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Effects of Leaf Position and Plant Age on Photosynthesis
and Translocation in Peanut I. Apparent Photosynthesis and l4C Translocation

R. J. Henning, R. H. Brown and D. A. Ashley 2

ABSTRACT

Two experiments were conducted to determine the con
tribution of leaves at different stem positions to photosyn
thesis ofpeanut plants, and the change in this contribution
with plant age. Apparent photosynthesis (AP) and translo
cation of assimilated 14C were determined on leaves 3, 5,
and 8 from the tip of a cotyledonary lateral branch of the
"Florunner" cultivar ofpeanut (Arachis hypogaea L.) at 80,
110 and 140 days after planting. To determine 14C-photo
synthate translocation individual leaves were exposed for
15 min to 1m2and plants harvested 24 hr later were analyzed
for 14C. Translocation was computed as the percentage of
total 14C in the plant which was in plant parts other than the
labeled leaf:

Highest AP was observed for leaf3, the youngest fully ex
panded leafon the branch, and the lowest AP for leaf8. Leaf
5 exhibited intermediate AP rates. AP decreased with plant
age, the average decrease in two experiments being 21 and
58% from 80 to 110 and 140 days, respectively. The decline
in AP with plant age was similar in both experiments. The
percentage of 14C translocated from labeled leaves for the
two experiments averaged 64% and was not significantly
affected by plant age. A significantly greater percentage (76%)
ofthe 14C fixed was translocated from leaf3 in Experiment
II than from leaves 5 and 8 which averaged 55%. Leafposition
had no effect on 14C translocation in Experiment I. These
data indicate that leaves near the periphery of the peanut
plant contribute most during pod filling and that the photo
synthetic capacity of all leaves decreases during this period.

Key Words: Arachis hypogaea L., Photosynthate trans
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Peanut (Arachis hupogaea L.) is an important food
and oil crop in subtropical and tropical areas of the
world. It is grown in the southern United States on
approximately 600,000 ha. During the period from
1969-1974, yields increased from 1,928 to 2,799 kg ha",
This 45% increase was possible through the develop
ment of superior yielding varieties, increased use of
more effective pesticides, and improved cultural prac
tices. Further advances in yield are most likely to re
sult from a better understanding ofthe physiological
components of peanut yield.

Little is known about the physiology ofpeanut,
especially physiological determinants of yield. Ap
parent photosynthesis (AP) rates ofpeanut are similar
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to those ofother C3 dicot crop species (2,3, 10). Maxi
mum crop growth rates are also similar to those of
other C3 crop species (6, 14). Peanut has been shown
to have a high CO,? compensation concentration (3)
and increased AP at low 0" concentrations (10) which
are characteristic ofplants exhibiting photorespiration.
In addition, peanut has been shown to have 14C-photo
synthate translocation rates (12) similar to those of
other C 3 crop species.

The contribution ofleaves at various stem positions
to fruit development has been studied in several
species. Ashley (1) found that developing cotton fruit
received most oftheir photosynthate from the nearest
leaves and that 90% of the photosynthate produced
by a leafon a fruiting branch remained on that branch
24 hrs later. In wheat it has been found that the flag
leaf is by far the most important in supplying photo
synthate to the ear (7, 8).

The research reported here was conducted to deter
mine (1) the relative AP rates ofpeanut leaves at dif
ferent stem positions and (2) the export of 14C-Iabeled
photosynthate from leaves at those positions.

Materials and Methods
Two experiments were conducted: Experiment I at Athens, Ga.

in 1972 and Experiment II at Tifton, Ga. in 1973. Seeds of the
peanut cultivar "Florunner" were planted on a well-prepared fer
tile seedbed on May 19, 1972 and May 4, 1973. Seed were spaced
7 or 8 em apart in the row, with row spacings of 102 em in Exper
iment I and 86 cm in Experiment II. Plants were thinned to a spac
ing of 30 em in Experiment I at 20 days after planting, but were
not thinned in Experiment II. Supplemental irrigation was supplied
when necessary in both experiments to prevent moisture stress.
Benlate (methyl 1-(butylcarbamoyl)-2-benzimidazolecarbamate)
was applied for control ofleafspot (Cercospora arachidicola and
C. personata ) in Experiment I. Adequate disease control was not
achieved and considerable defoliation had occurred by 110 days
after planting. Bravo 6F (tetrachloroisophthalonitrile) was applied
in Experiment II at 7 to 10 day intervals for leafspot control be
ginning when the plants were approximately 20 days old and de
foliation due to disease was minimal.

Apparent photosynthesis rates of individual leaves 3, 5 and 8,
numbering from the apex of one cotyledonary branch, was measured
at approximately 80, 110, and 140 days after planting. A minimum
of6 and 8 leaves were used at each position for AP determination
for each plant age in Experiment 1 and Experiment II, respectively.
Measurements were made using attached leaves in a plexiglass
chamber similar to the air-sealed chamber of Wolf et al. (15). The
two halves of the chamber were sealed on three sides leaving space
inside the chamber to accomodate the leaf. One end of the chamber
was left open to serve as an inlet for the leafas well as an exit for air
from the chamber. A lid with a slot to accomodate the petiole was
fitted to the open side of the leafchamber. Air was passed over the
leafat 1.51 min'", Approximately 0.51 min'! of air was withdrawn
through a manifold positioned between the leaf and the chamber
outlet. This sample of air was transported to an infrared gas analyzer
along with a sample of reference air for analysis of CO 2, The re-
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Photosynthate Translocation

A significantly greater quantity of 14C was found in

position at any plant age. The AP of leaves 5 and 8
was 92 and 71%, respectively, of the rate of leaf 3
when averaged across plant ages.

Fig. I. Apparent photosynthesis (AP) of Florunner peanut leaves
as influenced by position on the cotyledonary branch and age of
the plant. A. Experiment I. B. Experiment II. Means associated
with the same letter are not significantly different at the .05 level.
a', b', c' show leafposition effect: a, b, c show plant age effects.
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The range in AP for Experiment II was from 27.9
mg CO drrr- hr-' for leaf3 of80 day old plants to 3.9
mg dm~ hr' for leaf 8 of 140 day old plants (Figure
1B). AP decreased with plant age as in Experiment I,
except that the decrease was much greater from 110
to 140 days than from 80 to 110 days. There was a
significant decrease in AP from 80 to 110 days after
planting for leaf3 only; however, AP ofboth leaves 3
and 5 decreased from 110 to 140 days. There was no
significant change in AP for leaf8 with plant age. AP
for leaf 3 at 140 days was only about 36% of that ob
served for the same leafposition at 80 days. Although
AP ofleaf8 declined relatively less than AP for leaves
at other positions, it had the lowest value at all plant
ages.

Leafposition had a significant effect on AP only at
80 and 110 days after planting. The average AP rate
for leaf3 of80 and 110 day old plants was 26 mg drrr?
hr-' compared to 19 and 8 mg drrr" hr-' for leaves 5 and
8, respectively. While leaf8 exhibited less than 50%
ofthe AP ofleaf3 at 140 days, the rates were variable
enough that significant leafposition effects were not
established.
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Analysis ofvariance was performed on all data to determine if dif
ferences due to leaf position or plant age were significant.

Apparent Photosynthesis
In Experiment I the highest AP, 22 mg C02dm-2

hr-', was observed for leaf 3, the youngest fully ex
panded leaf, of80 day old plants (Figure 1A). Leaf8
of140 day old plants had the lowest AP of3.6 mg drrr
hr-', Plant age had a greater effect on leafAP than leaf
position in Experiment I. The mean AP rate decreased
in a nearly linear fashion with increased plant age,
although for leaves 3 and 5 the drop from 80 to 110
days was not significant at the 5% level. The average
AP rate for all leaf positions was 31 and 73% less for
110 and 140 day old plants, respectively, than for 80
day old plants. There was no significant effect ofleaf

Results

mainderofthe air passed through the slot in the lid which accomo
dated the leaf petiole. Positive pressure inside the chamber and
the exiting air around the leafpetiole provided a seal for the cham
ber against ambient CO2, The air stream was bubbled through
water before passing over the leaf and the reference and sample
air streams were passed through caS04 drying columns before
entering the gas analyzer. The infrared gas analyzer was calibrated
to measure concentration differences up to 70IL1 1-1 in the sample
and reference air streams. Temperature inside the chamber was
monitored with a thermocouple positioned under the leafand was
mintained at 30 ± 2C by circulating controlled temperature water
through a jacket built into the base of the chamber. All leaf AP
measurements were made in full sunlight above 1600 ILEm-2 sec"
with leaves in a horizontal position. Leafarea was determined and
AP per unit ofleaf area (one surface only) was calculated.

Photosynthate translocation was determined by exposing leaves
to 14C02 at similar positions and plant ages as in the AP study. Six
replicates were labeled in an air tight plexiglass chamber with
dimensions of 15 x 15 x 7 em. A nylon thread network across the
base of the lid and in the chamber body maintained the leaf in a
horizontal position. The hinged top was closed over an attached
leafduring labeling. Rubber gaskets provided an airtight seal and
prevented damage to the petiole. A small electric fan surrounded
by coiled copper tubing, through which controlled temperature
water was circulated, served to.maintain the chamber temperature
at 30 ± 2C and to circulate the 14C02 air. Temperature was mon
itored by a thermocouple under the leaf. 14C02 was generated
inside the chamber by injecting 1 ml of6N HCI into a plastic vial
containing 50 ,...Ciof NaHC03. The leafwas exposed to 14C02 for
15 min during midday in full sunlight.

Labeled plants were harvested after 24 hr and total 14C activity
determined in the exposed leaf and in all other plant parts. After
separation the plant components were frozen, freeze-dried, weighed
and ground to pass a 20 mesh screen. A 100 mg subsample of the
ground plant tissue was wrapped in an ignition paper and placed
in a one liter oxygen enriched suction flask and ignited with a
Thomas-Ogg infrared ignition apparatus. Resultant CO2 was cap
tured by injecting 10 ml of ethanolamine: ethanol (2:1 v/v) solution
into the flask through a serological stopper. After 30 minutes a I ml
aliquot of the 14C02 solution was transferred from the flask to a
vial and 15ml of a solution containing 6.0 g PPO (2,1Xliphenyloxazole)
and 0.06 g POPOP (l,4-bis 2-(5-phenyloxazole) benzene) per liter
oftolulene was added. One ml of ethanol was added to the vial to
clear the solution. Radioactivity in each vial was determined in a
Packard Model 3320 liquid scintillation counter and apRropriate
corrections for quenching were made. The percentage 4C trans
located was determined as follows:

14 Total 14e recovered- l4 e in labeled leaf
Percent e translocated = x 100

Total 14e recovered



48 PEANUT SCIENCE

Table 1. Total 14C recovered and translocated after 24 hr and percent 14C translocated by peanutleaves at three leafpositions and at three
plant ages.

Total 14C

Leaf Plant Recovered t Translocated t Translocated§
position age Exp. I Exp. II Exp. I Exp. II Exp. I Exp. II

days ---------------cpm x 105-------------- --------%--------
3 80 89 234 63 171 a 60 76
5 80 54 239 44 105 b 71 46
8 80 72 150 44 79 c 60 52

Mean 72 b* 208 a 50 a 118 64 a 58 a

3 110 108 145 85 114 b 61 78
5 110 115 115 89 67 c 76 59
8 110 281 79 211 40 de 69 53

Mean 168 a 113 b 128 a 74 69 a 63 a

3 140 137 54 114 43 d 78 74
5 140 67 48 46 26 e 71 55
8 140 105 42 68 27 e 58 64

Mean 103 b 48 c 76 a 32 69 a 64 a

Means for leaf
Positions

3
5
8

11" a
79 a

153 a

144 a
134 a

90 b

87 a
60 a

108 a

109 a
66 a
49 a

66 a
73 a
62 a

76 a
53 b
56 b

*Means followed by the same letter are not significantly different at the 0.05 level using least square

std. error. When no leaf position x plant age interaction was measured, only main effect means were

tested.

t 15 min assimilation period; 14C present in plant 24 hr after labeling.

""24 hr translocation period.

§Percent translocated was determined as the average for the five or six individual plants per treatment

rather than from the mean values of cpm recovered and translocated as shown in this table. Variability

among plants in 14C fixed causes skewness in percentages calculated from mean values of 14C fixed and

translocated.

Experiment 1 in plants labeled at 110 days (168 x 105
cmp) than those labeled at 80 (72 x 105 cpm) or 140
days (103 x 105cpm) (Table 1). The quantity of 14C

recovered in the plants was not significantly affected
by leafposition, probably due to the wide variability
among replicates in the amount recovered.

Neither position of the labeled leaf nor the age of
the plant significantly affected the quantity or per
centage ofl4C-photosynthate translocated from labeled
leaves in Experiment I (Table 1). There was a trend,
however, for leaf5 to translocate a higher percentage
at 80 and 110 days and for leaf3 to translocate a greater
percentage at 140 days. The overall average of 14C_

photosynthate translocated from labeled leaves was
86 x 105cpm or 68% ofthe total recovered. The trans-

location percentage should be considered approxi
mate, since an unknown quantity of 14C was respired
during the 24 hour period from labeling to harvesting
the plant.

The quantity of14C recovered in Experiment II de
creased from 208 x 105cpm for 80 day old plants to
113 and 48 x 105cpm for 110 and 140 day old plants,
respectively (Table 1). This decrease amounted to 46
and 78% less 14C recovered by leaves of 110 and 140
day old plants, respectively, compared to that recovered
by 80 day old plants. Treatment of leaf8 resulted in
significantly less 14C recovered 90 x 105cpm) on the
average than when leaves 3 and 5 were labeled which
resulted in an average of 139 x 105 cpm recovered.
An average of about 62% of the 14C recovered
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was translocated during the 24 hr period (Table 1). A
significantly greater percentage (76%) was translocated
from leaf3 compared to leaves 5 and 8 (55%), and this
trend was similar at all three plant ages. A leafposition
x plant age interaction was evident in the quantity of
14C translocated. The quantity of 14C-photosynthate
translocated was significantly greater for leaves nearer
the tip ofthe cotyledonary branch (Leaves 3 and 5) at
the three plant ages, but this trend was progressively
less at advanced ages.

Discussion

Data obtained in this research confirms in peanut
the trend observed in other plants for AP to decrease
with leafage. Leaves farther from the tip of the branch
were older and had lower AP rates. This trend was
significant in Experiment II, but not Experiment I.
The greater effect of leaf position in Experiment II
may have been due to more shading ofleaves 5 and 8
by upper leaves, since plants were thinned in Experi
ment I, but not in Experiment II. In addition, more
defoliation occurred in Experiment I due to leafspot
disease which would have reduced mutual shading.
There were no lesions on any ofthe leaves on which
AP was measured except at 140 days in Experiment
I, where a few lesions were observed on leaf 8. The
effects ofmutual shading and leafspot in these experi
ments are, however, unknown. Whatever the effects
of mutual shading, they were only on the precon
ditioning of leaves since all AP measurements were
made with leaves exposed to full sunlight.

Younger leaves would be expected to contribute
more photosynthate to the plant, but the relative con
tribution by leaf 3 would probably be greater than
estimated because of its more favorable position to
available light. The values from the photosynthesis
and labeling data minimize differences among leaf
positions, since leaves were exposed to full sunlight
during AP measurements and labeling. In the undis
turbed canopy leaves5 and 8 would receive less sun
light than leaf3 and therefore contribute even less to
the plant than shown by this study. Percent 14C trans
located was significantly affected by the position of
the labeled leafonly in Experiment II. In this exper
iment leaf3 exported a significantly greater percent
age of 14C than leaves 5 and 8. Therefore, the contri
bution ofphotosynthate from leaves 5 and 8 was limited
by both reduced AP and a lower translocation per
centage.

Although the effect ofleafposition on AP was much
greater in Experiment II, the average AP for all leaf
positions was similar for the two experiments, differ
ing by 1 mg CO2 drrr- hr-' or less at 80 and 140 days
and 3 mg drrr- hr1at 110 days. Ifleaves at nodes 3, 5
and 8 were representative ofall the leaves in the can
opies in these experiments, then potential AP may
have been similar on a leaf area basis in the two ex
periments. Since the leafarea index was much greater
in Experiment II, however, canopy photosynthesis
may have been higher than in Experiment I.

The decrease in AP with increased plant age is ap
parently not due to increased mutual shading since
maximum LAI is reached at 80 to 110 days (6,9,14).
It is more likely caused by increased leafage or per
haps decreased sink activity. The near linear increase
ind~~eightofpods during the pod filling period (6,
14) indicates no decrease in the activity of fruit sinks
at least up to 130 days in the Florunner cultivar. How
ever, vegetative growth nearly ceases at 80 to 90 days
after planting (6, 9) so that the total sink for photo
synthate may have been less during pod filling. A
decrease in sink strength may also be reflected in total
dry matter accumulation patterns in peanuts which
show that the highest crop growth rates occur at the
end ofthe vegetative period and the start of fruiting,
and then decreases later (6,9,14). This pattern is com
plicated to some extent by leafloss ofunknown mag
nitude which lowers apparent crop growth rates late
in the season.

The nearly constant 14C transloction percentage with
plant age also indicates that the decrease in AP was
matched by decreased sink strength. Increases in sink
size relative to photosynthate supply have been shown
to increase the percentage oftranslocation (13). There
was a slight increase in the percentage of 14C trans
located as plants aged from 80 to 110 and 140 days,
but the difference was not statistically significant.
Therefore, the efficiency ofphotosynthate transloca
tion from peanut leaves is apparently not impaired
by increased plant age as was postulated by McCloud
(9).

An alternative explanation for the decreased AP with
plant age may be that nitrogen content of the leaves
decreases during pod filling (11), due to competition
by pods which are rapidly accumulating N at this time
(11). Apparent photosynthesis appears to be closely
associated with leaf N content in many species (5)
and in soybean the decline in AP with leafage is as
sociated with decreases in leaf N (4). Whatever the
cause for decreased AP during pod filling, it is appar
ent in the experiments reported here that photosyn
thesis decreases but that the percentage of 14C trans
located is relatively constant.
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