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Abstract

Relationships between leaf nitrogen (N) content and leaf gas exchange components
of a single cotton (Gossypium hirsuium L) leaf subtending the fruit during ontogeny
were investigated under field conditions. A 20-d old leaf exhibited thc highest
physiological activity characterized by net photosynthetic (#y) and transpiration {/:)
rates, stomatal conductances to CO, exchange (g.0q;) and water vapor transfer
(g4no). and nitrogen (N) content. With the advent of leaf sencscence, the gas
exchange rates declined as exhibited by the 30-, 40-, and 60-d old leaves. Regression
analysis indicated close relationships between gy and I, and gy and /¢ as the
leaves advanced towards senescence. Both /4y and gy, were related to N as they
declined with leaf age. Thus, the declines i1n Py were associated with stomatal
closure and removal of N during leaf ontogeny.

rranspiration.

The gas exchange activities, chloroplast ultrastructure, and leaf N concentration as a
function of leaf age have been well documented in cotton (Constable and Rawson
1980, Wullschleger and Oosterhuis 1990, Bondada er af 1997, Bondada and
Oosterhuis 1998) and other crops (Frank 1981, Sestak 1985, Catsky and Sestak
1997). Little is known, however, about the changes in relationships between N
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content and gas cxchange components during the life span of a single cotton leal
subtending the fruit. Information in this regard is nccessary since the assimilate
supplied from the subtending leaf determines the productivity of the fruit it subtends.
Therefore, an investigation was undertaken in which leaf N content and gas exchange
characteristics of known leaf ages were measured to determine relationships between
Pre 5007 EsHza, and leaf N content.

Seeds of Gossypium hirsutum L., cv. "Stoneville 506" were planted on May 15,
1990 and May 20, 1991, at the Agricultural Experiment Station, University of
Arkansas, Fayetteville, AR, USA. Plots consisted of six 5-m rows spaced 0.95 m
apart in a moderately well-drained Captina silt loam soil (fine-silty, siliceous, mesic
Typic Fragiundult). All the plots were hand-thinned for a stand density of c¢a. 7.2
plants m=2 (72 000 plants ha'!). Fertilizer consisted of 3.2-1.4-2.6 g m=2 of N-P-K
incorporated before planting and an additional side-dressing of 2.0 g(N)m=2 at
pinhead square stage. The plots received supplemental furrow irrigation throughout
the season to provide a well-watered soil environment. Cultural practices pertaining
to herbicides and insecticides were applied according to recommendations. The trials
were conducted using four leaf-age treatments, 20-. 30-, 40-, and 60-d old leaves in a
completely randomized design with three replications in each vyear. For the
determination of leaf age, approximatcly 50 plants in each plot were tagged with
white jewelers tags at main-stem node 10, fruiting position 1 over a period of one
week. The day when the leaves first unfolded was considered as day 1. Six leaves
from cach leaf age in each replication (n=06) were used for gas exchange
measurements,

P measurements of leaves from each leaf-age group were made in a closed
system using a model 7./-6000 portable photosynthesis system (L/-COR, Lincoln,
NE. USA) equipped with either a 250 cm? or 1000 em? stirred cuvette, The CO,
concentration at the point of gas exchange measurements was 345-350 ¢cm3 m-3,
During measurement, cuvette CO, concentrations declined by approximately 10-15
em* m=. Ten consecutive measurements at 3-s intervals were taken for the rate of
CO; depletion from the chamber. Calibration of the CO, sensor was checked at the
beginning of each measurcment period and corrections made when necessary. gg 0
was measured using a /-1600 (Li-COR, Lincoln, NE, USA) steady-state porometer.
The values of ggy;0 were divided by 1.56 to determine gy (Bugbee 1992). All
measurements were recorded on three replications (2 leaves per replication, # = 6) in
each leaf-age group. Ail readings were made between 12:30 and 14:30 h on cloudless
days when ambient PPFD exceeded 1700 umol m-2. After measuring gas exchange
activities, all leaves from each leafl age-group were oven-dried for at least 72 h at
60 °C, and ground to a powder for total N analysis by the KMnQ,-Fe2" modification
ol the semi-micro-Kjeldahl procedure (Bremner and Mulvaney 1982). All values
were subjected to analysis of variance (SAS /nstitute, Cary, NC, USA). Regression
analyscs were made to assess the relationships between gas exchange components
and leaf' N content.

Relationships between gas exchange components: The gas exchange activities declined
with advancing leaf age in accord with previous studics on cotton (Constable and
Rawson 1980, Wullschleger and Qosterhuis 1990) and other crops (Frank 1981,
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Sestak 1985, Catsky and Sestdk 1997). The present study showed that as Py and
2.0 declined with leaf age, a close relationship existed between them (Fig, 14),
The strong relationship between gy, and Py is similar to that observed by Aslam et
al. (1977) in cassava and by Davis and McCree (1978) in bush beans. The decrease
in P’y associated with reduced gy was proclaimed as the principal limitation to
photosynthetic CO- assimilation leading to a decrease in total productivity (Farquhar
and Sharkey 1982). Although stomatal conductance is believed to be a major factor
limiting photosynthetic capacity (Farqubar and Sharkey 1982), there is not a causal
relationship (Pearcy e/ al. 1987). This relationship just reflects the sensitivity of
stomatal guard cells to some metabolite of mesophyll cell photosynthesis (Wong er
al. 1979).
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Fig. 1. Relationships between net photosynthetic rate (P} and stomatal conductance to €O, exchange
{gecoz} (4), and between transpiration ratc (£} and stomatal conductance to water vapor transfer
(gazo) (B} during leaf ontogeny of ficld-grown cotten in the year 1990 (O) and 1991 (@), Each data
point represents mean of six leaves.

Similar to relationship between Py and gooep. £ and ggpo were closely related
(Fig. 18) suggesting that water vapor and CO, exchange rates were affected similarly
by leaf aging. Since the water vapor and CO, exchanges take place through stomatal
pores, similar response would be expected. Analogous results were obtained with
other crops (Frank 1981). The increase in water vapor and CO, exchange rates of
young leaves was attributed to a high level of activity in the mesophyll tissue and
wide stomatal opening (DeMichele and Sharpe 1972).

Relationships between leaf N content and gas exchange components: Analogous to gas
exchange components, the leaf N content also declined with leaf age (Fig. 2). In
general, leaf N declines with increasing leaf age in essentially all plants and provides
a completely natural source of intraspecies (and intraplant) variation (Field and
Mooney 1986). The decrease in N with advancing leaf age may be a genectically
programmed process (Buchanan-Wollaston 1997) which results in translocation of N
from old leaves to new leaves and reproductive structures (Field and Mooney 1986).
Furthermore, the continucus withdrawal of N from the vegetative organs to meet the
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requirements of fruit development is responsible for leaf senescence (Sinclair and de
Wit 1975).

As the leaf N content declined, g,cpy also declined with leaf age and a close
relationship existed between them (Fig. 24). Reduction in gy-qy with declining leaf
N content with leaf age causes a decline in the ability of stomates o stay open
resulting in reduction in stomatal aperture (Davis and McCree 1978). Thus, stotatal
aperture size 1s linked to N content of the leaves with stomatal conductance
decreasing with decreasing content of N in the lcaves (Field and Mooney 1986).
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Fig. 2. Relationships between stomatal conductance to CO; cxchange (gyc02) and leaf N (4), and
between net photosynthetic rate (Py) and leaf N (B} during leaf.ontogeny of ficld-grown cotton in the
vear 1990 () and 1991 (@). Each data point represents mean of six Icaves.

A close relationship also existed between Py and leaf N content as the leaf
progressed towards senescence (Fig. 253). Leaf photosynthetic capacity has often
been highly correlated with Teaf N (Field and Mooney 1986, Evans 1989) regardless
of whether variation in leaf N was due to micro-environment, leaf age, or N
availability (Reich and Schoettle 1988). Moreover, this relationship is relatively
msensitive to differences among species or growth conditions (Field and Mooney
1986) and should be considered universal when expressed on leaf mass basis (Reich
et al. 1992). The reason for such a strong tie between N and photosynthesis includes
the paramount rele of N on light harvesting and CO, fixation (Evans 1989). Thus, the
age-related changes in Py were associated with changes in g, and leaf N content,
This implied that, in addition to alterations in the chloroplast ultrastructure (Bondada
and Qosterhuis 1998), the declines in y were also associated with N removal and
stomatal closure indicating that an ensemble of factors contributed to the decline in
Iy during leaf ontogeny. Other factors which have been reported to regulate Py are
intercellular conductances, chlorophyll content, and cnzyme activities (Catsky and
Sestak 1997).
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