


Photochemical efficiency of PSII PI=(RC/ABS) x (TR/DI) x (ET/(TR-ET))

(RC/ABS): Active RC density on a Chl basis

(FV/F0): Performance due to trapping 
probability Fv/F0=TR/DI

(ET/(TR-ET): Performance due to 
electron-transport probability

Fv/Fm= TR/ABS





y = 0.281x + 12.816
R² = 0.9695 FI

y = 0.1678x + 12.876
R² = 0.8736 PRD

y = 0.2068x + 13.101
R² = 0.8998 RDI
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Carbon isotope discrimination
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Agronomic water use efficiency

Treatment

Water economy
in relation FI AWUE 

Transpiration
rate

(%) (g DM L-1) (L H2O g DM-1)
FI - 3.12 0.322

PRD 50% 4.55 0.217
RDI 50% 4.57 0.217
NI 55.14% 2.46 0.400

C3 crops
1 to 6 g DM  L-1 H2O

C4 grasses
10 to 30 g DM  L-1 H2O

Arkley (1982)

Treatment L H2O m-2 day-1

FI 1.63

PRD 0.84

RDI 0.78

NI 1.17



Treatment Volume water
applied per 

plant per day

Transpiration
L H2O per m2

leaf per day per 
plant

Transpiration L 
H20 per plant

per day

Leaf area
m2

age

Whole canopy
summer

16.0 2.5 10 4.0 5 months

Whole canopy
winter

10.0 4.2 15 3.5 5 months

FI 2.3 1.63 2.3 1.41 3 months

PRD 1.1 0.84 1.1 1.30 3 months

RDI 1.1 0.78 1.1 1.40 3 months

NI 1.0 1.17 1.0 0.85 3 months



Thermal imaging







Field condition

20 months
Caliman company
Brazil
http://www.caliman.com.br/pt/
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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 plants in 2 d 
(Wolf and Lynch, 1940; Khondaker and Ozawa, 2007) or 3 to 4 d
(Samson, 1980)











Khondaker and Ozawa (2007) constructed 
chambers that controlled soil gas composition at
ambient (20%), 18% and 11% oxygen; under soil 
oxygen at and below 18%, A, chlorophyll content, 
large and small roots, and shoot dry matter were
all decreased

20% O2 18% O2 11% O2



20% O2 18% O2 11% O2



Box 1: 20% O2
Box 2: 18% O2
Box 3: 11% O2





Papaya, considered sensitive to hypoxia, responds with accentuated
senescence (chlorotic leaves), leaf fall and does not recover after hypoxic
conditions are removed (Marler et al., 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.

















Salinity

Papaya seed germination is inhibited by very low levels of salinity (Kottenmeier et al., 1983), yet
seedling growth can be stimulated by 1/10 seawater salinity levels (8 mS cm-1) when compared 
to a Hoagland’s nutrient solution control (Kottenmeier et al., 1983)

Maas (1993), however, classified papaya production as moderately
sensitive with salinity effects at 3 mS cm-1

Similarly Elder et al. (2000) found that moderately saline water 
(1.4 to 4 mS cm-1) applied in trickle or under-tree mini-sprinkler irrigation
had no adverse affect on productivity but when overhead
applied, there was leaf damage and reduced growth. seawater: 

3.5% (35 g/L, or 599 mM)
50-80 mS cm-1

Hoagland solution:
2.7 mS cm-1

1 mS cm-1 = 1 dS m-1

3200 ppm (mg L-1) de NaCl equivale a 5 dS
m-1

3.2 g NaCl 1Litro de água = 5 dS m-1





The experiment was conducted in a greenhouse between March and October 2010, at UENF, in Campos dos 
Goytacazes, RJ
2 genotypes: Golden and UENF/Caliman
100L pots
EC 1; 1.6; 2.2; 2.8; and 3.4 dS m-1

96 to 126 Days after transplanting



The experiment was conducted in a greenhouse between March and October 2010, at UENF, in Campos dos 
Goytacazes, RJ
2 genotypes: Golden and UENF/Caliman
100L pots
EC 1; 1.6; 2.2; 2.8; and 3.4 dS m-1

* Control.



The experiment was conducted in a greenhouse between March and October 2010, at UENF, in Campos dos 
Goytacazes, RJ
2 genotypes: Golden and UENF/Caliman
100L pots
EC 1; 1.6; 2.2; 2.8; and 3.4 dS m-1

Fertilizers (g)

Treat.

1

x 0.5

Treat.

2*

x 1

Treat.

3

x 1.5

Treat.

4

x 2

Treat.

5

x 2.5

Solution A

Urea 23.7 47.5 71.3 95.1 118.8

MAP 11.8 23.6 35.4 47.3 59.1

K2SO4 29.6 59.3 88.9 118.6 148.3

MgSO4 29.6 59.2 88.8 118.4 148

Micronutrients 3.5 7.0 10.5 14 17.5

CE (dS m-1) 1.0 1.6 2.2 2.8 3.4

Solution B Ca(NO3)2 56.2 112.4 168.6 224.8 281

CE (dS m-1) 1.0 1.5 2.0 2.6 3.2

* Control.

Maximum 3 L each treatment per day per plant. After
each nutrient solution were applied 1.5 to 3L water in 
each plant per day; 3 times per day)









PI=(RC/ABS) x (TR/DI) x (ET/(TR-ET))

(RC/ABS): Active RC density on a Chl basis

(FV/F0): Performance due to trapping 
probability Fv/F0=TR/DI

(ET/(TR-ET): Performance due to 
electron-transport probability

Φe = is the initial slope of the light 
response curve ETR versus 
PAR(quantum efficiency)





Golden

UENF/
Caliman

25ºC
1,6 dS m-1

35,9ºC
3,4 dS m-1

25,4ºC
1,6 dS m-1

25ºC
1,6 dS m-1

32,4ºC
3,4 dS m-1

75 DAP



Relationships between sap-flow measurements, whole-canopy transpiration, and 
reference evapotranspiration in field-grown papaya (carica papaya l.)

Summer: (clear sky, during 4 days)
PPFmax: 2400 mol m-2 s-1

Tmax: 38ºC
VPDmax: 4 kPa

Winter:  (clear sky during 4 days)
PPFmax: 1400 mol m-2 s-1

Tmax: 33ºC
VPDmax: 3.5 kPa



Under the environmental conditions evaluated :
(4 sunny days)

Winter:
Maximum vapor pressure deficit (VPDair)=3.5 kPa
Air maximum temperature of 33°C
Maximum PPF:  2400 mol m-2 s-1

Summer
Maximum VPDair=4.0 kPa
Air maximum temperature of 38ºC
Maximum PPF : 1400 mol m-2 s-1

Leaf area each plant
5 months old
Winter :3.5m2

Summer: 4 m2

The crop was irrigated with a drip/fertigation
system providing supplemental irrigation of 10
(winter) and 16 L per plant per day (summer)



A

B

















Effects on sap flow

heated probe

non-heated probe

H2O

Water reduce
temperature

Sap flow measure 
differences 
between 
heated and
non-heated probe



Xylem vessel



K is the heat coefficient:
Tm : the maximum temperature 
difference (°C) between sensors in 
active xylem (night time), and T is 
the temperature difference (°C) 
between sensors in active xylem

[reviewer1]is night time relevant?



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

Plant leaf area: 5m2

Kaolin particles:  
0.70 L h m-2 x 5m2 = 3.5 L h-1 plant-1 x 8h = 28 L H2O plant-1 day-1

Control: 
0.32 L h m-2 = 1.60 L h plant x 8h = 12.8 L H2O plant-1 day-1

Maximum light = 2300µmol m-2 s-1 = 1000 W m-2
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Mycorrhizal fungi effects on papaya productivity

The beneficial effects of arbuscular mycorrhizal (AM) fungi in the plant kingdom and 
agricultural cropping systems are well documented, and include increased P, water, 
and nutrient uptake as well as improved pest resistance (Harley and Smith, 1983; 
Bethlenfalvay and Linderman, 1992)

Arbuscular mycorrhizal fungi colonize papaya under natural conditions. Papaya 
appears to be very dependent on AM since plants in sterilized soil, as compared to 
inoculated,  showed poor growth and particularly P uptake (Habte, 2000)

Mohandas (1992) reported that AM inoculation of papaya seedlings increased growth, 
P concentration and acid phosphatase activity in leaves





20 days of water-stress treatment

Treatments were applied 3 months after planting



20 days of water-
stress treatment

Mycorrhiza establishment may result in the control of ethylene levels as one 
mechanism of reducing damage by water stress in papaya plants. 

Besmer and Koide (1999) showed that mycorrhizal colonization can decrease 
ethylene concentration in flowers, which might explain the increased vase-life of cut 
flowers.

AM colonization may act as an inhibitor of ethylene biosynthesis by influencing ACC 
conversion to ethylene



Mechanical root restriction
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28 dias





















Conclusões

Em estacas de mamoeiro ‘Golden’, em novos estudos, e para a indução de
enraizamento, indica-se aumentar a concentração de AIB acima de 3000 mg L-1;

Estacas de mamoeiro ‘Uenf/Caliman 01’ enraízaram 65% quando tratadas com AIB
a 1500 mg L-1; Poucas raízes nas estacas do mamoeiro são suficientes para manter
um bom estado hídrico, uma boa taxa fotossintética, uma significativa
quantidade de clorofilas nas folhas e com boa eficiência na utilização de energia
luminosa;

Plantas de mamoeiro propagadas por estaquia, quando cultivadas no campo
apresentaram iniciação precoce de flores, menor altura de inserção dos primeiros
frutos e baixa estatura, o que antecipa e facilita a colheita.





















O2
















