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PREFACE  
 he  ie d  nhancement Network, or   N, was estab ished in   1  to provide bespoke scien琀椀昀椀c s pport 
(evidence & ideas) for individ a  farms  ooking to increase their crops9 performance, o昀琀en with a s pport 
organisa琀椀on who ma  sponsor their   N entr .  

 he   N has grown and deve oped since   1  and now addresses  ie ds, n tri琀椀on and carbon intensi琀椀es of 
wheat, bar e , oats, oi seeds, and p  se crops for h ndreds of farms on both sides of the  t an琀椀c, and in 
 ceania.  n addi琀椀on to bespoke reports benchmarking and exp aining crop performance for each farm, the 
  N has now generated an  npara  e ed database of over 6,5   crop  ie ds with over 1 mi  ion exp anator  
data, describing how the best professiona  farmers c rrent   grow arab e crops, and how these perform.  

 he   N9s reports have so far foc sed on informing individ a  farms abo t their individ a  crops.  o now, 
this review seeks to demonstrate the wea th of evidence that entrants, sponsors and other stakeho ders 
ma  access each season from its database, to f rther their q ests for progress.  t does so b  describing how 
  N wheat crops performed in    3 compared to   N wheat performance thro gh the previo s decade.  ts 
foc s is on the top ten crops, beca se these again demonstrate (8Q. . .9) how  ie ds ma  be enhanced 8b  
design9, and thereb  enab e man  of the aspira琀椀ons of  1st cent r  farming in the UK: be琀琀er pro昀椀ts, and 
food sec rit , with more  and to spare.  

 his  eview is provided free, so that the power of the   N9s approach – c ose on-farm crop monitoring with 
data sharing – can be demonstrated to as man  poten琀椀a  stakeho ders as possib e. We we come feed-back 
so that we can maximise the f t re va  e of the   N, and improve f t re   N  eviews and ini琀椀a琀椀ves. 

  ease feed-back  o r views to  en@adas.co. k.  

mailto:yen@adas.co.uk
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EXECUTIVE SUMMARY  
 昀琀er e even  ears the  ie d  nhancement Network or 
8  N9 shows here, that  ie d enhancement is possib e 
a most an where in the UK (probab   a so in NW   rope).  

 hro gh monitoring farm crops and repor琀椀ng the 
 imi琀椀ng factors, the   N provides engaged farms with 
bespoke evidence & ideas to s pport them and their 
s pport organisa琀椀ons in b i ding  ie d enhancing 
strategies; the  can a so q es琀椀on a   the   N9s data.  

 o demonstrate the f    dataset9s va  e, grain  ie ds of a   
wheat entries in    3 are reviewed here, the  are 
compared with crop performance over the previo s 
decade, high igh琀椀ng how the ten top- ie ding crops 
achieved an average of 1 .5 t/ha in a  ear when a   UK 
 ie ds averaged on   8.1 t/ha.   

 ie d enhancement has not been evident since the   N 
began, and average wheat  ie ds in   N    3 were 
 nexcep琀椀ona  at 1 .7 t/ha, b t data exp aining the 
extensive  ie d varia琀椀on in    3 (from 5.  to 16.6 t/ha) 
con昀椀rm the no琀椀on that  ie ds can be enhanced b  
strategies tai ored to speci昀椀c farm condi琀椀ons and 
addressing  imi琀椀ng factors iden琀椀昀椀ed in   N reports.  

 argets to address inc  de pro onging the growing season, 
managing soi s to enhance roo琀椀ng depth, promo琀椀ng over 
5   fer琀椀 e shoots/m , providing s 昀케cient n tri琀椀on and 
protec琀椀on to avoid premat re canop  senescence in     , 
and avoiding  imi琀椀ng grain n trient concentra琀椀ons.  he 
top ten crops in    3 were most   grown b  freq ent   N 
winners; the  were sown ear ier and harvested  ater than 
average, their n trient app ica琀椀ons were not red ced  ike 
most other   N entries, and the  received more freq ent 
(b t no more cost  ) f ngicide app ica琀椀ons.  

 he   N now provides its par琀椀cipants with access to the 
  N database via an on- ine 8d namic benchmarking9 too .  
 owever, for the wider ind str  to consider the   N9s 
昀椀ndings, a new Wheat  rowth   ide is proposed that 
describes an ideot pe  ie ding 15 t/ha, which roots deep 
in the s bsoi , has a pro onged  ife-span, high ear 
n mbers and high biomass.  ea isa琀椀on of this ideot pe 
wi   depend on enhanced farm management, hence on 
 nderstanding how to make te  ing crop and soi  
assessments and how to forge new change-making crop 
management strategies.  
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INTRODUCTION  
 his report is on the performance of wheat entries in the UK-based   N for harvest    3 – the 昀椀rst harvest 
of the   N9s second decade; so    3  ie ds here are compared to UK performance from   13-    , and to 
 onger term trends where data are avai ab e.   owever, the   N exists beca se data describing on-farm crop 
 ie ds and their varia琀椀on were previo s   deemed inadeq ate (Knight et al,   1 ), so the   N9s own data are 
the main reference for wheat performance in    3.  

Fig. 1 Average farm wheat yields as reported 
by Defra since 1981 with average and 
maximum wheat yields in the YEN. The 
trend for YEN maxima is signi昀椀cantly 
posi琀椀ve (P=0.02) at 0.29 t/ha/year.  

 

  N wheat  ie ds have averaged abo t 3 t/ha more than a   UK farms ( efra sta琀椀s琀椀cs), and showed simi ar 
seasona  varia琀椀on (Fig.1), b t with no apparent change thro gh the  atest decade.  he wide range of   N 
 ie ds and the extensive exp anator  poten琀椀a  of its data, provide the va  e of the   N9s database; ann a  
  N reports to individ a  farms provide bespoke ana  ses of  imi琀椀ng factors for each crop.  his report now 
seeks to draw genera  conc  sions for    3, on characteris琀椀cs of the season, b t par琀椀c  ar   on the extensive 
 ie d varia琀椀on that has occ rred ever   ear, and on how the high  ie ds are best exp ained and va  ed.   

 verage farm  ie ds from  efra sta琀椀s琀椀cs show more inter-seasona  variabi it  in the recent decade than 
previo s  , b t the  cannot be re ated direct   to farms9 condi琀椀ons or h sbandr  decisions.  efra on   reports 
within season varia琀椀on b  region; we be ieve that the   N dataset is the on   region-wide dataset avai ab e 
to exp ore and form  ate more sophis琀椀cated exp ana琀椀ons of the s bstan琀椀a  and persistent intra-seasona  
varia琀椀on in crop performance.   
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YEN ENTRIES & the Top Ten:  
Farms comp eted 111 wheat entries in   N    3, a ong with  8 of bar e  and 1  of oats. Wheat entries were 
from a   parts of the UK and inc  ded 1  from across   rope.   he decrease in tota  entries from ear ier  ears 
is a琀琀rib ted to the   N9s more demanding data entr  processes in    3 (now reso ved), and can be 
considered  nre ated to crop performance  eve s; the reference data from   13 to      arose from 1,5 1 
entries which had simi ar wide distrib 琀椀on (Fig.  ).  

Fig. 2 Geographic distribu琀椀on of 
sites entering wheat crops in 
2023 (red) and each year of 
the YEN since 2013. A few 
crops in the Shetlands, 
Finland, Estonia, France, 
Switzerland and New Zealand 
are omi琀琀ed.  

 
 

 ie ds in    3 were from an average 昀椀e d area of 11.5 ha (range  .8 to 83 ha); 33 were va idated b  
weighbridge, the rest were  nva idated or from combine  ie d monitors.  ponsored tram ine tria s provided 
35  ie ds.   N wheat  ie ds in    3 averaged 1 .7 t/ha, 3%  ess than the   N9s  ong-term average, and varied 
between 5.  and 16.6 t/ha (Fig. 3), with an inter-q ar琀椀 e range ( Q ) of  .  t/ha and a coe昀케cient of varia琀椀on 
( V) of 17%.  Maximum   N wheat  ie ds increased b  ~3 t/ha thro gh its 昀椀rst decade (Fig. 1) and the    3 
maxim m was 16.6 t/ha, in keeping with this trend.  Note that the maxim m   N  ie d of 18.  t/ha in      
is the c rrent wor d record commercia  wheat  ie d.  

 

Fig. 3 Frequencies of 122 wheat yields in 2023 
(orange) compared to frequencies of 
1,230 yields from 2013 to 2022 (do琀琀ed 
line).  The top ten high yielding crops 
(>13 t/ha) are highlighted red and 
mapped in Fig. 4.   

 

 ie d varia琀椀on of wheat crops entered in the   N in    3 was simi ar to average varia琀椀on across the ten 
previo s seasons ( V 15%; Fig. 3).   so, as in previo s seasons, the top ten high wheat  ie ds in    3 were 
distrib ted wide   across UK and inc  ded two in  enmark (Fig.  ), s ppor琀椀ng the conc  sion that high  ie ds 
are possib e a most ever where.  his report examines the  ie d varia琀椀on b  comparing the ten crops  ie ding 
more than 13 t/ha with a   wheat crops entered in   N in    3.   

https://www.guinnessworldrecords.com/world-records/highest-wheat-yield
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Fig. 4 Distribu琀椀on of wheat crops yielding more than 14 t/ha in YEN from 2013-2022 (green 

points) and the ten crops yielding 13 t/ha or more (av. 14.5 t/ha) in 2023 (red points). 

NATURAL RESOURCES  
 nn a  incident so ar radia琀椀on in the     -3 growing season was 3 .9   /ha ( V 7%), c ose to the average for 
the   N9s 昀椀rst decade (Fig. 5).   mmer rainfa   ( pri  to     ) averaged at  33 mm ( V  5%),   % more than 
the 1st decade average and soi  avai ab e water (  W) averaged   8 mm ( V 36%), simi ar to recent  ears. 
  W in    3 varied h ge   as  s a , ranging from on   51 mm (a sha  ow sand  c a   oam) to   9 mm (a deep 
昀椀ne si t).  

Fig. 5 Total annual solar 
radia琀椀on and annual 
rainfall from April to July 
for the dura琀椀on of the 
YEN, 2013-2023. 

 

 ogether these reso rces created an average bioph sica  poten琀椀a  grain  ie d in    3 of 18.  t/ha ( V 13%), 
a  i琀琀 e  ess than in recent  ears (taking into acco nt that we have changed the wa  we es琀椀mated poten琀椀a  
 ie d in that 琀椀me; Fig. 6).  verage poten琀椀a  grain  ie d for the  op  en crops was ver  simi ar at 18.6 t/ha. 

Fig. 6 Average wheat yields in the 
YEN (orange line), average 
es琀椀mated poten琀椀al wheat 
yields from 2013 to 2023 
(blue bars) and thus the 
average % of poten琀椀al yield 
(black line, RH axis). Note 
that the data used and the 
way they were used to 
es琀椀mate poten琀椀al yields 
changed through this period 
so improvement in %YP 
should be inferred.   
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The Weather  

 he growing season in     -3 was warmer than ever (Fig. 7), and was characterised b  a warm and moist 
a t mn, a dr  Febr ar , wet  arch, dr   a  and bright   ne, with   ne some琀椀mes being hot, fo  owed b  a 
d    and moist      (Fig. 7).   

 
Fig. 7 Monthly average temperature, solar radia琀椀on and rainfall for an example loca琀椀on in central England through 

the 2022-2023 growing season, with long-term averages (do琀琀ed lines).  
 

CROP MANAGEMENT & GROWING CONDITIONS  
 ost   N wheat crops were estab ished a昀琀er break crops (Fig.8) on  and that had ni  or infreq ent organic 
man re app ica琀椀ons (Fig. 9).  he ear   harvest in      and warm and moist a t mn genera    a  owed 琀椀me   
dri  ing and good estab ishment.  he median date of sowing was  9th  eptember (range: 3    g to  1 Feb; 
 Q     da s).  No  op  en crop was sown in spring; the  atest was sown on 11th November.   

  

Fig. 8. Distribu琀椀on of crop types grown before YEN 
wheat crops harvested in 2023. 

Fig. 9. Distribu琀椀on of Organic Manures applied 
previous to YEN wheat 昀椀elds entered in 2023. 

 

 hirt  recent   bred varie琀椀es were represented; most were from  ro p   (Fig. 1 ) and were recent   re eased 
(昀椀rst  isted in the  ast 5  ears; Fig. 1 ).  ost were of average mat rit ; on   1 % were a da  or two  ater than 
average mat rit  (Fig. 11). Favo red varie琀椀es genera    had their norma  grain protein  eve s j st exceeding 
11% (Fig. 13).  he nine growers of the  op  en crops chose six di昀昀erent varie琀椀es; fo r chose  hampion.   
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5 years)
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(1 in 3 to 

5 years)
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 o s mmarise growing condi琀椀ons in     -3, a昀琀er good estab ishment, a wet November and co d  ecember 
inhibited ear   琀椀  ering and root deve opment, especia    on heav  and poor   drained  and.   espite ear   
dri  ing with pre-emergence herbicide  se, weeds took advantage of some patch  crops and m  琀椀p e 8post-
ems9 were o昀琀en needed.  he winter was drier than average, especia    Febr ar , b t a wet  arch in most 
regions, especia    the mid ands and so th, negated expecta琀椀ons of good soi  n trient reten琀椀on and de a ed 
spring opera琀椀ons.  pring rains a so b i t high septoria press re, giving  1 and    f ngicides strong c ra琀椀ve 
ro es. B t drier da s then s owed septoria deve opment so protectant f ngicide ac琀椀vit  was  ess cha  enged. 

 

 

 
Fig. 10. Distribu琀椀on of varie琀椀es by Group, for YEN 

wheat crops harvested in 2023. 
Fig. 11. Distribu琀椀on of variety maturity (days 

compared to control), for YEN wheat crops harvested 
in 2023.  

 
 

Fig. 12. Distribu琀椀on of variety age (years since 昀椀rst 
listed) for YEN wheat crops harvested in 2023.  

Fig. 13. Distribu琀椀on of variety by normal grain 
protein content (%DM) for YEN wheat crops 

harvested in 2023.  

 he warm, wet spring was op琀椀ma  for con琀椀n ed 琀椀  ering and the associated  odging risk  ed to increased  se 
of    s (Fig. 1 ).  o d and frost  spe  s had  arge   contro  ed  e  ow r st over winter; increased r st 
deve opment was then contro  ed b  hot   ne weather.  

 he s ow decrease in overa   crop protec琀椀on spend seen in recent  ears was reversed, b t the s ow dec ine in 
 se of fer琀椀 iser N persisted; average  se on   j st exceeded     kg/ha N in    3 ( V  3%; Fig. 1 ).  he  op 
 en crops received 17 kg/ha more N than the   N average.   
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Fig. 14.  Average input 
levels used on 
YEN wheat crops 
harvested in 
2023 compared 
to those in the 
previous decade. 
The number of 
entries in each 
year is indicated.  

 

  minorit  of wheat crops, main   those on  ight or sha  ow soi s, str gg ed to 昀椀nd adeq ate water for f rther 
growth and n trient  ptake in  a  and ear     ne b t overa   s rviving fer琀椀 e shoot n mbers were re a琀椀ve   
high.  ense 琀椀  ers with warm and dr  condi琀椀ons genera    inhibited the s ccess of ear deve opment and grain 
set, and s bseq ent green canop  s rviva  and grain 昀椀  ing were common   compromised beca se the 
s mmer moved from being dr  and warm (some琀椀mes hot, especia    in the west) to being wet and d    
towards harvest. Freq ent rain thro gh  ate   ne and      tested persistence of    f ngicides, ca sed m ch 
 odging and more broad- eaved weed growth than norma , promp琀椀ng some  ate herbicide  se.  ie d 
responses to f ngicides were th s sma  er than expected.  

CROP DEVELOPMENT AND RESOURCE CAPTURE  
 vera   it was the warmest  ear on record and, a tho gh ear   crop deve opment phases show no trends over 
 ears, pres mab   beca se the  are contro  ed b  da  ength, the   N has seen a signi昀椀cant foreshortening of 
the grain 昀椀  ing phase (Fig. 15).  rops in    3 were genera    too advanced for the coo , d         to de a  
senescence b  m ch, so harvest was genera    prompt, b t fo  owed disappoin琀椀ng grain 昀椀  ing.  he  op  en 
crops emerged a week ear ier than average, and the  senesced and were harvested a week  ater. 

 

 

Fig. 15a. Average development 
pa琀琀ern of wheat in 2023, 
compared to those 
through the previous 
decade. Average growth 
stage dates are at the 
right end of each colour 
bar. Average grain yields 
(t/ha) are on the right.  
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Fig. 15b. Average dates and rates of 
change of 昀氀owering (GS61), full 
senescence (GS87), maturity 
(GS92) and harvest ripeness 
(GS99) for YEN wheat crops from 
2013 to 2023. The decrease in 
grain 昀椀lling (GS61 to GS87) of 1 
day per year through this decade 
is sta琀椀s琀椀cally signi昀椀cant at 
P=0.06. 

 

 

 he   N is fo nded on the concept that growth and  ie d of arab e crops primari   re ate to their s ccess in 
capt ring ph sica  reso rces of  ight energ  and water (Fig. 16a) i.e. crops can primari   be regarded as 
converters of so ar into edib e energ , with water providing the associated and essen琀椀a  coo ing.  

 
 
 
 
 
Fig. 16. (a) Incident physical resources for 

growth and (b) their average 
capture by wheat crops in the 
YEN in 2023 compared to the 
preceding decade. Poten琀椀al 
yields are es琀椀mated in the YEN 
by assuming that any annual 
crop could (if managed perfectly) 
capture 60% of annual incident 
solar radia琀椀on and all of the 
summer available water (water 
held in soil to 1.5m depth or to 
rock at 昀椀eld capacity plus rainfall 
from April to July). 

 

We cannot meas re direct   each crop9s s ccess of reso rce capt re, b t we can es琀椀mate their approximate 
 eve s achieved b  ass ming that 8 39 crops ( 3 is the wa  wheat does photos nthesis, whereas    is the wa  
maize and sorgh m photos nthesise) in the UK c rrent   achieve e昀케ciencies of reso rce conversion that are 
fair   consistent at 1.  tonnes biomass per    so ar radia琀椀on intercepted, and 5 t/ha biomass per 1  mm 
water capt red.  hese ass mp琀椀ons indicate that   N wheat crops have genera    been achieving abo t   % 
energ  capt re ( V in    3: 18%) and 8 %  se of avai ab e water ( V in    3:  7%), and that this was m ch 
the same in    3 (Fig. 16b).   
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CROP NUTRITION  
 he   N monitors apparent avai abi i琀椀es of soi  n trients and their capt re in above gro nd crop biomass 
 sing soi ,  eaf and grain ana  sis, and the n trient app ica琀椀ons reported b  farms (Fig. 1 ).  verage soi  
n trient avai abi i琀椀es were ver  simi ar in    3 to   N crops in previo s seasons ( ab e 1).  owever, as  s a , 
varia琀椀ons in n trient avai abi i琀椀es between 昀椀e ds were  arge, their  Vs being  9% for  , 58% for K, 7 % for 
 g and   % for soi  organic ma琀琀er.   oi s tended to be a ka ine on average ( ab e 1;  V 9%).  

Table 1 Average soil analysis from 91 昀椀elds growing wheat in the YEN in 2023 compared to 995 
昀椀elds growing wheat from 2013 to 2022. Soil pH was determined in water and soil 
organic ma琀琀er was determined by loss on igni琀椀on. 

Years Soil pH  Soil P 
(mg/l) 

Soil K 
(mg/l) 

Soil Mg 
(mg/l) 

Soil OM 
(%) 

  13-   7.    7.7 193 119 5.   

   3 7.18  7.  17  1   5. 6 

 

Leaf tissue analyses  
 eaf samp es were ana  sed at two growth stages (  31 &   39) in    3 compared to fo r stages in previo s 
 ears of the   N, and the  omi琀琀ed nitrogen.  espite the spring weather which created dr  topsoi s and m st 
have inhibited n trient capt re, other  eaf macro-n trient concentra琀椀ons were ver  simi ar or a  i琀琀 e greater 
than in previo s seasons, and most micro-n trients were simi ar a so, with on   iron showing greater  eve s 
than previo s   (Fig. 17).   

Whi st there is some  ncertaint  in the ind str  abo t the re iabi it  of  eaf ana  sis in pinpoin琀椀ng crop needs 
for n tri琀椀ona  adj stments, the  ong-term averages in Fig.18 appear to remain re a琀椀ve   stab e and a tho gh 
the  change somewhat between growth stages n trients tend to change in a consistent wa , so it wi   be 
 sef   to refer to these graphs in f t re, when interpre琀椀ng  eaf ana  sis res  ts.  
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Fig. 17. Green bars show median concentra琀椀ons of (a) macro-nutrients (%DM) and (b) micro-nutrients 
(mg/kg DM) in youngest fully expanded leaves of 67 wheat crops at GS31 and GS39 in 2023 
compared the varia琀椀on found in >200 crops grown from 2019 to 2022.  Q3 = upper quar琀椀le; Q1 = 
lower quar琀椀le. Symbols for the nutrient elements are de昀椀ned in Fig.16. 

 

Harvest analyses  
  N data have shown that, for most n trients, (i) the majorit  of crop capt re becomes concentrated in the 
grain b  harvest, (ii) grain n trient concentra琀椀ons var  b  as m ch or more than  ie d varies, and (iii) 
par琀椀琀椀oning of n trients between grain and straw varies h ge   between n trients b t is re a琀椀ve   consistent 
for each n trient (Fig. 18).   

(b) 

(a) 
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 h s   N has shown that  ie d meas rements and grain ana  ses together can provide good assessments of 
(i) the remova s of a   n trients b  an  crop from the soi , th s (ii) the soi  ba ance between inp ts and 
remova s p  s (iii) the e昀케ciencies of the inp ts  sed, and, b  referring to 8cri琀椀ca 9 grain n trient concentra琀椀ons 
(iv) the s 昀케cienc  with which each crop capt red each n trient1.  ence harvest ana  sis is now being seen 
as the essen琀椀a  too  whereb  crop managers can manage crop n tri琀椀on 8b  res  ts9.   N has th s deve oped 
a service (  N N tri琀椀on) and a  hema琀椀c Network (NU   -    K N  ) to disseminate this discover .  

 

Fig. 18 Par琀椀琀椀oning of nutrients between 
grain and straw at harvest for 
wheat crops grown by 32 YEN 
entrants in 2020 and 93 YEN 
entrants in 2022 compared with 
8global9 data derived from 
feedipedia.com (and the Wheat 
Growth Guide). Symbols for the 
nutrient elements are de昀椀ned in 
Fig.16. Error bars show ±1 SD. 
These data were funded by Anglo 
American. 

 

 

 rain protein  eve s (hence N and  ) were  ow in    3 compared to their  ong term medians (Fig. 19).  his is 
associated with  ower  se of fer琀椀 iser N, and corroborates res  ts for    3 from the Bri琀椀sh   rve  of Fer琀椀 izer 
 rac琀椀ce and the    B  erea  Q a it    rve .  ther grain n trients, par琀椀c  ar   phosphor s, ca ci m, iron, 
zinc and boron have a so shown trends of decreasing concentra琀椀ons over recent  ears and were  ow in    3, 
whist  eve s of other macro-n trients (potassi m, magnesi m and manganese) were simi ar to average.  

 

For eight n trients (N,  , K,  ,  g,  n, Zn &   ), their concentra琀椀ons in the grain dr  ma琀琀er can be  sed to 
j dge the adeq ac  of their  ptake b  the crop b  comparing va  es with known p b ished cri琀椀ca  va  es 
(Fig.19)1.  rain protein concentra琀椀ons (= N% x 5.7) can a so be compared to va  es p b ished for each variet  
in the    B  ecommended  ist to j dge whether N  ptake was in excess of req irements for  ie d.   

 

 he overa   freq encies of n tri琀椀ona  errors in    3 (Fig.   ) were simi ar to the freq encies seen in previo s 
 ears of   N. Whi st  ow grain   was again m ch the most freq ent error (83% of crops), the most notab e 
di昀昀erence in individ a  errors in    3 was inadeq ate  ptake of N and  ;  9% of crops in    3 fe   more than 
1% be ow the grain protein content  isted for their variet  on the    (eq iva ent to an error in fer琀椀 iser N  se 
of ~5  kg/ha) whereas in the  onger term dataset on     % of crops showed this degree of inadeq ate N 
 ptake. 

 
1    vester-Brad e ,  .,  oq es,  ., Baxter,  . & Kenda  ,  . (    ). N trient harvests: the essen琀椀a   ards琀椀ck to 

transform crop n tri琀椀on. Proceedings of the Interna琀椀onal Fer琀椀liser Society 874,  -56. 

https://yen.adas.co.uk/projects/yen-nutrition
https://platform.nutri-checknet.eu/about
https://www.gov.uk/government/statistical-data-sets/british-survey-of-fertiliser-practice-dataset
https://www.gov.uk/government/statistical-data-sets/british-survey-of-fertiliser-practice-dataset
https://ahdb.org.uk/cereals-oilseeds/cereal-quality-survey
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 (a) YEN 2013 – 2022 

 

                      (b) YEN 2023 

  
Fig. 20 Frequency or nutri琀椀onal 8errors9 indicated by 117 grain analyses in 2023 (b) compared to (a) 

error frequencies of 913 YEN wheat crops in 2013 to 2022. Errors are de昀椀ned here as grain 
protein di昀昀ering by >1% from the variety9s norm in AHDB9s RL, or nutrient concentra琀椀ons 
being less than 0.32%P, 0.38%K, 0.12%S, 0.08%Mg, 20 ppm Mn, 15 ppm Zn or 3 ppm Cu.  
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Fig. 19. Di昀昀erences in average grain concentra琀椀ons of macro- and 
micro-nutrients in 2023 and preceding years from the current 
norms (av. 2017-23) which are quoted beside each origin. 
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YIELD FORMATION  
 he   N emp o s the ana  sis and exp ana琀椀on of 
wheat  ie ds set o t in the Wheat  rowth   ide, 
where crops are considered to grow and mat re 
thro gh s ccessive phases of:  

1. Founda琀椀on, determining the root s stem9s 
framework and poten琀椀a  shoot n mbers, then  

 . Construc琀椀on, determining ear n mber, stem 
height and stem reserves,  ie d-forming  eaves 
and canop  size, ear size and fer琀椀 it , and then  

3. Produc琀椀on, determining the sizes, weights, 
densi琀椀es and contents of grains, hence the  ie d 
and q a it  of the harvested grain.   

 he s ccess of each phase is determined b  capt red 
q an琀椀琀椀es of the bioph sica  reso rces needed for 
photos nthesis:  ight energ , water and n trients, as 
described in the sec琀椀ons above.  

Warm and moist condi琀椀ons in winter and spring of 
    -3, and the re a琀椀ve    ate start of stem extension, enab ed good p ant estab ishment and 琀椀  ering  eading 
to denser crop stands with 8% more ears and 3 cm ta  er than average (Fig.  1).  odging risk and preva ence 
were th s greater than norma  whi st dr   a  and   ne condi琀椀ons and red ced app ica琀椀ons of fer琀椀 iser N 
restricted crops from f  昀椀  ing their ear   promise.  

 verage grain set (no. per ear) was down 8% and grains/m  was red ced b  3% from the 1 - ear average. 
 hen grain 昀椀  ing was foreshortened and red ced b  warm condi琀椀ons and a d         so that tho sand grain 
weight (  W), harvest index, grain  ie d and crop biomass were a   red ced b   - % compared to the 1 - ear 
average (Fig.  1).  

 
Fig. 21 Average values (text) 

for yield and 
components of yield 
for YEN wheat crops 
from 2013 to 2022 
and % di昀昀erences 
from these in 2023. 
UK farm average 
yields are from Defra 
sta琀椀s琀椀cs. 
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Grain Density and Quality  
 ince   16 the   N has meas red average  engths and 
widths of individ a  grains in order to es琀椀mate (i) grain 
storage capacit  (o昀琀en d bbed 8sink9), (ii) whether  ie d was 
 imited b  sink size or b  assimi ate s pp   (d bbed 8so rce9), 
and then (iii) how speci昀椀c weight (i.e. b  k grain densit ) was 
determined.   

With grain n mbers (/m ) being s ight    ess than average in 
   3, grain  engths were increased in compensa琀椀on.  rain 
 engths are determined ear   in grain-昀椀  ing when grain ce   
division is comp ete and grain ce  s grow d e most   to water 
 ptake; this water is s bseq ent   rep aced b  assimi ates, 
most   starch from conc rrent photos nthesis (evident as 
grains progress thro gh their so-ca  ed water , mi k , chees  
and do gh  stages).  h s grain  engths are taken to indicate 
grain sink capaci琀椀es, whi st 昀椀na  grain widths are taken to 
re昀氀ect assimi ate s pp ies.  

 rain widths did not increase propor琀椀onate   so grain  ength to width ra琀椀o was greater than norma  (Fig.   ), 
  W was  %  ess than norma  (Fig.  1), grain densit  was red ced and in-grain void (recognizab e as grain 
shrive ing) was increased.  he worse speci昀椀c weights than norma  were th s associated with grain forma琀椀on 
being  imited b  s pp ies of assimi ates, both protein ( ess N was redistrib ted from the canop  to grain) and 
de novo starch s pp ies from photos nthesis – i.e. wheat crops in    3 tended to be 8so rce  imited9. 

 
Fig. 22 Average values 

(text) for grain 
density and 
quality for YEN 
wheat crops 
from 2013 to 
2022 and % 
di昀昀erences from 
these in 2023.  

 

 s with a   wheats, grain protein contents of  ro p 1 varie琀椀es entered in the   N    3 mi  ing wheat q a it  
compe琀椀琀椀on were  ow compared to the  ong-term average (Fig.   ).  owever, the top ten entries (based on 
protein  ie d, speci昀椀c weight and  agberg fa  ing n mber) genera    had strong protein giving ver  good 
mi  ing performance and  oaf q a it  with a 昀椀ne and white breadcr mb.  he three award winners in    3 a   
grew  r soe, the variet  that has won a   b t one go d award in   N q a it  compe琀椀琀椀ons since   18.  he 
crop awarded go d for q a it  a so achieved a  ie d of 11.9 t/ha, proving that high  ie ds and high mi  ing 
q a it  can both be achieved together. 
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Yield variation in 2023 & Top Ten performance  
Wheat  ie ds varied simi ar   in    3 ( V 17%) to the extent that the  have varied in a   previo s   N seasons 
(average  V 15%).  robab   the ke  factor acco n琀椀ng for  ie d varia琀椀on in    3 was crop  ongevit  – invo ving 
both ear ier emergence and  ater senescence, so  ater harvests.  hose crops senescing  ater apparent   had 
be琀琀er water avai abi it  and n tri琀椀on.  he few crops sown ver   ate ( ecember to Febr ar )  ie ded poor  , 
despite being sown at high seed rates.  ie ds have been re ated inverse   to seed rate in the past, probab   
beca se  ate sowing cannot be f     co nteracted b  increasing seed rate.  

 ie ds re ated posi琀椀ve   to the soi 9s capacit  to ho d avai ab e water and the  op  en crops had 19mm more 
avai ab e water than the average, eno gh to grow an extra tonne of biomass per ha.  s exp ained above, 
grain-昀椀  ing was par琀椀c  ar   important in determining  ie ds with the genera    short prod c琀椀on phase and 
d         in    3; each extra  . 5mm of average 昀椀na  grain width was associated with an extra t/ha grain  ie d, 
and   W was the  ie d component best re ated to 昀椀na  grain  ie ds;   W of the  op  en crops was  6 g 
compared to the average of    g.   owever, the  op  en crops a so grew 18  more ears/m  than the average 
crop with the same grains/ear of  3, so set 7,8   more grains/m , and these prod ced an extra  .7 t/ha 
biomass, so harvest index was 56% compared to the average of 5 %.  

 he  op  en crops fo nd 79 kg/ha more N to store in their grain compared to the    3 average of 157 kg/ha.  
 rops receiving 15  kg/ha or  ess fer琀椀 iser N tended to  ie d worse than crops receiving     kg/ha N or more, 
and the  op  en received 17 kg/ha more than average.   tho gh the spend on f ngicides did not re ate 
signi昀椀cant   to  ie d in    3, crops with   or more f ngicide app ica琀椀ons  ie ded be琀琀er than crops receiving 
3 or  ess, s gges琀椀ng that these growers responded more ast te   to the increased disease threats. No grain 
n trient concentra琀椀on was posi琀椀ve   associated with grain  ie d, s gges琀椀ng that none of the n tri琀椀on 8errors9 
described above were over-riding in determining  ie d varia琀椀on. N trients in the  op  en grain samp es 
genera    had s ight   sma  er concentra琀椀ons than average, except for iron and boron. 

DISCUSSION  
 s it starts its second decade, the   N con琀椀n es to deve op and change.  hro gh its comprehensive crop 
reports the   N has now informed h ndreds of farms of factors  imi琀椀ng their crops9 performance and has 
shown how farms di昀昀er consistent   in these.  f co rse, farms are s bject to strong  ncontro  ab e forces, 
primari   the weather.  owever, the   N9s data c ear   show what most advisors and other farm s pporters 
 earn, that farms di昀昀er signi昀椀cant   in factors that can be changed – s ch as their strategies for soi  
management, crop estab ishment, crop protec琀椀on, and par琀椀c  ar   crop n tri琀椀on.  hese factors can 
poten琀椀a    enhance performance, if the  can be meas red, iden琀椀昀椀ed as  imi琀椀ng, and then changed.  n 
addi琀椀on, the   N data are now showing what appears to be a new ind str -wide cha  enge to mi琀椀gate the 
c ima琀椀c trend ca sing an  ndesirab e foreshortening of grain 昀椀  ing (Fig. 15b). 

 he main iss e governing crop n tri琀椀ona  performance has been a fai  re to recognise and correct 昀椀nancia  
 osses arising from erroneo s N management strategies; some farms are too genero s, others are too s琀椀ng , 
whi st abo t ha f get it ro gh   right.  he propor琀椀on of s琀椀ng  farms increased in    3 (Figs. 19 &   ).   N 
data and the government9s   rve  of Fer琀椀 iser  rac琀椀ce show farm app ica琀椀ons of a   n trients have been 
diminishing, and it appears from the trends in grain protein (Fig. 19; note that this  ses   ros beca se this 
project is   ropean) that this is  ike   to a so be to the detriment of pro昀椀tabi it  (Fig.  32).  

 n addi琀椀on to NU   -    K N  , the   N has spawned a series of research and extension projects to address 
some of the evident crop performance iss es and this sho  d probab   be the wa  that   N deve ops in f t re; 
as its database grows and ded c琀椀ons can be made with increasing con昀椀dence abo t  imi琀椀ng factors and how 

 
2    vester-Brad e ,  . &   arke,  . (   9). Using grain N% as a signature for good N use.       roject  eport No.  58, 

https://ahdb.org.uk/using-grain-n-as-a-signature-for-good-n-use
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the  might best be co ntered, wider bene昀椀ts of the   N wi   be seen thro gh ana  sis of the database as a 
who e, in addi琀椀on to the bene昀椀ts that individ a  farms can derive from their bespoke reports on their own 
se ected crops.  

 

Fig. 23 Diagram derived in the EU-funded NUTRI-
CHECK NET project, from standard N 
response curves (as used to revise RB209), 
to show how di昀昀erences in grain protein 
(%DM) from a variety9s norm (as given in 
the AHDB RL) can diagnose likely 
unrealized pro昀椀ts from inaccurate crop N 
management.  

Undo bted   ro 琀椀ne    p oading farm data to the   N has proved an onero s task for farmers, and this 
acco nts for entries being in the tens and h ndreds, rather than the tho sands. B t the re evance and 
con昀椀dence that can be drawn from   N database ana  ses depend on maintaining (at  east) ann a  
engagements b  farms, and on enab ing q ick and eas  database access b  data ana  sts.  on琀椀n ing   N 
investments therefore have been made to co  ate and c rate the data, to ease data entr  and to make feed-
back to farms more immediate – with a 8d namic benchmarking9 too .  eanwhi e the   N is increasing the 
n mber of crops, regions and iss es that it addresses; in addi琀椀on to  ie d enhancement and crop n tri琀椀ona  
stat s, farms can now ga ge and benchmark their carbon intensi琀椀es, and their  inseed crops, whi st regiona  
access is extending to f rther provinces and states across north  merica and in New Zea and.   

CONCLUSIONS  
 eviewing the   N a昀琀er the    3 growing season has proved te  ing.  vera   wheat performance in    3 was 
 nexcep琀椀ona , average  ie ds being simi ar to the decada  average.  owever,    3  ie ds were variab e and 
have a gmented the con昀椀dence  nder  ing man  ded c琀椀ons that were drawn from the   N9s 昀椀rst decade – 
 ie d variabi it  between 昀椀e ds is h ge, even within one season.  ven tho gh    3,  ike ever  other season, 
was  niq e, the in昀氀 ence of contro  ab e factors on  ie d  eve s has been obvio s: the importance of a  ong 
growing season, the extent and con琀椀n it  of moist re capt re, the adeq ac  of n tri琀椀on especia    with N, 
and the a琀琀en琀椀on paid to crop protec琀椀on.  owever, beca se farms di昀昀er, an  no琀椀on that  niform so  琀椀ons 
to  ie d enhancement can be iden琀椀昀椀ed and advocated easi  , witho t speci昀椀c farm-tai oring, appears 
mistaken. For examp e, no sing e variet  enab ed a   top ten  ie ds in    3. We conc  de that farm-tai oring 
m st req ire more q an琀椀ta琀椀ve on-farm monitoring hence se f-awareness than has been common hitherto; 
this is now how the   N seeks to deve op its services – eas  farm-friend   assessments of the most te  ing 
exp anator  metrics,  eading to farm-tai ored ded c琀椀ons and enhancements of performance.  

 he approach to  ie d enhancement arising thro gh the   N di昀昀ers s bstan琀椀a    from approaches advocated 
in the scien琀椀昀椀c  iterat re which tend to foc s far more on gene琀椀c improvement than farming decisions and 
on informing regiona  or na琀椀ona  decision-making (e.g. the  ie d  ap  t as) rather than farm-sca e decision-
making.  he   N m st therefore make its case b  genera琀椀ng refereed papers in science jo rna s that contrast 
the extent of farm to farm varia琀椀on with the sma  er varia琀椀on between adapted varie琀椀es and between 
regions, and emphasise the need to s pport and extend on-farm monitoring, interpreta琀椀on and change-
making.  

 s regards the science  nder  ing crop prod c琀椀vit , as represented in the Wheat  rowth   ide, ana  sis of 
the   N database s ggests that a new   ide is now needed which arg es, amongst other things, that high 
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 ie ds in NW   rope sho  d be associated with ear n mber more than ear fer琀椀 it  and with biomass 
prod c琀椀on more than harvest index, th s that the ro e of farm management in rea ising the high  ie ding 
ideot pe is ver  important and has been the s bject of ins 昀케cient research.  
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