Vineyard

Irrigation
AITEC Dodoma 2025
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Overview

* Water and soil -properties and flow

* Soil plant atmosphere continuum

* Crop demand

* Deficit irrigation in vineyard management
* Irrigating according to measurements

* Planning irrigation regime
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Water properties and water flow
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Water properties

* Size, shape, and polarity

* High surface tension

* Cohesion, adhesion, and capillarity

* High tensile strength
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Water Flow Through Soil

Types of Water Movement in Soil

+ Saturated Flow: occurring sil pores filled
water, driven by gravity

» Unsaturated Flow: driven in ail and water
filled pores, slower imatric potencial

+ Vapor Flow: movement under dry ditions

Forces Driving Water Movement
+ Gravitational Potential: pulls waterward
» Matric Potential: from capillary forces
+ Osmotic Potential: in saline soils

Factors Affecting Water Flow
+ Soil Texture (coarse sand; fine cfaster)
+ Soil Structure (well-aggregated soils)
* Moisture Content (faster in wetter soll)

* Hydraulic Conductivity (K) measures ease
of flow

» Compaction/Layering: restricted flow

Saturated Flow

Vapor
Unsaturated —

Vapor Flow

Water Availability to Plants
* Field Capacity (pF=2.0)
« Permanent Wilting Point (pF=4.2)
+ Available Water: batween field-wilting point

Water Flow Pathways
¢ Matrix Flow

* Preferential Flow

* Percolation
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Root zone water availability- soil tension

SOIL MOISTURE RETENTION CURVES
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Dodoma soil

SOKOINE UNIVERS!TY OF AGRICULTURE

COLLEGE OF AGRICULTURE
DEPARTMENT OF SOIL & GEOLOGICAL SCIENCES
S0VL-ANALYSIS DATA SHEET
Client's Name: FR.BONIFACE MCHAMI - DON BOSCO
Sample type: Soil
Machine: Flame photometer,UV-VIS spectrophotomate & pH meter
Method: 1:2.5 wiv, Bray 1& Olsen & Ammonlum Acetate pH 7
Date: 4.9.2020
NAME OF CLIENT: FR. BONIFACE MCHAMI - DON BOSCO DATE 4,9,2020
5. Texture [Cu |20 |Mn |Fe |TN-Kjeld| OC-BIkW ExtP
FIELD REF, Loni: | o | mo: | emb " % 8 (PBry.1) 15€8 (CmolKg-1)
on K20} uSicm | % Clay | % Siit % Sand Class ma'kg |mg'kg imglkgmakg! (%) (%) |(mgkg) | (mgkg) | CEC | ca™ | Mg™ | Na* K"
1 A 0-20cm S31 535 44 9 23.08 292| 73.12 |sandyclayloam | 074 | 021 | 0.76 | 5125 0.12 0.44| 14.37 19,37 103 | 006 | 031 | 032 | 0.26
2 20 - 40cm 32 501 406 31.66 292 6512 |sandyclayloam | 0S8 ' 015 | 058 | 4498 006 036| 1551 2.53 092 | 006 | 020 | 016 | 0.15
3 B 0-20¢cm 33 §29 51.1 27.96 2.92| 69.12 |sandy clay kam 085 | 0.26 | 0.81 | 5503 0,0] 0.53| 15.17 14,66 112 | 006 | 037 | 022 0.30
4 20 - 40cm a4 4.9 358 3186 292| 65.12 jsandydaylcam | 094 | 014 | 060 | 5254| 0,08 0.40| 14.65 14.56 068 | 006 | 029 | 017 0.0%
5 C 0-20cm | 35 5.21 393 25 96 292! 7112 |sanddy dlay lcam | 0.85 | 008 | 065! 7361| 006 048] 1513 15.96 103 | 0.06 | 047 | 0.13 0.20
6 20-40cm | 38 4.9 423 | 2596 | 492| 6812 [sandydayloam | 092 | 0.04 | 0.70 | 3881| 006 027 1538 | 413 | 094 | 006 | 040 | 021 | 008
7 D 0-20cm 37 514 368 | 2396 292| 73.12 |sandy clay loam | 0.80 0.19 |0.50 5757 0.06 049] 1512 6 84 083 | 006 | 0.34 | 015 022
8 20 - 40cm 38 485 449 | 2798 | 292| 69 12 [sandy cisyloam | 0.99 | 0.14 | 0.08 | 4658 0.06 023] 1475 | 864 | 079 | 006 | 021 | 022 | 004

NOTE:
1. The abowa repon apphies ooly lo the sampk recewed and not necessanily to any other similar material from the same source.

2. ppm means pans per milicn which is equivalent 1o gram per tone (Ten) = miligram per litter (mgA)
3. 10000 pom = equivalent to 1%
4. Our laborstory has not been involved in sample collection.
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Dodoma soil
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Soil-Plant-Atmosphere Conti

Air, -100.0 MPa

Leaf, -1.0 MPa

Trunk, -0.8
MPa

nuum

Current (I) = Voltage (V)

Resistance (R)

—— Resistance

Soil, -0.5 MPa

~ Water Potential Difference (A¥)

Water Flow (E) =

Hydraulic Resistance (R)
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Soil-Plant-Atmosphere Continuum
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K: conductance (-resistance)

* |Isohydric vs anisohydric plants
e Predawn balance between leaf and soil water tension
e Root surface

e Cavitation in the trunk or leaf veins
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Crop demand
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Evaporative Demand (ETo)

* |tis a function of net radiation, vapor pressure deficit and wind.

* Reference evapotranspiration (ETo) is used as a measure of
evaporative demand.

* ETo can be obtained from a weather station or by other means
(class A pan).

Allen et al 1998
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ETo : reference Evapotranspiration

Penman

/

— 0.408-A- (R, ~ G)+ - T?:lzﬂ?:a cus - (es — eg)
A+vy-(1+0.34-uy)

Symbol Description Units
ETo Reference evapotranspiration mm/day
Rn Net radiation at the crop surface MJ/m?®/day
T Mean daily air temperature (Tmax + Tmin)/2 °C
u, Wind speed at 2 meters m/s
e, Actual vapor pressure (from RH or Tmin) kPa

class A pan
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Crop requirement (ETc)

ETc = ETo xKc
* where ETc = vineyard evapotranspiration, ETo = reference
evapotranspiration and Kc = crop coefficient.

* It predicts ET of a non-stressed crop growing under optimum
conditions.

climate grass ET
@& reference o)

well watered crop

optimal agronomic conditions

Y WIlIgms v w0
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Kc- phenological stages

FIGURE 34. Crop coefficient curve
Can calculate from Eto/Etc

: . Ke mid
(lysimeter data) but the vine KT
spacing is very important 100 7
. T ¢ end
0.80
040 +—rmt
020 1 crop ke lats |
initi  ; dewslopment season season |
0.00 ‘ time of season (days)

Allen et al (1998)
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Kc factor

* Evapotranspiration rates depend on the percentage of ground
shaded by a crop

* Estimate of a maximum Kc based on a ground cover of 30 to 50%
would be 0.51 to 0.85 (Larry Williams UCD)

Allen and Pereira (2009)
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Kc : shaded area

Same soil, same ETo, very different irrigation needs

“0.5-1.2 m2 leaves/kg grapes”
Kliewer and Dekoozlian 2005

min max
m2/kg: 0.5 1.2
cm/keg: 5000 12000
cm/200g: 1000 2400
leaf cm2: 100
leaf cm2: 200

Mark Battany UCD
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Kc over time
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GDD Formula

The basic formula to calculate daily GDD is:

Tmax: Daily maximum temperature
Tmin: Daily minimum temperature

Tbase: Base temperature (crop-dependent, e.g., 10°C for corn)
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Kc with GDD

Kc calculated from lysimeter
ETo Penman calc
Kc=ETc/ETo

Start of GDD at mid march
Kc<0.2 hard to measure

Crop Coefficient (K,)
E {
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0—3 q: 15
I ks

Grape Lysimeter
= 1994
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Degree Days (> 10°C from 15 March) Larry Williams UCD
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- Phenological stages : photos - Phenological Stages : photos (cont'd)

o/ 2 v V . ; b & ‘-‘. o
Stage 27 - Fruit set; young fruits Stage 31 * Berries pea-sized,
beginning to swell bunches hang (7-10 mm)

. a '.
L) N
LSV

stage 9 * 2 to 3 leaves unfolded

Stage 35 Béginning of berry ripenig; if it applies, begifmmg of loss of green

color (veraison)
R e e Y
t : g i N

3 LN v
B\

stage 12 * 4 10 6 leaves uniolded, stage 17 ' Inflorescence fulty developed;
inflorescence cleariy visible flowers separating

X - > ' A

_ 3 A % ' WS ALY

stage 19-21° Beginnng of flowering, first caps  stage 23 * Full llowering, 50% of caps stage 251" Lale Nowering: 80% of caps lalien
falling - Early flowering: 25% of caps iallen alle

stage 35 - Berries ripe for harvest



xylem flow ceases

, Phicem
' 000
Xylem
. Engustment
: o0
& &)
-~ [Veraison
. periods when
compounds
accumulate
| Tartrate  Tannin Hydroxycinnamates Methoxypyrazine Malate Glucose Fructose Anthocyanin  Flavour compounds
Pericamp
" cell division ()
Setting
ot | | | ] |
0 20 40 60 80 100 120
Days after flowering

Stages 19-21
Beginning of flowering veraison

Stages 35

agos 38
Berries ripe for harvest

Phenological
stages

Vincent et al. (2012)
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GDD to reach different phenological stages

Phenological Stage GDD (Base 10°C) Description

Budbreak

3-5 Leaf Stage
Inflorescence Visible
Flowering Begins
Full Bloom

Fruit Set

Berries Pea-Sized
Veraison

Harvest (Maturity)

50-100
150-200
250-350
400-500
500-600
600-700
800-1000
1100-1300
1600-2100

First green tissue appears from the bud
Photosynthetic capacity begins to ramp up
Flower clusters (inflorescences) become visible
First flowers open

50% of flowers are open

Fertilization results in tiny developing berries
Berries grow and separate from cluster

O

; sugars begin accumulating

Depends on cultivar and intended wine style

Van Leeuwen et al (2008)
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Deficit irrigation in vineyard
management
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General vine response to water stress

Growth adjustment

“Drought management”

“Drought escape”

,HlHH

Stress starts

TIME

s |

_D:ulh._]

—

‘Leaf death by

Restriction ofcanopy
_development

(

Osmotic adjustment

Stomatal closure

Leaf wilting or rolling

Increase in growth of roots -
relative to shoot

Leaf senescence

dessication

Levin UCD
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Rating shoot tips to determine drought state

Rapid Growth Slowing Growth Almost Stopped Stopped Dead Tip
Levin UCD

CuUlthAId
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Physical signs of water stress

40 -
* Tendrils most sensitive, T o
: e 77|
* Then leaves, then internode 8 50
length, = 2 3
c
. ©c & -7 n
* Leaf angle avoids sun as = O 0 b
Q Y
drought grows: - ¢ 80 -
Q
* Leaf drop increases sharply § 90 c
above -1.5 Mpa =
p -100 L | | I |

-20 -18 -16 -14 -12 -1.0
Midday leaf water potential (MPa)
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Reproductive growth is less sensitive

100%

80%

60%

% of max

40%

20%

0%

--Yield
-—Pruning Weight

0% 20% 40% 60% 80% 100% 120% 140%

% of ETc
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Pre-veraison growth rate more sensitive
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Effects of Drought
Stress on Wine Quality

Positive Effects of Moderate
Drought Stress

e Higher sugar concentration
e Enhanced phenolics and aromatics

Negative Effects of Severe
Drought Stress

e Unbalanced ripening
e Loss of freshness
e Risk of off-flavors



Irrigating according to
measurements.
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Irrigating according to measurements.

e Tensiometer

 Capacitance, TDR

CUlthAId T
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Irrigating according to measurements.

* pressure bomb

Rubber Sap

Seal
\\\\ Air Pressure

Gauge
Stem
Compressed
Pressure
Bomb




Irrigating according to measurements.

.

* Sap flow
e Dendrometer




Irrigating according to measurements.

* Eddy covariance
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Planning irrigation regime
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Data required... and calculated values

Rs (MJ/m2/day)

Dodoma, Tanzania Dodoma, Tanzania
18 10
16 °
14 8
12 7
£ 6
10
E 5
8 u'_o.u 4
6 3
4 * Rs 2 e ETo ChatGPT
2 1 e ETo Liran
0 0
28/10 27/01 27/04 27/07 26/10 25/01 28/10 27/01 27/04 27/07 26/10 25/01
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Root zone storage

DGMAX:KMAD by O j/EﬂAPPLJ
* Drip or flood? 100 100

Dgmax (in.) = Max. Gross Depth of water to

apply per irrigation e igation @

. ) ' m Rainfall (P)
W, (in./ft.) = Water-holding Capacity of the Tﬁl ‘
soil (FC-WP) ‘ ‘
MAD = Management Allowable Depletion BB E -
(moisture depletion threshold for no stress) E : :
Pw (%) = Percent Wetted Area 1 ‘
Z, (ft.) = Effective Root Depth (60-70% of “ae” pacnian
actual root depth) ) on

Eff.npp. = Application Efficiency of the
selected irrigation method

IO
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Water balance

Dodoma, Tanzania Dodoma, Tanzania
120 1200 _ 2000
-
=100 oo 1000 £ 1750
o d g 1500
4 +—
g 80 o 800 ths §1250
= ——— E ¢
c 60 - ° 600 3 ‘B 1000
k= . =
8 S o
3 40 ° 400 S @ 750
s : & W goo
o ° ¢ 5 e Rain cum
— o
a 20 200 5 950
o e Eto cum
0 o = 0
01/01 01/04 01/07 30/09 30/12 28/10 27/01  27/04 27/07 26/10  25/01
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California data

1
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2 0.5
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e 0:
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. 0
y =(1 + el ' 0 1000 2000 3000
Max Kc GDDto  steepness DD
reach half  of curve
max Kc
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Exercise In spreadsheet

e Use the excel sheet in the folder called “class exercise for after
lecture”



References

* UCD lectures: https://wineserver.ucdavis.edu/irrigation-management-
grapevines

* Allen, Pereira, Raes and Smith (1998) Irrigation and Drainage Paper 56,
United Nations FAO, Rome ‘Crop evapotransplratlon guidelines for

computing crop water requirements’ -
https://www.fao.org/4/X0490E/X0490E00.htm

* Class A paninstructions:
https://www.researchgate.net/profile/Muhammadreza-
Tabatabaei/post/How to_measure_evaporation_using panevapometer

ETcKp x_Ep/attachment/5a2ccf15b53d2f0bba431654/AS%3A569899

045326848%401512885928133/download/ETpan.pdf

* HORTSCIENCE 53(12):1784-1790. 2018.
https://doi.org/10.21273/HORTSCI13129-18
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