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Abstract

Recently many dairy farmers have sown turnips as
a summer feed for lactating cows. This paper reports
on a national survey of turnip crops in 1994-95, an
experiment on turnip yield responses to N fertiliser
and two short-term supplementary feeding trials.
Farmers had on average 4.3% of their farms in
turnips with a mean yield of 7.4 t DM/ha  (range 0
to 15.2 t DM/ha)  (n = 328). Barkant was the highest
yielding cultivar and mixtures yielded significantly
less than Barkant alone. Rainfall in November and
December but not January was positively associated
with turnip yield. Fertiliser N after sowing increased
turnip yield by 13.2 kg D/kg N, but fertiliser N at
sowing or P fertiliser in the three months to sowing
had no effect on yield. In contrast to the survey,
application of 25, 50, 100 or 200 kg N/ha after
sowing at TARS gave no significant increase in
total DM yield. Supplementing pasture with 3.6
and 5 kg turnip DM/cow/day at DRC and TARS
gave milksolids responses of 26 and 18%
respectively compared to pasture only. The survey
highlighted the variability of turnip yield, and
although many growers reached the economic
break-even point of 8-10 t DM/ha,  there are less
risky alternatives to summer turnips such as
purchased maize silage and pasture from N-boosted
spring pasture.
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Introduction

Key weaknesses  of  the  New Zealand milk  product ion
system are: low milk production per cow, lack of
consistency in milk composition, and level of processing
plant utilisation. A major area of concern is the reduced
milksolids yield during summer and autumn: In the
North Island decline in milksolids in this period can be
as  h igh as  19% per  herd  per  month compared wi th  a
theoretical decline of 7% per herd per month. Extra
summer feed would allow extra milking days in the

autumn,  produce’  a  more consis tent  raw product  for
process ing  and  g ive  be t te r  u t i l i sa t ion  of  p rocess ing
plants.

New turnip cultivars have a high yield potential of
IO-12 t DM/ha  of high quality forage (11-13 MJ
metabolisable  energy (ME)/kg DM) over  80-120 days
(Percival et al. 1986; Notman  1992). Their contribution
to  to ta l  fa rm prof i tab i l i ty  wi l l  depend on:  c rop  y ie ld ,
amount  of  pasture lost ,  proport ion of  farm in crop and
milksolids response to the turnip supplement. There is
no information on either the variability of yields
achieved “on farm”, or the value of various crop
husbandry pract ices .  No self-contained farmlet-scale
research has  been done.  Milksol ids  response  data  f rom
Australia (C. Grainger pers. comm.) suggest that
responses to turnips may be greater where a high protein
supplement  i s  used .

This paper presents survey information on the
variabi l i ty  of  turnip yie ld .  I t  examines  New Zealand
data on yield response to N fertiliser, and of milksolids
response. It uses a dairy farm simulation model to
examine the profitability of different turnip yields.

Methods

Survey
During January-March 1995 al l  Livestock Improvement
Advisory  Consul t ing  Off icers  throughout  New Zealand
were asked to sample turnip crops growing in their
dis t r ic ts .  They were asked to  measure  crops regardless
of yield. Cost precluded a full-scale random survey and
crops came mainly from discussion group members.
Reticence to provide information on total crop failures
means  tha t  c rop  y ie lds  a re  probably  b iased  upwards .
Yields were measured b

Y
Consulting Officers from eight,

randomly located 1 m quadrats  t h roughou t  the  c rop .
Dry matter content was initially assumed to be I I%,  but
was corrected to 9% based on experimental  resul ts  a t
No. 1 Dairy, DRC and the Taranaki Agricultural
Research Station [TARS).

Crop growers were asked for  information on:  .farm
area, turnip area, soil type, soil test, topography,
cultivation practice, crop fertiliser, turnip cultivar,
sowing date  and seed ra te ,  weed and insect  problems,
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feeding out details, resowing intentions and crop
intentions for next year.

Survey data were summarised as means and
histograms and mult iple  regress ion used to  examine
assoc ia t ions  be tween  tu rn ip  y ie ld  and  var ious  c rop
prac t ices .

Experiment  1
A plot trial was sown at TARS in December 1994.
Turnips (cv. Barkant)  were sown at 1.5 kg/ha. The trial
was  a  sp l i t  p lo t  des ign  wi th  N fer t i l i se r  ra tes  as  main
plots and harvest time as sub-plots with 4 replicates. N
fertiliser rates were 0, 25, 50, 100 and 200 kg N/ha
applied as  urea four  weeks af ter  sowing.  Harvest  t imes
were 49,  70,91 and 119 days  a f te r  sowing.  At  harves t ,
turnips  were  separa ted  in to  leaf  and bulb ,  and green
yield and DM% determined on each component .

Experiment 2
A short-term feeding trial comparing pasture with pasture
plus  turnips  was conducted at  TARS from 14 February
to  3  March 1995.  Twenty  cows were  b locked on the
bas is  of  age ,  l iveweight  and  cur rent  product ion  and
randomly a l located to  one of  two t reatments :  Pas ture
(allowance of 10 kg DM/cow/day  above 4 cm), or Pasture
plus  Turnips  (a l lowance  of  10  kg  DM/cow/day  above
four cm, plus 5 kg DM/cow/day  of Barkant turnips).
Turnips  were  pul led  and  fed  out  on  the  previous  days
pasture break. On four occasions during feeding turnips
were sampled, separated into leaf and bulb and analysed
for: in vitro digestibility, neutral detergent Iibre (NDF),
and total  N.  ME content  was est imated from in  v i t ro

diges t ib i l i ty .  Dai ly  mi lk  y ie ld  and  compos i t ion  were
measured on days 7, lo,14  and 17 of the trial. Liveweight
and condi t ion score  were  measured a t  the  s tar t  and
finish of the trial, and three days after the trial fnished
to allow gut fill equilibration.

Experiment  3
A feeding t r ia l  compar ing  pas ture  wi th  pas ture  p lus
turnips  was conducted a t  the  No.  1  Dairy,  DRC from 7
February to  26 March 1995.  Sixty  cows were  blocked
on the  bas i s  of  age ,  l iveweight  and  cur ren t  product ion
and randomly allocated to one of three treatments:
Pasture only, pasture plus turnips (4 kg DM/cow/day),
or pasture plus turnips (8 kg DM/cow/day).  Turnips
were  fed in situ and estimates of pre-grazing mass made
to  a l low turnip  DM offered to  be  calcula ted.  Pas ture
intake was est imated from pre-  and post-grazing mass
us ing  ca l ibra ted  v isua l  assessment  in  each  paddock .
Daily milk yield and composition, liveweight and
condition score were measured weekly, following a one-
week uniformity  per iod.

Results

Survey
Variation in crop yield on a national basis is shown in
Figure  1 .  Mean crop y ie ld  was  7358 kg DM/ha  (range
O-15193 kg DM/ha).  It is likely that true mean yield is
overest imated because growers  were  not  prepared to
allow complete failures or very low  yielding crops to be
measured. Barkant was  the  cu l t ivar  used  in  88 .4% of
crops, other cultivars in 7.6%,  and a mixture of Barkant
and other  cul t ivars  in  4%.  Yie lds  for  Barkant,  Barkant
mixtures ,  or  other  cul t ivars  were 7487,6043,6858  k g
DM/ha  and were s ignif icant ly different  (PcO.05).  The
average proport ion of  the farm sown in  turnips  was
4.3% (range 0.8-17.3%).

Mean Nor th land  c rop  y ie ld  was  6620  kg  DM/ha  (n
= 48)  and dis t r ic t  averages  a long wi th  December  1994
rainfal l  are  given in  Table 1.

Figure 1 Variation in turnip DM yield for New Zealand crops
in 1994/95.
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T a b l e  1 Northland district crop yields (means f sd) for 1994195
and December 1994 rainfall.

District n Yield + sd December
(kg DMlha) rainfall

(mm)

Far North 5 4 3 3 2 f 2 5 8 0 N/A

North Whangarei I3 7 0 7 3 f 1290South Whangarei 13 8 0 9 4 f 2 2 3 0 ;:

Kaipara 7 7 4 0 4 f 2 7 2 0 52
Wellsford 15 5 4 6 7 f 1990 123

Meteorological Stations
’ W h a n g a r e i A54737
2 Dargaville A53962
3 Warkworth A64463

Factors associated with yield
The following factors were closely associated with turnip
yield.



Rainfall
Monthly rainfall for November and December was
positively associated with turnip yield. Each millimetre
of rainfall was associated with 6.8 and 3 I .2  kg DM/ha
extra turnip yield in November and December
respectively. Monthly rainfall in January had no
significant association with crop yield.

Fertiliser
Nitrogen applied after sowing was positively associated
with crop yield (PcO.01).  Mean N application rate was
30 kg  N/ha  ( range  O-145 kg  N/ha) .  Mean phosphorus
application was 63 kg P/ha (range O-278 kg P/ha). For
each kg N/ha applied after sowing an associated increase
of 13.2 kg of turnip DM yield was recorded. There was
no association between N fertiliser at sowing or
phosphorus  fe r t i l i se r  in  the  3  months  before  sowing,
and crop yield.

Sowing date
Mean sowing date  was IO November  1994 ( range 24
September to 23 December 1994). There was no
assoc ia t ion  be tween  sowing  da te  and  y ie ld .  However ,
time for sowing to measurement was positively
associated with yield (P<O.OOl),  with an increase of 41
k g  DM/ha/day.  The  pos i t ive  assoc ia t ion  impl ies  tha t
crops were being measured and grazed before maturi ty.
Mean crop growth t ime was  84 days  ( range 36 to  153
days).

Experiment 1
Nitrogen fertiliscr had no effect on total turnip yield or
leaf  yield at  any harvest  date .  There was a  t rend for  N
fertiliser to increase the IeaEbulb ratio and this was
signi f icant  (PcO.05)  a t  the  9l-day  harvest  with mean
bulb yields for the 50-200 kg N/ha treatments less than
mean yields for  the O-25 kg N/ha treatments  (Table 2) .
Similar differences occurred at the 71-  and 119-day
harves t s .

Figure 2 The growth pattern of turnip leaf, bulb and total DM in Experiment 1 at pared  wi th  pas ture  (P<O.O5),  bu t  had

TARS (mean  o f  4  fou r  N  r a t e s ) . no effect  on l iveweight  change.  Cows
on both treatments lost condition score

Table 2 The effect of N fertiliser on turnip leaf, bulb and total
D M  a t  9 1  d a y s  f r o m  s o w i n g .

N fertiliser Yield (kg DM/ha)
(kg/ha) Lea f

0 6 2 8 1
2 5 5 6 5 2
5 0 6 1 4 9

1 0 0 6 8 6 8
2 0 0 7 5 3 8

LSD 0.05 1601
S i g n i f i c a n c e NS

B u l b

4 5 4 9
4634
3 6 5 6
3 3 0 6
3 5 0 5
1 0 4 9

l

Tot?1  DM

1 0 8 3 0
1 0 2 8 6

9 8 0 5
1 0 1 7 4
1 1 0 4 3

2 2 0 7
N S

Table 3 C h e m i c a l  c o m p o s i t i o n  o f  t u r n i p  l e a f ,  t u r n i p  b u l b  a n d
p a s t u r e .

DM Digestibility (o/o)
ME (MJlkg  DM)
NDF (s/o)
C r u d e  p r o t e i n  (96)

Turnip leaf Turnip Bulb Pasture

8 3 . 2 8 8 . 8 73.3
1 2 . 2 1 2 . 2 1 0 . 3
2 7 . 5 2 3 . 7 43.6
1 4 . 3 1 3 . 3 2 1 . 2

The increase  in  turn ip  y ie ld  over  t ime i s  shown in
F igure  2 .  Al though  to ta l  y ie ld  con t inued  to  inc rease
until the final harvest at 119 days, leaf yield decreased
at  this  harvest .  Maximum crop growth rates  occurred
between days 54 and 7 1.

Experiment 2
The turnips had a much higher ME content than summer
pasture, but a lower crude protein level (Table 3)
However ,  when used as  a  supplement  wi th  pas ture
containing >20%  crude protein, the overall diet would
contain suff ic ient  crude protein to  meet  average NZ
cow requirements  for  mid-lactat ion.

Animal production results are summarised in
Table 4. Turnip feeding increased milksolids (MS) yield
by 18% over  pas ture  a lone  (PcO.01).  Turnip feeding

a lso  increased  condi t ion  score  com-

and liveweight over the l8-day
experiment.

Experiment 3
.,.A Results are summarised in Table 5.

.-..: ._...  c-.---.-- Pasture  in take  decreased  by  0 .18  and
0.12 kg DM/kg  DM turnips offered
for the low and high turnip allowance

s4 7 1 9 1 1 1 9 respectively.  Offering 8 kg compared
Time from sowing (days) with 4 kg turnips per cow per day did
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not significantly increase milksolids yield. Milksolids
yie ld  increased by 26% (P<O.Ol)  when turn ips  were
fed, with no affect on liveweight or condition score.

Resowing  in t en t ions
In  the  survey,  growers  were  asked the i r  in tent ions  for
resowing,  these are  summarised in Table 6.

Discussion

The survey results show a very large variation in turnip
yields. Only 50% of this variation could be associated
with survey var iables .  More accurate  information on
soil moisture during early growth, cultivation techniques
and  so i l  p roper t ies  may have  improved  th i s  s i tua t ion .
However, the most urgent need is to find out the
proportion of planned turnip crops that fail and identify
the cause(s)  of  this  fai lure.  Survey comments indicated
that  uneven germinat ion of  coated seed was common in
drier conditions.

Recent  work by Hayward & Scot t  (1994)  showed
that the fertiliser Cropmaster 20 (20: 1O:O:  13) gave lower
es tab l i shment ,  p roducing  ha l f  the  p lan t  popula t ion  of
other fertilisers with only 15% establishment of
uncoated, viable seed 30 days after sowing. In a second
experiment Cropmaster 20 produced lower plant
populations when drilled with both coated or uncoated
seed compared with broadcasting. They suggest that the
hygroscopic ammonium sulphate draws moisture away
from the seed and prevents  germinat ion,  and also the
release of ammonia gas as ammonium sulphate breaks
down may kill young seedlings.

The use  of  dr i l l s  wi th  separate  fer t i l i ser  and seed
placement  wil l  a l low the safe  use of  fer t i l isers  such as
Cropmaster  20.  The lack of  response to  N at  sowing in
the  su rvey  resu l t s  i s  su rp r i s ing  and  sugges t s  the  need
for further survey and plot experimentation. A fine tilth
and good soil consolidation are essential to ensure good
early crop growth and hence early weed suppression.

Most  growers  are  us ing  coated  seed  and,  g iven  the
lack of insect problems identified in the survey it appears
that coated seed containing insecticide is a worthwhile
insurance.

An impor tan t  su rvey  resu l t  was  the  subs tan t ia l ly
lower yield from Barkant mixtures compared to ei ther
Barkant or  o ther  cu l t ivars  grown a lone .  This  warrants
fur ther  control led smal l -plot  exper imentat ion,  but  the
present recommendation must be to avoid cultivar
mixtures. The survey confirmed Australian work
(Notman  1992)  showing  the  super io r i ty  o f  Barkant t o
other cultivars. However, high yielding crops of Barabas,
York Globe and Appin were recorded in the survey.

The survey resul t s  showed a  response  of  13 .2  kg
DM/kg  N applied after sowing, with an average

Table 4 Immediate effect of summer turnip feeding on
milksolids yield, cow liveweight and condition score.

Pasture Turnips Turnip effect LSD c,c5

Milksolids
(kg/cow/day)

Cow liveweight
change (kg)

Cow condition
score change

0.99 1.17 0 .18 0 .09

-26 -32 -6 NS

-0.4 -0.1 +0.3 0.2

Table 5 I m m e d i a t e  e f f e c t  o f  s u m m e r  t u r n i p  f e e d i n g  o n  p a s t u r e
intake, milksolids yield, cow liveweight and condition
s c o r e .

P a s t u r e Pasture + Pasture + Tl*  T2”
4kg 8kg

turn ips turn ips

P a s t u r e  i n t a k e
(kg DMlcowlday) 10.3 9.6 9.3 -0.7 -1 .o

T u r n i p s  o f f e r e d
(kg DM/cow/day) 0 3.9 8.2 3.9 8.2

Milksol ids
fkglcowlday) 0.78 0.98 0.99 0.2 0.21

Cow l iveweight
c h a n g e  (kg) +3 -1 +4 .4 +1

Cow condi t ion
s c o r e  c h a n g e -0.2 0 .25 -0.1 -0.05 -0.1

* ((Pasture + 4 kg turnips) - Pasture)
l * ((Pasture + 8 kg turnips) -Pasture)

Table 6 Species planned for resowing in Northland and
t h r o u g h o u t  N e w  Z e a l a n d .

Species Northland Rest of New Zealand

Ryegrass-White clover 36 257
Italian ryegrass 10 6
Other crops 0 8
Oats 2 5
Alternative grasses 0 4

48 280

application of 30 kg N/ha. This is only half that recorded
on farm trials in Victoria (Notman  & Mulvany 1994)
for urea applications of 29 and 58 kg N/ha, in a season
of above-average rainfall. In contrast, almost all districts
in the New Zealand survey had below-average
December rainfal l ,  many areas receiving less than 20
mm. Both resul ts  contrast  with those of  experiment  1
at TARS where N rates of O-200 kg N/ha did not
increase either leaf or total DM yield. The ‘TARS
experiment  used a  basal  appl icat ion of  18 kg/ha of  N,
P and K at sowing but densities for all treatments were
20-30 plants /m*.  There is  an obvious need for  more
research on th is  topic  because  i f  the  “on farm” resul ts
are  correct  i t  offers  a  prof i table  way to  obtain higher
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yielding crops. However, if responses are low and rates
up to 145 kg N/ha are used there is a potential nitrate
poisoning risk.

Notman  & Mulvany (1994) calculated most
prof i tab le  y ie ld  responses  would  occur  wi th  fe r t i l i se r
inpu t s  o f  500  kg  superphosphate/ha  + 125 kg urea/ha .
New Zealand  growers  used  s l igh t ly  h igher  leve ls  of
superphosphate  on average but  only half  the  recom-
mended level  of  N.  However,  many growers withheld
N because of  the  extremely dry condi t ions .

Survey information on yield and t ime from sowing
showed the importance of letting Barkant crops grow as
long  as  poss ib le  to  ob ta in  h igh  y ie lds .  Exper iment  1
showed that total DM yield was still increasing at 119
days  f rom sowing,  a l though leaf  y ie ld  peaked a t  91
days ,  whi le  bu lb  y ie lds  con t inued  to  inc rease  rap id ly
from 91 to I19  days .  This  decrease  in  leaf :  bulb  ra t io
may inf luence  u t i l i sa t ion  ra te  but  graz ing  be tween 80
and  120  days  shou ld  a l low h igh  u t i l i s a t ion  o f  nea r ly
maximum yields with little risk of major losses from
leaf  senescence  or  bulb- ro t .  Highes t  y ie ld ing  crops  in
the  survey  were  those  p lan ted  in  the  l as t  10  days  o f
October, Early planting has greater risk of poor tillage
due to wet soils, but has the major advantage of optimal
soi l  mois ture  and tempera tures  for  h igh  in i t ia l  growth
rates, together with good conditions for N application.
A further advantage is that crops are available for grazing
by mid-January without major yield sacrifices, and
pasture  can  be  resown ear ly  to  reduce  the  pas ture  loss
penalty.

The  response  to  tu rn ip  feed ing  was  36  and  39  g
milksolids(MS)/kg turnip DM offered for Experiment 2
and 3 respectively. These are well below the 100 g MS/
kg DM response assumed by Notman (1992) in
calculat ing the  economic re turns  f rom a turnip crop.
Calcula t ions  of  response depend,  of  course ,  on the
amount and quality of the basal diet. In both experiments
reported here pasture quality was higher than “drought-
stressed” summer pasture. Both responses are the
“immedia te”  response  to  supplementa t ion;  “car ryover”
effects are likely where supplemented cows gain
condi t ion  score  or  l iveweight  or  where  pas ture  cover
increases as a result of substitution of crops for pasture.
In Experiment 2, turnips increased cow condition score
by  0 .3  un i t s ,  bu t  cow l iveweigh t  d id  no t  change .  In
exper iment  3  ne i ther  condi t ion  score  nor  l iveweight
were affected. Therefore, carryover effects, although
not  measured,  are  predic ted to  be  smal l .  Subst i tu t ion
rates  of  0 .19-0.28 kg DMlha  tu rn ip  DM a l so  sugges t
that carryover effects from the pasture-sparing effect of
turnip feeding are likely to be low.

When  the  basa l  d ie t  i s  good  qua l i ty  pas tu re  and
cows have not experienced turnips before full
acceptance can take up to  2  weeks,  especial ly  for  the

bulbs .  This  needs  to  be  recognised  and other forms of
supplement  made avai lable  dur ing this  per iod,  i f  milk
yield is not to fall.

Farmers were not specifically asked to identify
heal th problems,  but  no comments  were received on
n i t r a t e  po i son ing  o r  o the r  i l lnesses  a s soc ia ted  wi th
brassicas. However, where N dressings have been heavy,
or  envi ronmenta l  condi t ions  favour  n i t ra te  bu i ld-up ,
tes t  samples  should be  taken before  feeding.

Clark (1995) used the UDDER simulation model to
predict the break-even turnip crop yield for three
different January-February pasture growth rates
corresponding to normal, dry and drought years. In dry
or drought years turnip yields eaten had to be 8 t DM/ha
to achieve break-even, and in a normal year 10 t DM/ha.
These f igures  are  much higher  than the 2.8 t  DM/ha
calculated by Notman  (1992),  although he used a partial
budget  approach  based  on  100  g  MS/kg  tu rn ip  DM
response and without allowing for pasture DM lost as a
result of cropping. Gross margins in the UDDER
simulation were very sensitive to cropping costs. Given
that the survey results showed a loss of only 2.7 t
DM/ha  for direct drilling compared to either broadcasting
or  d r i l l i ng  in to  a  cu l t iva t ed  seedbed, the  cos t  s av ings
associated with direct drilling may be justifiable,
espec ia l ly  where  so i l  cond i t ions  p rec lude  cu l t iva t ion
and an early crop is required.

Most farmers are using ~6% of their effective farm
area for turnips. On high-stocked farms larger
proport ions may reduce the area avai lable  for  pasture
s i l age  in  spr ing  and  reduce  pas tu re  ava i lab le  in  l a te
spring and autumn. A crop failure will increase effective
stocking rate from November to May. Farmers generally
have been pleased with the feed available from turnips,
even where only 5-6 t DM/ha  have been obtained.
They cite the “peace-of-mind” value of having an
assured source of feed available in a dry summer.

However ,  th is  source of  feed can be provided by
other options at lower risk. For example, a 100 ha farm
could  buy 2  ha  of  maize  s i lage  on contrac t  to  provide
the same amount of feed as 4 ha of turnips. Alternatively,
the use of 100 kg N/ha on a 30 ha silage area at a
response of 15: 1 will provide a similar amount of extra
DM, wi thout  the  expense  and r i sk  of  re-es tabl i sh ing
pasture .

Growing turnips  of fers  the  oppor tuni ty  of  a  c lean
seedbed to  es tab l i sh  a l te rna t ive  pas ture  spec ies .  The
value of these have been widely advocated for dairying.
However ,  Table  6  shows that  only  1 .2% of  growers
intended to resow turnip areas with grasses other than
ryegrass .  Surpr i s ingly  few growers  in tended  to  grow a
winter crop, followed by a second crop of turnips in an
effort to reduce the total cost of this form of
supplementary feed.
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Conclusion

Turnips  are  capable  of  providing an economic source
of summer feed.  However,  the large variat ion in crop
yie lds  emphasises  the  r i sky nature  of  th is  crop.  The
conf l ic t  be tween survey and exper imenta l  resul ts  on  N
appl ica t ion  af ter  sowing highl ights  the  need for  more
work on this subject. There is a need for farmlet systems
work to provide more precise data  on immediate  and
carryover  effects  on milksol ids  yie ld .
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