison of phytohormone levels in basal nodes under Low N and Low P. Data are
mean Z-scores of the absolute conc. from 4 replicates.

Abbreviations: isopentenyl adenine (iP), isopentenyl adenosine (iPA), trans-zeatin (tZ),
cis-zeatin (cZ), dihydro-zeatin (DHZ) and their riboside (-R), indole-3-acetic acid (IAA),
abscisic acid (ABA), phaseic acid (PA), dihydrophaseic acid (DPA) and gibberellin (GA).
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CHARACTERISATION OF MAJOR
GENES MEDIATING RESISTANCE

TO SEPTORIA TRITICI BLOTCH
Number |Average Daysfrom| Average Days Average Leaf
D I S EAS E I N W H EAT Wheat Line Known Resistance of Inoculation to from Inoculation Coverage of ili::i;:ﬂ{?ff '::;{;ifj:;ﬂlr;;
Henry Tid dl*, Ruth Brya N t2, Kostya K3 nyukal Genes Isolates |Chlorosis/Necrosis to Pycnidia Chlorosis/Necrosis Pycnidia (%) ver leaf)
Tested Development Development (o)
1. Rothamsted Research, Harpenden, UK
2. RAGT Seeds Ltd., Saffron Walden, UK Tz_ll'n:hung 29 None known 78 12.9 16.5 97.2 18.0 2.16
* henry.tidd@rothamsted.ac.uk Riband 1> 20 Lo S IR Lo e
KWS Cashel None known 89 14.8 175 82.4 325 3.50
o _ _ Estanzuella Federal |Sth7 69 14.1 19.1 87.0 8.7 1.39
Zymoseptoria tritici 1s a hlghly destructive wheat pathogen lsrael 493 Sth3 Sths 77 135 37 7 62 G 0.8 0.46
that can cause crop losses of up to 50%. Traditionally Z TE9111 5th6, 5th7, S5th1l 89 17.8 20.7 37.8 0.7 0.34
tritici has been controlled with resistance (Stb) genes and Synthetic 6X 5tb5 bd 15.3 25.3 20.7 0.9 0.22
fungicides, but the high selection pressure results in these Synthetic M3 St16q, Sthl/ 20 124 N/2 5.2 0.0 oas
_ _ _ Kavkaz-K4500 Stbo, Stb/, S5tel0, Stel?2 61 17.6 Mfa 21.3 0.3 0.25
protections being broken. New diverse sources of Tadinia Sthd. Sthe o0 171 10.C A g 30 060
resistance are needed. Balance Sthe, Sth18 44 16.5 22.8 61.2 2.5 0.30
Synthetic MG S5th8 37 16.6 23.0 51.4 5.8 0.56
Figure 1: Symptoms Bulgaria 88 Stb1, Sth6 36 16.8 23.5 47.3 2.2 0.30
| Of severe Septoria "-I’Et'f_mr:-r:-nl is Sth2, S5tb6 35 16.2 24.4 42.9 4.2 0.54
tr|t|C| blotch Tonic _ S5tb9 27 15.2 21.6 76.6 12.6 1.04
Salamouni 5tha, 5th13, S5thi14 31 17.3 22.8 49.9 3.5 0.45
'”fECt'O” Necrosis Lorikeet (Sthi), Sth19 31 16.8 N/a 27.4 0.0 0.31

RESISTANCE SCREENING

* Most tested wheat genotypes show greater resistance than known susceptible cultivars Riband, Taichung 29 and KWS Cashel.

* Synthetic lines and lines with multiple resistance genes have high resistance levels, suggesting that pyramiding Stb genes (particularly those
derived from wild relatives) could be an effective crop protection strategy.

r ) and black pycnidia
f’(enabhngfungal
" reproduction) are

Table 1: The symptoms caused by Z. tritici isolates on wheat seedlings containing different Stb genes. Green cells indicate a more resistant phenotype,
red cells indicate a more susceptible phenotype.

”V'S'b'e KASP MARKER DEVELOPMENT - - - > -
Phenotype Measured P for Correlation with Allele| P for Correlation with Allele | P for Correlation with Allele |P for Correlation with Allele| P for Correlation with Allele
\ ° Ba C k C r OSS e d r ESI St a nt ||n e S W|th KW S Reported by AX-95175098 | Reported by AX-94780124 | Reported by AX-94918531 | Reported by AX-94475129 | Reported by AX-94980296
/ > -> Cashel. zz::::::'e“’,’e‘::';/n o 0476 0.581 0.309 0.105 0.854
* F3 mapping populations phenOtyped and ::Z:rlo/s:':::::;ﬁ 0.971 0.810 0.704 0.998 0.999
genotyped to analyse KASP marker L oo o351 o . Lo
, : : . : 5 x i 5. reliability. Elflae'rf’g:y““dia 092 0.148 0.567 0.104 0463
] i st van | | ] i Cllfure | | ¢ In the EStanZUE|a FEderal X KWS CaShEI F3 Spores per leaf 0.791 0.807 0.717 0.882 0.999
B e romosoma . . — —
Y el & '''''' 2 | I == locations of Stb population, one of eight markers tested was Table 2: The probability of each functioning
| [ Qe senes and resistance significantly associated with the time taken marker being correlated with each measured
: . for initial pycnidia development. symptom in the Estanzuela Federal x KWS Cashel
| | #® | QTLs. More than 20 Figure 3: The breeding scheme used to Py P ymp

F, population
difficulty differentiating between parental

- :
= - . . * Lack of linkage for other markers due to
- 3 stz ﬂqsrb.saszs — Eii:iiis %Séttlt))lpk t6b865 QStb.Isa_tb-78 Stb ge Nes are k Nnown. p ro d uce ma p p N g p 0 p u | at lons. o . g . .
’ Qstb.lsa_fb-18 0 chltstt)bl,ns;b;B I !Qsml fb-5B 8::Ep "’65312 Sth13 B o

" oo
- E - - N, KASP markers will be directly useful in breeding for STB resistances.
_ §2§§p‘1¢:§3i  Knowledge of field effectiveness of each Stb resistance gene will help target breeding efforts to the most useful.
TN s [| ] ; * Will develop a list of Stb resistance genes effective against UK Z. tritici isolates. The most effective so far are Stb3, Stb5, Sth16q/17, and Stb19.
..  Using VIGS to test candidates for the Stb19 and Snn3 resistance genes. ldentifying these could help develop our understanding of resistance
-  eshirca B i SeedlingstageQTT — Adultstaé:QTL - Seedling + Adult stage meCha n ISmS.
- Acknowledgments. References
g;grsgizgragignacnei r UNn(i)vtTisriltyﬁfam \D R/{:EGT Thanks to Bart Fraaije for providing the Septoria isolates utilised in the resistance Saintenac, C., Lee, W.-S., Cambon, F,, Rudd, J. J., King, R. C., Marande, W., ... Kanyuka, K. (2018). Wheat
Research Council INDuEl .. . %ALAYS]A RO ReEARGH D seeps screens, and to RAGT Seeds for providing mapping populations and genotyping data. receptor-kinase-like protein Stb6 controls gene-for-gene resistance to fungal pathogen Zymoseptoria

tritici Nature Genetics 50 36R8-374
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The Why of Soil Measurement

‘ What or Why \

There are many parameters of soil that can be measured. Soil
health requires a measurement that is based on theory that
works for all soil types and can track temporal changes. Soil is
a complex system of hierarchal processes, the interactions
between microbial activity, the abiotic and land management
are important in the creation of soil structure. This structure
directly relates to soil functions associated with soil health.

XCT scans Aggregates Broadbalk & Wllderness

J n.

_ Connected Porosity _
.

X-ray computed tomography shows that soils with better
connected pore networks have a greater capacity to transport
air, water, nutrients and genes throughout the soil system.

Can tension infiltration, soil moisture probes and soil water

release characteristics be used to directly measure or infer
connected porosity at the aggregate scale?

~ Soil Hydraulic Properties |

Practical ways of measuring connected porosity?

rsity of

Nottlngham
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Soil Health Metric for Methods:

The aim of fieldwork is to define soil health and

o o
SUStaI nab|e Ag rlc u 'tu ral SYStemS. determine the suitability of existing protocols for

assessing soil health, and where necessary develop
Munisath Khandoker, Stephan Haefele, Andy Gregory & Nick Ostle; Rothamsted Research & Lancaster University. and improve technigues.

: . S i abamendl Physical
Soil is the foundation of all agricultural systems. In addition to agricultural production, soils provide Bulk density

- - - a8 - Waler mitration
other important functions often referred to as ecosystem services. The ability of the soil to carry out
these functions is commonly referred to as ‘soil health'. (Figure 1).

Soil

Microbial diversity Health
: Enzyme activity : pH
Ecosystem Services: Dralart Kim: BT Chemical AN,
rOJQCt im. Decomposition rales

Medium for roots to grow Develop soil metrics that can quantify and monitor
soil health, as related to agricultural pdeUCliOﬂ and Fegarre 2: List of trcogical, chemicad and physcal sod hoaltth indcanors sokeciad based on eesing emre

ecosystem services.

Buffer pollutants and contaminants

Tests will be carried out on the Highfield LTE (Figure 3).
Support biodiversity 10 samples will be taken from 13 plots in a “W" shape.
Measuring Bulk Density: We will also use different testing methods when measuring
each soil heaith indicator: i.e. aggregate stability -
comparing effectiveness of low-cost tests (Slakes app)

Store and transmit water
Drive 5 x 5 cm corer into soil using hand sledge. 1.

Store carbon Carefully remove ring and excess soil. 2.
Place whole sample in labelled water-tight bag. 3.
Weigh and record sample. 4.

Dry sample overnight in the oven at 105°C. 5.

Weigh dry weight of soil. 6.

Account for stones - sieve dry sample in 2mm sieve. 7.
Weight sample collected in 2mm seive - minus this 8.

Achieve ‘sustainable intensification’ measurement from wet and dry soil weights.

- increasing production whilst reducing
environmental footprints.

UN Sustainable Development Goal 2:
‘End hunger... and promote
sustainable agriculture'.

versus a lab-based SOP.

Soil Health = Ability to carry out
these functions.

Figure 1. List Of eCosysiom Senioas abilly 10 Carry Ouf these functons known as sol haalth.

Why are Soil Health Metrics Needed?

f 3 Hgeld Reverson erment H Snce Mots fomarly under m grass, arable
e HombmmOw&mmﬁm wmmnomo?c ¥

Hypothesis:

« Soils ploughed out of permanent grass would be less
‘healthy’ compared to soils under permanent grass.
» Aggregate stability tests using standard lab protocols

would be more informative than the Slakes app.

To achieve this, metrics for soil health are
urgently needed. This is especially important
in light of food security and climate change.

{,ancas!er £
miversity T°%

W - We aim 1o test this by measuring bulk density, infiltration
and soil moisture. Also, measuring aggregate stability using
SOP versus Slakes app.

- — [

ROTHAMSTED  Acknowledgements: | would like to thank my supernisors: Andy Gregory, Stephan Haefele (Rothamsted
RESEARCH Research) and Nick Ostle (Lancaster University).




AGRICULTURAL
BIOPRODUCTS FROM
MEDICINAL AND AROMATIC
PLANTS

Musa Kisirikot23, Jane L. Ward!, Michael H. Beale?,
Maria Anastasiadi?, Leon A. Terry?, Abdelaziz Yasri3

IRothamsted Research, *Cranfield University,
3SMohammed VI Polytechnic University

METHODS

Isolation and characterisation of extracts and novel compounds

NMR (Polar Compounds)

GC-MS (Non-polar Compounds)

INTRODUCTION

Biostimulants and Bioprotectants (Bioproducts) have over the past few decades gained appreciable recognition as the ecologically friendly

and sustainable alternatives to synthetic fertilisers and pesticides [1, 2].

Secondary metabolites from plants are major sources of these bioproducts, and medicinal and aromatic plants (MAPs) contain a diverse
array of such compounds. MAPs are abundant in arid areas of Morocco but have largely not been assessed for their biostimulant or

bioprotectant potential.

This project seeks to develop novel biostimulant and bioprotectant compounds and formulations from these MAPs growing in arid areas of

Morocco for use in African agriculture.

PRELIMINARY RESULTS

* Several metabolites belonging to different compound classes
have been identified from 15 selected MAPs sourced from
Morocco.

 The metabolome of the medicinal plant, Acacia gummifera has
been characterised for the first time in any study.

Marrubium vulgare
(White horehound)

Bioactivity tests

Biostimulant activity

WP
Seeds or plants to be treated with extracts,
purified compounds or formulations in
greenhouse studies

Bioprotectant activity

Antifungal tests on fungal strains
relevant to Moroccan/African
crops

\
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Physiological parameters (plant
height, root length, leaf area,
shoot and root fresh/dry weight
etc.) will be measured.

Bioprotectant tests against cochineal
beetles on cactus plants

OH - 2
. A <
OH c c
f0
HO \/\ -
OH f0 (N

Capparis
spinosa
(Caper
bush)

.“" -»‘ ~
s T " i ‘

Acacia gummifera

(]

Eucomic Vanillic acid glucoside

OH acid

Gallic acid

HO

(0] OH
OH (0]
O OH
O
(@) @]
OH OH
OH
OH
OH

Quercetin 3-0O-a-L-
dirhamnopyranosyl-B-D-
glucopyranoside

HO

OH

Apigenin 6,8-di-C-glycoside

Selected compounds identified from Acacia gummifera

REFERENCES
|1] Food and Energy Security 2017; 6(2): 48—60

|2] Frontiers in Plant Science 2017; 7:2049
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This project is funded by OCP.

e | (Photo by
Ammodaucus TrekNature)
leucotrichus

(Wooly cumin)

Some of the medicinal and aromatic plants being analysed

FURTHER WORK

* Crude extracts, purified compounds and formulations of various

compounds and/or extracts selected from the different plants
will be trialled in biostimulant and bioprotectant assays in the
guest to develop a novel product for use in African agriculture.

 Laterin the project, we shall explore the effect of genotype,

environment, processing and other factors on the distribution of

secondary metabolites and on the biostimulant and
bioprotectant potential.
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An Innovation Ecosystem Approach to the Agricultural Sector

Exploring Innovation and Co-creation of value in the context of UK Ecosystem

D
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Abstract
Agnculturo is tha oldast ndustry in tha workd and has innowvated throughout history to moot the growng neads of an aver-incroasing workd
popudation Challanges such sustarabiity, policy changes, ncreasad urbanisation, and resource constramts, continuss to drive the nood to
build acosystomes to dolvanng value and meaningful within the soctor. An Innovation Ecosystom approach multplo actors,
memqu&umamwmmermmﬁm oy
rnavation lod mmwmmmmmmmmzmmwymw;ﬁcmmu
MhmoUKstawmﬂaMawmtdlmdodopodgobdlymwmmhz‘ﬂtm ™
Roundabout® and tha "Goldon Triangla®, the agncultural soctor zooms to have boon bypassod. This projct asms to introduce the concept of S
an Agriodtural Innovation Ecosystom and critcally aszoss the UK against cxsting modols globally 0
Methodology i
This work aims o provide a tangiblo cutzome to inform UK policy makars and industry partnars 5 ~
that can ba usod as tho basis of a futurs action plan. UK 2
Data to back up the study witl bo collactod via primary and sacondary sources globally includ
fromn stakoholdars mvolved in innovation ocosystomns and agricultural rnovation clustars:
* Ltoraturo soarches a ¢ initiati R |
* Structured intorviows - - : L ;
* Survays and ficld- based rescarch £80m Agri-tach Catalyst Fund - financial contribution to NIAB
collzborative industry-led research projects to support * Rothamsted Research
commercisbisation * James Hutton institute 9
Around the World * £00m over 5 years to establish Centres of Agricultural Innovation
Asucoassiul AgToch ocosystomn roquires koy cloments across mnovation, access to capital and toimprove the levels of technology adoption through the agri-food Ecozystem builders:
accass to talont. Australia’s ranking comparaed to the sixinternational AgToch playars wo rvestigatod supply chain. Research Centres are used as spaces for farmers to * AgritechE
& prowidoed hora Whilo Australia = rankod highly on tha ‘Global Entropronaur Indox’ and in torms of expenence technology first hand on 3 demonstration farm. * Farmd 9 ‘
number of researchars, it [ags by comparizon across collaboraton and access tocapital. * Ceres Agri-tech
| hwestors: * Agnitech Centres (CHAP, Agri-EP,
LOW RANKING HaH » Shake Climate Change: early-stage investment into agricultural Agrimetrics, CIEL)
nnovation
: w‘@ * Cambridge Agritech: angel network investing in agritech
Results to date
Fnovation ocosystoms have socn raped growth over tho past Some carly loszons loarnad:
16~-20 yoars and whilst the agnicultural sector continues to
= : rnovata, it soomingly lags bobend n cross-sactor and nter- * Dvarsity and roduncancy amongst actors ara
Aurdra m . Now Zanlsnd actor connectodnass. Histoncally, Agncultural Innovation important to buld value and resionca
(& » have boen drivan by a Country’s nood to innovarto at * Connoctivity & crucial to cnablo notwork affocts
Cowde of scalo fia. Industrial innovation] or tha roquiramant for focus on * Alignmenit and feadback provida a way to N
. 3 nda o USA spacihic tachnologies. The recant atterhion of agnculturo's acceolerato
=, mpact onclimase changa, the ervronment, and * Polycantric governance and docentralization
-y e sustanabilty, has lod to a ranowed intarast in “Agncultura 40° can daliver scalo
and tha support an nnovation rovolution rathar than ovolution

by government, academa and industry




Understanding the mechanisms of hypoxia tolerance in rice: Assessing the effect of different imbibition conditions on anaerobic germination of rice seeds- a role for ethylene

priming?
Gavers Oppong'?, Hongtao Zhang?!, Darren Wells?, Smita Kurup?, Shalabh Dixit3, Frederica Theodoulou?
ROTHAMSTED 1 Rothamsted Research, Harpenden, Hertfordshire, AL5 2JQ
RESEARCH 2 School of Biosciences, The University of Nottingham, Sutton Bonington, LE12 5RD UK

3 International Rice Research Institute, Los Banos, Philippines

INTRODUCTION

Due to rising labour costs, water scarcity and convenience, many farmers in sub-tropical and tropical regions are adopting direct seeded rice (DSR) over the traditional method of transplanting. However, most elite rice varieties fail to grow above flood
waters, which is a major bottleneck to the widespread adoption of DSR. Fortunately, natural variation exists for anaerobic germination (AG) tolerance. However, the mechanisms behind anaerobic tolerance are poorly understood. Apart from genetic

factors, pre-sowing practices such as seed priming and pre-soaking have been identified to increase tolerance to AG in some rice cultivars and other plant species such as Arabidopsis. This study forms part of a baseline investigation to determine whether
the increase in AG tolerance after pre-soaking before planting is as a result of ethylene priming.

Unimbibed Glass vessel 24h Petri dish 24h Glass vessel 48h Petri dish 48h
METHODS

IR64

Two cultivars Ma Zhan (AG tolerant) and IR 64 (AG sensitive) were compared with two imbibition treatments for 24 or 48 h.

C
Seeds were planted in soil, flooded, and emergence and survival rates measured. The images show treated seeds before %’
planting. 2
e : : : : * |s Ethylene involved in the tolerance seen after imbibition-
RESULTS: Imbibition increased survival and emergence in both cultivars under flooding y o =
B wse [ wa zhan 190 RAs T Wazman
120 —
T - - N 1001 100 1 a
reatment -+ Glass vessel 24Hrs -+ Glass vessel 48BHrs -+ Petn dish 24Hrs -+ Petr dish 48Hrs -+ Unimbided
1RG4 Ma Zhan ;? 80 - 80
by S5
2 g 60 1 ?Cg” 50
> 2 S
g 100 E N 5
= 8 401 b
2 g b b
- . . o o3 201 g
§ p w 204
= 50 o :
= Gl f | 24H Gl v | 48Hrs Petri dish 24Hrs Petri dish 48H Unimbibed
E a55 vesse rs a55 Vesse T Imblbmon cn-té"-a en as rs nimoioe ; r —1
D Imbibed + AgNO, Imbib Unimbibed
o ed
0 - Cumulative seedling emergence 9 d after planting, Petri dish Imbibition Criteria
4 5 6 7 8 g 4 5 6 7 8 9 experiment. Data represent the average of four independent Cumulative seedling emergence 9 d after planting, Petri dish
Days after planting Ma Zhan and IR64 seedlings growing under experiments (n=100). Values with different letters are experiment. Data represent the average of four independent
submergence after imbibition treatment significant at P < 0.05 experiments (n=100). Values with different letters are
significant at P < 0.05
Effect of imbibition on seedling emergence rate
Data represent the average of four independent experiments (n=100)

CONCLUSIONS

Different pre-sowing strategies can enhance rice germination and seedling survival. Such treatments can complement genetic AG tolerance. Knowledge about the physiological and metabolic or molecular bases for these observations will be

imperative for the wider adoption of DSR. Therefore, the next step in this project will be to conduct further research to investigate the physiological and metabolic basis for the advantages conferred by imbibition, including a potential role for ethylene
signalling.

" - o
International University of t §$ Lavxfes Biotechnology and
Rice Research - “ N7 Agricultural Biological Sciences
] NOttlngham §’ T rust Research Council
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Exploitation of beneficial root-associated bacteria

in grain cereal-based cropping systems

ROTHAMSTED MAHASSINE ARHAZZAL1,2; TIM MAUCHLINE1; IAN CLARK1; JIM HARRIS2, MARK PAWLETT2,

RESEARCH ADNANE BARGAZ3
1, ROTHAMSTED RESEARCH, HARPENDEN. 2, CRANFIELD UNIVERSITY. 3, MOHAMMED VI

POLYTECHNIC UNIVERSITY

INTRODUCTION

e The plant growth-promoting rhizobacteria (PGPR) are becoming a promising tool for sustainable agriculture. In fact, the microbiome plays an essential role in
enhancing nutrient provision (e.g. P and K solubilization), abiotic stress tolerance (e.g. drought, high salinity), manipulation of plant hormone signalling, as well as
disease suppression of foliar and root pathogens. In this work we investigate the ability of different wheat (Triticum aestivum) cultivars to select for a beneficial soil
microbiome when grown under conditions of abiotic stress. Apogee seeds were planted on a sandy bare fallow soil amended with 30% perlite, with and without
fertiliser addition. They were then watered with sodium chloride solutions at the concentrations ( 0,30, 60, 90, 120, 150, 300, 600, 900, 1200 mM) and kept at 40%
WHC. The rhizosphere and rhizoplane have been sampled at the flowering stage. The bacteria will be then cultured, isolated and functionally screened through a
suite of assays for nutrient solubilization (N, P, K, Zn, Fe solubilisation). Next generation amplicon sequencing methods will be used to assess the total microbiome.

METHODS

e Experimental approaches will be based on a platform of plant culture in glass houses or under a controlled environment under specific conditions. This will encompass soil
at low and high fertilization levels, drought, heat and salt stressed soil microcosms with different wheat cultivars.

e This soil and plant biomass from these plant cultures will be used to generate datasets and a microbiological isolate resource.

* To analyse the plant microbiome both culture independent and dependent methods will be adopted. The culture independent approach will involve next generation
amplicon sequencing to assess the total microbiome. This will be done with 16S rRNA gene and Internal transcribed spacer (ITS) based primers.

e The culture dependent approach will involve the isolation of microbes from the root systems of plants from the experiments. These will then be functionally screened

through a suite of assays for nutrient solubilization (N, P, K, Zn, Fe solubilisation), drought, heat and salt tolerance. The microbial isolates will be identified by a 16S Sanger
sequencing approach.

* A subset of promising isolates will have their genomic DNA extracted and this will be used for whole genome sequencing. Genomes will then be screened for plant growth
promoting and stress tolerance genes.

RESULTS

Primary observations:

Wheat plants can no longer grow at 600 mM sodium chloride concentration.

+ Fertiliser

1200 900 600 300 300 600 900 1200
mM mM mM mM mM mM mM mMv

Bacteria culture

CONCLUSIONS

* Bacteria isolation * PGP ability screening

The findings of this work will identify what contribution the plant microbiome can make to enhance wheat growth under a variety of
abiotic stress conditions. The work will also identify whether wheat cultivar choice is important, and if particular cultivars should be
grown in areas that are prone to particular abiotic stresses or fluctuations in growing conditions.
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Using a new drone technology to

track bees during flight.

Using piezoelectric tags and autonomous drone technology to
understand the space use of bees at a landscape scale.

& Thomas R. Oliver, Joe Woodgate, James Makinson,, Lars Chittka, Andy Reynolds
and Paul Cross.

INTRO 3. The drone follows the bee and

» Wild bee populations are suffering a decline. records location data multiple |

» Understanding how bees use their times a second. Figure 1. Energy harvesting tag attached to Figure 2. Energy harvesting piezoecitric

a bee. (Figure taken from Shearwood et al,  tag attached to Bombus terrestris

environment can help to better inform agri- |  pISCUSSION 2017) roragers visiting a feeder. (Photo taleen
environment schemes to benefit wild This technology has a number of benefits
pollinators. over existing insect telemetry techniques:

» We present a novel method of tracking bees » The tag does not need a battery and so
across a landscape-scale using a drone. is lightweight.

» The drone provides the longest range of

METHODS current insect tracking techniques.
1.Bees are equipped with a new lightweight + All the equipment is comparably
Figure 3. Autonomous drone in-flight Figure 4. Multisource energy harvester
tag. inexpensive to pu rchase and maintain. carrying antennae array (receiver). (Image (receiver) above bee hive. (Figure taken
courtesy of Jake Shearwood). from Shearwood et al, 2017).

2.Bees are released and allowed to forage

normally.
o Keep up to
Envision RN Na date with my

research on Twitter!
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INTRODUCTION

* Ethiopian farming is characterized by highly
variable and different landscape positions
(Figure 1)

* Landscape positions do vary with its
associated soil factors and hence affecting the
vield and quality of grain through retaining
(high pH, OC, Clay content... ) and release (low
pH,....) of nutrients, especially Zinc for my
focus

* Therefore, it is important to identify the most
dominant soil factors driving adsorption-
desorption characteristics of Zinc.

* This will help to devise fertilizer
recommendations schemes.

* For example, highly adsorbed soil need
relatively high fertilization by taking into
account the potential of desorption

Figure 1. Farming system and Landscape
positions

Observed Vs Predicted Adsorption_1 Observed Vs Predicted Desorption_1

o

Observed Adsorption

Figure 6. Predictions for adsorption and desorption (a,b)

Acknowledgements

University of Nottingham for financing this study
and Rothamsted Research SAS-H (AfSIS lab) for
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ADSORPTION AND DESORPTION IN THE DIFFERENT LANDSCAPE POSITIONS IN

MESFIN KEBEDE?!2, STEVE MCGRATH?, JAVIER HERNANDEZ!, MARTIN BROADLY?, KIRSTY HASSALL !, STEPHAN M. HAEFELE*

University of

Nottingham

UK | CHINA | MALAYSIA

AMHARA REGIONAL STATE, ETHIOPIA

1 Rothamsted Research, Harpenden, UK. %2 University of Nottingham, Sutton Bonington, UK

METHODS RESULTS

e Sixty on-farm soils samples from the Geo-Nutrition Project sites in * Adsorption and desorption of Zn** increased with increasing Zn** concentration at
Ethiopia were used for this study (Four sites; Aba Gerima Tef, Aba equilibrium solutions to soils of the study sites (Figure 2) though the rate of
Gerima Maize, Debre Mewi and Markuma) adsorption gets its peak at 5 and 10 mg L-1 while rate of desorption decreases with

increasing initial Zn concentrations.
e Standard procedures followed with six levels of Zinc stock solutions (O,

2, 5,10, 15 and 30 mg L) for adsorption and 0.01M CaCl, Solution for * The separation factor R, for adsorption ranges between 0 and 1 across the
desorption sites which indicates that the situation is favourable for the adsorption and
desorption process as R, > 1 and close to 0 is unfavourable and non-reversible
* Fitness to Langmuir and Freundlich Isotherm processes, respectively.
* Important to have Predictive Models for these soil factors. Sticking * Freundlich isotherms were found to fit well for adsorption (Figure 3) and desorption
with the most universally dominant soil factors (pH, OC, eCEC), taking (Figure 4) while Langmuir fits only to desorption (Figure 5) for all locations and
all soil factors and removing those which are not significant , forward landscape positions.

selection forcing the model to have (1), and backward selection, but

) _ . * Different soil parameters were identified as influential factors in governing the
first removing high VIF

adsorption and desorption at different locations. Soil pH, eCEC and OC involved in

, , .. , many ways to influence adsorption and desorption.
* Finally, making predictions using these models. Put one from each

adsorption and desorption * Four models were developed for adsorption and desorption (Equation 1-4) and
predictions (Figure 6)

Multiple regression models for Adsorption: N e ESeE e
Y T = 1 i b 1 i z‘% ;a: ‘ = Fi”;" S| : MQ’K“‘mﬁ‘“."i(“ ‘ ifji;.;/(
Eq1 =-2.19+0.74pH+0.0051eCEC-0.048 (pH"2)+0.018 (Org.C"2), [0.94] e 2 * ' R - el
g - i s i 1 { ] N + o eeeeeeeeeeeeeeeeeeeee . — e
Eq 2 =-0.92+0.26pH+0.030C, [0.90] N I mmmsal S I S
Eq 3 =-1.03+0.16pH+0.008eCEC+0.080C+4*10*Al+4*10~>0Ox_Mn, [0.94] S B
Eq 4 =-0.96+0.21pH+0.0880C+3*10Al-2.5*¥10-°0Ox_Al+0.09EX_K+ .02EX_Mg; [0.95] Figure 2. Adsorbed and desorbed Zn Figure 3. Adso_Freundlich Isotherm
Multiple regression models for Desorption: T PSS S BUUUNER
R e e = e DRI A
Debre Ww_Footsope e Debre Wewl_Upsiope — éﬂz:; :/'/./ .
Eq 1= 0.89-0.11pH-0.030C, [0.69] Fel B I o=t et
; ) b Geima el ;::’P Abaeyra Tef Widsiope . ] Aba Gerima Tet uusmpe./ i; Ei: ww.r W )\."‘.” 1)
sy / MW”/ M/' ‘ ] TR Gt i Widions b G Tz U |
— *1 (-4 *1()-6 *1 (-4 =i 1
Eq 2=0.81-0.11pH-4*10"Cu-7*10°Mg+8*10°Zn+0.58EX_Na,[0.77] I e L e et
— *1()-5 _2 2*%10-4 *10)-3 e |
Eq 3= 0'84'0'11pH'1°2 10 OX_AI 3.3%10" Cu+1.1710 an[0'77] Figure 4. Deso_Freundlich Isotherm Figure 5. Deso_Langmuir Isotherm

Eq 4= 0.98-0.13pH-3.5*10*Cu+1.6*10%*Na+6*10%Zn-1.4*10~>0x_Al,[0.79]

CONCLUSIONS

* |t can be concluded that the most probable reasons for the widespread Zn deficiency in the study area could be due to high rate of adsorption with less desorption
or vice versa.

* Hence, in areas where the soil has high adsorption with less desorption (Aba Gerima Maize and Debre Mewi), they might need an application of high doses of Zn
fertilizer to compensate for the adsorbed Zn** while in low adsorbed soils with high desorption (Aba Gerima tef ), needs low doses of Zn fertilizers to minimize the
effect of toxicity and further accumulation by taking into account the amount of desorbed Zn**

* The models will help to quantify the amount of adsorbed and desorbed Zn**and help to devise stratified Zinc fertilizer recommendations for these site and even

landscape position.

bioscience for the future
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Unlocking the potential of the pod

Increasing seed yields by altering seed number and seed size

In a world facing climate change and increasing population, increasing crop seed yvields for the fubure I8 a crucial avenue for current research ", Increases in seed
yiedd can be acheeved by elther allering seed size or by adjusting seed number. Although some studies suggest that seed number and seed size are imversely

comelated, recent studies have demonstrated that seed number and seed size are govemed by mostly non-overapping OTLs ¥, suggesting the two tactors could be

uncoupled and seed number could be aliered without experencing rade-offs in seed size and wice varsa
Increasing seed number Increasing seed size
Altemnatively, increases in seed yields could be

seeds develop from ferblised ovules in the gymoecium (the ) ; :
female plant reproductive organ), therefore increasing ovule ﬁ""ainh‘i}’ a_ftannﬁ!ﬂmed size.  Following
number could offer an unexplored route to increasing seed oubie IE&lon, ovule develops into a

ROTHAMSTED
RESCARCH

e number and subsequently seed yields. Owule initiation is a sead and undergoes several develo
. Y poorly understood mechanism, however the current model %lew the gﬂh.“;m of the ,E?_nﬂ Duri
AR -2 BN suggests several hormones are involved including auxin, an rgement of the embryo . During
b ' . cytokinine and brassinosteroids (BRs) . Previous "*-., these stages. the integuments surrounding the
o2 ="\'"‘=\:.-:- : - : - - , fr ovule develop into the final seed coat and act g o 71
f | research found manipulating genes in the BR biosynthesis boundary limit 75
5 i 1 pathway can affect seed number %8 however, the effect of a5 an Upper ary limiting seed growth ™. - _ o
o ST g S BR manipulation on owvule number and seed yield was not Previous research in Arsbidopsis revealed that 8 mutaBion in an swan transcripbion factor known as ARF2
e explored. Therefore, brassinosteriods have beean produced larger seeds, as & result of extra cell divisions in the integument ®!. However, research has yet to be
ra considered an interesting hormone to manipulate 1o performed to determine whether downregulation of similar ARF2 orthologs have a similar effect in a crop

oy s e potentially achiewe increases in seed vyield through

shterations in ovule and seed number species. Thersfore, ARF2 has been regarded a5 an interesting seed size regulator that could be manipulated o

potentially increase seed yield.

This PhD project aims o address two objectives to increase seed yields by altering seed number, as follows: *=.. This PhD project aims to address two objectves to increase seed yelds by altering seed size, as follows:

l|
l_".
"
'.I'

:‘Mr‘n'l ......................................... .E A E Al : Al 4
Ectopically express | Investigate the effect of silencing E Assess the result of truncating the - Investigate the impact of silencing
 brassinosteroid-related genes | potentially novel ovule number-  ARFZ protein in Brassica oleracea i ARF2 expression in Oryza sativa
: under a ‘optimised’ gynoecium-specific ' related genes using Arabidopsis thallana ' through CRISPR-Cas9 gene editing on seed E through RMA-inference on grain size
' promoter in Arabidopsis thaliana to investigate 1 T-DNA knockout mutants i size '
» changes in ovule and seed number i b sossommomoomoooe-
R o ] i
Work so far on Aim 3: Genome editing of the ARFZ gene in s
o _ _ _ _ Brassica oleracea was performed by ERACT (JIC)L DNA from : - o) mm
Freliminary work was undertaken to express brassinosteroid-related genes under a8 gynoecium-specfic promoter Laeet 46 lines was analysed for CRISPR ediing. One line was o . | o
known as SEEDSTICK (STK) in Arabidopsis thallana " As this prefiminary research yielded promising results, **° found to be heterozygous for a “+T insertion, resulting in a | ﬂ | —
work has begun to optimise the length of the STK promoter used to govern gene expression. oremature STOP codon and & predicted trm:-.uta-d ARED i ﬂ'ﬂ".
protein. This heterozygous CRISPR-edited line was taken ———— _____ --'ﬁ:ﬁ" ol :
Work so far on Aim 1: Three varying lengths of the STK Swough o the next genenstion. T —.,.
promoter were genersted and fused fo the GUS Several lines in the T2 generation were subsequently =~ s=smsorie s ——
(B-glucuronidase] reporter gene. Arabidopsis thafiana plants identified as both homozygous for the '+T CRISPR edit and o :oa |3 5 : &

were floral dipped with Agrmobactenum tumefacens
transformed with the different length STK-GUS-DSRed
constructs, using DSRed as the itransformation ewvent
screenable marker.

Cnce the transgenic plants have matured, transformants will
be analysed o determine the optimal STK promoter length for
gynisecium specific expression, by identifying GUS expression
exclusively located in the gynoecium. Following promoter
optimisation, ftransgenic Ambidopsis lines expressing
brassinostercid-related genes govemned by the STK promoter
will b& generated and resulting homozygous lines will be
analysed for effect on ovule number and overall seed yiald .

Cast-free (as it is imporiant to segregate away the Casd
T-DMNA cassette to assess the effect of the CRISPR insartion
independent of any further editing occurming).

The homozygous CRISPR-edited CasB-free lines have been
taken through to the T2 generation where the effect of
knocking out the ARFZ gene s being assessed. Sead and
ovule samples at different dewvelopmental timeponts are
being analysed by microscopy to investigate call number in
the imtegument. In addition, Q-PCR will be

performed with seed and leaf tissues to confirm

the predicied ftruncated ARFZ ftranscrpts.

o _ ewarpoar” Feed b)) (RE-mR BES-1L0 45-TH

G c BTl c la & I -
=

' 5 p o
YA T8 aVAVATAY

FNEEF Ll reedae | 55V el b= oo o e e

AT A i ) perd eien s e f e 1 meed e el e D sierd vl el by FIEARL

Following this, randomised blocked expanments

will b& performed with promising CRISFR-edited 10 e Rl R
lines that poseess alterations in integument cell - — - T e =

Refurancas (1) Long el &, 2S5, Call 961, 5888, (Z) Cran el @l 2004, Geveedes 108, 1750+, (1) Calbat ol &l 2013, The Pl Joorse! TH, 48455 |4} Cucinolla
wlal, 24 Frooners o P Seahdes S, 117, (5, Chon of @l 2001 Aasr Socamial, 28, SF2E2 8 W o @l . The Al Cal, 210, 1302145 (7)) Bun ol @,
2d Covrend Oprnat o Pl Babkagy. 13, &1 7-620 (@) Bargar ot @l . 2008 Tamads m FPlaor Soevcs, 13, 437243, (0 Sohrulf at &l 2006 Dewmigpmies, 133, 351-
261, (10) Langdan and Bufus, urpubbifed. o ks Tiom s ssieesr aleain e

number to examine how ARFZ manipulations
imipact seed sze and total seed yield.
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BIO-PROSPECTING FOR BROADBALK! The single most important field site on Earth in
PLANT-GROWTH-PROMOTING
MICROBES IN BROADBALK SOILS

which to dissect the agricultural relevance of the wheat root

microbiome and identify the determinants of microbial plant-

ROTHAMSTED =Y :¥.\5 growth-promotion. Change my mind...

RESEARCH We create chemistry .
* Large numbers of experimental plots enabling the identification of a ‘core’ microbiota by

Owen Thornton — SAS-H filtering out transient associations and prioritising microbes reliably associated with wheat roots

The potential to promote plant growth Wide range of treatment combinations enabling the identification of context dependent
is harboured by many soil microbes microbial associations potentially of benefit to plant growth and eventual yield

but where are we most likely to isolate
agriculturally relevant strains?

..and how can we extract them? Why would you want to work anywhere else?

Long term experimental continuity reinforcing relevant associations over 175+ years of cropping

Opentions Dilution-to-extinction culturing! Using dilute liquid media in microwell plates with long incubations.

® ' ‘ = Statistically ensures the purity of cultures by physically separating microbial cells by dilution

= Removes competition between co-cultured microbes that inhibits slow-growers

* Avoids time-consuming spread-plating and colony picking steps

Enables automation with basic liquid handling robotics




PHENOTYPING THE NUTRITIONAL STATUS OF CROPS USING REMOTE SENSING TECHNOLOGIES

DANIEL K. CUDJOE?, FRANK G. OKYERE'? MALCOLM J. HAWKESFORD1, NICOLAS VIRLET?!, POURIA SADEGHI-TEHRAN!, PETER BUCHNER?, ANDREW
RICHE!, FADY MOHAREB?, TOBY WAINE?, MANAL MHADA3 AND MICHEL GHANEM?
ROTHAMSTED

RES E ARCH 1Plant Science Depart_ment, Rothams_ted Regearqh, Harpe_nden, ALS5 2JQ_, UK Cranfield
2School of Water, Energy and Environment, Cranfield University, Cranfield, Bedfordshire, MK4 OAL, UK University
SMohammed VI Polytechnic University (UM6P), Lot 660 Hay My Rachid, 43150, Benguérir, Morocco

1. Background
Low soll fertility is one of the factors most limiting agricultural production particularly in developing countries such as Africa.
However, mineral fertilizers that are applied to avert this production constraint comes with an economic cost to the farmer with
low income and further cause threats to human health and environmental pollution to ecosystems [1]. Therefore, more restricted
and reasonable use of fertilizers is critically essential. Improved agronomic practices in combination with breeding (i.e.,
phenotyping) of more nutrient efficient crops are necessary especially in the low productive regions to achieve food security.
Remote sensing has become an important methodology for the application of agricultural monitoring and to improve precision
and throughput in phenotyping [2]. In this project, we will explore drone technologies, satellite imagery, gantry scanalyzer
systems as well as low-cost portable phenotyping tools for controlled and field evaluation of crop performance in Africa,
specifically in Morocco for locally important crops with a specific emphasis on optimizing the use of fertilizers

2. Current Work

Nutritional pot experiments at RRes

and Cranfield University

= 4 nutrient treatments

= 5 replicates/treatment

= Structured in RCBD

= Measurement parameters included
Imagery based on RGB,
hyperspectral, 3D laser and thermal
Infrared as well as manual

53

Fig. 4. Crop establishment involving quinoa HNHP HNLP LNHP LNLP HNHP HNLP LNHP  LNLP

hysiological data o . . . . . .
phy 9 and cowpea under the scanalyzer for imaging Fig. 7. Evaluation of morphological traits of cowpea (A) and quinoa (B) based on nutrient treatments
3. Preliminary Results
* ¥k

=% Fig. 8. Correlation between — 0 T ' = HN-HP 1.5 . m HN-HP 5-
& 5 y = 6.2703x + 4.5067 - 8 m HNHP = ' ! o LD ! e | ) * mm HN-HP
= R? = 0.9707 o leaf nitrogen content and - 5 Se0= ] < — B2 HN-LP d l B2 HN-LP
2 25 - ' & 47 B3 HN-LP = E= LN-HP = e
g% photosynthetic rate of > . = YR £ 1.0 | M el = | T E= LN-HP

< [ | o =l - Z
=20 cowpea G 3- - Lirel? g - P z I | 3 LN-LP = 37 1 I 9 LN-LP
g = T 1 LN-LP 5 8 [ S
S 15 . S | 8 10000- z G 5
= Zz 27 Q. 2 0.5+ =
@ 10 - - l ‘© T & o
2 5 T % 5000 I @ e i
E 4 Q1 T =
W
g o : 0 | | 0- | | = g 0 & = . T |
£ 0 1 2 3 4 5 R K& KR & R & K & T W F 2 X S
o SO I SR & & ot v % : SHE T SR

Leaf nitrogen content (%) Qﬁ QF\ S S Q\% \z\é \,% & Q\e ‘?‘é \/é \S\ \be ~2§ \,é \,%
Nutrient treatment Kiutriant reatment Nutrient treatment Nutrient treatment
® HN-HP ® HN-LP Fig. 9. Chemical analysis of quinoa grown under varying nutrient compositions for nutritional status estimation Error bars represnt mean = SD ( n=5). One-way ANOVA was used for
LN-HP LN-LP mean comparisons between treatment conditions with significance difference at p < 0.05. Multiple mean comparisons analysis was done using Tukey’s post-hoc test.
Series5 ——Linear (Series5)

4. Conclusion

Nutrient availability impacts on quinoa and cowpea growth and nutritional status. This can be quantified manually and via quantitative analysis of images. Future work will focus on image-based derived
Indices (remotely sensed data) and correlations with manual ground-truth measurements and spectral data. Knowledge and methodologies from the current experiment will be transferred and simulated in
field conditions in Morocco. The ultimate aim is for high-throughput phenotypic trait analysis

1] Ahmed, M., Rauf, M., Mukhtar, Z., and Saeed, N. A. (2017). Excessive use of nitrogenous fertilizers: an unawareness causing serious threats to Email: daniel.cudjoe@rothamsted.ac.uk
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environment and human health. Environ. Sci. Pollut. Res. 24, 26983-26987
2] Fiorani, F. and U. Schurr. (2013). Future scenarios for plant phenotyping. Annual Review of Plant Biology 64(1): 267-291
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Competition Between an Invasive and Endemic
Species of Armyworm in Africa

Ruth Carter
Prof Kenneth Wilson- Lancaster university

Dr John Caulfield- Rothamsted Research

Why? - The background

Most of the world's food is grown on smallholde
farms. 98% of Afncan farmers are smallholders. Poor
smallholder farmers have less access to crop
protection producls, as these come at some expense.
The larvae of both migratory moth species are a risk
to food security including maize, pasture, rice,
sorghum and cash crops. Maize plants can
compensate for most foliage damage. But the larvae
can cut the central shoot causing ‘dead heart’ and
damage the cobs.

African Armyworm (Spodoptera exempta) - Native
to Africa. It causes penodic outbreaks. In eastemn
Africa, larval densities can reach up to 1,000
larvae/m-,

Fall Armyworm (Spodoptera frugiperda) - Native to
the Americas. Invasive in Africa since 2016,
Estimated maize yield reduction in Africa of 8-16
million tons per year. The estimated value of loss of
maize in Africa is US52,400-%4,800 million per year.

What? - Control

Siopesticides have been suggested as an alternative
to broad-spectrum pesticide because of rising
concerns over synthetic pesticides cost, availability
and safety to farmers and environment.
Biopesticides include entomopathogens (insect-
specific viruses, bacteria, fungus), parasitoid and
predators, botanical extracts ect.

ancaster & \D roramseo — E AIVISION
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Can a new study guide
the development of

Adult Spodoptera exempia Adult Spodoptera frugiperda

What happens to
pest when you get a new

Spodoplera exempla distribution Spodoptera frugiperda distribution

be managed
N the same way?

larvae of Spodoptera exempia larvae of Spodoplera frugiperda

How? — method plan

Direct interference competition

Interspecific predation -Spodoptera frugiperda and Spodoptera
exempla

Plant defences - compare volatiles of Cynodon grass (Cynodon
daclylon), Maize (Zea mays) and Cassava (Manihot esculenta)

Indirect Exploitation competition

l.l

| L] .
R i — x

Shared pathogens, apparent competition - Fungus and virus
infected larvae

Host plant overlap - Cynodon grass (Cynodon daclylon), Maize
(£ea mays) and Cassava (Manihot esculenta)

References
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ENHANCED NITROGEN USE
EFFICIENCY (NUE) OF UREA
FERTILISERS FOR SUB-SAHARAN
AFRICA

Authors: Marieme Drame, Tom Misselbrook, Sigrid
Heuer, Alison Carswell, Guy Kirk, Mark Pawlett

OBJECTIVES

= Conduct literature review of fertiliser-NUE in SSA,
focussing on the capacity of Uls and NIs to reduce NH,
and N,O emissions and improve crop NUE

= Conduct incubation experiments to elucidate the
influence of temperature and soil moisture on the
effectiveness of Uls and Nls for reducing NH; and N,0O
emissions on selected SSA soils

= Conduct rice/wheat growth experiments to determine
the effect of inhibitors on fertiliser-NUE, leaf-N storage
compounds and assimilation genes

= Assimilate findings to provide recommendations on
enhanced efficiency fertiliser (EEF) use under SSA
conditions

ROTHAMSTED
RESEARCH
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INTRODUCTION

Urease inhibitors (Uls) and nitrification inhibitors (NIs) have been shown to

effectively reduce ammonia (NH;) and nitrous oxides (N,O) emissions from surface

applied urea, respectively. However, the stability and longevity of these nitrogen (N)
cycle inhibitors are influenced by several factors including soil moisture, pH and
temperature. Particularly for temperature, inhibitors are more stable and have a
longer lifespan at lower temperatures. However, very few studies have studied
inhibitors efficacy at high temperatures (above 25 °C) in the highly weathered and

nutrient deficient soils found in Sub-Saharan Africa.

METHODS

EXPERIMENT LOCATION
Rothamsted Research, North Wyke and Harpenden using arable soil
from Tanzania, Ilvory Coast and Madagascar.

AMMONIA AND NITROUS OXIDE MEASUREMENT

NH; volatilisation: cylindrical chambers with an air throughflow
system, according to Misselbrook et al. (2005)

N,O emissions: cylindrical chambers with closed headspace, method
described by Klein and Harvey (2013)

Treatments: urea, urea with Ul, urea with NI, urea with both Ul and NI
and a zero N control

Figure 2: Purpose-designed laboratory chamber system

PLANT INCUBATION EXPERIMENT

NUE indices: biomass growth, N concentration, N uptake and N
recovery

Leaf-N storage components: NH,*, NO;", protein, glutamine

N losses: via volatile NH; using glutamine synthetase (GS) enzyme
activity and apoplastic NH,* as a proxy

Expression of N-related genes: GS, nitrate and ammonium
transporter genes

PROGRESS

" Conducted literature review to find research gaps
= Started soil incubation experiment using UK soil

Soil type: Dystric Cambisols

Temperature: 15 and 25°C

Moisture: 60% water filled pore space

Treatment:(1) urea; (2) urea with Ul N-(n-butyl-thiophosphoric
triamide (NBPT); (3) urea with two Uls (NBPT and N-propylyl-
phosphorothioic triamide (NPPT); (4) a zero N control.
Measured emission: NH; , N,O

Experimental setup: randomized complete block design (RCBD)
with three replications

% cumulative loss from applied N

15
Uls give c.
10 75% NH; emission
reduction
5
: I
W Urea
Figure 3: NH, percent cumulative loss over fourteen days period (25°C)
FUTURE WORK

" Conduct soil incubation experiment at 35 °C with soil moisture
60% WEFPS using UK Soil

= Determine soil physicochemical characteristics

= Stablish plant incubation experiment using wheat varieties

" Conduct incubations with representative SSA soils

References: Z 2 N\
Misselbrook, T. H., Powell J. M., Broderick G. A., and Grabb. J. H. (2005). Dietary Manipulation in Dairy Cattle: Laboratory Experiments to =™ C (r/‘"\\)
Assess the Influence on Ammonia Emissions. J. Dairy Sci. 88:1765-1777 MOH;;A';‘:;':VI e V\\Fl)/v
Harvey, M., Klein C.D., C.D., and Chadwick D., D. (2013). Nitrous Oxide Chamber Methodology Guidelines edited December 2012, 146p. UNTVERSITY
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Reduced free asparagine i wheat grain resulting from a natural deletion ot 7aAS/N-BZ

Joseph Oddy, Mark Wilkinson, Sarah Ratfan, J. Stephen Elmore, Nigel Halford Plant Sciences, Rothamsted Research, Harpenden, UK
Backeround Results Results
# .l’u.!.ﬁlﬂl‘ﬁﬂl'lﬂ- i AR Mg ackd invalved In |'||‘|_I'|:|ﬂ-|:|r'i mickb bt |G 1 marky :I.ﬂr'i'l:!n +  TaASAN-BZ was nol preEseEnt at l'l|E,|'1 fraquan-:-e-i across a collection of 683 UK Tabda 1. Signitcance values for ARODVA srsd REML snalyies of Field trlad dats.
{Fig. 1)and is the major préecursor 1o acramide in wheat. wheat varieties, but it vares between different commercial growps (Fig. 3). | CIE LT L2913 ARTVR Both pee Ak
« Free (soluble, non-protesn) asparaging kevels in wheat grain are likely controlled R - - -
to & larpe extent by asparagine synthetase 2 (ASNZ) expression, i vy 0000 amz anm
« The B genome homoeolog of ASNZ (TAASN-B82) is varably present BCross wheat === _— foain-02 [l Preses B saar S — - o -
varelies bul has not been Tully characlernsed Delong EEEEN P al i
_E-. EEEERN o "ihh i] R
BEEEEN Fuar " N1 rru | ui] L]
R —— an R ——— - n ﬁ EREREER Famar = LN BT " by 3ar
E _E. ===== Piar “ 00 Br= Froval rimes d [
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Figure 3. Freguency of vaneties possesung TadSN-B82 acroms UK commerclal wheat groups

l—‘ Asparagine Tmmnn

Mobilisation of N Developmental Detoxification of * TaASN-B2 5 expressed more than Tadsh-02, bul ess than TaASN-AZ, when r _ r B i . r
during stress mobilisation of N MNH," and N storage present (Fig. 4a, 4b). Expression is absent when it is deleted (Fig. dc. 4d). s : ' 3
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« TaASN-B2 is located near a large terminal repeat retrotranspeson (Fig. 2a) and = =
has 8 much smaller first intron than TaASN-A2 and TaASN-D2 (Fig, 2b), 1
W -
a. :il :"::.. Bograd aRErwee B agrud bigprm i Eamrad v reE e
o] BRI |: T __'_—_': gL '_:- . i T i | o . =
— 4D P _D : D Figure 5. Effect of the TaASN-82 delenon on free asparagine levels In varnenes grown duning
o = T rre QT

S the 2011 = 2012 (8} and 2012 = 2013 ib.) growing seasons, and for those warieties grown In
13752 b P" L. o floosq both weadnns (€. ). Post-hod Bonléemoni tests for comparisons (ns > 0006, * < .05, ** < 0.01).

vl.l .
i b . .
| | Conclusion
T D | 3
W 1
- E + Selection for the TaASN-BZ deletion in wheat breeding germplasm can improve
b. L I wheat quality by reducing average levels of free asparagine.
a T
s I h, . Reterences
Trpcin v Qddy, 1. Raflen, 5., Wilkinton, WD, Ewncre, 15, Haford, N.G. Stress, nulriests and genctype
| N N NN N N NN Figure 4. Relative exprassion of the 3 ASH2 homeologs in ambryo tissue in varieties possessing urderslading snd imEnaging spae e acoumsll@aon In wlesd prain, CAR Agra Bioso 1020

- FoASN-82 (Cadenza la.) and Dudord (b)) and lacking ToASN-82 (Claire [e.) and Spark (d.]) Ku HWY, Cortis TY. Powers 50 Raffan 5. Gag RH, Heirg M. Heiner M, (piber DR, Halferd WG Genomix,
Figure 1. Genomic location [a.) and gemsetic structure |b.) of ToASN-A2. ! I‘ - :I a beo hermecal, ard modeling anakyses of a3 paragine wynthetises from whest. Front Plas Sci. 2018,
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FLIGHT-TO-LIGHT

Ishbel Hayes?2, James Bell}, Kevin Gaston?, Jon Bennie?
lRothamsted Research & “University of Exeter

INTRODUCTION

UK moth abundance has declined by 31% since 19682, This has

largely be attributed to habitat loss and climate change!2.,
However light pollution is associated with high insect mortality
and has negative effects on moth development, reproduction

and foraging®! so may have contributed to declines.

MEASURING LIGHT POLLUTION

Images from the new satellite Luojial-01 were geo-corrected
and processed to removed noise and clouds to create a new

130m resolution light pollution map of the UK.

FIGURE 1: Night-time sateliite imagery of west London (scale 1:250,000) from
existing light poliution data (A) and the new high resolution light pollution map (B).

UNIVERSITY O]}

EX ETER

llgell etal., (2020); *lowens et al,, (2019); PlFox et al., (2013);

& DECLINE OF BRITISH MOTHS

//

PRELIMINARY MODELLING

Data from the Rothamsted Insect Survey
light trap network was modelled for six

woodland site to compare the impact of
light pollution on moth trends.

-

5

:

:

Annual Moth Abundance

1558

1973 1568

FIGURE 2: Moth abundance for four light polluted traps (green)
and two dark-sky sites (navy). Solid lines show significant frends;

dashed lines are non-significant.

Further modelling of moth trends between lit and
unlit sites using satellite and light sensor data
(SQMs)

Field work to establish impact of lunar phase on
moth activity

Experiments on impact of wavelength on flight-to-
light behaviour
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‘_ DIGITAL IMAGE ANALYSIS FOR HIGH THROUGHPUT PHENOTYPING OF QUINOA PLANTS IN A GLASSHOUSE

“ Frank G. Okyere!, Daniel K. Cudjoe?, Pouria Sadeghi-Tehran?, Nicolas Virlet?, Daniel Simms3, Michel Ghanem#, Manel Mhada#* ,Fady Mohareb?3,

Malcolm J. Hawkesford?™
' 1,2 Rothamsted Research, Harpenden, United kingdom, 3 Cranfield University, Milton Keynes, United kingdom, 4 University of Mohammed VI Polytechnic, Morocco
INTRODUCTION
Tools to phenotype quinoa plants and analyse its growth with fertilizer inputs are not readily

available. Hence a study was aimed at developing an automated tool(pipeline) to phenotype and
analyse the growth dynamics of quinoa with respect to the variability in nutrient application. The
phenotyping is done on quinoa plants from growth stage BBCH19(develop nine pair of leaves) —
BBCH59(inflorescence visible) as documented by Sosa-Zuniga et al(2017)
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As a part of the tool, a script for analysing the plant shoot
height and width as well as its canopy area cover has been
developed. The tool when used will be able to estimate plant
height and canopy area at any given growth stage of the plant
(Figure 4).

Script to predict and analyse the crop chlorophyll has also
been developed. Colour indices were extracted and correlated
with the ground truth. With an R? (0.53), a PCR model could
predict with 0.38 error the plant chlorophyll. (Figure 6)
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RESULTS AND DISCUSSIONS

MATERIALS AND METHODS T J As part of the pipeline, a machine learning model(random forest) has been trained ,

Four treatments: High Nitrogen High Acquisition 38307 to classify plants into HNHP, HNLP, LNHP and LNLP based on their nutrient content. 250 Rt The HNHP and
Phosphorus (NHNP), High Nitrogen Low g L p 5;} 2 g %’ The model with a 98% accuracy(Figure 5) can make more accurate class treatment T 20 . J==3=— HNLP treatments
Phosphorus  (HNLP), Low Nitrogen High § £33 Image - predictions on unknown data £ 300 =T j[ I had high plant
Phosphorus (LNHP) and Low Nitrogen Low — =~ ° _ segmentation = E”igg ; 5 heights
Phosphorus (LNLP), each with five replicates L ) | £ 100 - 1 i comparably with
were set up in a controlled glasshouse. EE =t the LNLP plants
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plant images (top view and side view) twice
weekly. Computer vision techniques utilizing
scientific libraries such as OpenCV, SciPy, Scikit
learn etc is applied to build a robust
automated pipeline to phenotype quinoa
plants.

This tool will be used to classify plants based
on their nutrient content, predict chlorophyll
content, estimate plant shoot height and
width, analyse plant growth rate with respect
to the variation in nutrient application
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Figure 2. Flowchart of the pipeline for
automated phenotyping
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CONCLUSIONS: An experiment is ongoing for developing an

automated pipeline/ tool for

phenotyping

the vegetative

growth stage of quinoa plants. This tool when fully developed

will be used in batch processing of quinoa

plants to predict

plant class based on nutrient level, plant shoot height, width
and canopy area at the vegetative growth stage. In addition, the

chlorophyll content as well as the growth
nutrient deficiency will be evaluated.

dynamics due to

REFERENCE: Sosa, Viviana (2017) Phenological growth stage of
quinoa (Chenopodium quinoa Wild) based on the BBCH scale,
Annals of Applied Biology 171(124). D0i.10.1111/aab.12358
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THE LARGE SCALE ROTATIONAL EXPERIMENT - LSRE

Treatment structure and design
 Main plot treatments:
Crop rotation x3: 3, 5 and 7 year rotations with a gradient
of functional diversity
Cultivation x2: Ploughed vs. No/Min-till
Crop protection x2: Conventional vs. Smart
e Sub-plot treatments:
Nutrient inputs: Cover cropping, green compost and
straw incorporation vs. no inputs and straw removal
* Multi-site
Brooms Barn, Suffolk est. 2017 and Harpenden est. 2018
* 60 different 24 x 24m plots, split into two equal sub-
plots per site encompassing all treatment combinations
every year

Aerial photograph of the LSRE plots at Brooms Barn, Suffolk
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METHODS AND MONITORING

The following variables will be measured on the LSRE which will contribute
towards a set of sustainability metrics used to “value” the different
treatment/management systemes.

Biodiversity

Natural capital accounting

Biodiversity: Soil entomology, Soil microbiology, Pollinators and winged insects,
Weed diversity, Weed-seed predation, Pest pressure

Soil health: Aggregate stability, Bulk density, Porosity, Infiltration rates,
Compaction, Nutrient Status, Microbial diversity, Earthworms, Decomposition
rates

Losses from the system: GHG emissions, Leaching of agrochemicals

Crop

Soil Health Production

Management
/ Treatments

Losses from Operational

Conventional accounting h C
the system osts

Crop production: Crop vields, Straw yields, Crop quality, Sale prices/premiums
Operational costs: Seed costs, Inputs (agrochemical and organic), Logistics
(labour) and Required capital (machinery, grain storage etc.)

Figure 1: Proposed set of sustainability metrics which are interdependent,
with positive and negative effects in response to different
treatments/management systems captured in the LSRE.

AIMS AND HYPOTHESIS

Aims

e Decide on a set of sustainability metrics to be measured on the LSRE, which capture the “complete picture”

* Develop practical methods of monitoring natural capital in agricultural systems with application for widespread monitoring
on farms

* |dentify trade-offs and synergies between different components of the systems

* Place an economic value on natural capital measured and incorporate it into a conventional farm economic model in order
to work out the “true cost” of the different farming systems captured in the LSRE

Hypothesis

* As the treatments on the LSRE diverge, initially see a reduction in yield in the more environmentally focused systems but as
the natural capital and ecosystem services, such as beneficial insects, build up over time these systems will catch up as the
more conventional profit-driven systems become degraded.

* When accounting for environmental degradation and valuing natural capital and ecosystem services the more
environmentally focused systems will be more “profitable”
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UNLOCKING FARMERS' COLLECTIVE INTELLIGENCE TO CREATE WEALTH

Collaborative and co-designed research with farmers Is an essential component for developing strategic policies
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IMPLICATIONS

Develop models to identify the

Influences on farmer behaviour
and how these can be used to
Improve the sustainability of

agriculture. /\

Funded by

Explain how regularities

Explore how cooperation is a
key element for delivering
multiple ecosystem services

observed at the macro-level can
emerge from the interactions of
agents at the micro-level.
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Reading

Septoria leaf blotch
Ccauses up to

Fungicides
are used to protect
wheat crops against
pathogens that cause
disease, maintaining
yield and quality

S0
yield loss

Fig. 1:
Septonia leaf
blotch on a

wheat leaf.

What are single-site fungicides?
Single-site fungicides, such as azoles
and SDHIs, target only one part of
the pathogen's biology, eg. an
enzyme. This slows down the
pathogen’s growth.

What causes fungicide resistance?
A mutation in the pathogen
target-site gene can lead to
pathogen strains with resistance to
a single-site fungicide.

Fig. 2: Asimplified
representation of a
pathogen cell.
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Why does resistance spread? = L=
When the fungicide is applied, E — SEggﬁ':E
the percentage of the i .

pathogen population that is
resistant increases, as resistant
strains grow faster.

Time
Ag. 3: When fungicide is applied,
resistant strains outCcompete
sensitve srains.

Managing concurrent evolution
universityof OT Fesistance to fungicides
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What is conourrent evolution of resistance?
Septoria is currenty evolving resistance to both

SDHI and azole fungicides at the same time. This is
known as ‘concurremt evolution of resistance’.
Can this process be slowed down?

A balancing act

What is the best way to combine two single-site fungicides in a
programme? 5trategies include alternation or applying
fungicides in mixture. Each option introduces trade-offs, and so

could either increase or reduce the selection pressure overall.
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What is ‘resistance management?

Choosing fungicide programmes that aim to
keep selection for resistant strains as low as
possible, whilst maintaining control of disease.

&

How can

| will use models to run ‘what-if' scenarios,
testing a large number of possible strategies
with the aim of informing and improving
resistance management tactics.

modelling
help?

Rg. 4: A schematic diagram of a fungicide resistance model for septoria.
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Data assimifation of remote sensing and crop models

Necessary datasets are identified. CONCLUSIONS

Supporting/auxiliary datasets
rainfall and Actual Evapotranspiration (ERAS)
Biomass canopy cover and yield
satellite imagery (Modis, LandsatS, Landsa (| NOAA AVHRR)

. SCOPING WORKSHOPS AND SURVEYS :
o |[demily
« l[demily farmers standard practices
« Dehine appropnate study cases

In this study,data assimilation algorthms were used 10 iImprove the esbmation accuracy

™

I1.DSS ANALYSIS: of Aguacrop for wheal prodecton In Morocco, The conclusions are as follows

¢ Investgate models behind each DSS
o Dedine the hist of parameters needed for each DSS

HLLDSS CALIBRATION AND EVALUATION:

« Run DSS simulations with default parameters.

2.0ATA EXTRACTION:

« Necessary datasets are identified
o Supporting/auxiliary dataseis :
rainfall and Actual Evapotranspiraton (ERAS)
- Blomass,canopy cover and yield
Satellite imagery (Modis, Landsals, Landsa 7, NOAA AVHRR)

o Several vegetabion indices were highly correlated with canopy cover.

o Canopy cover estimaied using Landsal achieved more accurate estimations than
Modis data

« Calibrate DSS using remole sensing and data assimilabon methods
« Evaluale and assess the valupe of the DSS. 1.DATA PREPROCESSING:

- —

— FUTURE WORK

) St NOA bave

TIMATION FROM VEGETATION INDICES

« Conservative and non-conservatwe parameters of the first DSS to b calibrated (AguaCrop)

« Vegetation indices are extracted from satelite data with different resolutions, regression
relationships with blomass and canopy cover will be analysed and 1l
model will be determined .

Figure 1 . Agquacrop calibration apgroach
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