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In summer the use particle film (kaolin particles) applied in
high light condition (clear sky)

-Increase reflection of UV and IR .

_Reduce |eaf tempera‘ture COnCentrathn 10%/12%
-Increase stomatal conductance

-Increase whole-canopy photosynthesis and transpiration
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Effects on sap flow

non-heated probe
Sap flow measure

differences Water reduce
between temperature
heated and

non-heated probe
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Sapflow (L m2 h1)

o
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o

-0,50

May to July (winter dry season)(104days)

Plant leaf area: 5m?2

Kaolin particles: ’
0.70Lhm2? x5m?=35L h?plantx8h=28L H,0 plant* day

Control:
0.32Lhm2=1.60L hplantx8h=12.8L H,0 plant? day

Maximum light = 2300pumol m-? s = 1000 W m-2




| think that Kaolin particles is important to papaya:

- Can reduce midday photosynthesis depression (stomatal effects is so important to
increase yield in papaya). The photosynthetic capacity of a papaya genotype also
influences papaya fruit quality (Salazar, 1978).

-Can control aphids (Aphids are the predominant means by which papaya ring spot
virus (PRSV) is transmitted)

-Reduce canopy temperature (Prolonged droughts, associated with high
temperatures, adversely affect fruit production because the condition induces
abortion of floral and fruit structures, leading to sterile phases or fruiting skips along
the stem)

-Increase scatter light inside the greenhouse

-Kaolin particles reduce dew formation on leaves
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Action of Particle Films Against Insects and Mites
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Inside the greenhouse light is very
limitant




Kaolin particles reduce dew in papaya
leaves
Can reduce disease!




Microspray irrigation applying above the canopy during summer (12h to 14h).

Evaporative cooling reduce VPD,...;, inCcrease stomatal conductance, increase transpiration and
photosynthesis

When the air
temperature inside
the canopy reached
35°C the microspray
irrigation system
was turned on
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Greenhouse can provides adequate environmental conditions to cultivate papaya.
-protection against excessive light (sunburn, photoinhibition, high leaf
temperature, high VPD, i)

-protection against wind and hail

- Exclusion of PRV vector

Baixinho de Santa Amalia genotype
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Commercial production

2004/2005 Full sunlight

Plant Height (cm) 183.8 a 144.2 b
Trunk diameter (cm) 13 a 10 b
Leaf number plant! 35.3a 29.4 b
Leaf area plant (m2) 0.2 a 0.15b
Number of I‘ruits plant 9.7 a 6.5b
Fruit weight plant! 3.53kg a 2.12 kgb
Average fruit weight 364.7ga 326.1g b

Martelleto et al 2008



Light quality and intensity can affect leaf anatomy in papaya plant
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Full sunlight Buisson e Lee, 1993

Shade 50%




Buisson e Lee, 1993

Leaf thickness (um) 137 119
Specific leaf mass (mg cm2) 4,7 2,8
Leaf area (cm2) 292 162
Chlorophyll content (ug cm2) 3.57 5.16
Petiole lenght (mm) 207 148
Stomata density (mm-2) 465 330
Degree air space 0.29 0.33

Under conditions of low light intensity and low
red:far red light , leaf lobing was dramatically
reduced.

Change in spectral quality also resulted in a
reduction in the ratio chlorophyllato b




High Leaf lobing can reduce leaf temperature in sun leaf

Motorcycle radiator




The papaya photosynthetic capacity can be linked to non stomatal limitation in soil field capacity
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SPAD reading = 60

Sunrise Solo

Eliemar Campostrini
Campost@uenf.br
Fisiologia Vegetal
UENF/CCTA
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Soil and air water

1) Air water:

Threshold VPD values to papaya:
VPDair = <1lkPa (esair _ eair)
VPDIeaf-air: < 2kPa (esleaf _eair)

2) Soil water:

Papaya exhibits both stomatal and non stomatal response to soil water deficits and the
source of the response signals are both hydraulic and non-hydraulic in nature

Valor SPAD
26,6
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Figure 2. Moisture (%) in watered (C7) and non-watered pot
soils (@) of papaya secdlings. In non-waterad soils, irrigation
was suspended dunng 34 days and re-established thercafter
wilidl the end of expenment, Data arg means £ 5E and cach
vitlue was determuned by three TR probes with three repl-
cales per treatment (7 2 9 (one probe per poil DAT =days
after treatment. W Water Stress. RH: Re-hydration.

Baixinho de Santa Amalia genotype

70L pots

Greenhouse

Maximum PAR 1200pmol m=2 s
Severe water stress: p,.,s =-0,8MPa
Regular irrigated plants: g, =-0,6 MPa
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Figwre I, Leal waler polential in papaya secdhngs. Treat-
ments were: regulor irrigated plants (O) amd mon-irmigated
plamis duning M days followed by re-waiening aniil the end of
caperiment (). Data are means £ 5E amd cach value was
determincd in al lenst three different planis aath three epli
cales per ircatmemt (i = 9, DAT = days afier reaiment. W5
Water Sirgss, RH: Re-hvdration



Tabde 1. Plant height and stem circumference of papaya seadlings subjocted to water stress and re-hyvdration. The treatment con-
sisted of irnigation suppress duning 34 days and re-watering establishment thercalter until 435 days (total expenmental period). The
data (w2 9) presented in cach line followed by dissimilar betters differ significantly an (F < 0,05), *: P < 000], *% F < 0,000

Treatments Plant haght icm) Sem arcumlerence (cm)

Coniral Wikler siness Contral Waler «iness

Waler stress (Days)

0 WA 1 06T A% 50 40,562 LR R R KO8 &0 5

|+ T <h ] ] Ju
2N

34

Rehyvdration {Days)

41 i 136 1. 2Ka 4120 £ 0.5Th B0 10 -k 0. 2 g K95 £ (b [Yh*

4= .83 & | Koa 43254 1.75b LR UES R s 9,40 £0.15b
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Figere 3. Relative growth rate uwsing stem DW of papaya
seodlings. Treamments were: regular irrigated plants (C) amd
non=irmigated plants during 34 dass followed by reswalenng
untal the end ol expenment (Bl Data are means & 5E and
cach valoe was determined in at least three different planis
with three replicates per treatment (v 2 9. DAT = days aler
treatment. WS Water Stress, RH: Re-hydration,

Table 2. Root Tresh l|.l.|;|'|,:|'|l of [ v !u.'ll!ll,“i]l.]::'_h :1.||||"|j,,1:l-|,:|.‘| Liv
winler sircss anid n;-h'_l.'-l,!l:ll'iq:lu. 'I._:Ilu: Ircseinsenl |,.'|.|-:|||'|.|'|.1|;'-|,! ol irri-
gation suppress dunng 3 days and re-watering establishmsent
thercalter until 48 davs (otal expenmental penod). The data
(r 29 presented s gach lhine followed by disamilar leters
differ significantly at (P < 0.05)

Treatmenis Root [resh weight (g)

Control Waler siness

Water stress (Diays)

id 1519 4 |6 5a I 4 £ 18, 7h
Rehvdration { Dayvs)
4% 183,04+ 23 5a 119.7 4+ 8. 70b
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Figure 4. Number of remaining kaves in papaya seedlings. Figire 5. Photosynihatic rate (a) i Tully expanded leaves in
Treatments were: regular irrigated plants (O) and non- PAPaya seedlings. Treatments wene: regular irmigated planis
irrigated plants during 34 days followed by re-watering until 1) and “m"_""'ﬂ'“'ﬁl plants d"’_"""F M days followed by
the end of experiment (@) Data are means +SE and cach re-waterning until the end of R —— (). Daia ire means
vitlee was determuned in ol keast three diflerent plants with £ SE and each value b determaned in at least three !j'm:'m'
three replicates per treatment in = 9). DAT = days after treat- Plants with three 'I"-:J"h"r'“lﬂ per treatment (n & 9). DAT = duys
ment. WS: Winter Stress. RH: Re-hydration, alter treatment. WS: Water Stress. RH: Re-hydration,
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In conclusion, papava plants subjected to
water stress showed a tendency to accumulate ions
such as K™, Na" and Cl™. The ion increases that
were registered on per DW basis might apparently
contribute for osmotic adjustment, enhancing
water stress tolerance of these plants. The data
also indicate that stress tolerance was not medi-
ated through the reduction of leaf abscission, the
detention of growth or decrease of net CO, assimi-
lation. Re-irrigation induced plant morphological
and physiological recovery without irreversible
effects of water stress.



Pl Copvemsils Bargsll i TEITH 550551

B [ o s |

L BB el el "

Hormonal changes in papayva scedlings subjected
o progressive waler stress and re-walering

Halell SHalwvmebd « b jormt babona -
RYTTE, TV RSN o T

WS } ik
2. i

s BEERCRR
£ |
i
i s j
g :
T 1
% 10 - .
i
5 i
i
I:l' ] | ‘I1

o =0 a0 48

DAT

Fig. 1 Sodl madestiine (%) 6 arrigaled (L) and fon-imigated pod
il () of papaya wedlings. 1n water- sanessed sols, o gation
was e keasad daring 40 days and re-cslablishod (hercalion aniil
the sad of exporinasst. e afc mcans & Sk amd cach value
was et el h:. 1Efee TIH |H|.i'l"'. wmalls e li'i"]l.'.'ll.l."n. =t
wealmenl (= 9 (ol |'|-ru|.'-|.- per ok DAT = ||'.“.|:|-h afler
prcalEnenl, WS wale§ aféss, PRUHE relydranon

Ll v v by 0Tl
~i
LE
||

=1 b)

Looual' B et Ly wesmeg 1l 40 |
i i

=
O O S Y NN N N N RGN R U WO N SR GRARRE EON  NY SN NN N N M S SN 56U R O O e

ad a g B xS L 48 5%

Fig. 2 Prncipal leal vein kagh jai and kal blal dfy scaphi

ihh in papayva seedisgs. Treammenis wene: sepalar (migased
plants i B35 amal walar-sbics el plamts dusing 40 dnyw Fol korwresld

by pe-waiermg unbld e ond of expoimend (B Dala ae
prmas & RE ol ool value won deiicr mesenl feoes of leasd Owice

dilferom plams with Beer replcales o iroaimsan (8 > )
AT = daya el Bcalmeal WR waler diw. EH

Pty raten



2 B

2

Parsisied laaves per plant (%
compared o contrad ineach date)

L}

0O 7 16 20 37 40 43 46 5O
DAT

Fiz. & Percentage of leaves presenl in papaya plans sabpssnsd
o W5 during 40 days and subsequent RH (W) Dam are
cxprossed as percemages with respect bo control plants (- - - =)
in cach date, Dala are means £ SE amd coch valae was
determined in af least three differeni plamis  with  three
replicates per treatmend (> 9), DAT = days after treatment,
Wi water siress, RH: rebydration

=
&

S0 ¢

[
@
TR T T T T NP ST T T T T ey

E B
i
1
4
e
it
I:-I
.
r
¥

i el
e
o

= K
¥
.

1

17 =

-
c oo
o
-

'n'
o
RIS T M TR RN T TR N O T AT T T ey P ——

SRR

o § 8 X M o4& £ 9 5
DT

Fie. d Pl felr od @i, sioovsiial o ks A gy Cpe
iR e irsmepersien reie (B, o boe felly copamsded lewees in
|'-.|"'\.l:|l'\.|||.'dlr\. Tr vl vin: il b i hp.l.l'il'l:_.ll.l]l"'l.-'l'\.l'.-'-
wl war-arruad plews durieg 40 dive fallewwd by e
iy iy gl Ay .-r\.|.rr|.||||r-|r|||l-. Dl i - iutams 3 5F
and each vaker wan drtormererd &om bl thres Siforone plsees
wl gy T s AT IR (6 7 ¥ DAT = Jays allar
e WY wsla urgw EH rebnddretios



(a) WS

0 10 20 30 40 41 48
DAT

Fig. ¥ Abscisic acid ( ABA) kvels in lcaves (a) and rooe (b
from =l k-wakered plane (L) and froms plams subjeosed oo W
during &0 days and subsequent KH (B in papaya scodlimge.
Esch vabse i the mess of m lesst three  indepondent
mecasgremeni fn 3 b 25E AT = days aler gealmcni
WA waker wros. BH: meleydeaisom




Sk LB LI LR T TIT] S

Field-g;own papaya

i

0

"

w |
13
ax

| i

P et Loy Wk N ] L
| --l.l:_l_.:_:__-{rH_Fuln-lfh:drm;]|t:'mﬁEM
When yr was —68 Li% G I ilroepiu

@,
Cevved €00 fusol
Cincabent i

e d LU
[LO2S 40X

i Vv

DA
T

s u'f;l:l AN24 b inp

~arly oe i) Marler e Mickelbart, 1998




Strategies to increase effective use of water in papaya

-Regulated deficitirrigation (RDI)
-Partial rootzone drying (PRD)
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effects on stomatal conductance, growth, photosynthetic capacity,
and water-use efficiency of papaya
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Strategies to increase effective use of water in papaya

-Regulated deficitirrigation (RDI)
-Partial rootzone drying (PRD)

15L pots

Substrate soil, sand and
cattle manure (2:1:2)

The plants were kept at
field capacity (FC) until they
were 96 days old.






-Gas exchange
-Chlorophyll fluorescence
-Growth (central vein lenght, root dry biomass, stem dry biomass, leaf dry biomass,
total dry biomass, root volume)

-Proline

-Carbon isotope discrimination

-Agronomic water use efficiency

-Thermal imaging
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The plants were kept at field capacity (FC) until they were 96 days old.

Table 1
Tieneeliane of irrigation fredbmenti

[rays afher avigatis prealimess applation
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Table 1

Total volume of water applied, and volume applied per day of greenhouse-grown
papaya (Carica papayva L) in sphtroot pots with four different irnigaton treatments;
full irrigated (F1), Partial Rootzone Drying (PFRD), Regulated Deficit Irrigation (RDI),
and non-irrigated followed by 6 days of FI (Nl-gh).

Treatment Total volume of water Volume of water
applied (L) applied per day (L)

Fl 47.50 2.3

FRD 238 1.1

RDI 238 1.1

Ml-zh 21.3 1.0
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Photochemical efficiency of PSlI PI=(RC/ABS) x (TR/DI) x (ET/(TR-ET))
(RC/ABS): Active RC density on a Chl basis

(F\/F,): Performance due to trapping
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Carbon isotope discrimination
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Agronomic water use efficiency

5 _
: a a

~4
g . b Water economy Transpiration
D3 in relation FI AWUE rate
[ b Treatment (%) (gDMLY)  (LH,0gDMY)
2 FI - 312 0.322
D2 PRD 50% 455 0.217
S F RDI 50% 457 0.217
z NI 55.14% 2.46 0.400

1+

0 g C3 crops

Fl PRD RDI NI

1t06gDM L1H,0

C4 grasses
10to30gDM L1H,0

Table 1
Total volume of water applied, and volume applied per day of greenhouse-grown
papaya (Carica papaya L) in splitroot pots with four different irrigation treatments:

full irrigated (F1), Partial Rootzone Drying (PRD), Regulated Deficit Irrigation (RDI), Treatment L HZO m-2 day-l
and non-irrigated followed by 6 days of FI (Ni-gh),

Arkley (1982)

_ Fl 1.63
Treatment Total volume of water Volume of wates
applied (L) applied per day (L) PRD 0.84
Fi 47.50 2.3 RDI 0.78
PR 23.8 1.1
RDI 238 1.1 NI 1.17

Mi-zh 21.3 1.0



Treatment

Whole canopy
summer

Whole canopy
winter

Fl
PRD
RDI

NI

Volume water
applied per
plant per day

16.0

10.0

2.3
11
11

1.0

Transpiration
L H20 per m?
leaf per day per
plant

25

4.2

1.63

0.84

0.78

117

Transpiration L
H20 per plant
per day

10

15

23
11
11

1.0

Leaf area
m2

4.0

35

141

1.30

140

0.85

5 months

5 months

3 months

3 months

3 months

3 months



Thermal imaging
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5. Conclusion

While there was evidence of non-hydraulic signals inducing sto-
matal closure in the PRD treatments compared to RDl in greenhouse
studies, these effects were insufficient to alter dry matter partition-
ing, biomass, or yield components since there were no significant
differences between PRD and RDI at either a 30% or 50% water
deficit. A 50% water deficit in the greenhouse study for the PRD
and RDI treatments was sufficient to significantly reduce biomass
and dry matter partitioning compared to the Fl treatment. In the
field study, a 30% water deficit in both PRD70 and RDI treatments
did not significantly reduce vegetative growth or yield compo-
nents, compared to FL. It appears that papaya can tolerate moderate
water deficits without a significant reduction in yield components
indicating that <100% ET irrigation replacement may be scheduled
but there is little or no difference between PRD and RDI. Further
research will be needed to verify that moderate soil water deficits
do not reduce quality.
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I}:-\p:a.}':l attributes that allow for thas:
1. Efficient lateral transfer of water in stem

2. l{:{pid rool Fn:riiﬂ:r:{l_i{m in wel zones

3. Hydraulic redistribution into dry zones
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Water Transfer in a Papaya-Corn Culture System  Proc. Third IS on Papayva

T.E. Marler

Eds.: N. Chomchalow et al.

Western Pacific Tropical Research Center Acta Hort. 1022, ISHS 2014
University of Guam, Mangilao
Cruam 26923

USA

Abstract

‘Tainung 2" and *Sunrise’ papava seedlings were grown in split-root
containers. *Honev Jean 3° sweet corn seeds were planted in one of the two
containers that comprised ecach split-root papava svstem. Following establishment of
the corn seedlings, the papava-corn svstems were subjected to one of three
treatments: 1) both halves of the papava roots were well-watered (control); 2) both
halves of the papava roots received no water; (3) the papava root half without the
corn seedling was watered but the half with the corn seedling received no water. Pre-
dawn leaf relative water content (RWC) and mid-morning stomatal conductance of
corn leaves were the response variables used to quantify drought stress, Stomatal
conductance reached zero by day 10, when RWC of treatment 2 plants was less than
3% and that of treatment 3 plants was 80%. At this stage, half of the remaining
replications in treatment 3 were treated by cutting the connection between the roots
in the dry compartment and the base of the papava stem. This procedure relieved
competition between the two species, but also eliminated the watered half of the
papaya roots as a possible source of water for the corn plants. Leaf RWC of the corn
plants relieved of papava root competition declined to below that of corn plants
within intact treatment 3 papava split root svstems. These results indicate hyvdraulic
redistribution occurred from papava roots in the watered pots to the corn plants,
Water redistribution within papayva plants may have impacts on hvdrologic
processes, and should be considered when scaling fluxes to the orchard level.



FI. We hypothesized that the difference observed in physiological
response to PRD and RDI treatments between the papaya grown in
the greenhouse and field may be related to the different volumes
of soil explored by the root system. The physiological response of
papaya to PRD and RDI was more affected in greenhouse-grown
than field-grown papaya because in the greenhouse study, the
roots are limited to the volume of the pot. In addition, in field
conditions rainfall can increase water availability in the soil and the
roots have a greater volume of soil to explore. Thus, environmental
variables such as VPD and PAR can more severely affect the gas
exchange and growth of plants grown in the greenhouse than
plants grown under field condition. In addition, PRD and RDI can
increase stomatal sensitivity to VPD (Collins et al.. 2010).

Collins, M.]., Fuentes, 5., Barlow, W.R., 2010. Partial rootzone drying and deficit
irrigation increase stomatal sensitivity to vapour pressure deficit in anisohydric
grapevines. Funct. Plant Biol. 37, 128-138.



Flooding

Papaya is considered a species sensitive to low oxygen availability
in the soil (hypoxia), which is commonly caused by waterlogging
(Ogden et al., 1981; Malo and Campbell, 1986)

Reduced oxygen can occur as a result of tropical storms that
saturate the soil for several days, flood irrigation, as well as micro-
irrigation practices that create microenvironments of reduced soil
oxygen

A completely flooded soil can cause death to papaya plantsin 2d
(Wolf and Lynch, 1940; Khondaker and Ozawa, 2007) or 3to4d
(Samson, 1980) o
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Papaya, considered sensitive to hypoxia, responds with accentuated
senescence (chlorotic leaves), leaf fall and does not recover after hypoxic
conditions are removed (Marler etal., 1994).

These studies indicate that papaya is sensitive to small reductions in soil
oxygen content and it is likely that micro-irrigation saturation of a small
portion of the soil is having some negative effects. Consequently, a
welldrained soil is essential for high productivity.




100% of roots submerged

Dissolved O3 concentration (mgl-')

Treatment Day 1 Day 2

0g Ca0s 3.63 + 0.92b 4.38 + 0.89b
228gCad; 7.00 + 0.76a 5.38 + 1.70ba
457gCaD; 8.03 + 1.0%9 7.19 + 1.50a

et al.. 2009a), Hydrogen peroxide decomposes in the soil, releas-
ing Oz which i1s needed for aerobic metabolism in the roots (Gil
et al., 20094,b). When H20> comes in contact with water, it reacts
to give off 0.5 mol of O; per mole H;0; as shown in the equa-
tion Ha03 +H;0— 0.50; + 2H;0 (Gil et al., 2009a). In soil, solid
oxygen compounds (i.e., Cal;, Mg0; ) breakdown to H:0s which
then provides oxygen to the rhizosphere (Liv and Porterfield, 2014).





