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Papaya (Carica papaya L.) is a principal horticultural crop of tropical and subtropical regions
(Campostrini et al, 2010).

Papayas are produced in about 60 countries, Indonesia
with the bulk of production occurringin Peru
developing economies! Thailand

Democratic Republic of the Congo

Faostat 2015: Mexico
Area harvested in the world: 441,042 ha Bangladesh
Brazil: 31,989 ha (7.3%) — '_3ra2_'|
Nigeria

India

Asia is the largest papaya-producing continent,
providing 55.5% of the total production,
followed by South America (23.0%) and Africa (13.2%)
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Papaya (Carica papayaL.) is a principal horticultural crop of tropical and subtropical regions.

Faostat 2015:

Yield in the world: 28,161 kg ha!
Brazil: 43,333 kg ha! (65% higher!)
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World-wide production of
papaya has been increasing
approximately 372,000 tonnes
year-1(FAOSTAT, 2015)

Brazil has been increasing
20.290 tonnes per year!!
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Gaining in popularity worldwide, papaya is now ranked third with 11.22 Mt, or 15.36 percent
of the total tropical fruit production, behind mango with 38.6 Mt (52.86%) and pineapple
with 19.41 Mt (26.58%)

Total tropical fruit production:
Mango — 52.86%
Pineapple — 26.58%
Papaya— 15.36% (Evans e Ballen, 2012)
Papaya in Europe:

-Tropical fruits are grown in very limited countries in Europe due to the climatic constraints

-However, some of them are grown due to a favorable climate on the Mediterranean coast and
Atlantic Islands for local consumption (Voth, 2000)

-Papaya is cultivated under protected cultivation in subtropical country such as the Canary
Islands (Spain) (Galan Sauco et al. 2008).

-However, global climate changing should cause an increase in air temperature, and will be
expected that cultivation of papaya will be expanded in the subtropical regions in Europe and
Asia
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Brazilian Exportation Company

Espirito Santo state
-Caliman

-Frutasolo

-Frutamel

-Interfruit

-UGBP

-Marin papaya

Bahia state
-Frutas Belo

Rio Grande do Norte state (Formosa group) (Semi-arid)(400 mm per
year)

-WG Fruticultura

-Agricola Famosa



Production cost

%

Cultivation Valor - Euro
month 1 755.2
month2 278.6
month 3 314.1
month 4 234.5
month 5 228.6
month 6 298.8
month 7 221.3
month 8 238.6
TOTAL 2,570.5

ud Valores - euro
Starting Euro hat 2,570.5
Production Euro hat 5,133.0
Total Euro hal 7.704.3
Yield T hat 68.58
Production cost Euro kg1t 0.11
Price average Euro kg 0.13
Profitability % 15.31%




Consumao de dgua (litros fplantafdia) nas condigies do norte do BS —Caliman (20032 a 2010)
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Papaya plant

-Semi-woody (an intermediate position between herbs and trees)
-Latex-producing

-Usually single-stemmed

-Reproductive precocity (3-4 months)

-High photosynthetic rates (=26 pmol m=2 s - field condition in 2000 umol m~?s! PAR)
-café: 8- 9 umol m2 st

-milho: 40-50 pmol m=2s-!

-feijdo: 12 ymol m2 st

-arroz: 13 umol m=2s!

-cana de acucar: 40-50 pymol m2 st

-banana: 12 ymol m2s-! u
-abacaxi: 7 umol m2s-!

-fast growth

-production of many seeds

‘Solo’ group: 270 seeds per fruit (59)
‘Formosa’ group: 350 seeds per fruit (179)

-Low construction cost of hollow stems

-Continuous fruit production
(indeterminate growth)







Papaya plant oz S i T

Chapler 2

Biology of the Papaya Plant

Victar ML Mlirnrd, Erde Vors-%Ses comer, aidd Mamoe Vo Gellerrre-Sels







Papaya plant
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reduced pulp/volume ratio  high pulp/volume ratio

Hermaphrodite
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carpellody of papava. (a—d)
Ciraihud reductsom in st sz
due o female sterility of
flomwers sumd APPrOX el

|'I|. Ny ol 16
corresponding fnat. (@
Nommal CHOHT 2l Aovwer with
five carpels. (b, ¢h Reduced
ovary e 1o loss of carpels as
a pesule of partiald female

4 [ !:I'.:- id) o --'||;'..".-.'|:-
fenuale stende Hower, (@, 1
Increasing levels of canpellody
el approsimiste phenoty pe of
coeresnondine (rt, (@)
Nommal elongata lower. (F-g)
oo W0 e oaary and partel

Erasi= AT L I-l...||~.'|'-.||..2

of i (1) andd two (@) stamens,

leaghing 10 musshapen imuts.
(h) Compiete transfommation
L IS §EG .||':I-\.\,'|"-\.\,". ||l:|'\-\. W .|=
Of stameens b Carpels
bemding aos the e it i - Iy i
ol Tlowver, with & roaendhed
owary (i 1l Tt amd almiosi

nee |".'| HEL]

a3 M
leermrs
10 cmi

fruils

YA




Root

Root development of *Red Lady” papaya plants grown on a hillside

=T |

Marler & Haluk ML Dhsteks
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Shape of the root system influences the nutrient and
water uptake capabilines of a plant. Theretore, knowl-
edge of the root distribution of papaya plants is useful
lor determuning suitable placement of cultural mputs
such as fertilizer or sensors for monitoring soil mois-
ture depletion. Substrate acration 15 highly controlling
of papaya plant physiology and growth (Marler et al.,
1994). Thus, we hypothesized that lateral roots on
the uphill side of papava plants growmg on a hillside
would ascend into the more favorably aerated surface
so1l, rather than mamtam a 907 mchnation angle or
cease growing altogether. In non-saturated soil condi-

lons negatively gravitropic roots ensure root prolifer-
ation in the betier acrated soil surface (Jackson, 1983).
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Figwee X, Scaled rood mup of & “Fled Lady ™ papaya plant 17 weeks after tansplanting to a hillssde witdy & 2% slope. The heavy lsne indicates
the hullsede simface. The vartical amow usheases plant locatson. The amons below the Ballade waface ndscate | 5<m depth mcrements whach
are paralled to the surface. The vertical e mdicates position of the taproot syviem. The honrontal line depscts the honrontal plane posthoned
at the shom har



Table 2. Foot characteristics of ‘Red Lady” papaya plants growing
on a hallside with a 60%% 10 T0%% slope following 17 weeks of growth.
oot concentranon data were obtamed from trench profiles, and
root length and mass data were obtamed from excavations (n = 4)

Root Lone
charactenistic Dovwnhill Uplill  Significance
Root concentration 435 263 P=005
(< 1 num, roots perm”)
Foot concentration S05 312 p=005
{roaal. roots per m?)
Length (cm) 9157 3137 pm 00y
Dy manss () 25.96 11.92 p=0.0)Y
TSignificance of F values,
FSignaficance according to et

Nember of rosty
W A e w m

121

Frgere |, Dapeh dismbeeten of ‘Bed Lady' poparya plans recss saven
weeks (Experuom l..l--.'-.._lul?wul:ﬂl'npuﬂ:.n-nl.
b afoew wamplantisg 102 $0% oo M loged Rillside. Symbol and
Imerad bars isfecane miaan | wssdagd e

Toble I, Rootcharactenistics of ‘Red Lady® papaya plasits growisg
om a hillsade nath a 60%% bo T slope followmg 7 weeks of growth.
Foot number data were obtamed from tremch profiles {m = 3. Root
length and mass data were obtaaned from excavations (m = 4)

Pt Lons

chagacienstic Deownlall Ugphill  Sigmifcaisce

Rt mntowber (<0 maan) 61 p p=0.08*

PBiosast mumher {toead) L 0 p = 0.05%

Length o} LOEE 11 P = (AT

Dy s () 233 L4 p=0.03F
Ehygnificance of F values

¥Sigmficance according fo ¢ test



Leaves arranged in a spiral pattern

> light
interception
> Number of
sun leaves
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Leaf

-plant produce large palmate leaves (~0,6m?)

-Five to nine pinnate lobes of various widths (40-60 cm)

-Leaf epidermis and the palisade parenchyma are composed of a
single cell layer, while spongy mesophyll consists of four to six
layers of tissue
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Stomata

-Papaya leaves are hypostomatics

-stomatal density of sunlight leaves is 400 to 800
stomata mm-
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Stem (trunk)

-The single stem provides structural support
-Stem diameters of adult plants vary from 10 to 30 cm at base to 5 -10 cm at the
crown.




Stem (trunk)

- C. papaya exhibits a very unusual functional anatomy

-Stem density isonly 0.13 g cm3

-Carica papaya L. does not contain wood, according to the botanical definition of wood as
lignified secondary xylem

-Despite its parenchymatous secondary xylem, these plants are able to grow up to 10 m high,
and each plant can produce 50 fruits with 0.5kg each fruit (25kg) (‘Solo’ group) and 25
fruits with 1.5kg each fruit (45kg)(‘Formosa’).

This is surprising, as wooden structural elements are the ubiquitous strategy for supporting
height growth and high fruit weight in papaya plants!

Proposed possible alternative principles to explain the compensation for lack of wood in C.
papaya are turgor pressure of the parenchyma, lignified phloem fibres in the
bark, or a combination of the two



Fig. 1. Detail of papaya stem’s cross section

(A) and fibres after removal of parenchyma in
longitudinal view (B)
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Each plant with 20cm diameter!!
‘Solo’ group can support 25kg
“Formosa’ group can suppor t 45kg
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Mumber of filbre bundbes

The construction of fibers and high-pressure matrix DM 0.1 0 o3
parenchyma is unique in tree-like plants, and Plant height (m)

guarantees adequate flexural rigidity with a minimum
fibre content!! Fig- 5, Repr-tentatnee noembes of fibre bundies from the stem of & young

plant 300-mm high.
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Fig.3. Standandized xylem vesse] distibution in papaya trunk. Picture obtaimed
from a G-month papaya plant. Motice that the vessel distribution concentrates
ncar the cambial zone of the trunk.

Turgor pressure was between 0.82 and 1.25
MPa, indicating that turgor is essential for
flexural rigidity of the entire stem!!!!

Kempe et al (2014)

A car tire is typically inflated to about 0.2 MPa
The water pressure in home plumbing is
typically 0.2-0.3 MPa
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Stem (trunk)

-The lower internodes are compact and wider and seem to mechanically support the
entire weight of the plant (Morton 1987 ).

~-




Stem (trunk)

-The lower internodes are compact and wider and seem to mechanically support the
entire weight of the plant (Morton 1987).

-The xylem is poorly lignified and aids in storage of water and starch (Fisher 1980 )

-The xylem is composed of wide vessels that can be seen with the naked eye, imbibed
in non-lignified parenchyma tissues and rays
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Single-leaf photosynthesis
Stomata

-Papaya leaves are hypostomatics

-stomatal density of sunlight leaves is 400 to 800
stomata mm-



Single-leaf photosynthesis

Papaya is classified as a plant with C3 metabolism (Imai et al., 1982; Marler et al.,
1994, Campostrini, 1997; Marler and Mickelbart, 1998; Jeyakumar et al., 2007)
The absence of margin cell formation in the vascular bundles of papaya leaves
(Buisson and Lee, 1993) is a characteristic associated with C3 metabolism

C4 leaf

Bundle sheath



Single-leaf photosynthesis
The average C*3 value of C4 plants is -14%.

C3 plants is -23 to -36 %o
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Single-leaf photosynthesis

TR E L LA R RS
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Marler e Mickelbart, 1998

Maximum net carbon assimilation (A) rates
of 25 to 30 umol m2 st are achieved at 2000
umol m2 s photosynthetic photo flux (PPF)
in soil field capacity (Marler and Mickelbart,
1998; Campostrini and Yamanishi, 2001,
Reis, 2007)




In general, each mature leaf can provide photoassimilate for about three fruits (Zhou
etal., 2000)

The photosynthetic capacity also influences papaya fruit quality (Salazar, 1978).

Defoliation by 75% significantly reduced new flower production and fruit set,
decreased ripe fruit total soluble solids (TSS)

50% defoliation did not reduce new fruit set or ripe fruit TSS (Zhou et al, 2000)



In general: (Brazil)

Solo group: < leaf area

High yield:

95that

95 fruits 1 leaf support 4 fruits
24 leaves

Averageyield:

61that

62 fruits 1 leaf support 3 fruits
19 leaves

Formosa group: > leaf area
High yield:

150t ha'l

73 fruits 1 leaf support 3 fruits
25 leaves

Averageyield:

85that

42 fruits 1 leaf support 2 fruits
21 leaves




Increase net photosynthetic rate (A) is very important to high papaya production

While high A rates are possible in papaya, environmental factors as PPF (light), water (soil and
air), soil compaction, wind, VPD, temperature, soil oxygen, often limit A,

1) Light (PPF)

Sun leaf




With rapid reductions in irradiance, photosynthesis declines due to rapid biochemical adjustments.
With the return to high irradiance, and in the absence of any stomatal Imitation, photosynthesis quickly

Increase
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The PPF response of papaya may also decline with PPF above saturating levels




The decrease in A that begins at light saturation is due, in
part, to the decrease in stomatal conductance (gs) through
the direct action of radiant energy on leaf heating
(stomatal limitation)
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Tainung genotype

The photosynthetic
response of papaya is
strongly linked to
environmental
conditions through
stomatal behavior

High light (2200 pmol m2s1)
High leaf temperature (40°C)
High VPD (x> 6 kPa)

Low g_ (0.20 mol m2s%) N A
S g AN
Low P T <1 & 0

Midday depression of
photosynthesis
can reduceyield



Papaya leaves showed
paraheliotropic movement
associated with reduced leaf
turgor (Reis 2008).

Paraheliotropic movement can be
translated into decreased radiation
load per unit leaf area which, in
turn, could prevent the
photoinhibition

Tainung genotype



Irradiance can control stomatal conductance and can reduce photosynthesis

Papaya stomata are able to track rapid changes in irradiance!! (Clemente and
Marler, 1996)

Most plants experience continuous fluctuations in light under natural conditions
rather that long periods of uniform irradiance!!

Even individuals of pioneer and other species growing in open habitats experience
high and low light periods in the order of several minutes each due to broken
cumulus cloud cover (Knapp and smith, 1990).
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Leal age and light intensity affect gas exchange parameters amd  Scientia Horteculturae 165 (2014) 365-373
photosynthesis within the developing canopy of Field
net-house-grown papaya trecs
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3.6m x 1.5m = 5.4m?2 field condition in Brazil Almeria greenhouse: 3.0m x 1.6m = 4.8 m2









The papaya photosynthetic capacity can be linked to non stomatal limitation in soil field capacity

condition. P
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http://www.specmeters.com/weather-

A monitoring/weather-stations/2000-
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EXAMPLE RED TO FAR-RED RATIOS
Sunlight 1.2
Uinder a canopy of leaves 0.13

Under Smm of saoil 0.88




Indrvidual light sensors, available indniedually or as |
of B sensors, allow you 1o measure site-spacific ane
hand-held sensors feature cosine comection, built-ir
mounting brackets for stationary measuraments. Li
frequently used when measuring across a greenhol

J1S5FXE  Field Scout External Light Sensor Meter
3663l CQuantum Light Sensor

366813  Quantum Light 3 Sensor Bar

36686  Cuantum Light & Sensor Bar

JETEl UV Light Sensor

3670l Silicon Pyranometer Sensor

3686WD
with 3668l



Whole-canopy photosynthesis 252 ymol m2 s

45 1
- —o— Summer —O0—Winter
4 T
F 77,099 CO, plant? day!
35 T Winter
PR
g 2.5
S 24
=
£ 15 -
8 1 50,74 g CO, plant®day?
05 Summer
[8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00
05 +
Hour
g CO, m2h to umol m2 'L Summer: (clear sky, during 4 days)
PPF, . 2400 umol m2s1
. . . (@)
conversion factor is 6.30 Trnaxt 38°C
VPD,.,: 4 kPa

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

Winter: (clear sky during 4 days)
PPF, ... 1400 umol m2s+t

max-*
T, ... 33°C
VPD,.: 3.5kPa

max*



Each chamber
had a volume of
3.4m3

Under the environmental conditions evaluated :
(4 sunny days)

Winter:
Maximum vapor pressure deficit (VPD,;,)=3.5 kPa
Air maximum temperature of 33°C
Maximum PPF: 1400 pmol m2? s

Leaf area each plant

Summer 5 months old
Maximum VPD,;=4.0 kPa Winter :3.5m?2
Air maximum temperature of 38°C summer: 4 m2

Maximum PPF : 2400 pumol m2 st
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Air temperature
Optimal temperature:

21 a 33°C (Knight, 1980)
22 A 26°C (Lassoudiere, 1968)
30°C (Allan, 1978)

Allan and Jager (1978) reported that A increased when air temperature rose from 16 to
30°C, and then A decreased linearly at temperatures above 30°C, the value at 41°C being
half that at 30°C

However, air temperature acts indirectly on papaya photosynthesis via increases in leaf-to-
air VPD! (stomatal limitation)

When air temperature increased from 20° to 40°C for ‘Sunrise Solo’ papaya growing in
Linhares, southeastern Brazil, the VPD,.; ,;; increased from 2 to 6 kPa and A decreased
from 20 to 5 umol m-? s (Torres-Netto, 2000)



Air temperature

High air temperature and low Relative Humidity increase VPD

air

VPD,, = 0,61137 * exp (17,502 * T° / 240,97 + T°) * (1,0 — (UR% / 100))

air

High VPD,;, and VPD,..,;, reduce g,

air

Threshold VPD values to papaya:
VPD,;, = < 1kPa (Egjr — €,ir)
VI:)Dleaf—air: < 2kPa (esleaf _eair)




In addition, air temperature acts directly on papaya leaves photosynthesis via increases in
leaf temperature
(non stomatal limitation)

Nonstomatal limitation:

-inhibition of Rubisco,

-heat stress results in a loss of the oxygen evolving complex activity (Enami et al.,
1994; Yamane et al., 1998),

-dissociation of the peripheral antenna complex of PSII from its core complex
(Gounarisetal., 1984; Srivastava et al., 1997)

-inhibition of electron transfer from primary/secondary electron-accepting
plastoquinone of PSII at the acceptor side (Bukhov et al., 1990; Cao and Govindjee,

1990),

High temperature increases the membrane fluidity and electron transport is blocked!!
Than F, increase
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Fiz. 1. Deterumnnaison of the cmtical temmperaiire (T, the Tenmapes
mhoe al which basic (lmorescence Fy increased shaoply wien
beal was exposed 1o bigh temperanie (reatnsent ar abow | °C
mis" graduation in darkness) as the imersection point of Two
pegressson lines extrapolased from the slow and the fast nsing
porticms of the temperafire-dependent F; respomse.

Carica papaya is heat tolerant!

Famuly Scientific nne (comanon same, tvpe) T, [°C)
Jami.-Feb.
Bromehaceae  Amamas comnasus (puweapple. CAM) 4719059
Gramneae Zea mays (malze, Cg) 4267007
Gratnineae Serecliarum officinarun (sugarcane, C;) 41 312051
Crramineae Miscantiues tramsmrorrizoneniis (Cy) 4352+ 54
Grraminese Miscartiues floridulns (Cy) 44 3040 86
Crninese Orvea sativa (nice, ¢v, Taiken 14, Cy) 27022103
45.59£0.76"
Convobvulacense  fpomoes baratas (sweet potato, Cy) 29.39£0.60
33.5940.28"
Convobvulaceae fpomoea agianica (L) 30.42+0.90
36910 84"
Cancaceas Carfea papanva (papaya, Cy) 43.85x0.51
Myrtaceae FPridinm guafava (guava, Cy) 37742071
Bombacaceae  Pachira marrocarpa (Cy) 29.14%].18
Amcardiacene  Mangifera indica (mango. Cy) 24.7840.05
Latracens Persea americama (Avocado, Cy) 32000 37
Sapindaceae Eirplvoria longana (longan. C,) 2585058
Leguminosae  dcacia confisa (Cy) 43.2540.09
Moraceas Fiens retuia (Cy) 29462061
Moraceas Fiens 1|-'.I‘;g'.|'r.l'|'ﬂll.ln I:_lf]:] 32 18082
Rutacese Citras sfinensis (orange, Cy)" 3671038




Tempessture °C)

Plg. 1. Changes in chlorophyll flucrescence in leaves of three plants heated
continsously at & rate of 1°C per minute. The temperatare values {1, 0 fy)
used 10 compare the fluorescence-heating curves for different plasts are shown
on the curve for F. glacialis (see also text).



Transpirtion (L m2h1)

50,74 g CO, planttday!

Summer

—— Summer —0— Winter

77,09 g CO, plant! day-!
Winter

06 1 15L H,Oplant* day 10L H,0 plant™ day™
0.5 1 The crop was
irrigated with a
04 I drip/fertigation
' system providing
supplemental
0.3 1 irrigation of 10
(winter) and 16 L
per plant per day
0.2 1
(summer)
01 1
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Reduced whole-canopy photosynthesis and transpiration in papaya in the summer
were due to high leaf temperatures (T,,,,=43.9°C)(due high radiation and high air
temperature) and high VPD,;, (4.0kPa) that caused stomatal closure.

However, high temperature did not affect photochemical efficiency (F,/F,,) when
assessed by chlorophyll fluorescence (F,/F,, )



Carbon dioxide assimilation

40

(Lmol m2s1)

-10

-15

35

30 |

N
o

=
o1

y = 2.1493x + 3.4249
R2=0.7081
winter

y = 1.9155x + 2.1847
R2=0.4961
summer

6 8 10 12 14 16

Transpiration (mmol m2 s1)

The water use of field-grown papaya plants
during four days:

Summer:

2.5 L H,0 m~?leaf area day! plant?
Winter:

4.2 L H,0 m~? leaf area day* plant?

Papaya (summer and winter)
2 pmol CO, mmol H,01
4.89CO, kg H,0O1

0.208 LH,0gCO,1

0.0020 mol CO, mol H,0!
496 mol H,0-1 mol CO,

C3:

2.48 pmol CO, mmol H,01
6.1 g CO, kg H,0O1
0.164t0 0.5LH,0gCO,*
0.0025 mol CO, mol H,0!
400 mol H,0-1 mol CO,

C4.
21t05gCO, kgH,0O1



What strategies to reduce negative effects of high PPF on photosynthesis in
summer

Particle film
What 15 a ‘Particle Film™?

* A microscopic layer of
mineral particles

allows water and
carbon dioxide to pass
through the film

Plant SL‘IL_[W:

Source:
Dr. David Michael Glenn USDA,
ARS, West Virginia, USA




Stomates are not blocked

After initial

application After 24 hours



Reflective surfaces are
common plant adaptation

 Plants “use” pubescence
and cuticular waxes to
reduce environmental
stresses and reduce disease
and insect damage

 Particle film technology
builds on this strategy of a
reflective plant surface that
repels insects
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-~ 3%kaolin

e ———T e —

Source:
Dr. David Michael Glenn USDA, ARS, West
Virginia, USA

e

12% kaolin



Source:
Dr. David Michael Glenn USDA, ARS, West
Virginia, USA




Untreated control 26.0 C _
B o/ ool Infrared image of apple trees

Temperature (C°)
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