Methods to schedule irrigation In

almond
« Calendar
» Plant water status
* Soill moisture measurements
« Evapotranspiration
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Midday stem water potential? =

A plant pressure chamber is used to
measure the tension in a leaf

‘Midday stem water potential is normally
expressed as a negative value since you
are measuring a tension in the xylem

*Water potential readings done on a
bagged leaf at midday are known as
midday stem water potential (MSWP)




Bagging low, shaded
leaf at least 15 minutes
before sampling at
midday- allows
equilibration with
water potential of the
trunk
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MSWP (MPa)

Almond Stem Water Potential
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~20% of yield can be shifted from shorter to taller variety
Water use can also be higher for taller variety
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Almond-Walnut Comparison
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Midday light interception (%)

N

Over 8 years

T

Kernel yield (MT/ha)
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Midday Stem Water Potential (MPa) ., ﬁ
for a Fully Watered Almond 68\ o

Humidity
s ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
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Almond irrigation scheduling handout

Almond Irrigation Scheduling

Using Midday Stem Water Potential to Refine Irrigation Scheduling in Almond
Bruce Langinen (Depariment of Phant Soence, UC Davis)

Thesre ire several advantages 1o wsing msddiy shem waler poleriosl o e agund Lo mondonmg soe
mMatshure or uEing cvapolranspration based Imgation scheauing. Measunng 501 Moshee gives you
an kiea what 15 going on N only a imited walume of sal where your measurement dewnoe s placed it
G he dncul o deade where 1D mandor sof massture since Iree oals can be quile deep and
variable depending on Imgaton system deskan (.e. vanalie roots under dnp Imigation) and method of
aperation () ¢. decp versus shaliow Imgations). Using cvaporanspiration bascd schoduling alone can
Iead 1o probieme if you da not know the sof mosthue concdhions at the bagnnng of the 5eas0n. Your
Irrigation system application efficiency Is lower than you estimate. or your estimanes of crop waker use
are Incormect. Midday stem water potential can De used 35 an adunct %0 cither soff or

evapolranspiraion based imigation scheduing mnecprenne imgation scheculing. The
advantage 10 using micday stem water potential is megmessammumeemmmma
mammem«wmmwmmwmmptmdmmmmmm
IS experiencry. Icesly, a combinalion of evapotranspirabon, sol and plant based messremenls
<hould be uzed.

Pressure chamber basics®

Warler 0 a1 pland 15 under lersson Hy Baggng 2 kel low on the frese al kst 15 minules besare:
Sanphng, you can iow 1o sguiltcse wilh Fwe waler polenia in lhe iem Then you can cul off the
Icat and place it in a pressure chamber with the petiole g ot As wou pi e the cylnder,
a point wil be reachesd whese the water wil Just begin comng out of the cut srface A8 s poad, 3
resachng af Ihe dest gauge Wil give Thes mickay shem wales posentinl Snce e madcny stesn wier
patential Is measurng a tension, the value 15 normally 2pressed as a negatve value with 3 July
walcred free beng near <0 € to =1.0 MPa depending on envionmental
arddfons A moderatedy stresses akmond S might have a midisyy stem wates patenhial of =1 0 1o
-1.5MPa).

Procoourt 10 measas midday stem water paleroal
1) Readings shouid ba taken approyimately weekly between 1and 3 pm.
2) Atleast 15 minutes before 1aking reacings, place Auminum foll coverad plastic bags over

mature, lower canopy shaded leaves on approximately 10 trees per orchard. The number
of Mees 10 Sample oe (] y tesired, sollimgation viariabiily n ordand elc.

3) Remowe leaves from Yee one & a time and immediately place In pressure chamber
(earvnrg Sesl s abarmanuim Sod covered plashic Bag)

4) Pressunze unbl you see water jist begn to come out of the ot end I you ga past the:
cipemt vl see watler 0 oul, ek off and re-pressunee 1o delenmine

Ihe endpon|
%) Recard reading and mave on % next tree

6) Rocord the ime. tomperature and relatve humidity (If avallable) at the tme the readings.
were taken

The table below gives you midday stem water potential vales in MPa for & fuly waterad almond tree
mrmgcmunmnmmmmmm The green zone indkates tpical range
far e Cenirad Valey of Calformia.

Interpretation and uses of micday stem water potential data

Mature traes

Dy keeprg The mucday siem waler polenicd vidues near e (ully walered Baselne you can assure
thial you do net g2l inlo ceficil conditions. Howeer, it is usually acvaniageous 10 allow the

stem water potential to 3 at least 0.1 to 0.2 MPa below he baseline before beginning irmgation 1o
assire (el you e not aver Aller ﬂsb:ﬂu.mmmudmllmmnmmn
This spmmmymnaleasmammsprm

By Lsung mmuxexﬂnﬂuan.ngahmml yous can beller st the lenng of sysiem

operaton, I you do not app (] aller an anigbon, you Sshould mast kely rigse o a
longer penod during Me next cyce.
Hull ret

Previous work has suggesiod that modorate water cefcits durng hull spit may icad 10 a decrcased
inexience of hull rot. Research suggests that a mcday stem waler patenSal of abour -14 10 -1 .7 MPa
cunng bukspie Salowess bry i resam S ull s an ket lo ol best ral wilhoul
Impacing yiclds

Young trees
For young amond trees, whera madmum vegetative growth may be desirabie to fil in the canopy
rapidly, the averane vaue of micday stom waler patential shoukd De close 10 the basciine (Imgate at -




After two years at seasonal average
midday stem water potential of:

-0.8 Mpa -1.2 MPa -1.6 MPa
Yield 0.56 0.45 0.34
(MT/ha)
Cum. yield 0.56 0.45 0.34
Cum. Euros €2751 €2201 €1,800
Per ha loss =€550 -€1,200

.



After three years at seasonal average

midday stem water potential of:

-0.8 Mpa -1.2 MPa -1.6 MPa
Yield 0.45 0.36 0.27
(MT/ha)
Cum. yield 1.12 0.90 0.67
Cum. Euros €8,252 €6,602 €4,951
Per ha loss =€1,650 -€3,301
® & 6 oo o o © o | o
® & o6 o o ®© o o
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After four years at seasonal average
midday stem water potential of:

-0.8 Mpa | -1.2 MPa -1.6 MPa
Yield 1.68 1.35 1.01
(MT/ha)
Cum. yield 3.37 2.69 2.02
Cum. Euros €16,504 €13,203 €9,902
Per ha loss =£3,301 -€6,602




After five years at seasonal average
midday stem water potential of:

-0.8 Mpa -1.2 MPa -1.6 MPa
Yield 2.25 1.35 1.01
(MT/ha)
Cum. yield 3.37 2.69 2.02
Cum. Euros | €27,507 €22,005 €16,504
Per ha loss =€5,501 -€11,003




After six years at seasonal average midday
stem water potential of:

-0.8 Mpa -1.2 MPa -1.6 MPa
Yield 2.81 2.25 1.68
(MT/ha)
Cum. yield 8.42 6.74 5.05
Cum. Euros | €41,260 €33,008 €24,756
Per ha loss =E8/252 -€16,504




After seven years at seasonal average
midday stem water potential of:

-0.8 Mpa -1.2 MPa -1.6 MPa

Yield 3.37 2.69 2.02
(MT/ha)
Cum. yield 8.42 6.74 5.05

Cum. Euros | €57,764 €46,211 €34,659

Per ha loss -€23,106




After eight years at seasonal average
midday stem water potential of:

-0.8 Mpa -1.2 MPa -1.6 MPa

Yield 3.93 3.14 2.36
(MT/ha)
Cum. yield 15.72 12.57 9.43

Cum. Euros | €77,019 €61,615 €30,808

Per ha loss -£30,808




Summary of potential revenue loss from
stress during canopy development phase

Loss per hectare
for each 0.1 MPa
of stress

Time period

1 year €480

8 years €3,840

Loss on 40 hectares
for each 0.1 MPa of
stress

€19,200

€153,600

Loss on 40
hectares for 0.4
MPa of stress

€76,300

€614,400




Midday light interception (%)

N

Over 8 years

T

Kernel yield (MT/ha)
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It is difficult to put on more than 1400 mm of water on most soils
without causing tree health problems particularly during high
evaporative demand periods in July and August




i
A

Adhays

-4

(1LY T
L = 3

-~

MR A ot A . »
LA TRA S AL RARA AL AAN A ALLL LMARARA Y

an X ¥ N
P S N S R Y S R R S S

A . i

el - -
P L e

[ 8 50 > A bt | »hl ! 5
AL AR AL AN ARl S r i a Rl LA ARAL L)
b R 4 -
: O X e = i b

! - i

.

.-
I SEFER RN
- =

-

A » iy
LA AAS
[Tl ,
. ;

——y




Summary of available yield versus applied water trials in California and
Australia suggest that production potential is 0.00315 MT/mm water
applied so yield potential is about 2 MT/ha with 650mm rainfall under
rain-fed conditions

Applied Yield
PAR water potential
interception  (mm) (MT/ha)




80% interception (3.9 to 4.5 MT/ha potential  90% interception (4.4 to 5.0 MT/ha potential



80% interception (3.9 to 4.5 MT/ha potential | 90% interception (4.4 to 5.6 MT/ha potential



Dryland trees in Spain

30% mterceptlon 1.6 MT/ha potential
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Datalogger channel
j 1=temp
< 4.6m > = 14
0.6 = 5
1.2 - = B
H sprinkler ; 1.8 | = ~
B e I o s i i ——
15 cm berm ' [ _I/
il
) If you don’t have access to
—- 06 l HEESN
i a plant pressure chamber
WM 1 WM || w4 : .
| you can use either soil
, moisture monitoring or a
_Y [ 1) . .
L2 ' soil auger. We have found it
is essential that the lower
| soil moisture at 1.5 to 2
r 1.5 ' meters is drying over the

season. If not, we see
problems with over-
irrigation.

4 20m




http://pmsinstrument.com/
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Conclusions for almond irrigation

Canopy growth is directly proportional to MSWP (unless
trees are wetter than the baseline)

Pressure chamber is essential to ensure good canopy
expansion during development phase

Water use and yield po e directly related to

canopy growth




Common wisdom on why almonds need to be pruned
o Manage light distribution through canopy
Pruning exacerbates these problems leading to increased interior shading

o Rejuvenate canopy to maintain productivity
No evidence this is the case- no benefit over 21 years

o Decrease disease susceptibility
Uncertain- if this is the case it has not been enough to improve productivity

o Manage alternate bearing
Perhaps, but no data to support this

o Maintain tree size
Perhaps, but come




Summary on pruning
o The less you prune trees during the canopy development phase, the quicker you will
come into production

o There is no data to suggest that there is a need to prune mature almond trees on
an annual basis

o  Pruning does not sustain productivity in the short or long term (as long as 21
years)

o  You should only prune to:
v Improve safety for workers

v Improve visibility of trunks to decrease chance of damaging trees with
shaker

v Remove dead or diseased wood

v Improve ability to dry nuts in densely shaded orchards (mechanical
hedging)

o Inconclusion, every pruning cut you make decreases yield (unless it is a dead
branch you cut off)




Summary on Canopy PAR interception/yield potential

o The most productive almond orchards in our studies can produce about 5.6 mt/ha of
kernel (and the average about 4.5)

o Across the range of planting densities in our studies (80-202 trees per acre) at maturity
there do not appear to be any clear density related differences in production potential

o There is some indication that higher density plantings than those in our study may
potentially be able to intercept more PAR over the course of the day for a given level
of midday PAR interception

o However, keeping productivity up at this density will require breeding and training
work to create smaller tree structures that do not require continual hedging or
training to keep trees within size range of over the row harvesters as well as new
machinery for harvest and field operations



Sources of information on almond production

Fruit and Nut Research and Information Center information on almonds (UC Davis
Plant Sciences Department)
http;//fruitsandnuts.ucdavis.edu/datastore/?ds=391&reportnumber=612&catcol=2
806&categorysearch=Almond

Almond Almanac and 2018 Almond Research update are available at the site below
http://www.almonds.com/processors/resources/almond-almanac

UC Davis Almond Short Course November 2019
(Visalia, California Nov. 5-7, 2019)
https://ucanr.edu/sites/almondshortcourse/

2020 Principles of Fruit and Nut Tree Growth, Cropping and Management
(UC Davis March 23-April 2, 2
http://fruitandnuteducati rinciples/

Almond rootstocks
http://cestani
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