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Training on Partial Root-Zone Drying (PRD)

and Water Saving Techniques in Potato

8 October, 2018, Karnal - India
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CIP Experimental Station, Lima-PeruIII Foro Internacional en Cambio Climático: “Impacto en la 

agricultura del Perú”  INIA-MINAGRI



Conventional irrigation

Partial root-zone drying (PRD) 

I. Effective water-use techniques
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How to proceed to establish PRD?
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Water Use Efficiency *

29-50% of Water Saving * 

* Jovanovic et al., 2010; Liu et al., 2006; Saeed et al., 2008; Shahnazari et al., 2007; Xie et al., 2012

Maketable tuber size

Shahnazari et al. (2007)

Soil N-availability

Shahnazari et al. (2008)

Anti-oxidants
in tubers
Jovanovic et al. (2010)

Early PRD using 50% of the water under 

normal conditions allowed higher water 

saving with low tuber yield penalization

(a)

(b)
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Partial Root-zone Drying (PRD) in Potato
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Ethiopia

PRD without siphons

-1
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DI = Drip Irrigation   /   PRD = Partial Root-zone Drying

-1 -1

China
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Climate Change Adaptation Actions

WATER MANAGEMENT

- Efficient irrigation techniques 

- Optimum irrigation calendars 

DROUGHT TOLERANCE 

SELECTION 

- Breeding acceleration 

- Phenotyping / genotyping 

Conventional irrigation

Partial root-zone drying (PRD) 

PRD + siphons

Drip irrigation

III Foro Internacional en Cambio Climático: “Impacto en la agricultura del Perú”  INIA-MINAGRI



II. Plant traits monitoring under drought

Slow response traits

Fast response traits

High biomass

High growth rate

High stomatal 

conductance

Gas exchange measurements

Carbon isotope discrimination

Color imaging

Relative water content

Osmolytes analysis

High root depth and 

root length density
Root pulling resistance

Infrared thermometry

Canopy reflectance

Traits that confer 

a better effective use

of water and drought 

tolerance

Assessment methods

Chlorophyll fluorescence
Xanthophyll Cycle

Delayed leaf senescence

High osmotic adjustment

Monneveux et al. (2013)

Drought tolerance

Water Management

III Foro Internacional en Cambio Climático: “Impacto en la agricultura del Perú”  INIA-MINAGRI



* Identification of key functional mechanism at leaf and plant level to

get low cost and integrative traits to detect drought tolerance

III. Drought Tolerance in Potato

Leaf greenness

Slow response traits

Drought tolerance
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𝐶ℎ𝑙𝑆𝑃𝐴𝐷_𝐴𝑚𝑝 = 𝐶ℎ𝑙𝑆𝑃𝐴𝐷_𝐷𝑟𝑜𝑢𝑔ℎ𝑡 − 𝐶ℎ𝑙𝑆𝑃𝐴𝐷_𝐶𝑜𝑛𝑡𝑟𝑜𝑙

Chlorophyll SPAD maximum amplitude (Chl )SPAD_Amp

𝑇𝑖𝑚𝑒 = 𝑎 + 𝑏 𝐶ℎ𝑙𝑆𝑃𝐴𝐷_𝐷𝑟𝑜𝑢𝑔ℎ𝑡

Senescence Delay (Slope      )
SPAD

SPAD: Chlorophyll meter (SPAD 502 Plus) 
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III. Drought Tolerance in Potato

Leaf greenness
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Long-term water restriction

Short-term water restriction
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Greenness indicators through remote sensing

Spectral Radiometer (ASD) Unmanned Aerial Vehicles (UAV)

Normalized Difference Vegetation Index green (NDVIg)

Chlorophyll Index - Green (ChIg)

Chlorophyll Index – Red Edge (ChIre)

ChIg = ൗ𝑁𝐼𝑅
𝐺𝑟𝑒𝑒𝑛 − 1

ChIre = ൗ𝑁𝐼𝑅
𝑅𝑒𝑑_𝐸𝑑𝑔𝑒 − 1

𝑁𝐷𝑉𝐼𝑔 =
𝑁𝐼𝑅 − 𝐺𝑟𝑒𝑒𝑛

𝑁𝐼𝑅 + 𝐺𝑟𝑒𝑒𝑛
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Ecophysiological indicators (UAV)

𝑵𝑫𝑽𝑰𝒈

DTI: Drought Tolerance Index

SlopeChlorophyll_Index: Slope from maximum value

𝑺𝒍𝒐𝒑𝒆𝑪𝒉𝒍𝒐𝒓𝒐𝒑𝒉𝒚𝒍_𝑰𝒏𝒅𝒆𝒙
𝒗𝒔
𝐃𝐓𝐈
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Breeding for drought tolerance trials

Augmented design

Plot 5 Plot 6

Plot 3 Plot 4

Plot 1 Plot 2

TD

REC

NI

1 plot = 162 experimental unit

1 experimental unit = 10 plants

Revolucion
UNICA
Achirana-INTA

Desiree
Amarilis-INIA

Tomasa Condemayta

Augmented clone

6 Common clones (12 𝐫𝐩𝐭†) 

258 clones

252 Augmented clones (1 𝐫𝐩𝐭†)

†replication per treatment

3 treatments

NI: Normal irrigation

REC: Recovery

TD: Terminal drought
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Chlorophyll Index - Green (𝐂𝐡𝐈𝐠)
(𝑪𝒉𝑰𝒈_𝑨𝒎𝒑 𝐯𝐬 𝐃𝐓𝐈)

†

ChIg_𝐴𝑚𝑝: ChIgreen Amplitude

DTI: Drought Tolerance Index

†Based on common clones (checks)

Breeding for drought tolerance trials
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Traits used for early stress detection show circadian regulation

III. Early Stress Detection in Potato

Fast response traits
Water Management
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Annals of Botany 89:895-905, 2002

Stomatal conductance as key indicator to establish water status in plants

III. Early Stress Detection in Potato
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Drought

EVAPOTRANPIRATION

PERCOLATION
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Crop Water Stress Index

(CWSI)

Twet:  Wet temperature (humid reference surface)

Tdry:  Dry temperature (+13°C  of  air temperature)

Infrared thermal camera 

(FLIR- E60 Model)

III Foro Internacional en Cambio Climático: “Impacto en la agricultura del Perú”  INIA-MINAGRI



C
ro

p
 W

a
te

r 
S

tr
e
s
s
 I

n
d

e
x

Stomatal Conductance 

(mol H2O m-2 s-1)

Irrigation threshold

Severity Threshold

Early Stress Detection for Irrigation 

Purposes
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“Effective use of water in the 

potato crop in arid areas: 

Improving water management 

through water status 

monitoring for Climate 

Change adaptation”

(Grant Agreement Nº:016-

2015-INIA-PNIA/UPMSI/IE). 

Donor: National Program for 

Agricultural Innovation, 

Peruvian Ministry of Agriculture 

and Irrigation

January, 2016 - March, 2019
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Water restriction treatments

Treatment 1 

(T1)

Treatment 2

(T2)

Treatment 3 

(T3)

Treatment 4 

(T4)

Control (CWSI ≈ 0.30-0.35)

CWSI = 0.4

CWSI = 0.6

CWSI = 0.7

Irrigation timing : ≈  6 days

Irrigation timing: ≈  4 days

Field Capacity (CC)

2 irrigations

1 irrigation
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Drip IrrigationFurrow Irrigation
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How much water could we save using CWSI < 0.4 (T2)?

∆VT2-T1: Water amount difference between CWSI <0.4 (T2) and control  (T1)

Drip                       Furrow
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∆Vgo-gr    : Water amount difference between drip irrigation (under control –T1 

or using CWSI <0.4 – T2) and normal furrow irrigation
T1

How much water could we save using CWSI < 0.4 (T2) 

under drip irrigation comparing to conventional furrow 

irrigation?
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CWSI
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Tutorial Software TIPCIP
https://youtu.be/U7jrUiWdvSs
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Workshop on Early Stress Detection in Plants using Thermal Cameras
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Final Remarks

Field high-throughput 

phenotyping

NDVI
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Drought responses monitored by thermal images acquired by UAV

Water stress map based on 

CWSI

Canopy Temperature
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Final Remarks Low-cost technologies

TIPCIP

Android APP

Thermal Camera

FLIR ONE PRO
Resolution 160 X 120 pixels

Thermal 

image

Resulting Color-

filtered image

with Averaged 

Temperature

Thermal Image Processor: Enabling small farmers to improve water management through thermal 

analysis with open-source and user-friendly apps for Android phones.

Control 

plant
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Scaling up effective water-use practices

CIP-APART Potato Value Chain Program (PVCP)

Demonstrations for the sustainable intensification of rice-potato 
cropping systems in Assam – India (Module C)

415 demonstration trials

on PRD
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La Iniciativa 

Andina

Nuevas direcciones para la 

agenda del CIP en los Andes
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Componentes trasversales

GENERO &

COMUNIDAD 

INDIGENA 

JUVENTUD

BIG

DATA

EXTENSION 

DIGITAL
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19- 23 

Octubre,

2020 !!
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Gracias !

d.ramirez@cgiar.org

David Ramirez
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