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RELEVANCE TO GROWERS AND PRACTICAL APPLICATION
Application

This 3-year study at HRI Wellesbourne was carried out to provide a basis on
which useful and effective guidelines for timing irrigation during seedling establishment
could be determined. The summary below describes the background and methodology of
the technique developed for timing irrigation. A grower fact sheet is currently being
prepared which provides information to growers.

Summary
Why is irrigation needed

There is an increasing need to establish the correct number of uniformly-sized
seedlings to achieve efficient and profitable vegetable production. This is because the
number of seedlings established determines both individual plant size and total crop yield.
In addition the uniformity of plant size at harvest, which determines graded yields, is
greatly influenced by the uniformity of seedling emergence.

Arguably the greatest cause of poor and variable seediing emergence, during a
large part of the season, is inadequate and variable seed-bed moisture. Clearly, irmigation
could overcome this problem, but there have been no guidelines for irrigation during crop
establishment of vegetables. Previous studies supported by MAFF have shown that there
may be optimum times to apply irrigation following sowing to improve the predictability
and uniformity of seedling stands.

When is irrigation needed:

Following sowing the seed rapidly takes up moisture and begins the processes of
germination leading to growth of the radicle (root). Sowing the seed into moisture and
establishing good seed-soil contact will allow this to occur uniformly in the seed
population. After this initial imbibition the seed takes up little further water until radicle
growth is initiated. Growth initiation, in many species, is more sensitive to low moisture
than the processes of germination leading up to it or subsequent growth. This acts as a
natural mechanism that prevents radicle growth into a drying seed bed. Therefore for each
seed, radicle growth is prevented if the soil moisture falls below a critical level (base
water potential) at the time when growth should be initiated. To prevent delay in
germination and subsequent emergence irrigation is required at this point.

The time from sowing to the initiation of radicle growth differs between seeds. In a
iot, there are fast and slow germinators and germination of the whole seed lot may take
several days. Figure 1. illustrates how soil moisture can determine the pattern of
germination and subsequent emergence.

Figure 1 shows the soil drying after sowing. In this example, drying is slow and so
soil moisture remains above the base water potential long enough to allow faster
germinating seeds to initiate radicle growth and germinate. As the soil continues to dry
below the base water potential radicle growth is not initiated in the remaining seeds until
rainfall once again raises soil moisture. In this way two flushes of emergence occur
which reduces plant uniformity.

Of course the pattern of soil moisture is different at each sowing and therefore



different patterns of germination and emergence will occur. In prineiple however, if water
is available from rain or irrigation near to the time when radicle growth is initiated all the
seeds should progress to germination and seedling emergence without delay to give
uniform emergence. Irrigation before or after this point is progressively less effective,

How do you decide when to irrigale:

in order to time when to irrigate it is necessary to predict when radicle growth
would be initiated in the majority of seeds. If the seed is adequately imbibed, temperature
determines the rate of progress tewards radicle initiation and germination. Therefore it is
not possible to use a set time (in days, see example below) to irrigate following sowing
because the processes of germination proceed faster when it is warm than when it is cold.
However, the nature of this relationship makes it possible to use thermal time (day
degrees, “Cd) to predict radicle initiation and therefore when to irrigate. The equation
below can be used to calculate thermal time above a base temperature (¢. 2 °C for many
vegetable species in the UK) for each day. Seeds will not germinate below this base
temperature. The values from each day are added to indicate the passage of thermal time.

max + min temperature
Day degrees (°Cd) = ~-mmormmmommmmoome e - base temperature
Each species, and often cultivar, have different characteristic thermal times to

cermination. However, it is possible 1o generalise into three categories:

1. Fast germinators with thermal times to 50% germination (T50) less than 40 °Cd,
i.e. lettuce, radish, calabrese and other more rapid Brassicas

[

. Medium-rate germinators with T50 greater than 40 and less than 30 °Cd, L.e.
onions, carrot, leek and slower Brassicas

(OS]

. Slow germinators with T50 greater than 80 °Cd, i.e. parsnips.

A single thermal time recommendation for iiTigation in the first two categories can
be used as a rough guide. Check it irrgation is required at 30-40 °Cd and 80-80 °CD for
fast and medium rate species. Examples are given below for spring and autumn sown bulb
onion crops {(medium rate).

Sown 24 March 1993

Day 1 2 =14 15 16 17 18 19
Max temp (°C) 106 101 **= 119 92 114 102 133 121
Min temp (°C 04 02 *** 58 39 74 70 23 57

Day degrees (°Cd) 3.5 6.7 **x 713 782 856 922 980 1049
Time to irrigate



Sown 22 August 1993

Day 1 2 3 4 5 6 7 8 9
Max temp (°C) 158 159 171 176 171 164 185 217 214
Min temp (°C) 112 63 44 83 56 39 112 75 143

Day degrees (°Cdy 11.5 206 294 404 498 3580 709 835 994
Time to irrigate

Further funding from HDC may allow an approximate guide to be produced in
days, based on average temperatures for the time of year and location.

In the slow category, timing will depend on the seed lot. We have used 12.5 mm
of irrigation in our experiments, but clearly if it has just rained significantly or imminent
rain is forecasted irrigation is unnecessary. In these experiments seeds were sown into
moist soil. Results will vary more if seeds are sown into very dry soils where initial
imbibition is limited or delayed. ‘

What benefits result from timing irrigalion:

Only a limited number of experlments have been carried out and this method of
timing has not been tested on a large scale. Also the impact of timed irrigation on soil
impedance in soils which are very prone to capping has not been evaluated. However, the
results so far show that a single correctly timed irrigation can reduce the spread of
seedling emergence times, increase percentage emergence and improve predictability
across sowings. Iigure 2 provides an example of the improved seedling emergence and the
greater uniformity of seedlings resulting from timed irrigation of onions. We estimate,
using a computer model, that over the last 20 years, onion crops (medium-rate species)
would have benefited from a timed irrigation on an average-of more than 35% of potential
sowing occasions and up to 60% of occasions in one year.

As with all experimental protocols it is prudent to carry out a comparative test on a
smail representative area of crop.
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EXPERIMENTAL SECTION

Introduction

Experiments were carried out over a three year period at HRI Wellesbourne to
develop and test techniques for timing imigation during seedling emergence to improve
vegetable crop establishment. ’

Previcusly under MAFF funding, a model to describe the influence of varizble
conditions of temperature and soil moisture on the pattern of seedling emergence in the
field had been developed. Work on the model suggestied that there was a critical moisture-
requiring step at the peint following sowing when radicle growth was initiated in the
majority of seeds. Inadequate soil moisture at this stage resulted in delayed and non-
uniform seedling emergence. Thus emergence may be improved by providing irrigation at
this time. In theory, thermal time could be used to indicate when radicle growth would be
initiated following sowing.

In the first year of experiments a thermal time method of predicting optimum
irrigation timing was tested at ten sowing occasions using two crops, cairot and onion,
The basic method was then further developed and in the second year experiments were
carried out to determine if the same technique could be used with other species that
covered the full range of vegetable crops sown in the UK. In the third year the efficacy of
timed irrigation was tested on a further three crops in & range of seed-bed conditions. In
all these experiments it was essential to carry out detailed recording of seedling emergence
and to fully characterise seed germination. The data from all experiments were subjecied
to analyses of variance.

In order to achieve uniform emergence and increase the benefits of timed irrigation
it is necessary to get rapid and uniform seed imbibition following sowing. It is thought
that seed/soil contact to aid imbibition is better when a seed press wheel or the dibber~drill
technique is used. Experiments in 1992 and 1993 investigated the potential benefits of
combining these drilling techniques with timed irrigation.



(1991 Expts, 1-3)
Experiment 1
Site

Treatments
[rrigation

Species

Sowing dates

Experimental design

Fertiliser
Pest and disease
control

Soil conditioner

Records taken

Wellesbourne - Field experiments

I.Restored to fleld capacity 2 days before drilling + timed
irrigation @ 90°Cd »1°C.

2. Restored to field capacity 2 days betore driliing

3. Timed irrigation (@ 90°Cd >1°C.

4.No irrigation

Carrot c.v. Nandor
Onion c.v. Hysam

9 April

15 April

23 May

4 June

5 Juty

14 August

4 September

Ly o Lo B —

-3 O

There were separate experiments for each species. Sowings were
randomised on the experimental area ; Each sowing had a
randomised block design with 3 replications. There were 24 plots
with 2 x 3m. rows each containing 100 seeds sewn with a hand-
pushed drill

Basal 240kg ha™ P and K

1.Pre-emergence herbicide -
Carrot - Linuron @ 1.11 ha in S00L water
Onion - Albrass @ 91 ha + Dacthal @ 6 kg ha™  in 5001
water

2.Sowing 3 to Onions - Bravo @ 2L ha' in 220-10001 water &
Decis (& 300m! ha in »4001 water against Damping-off and
Bean seed fly respectively

3.Sowings 6 & 7 - Fubol S8WP @ 12kg ha' in 3500-10001
water against Damping-off

4.Sowing 7 - seeds dressed with Metaxaine (@
against Damping-ott

Soiltex L1@ 125 ha™ in >10001 water

g
B
&

0%

i

t.Seedling emergence
2.501l moisture contents
3.50il temperatures at seed depth
4.Germination in laboratory
Carrat 3° - 25°C., Onion 1° - 35°C.
(@ 5°C. intervals)



(1991 Expts. 1-3)

Experiment 2

Site

Treatments

Irrigation

Species

Sowing dates

Experimental design

Fertiliser

Pest and disease control

Soil conditioner

Records taken

Welleshourne - Mobile covers

1.Restored to field capacity 2 days before drilling + timed
irrigation @ 90°Cd »1°C.

2.Restored 1o field capacity 2 days before drilling

3. Timed irrigation (@ 90°Cd >1°C.

4.No irrigation

Carrot ¢c.v. Nandor
Onion c.v. Hysam
i, 11 March

2. 2 May

There were separate experiments for each species and sowing.
Fach sowing had a randomised block design with 3 replicates.
~

There were 24 plots with 2 x 3 m. rows each containing 100
seeds sown with a hand-pushed drill

Busal 240kg ha' P and K

1.Pre-emergence herbicide -
Carrot - Linuron @ 1.11 ha' in 5001, water
Onion - Albrass @ 91 ha’ + Dacthal @ 6 kg ha in S00L
water

Soiltex L1@ 1251 ha” in >10001 water

1.Seediing emergence
2.501l moisture contents
3.Soil temperatures at seed depth
4.Germinations in laboratory
Carrot & - Z5°C., Onion 1 - 35°C.
(tw 5°C. intervals)



{1991 Expts, 1-3}

Experiment 3

Site

Treatmenis

Irrigation

Species

Sowing date

Experimental design

Fertiliser

Pest and disease control

Soil conditioner

Harvest

Records taken

Wellesbourne - Polytunnel

1.Restored 1o field capacity 2 days before drilling + timed
irrigation @ 90°Cd »1°C.

Z.Restored o field capacity 2 days before drilling

2. Timed irrigation @ 90°Cd >1°C.

4.No rigation

Carrot c.v. Nandor
Onion c.v. Hysam

22 August

There were separate experiments for each species which had a
randomised block design with 3 replicates. There were 24 plots
with 2 x 3 m. rows each containing 100 seeds sown with a
hand-pushed driil

Basal 240kg ha' P and K

1.Pre-sowing seed dressing of Metaxaine @ 1g ai. kg™ against
Damping-off

2.Pre-emergence herbicide -
Carrot - Linuron @ 1.11 hat in 3001 water
Onion - Albrass @ 51 ha™ + Dacthal @ 6 kg ha™ in 5001,
water

3.Fubol 38WP  1Z2kz ha™ in S00-10001 water against Damping-
olf

Soiltex L1@ 1250 hat in >10001 water

Seediing emergence

Soil moisture contents

Soil temperatures at seed depth

4. Harvest - individual seedling weights
5.Germinations in laboratory

Carrot 57 - 25°C. |, Onion 17 - 35°C.
(@ 3°C. Intervals)

L

|



Results (1991 Expts, 1-3}

Mean values of percentage emergence, spread of emergence times and time to 50%
emergence across sowings for each of the four irrigation treatments are presented in Table
1. In general, percentage seedling emergence was increased and both the time to 50%
emergence and the spread in times to emergence of individual seedlings were reduced on
carrot and onion plots when post-sowing timed irrigation was applied, compared to that on
plots which received pre-sowing irrigation or just ambient rainfall. As expected, the
benefits of post-sowing timed irrigation were greatest at sowings where soil moisture was
limiting due to lack of rainfail. An example of the greater predictability of seedling
emergence that can be achieved from timed irrigation is given in Figure 3.

Pre-sowing irrigation was found to be inadequate to give predictable seedling
emergence when post-sowing rainfall was significantly delayed. A combination of both
pre-sowing and post-sowing timed irrigation gave the most predictable time to seedling
emergence, but post-sowing timed irrigation on its own gave the most predictable
percentage seedling emergence across sowings compared to other treatments. Figure 3
clearly shows that with onions a very similar percentage emergence was achieved at each
sowing occasion with post-sowing timed irrigation, whereas, a more variable percentage
seedling emergence resulted from the other irrigation regimes. Further evidence that timed
irrigation improves the predictability of seedling emergence in the open field (Expt. 1) is
given in Figure 4.

The data presented provides a brief overview of the experiments carried out, further
results showing seedling emergence patterns at individual sowings are presented in
appendix 3.

Conclusions from 1991 experiments
The timing of irfgation following sowing using simple thermal time models was

shown to be an effective method of improving the level and predictability of onion and
carrot crop establishment under a range of environmental conditions.



Table 1. Seedling emergence characters for four irrigation treatments meaned across ten
sowing occasions in 1991,

{rrigation treatment

Scedling emergence Pre + post Pre- Post- None [SD
character SOWLLE sowing sowing

ONICN

Percentage 65 62 70 62

Angular transform- 54 52 57 53 2.8

aticn of percentage

Spread (days) 7.7 6.3 7.4 9.9 1.0
Time to 50% (days} 15 17 17 21 1.1
Time to 50% (°Cd) 176 202 199 247 id
CARROT

Perceniage 67 63 71 68

Angular transform- 55 53 58 56 2.7
stion of percentage

Spread (days) 8.8 10.3 9.7 12.0 0.8
Time to 50% (days) 14 1a 17 19 0.8
Time to 50% (°Cd) 160 186 187 233 12

**Base-temp for ONION = 2.77°C.
! " CARROT = 2.25°C.
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Figure 4a. The patterns of onion seedling emergence on plots with timed
irrigation and on unirrigated plots. Data is presented on a thermal time scale

to remove the effects of temperature between sowings. When plotted in this
wav, if seed-bed conditions were not limiting all seedling emergence curves
would fall on the same line. Therefore, the greater similanty between
emergence curves from timed irrigation plots compared to that from unirrigated

plots illusirates more predictable seedling emergence.
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irrigation and on unirrigated plots. Data is presented on a thermal time scale

:o0 remove the effects of temperature between sowings. When plotted in this
way, if seed-bed conditions were not limiting all seedling emergence curves
would fall on the same line. Therefore, the greater similarity between
emergence curves from timed irrigation plots compared to that from unirmigated

plots illustrates more predictable seedling emergence.



(1992 Expt.4)

Experiment 4

Species

Site
Treatmenis
1.Drill

2.Scil application

3.Irrigation

Sowing date

Experimental design

Pest and disease
control

Records taken

Onion c.v. Hysam
Leek ¢v. King Richard

Wellesbourne (mobile covers)

SRI Dibber Drill and Coulter Drill (Stanhay S766)

+/- Alcosorb (dibber drill only)
+/- Soiltex @ 1251 ha' in »10001 water(coulter drills only)

. Timed - 15mm. water @ 90°Cd »1°C.
. Heavy - 21 mm. water after drilling
. Regular - 12.3mm. every 30°Cd »1°C.

[P I SO S

Onion - 4 March
Leek - 6 June

There were separate experiments for each species. Each
experiment had a criss-cross latin square design with 4
replicates. There were 48 plots each a 6m. row containing 120
seeds. Plots were sown with a tractor-mounted Stanhay S766
or SRI dibber drill.Seeds 50mm. apart

1.Pre-emergence herbicide - Albrass @
91 ha'! + Dacthal @ 6 kg ha™ in 500Lwater  (both crops)

1.Seedling emergence

2.5011 compaction

4.Soil temperatures @ seed depth

3.8011 meisture contents

6.Seed germination in laboratory
Onion 19 - 35°C. , Leek 3° - 35°C.
(@ 5° intervals)



Results (1992 Expt. 4)

Onions

In general a greater number of seedlings emerged more uniformly on plots sown
with the dibber drill than on plots sown with the Stanhay driil (table 2 and 3). There was
littte difference in seedling emergence between plots given a single timed imigation (12.5
mm) and plots kept moist throughout the seedling emergence period by regular irrigations.
However, there was a significantly greater spread of seedling emergence on plots given a
single heavier irrigation (21 mum). There was no clear benefit from using either alcosorb
with the dibber drill or soil conditicner {Soiltex 1.1} with the stanhay drill.

Leek

At this late drilling (6 June) the conditions were very dry and few seedling would
have emerged without irrigation. Undeér these conditicns seedling emergence was
significantly higher and more uniform on plots kept moist throughout the seedling
emergence period than in the other treatments with a single irrigation only (table 4 and 5).
Seedling emergence tended to be higher on dibber-drilled plots suggesting that water to
imbibe the seeds following sowing was [imiting. Thus when seed are sown into a very dry
seed bed a single 12.5 mm irrfigation may be inadequate. Under these circumstances it is
likely that pre sowing irrigation may be required also to ensure adequate initial seed
imbibition.

1C



{1992 Expt.d)

Table 2. The percentage onion seedling emergence in experiment 4.

Irrigation Dibber Drill | Stanhay Driil

+Alcoserb - Alcosorb  + Soiltex - Soiltex Mean
Timed 77 (62) 31 (65) 76 (61) 70 (57) 76 (61}
Heavy 75 (60) 77 (62}’ 72 {59) 69 (56) 74 (59)
Regular 84 (67) 82 (65) 67 (55} 67 (55) 75 (61)
Mean 78 (63) 80 (64) 72 (58) 69 (56)

Angular transformations in brackets for LSD comparisons:
1.SD 14.2 for comparison between individual treatments ;

15D 7.1, 8.2 for comparison between irrigation and drill means respectively

Table 3. The spread (days) of onion seedling emergence in experiment 4.

irrigation Dibber Drill Stanhay Drili
+Alcosorb - Alcosorb  + Soiltex - Soiltex Mean
Timed 10.6 10.6 13.8 13.9 12.2
Heavy 17.3 17.8 14.5 17.2 16.7
Regular 10.7 9.7 11.5 111 1G.8
Mean 12.9 12.7 13.2 4.1

LSD 2.9 for comparison between individual treatments;

1.SD 1.4, 1.6 for comparison between irrigation and drill means respectively



(1992 Expt.4)

Table 4. The percentage leek seedling emergence in experiment 4.

[rrigation Dibber Drill Stanhay Drill

+Alcosorb - Alcosorb  + Soiltex - Soiitex Mean
Timed 43 (41} 39 (39) 42 (40) 44 (41) 42 {40y
Heavy 56 (48) 55 (48)7 35 (36) 37 (37) 47 (42)
Regular 67 (55) 72 (38) 66 (55) 66 (54) 68 (36)
Mean 55 (48} 35 (48) 48 (44} 49 (44}

Angular transformations in brackets for LSD comparisons:
LSD 7.8 for comparison between individual treatments ;

1.SD 1.4, 1.6 for comparison between irrigation and drill means respectively

Table 5. The spread {days) of leek seedling emergence in experiment 4.

lrrigation Dibber Drill Stanhay Drill
+Alcosorb - Alcosorb  + Soiltex - Soiltex Mean
Timed 201 16.9 17.0 20.8 187
Heavy 137 14.6 20.3 18.0 167
Regular 5.9 5.8 3.5 8.0 108
Mean 13.2 12.4 153 15.8

LSD 4.0 for comparison between individual treatments;

LSD 2.0, 2.3 for comparison between irrigation and drill means respectively



(1992 Expts.5-7)
Experiment 5
Site

Treatments

Soil moisture
{at drilling)

Irrigation

Species

Experimental design

Soil conditioner

Sowing date

Records taken

Wellesbourne - Polytunnel

1.Dry (-0.36MPa)
2.Wet (-0.004MPa)

1. 12.5mm. water applied @ 20°Cd >1°C.
2. " too40 00T
3.0 " A1V
4. " ) o120 !
! " "oote0 "

3.

6. Regular - 6mm. water applied every
Monday,Wednesday and Friday

7. None

(Fast germinators)

1. Cabbage  c¢.v. Offenham Compactd

2. Calabrese c.v. Corvet Il

3. Lettuce  c.v. Saladin

4. Radish c.v. French Breakfast Lanquette

The experiment had a split-split plot design with soil moisture
as main plots ; irrigation as sub-plots and species as sub-sub

plots. There were 3 replicates to give 168 plots each a 1m.
row sown by hand with 100 seeds.

oiltex L1(@ 1251 ha™ in >10001 water

7 April

1.Seedling emergence

2.Soil moisture content

3.S0il temperatures at seed depth

4.Seed germination
Cabbage & Lettuce 1 - 35°C.
Calabrese & Radish 5 - 35°C.
(@ 5°C. intervals)

11



(1992 Expts. 5-7)

Experiment 6

Site Weliésboume - Poiytun;}el
Treatments

Soil moisture (at 1.Dry (-0.60MPa;}
drilling} 2.Wet (-0.005MPa)
Irrigation as Experiment 5/92
Species (Medium germinators)

Leek c.v. King Richard
Onion cv. Hysam

Seed Untreated or primed

Experimental design as Experiment 3/92

Soil conditioner Soiltex L1 @ 1251 ha'' in >10001 water
Sowing date 2 June

Records taken 1.Seedling emergence

2 9oil moisture contents from soil samples and prototype
Wallingford moisture probe

3.S0il temperatures at seed depth

4.Seed germination
Onion 1 - 35°C.; Leek 5-35°C
(@ 5°C. intervals)

12



(1992 Lxpts. 5-T)

Experiment 7

Treatments

Soil moisture (at 1.Dry (-0.61MPa)

drilling) 2.Wet (>-1.5MPa)

lrrigation 1. 12.5mm. water applied @ 30°Cd >1°C.
2' It 8 H 10(} n 1"
3' M 1 e 175 1" n
4. " H n 250 It ]
.,')" H r It 350 i1 t
6. Regular - 6mm. water applied every

Monday, Wednesday and Friday

7. None

Specles Slow germinator
Parsnip c.v. White Spear

Seed Untreated or primed

Experimental design as Experiment 5/92 with seed treatments as sub-sub plots
( 84 plots)

Soil conditioner Soiltex L1 @ 1250 hat in 10001 water

Sowing date 28 July

Records taken 1.Seedling emergence

2. Soil moisture contents from soil samples
3.Soil temperatures at seed depth
4.Seed germination 5 - 35°C.

(@ 5°C. intervais)

13



Results (1992 Expts. 5-7)

During the experiments carried out in 1992, seeds were sown into a moist seed bed
produced by limited irrigation before sowing. The very rapidly-germinating primed leek
seeds were able to establish a uniform crop using the moisture in the seed bed at sowing
only. Consequently there was no significant difference between the unirrigated control and
the irrigated treatments (Figure 5a), However, the moisture in the seed bed at sowing was
not adequate to produce timely and uniform stands of seediings from untreated seeds of
any species (unirrigated controls in Figure 5b-dj.

In all crops sown with untreated seeds there was a clear relationship between the
thermal time requirement for germination, above the appropriate base temperature, and the
pattern of seedling emergence in irrigation treatments. This pattern is illustrated in Figure
35b for calabrese, a species with rapid and uniform germination. When irrigation was
applied close to the thermal time when germination would have occurred in a seed test,
seedling emergence was not significantly different from that in soil kept moist throughout
the seedling emergence period. As irrigation was progressively delayed there was a delay
in seedling emergence, it became progressively less uniform and percentage seedling
emergence declined. A similar pattern of resulls was shown with lettuce and radish.

Figures 5c and d illustrate the pattern observed in crops with seed that germinated
more slowly and over a greater spread in thermal time. As irrigation time was delayed to
the point where approximately 75% of seeds would germinate in a seed test the resulting
percentage emergence increased to that on control plots kept moist throughout the seedling
emergence period (Figures 5¢ and d). Further delay in time 0 irrtigation reduced
percentage emergence and increased the spread of seedling emergence times. Similar
patterns of emergence were shown in untreated seeds of onion and leek. Thus, there was
an optimum time to irrigate approximating to the thermal time when between 30 and 75%
of seed germinated in a seed test. However, as in the case of cabbage (Figure 5d), to
obtain the highest levels of uniform emergence irrigation needs to be delayed until ¢
50°Cd after sowing which can result in a limited delay in seedling emergence time.
Further data is presented for other species in Appendix 4.

in these experiments seeds were sown into moist seed beds as in good commercial
practice. [n very dry seed beds, where initial imbibition is severely limited, results can be
more variable. However, the results presented for experiments in 1991 show that
percentage onion seedling emergence was more predictable over a range of seed-bed
conditions when given a single timed irrigation than when given either pre-sowing
irrigation or no imigation (Figure 3),
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Conclusions from 1992 experiments

The results presented show that there is an optimum time to irrigate following
sowing to obtain improved crop establishment in a wide range of vegetable crops in the
UK. This irrigation time is related to the progress of seed germination in the soil and will
therefore differ between species, cuitivars and even seed lots which inherently germinate
at different rates. The thermal time to germination is therefore different for each species,
but results suggest that it may be possible to generalise to produce three categories; fast
germinators with thermal times to 50% germination (Tsy) less than 40°Cd Le. lettuce,
radish, calabrese; medium rate germinators with T, greater than 40 and less than 8G°Cd,
i.e. cabbage, onions, carrots and leek; and slow germinators with Ty, greater than 80°Cd,
i.e. parsnips. A single themmal time recommendation for each of the first two categories
may be adequate as a guide to the timing of irrigation i.e. fast, 30-40 °Cd, and medium
80-90 °C4d. In species such as cabbage (medium), thermal time to germination can differ
greatly between seed lots so that many may fit better into the fast germinator category.
Limited experience has suggested that timing irrigation for species in the slow germinating
category is less predictable. Irrigation timing for these species will depend on the seed lot
and if germination is very spread in time a second irfgation may be required.

Discussion

In the following discussion basic principles of seed behaviour are used to explain
the patterns of seedling emergence generated in these experiments and how the optimum
timing of irrigation during seedling establishment can be predicted for different crops.

In the absence of water siress seed germination and seedling emergence paiterns
are predictable in thermal time above a base temperature (Garcia-Huidobro, Monteith and
Squire, 1982). Whereas, in the variable soil moisture of the seed bed it has been argued,
assuming adequate imbibition, that germination will progress predictably in thermal time
providing soil water potential (1) remaing above the minimum  (1p,} that allows
germination of the seed (Finch-Savage and Phelps, 1993). When soil 1 falis below the
seed A, the progress of germination will cease just before radicie emergence. When water
subsequently becomes available again, by rain or irrigation, germinaiion and seedling
emergence will progress to completion in thermal time. This approach can be used to
explain the results presented here. For a detailed description and justification of this
approach see Finch-Savage (1590a,b) and Finch-Savage and Phelps (1993).

In Figure 6 seed germination distributions in thermal time, determined under
unstressed conditions in a seed test, have been used to indicate the progress of germination
of each species in real time following a sowing on 7 April 1992, The figure also shows
the changing pattern of soil water potential at sowing depth determined from ambient
conditions with a computer modei (Walker and Bames, 1981). in this rapid drying
sifuation it can be seen that soil v falls to below -1.5 MPa within two days of sowing.
This 1 is likely to be below the W, of most seeds. Therefore for seeds to germinate and
emerge without irrigation, germination must have occurred before this time. Only in
primed leek seed would a significant proportion of the seed population have germinated
within two days under the temperature conditions experienced at this sowing. For all other
crops, seeds wouid have imbibed initially, but then soil + fell below -1.5 MPa before they
were able to start to germinate {Figure 6).
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If the seed bed was irrigated at 30 °Cd (c. 2.5 days) soil vy increased and then
remained above -1.5 MPa during the main germination period for lettuce, radish and
calabrese the species in the fast germination category. However, soil 1 fell below -1.5
MPa again before germination would have begun in the remaining species. In the same
way, irrigation at 75 °Cd (¢, 6 days) would ailow early germinating seeds, but not late
germinating seeds of the medium rate germinators (onion, carrot, leek and cabbage) to
progress to emergence, whereas, a later irrigation at 90 °Cd (¢. 9 days), as recommended
for these species, would have also allowed the late germinators to proceed. Seeds that
would have been ready to germinate before irrigation in this situation would have
remained in a state just before radicle emergence and would then germinate rapidly when
water became available. However, 1 will vary throughout the seed bed and some seeds
will find moisture to proceed to germination when others do not. Therefore if irrigation is
delayed further, seeds in moisture are likely to produce a flush of emergence followed
then by another flush resuiting from later irrigation. In this way the patterns of seedling
emergence which resujted from the different irrigation timings, seen in Figure 5, can be
explained.
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1993 Expt. 8
Introduction

At least ten sowings were made in each of three species, cabbage, leek and parsnip
which were categorised for the purpose of timing irrigation as fast, medium and slow
germinators respectively. The sowings were made on twelve possible occasions spread
between March 26 and August 31 in an attempt to expose the treatments to a wide range
of seed-bed conditions. Rainfall was well dispersed throughout the season and above the
23 vear average for the site in each month except August. Figure 7 shows the pattern of
soil water potential at sowing depth estimated by a computer model from measured
rainfall and soil temperatures. It can be seen that there were significant dry periods after
sowings 3 and 7 (S3 and S7 respectively) only. The opportunities to show benefits from
timed irrigation were therefore limited by comparison with previous years. In normal
practice, rainfail close to the time for irrigation would mean that irrigation was not
required, and in an experiment it is a lost opportunity to show irrigation treatment etfects.
As a consequence of this pattern of rainfall the following results section shows little
benefit of timed irrigation. We therefore constructed a model that would predict the
number of occasions within a vear when irrigation would have shown a benefit. A brief
description of the model and estimates from the model of the potential benefits of timed
irrigation over the past 21 sowing seasons is presented after the results section.
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(1993 Expt.3)
Site

Treatments
Species

Irrigation

Drill

Sowing dates

Experimental design

Pest and disgase
control

Records taken

Wellesbourne (field)

i.Fast germinator - (C) Cabbage c.v. Myatts Offenham Compacta
2.Medium germinator -(L) Leek c.v. Toledo
3.Slow germinator - (P) Parsnip ¢.v . New White Skin

1. Timed (C) @ 28°Cd >1°C.
(L) @ 90 H 1"
Py @200 "
2. None
1. Coulter with no presswheel
2. Coulter with presswheel
3. ! " " + 2.5kg weight
4, ! ! " + 5.0kg weight
1. 26 March 7. 23 Jun
2. 15 April 8. 6 July
3. 29 April (L) & (P) ; 4 May (C) 9. 27 July
4. 11 May 10. 3 August
5, 3 June (L) & (P); 7 June (C) 11. 24 August {C}
6. 10 June (L) & (P) 12. 31 August (C)

Sowings were randomised over the experimental area. Fach species
and sowing was sown with a split plot design. Irrigation treatments
were main plots and driil treatments were sub-plots. There were 2
replicates to give 16 sub-plots gach of which was a 8m. long row .
Seeds were sown (C) & (L) 17mm / (P} 34mm. apart with a tractor-
mounted Stanhay Singulaire 785 drill

1.Pre-emergence herbicide
(C) & (L) Albrass @ 91 ha'l + Dacthal @ 6kg ha™ in 5001 water
(PY Afalon @ 1.5l hal in 200-4001 water

5 Insecticide - sowings 3,4,7,9 against Bean seed fly Hosmathion@
2.51 ha’ in »10001 water

3.55i1 conditioner - sowings 5-12 - Soiltex L1@ 1251 hatin >10001
water

1.Seediing emergence
2.50il moisture contents
3.So0il temperatures at seed depth
4.S0i1l compaction
5.5owing depth (L)
6.Germinations in laboratory
5-35°C. all species (@ 5°C. intervals)
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Results (1993 Expt.8)

Cabbage

In crops sown without a seed press wheel, there was a significant (P<0.01) overall
reduction in the spread of seedling emergence times and percentage emergence tended to
be greater when timed irrigation was applied (Table 6). However, there was some
evidence that the seed press wheel damaged cabbage seeds, although this showed on the
timed irrigation plots only. Percentage emergence was lower on irrigated plots sown with
the standard press wheel compared to those sown with no press wheel. Percentage
emergence was progressively less as seed press-wheel weight increased.

Seedling emergence characters at individual sowings are shown in figure 8 and 9.

Leek

With lecks there was no overall effect of irrigation or press wheel (Table 7) on
percentage emergence or spread of emergence, but TS50 was significantly reduced across
sowings by irrigation (irrigated, 14.1, unirrigated 15.3 days; P< 0.001). However there was
a significant (P< 0.05) interaction between sowings and irrigation where irrigation
significantly (P< 0.001) increased percentage emergence during the dry period following
sowing 7 (Figure 10} only. Spread of seedling emergence was also large at this sowing.
Low percentage emergence in all treatments at sowings 3 and 4 resulted from severe bean
seed fly infections. Figure 11 further lustrates the lack of seed press-wheel effect at
individual sowings.

The clear junction between root and shoot in the leek seedling makes it possible to
get a good estimate of sowing depth by harvesting seedlings. The junction is formed at the
position of the seed in the seed hed. We used this method to determine if increasing the
weight of the seed press wheel increased sowing depth. If true, increased sowing depth
from the additional weight of the press wheel may account for the lack of press wheel
effect in this experiment. However, there was iittle effect of seed press-wheel weight up to
2.5 Kg on sowing depth. At 5 Kg sowing depth tended to be increased (Table 8).

To further investigate the lack of seed-bed effect, soil compaction readings (force
required to penetrate the soli) were measured below sowing depth. There was no
consistent effect of the press wheel on soil compaction (Figure 12). However, at all
sowings of leek and cabbage recorded, the passage of the dnll significantly increased soil
compaction and this was much greater than the effect of the seed press wheel. It is
therefore possible that the passage of the rear wheel of the coulter chassis causes greater
compaction than the seed press wheel and therefore obscures its effect. Further work

would be required to confirm this.

Parsnip

Timed irrgation significantly reduced mean emergence time (lrrigated 17.9,
unimrigated 19.2 days; P< 0.001) and increased percentage emergence (irrigated 86.1,
unirrigated 82.5% (angular transformation); P< 0.05) aithough the etfect varied across
sowings {Figure 13). However, there was no consistent effect of the seed press wheel on
seedling emergence (Table 9, Figure 14). Low seedling emergence at sowings 3 and 4 in
all treatments resuited from a bean seed fly infection.

19



Table 6

Cabbage

Spread (days) - Meaned across sowings

No Presswheel
presswheel 0 kg +2.5 kg
Irrigation
Timed 5.7 6.4 6.1
None 7.9 8.5 7.9
LSD 0.9

Percentage germination (angular transformations)

Timed 75 (63) 68 (57) 66 (55)
None 73 {60) 71 (59) 73 {60)
LSD - (3.5
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Table 7

Leek

Spread (days) - Meaned across sowings

No Presswheel
presswheel Okg +2.5 kg
Irrigation
Timed 7.3 7.0 7.1
None 6.2 6.3 6.6
LSD 0.8
Percentage germination (angular transformations)
Timed 71 (61) 71 (60) 70 (59)
None 74 (63 72 (61} 71 (61)

LSD - (5.8)

+5 kg

7.0
7.2
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Table 3

[ zek - sowing depth

No presswheel

0 kg

Mean

LsD

No presswheel
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Sowing 1
Mean depth
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Figure 13. Percentage parsnip seedling emergence and spread of seedling
emergence times for irmgation treatments meaned across drill press-

wheel treatments in experiment 8.



Table 9
Parsnip

Spread (days) - Meaned across sowings

No Presswheel
presswheel 0 kg +2.5 kg
[rrigation
Timed 7.5 7.7 6.9
None 7.6 7.4 7.3
LSD 1.0

Percentage germination {(angular transformations)

Timed 87 (73) 86 (72) 84 (69)
None 83 (69) 85 (69) 80 (65)
1L.SD . (5.8)

+5 kg

6.6
8.3

87 (74)
82 (67)
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Conclusions

There was no consistent effect of the press wheel on seedling emergence from leek
or parsnip seeds. This was not due to an adverse effect of the press wheel on sowing
depth. Limited evidence suggests that the passage of the rear coulter chassis over the drill
line sufficiently compressed the seed bed to remove any effect of the seed press wheel.
There was some evidence of press wheel damage with cabbage seeds although this
appeared on irrigated plots only. This damage would need to be confirmed in further
experiments. )

Excessive and well dispersed rainfall throughout the season provided little
opportunity to show the benefits of timed irrigation. However, during dry periods there
was a benefit from timed irrigation in each of the three crops. These results were in
agreement with the theotetical basis of the treatment. Because of the problems of frequent
rainfali during the experimental season a model was constructed to estimate the percentage
of sowing occasions on which there would be a measurabie benefit of timed irrigation on
seedling emergence. The model and its predictions are discussed below.
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Irrigation response model

Rainfall and temperature data coilected at the HRI Wellesbourne meterological
station and soil pressure volume curves constructed for the experimental site were used to
estimate soil water potential and temperature at sowing depth for each day in the season
over the past 21 years. This was achieved using an existing HRI Wellesbourne model
(Walker and Barnes, 1981). A detailed knowiedge of the germination and seedling
emergence behaviour of onions gained on this project and in previous work (Finch-Savage
and Phelps, 1993) enabled us to construct a stochastic model to predict the response of
onion crops to irrigation. The model was run for every day of the season between the end
of February and the end of August ineach of the last 21 years. The model determined if
sowing was possibie on that day; if irrigation was required when radicle growth was
initiated in seeds; and if irrigation was not applied would the seed bed remain dry long
enough to result in an adverse affect on seedling emergence. In this way the model
predicted the number of potential sowing occasicns in the season and the percentage of
those occasions on which imrigation would reduce the spread of onion seediing emergence,
and when it would also result in an increase in percentage emergence. The predicted
outcome was compared against actual sowing occasions made in 1991 (reported above,
Expts. 1-3). The model accurately predicted the sowings at which a benefit was recorded

Table 10 provides these estimates for the last 21 years. Out of a mean of 123
possible sowing occasions per year the model estimated that there would be a benefit from
timed irrigation on an average of 38% of those occasions and up o 64% in one year. Of
course on many occasions when the model predicts no effect there would be no need to
irrigate because raintall would have provided moisture in the seed bed. Table 11, gives a
further breakdown of these predictions on a monthly basis.

Finch-Savage, W.E. and Phelps, K., 1993. Onion (Allium cepa L.) seedling emergence
patterns can be explained by the influence of soil temperature and water potential
on seed germination. Journal of Experimenial Botany 44:407-414.

Walker, A. and Barnes, A, 1981. Simulation of herbicide persistence in soil; a revised
computer model. Pesticide Science 12:123-132.
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Table 10

Oniocns : Benefit of irrigation

1st April -----s- > 3ist August (153 days)

Year Drilling 9 of drilling occasions showing benefit from irrigation
occasions
water Reduced spread Reduced spread
potential of emergence and increased %
<-0.02 MPa emergence

1993 125 26 22

1992 115 29 26

1991 126 31 28

1990 136 51 46

1989 120 47 38

1988 122 27 16

1987 114 35 29

1936 114 30 19

1585 113 24 17

1984 135 64 39

1983 113 47 40

1982 129 44 35

1981 129 36 23

1980 125 32 24

1979 123 37 30

1978 124 29 21

1977 121 47 41

1976 139 60 49

1975 115 27 26

1974 136 36 23

1973 120 37 32

Mean 123 38 31

Range 113-139 24-64 16-59



Table 11

Onions : Benefit of irrigation
21 year means

% of drilling occasions showing benefit from irrigation

Month Drilling
occasions
water Reduced spread Reduced spread
potential of emergence and increased %
<-0.02 MPa emergence
March
mean 15 1 1
range 2> 20 0--->13 0 --->13
April
mean 21 17 12
range 10 --->» 30 0 ---> 63 0--->» 13
May
mean 23 29 21
range 19 ---> 31 0---> 93 0 -—-> 90
June
mean 25 38 32
range 18 ---> 28 0-->75 0---> 71
July
mean 27 51 43
range 21 ---» 31 9 - 90 0 > 87
August
mean 27 45 37
range 23 ---> 30 13 ---> 93 4 ---> 89
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TITLE QF PROJECT

Timing of water supply during crop establishment - FV29

BACKGROUND AND COMMERCIAL OBJECTIVE:

There is an increasing need tc establish the correct number
of uniformly-sized plants “fér efficient and profitable
vegetable production. Independent surveys and experience
indicate that on average only 50% of viable seeds establish
plants in the field and in dry conditions double flushes of
seedlings cause crop,management proplems and give crops
with reduced vields. Recent work at HRI has indicated that
a timely supply of water can considerably improve the
predictability of crop establishment. At present there are
no guidelines for the timing of water supply during this
period and the objective of the work would be to develop
techniques for providing these.

POTENTIAL FINANCIAL BENEFIT TO THE INDUSTRY:

Many factors contribute to poor establishment though the
literature indicates that adequate water supply is ¢ne of
the most important. It is estimated that up to £25m of
vegetable seed is purchased annually in the UK. For field
crops the pcoor levels of establishment not only reflect
heavy losses in direct costs of seeds but there are also
costs incurred in weed control management in variably-
emerging crops. If a crop is not established at its #ull
potential there are losses also in efficiency of
applicatiocon of fertilisers, pesticides and in efficiency of
harvesting. |

Most vegetable producers have access to and use

irrigation for establishment. ts more effective use at a



critical stage in develeopment would Jjustify the extra

management input that will be needed.

SCIENTIFIC/TECHNICAL TARGET OF THE WOREK:

Preliminary results at Hﬁif' Wellesbourne suggest +that
applied water (if needed) should coincide with the progress
of seed germination and onset and rate of loss of
desiccaticn tolerancé. The objective would be to develop
mathematical modelling apprecaches and produce a rcbust
medel for predicting the optimum timing of water supply.
The model will then be tested in the field at several
sites.

CLOSELY RELATED WORK COMPLETED CR IN PROGRESS:

There is a substantial body of knowledge collected by HRI
and others on the environmental conditions influencing
establishment but the linking of the timing of availability
of water with the onset of germination of seed in the soil,
loss of desiccation tolerance and the develcpment of
predictive models for germination Froegress is new. The
work will be underpinned by strategic studies on seed
germination in PU 2 at HRI, Wellesbourne.

DESCRIPTION OF THE WORK:

AL HRI Wellesbourne

Several approaches will be adepted initially. In year 1,
sinple predictive models will be developed using existing
germination and field establishment data. Alongside this
work preliminary germination studies will be carried cut on
carrot and salad oniocn seed lots. These experiments will

provide necessary parameters in models to calculate the



progress of seed germination in the so0il which will be used
to predict tining of water supply.

During the following season {1991) the efficacy of these
models will be.tgsted in a serial sowing experiment with
both carrots and salad onions. These experiments will
provide a range of ambient environmental conditicns during
Crop establishment. As weather conditions are variable, it
is difficult toc select sowing times that will expose seeds
to the conditions of low soil moisture following sowing
that often occur in mid to late spring. To overceome this
problem and make efficient use of manpower, Dutch light
frames having removable covers and containing field soil
will be used to create these conditions.

For logistical reasons it is necessary to limit the
number of crops in the initial investigaticn. a1l plocts
will be sprayed with soil conditioner to avoid confounding
the results of timed water supply with soil capping, the
effects of which would be site specific. This interaction
could be studied in later experiments if reguired.

In year 2, if necessary, further cdevelopment of the
model will take ©place followad by detailed fielgd
experiments at several sites to include sites within HRI.
It 1is envisaged that the work will also be expanded to
other crops ie leeks and spring cabbage.

In year 3, it will be necessary to test the efficacy of
the predictive models on a range of field sites. To do
this it may be necessary to consider incorporating Arthur
Rickwood in this plan as a subcontract from HRI. During

this year if the methods of predicting the timing of water



supply are successful, It will be appropriate to integrate
this work with other techniques being develcped in the HDC
programme on crop establishment.

COMMENCEMENT DATE AND DURATION:

o

April 1991. 3 years.

STAFF RESPONSIBILITIES:

Project leader would be Dr W E Finch-Savage with research
responsibility at Weiiesbourne, an HSO would be responsible
for data collection at Wellesbourne and analyses and
interpreation from all sites. Responsibility for any field
experiment at Stockbridge would be with Mr Antill and at
Kirton with Dr Hiron with Dr Finch-Savage co-ordinating
thelr rolés. Dr Rowse at Wellesbourne would be involved
with the modelling work.

LOCATION:

Wellesbourne will be the site for modelling work and
initial experiments in year 1. Additional HRI sites will

participate in field experiments in year 2 and 3.



Fv39: Experiments 1992 (Year +two)

-
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In a series of experiments, optimum irrigation timings will
be determined for a maximum of five further vegetable
species and for primed seeds of tweo of those species. The
species selected will have a wide range of thermal time
reguirements for germination. It is hoped that the thermal
time requirement for germination can be related to the
optimum timing for irrigation during crop establishment.
In this way, a general reccmmendation for the timing of
irrigation following sowing can be developed that will
cover all vegetable species and treated seeds.

The germination characteristics of all primed and unprimed
seeds to be used in experiments will be established at a
range of five temperatures between 5 and 25°C. From this,
the thermal time reguirement and base temperatures for
germination required for the bpredictive model can be

determined.

In a further set of experiments, the potential benefit of
timing irrigation following sowing with the dibber drill
will be investigated in two crops, onion and leek.

Computer mnodels exist that can simulate the pattern of
changing soil meisture and temperature at seed depth
following sowing under different environmental conditions.
An investigation will be carried out to determine if these
models can be emploved to determine useful estimates of the
gquantity of irrigation water required to aid crop
establishment. This estimate will be hased on the thermal
time required for emergence of the species concerned and
s0il moisture at the time of irrigaticn. A series of soil
moisture determinations will be required in the field to
Test the accuracy of the models used in the study.

Additional ewxpenditure

£1600, for expert advice and the rental of a prototype soil
moisture probe from the Institute of Hydrology. The probe
should be abkle to measure soil meisture at seed depth.
£150, for soil moisture release curves on three samples,

Share of Sandwich Student with FV4GQ for recording.
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between HRI (hereinafter called the "Contractor") and
Horticultural Develcpment Council (hereinafter called the

the
"Council") for research/development project.
FROPOSAL
1. TITLE OF PROQJECT Contract No: FvY/29a
Contract datae: 29.2.93

THE INFLUENCE OF PRESS WHEEL -COMPACTION AND IRRIGATION
TIMING CH CRCOP ESTABLISHMENT

2. BACKGRQUND AND COMMERCIAL OBJECTIVE

Irrigation is commonly applied toc establish seedlings in
vegetakle crops but there are currently no accepted
recommendatlons for its timing during establishment and in
practice this event may precede or occur at different times
after sowinq Recent work at HRI has shown that although
there is often sufficient water in the seed bed for seed to
imbibe and begin the process of germination, the seed bed
can dry out rapidly and to such an extent that moisture is
not avallable to complete germinaticen (radicle emergaencsa)
and suppert the continued growth of the seedling to the
s0ll surface. It has zlso indicated that a timely supply
cf water qur*ng"the post-sowing/pre~-emergence phase can
con5laerava improve the uniformity and predict ability of

tabli snmewt. The effects compared with no or untimely
irriga lon are large enough to indicate that the timing of
avallakility of water SuDDLy o the deveioolnq seed belore
emergence takes place 1s one of the most significant
factors influencing establishment of drilled vegetable
Crops.

A model has been develcoped that can describe the patterns
cf onien =eedling emergence in the field by taking account
of the influence of soil moisture and temperature. TInitial
experiments indicated that a simplified version of the
model could be used to predict the progress of germination
in scil, the stage of sesed germination (ie emergence of
radicle <through the seed coat) when the seeds became
sensitive to shortage of water, and, therefore, the optimum
time to make water available to wha develonlna seedling.

Using covered seedbeds we developed and tested these ideas
for timing on two crops, carrot and onion, in 1991 {(FV/38).

The technique was shown to be effective and in 1992 we
extended this work to six species representative of the
full range of types of vegetable crop in the UK and their
germination behaviour (FV/39 annex). We also examined how
the predictions would need to be mcdified when primed seed
and different types of drill were used. The results show
that under the controlled conditions of these experiments
a single application of water correctly timed can reduce
the spread of germination, increase seedling emergence and
also improve the predictability of emergence across
sowings. It 1s now necessary to test this model systen
under a wide range of seed bed conditions in the open field




so that robust guidelines for practical wuse can bhe

developed.

Recent work with the dibber drill (FV 40) has shown the
benefits of pressing the seed into the soil during drilling
to ensure good seed/soll contact and therefore rapid uptake
of water to promeote germination. Some modern seed drills
provide the opportunity to include a seed press wheel and
preliminary results suggest that 1t may act in a similar
manner to the dibber mechanism™in ensuring good seed/soil
contact. It 1s uncertain however, how much seed wheel
pressure shcould be used in seed beds of differing moisture
content to achieve cptimum seed/scil contact and thersfore
seed Jgerminaticn. In addition, the use of a press-wheel
may be dimpertant in promoting the initial stages of
impibition of water so helplng to ensure that the model
accurately predicts the timing of irrigaticn. In some fast
germinating species the use of the press wheel to secure
rapid water uptake and rapid germination and therefore
effective Use of the solil moisture reserves may cbviate *he
need for irrigation to ensure reliable establishment.

The current proposal combines FV 39 with parts of FV 40 as
was proposed in initial discussions with the HDC and
project co-ordinators in 1992.

POTENTIAL FINANCIAL BENIFIT TC THEE INDUSTRY

Many factors contribute to poor establishment though the
literature indicates that adeguate water supply is ocne of
the most Important. It 1s estimated that up Lo £€25m of
vegetable seed 1s purchased annually in the UK. For field
crops the poor levels of establishment  not only reflect
heavy losses 1In direct costs of seeds but there are also
costs incurred in weed control management in variably-
emerging crops. Significant reductions in graded vields at
a single, destructive harvest also result from  variable
seedlling emergence. If a crop 1s not established at its
full potential there are losses also in efficiency of
application of fertilisers, pesticides and in efficiency of
harvesting.

More effective use of irrigation at a critical stage in
developrment would justify the extra management input that
will be' needed.

SCIENTIFIC/TECHNICAL TARGET OF THE WORK

Results so far from work funded by MAFF initially and then
by HDC in 1391 and 1992 show clearly that under protected
seedpbeds the application o¢f a single, correctly timed
irrigaticn can reduce the spread of ssedling emergencs
times, increases percentage emergence and Iimprove the
predictability of seedling emergence across sowing
occasions. Further testing of the model to predict the
timing of irrigation under normal field conditions is now

b
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required to provide the basis for robust recommendations.
A further need is to identify effective ways of putting
tnis into practice. The predictions of timing will be most
effective in instances where the seed rapidly takes up
water after sowing and a further need is to examine if the
use of a seed press wheel to ensure good seed/scil contact
improves the reliability of the timing predictions for
different sowing cccasions and crops. Its use may obviats
the need for any irrigation with rapidly germinating
species or for rapidly germinating primed seeds.

CLOSELY RELATED WORK - COMPLETED OR IN PROGRESS

The proposed programme cf work is underpinned by strategic
work funded by MAFF on 'Factors influencing post-
germinaticn, pre-emergence seedling growth' in HHO401SrV.
No other work of a similar nature is currently in progress
in the UK cor EC on field vegetables.

DESCRIPTION OF THE WORK

Between eight and ten sowings will be made, in the field
using un-primed sesd of three species having different
germination rates. These rates will cover the normal range
exhibited by the majority of the vegetable species grown in
the UK and therefore the data obtained can be extended to
other vegetable species exhibiting 'similar behaviocur.
Species of vegetable are to be chosen from radish, lettuce
(fast), cabbage, leesk, carrot fmedium); and parsnips, rad

beet (sliow).

These species will be sown with a coulter drill without
seed press wheel and when the wheel 1is welghted to produce
different levels of 'compaction' of the soil around the
seed. Based on model predictions the seed beds will be
given a single irrigation at the optimum time in comparison
with an unirrigated, unprotected seed Dbed. The field
experiment will be fully randomised and replicated giving
720 plots covering all treatments and species. Soil
moisture content, water potential, soil compaction beneath
the seed and temperature and rainfall will be reccrded.
Fmerged seedlings will be counted daily and patterns of
emergencea related te environmental parametars and

treatments.
COMMENCEMENT DATE AND DURATION
Start dates 1.4.93 for 1 year

STAFF RESPCONBIBILITIES

The project leader will be DR W E FINCH-SAVAGE (HRI). DR D
GRAY (HRI) will provide advice on aspects of the werk and
MRS J R A STECKEL (HRI) will be responsible for the day-to-—

= m



day -running of experiments and computation of results. Dr
Finch—Savage will have primary responsibility for
interpretaticon of the data and in complling the reports.

LOCATION

HRI, Wellesbhourne
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1] Seedling emergence patterns

EMERGENCE
alabrese: perceniage emergente ““""‘r - Carro}: perceninge emergence
GEHMINAﬁOH' o . - WY - —f : GERMINATION - . EMERGENCE
__.—-—r—‘—”'—" - o i " - . i

‘ie patierns of a fast germinator — calabrese —- and of & medium rate germinator — carrot — from different cgedbed conditions after
s swing inte & moist sead bed. Five irrigation times show different emergence patterns. Whern irrigation coincided with the thermal time
i give approximately 7 v, germination in a standard seed tast seedling emergence was very similar to that in a seed bed xept moist
-.roughtott. Sowing Into moisture without further irrigation was inadequate and delaying irrigation beyond the optimum time progres-

wively increased the spread of emergence times.

" igation I8 cammonly usad
-~ sstablish seedings in ve-
:iabie crops but the UK has

recommenda-
timing in Croo

accepled
s for s
srablisnment.
Sre.sowing  irrigation  of
.ogbeds has bDeen [ecom-
-anded in the past but is not
saured by growars in our
sriabie ciimate. It rarely pro-
ces timely and uniform
-ands of seedlings.
Incorrectly tmed irrigation
Lnar sowing can Cause ser-

ious problems. Even it a suffi-
cient stand is achigved the re-
sulting  seedling gmergence
and size of plants at harvest
can vary greatly. S0 when 4o
you irrigaie afer sowing?

At HRI Wellesbourmne we
have trisd 1o soive this oro-
biem DY understanding  the
ungerlying causes af undesir-
shle  vanation seediing
emergence times and plant
size. The project is sponsored
ny HDC and nased on more
fungamental work supporied
by MAFF.

Research shows thatthe in-
suence of soil moisture and
temperaiure 00 germination
can determing different pat
terns of sescling emergence
in the field. These relation-
ships nave neen quantified
and a model has been deval-
oped to descrine the patterns
of onion seeding emergence
in the field.

Further work has shown 0p-
tenurn tmes Lo irrigale oS
after sowing retaie 1o the Dro-
gress of germnation in the
scit, A simplified modei, using
rnerrmai Sme, can indicale the
progress of germination in the
soil, providing a way 1o predict
the optimum time for irigation

afier sowing.

The HDC initialy funded
tests far timing irrigation in
carrots and onions. The range
was extended 10 cover exam-
ples of the full range of vege-
table crops in the UK

we  studied
characteristics  of untreated
lettuce, cabpage, calabrese,
radisn, leek and parsnip seed
at flve temperaturas beiwesn
5 and 25C. Primad seeds of
legk and parsnip were also
rested. These iesls identified
the required thermal time and
nase temperatures for germe
nation. These germinaton
characieristics  wergz  hen
inked to optimum Hmings of
irrigation after sowing in de-
taiied field experiments under
mobile covers.

Results

i all six specias sown, §re-
sowing irrigation of seadbeds
alone could not consistently
preduce  timely and uniform
stands of seedlings from un-
reated seeds, it establisned a
uniform crop in enly one situa-
son with rapidly germinating
primed leek seeds.

Seed tests showed there
was a clear relationship ne-

germination:

e g oo R b e e VT

Timing of water sUpply dur- |
ing crog estabtishment

Location: HA Weilesbourng

For more intermation con- |
tact: Dr Bill Finch-Savage,
project leader quating project
ne: FV39

|
I
H
1

“This work has alrgady con- !
frmed that irngation fs mare |
compiex than many of ug &c- l
knowledgs ang more particu- 1‘
lary thar seedbed irrigation |
can be very important. (Given i
|

i

I

|

\

|

the damands of CusIOMErs for |
wriformity,  consistency and |
quality, growers have to move

towards a more managed sys- |
tam for irngating teir crops ==
Aot to mention ihe need 10 |

L S

\

nave control  of irrigation
coss.” |
Michael Holmes. project |
;
;
|

co-ordinator

twean the thermal time re-
quiremant for  germination
{above ihe appropriate Dase
terncerature}  and the cpli-
murm time (in theemat time) 0
irrigate after SQWIng. in gener-
al. a single irrigation applied
at the thermai time that be-
ween 50% W@ 70% of the
seeds germinated in a seed
test gave good resuits. Repre-
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PROGRESS

sentative experimental results
with caiabresea and carrots are
illustrated [11.

Each species has different
thermal time reguirements but
it may be possible (o stream-
line these {o three categories.

Thev are:

- fast germinators with ther-
mal times tc 50% germina-
ion {Ts,) less than 40 day
degess — lsettuce, radish,
calabrese,

+ medium-rate  germmnalors
with T, oreater than 40
and less than 80C - cab-
bage, onicns, carrots and

4]
m
-
9’
]
[}

iow germinators with T,
ter thar 80 day de-
— Darsnns.

i) SD

10 W &
i

o o

[2] Increased predictability across sowings with timed

irrigution
Onion: percentage emargence

E T med pos.! svwmg .'rrmar;an .

,& Ha Im'ga'tzan

A singie thermal tme re-
commendation for each aof the
first o categornes such as
iast 30 to 40 day degrees,

and medium: 80 10 90 cay de-

grees may bhe an zdequate

guide o Irrigation timing.
The slow cateqory timing

will depend on the seed lot.

Seeds werg  sown  into
moisture  in these  axperi-
meants. Resulls would vary in
very dry seedbeds where initi-
al imbition is severely limited.

What next?

Results show a single cor-
rectly timed irrigation can po-
tentially reduce the spread of
seedling emergence times, in-
crease percentage seediing
emergence and improve pre-
dictabiiity across sowings {2].

But the techniques nesd
testing with 2 wider range of
crops under vanable field con-
ditions to confirm them as the
basis of reliable recommenda-
tions for irrigation timing in ve-
getabie crop establishment.
dentitying effective ways to
commercialise  this  method
and make it "grower friendly”
is another important aim in
this last year of the project.

br Bill Finch-Savage
Department of annual
piants

HR[ Weileshourne

% The nniy answer
‘to thistle control in

Brassicas

(//ﬁ DowElanco

DowElanco Limited, Luichmore Cour. Brand Sircer.
Hichin, Herws, SG3 1 HZ. Telephone: 0463 457272,
* Trademark of DowElance, Dow Shisid Contains clopyraiid.
Read the fabel before vou buv. Use pesucides safely.




APPENDIX 3.
Expts 1 -3

Figures showing percentage emergence of onjon and carrot and rainfall for each sowing
occassion



Expt 1. sown S April 1991
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Expt 1. sown 15 April 1991
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Expt 1. sown 23

amergonce

Parcantage

emargence

Percentage

100 =

20 =

lay 1991

OMNIONS

10
Days after sowing

FR o P Fas e —— Y YT

|

e ?

CARROTS

A
e

t
T T

0
Days after sowing

Fre4oost
Pre only
Post only
No irrig



Expt 1. sown 4 June 1991
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Expt 1. sown 5 July 1991
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Expt 1. sown 14 August 1991
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Expt 1. sown 4 September 1991
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Expt 2. sown 11 March
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Expt 3. sown 22 August
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Base temperature  Thermal time to

(deg. C) 50% germination

Radish 423 24
Lettuce 3.17 29
Calabrese 2.65 39
Leek - primed 2.00 19
- unireated 2.00 43
Onion - primed 2.55 32
- untreated 2.55 55
Carrot 1.390 61
Cabbage 2.00 64
Parsnip - primed 2.00 115

- untreated 2.00 270



