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ABSTRACT

The ecophysiological characteristics of fig (Ficus carica, L.) trees, growing with
maximum activity during the hot and dry summer, were studied in relation to
growth, carbon partitioning, nutrient balance and water use. The initiation of
growth was dependent on carbohydrate reserves (estimated usage = 62%): The
trees enhanced their short growth span by rapid increase in leaf area associated
with high photosynthetic rate early in the season, allowing a storage of 20% of net
assimilate produced for latter use. High net primary production (3200 kgDM ha~")
was the result of a high relative growth rate. About 46% of this production
contributes to ligneous structure of the agroecosystem.

Fig trees exhibited a positive nitrogen balance, among other nutrients, as a result of
withdrawing nutrients prior to leaf abscision except for the excess calcium which is
removed through litter. However, large quantities of resources are harvested
within fruits, hence fertilizer application is essential for maintenance of yield.
Although fig trees exhibited efficient water uptake and water use capacities, yet
supplementary irrigation in years of below average rainfall is also important to
maintain the relatively high transpiration rate and high annual water output.

INTRODUCTION

Fig tree (Ficus carica, L.) is deciduous subtropical and a native of arid and
semi-arid Mediterranean regions. It is one of the most common fruit trees that grow
successfully in the western Mediterranean desert of Egypt (Keleg et al. 1981). The
area cultivated by fig in this region is estimated at about 5900 ha, with a mean
expansion rate of 220 ha yr—' (Abdel-Razik et al. 1987). High planting density
(190-400 tree ha~') coupled with deficiency of investigation on cultural techniques
and of information about the required levels of water and fertilizer supply
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constitute the major gaps of knowledge for this crop in the region.

The aim of the present study is to elucidate the main ecophysiological features of
the fig agroecosystem through the intricate relationships between growth and
production rates, cycling of nutrients, role of water and the biotic and physical
environments. This is essential to improve our knowledge about the rates of
different processes and to provide information that could be utilized in further
improvement of the crop.

The study area is located at about 47 km west of Alexandria on the coastal belt of
the western Mediterranean desert of Egypt. Average rainfall is 150 mm yr—', and
monthly average temperature ranges between 13.29C in January and 26.0°C in
August. Average soil measures are: pH=7.23, EC=0.46 mmhos cm™,
CaCo3=4.82%, and OM.=2.17% (Abdel-Razik et al. 1984). The selected fig
orchard is 30 years old, rain-fed, and with a sandy loam calcareous soil (soil depth
= 50-150 cm). Planting density is about 400 trees ha~' (with no intercrops), and is
supplied with manure fertilizer at a rate of about 30 kg tree™ yr—! applied in
January. The cultural practices include pruning after leaffall in autumn, ploughing
during the rainy season (November-January) combined with weeding and
mulching. Two or three irrigations are applied before summer.

MATERIALS AND METHODS

Seven trees were selected from random locations in the orchard and were used in
sampling of plant material (biweekly) throughout the study period. Litter samples
were collected using litter traps while composite soil samples were collected at one
meter distance from the trunk underneath the selected trees. All plant and soil
samples were prepared and analysed for the determination of their nutrient
contents (Allen et al. 1974). The total non-structural carbohydrate (TNC) was also
estimated in plant samples as well as the leaf chlorophyll content (Vernon 1960).

Variations in the number of each of the current year organs per tree were recorded
each sampling date. Samples of these organs were also collected from adjacent
trees for biomass determination to avoid destruction of the trees. The average leaf
area and weight was measured for the three size classes (small, medivm and large).
Measures on each organ were then integrated over its total number per tree. A
destructive harvesting of the selected trees was carried out by the end of sampling
period and used to correct for the estimated biomass retrogressively, and to
evaluate the standing phytomass of the orchard.

The calculated daily increment of the orchard’s TNC content is divided by the
standard conversion efficiency (0.761) of primary assimilate (CH,O) into carbohy-
drate to evaluate the equivalent increment in primary photosynthate production.
Similarly, the calculated net photosynthetic rate (NPR) in gram dry matter per unit
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ground area is evaluated in CH,O weight by dividing each organ’s growth
increment by its conversion efficiency and sum over organs. The conversion
efficiencies used are: leaves = 0.80, branches = 0.65, roots = (.65 and
reproductive = 0.55 gDM g~ CH,O (Abdel-Razik et al. 1989). The resultant NPR
is further calculated on leaf weight basis through dividing by average weight of
leaves between each two successive dates. The maintenance respiration of new
growth is calculated as function of protein and mineral contents in each organ
(protein maintenance = 0.036 gCH,O g ' protein d ' and minerals maintenance =
0.072 gCH,O g 'minerals d').

RESULTS

The deciduous fig tree started active growth cycle early in spring and reached its
peak vegetative activity and yield during the hot and dry summer season. The
maximum standing biomass of current year’s growth (about 313 g m~) followed the
peak of relative growth rate (about 28.3 g kg™’ d™*) which was attained late in May
(Table 1). The average orchard’s skeletal biomass (old stems and roots) was

Table 1
Temporal variations in the average total current organs biomass, necromass
harvested fruits and growth rate (RGR).

Biomass Necromass Harvested RGR.
Date (g m) o @m) (g m™) (g kg' d7)
F, 10 41.102 0.0 0.0 —
M, 1 44.512 0.0 0.0 4.367
20 51.496 0.0 0.0 8.256
A, 3 60.114 0.0 0.0 11.954
17 73.530 0.0 0.0 15.940
M, 1 97.866 0.0 0.0 23.640
15 136.612 0.0 0.0 28.279
J, 1 194.363 0.0 0.0 24.867
15 250.037 1.312 0.0 20.942
J, 2 300.274 2.588 0.0 12.557
22 312.561 4.464 3.25 3.331
A, 6 274.250 8.050 32.80 0.531
24 251.588 9.900 15.30 0.514
S, 6 225.624 5.710 22.25 0.612
24 191.690 9.100 26.10 0.312
0, 24 172.804 13.80 7.83 0.477

N, 24 162.045 10.678 0.87 0.147

Standing skeletal (stems + roots) biomass = 4088 g m~? orchard.
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calculated as about 4088 g m—2. The relative growth rate of fresh material followed
a trend of rapid increase to the maximum rate (28.3 g kg7'DM d™) late in spring
when the plant was developing syconia (floral parts). Temporal variations in carbon
allocation to different organs (Fig. 1a) indicated higher physiological activity during
the first part of the growth season (vegetative activity). Although both vegetative
and floral buds start their growth simultaneously early in the season, the relative
growth rate of vegetative organs decreased (maximum rates of leaves and branches
were 11.7 and 5.0 mg g—' d—" respectively) when the total biomass was less than one
third of its maximum value (Fig. 1b). Conversely, the relative growth rate of
reproductive parts increased to a maximum (10.2 mg g~' d™') coincident with
maximum biomass, during which the root biomass was also increasing.
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Fig. 1: Temporal variations in biomass of current organs (a), and the relationship
between their relative growth rates and the cumulative biomass of these
organs (b). L = leaves, B = branches, R = roots and P = reproductive
parts. Note: points are mid-ranges of organs biomass which vary in the
following ranges: L+(2.0t0 9.7), B+(1.7 t0 6.3), R+ (11.8 to 31.1), P=(3.3
to 12.4).
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Populations of mature leaves replaced young ones through the more or less
normally distributed population of leaves in the medium size class (Fig. 2a). An
exponential increase in the population of young leaves during the first growth phase
was associated with the increase in the average specific leaf area (SLA) for the
canopy (Fig. 2b). On the other hand, the ratio of leaves in the medium size class
exhibited much less variability in relation to increase in SLA compared with that of
both young and fully mature leaves. Eventually, most leaves matured within a
narrow range of variation in SLA that characterises this phase.
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Fig. 2: Variation in the populations of leaves in different size classes, as ratios of
the maximum number, in relation to time (a) and to SLA (b). S = small, M
= medium and L = large size class.

The maximum leaf area index (LAI) was attained during mid summer (July) which
coincided with the highest leaf chlorophyll content (annual range between 0.35 and
1.51 mg g'FW. leaves) and a relatively high total non-structural carbohydrate
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(TNC) content in the plant canopy (Fig. 3). However, the maximum TNC was
attained well after the peak of ILAI, and concurrent with fruit maturity stage. The
subsequent decline in LAI and TNC was directly related to losses due to leaf
shedding and fruit harvesting operations.
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Fig. 3: Temporal variations in leaf area index (solid line), leaf chlorophyll content
(enclosed between brackets) and total non-structural carbohydrate content
in the plant canopy (vertical bars).

Temporal variations in the orchard’s TNC content, its daily increments, the
biomass increment, the net photosynthetic rate and the maintenance respiration
(Table 2) indicate that early in the season (February) a growth increment (NPP) of
0.33 gDM m d' was produced when no photosynthesis occured and TNC
increment was nil. Accordingly, this initiation stage was completely dependent on
carbohydrate reserves, and when the maintenance need was added, a daily usage
can be estimated as about 5.5% of TNC reserves during this stage. The orchard’s
NPR increased gradually to its peak (6.12 gCH,O m~ d—?) attained at maximum
vegetative activity and was associated with increasing the increments to TNC and to
growing plant tissues. However, NPR per unit leaf weight exhibited the reverse
trend; the highest value was attained at the beginning of the growth period after self
sufficiency of growing buds.

Although maintenance demand for assimilate increased dramatically during peak
activity of the plant, which coincided with the sharp decline in orchard’s NPR, yet a
measurable TNC increment to its reserves occured and a maximum content of
about 101 g m—? was attained in summer. The maximum ratio of assimilate
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Table 2
Temporal variations in the orchard’s content of total non-structural carbohydrate
(TNC), its daily increment (TNCI), net primary productivity (NPP), net
photosynthetic rate (NPR) and maintenance respiration (MR).

TNC TNCI NPP NPR MR

Date E&m?) (eCH,0 (eDM (CH,0 (eCH,0 g~ &CH0

m2d) m2 ¢ m2 ¢ leaves d—) m? ¢
F, 10 9.46 0.0 0.330 0.0 0.0 0.170
M, 1 10.11 0.034 0.180 0.258 0.677 0.182
20 11.97 0.098 0.368 0.533 ().;ld5 0.226
A, 3 16.22 0.304 0.616 0.895 0. 0.279
17 21.61 0.385 0.958 1.49% 0.183 0.388
M, 1 26.94 0.381 1.738 2.49% 0.151 0.595
15 37.61 0.762 2.768 4193 0.145 0.952
J, 1 53.96 0.962 3.397 5.150 0.112 1.522
15 65.79 0.845 4.070 5.990 0.097 1.838
1, 2 83.07 1.080 3.302 6.115 0.090 2.504
2 93.28 0.511 1.000 1.731 0.025 2.559
A, 6 101.11 0.522 0.166 0.536 0.005 2.503
24 94.39 0.0 0.141 0.188 0.003 2.110
S, 6 72.60 0.0 0.154 0.152 0.003 1.863
24 51.52 0.0 0.070 0.097 0.002 1.574
0, 24 4290 0.0 0.092 0.117 0.003 1.087
N, 24 36.91 0.0 0.025 0.034 0.001 0.926

allocated to TNC reserves was attained during the early vegetative activity (about
34%) and declined to lower value (about 16%) at peak vegetative activity. A
calculated ratio of about 36.5% of maximum TNC reserves attained during the
season was speculated to be the stored amount for maintenance use during
dormancy period and for initiation of growth for next season.

The reproductive parts of fig trees had the highest average concentrations of
nitrogen, phosphorus and potassium, in contrast to calcium, as compared to their
concentrations in the other organs and in litter which was particularly rich in Ca
(Fig. 4). The ash content, as an indication of total minerals, was high in leaves and
reproductive parts compared to branches and roots. Carbohydrate reserves were
more variable especially in young branches and in fruits which contained the
highest concentrations compared to leaves and roots.

Leaves had the highest protein to carbohydrate (P/C) ratio followed by
reproductive parts (annual average of 0.94 and 0.62 respectively) compared to
those of branches and roots (0.24 and 0.26 respectively). The general trend of
temporal changes in P/C ratio was a decline for leaves and reproductive parts which
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contrasted the increase in the ratio for the other organs. The overall P/C ratio for
the tree was increasing from 0.21 to 0.84 along the growth season with an annual
average ratio of about 0.43.

The quantity of the reproductive parts produced at time of peak growth activity was
relatively high and exceeded the sum of leaves and current branches (Fig. 5).

Components {at maximum growth) - Flows (g/mZ /year)
T T T T T T T T T T frandlocated i
| TN - |
| Current Branches P = 0309 Reproductive |
Retalned | 5593 %/mzl K P2 |
Nz 0363 |N= 117 N =374
| P=0.076 P= 247 mg/gm [T ——— % P =353 mg/gm |
{TH=1076 | TH- 3% 87 TM= 48.22
TNCa11.883 | TNC= 304.19 TNC=454.63 I
1 T
|
! |
] ] \ |
1
l | \ Translocated |
| v \ N - 1993 |
| Skeletal \ T: f21036§ Leaves |
=4 —_—
| 371674 g/m?) \ 166 93 g/mé) 1
| N =645 \ N = 23.62
| P =0.67 mg/ gm \ P =179 mg /gm |
= TH= 59.04
| THe 3024 \ TNC= 190.02 ]
| Translocated A \ TNC=91.46 Annuat |
I N 26.497 | T 777 INC increments l
P =059 | 2
| ™M = 10.452 | 106. 83 g/m |
I TNC = 23.978 ¢ l
| Current Roots I
| Retalned [ (11231 29/m1) |
N=0358 | N =M1 [
| P=o0265 | P =263 mgsgm
o265 |TH =294 ]
| =4 TNC = 257.23 i
| —_—— - e —— 1
Uptake
N = 6.855
P = 0864 v
Soil - mineralmass TH = 13.103 Litter Returned
160,Cm depth 16555 g/ml) [N=1061
| 1926 x 10 g/m2) N =161 P =012
Manure N =00t oo P =186 mg /gm | TM =3.822
— M =58 31 -
P = 00013 TNC=1208
N 391 TNC = 184.29
P o6
™ 9.75

N = 4140
P = 0382
™ = 5248
TNC= 49.320

Fig. 5: The state of fig agroecosystem at time of peak growth activity. Each
component includes biomass in g m~ and concentrations of nitrogen (N),
phosphorus (P), total minerals (TM) and TNC in mg g 'DM. All flows and
retained amounts are in g m~* yr—'. The uptake is the magnitude of change
in nutrient content at successive points of time. The translocation is the
amount to flow after decrementing retained amounts in the successive
organs.
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Reproductive parts were also more rich in all their contents of nutrients that
reflected the high translocation rate into this component. The skeletal parts were
considered mediators in translocation processes. The concentration of nutrients,
except for N, in the litter component was very close to that in leaves. The
integrated content of each nutrient over organs” components (biomass times
concentration) was lower than annual translocation by the amount translocated
post peak activity (which is not presented in the diagram). This also applied to
translocation to roots. Some reproductive parts were lost to litter during the season
which increased litter nutrient concentrations. However, the high ash content in
litter was due to accumulation of especially Ca, while other nutrients were
withdrawn prior to senesence. The TNC annual increment in the orchard (106.8 g
m—2) was considered to be the net assimilate reserves and was distributed among
the different components starting with leaves.

The highest transpiration rate on leaf area basis (0.174 g dm—? h—!) was attained in
April (Figure 6) when leaves were young and had the highest water content (3.84 g
g'DM) and maximum specific leaf weight (0.055 gFW cm™). Conversely, the
highest transpiration rate on fresh weight as well as on dry weight basis (50 and 196
g 100g~ h" respectively) was attained in August (fruit maturity) when leaf margin
started dissection.

The daily average water output on soil surface area basis was calculated using the
daily average transpiration rates and the corresponding leaves biomass. It exhibited
a gradual increase from 0.012 mm d—! early in the season to a maximum value of
1.765 mm d™' at time of peak vegetative activity, then declined gradually in
response to reduction in leaf area upon their death. This was associated also with
gradual decrease in soil moisture content. The annual water output was estimated
as 175.44 mm yr—' which was calculated by integration of daily output over the
growth period.

DISCUSSION

This intensive study on the important cash crop of fig in arid coastal land of Egypt
provides perspectives for improvement of its cultural development. The growth
pattern of deciduous fig trees and their peak summer activity causes the
ecophysiological responses and adaptations to come into prominence.

The net primary productivity was calculated as about 3203 kg DM ha—' when the
standing crop biomass was 40.88 tonnes ha—'. About 20% of this productivity was
lost to litter (mostly due to leaf shedding) while about 34% was due to harvesting
operations. Consequently, a relatively high ratio (about 46%) contributed to the
growth of skeletal structures (ligneous plant parts) of the orchard; conservation of
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Fig. 6: Temporal variations in the transpiration rate on fresh weight (F), dry
weight (D) and leaf area basis (L), in relation to leaf water content
(hatched bars) and to soil moisture content at different soil depths. The
standard error for (F) varied between 2.12 in March and 6.98 in July,
between 8.51 in June and 26.97 in August for (D), between 0.011 in May
and 0.022 in August for (L) and between 0.015 in July and 0.077 in April
for leaf water content.
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resources for positive net ecosystem productivity (Melillo 1985). The root ratio
(about 41% of total biomass) is within the range characterising many of desert
perennial vegetation (e.g. Wallace et al. 1974, Abdel-Razik et al. 1988) and is very
close to the ratio for olive trees in the same region (Ayyad et al. 1985). Maximum
relative growth rate was attained during late spring (28.3 g kg new tissues d)
which coincided with the middle of an exponential growth phase of current year
organs and resulted in attaining the maximum production rate during mid summer
(about 40.7 kg ha™' d~") corresponding to the peak reproductive activity.

The initiation of growth by the expanding buds generally depends on the
carbohydrate reserves which concurrently decline to their lowest level. Importing
carbohydrate from storage tissues shortly after bud break (Moorby 1977) and
drainage of carbohydrate stores for use of new shoot (Larcher 1975, Tateno and
Watanabe 1988) is well documented for deciduous trees. The estimated usage of
carbohydrate reserves during leafing out activity in fig trees in the present study
was about 62% of its content (in excess of maintenance needs of average 0.2
gCH,O m— d7') during dormancy period.

Reduction in leaf area is normally an important morphological adaptation in desert
plants. Howéver, the leaf area index (LAI) of fig trees reached its maximum value
together with peaks of specific leaf area and of leaf chlorophyll content during mid
summer when the soil was virtually dry. Such LAI of fig trees is comparable to
many wild and cultivated plants in less stressful environments (cf. Whittaker and
Likens 1975, Tanner 1980, Fitter and Hay 1981). Therefore, the interplay between
leaf area and resource allocation is an important criterion. The early vegetative
stage was characterised by the expansion of leaf area via increasing leaf population
as well as SLA, hence most resources were used in building up of new tissues. This
was followed by an intermediate phase characterised by less variability in leaf
population while resources were monopolized for increasing SLA through leaf
maturation process. Finally leaf maturity stage exhibited minor changes in SLA and
coincided with the period of fruit maturity and material storage in roots. Therefore,
we assume an active translocation of resources from leaves to the other organs
takes place during this later stage.

The fig trees enhanced their short growth period and the acquired storage of energy
reserves through a relatively high net photosynthetic rate (NPR) early in the
season. The average NPR during spring was about 0.255 gCH,O g 'leaves DM.
- d™', which is equivalent to net assimilation rate (NAR) of about 23 mgCO, g—'h—!
as average for day time. In comparison, Larcher (1975) reported values for
maximum NAR between 15 and 25 mgCO, g~ h™' for winter-deciduous trees and
shrubs in tropics and subtropics. About 20% of the total net assimilate produced
during vegetative activity was allocated to TNC increments, while the remainder
was used in building up of the plant tissues (structural carbohydrates). The stored
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TNC was partially used latter in the season to support fruit yield especially with the
much lower NPR during late reproductive activity. Accordingly, replenishment of
carbohydrate reserves occured early in the season.

The characteristic positive N-balance in fig trees is essential (annual uptake exceeds
total restitution to litter and harvested fruits) since deciduous fruit trees may make
little growth and bear little or no fruit when N supply is low (Chandler 1951).
Consequently, protein was building up in the new tissues of fig trees which resulted
in an increase in protein/carbohydrate ratio (P/C) from about 0.21 at the initiation
of vegetative growth to about 0.84 at reproductive stage, although TNC content in
these tissues was also increasing. However, the annual average P/C ratio was about
0.42 which is a relatively low value and may reflect a dominating role of TNC
storage in the fig tree. McNoughton (1966) suggested that lower P/C ratio for a
plant population would indicate that the plant is operating on more of a
carbohydrate economy; it converts proportionally more of the incoming energy
into readily utilizable energy stores. This was more evident in roots of fig trees,
assuming meta-populations of individual plant organs, with annual average P/C
ratio of about 0.26 compared to 0.94 and 0.62 for leaves and reproductive parts
respectively. This may be attributed to the higher requirements of leaves and fruits
for building up of tissues within shorter period. Furthermore, the roots are not
exposed to fluctuations in climate as great as those to shoot, hence active
translocation of TNC for storage in root result in low P/C ratio.

Small proportions of the uptaken quantities of N, P and total minerals were
retained in perennating organs (about 10, 39 and 28% respectively) compared to
those allocated to deciduous organs. This coincided with accumulation of TNC in
perennating organs up to about 34% of its total annual increments. On the other
hand, the release from nutrient deficiency by manure addition led to higher
concentrations of N and total minerals in leaves associated with reduced
concentration of TNC compared to those in ligneous parts. This is consistent with
observations of Chapin (1980) and Van Soest (1982), and to the assertion that
carbohydrate accumulation leads to substantial invesment in fibre (Chapin et al.
1986).

The edible fruits constituted about one third of the annual dry matter production of
the fig orchard, and accumulated relatively high ratios of the annual supply of N,
total minerals and TNC at peak growth (about 60, 40 and 52% respectively).
Therefore, fruit harvesting was a major constraint on the ecosystem, yet harvesting
of N and total minerals were eventually made up for by manure fertilization.
Conservation of meagre nutrients was also recorded. For example, Ca accumula-
tion in litter to high concentration (annual average 1.5 folds that in leaves) contrasts
to the lower concentrations of N and K in litter (annual averages at most one half
those in leaves).
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The annual mean transpiration rate (about 36 g 100g~'FW h™') was very close to
previous records in the region (El-Shourbagy 1967). This rate is relatively high
compared to that of deciduous almond trees (31 g 100g" h™") and is four folds that
of evergreen olive trees (10 g 100g' h™') as measured by Abdel-Rahman et al.
(1966) in the region. However, the annual total water output by fig orchard (about
175 mm yr—') was intermediate in quantity when compared with outputs by almond
and olive (216 and 72 mm yr—! respectively). The relatively high root to shoot ratio
in fig trees (1:1.44) coupled with the extension of roots to a distance nearly twice as
that of top spread (Keleg et al. 1981) would have a prominent role in providing the
plant with its need of water and nutrients during the summer activity.

The transpiration coefficient for fig trees in the present study reflected a very
conservative use of water (about 326 gH,O g—'DM) at time of maximum dry matter
production. This coefficient indicates higher water use efficiency of fig trees
compared to the cultivated herbaceous crops as wheat, barley, clover and cotton
(540, 520, 640 and 570 gH,O g~'DM respectively; Stocker 1929, Polster 1967 and
Black 1971). However, the C4 plants as maize have coefficients around 370 gH,O -
g'DM, while an average value for deciduous trees is about 340 gH,O g~'DM
produced.

CONCLUSIONS

The deciduous fig trees seem to adopt tactics that would help to sustain a relatively
high yield and provide the acquired carbohydrate stores for next growth season. Of
these are rapid increase in LAI, high NPR, and a positive nitrogen balance, which
together support both growth requirements and storage of reserves. Indeed the
exponential growth of new tissues results in a continuous increment to TNC
reserves that supports maintenance needs and fruit yield demands during lower
assimilation activity late in summer. While a relatively high ratio of net primary
productivity is invested in long term net ecosystem production.

The ability of fig tree to remove the absorbed Ca ions in excess through dying
leaves, and to conserve less available nutrients is admirable. Consequently,
insignificant annual variation in nutrient concentrations (detected by their
confidence intervals) may indicate the role of large reserve pool in the skeletal
component of the tree. However, fruit harvesting results in constraints that can be
compensated for by adequate fertilizer application, which seems to affect yield
more than total primary production.

The relatively high transpiration rate of fig trees and the estimated annual water
output, although indicate high water uptake and use efficiencies, yet strengthen the
importance of supplmentary irrigation in years of below average rainfall to meet
their water demands and to prevent premature leaf drop (strike reduction in LAI).
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