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Abstract

The photosynthetic characteristics of three cultivars of papaya (Carica papaya 1..) were followed
as leaves aged. Both maximum net photosynthetic rate (Py) and leaf conductance (g) declined
through time; intercellular CO, concentrations increased as leaves aged, because the rate of
decrease in Py was less than that of g. There are differences in the magnitudes of maximum Py
among the three papaya cultivars, and associated with this, a positive relationship between
initial Py and the rate of its decrease.

Leal age is an important factor influencing photosynthetic capacity. Chloroplast structure and
photosynthetic activity ¢f the leal change markedly during the course of leal ontogenesis and
plant development (Jordan er al. 1975, Catsky ef al. 1976, Davis ef al. 1977, Sestik 1977a, b,
Samsuddin and Impens 1979). In general, metabolic activity increases from some value in the
youngest developirg leaf, reaches a maximum at about the point of complete leaf expansion
and then decreases as the leal ages, This trend appears to hold true for both morphological and
biochemical factors affecting photosynthetic processes (Dickmann 1971, Baker and Hardwick
1973, Fraser and Bidwell 1974), Concurrent with changes in photosynthesis beyond the point
of full leaf expansion there are decreases in stomatal conductance, transpiration and chlorophyll
content with leaf age (Sestdk 1963, Raschke and Zeevaart 1976, Davis ef al. 1977, Constable
and Rawson 1980).

We have been studying the basic photosynthetic characteristics of papaya. In this paper, we
report on the effects of leal age on net photosynthetic rate, chiorophyll content and chlorophyll
alb ralio, transpiration, and leaf conductance in three cultivars of papaya commonly grown in
the People’s Republic of China.

MATERIALS AND METHODS

Plants: Three papaya (Carica papaya L.) cultivars (2 % 0.7, 4 % 2, South China) were collected
from Canton, People®s Republic of China. The seeds were sown and grown in plastic pots (19 %
X 25 em), Plants were watered and fertilized every other day. Natural sunlight in the greenhouse
was supplemented with 1000 W HID lamps o create midday irradiances (1) f 2.0 mmol m™2 s~ 1
(400—700 nm). Air temperature was approximately 30/20 °C (day/night), with a relative humi-
dity range ol 30—60%;.

CO, exchange measurement: Net CO, uplake (Py) was measured on single, attached leaves
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inan open gas exchange system similar to that described previously by Ehleringer and Bjorkman
(1977). The assimilation chamber (total volume is 1200 cm?) contained four high velocity fans
to insure adequate air exchange and high boundary layer conductances, Two infra-red CO,
gas analyzers (4nalytical Development Corp., Hoddesdon, England) were used to measure absolute
and differential CO, concentrations. A 1000 W HID lamp was used as a radiation source, Leal
temperature was adjusted by controlling the temperature of the leaf chamber water jacket.
Ambient CO, concentration was controlled by mixing CO,-free air and 13 CO, using rota-
meters. Transpiration measurements were made simultaneously with the photosynthetic meas-
urements, using two Vaisala relative humidity sensors ( Weathermeasure Corp.,Sacramento, Calil.,
U.S.A.) to measure the incoming and oulgoing water vapor pressures, Leal conduciances were
calculated from the transpiration and vapor pressure deficit (leaf to outgoing air stream) meas-
urements,
Intercellular CO, concentration was calculated as follows:

Ci = C, — Pyl(g K)

where C; is the intercellular CO, concentration, C, is the ambient CO, concentration, Py is
the photosynthetic rate, g is the leaf conductance to CO, through stomata, and K is a constant
converting the units of Py/g to those of C,.

The leaves used in the experiments were the fourth leaf from the apices of the plant. These
leaves were measured at ages of 11, 16, 18, 20, 21, 26, 28, 29, 38 and 53 d.

The typical experimental conditions were an incident 7 of 1.2 mmol m~ 2 s~ ' (400—700 nm),
ambient CQ, partial pressure of 33 Pa, water vapor pressure deficit of 0,9—1.0 kPa, and a leaf
temperature of 25 °C. These values represent radiation saturated conditions near the temperature
optimum (Lin and Ehleringer 1982).

RESULTS

Under ambient atmospheric conditions and a leaf temperature of 25 °C, Py was saturated
at an I of approximately 0.6 mmol m~ %571, Once fully expanded, the maximum Py of leaves
declined with leaf age (Fig. 1).
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Fig. 1. The rate of net photosynthesis (Py) in response to changes in incident photon fluence
rate (400— 700 nm) in leaves of papaya (cv. 4 % 2) of a different age.

Fig. 2. Net photosynthetic rate (Py) asinfluenced by leaf age in three cultivars of papaya. Vertical
bars represent - one standard error, Sample size was 3— 6.

515



Z. F. LIN, J. EHLERINGER

Associated with these declines in maximum Py were small decreases in the saturating irradiance
and dark respiration rates. Py of cv, South China reached a maximum at day 11 and remained
at this value until day 16 (Fig, 2). Although there were significant differences in Py of the three
cultivars in the leaves younger than 30 d, Py were essentially the same after 38 d. £y declined
at a nearly constant rate of 0.2 umol m~%s~ ' d ™! in cultivars South China and 4 x 2, so that
the rates on 53 d old leaves were about 3075 and 40%;, respectively, of the rates measured on day
21. In ev. 2 X 0.7, Py were the lowest, but very little decline in maximum P, was noted until

day 38,
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Fig. 3. The relative change of net photosynthetic rate (Py), leaf area, and leal carbon gain with
leaf age in Carica papaya (cv. South China). The values given are percentages of the absolute

values on a 10 d-old leaf. Samples are means of six values.

Fig. 4. The relationships of leaf conductance to water loss (gy,0), water use efficiency (WUE =

20

WUE tmg CO; /mg H,0 %1071

= Py[E), and intercellular CO, concentration (C)) to leaf age in three cultivars of papaya.
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Py of the entire leaf changed through time as leaf expansion occurred and maximum Py
changed (Fig. 3). The interesting feature from these data is that the potential total photosynthetic
contribution of the leaf to the plant began to decline before leal expansion was complete. This
resulted because Py began to decline while the leaf was still expanding, and rate of decrease in
Py was greater than the rate of increase in leaf area.

Table |

The mean chlorophyll a/b ratios of leaves of three
cultivars of papaya as a function of leaf age. Sample
size was six discs.

Leaf age [d] South China 430 201 a2 w07

21 3.46 3.25 3.50
29 3.27 3.29 3.22
38 .27 3.46 3.20
33 2.2 2.68 2.53

The leaf conductance to water loss (gyy,0) declined through time in cultivars South China and
4 % 2, but remained almost constant in cv. 2 X 0.7 (Fig. 4). As with Py, there were no significant
differences in gy, among the cultivars after day 38, although slight differences did occur in
leaves younger than 38 d. gy, 0 declined faster than did Py so that the intercellular CO, concen-
trations (C;) decreased with time before day 38 (Fig. 4). The C; increased from day 38 to 53,
because gy, did not decrease further, but Py continued to decline in older leaves. Thus, water
use efficicncy (as measured by photosynthesis/transpiration ratios) was enhanced until leaves
reached 38 d of age and then decreased as leaves aged further (Fig. 4).

Associated with the decrease in maximum Py of aging papaya leaves were simultancous de-
creases in total leaf chlorophyll content (Fig. 5). The decline in Py was slightly faster than the
decrease in total chlorophyll content. Chlorophyll a/b ratios remained constant at approximately
3.3 in all cultivars until day 53 when the ratios declined to approximately 2.5 (Table 1).

DISCUSSION

After approximately fifteen days of development, Py in papaya began a constant decline which
continued until senescence. A similar pattern has been observed before by other investigators
in a variety of plants ranging from herbs to trees (Freeland 1952, Hardwick ef al, 1968, Kisaki
et al. 1973, Maslam and Hunt 1977, Davis and McCree 1978, Samsuddin and Impens 1979,
Constable and Rawson 1980). In papaya, the three cultivars studied had different Py at the
point of maximum leaf photosynthetic capacity. However, the rate of decrease in maximum
Py through time differed among the cultivars. The trend observed was that the higher the initial
maximum Py the greater was the rate of decrease. As a consequence, while Py differed initially
among cultivars, they were equal by day 38. By day 53, the cultivar which initially had the lowest
Py now had a mean Py greater than the cultivar with initially the highest Py,

Associated with the decrease in maximum Py were decreases in the chlorophyll content and
leaf conductance (g). The chlorophyll a/b ratio remained constant until leaf senescence began
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at day 53. Again as with Py among the three cultivars, there were parallel changes in the chloro-
phyll content and g. The cv. South China initially had the highest Py, chlorophyll content,
and g, but also had the greatest rate of decrease in all three parameters,

The intercellular CO, concentration decreased slightly with leaf age in all three cultivars of
papaya.This was because g was declining faster than was the Py. As a consequence, water use
efficiency increased with leaf age until leaf senescence occurred, This trend is different from that
found in cotton by Constable and Rawson (1980), or in bean by Davis and McCree (1978) in
which intercellular CO, concentration and water use efficiency remained constant through time,
Unfortunately there are not enough studies to date to allow us to generalize about changes in
water use efficiency with leaf age.

In summary, this study has demonstrated that in papaya Py as well as components of the
photosynthetic process decrease with leaf age beyond 15 d. There are differences in the magni-
tudes of maximum Py among the three papaya cultivars, and associated with this, a positive
relationship between initial Py and the rate of decrease of that capacity. Whether or not this
represents a general trend among plants is unknown,
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