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Ob je ct ive  

• Based  on answers from  a  questionna ire  survey about the  cu ltiva tion  of lup in in  Denm ark in  2021 
and  2022, we  investiga te  which  variab les have  an e ffect on  the  lup in yie ld and  quantify the  e ffect 
of these  va riab les. 

 
 
Ove ra ll con clu s ion s  
 

• The  ana lysis shows tha t the  following va riab les have a  sign ifican t e ffect on  the  yie ld  of lup in . 
 

o Så d yb d e : Sowing Lupin  a t a  m edium  sådybde  (3.5cm  – 4.0cm ) gives a  sign ificantly h igher 
yie ld  than  sowing “low” or “h igh”. 

o Bla n d e t _a r t : The  kind  of crop  that lup in is b lend  with has a  sign ifican t e ffect on  the  yie ld . 
Vårhvede/Hvede  has a  h igher yie ld than pure  lup in  or a  m ix with  Vårtritica le .  

o Så d a t o : Early sowing gives a  sign ifican tly h igher yie ld than la te  sowing. 
o Hu sd yrgød n in g: Husdyrgødning seem s to  have  a  sign ifican t positive  e ffect on  the  yie ld . 

There  are , however, very few obse rvations with  husdyrgødning. 
 

The  e ffect of a ll o the r va riab les was not sign ificant in  our ana lysis.  
 

Re m a rk s  

• The  ana lysis is  based  on an  obse rvationa l study, which is usua lly conside red  to  be  less 
genera lizab le  than  a  p lanned  tria l. 

• There  are  too few da ta  poin ts to  sa tisfactory m ode l in te ractions between  a ll variab les. 
 

Da t a  

• The  data  consists of the  answers of a  questionna ire  survey. Each  row in the  datase t represen ts a  
fie ld . There  a re  36 rows with  da ta  from  the  year 2021 and  30 rows with data  from  2022. For both  
yea rs the re  exists a  fie ld  with no in form ation about the  lup in  yie ld , which  is  excluded  from  the  
ana lysis. There  are  m any variab les in  the  da ta  se t, in  our ana lysis we include  the  following (we  
sta te  the  va riab le  nam e and the  corresponding survey question  in  pa rentheses). 
- response  va riab les (ou tcom e variab les of in te rest) 

o udbytte  ("Udbytte  (hkg pr. ha)”) 
o plan te ta l ("Plan tebestand (lup in) p lan te r p r. m 2") 

- explana tory variab les  
o jord type  ("Jordtype  på  area lerne  m ed  lup in") 
o rt (”RT”) 
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o forfrugt ("Forfrugt til lup in  - gruppere t") 
o forforfrugt ("Angiv forforfrugten  til lup in") 
o husdyrgødning ("Er de r anvendt husdyrgødning?") 
o andengødning ("Er de r anvendt anden gødning?") 
o renbestand ("Har du lup in  i renbestand  e ller b landsæ d?") 
o sort (”Sortsnavn – Lupin”) 
o podning ("Er lup in udsæ den  pode t?") 
o podem idde l ("Podem idde l anvendt - oprense t")  
o blande t_art (”Hvilken  anden  p lan tea rt er lup inen b lande t m ed?") 
o blande t_m æ ngde  ("Hvilken  udsæ dsm æ ngde  e r anvendt a f denne  anden p lan tea rt?")  
o såda to (”Dato for sån ing (dd .m m .yyyy)") 
o sådybde  ("Sådybde (cm )") 
o jord tem peratur ("Jord tem pera tur ved sån ing") 
o blindharvn ing ("Er m arken  b lindharve t?") 
o vanding ("Er m arkerne  m ed  lup in  b leve t vande t?") 
o ukrudt (”Ukrudt (% dæ kning a f jorden)") 
o gråskim m el-angrebede p lan te r ("Gråskim m el (% angrebne  p lan ter)") 
o gråskim m el-dæ kning a f p lante r ("Gråskim m el (% dæ kning a f p lan ter)") 

 
As a  first overview over the  da ta  we  p lot h istogram s for each  variab le . The colors indicate  the  year, “NA” stands 
for “not ava ilab le /m issing da ta”.  
 
 



 
 

 
 
 



 
 

 
 

 
 
 
 
 



 
 

 

 
 
 
To m ake  the  ana lysis feasib le  we  have grouped  answers for the  following va riab les: 

- forfrugt is  grouped  in  “Vinte rsæ d”, “Vårsæ d” and “Ande t” 
- forforfrugt is  grouped  in  “Bæ lgfrugt” and  “Ande t” 
- podning is  grouped  in  “Legum eFix”, “Legum ino”, “Ande t” and  “Ingen” 
- såda to is  grouped  in  “early” (be fore  the  end  of March) and  “la te” (a fter the  beginn ing of April) 
- sådybde  is  grouped  in  “low” (< 3.5 cm ), “m edium ” (3.5cm  – 4.0cm ) and  “h igh” (> 4.0cm ) 
- blande t_m æ ngde  is  grouped in  “low” (<= 40 %), “h igh” (>40 %) and “none” (no b lend ing)  

   
We  p lot h istogram s for the  grouped  variab les.   
 
 
 
 
 
 
 



 
 

 
 

Da t a  e xp lora t ion  

To exam ine  the  da ta  we  create  a  cor re la t ion  p lo t  for the  num eric va riab les. The  th ree  m ain  obse rvations from  
the  corre la tion p lot a re : 

- There  is a  strong positive  corre la tion  between  “gråskim m el_angrebede_plante r” and  
“gråskim m el_dæ kning_af_p lan te r”. A h igher num ber of in fested  p lants corre la tes with a  h igher 
covering with grey m old .  

- There  is a  positive  corre la tion  be tween  “ukrudt” and  “jordtem peratur”. A h igher soil 
tem perature  a t the  sowing da te  corre la tes with  a  h igher am ount of weed . 

- There  is a  nega tive  corre la tion  be tween  “rt” and “udbytte”. A h igher reaktionsta l corre la tes 
with  a  lower yie ld .     

 
 
 
 



 
 

 
 
 
 
Da t a  a n a lys is  
 
Pa r t  1: As a  first ana lysis of the  da ta  we  estim ate  the  e ffect of each  exp lanatory variable  on  the  response  
va riab le  “udbytte” in  a  linea r m ode l.  

- Tables 1.a  – 1.o p resent the  estim ated  m argina l m eans for the  leve ls of each  ca tegorica l 
va ria lbe , that is  the  estim ated  m ean  va lue of the  response  “udbytte” if we  use  on ly the  
ca tegorica l va riab le  as an exp lana tory va riab le . For the  m ajority of the  va riab les we  do not see  
a  sign ificant e ffect on the  yie ld . The  categorica l variab les with  a  sign ifican t e ffect are  the  
following: 

 Re n b e st a n d : There  is a  sign ifican tly h igher yie ld for b landsæ d than for renbestand . 
(Tab le  1.g) 

 Bla n d e t _a r t : The  kind of crop  that lup in is b lend  with has a  sign ifican t e ffect on  the  
yie ld . Vårhvede/Hvede  has a  h igher yie ld  than pure  lup in  or a  m ix with Vårtritica le  
(Table  1.j) 

 Bla n d e t _m æ n gd e : Blending with  a  la rge r am ount of another crop has a  h igher yie ld . 
(Tabe l 1.k) 



 
 

 Så d yb d e : Sowing Lupin  a t a  m edium  sådybde  (3.5cm  – 4.0cm ) gives a  sign ificantly 
h igher yie ld  than sowing “low” or “h igh”. (Tab le  1.l) 

 Så d a t o : Early sowing gives a  sign ifican tly h igher yie ld than la te  sowing. (Table  1.o) 
 

 

Ta b e l 1 a : Effe ct  o f ye a r  
ye a r  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

2021 23.18 20.793 25.567  a  
2022 24.412 22.239 26.585  a  

 

Ta b e l 1 b : Effe ct  o f jo rd t yp e  
jo rd t yp e  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

7 8 -4.178 20.178  a  
6 17.754 13.151 22.357  a  
3 23.263 19.748 26.779  a  
1 25.196 22.76 27.631  a  
2 25.75 19.661 31.839  a  
4 25.867 21.807 29.926  a  

 

Ta b e l 1 c: Effe ct  o f fo r fru gt  
fo r fru gt  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Vin te r 21.943 18.395 25.491  a  
Vår 22.744 19.729 25.76  a  

Ande t 25.155 22.894 27.417  a  
 

Ta b e l 1 d : Effe ct  o f fo r fo r fru gt  
fo r fo r fru gt  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Bæ lg 23.24 19.449 27.031  a  
Ande t 23.995 22.099 25.89  a  

 

Ta b e l 1 e : Effe ct  o f h u sd yrgød n in g 
h u sd yrgød n in g u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Ne j 23.106 21.329 24.884  a  
Ja  27.011 22.739 31.283  a  

 

Ta b e l 1 f: Effe ct  o f a n d e n gød n in g 
a n d e n gød n in g u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Ne j 23.217 21.436 24.998  a  
Ja  25.951 21.712 30.19  a  



 
 

 

Ta b e l 1 g: Effe ct  o f r e n b e st a n d  
r e n b e st a n d  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Renbestand  22.848 20.919 24.777  a   
Blandsæ d  26.19 23.463 28.918   b  

 

Ta b e l 1 h : Effe ct  o f so r t  
so r t  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Baza lt 15.75 7.048 24.452  a  
Bole ro  20.225 14.072 26.378  a  

Zeus 22.25 16.097 28.403  a  
Tango  22.667 17.643 27.69  a  

Prim ad onna  23.278 19.176 27.38  a  
Regen t 23.39 17.237 29.543  a  
Ande t 24.25 18.097 30.403  a  

Rum b a  24.925 20.574 29.276  a  
Iris  25.504 21.613 29.395  a  

Borgine  28.303 24.201 32.405  a  
  

Ta b e l 1 i: Effe ct  o f p od e m id d e l 
p od e m id d e l u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Ingen  21.333 13.863 28.804  a  
Legum ino  21.53 8.591 34.469  a  

Legum eFix 23.452 21.296 25.609  a  
Ande t 24.491 21.668 27.315  a  

 

Ta b e l 1 j: Effe ct  o f b la n d e t _a r t  
b la n d e t _a r t  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Vårtritica le  15 6.672 23.328  a   
Ingen  22.628 20.852 24.403  a   

Vårhvede  27.813 24.868 30.757   b  
Hvede  28 19.672 36.328  ab  

 

Ta b e l 1 k : Effe ct  o f b la n d e t _m æ n gd e  
b la n d e t _m æ n g
d e  

u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

None  22.628 20.787 24.469  a   
Low 24.3 20.438 28.162  ab  

High  28.8 24.938 32.662   b  



 
 

 

Ta b e l 1 l: Effe ct  o f så d yb d e   
så d yb d e  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Low 20.521 18.373 22.668  a   
High  23.499 20.762 26.237  a   

Medium  28.163 25.651 30.675   b  
 

Ta b e l 1 m : Effe ct  o f b lin d h a rvn in g  
Blin d h a rvn in g u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Ja  23.083 20.526 25.64  a  
Ne j 24.367 22.131 26.603  a  

 

Ta b e l 1 n : Effe ct  o f va n d in g  
Va n d in g u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Ne j 23.101 21.3 24.901  a  
Ja  27.429 22.568 32.289  a  

 

Ta b e l 1 o : Effe ct  o f så d a t o  
Så d a t o  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

la te  21.394 19.463 23.325  a   
e arly 26.883 24.685 29.082   b  

 

- Tables 2.a -2.e  presen t the  estim ated  linear re la tionsh ip be tween  the  yie ld  and the  num eric 
va riab les. Denote  the  “udbytte” by Y and  the  num eric variab le  by X. We fit the  following linea r 
m ode l 

Y ~ a  + bX , 

where  a  is the  in tercep t and b  is  the  slope . We present the  estim a tes for the  in tercep t a  and 
the  slope  b with the ir corresponding confidence  in te rva ls and  p va lues. Most num eric 
va riab les do not have  a  sign ifican t (non-ze ro) slope /e ffect on  the  yie ld (ind icated  by p-va lues 
be low 0.05). The on ly va riab le  for which  we  find  a  sign ifican t slope  is   

• Re a k t ion st a l (r t ). Fitting a  linea r m ode l to  the  data , we find  a  sign ifican t 
nega tive  slope , i.e . a  h igher rt va lue  gives a  lower yie ld .  

Rem ark: The m easured  rt va lues a re  be tween  5.2 and 7.1. The  fitted  linear 
m ode l gives an  inte rcept, which  corresponds to  a  rt va lue  of 0. There  is  
m ost like ly not a  linear re la tionsh ip  be tween  rt and  yie ld over a ll va lues of 
rt. We plot the  reaktionsta l aga inst the  yie ld  for visua lization .  

 



 
 

Ta b e l 2 a : Effe ct  o f jo rd t e m p e ra t u r  
 e s t im a t e  Low e r  CL Up p e r  CL p .va lu e  

In te rcep t 25.033 14.948 35.118 0 
slope  -0.208 -1.885 1.469 0.803 

 

Ta b e l 2 b : Effe ct  o f u k ru d t  
 e s t im a t e  Low e r  CL Up p e r  CL p .va lu e  

In te rcep t 24.437 21.956 26.918 0 
slope  -0.024 -0.128 0.079 0.64 

 

Ta b e l 2 c: Effe ct  o f r t  
 e s t im a t e  Low e r  CL Up p e r  CL p .va lu e  

In te rcep t 68.22 43.11 93.331 0 
slope  -7.417 -11.653 -3.181 0.001 

 

Ta b e l 2 d : Effe ct  o f p la n t e t a l 
 e s t im a t e  Low e r  CL Up p e r  CL p .va lu e  

In te rcep t 20.818 14.591 27.046 0 
slope  0.038 -0.032 0.109 0.282 

 

Ta b e l 2 e : Effe ct  o f gr å sk im m e l_a n gre b e d e _p la n t e r  
 e s t im a t e  Low e r  CL Up p e r  CL p .va lu e  

In te rcep t 23.183 14.591 21.451 0 
slope  0.07 -0.032 -0.006 0.07 

 

Ta b e l 2 e : Effe ct  o f gr å sk im m e l_d æ k n in g_a f_p la n t e r  
 e s t im a t e  Low e r  CL Up p e r  CL p .va lu e  

In te rcep t 23.506 21.787 25.224 0 
slope  0.087 -0.071 0.245 0.273 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Pa r t  2: An a lys is  u s in g p rop e n sit y score s . 

Our ana lysis is based on  data  from  a n  ob se rva t ion a l s t u d y. In  con trast to  an experim enta l study, the  
“trea tm ents” (e .g. the  choice  of va rie ty, fe rtilize r, sowing dep th) were  not random ized . “Treatm ents” a re  a ll 
va riab les tha t the  fa rm er can active ly choose . In  random ized  stud ies we  assum e that confounding factors a re  
random ly d istribu ted across the  treatm ent leve ls, th is is  not necessa rily the  case  in  an  obse rva tiona l study. E.g. 
the  choice  of sowing dep th  m ight depend on  the  soil type . A fa rm er with fie ld  of a  ce rta in  soil type  m ight have  a  
tendency (a  h igh  propensity) to  choose  a  low sowing dep th . There fore , if we  look a t the  e ffect of sowing dep th 
on  the  yie ld , what we  actua lly obse rve m ight be  the  e ffect of the  soil type . The goa l is  to  isola te  the  e ffect of the  
treatm ent (e .g. the  choice  of sowing dep th) from  the  e ffects of the  othe r factors. Th is can  e .g. be  done  by 
reweigh ting the  obse rva tions to  obta in  a  m ore ba lanced  da ta  se t. The reweigh ting is  done  by p rop e n sit y 
score s , which  give  the  p robability of be ing assigned a  ce rta in  trea tm ent. We ca lcu la te  propensity scores (via  
genera lized  boosted  m ode ling) for the  following variab les (“trea tm ents”) 

- Forforfrugt 
- Forfrugt 
- Husdyrgødning 
- Andengødning 
- Renbestand  
- Sort 
- Podem idde l 
- Plan tea rt_b landet 
- Såda to 
- Sådybde  

and  present the  ana lysis for these  variab les in  the  tab les be low. For the  m ajority of the  va riab les we  do not see  
a  sign ificant e ffect on the  yie ld . The  variab les with  a  sign ifican t e ffect are  the  following: 

- Hu sd yrgød n in g: Husdyrgødning has a  sign ifican t positive  e ffect on  the  yie ld (Table  3.c). We 
p lot a  h istogram  of “udbytte” colored  by husdyrgødning for visua lization . 
 

- Bla n d e t _a r t : The  kind  of crop  that lup in is b lend  with has a  sign ifican t e ffect on  the  yie ld . 
Vårhvede/Hvede  has a  h igher yie ld than pure  lup in  or a  m ix with  Vårtritica le  (Table  3.j). Th is is 
the  sam e  resu lt a s in  the  analysis without propensity score  we igh ting.  
 

- Så d yb d e : Sowing Lupin  a t a  m edium  sådybde  (3.5cm  – 4.0cm ) gives a  sign ificantly h igher yie ld 
than  sowing “low” or “h igh”. (Table  3.l) 

-    Så d a t o : Early sowing gives a  sign ifican tly h igher yie ld than la te  sowing. (Table  3.k) 

In  con trast to the  ana lysis without p ropensity score  we igh ting, we  can  no longer conclude  that the re  is  a  
positive  sign ifican t e ffect of using b landsæ d (com pare  Tabe l 3e : renbestand). We can , however, conclude  tha t 
the re  is a  positive  sign ifican t e ffect of b lend ing lup in  with Hvede /Vårhvede  (com pare  Tabe l 3.j: b lande t_a rt). 
Blend ing with  Vårtritica le  seem s to have a  nega tive  e ffect on  the  yie ld , the re  is , however, ve ry few da ta  about 
these  b lends. We p lot a  h istogram  of “udbytte” colored  by the  b lend_art for visua lization .  

 

 

 



 
 

 

Ta b e l 3 a : Effe ct  o f fo r fo r fru gt  – w it h  p rop e n sit y score s  
For for fru gt  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Bæ lg 23.648 21.457 25.838  a  
Ande t 23.774 21.388 26.16  a  

 

Ta b e l 3 b : Effe ct  o f fo r fr u gt  – w it h  p rop e n sit y score s  
For fru gt  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Vår 22.337 19.496 25.178  a  

Vin te r 22.912 20.065 25.759  a  

Ande t 25.52 22.924 28.116  a  
 

Ta b e l 3 c: Effe ct  o f h u sd yrgød n in g – w it h  p rop e n sit y score s  
h u sd yrgød n in g u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Ne j 23.107 20.632 25.582  a   
Ja  27.016 24.537 29.495   b  

 

Ta b e l 3 d : Effe ct  o f a n d e n gød n in g – w it h  p rop e n sit y score s  
a n d e n gød n in g u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Ne j 23.217 21.043 25.391  a  
Ja  25.956 23.782 28.13  a  

 

Ta b e l 3 e : Effe ct  o f r e n b e st a n d  – w it h  p rop e n sit y score s  
Re n b e st a n d  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Renbestand  22.887 20.631 25.144  a  
Blandsæ d  26.012 23.762 28.263  a  

 

Ta b e l 3 h : Effe ct  o f so r t  – w it h  p rop e n sit y score s  
so r t  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Baza lt 15.75 7.261 24.239  a  
Bole ro  20.308 14.523 26.093  a  

Zeus 21.977 16.411 27.542  a  
Tango  22.471 17.618 27.323  a  

Prim ad onna  23.152 18.804 27.499  a  
Regen t 23.624 18.095 29.152  a  
Ande t 24.152 18.475 29.828  a  

Rum b a  24.98 20.822 29.138  a  
Iris  25.253 21.064 29.442  a  

Borgine  29.135 24.982 33.288  a  



 
 

 

Ta b e l 3 i: Effe ct  o f p od e m id d e l – w it h  p rop e n sit y score s  
Pod e m id d e l u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Ingen  21.285 13.874 28.696  a  
Legum ino  21.53 8.755 34.305  a  

Legum eFix 23.455 21.289 25.621  a  
Ande t 24.491 21.676 27.305  a  

 

Ta b e l 3 j: Effe ct  o f b la n d e t _a r t – w it h  p rop e n s it y score s  
Bla n d e t _a r t  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Vårtritica le  15 7.734 22.266  a   
Ingen  22.66 20.85 24.47  a   

Vårhvede  27.851 25.176 30.526   b  
Hvede  28 20.611 35.389  ab  

 

Ta b e l 3 k : Effe ct  o f så d a t o– w it h  p rop e n sit y score s  
Så d a t o  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Late  21.388 19.403 23.373  a   
Early  26.875 24.88 28.869   b  

 

Ta b e l 3 l: Effe ct  o f så d yb d e – w it h  p rop e n sit y score s  
Så d yb d e  u d b yt t e  Low e r  CL Up p e r  CL Sign ifik a n s  Gru p p e  

Low 21.382 18.94 23.825  a   
High   23.92 21.577 26.263  a   

Medium  28.668 25.973 31.363   b  
 

 



 
 

 

 

 

 

 

 



 
 

 


